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(e.g., readability) of some of the records. The documents were 
redacted before amendments to FOIA required that the volume of 
redacted information be identified and/or the FOIA exemption be 
cited.  These are the best available copies.   



NOR-828688 · FIR" :RLCON 
TRROE NR"E :PRTRNOL 8. 1?. TOPICAL 
GENERIC NR"E : OLOPRTRO~NE HYOROCHLORIOE 

1 OF l 



Appl #: 0~0688 

Summary RRRi n of Appt·oval 
Covt·r Funn 

F il:.·m : AIJCON 
Reviewing Div: 550 

Tr.1ciP Name: PATANOL (OLOPATADINE HCL) 0. l \ TOl' l CAI. 
Gen~·ric Namf~: 

OLOPATADINE HYDROCHLORIDE 

Apprcwct 1 Lett f' i ·: y St .1t- int- ir.tiln RPVlRW: y 

SRA F'orm: N 1-i i o / U l 1rno l u L 1 un ReVtf'!W: y 

Fin~l Pr1 nted Label i11y: N Mi ernh in lc'Jrf t Rt- !<~view: y 

M•_•dic'cil Off icr-r l<f'V i f'W: y NAS/NHC li'.HView: N 

ChemiAt l<f'V i PW: y Phn nnacoloq i et Review: 'I 

Fedel d l Re4i~1Lr•\ Nut l t. (' : N (\imp I.et l u11 lJ<iLe: l I APH '!/ 





Approval Letter 
And Related 

Correspondence 



, " - \ 
: 'I i '. 

~ I 'J , 

NDA 20-688 

Patanol 

{Olopatadlne HCI Solution), 0.1°/o Ophthalmic Solution 

Joanne Holmes 
phone 7-2527 
e-lllail floJrnesJ 

Alcon 

Volume 1 of 1 



NDA 20-688 

Alcon Laboratories, Inc. 
Attention: Sunn H. Caballa 
Associate Director, Regulatory Affairs 
620 I South Freeway 
Fon Worth, Texu 76134-2099 

Dear Ms. Caballa: 

DfC I 8 1996 

Please refer to your new dn.11 application dated January 26, 1996, received January 29, 1996, 
submitted under sec~ion .SO.S(b) of the Federal Food, Drug, and Cosmetic Act for Patanol 
(oloparadinc hydrochloride ophthalmic solution) 0.1 %. 

We acknowl.~&e receipt of your auhmissions dated March 8 and 12, April 2 and 19, May 28, 
June 17 (two), July 3, 10, 18, 22, and 24, August l, 12, 16, and 26, September 6 and 17. 1996, 
November 1, 13, and 22, and December 13, 1996. 

This new drug application provides for the temporary prevention of Itching of the eye due to 
aller&i' . ~njunctivitis. 

We have completed the review of this application, including the submitted draft labeling, and 
have conclud'!d that adequate infonnation hu heen presented to demonstrate that the druAit 
product is s1&fe and effective for uae as recorrunended in the draft labeling in the submission 
dated December 13, 1996, with the following revisions. Accordingly, the application is 
approved effective on the date of this letter. 

The revisions arc as follow'i: 

I. The word "olopatarline," in the second scmcw.:e of 1.he "ei.:onu paragraph of the 
CLINICAL PHARMACOLOGY section, should not be capitalized. 

2 Please revise the last sentence in the CLINICAL PHARMACOLOGY s:ction to read, 
"Results from conjunctival andaen challenge studies demonstrated that PATANOL 
(olopatadinc hydrochloride ophthalmic solution) 0.1 % , when subjecu were challenged 
with antiaen both initially and up to 8 hours after dosing, wa.i; sianificantly more 
effective than Its vehicle in preventing ocular itchiag associated with allergic 
conjunctivitb,." 
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3. Please revise the first two sentences of the Carcinogenesis, Mutagenesis. lmpaim1ent of 
Fertility subsection of the PRECAUTIONS section to read, "Olop.1tadinc administered 
orally was not carcinogenic in mice and rats in doses up to 500 mg/kg/day and 200 
mg/kg/day, respectively. Based on a 40 µL drop size, these doses were 78,125 and 
Jl.2SO times higher than the maximum recommended ocular human dose (MROHD)." 

The fiDal printed labeling (FPL) must be identiC1'1 to the draft labeling submined on Decernher 
13, 1996, with the revisions noted above. Marketing the product with FPL that is nnt 
identicaJ to this revised dntft labeling may render the product misbranded and an unapproved 
new drug. 

Please submit 20 copies of the FPL as soon as it is available, in no case more than 30 days 
after ii ii printed. Please individually mount ten of the copies on heavy-weight paper or 
similar material. For administrative purposes, this submissior1 should be designated "FINAL 
PRINTED LABELING" for approved NDA 20-688. Approval of thi~ submissi,m hy FDA is 
not required before the labeling is used. 

Should additional informati011 relating to the safety and effectiveness of the drug become 
available. revision of that labeling may be required. 

In addition, please submit thrt:c copies of the introductory promotional material that you 
propose to use for this product All proposed materials should be submitted in draft or mock­
up form, not final print. Please submit one copy to the Division of Anti-lnflanunatory, 
Analgesic, and Ophthalmic Drug Products and two copies of hoth the promotional material 
and the package insert directly to: 

Divisi.ln of Drug Marketing, Advertt,.ing and Conununications. HfD-40 
Food alld Drug Administration ' 
3600 Fishers Lane 
Rockville, Maryland 20857 

Validation of the regulatory methods has not been completed. At the present time, it is the 
policy of the Center not to withhold approval because the method:i1 are being validated. 
Nevertheless, we expect your continued cooperation to resolve any problems that may be 
identifi~. 

In addition, we acknowledge the commitment made in your August 16, 1996, submission to 
conduct a Phase 4 study 
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Please submit one market package of the drug product when it is available. 

We remind you that you must comply with the requirements for an approved NOA set forth 
under 21 CFR 314.80 and 314.81. 

If you have any questions, please contact Joanne M. Holmes, M.B.A., Project Manager, at 
(301) 827~2090. 

Sincerely yours, 

Michael Weintraub, M.D. 
Director 
Office of Drug Evaluation V 
Center for Drug Evaluation and Research 



Final Printed. 
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FINAL PRINTED I.ABEL ING HAS NOT BEEN SUBMITTED TO THE FDA. 

DRA1'"T LABELING IS NO LONGER BEING SUPPLIED SO AS TO ENSURE 

ONLY CORRECT AND CURRt:NT INFORMATION IS DISSEMINATElJ TO THE 

PUBLIC. 
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3 Material Rrviewm 
NOA Volumes I.I -I 9. 

4 Chemistry/Manufacturing Controls 

Chemical Nam1: 
(Z)- I l-[J-(Dimethylammo)prc1pylidcnl! ]-6· I I -d1hydrobcnz[b,c l-oitcpinc-2· ac~lic 
acid hydrochloride 

&rm ulalion: 
Each mL or PA'f ANOL 0.1 •/11 (Olopatadinr Hydrochloride Ophthalm1r Solution) contains: 

Active: 1.11 mg olopatadinc hydrochloride equivalcnl to I mg olopatadine 
Pre!trvttin: benz.alkonium chloride 0 0 I% 

3 

lnaclives: dibasic sodium phosphalc; sodium chloride, hydrochlortc 1md/sod1um hydroxide (adjust pH), 
and purified water 

Please $CC Chemistry/Manufacrunng Review for full discussion 

5 Animal Phannacologyrfoxicology No Jptufil 1.Huts for flit rl11ural rt\'lf.W 

6 ClirucaJ Backgrmmd 
Allergic conjunctivitis is a recurrent co 1dition characterized by ocular redness, i1ching, tearing and 
burning and is the ocular component of alleq~ic rhinoconjunctivitis. These symptoms arc initiated by 
exposure to airborne environmental allergen!! such as grass. ragweed, animal dander, dust, or pollen 
disso!vtng in the tear fllm and crossing the conjunctiva! epithelium The absorbed allergen subscqucnlly 
links with lgE antibodies an11ched to thr. F.r. rr.ceptor on the conjunctiva! mast cells. l11is allcrgen-lgE 
antibody -mast cell complex rcsuhs in mast cell C:egranuialton and the subsequent release of histamine 
and other pro·inOammatory mediators. Clinically, this allergic response c1uc1 d\! results in the subject 
experiencing a Type I hypersensitivity reaction of lhe eyes charac.1erizcd by 11-:hinR. redneu, watering, 
burning and foreign body sc11sa1ion. The clinical diagnosis of allergic conjunctivitis is b<.scd on 
consideration of a h15tory of allergy, the time of ytar, citposurc t .1 allergens, and family history. 
Lowered temperatures impact on managcmcn1 as allergic con1unc11vitis can be improved by movinp, 
from a wanner climate to a cooler one. It 1s not known whether this effect 1s mediated by the lowered 
temperature or by lower numbers of pollen granule~ in the cooler alf 

Clinical trials in the study of allergic c.onJunc.tiv1t1s can be very difficult to definitely demonstrate drug 
efficacy. Abelson cites a number of difficulties in perfonning allergic trials in a clinical scning which 
include: a 70°/\ rate of placebo effectiveness, !he self-lim111ng nature or the disease. changin~ baselrnes, 
mti:r-subJcCI vanaltons arid daily environmcnL&I variations such as pollen counts. 

Recent clinical trials in anti" allergic drugs have used the antigen challenge model of acute nllrrgic 
conjunctivitis for the evaluation of new anti-allergic agents The conjunctiva! antigen ch11llenge te!il ha~ 
reliably demonstrated the presence or absence of drug efficacy for antihistarninic/vasoconstrictors, 
steroids, NSAIDS, and anti-lgE compounds 

NOA 20-688 
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6.1 Relevant human experiencl' 
Thi~ drug has not been previously markc1c-d for use 

6. 2 ltnportanl i.nfom1ation from rtl~ led INUs and NOA<: 

This IND was submitted December 22, I 993 and was the IND under which the subm111ed srud1es 
werro rnnducied 

6.3 Forr.1111 experien1 e 
l'ATANOLiMO.t%. (Ulopa1ad111c Hydrot:hlonde Ophthalmic Solution) 1~ not marketed an any country It 
has al~m not been withdrawn from marketing 111 any country due lo ~afely or efficacy conceP•\ Allhouv,h 
rnhmissaons arc planned in Europe and Canada. no mnrket11H' annlirn111m'> :irr r11rrrntlv """d"'" 

b.4 Human Phannacoh.gy, phannarokinf'lk'i, pt1annacodynamks 

The pliarrnacokmr11cs of olopatadin~ an man have been studied following the topical ocular and oral 
routes of adm11mtrat1on Ak.c,>n Lahora~one~ has perlonned two cl1111cal 111vestigat1ons; one an which 
normal male ;111d fcm11le suhJe<:ls were 11<imin1slcrecl 0 I 5% Olopatadine Ophthalmic Solution DID for 15 
rJay'>. awl ;he othr1 111 which normal Japane~e males were adm11115tered 0 I 5% Olopaladine Ophthalrn1c 
Solution BID fo• IS day~ The results of thc~r rn1d1es 111d1catcd that topical ocular adniin1slra1ion 
resulted an very iow ~ystcm1c concentra11ons of oiopatadine, typically below the level of quan11tation (0 5 
ng/mL) Three single oral dose studies were cnnductt. ·in which pat1enb were 
administered doses ranging from 0 S mg to 400 mg Two multiple oral dose studies were also conducted 

·n which patients were adman1stcred 10 mg BID for six days or 80 mg TID for 
nine days Olopatad1ne wu. rapidly absorbed and was cleared by renal cl11nanat1on of purent drug. 
Pham1ai.:ok 1nc:111.: parameters were doi,e ·proportional up to 40U mg There were essentially no changes in 
the pharm11cok111etics of olopatad111e a11d rw accumular1on with multiple dosing. In humans, olopatadine 
metabolites were le~s than 5% of drug-related material arid were the same as those observed in rats and 
dogs 
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The major conclusions of the clinical pharmacokinetic: studies reported by the sponsor showed: 

• Topical 0<:ular administration of 0. 15% Olopatadine Ophthalmic Solution BID for IS Days 
resulted in low systemic concerur11.tions of olopatadine. Plasma concentrations were typically 
below the 0.5 ng/mL quantitation limit. Detectable concentrations were found in less th1rn 
I 0% of the total samples collected post-dose, generally within the first 2 hours after dosing. 
The overall mean concentration at each collection time was <O.S ng/mL (with exception or 
0.73 nglmL at one time point in C-93-83). 

• Multiple oral doses resuliing in plasma concentrations that were at least 2-to )·orders of 
magnitude greater than those for the topical ocular doses were well·tolcratcd. 

• Olopatadine was rapidly .md well-absorbed from the GI tract after oral administrntion. CmaK 
and AUCo.4 were proportional for single oral doses ranging from 0.5-400 mg { 16 dose 
levels). 

• Olopatadinc wu primarily cleared by renal elimination of parent drug. Urinary excretion 
1ccoun1cd for approximately 60% 10 70% or the dose. Urinary metabolites were 
monodcsmcthyl·olopaladine and olopa1adine-N-oxide, accounting for 0.2% lo I .3% and 2. I% 
to 4.1,,. or the dose, rcspcclivcly. 

6.5 Other mtvant background infonnalion 
None pcnincnt 10 this review 

6.6 Directions for Use 
The proposed dose in the sponsor's submined labeling is one to two drops in each affected eye twice 
daily 

NOA 2Q..688 
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7 Desc ... r Clinical Data Soi 

Sludy :~ype I Protocol Concrntration Dosiinc Coatrol D1unitlen of No. or 
I I n.1ac Patients 

SAF£n' 

I 
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0 •••. and 0 15% ~-) 
Aculairno (k.Clar'Ollic 

(:Olllf«t Study 12 C-95-112 0 1'!1'9 I Drop tn:lmidhmline) and LiVOSID'I.,.. Sinllc dose . )0 
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i 
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l 1 Drops I 
I - .. 
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1-2 I 

.... Tam Safe!} C-94-52 0 l~1 iio Drops TIO Piacc!:lo 6 wceb J69 
bo;h·qcs 

Tryp1115e lnhibtt1on C-!JS-1J (!I'°'" 2 Drops Pliac:cbo • c01111trallalam ey c I cbll' 2• 

E.Fflc:AO' 
0 0 I%._ ti IDS~-. 0 i C!%, 1DC1 91 

Sludy" C-94-10 0 15'!19 I Drop, on Placebo- cor.tn . .I~ eye JI ::Sa~~·s - not scquen1ia~ 

eac.ti of 3 "tsas 
6C' 

iShlldy •2 C-9'-Sll D Cl1 5°~, 0 l'"l- l~NI ?1~cbo - CC111U'lllla1~al el'' 2 d2'.lf 5 - nCMt scquc1:111al • 
Cldt or 1 wrs~ 

cm 
IS•udf •J C-9-1-JQ 1:) C15•,;,. Q I°"' 

l 
I Drop C11C11 PlxdKJ, - uiotnJ.aicra! icy·e l daJi' s - n01 sc:QUIC:l1l~I 

each of 1111sitS 
I 
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8 Clinical StudJes 

8.1 IAd!caUon: 

8.1.1 Reviewer's 'frtal 11 

SD!Jmor'• ProCocol I C·M-10 

Tide: lmlu•Ooo oI ALQ494JA Oph1halmjc SoLutton by ProvocaUve Anli&cn ChaUew 
DatM of Study: March 20, 1994 to April 26, 1994 
Location: North Andover, Mu.uchusetts 
Test Articlt.wl 
CotUrol Dnq; 
I. AL04943A 0.01'1• Ophthalmic Solution 
2. AL04943A 0.050/1 Ophthalmic Solution 
l. AL04943A 0.101/1 Ophthalmic Solution 
4. AL04943A 0.1 SO/, Ophthalmic Solu11on 
S AL04943A Vehicle (Placebo) 

H. l .1. I Objectlve/Rallonalt 
The ob1ecllve of lhe srudy wu 10 compare safcry and efficacy, onse1 and duration of acuon, and 10 
dctennmc O\e optimal concr.mration of AL04943A ophthalmic Solution (U.01 ~. 0.05%, 0.103 and 
O. IS'> versus placebo in the treatment or allergen -mediated conjunctivitis using the provocative 
conjunctiva! antigen challenge (CAC). 

s.1.1.2 omen 
The design of lhc srudy was a u1ndom1ud, single cefller, 1r1ple-masked, placcbo-controllcu, ;>1trallel·group 
srudy. 

8.1.1.J Protocol 
Time w.u one amendlnenl 1ubmined lo chc pro&ocol on March 7. l 994 changin~ the duration or time 
before conjuncuval allergen challenae on Visu 4 from 12 hours 10 8 hours. 

NOA 20-688 



8 
This study was based on the Conjunctiva! Antigen Challenge (CAC) test perfonncd bilatrrally with a 
predetermined concentration of serial dilucions of weeds, grasses, trees, or animal antigens, depending 
on the subjett'11llt1 g1c history (skin te!it, RAST, or historical CAC dlta). 

t.1 this Pha.te U/Jll 51ud)., four concentra11ons of AL0494JA were ev1lu11ed lo provide dose­
response information of this compound as a potential therapeutic agent. The sponsor':; 
rationale for their use wa~ · 

I. The 0.01% com:entratton appears to be a minimally effective dose, resulting in 50% 
inhibition of pamve anaphylaxis 1f ~1vcn JO minutes before antigen challenge, and 
50o/, inh1bir1on of histamine-stimulated vucular pcnncability in guinea pig conjunctiva 
when used at least 15 mmutc:s before challenge. 

2 Preclinical data suggest that a O.OS< concentration will be more: effective than the 
0 01%, wuh 500/e cffccuve 1nh~buion of parnvc anaphyla>m for up to 4 hours poll­
do•ing, and or \IHcular permeability fot at least 8 hours. While this c:onccntnation may 
no! be the best candidate for a final clinical formulatson, an examination of this 
concentration will be useful in e\laluaung the efficacy of this compound and the dose· 
rcr.poniivcnen of the effect being measured 111 this study. 

3 The 0 I% concen1rat1on gives 50°/o effccuve inhibition of response to antigen 
challenge en these two 1tssays for at least 16 hours followmg dosing, and appears to be 
the scronge31 candidate for a final clinical fonnulation. 

4 The 0.15% com.,cntration is nccc!isary to evaluate and JUSllfy the efficai.;y and safety 
of topical formul1tio11s of AL04943A, and rcOccrs the solubility limils of this 
compound. Preclinical data show that a QID topical dosing regimen with AL04943A 
in a 2'11 suspension for 15 days is safe and well tolerated by rabbits. No other clinical 
informauon on the safety of topical administration of AL04943A e)(iSIS 

8. t. I .J. l Populalion 

~ill 
N1ncl)'·$1:t (96} normal healthy volunteer$, currently not using topical or systemic medications, who 
having a history of symptom~ of a clinically 11cti11e allergic conjunctivitis and a po5ilivc diagnostic 1cs1 
(skir. pr~ck or r1dioallergosorbcn1 test {RAST)) for alle1gic disease were enrolled If a subject had no 
prc,vious documr.ntat100 Q.f a pos1l1vc d1agnosltc test for allergic discue (skin or RAST), or a pos111ve 
c;onjuuctival allergen challenge within the pa:it 24 months, a skin prick test was pcrfomled. 

lncluuoo (dltSri-' 
I. Able and willing to give consent 
J Over the age of 18 
3 Either sex and any ra\!e 
4 Willing and able to make required study visits 
5. Able to follow instructions 
6 Hisfory of a scHonal allergic con1uncl1V1t1s within two seasons 

NOA 20·688 
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·r Positive diagnostic test (skin or RAST) for allergic disease, or a positive conjunctiva! 

allergen challenge on file (within prior 24 months) 
8 Positive rechallengc results(~ 2+ Itching and 2 2+ redness in 1'1 least one of the three 

vessel beds [ciliary, eptscleral, conjunctival]) 
9. Willing to !!void disallowed medications during the study period 

10 Women of childbearing potential must have a negative pregnancy test before entering 
the study and must use adequate binh control throughout the study period. 

11. Discontinue cont1c1 lens wear A1 !ll.11 72 hours before challenge. 

Eisclusioo Critcr11 
I. Presence of dry eye syndrome by history, blepharitis, follicular conjunctivitis, lritis or 

prcauricular lymphadenopathy, or any other ophthalmic abnormality 
2. Pregnancy and lactation. A niega11ve pregnancy test will be required for women of 

childbearing potential. 
J Contact lens wear up to less than 72 hoJrs before challenge and during the study 

period 
4. Presence of bacterial or viral ocular mfcct1on, or positive history of ocular herpes 
5. Any systemic medication which rnay interfere with the study MAO inhibitors, 

nonsteroidal an11-innamma1ory agents (e.g., aspirin, ibuprofen). mast cell 
stabilizers, antihistamines, or steroids should be stopped 72 hours before the 
~tudy and not be used during the study 

6. Presence of any significant illness that could be expected to interfere with the study, 
particulMly any au\t"1mmune disease such as rheumatoid arthritis, which can be 
associated with dry eye syndrome 

7. Regular use of any topical ophthalmic solutions during the study, including tea1 
substttutes; or use of any topical medication less than one week before the 
study 

Subjects usine ophthalmic medications which require lon1er than a one-week 
washout will not be included in the study. 

8. Evidence of signs/symptoms of allergic conjunctivitis (greater lh'1n 1 + redness in 
any of the three vessel beds (tiliary, episcleral, conjunctival] and/or any 
itchin1) al each baseline exam on visits I, 2, or 3 

9 Use of any oral/topical invest1gat1onal drug or device within 30 days before receipt of 
study medication 

I 0 History of cardiovascular. hepatic, and/or renal disease, with exception of controlled 
hypertension 

11 History of allergy or sensi11v1ty to any ophthalmic drug, including the preservative(s) 
or any drug class that may be studied under this protocol 

12. Known alcollol and/or drug abuse 
I l History of retinal detachment, d1abet1c retinopathy, or any retinal disease which may 

be progressive duttng the time course of the study 

A positive CAC was necessary in order 10 qualify for the study and was performed on Visit I. A 
bilateral ocular allergen challenge was then performed in increasing doses of the identified allergen until 
a positive reaclton occurred within I 0 minutes of the last administered dose. A positive rHcllon was 
defined as redneu (in 11 least one of the three vessel beds lciliary, eplscleral, ~nd conjunctiva!, each 

NOA 20-688 
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measured separately on a scale ranging from O•none to 4•utremely severe!> and itching srorcs 
of~ 2+ in emcb eye. The dose of allergen at which an acceptable positive response occured became the 
dose ustd in all subsequent challenges of this subject. Subj~cts not e)(hibiting a conjunctiva! reaction 10 

the first allergen tested, were then challenged with another of the allergens if they had previously 
cldtibited a positive reaction. Any subject with a positive reaction could upon request be given 011c or 
two drops of 11 vasoconstrictor/decongestant for relief of symptoms. 

Subjects with a positive conjunctival allergen challenge (CAC) at Visit I were instructed to return lo the 
study center within 30 days for Visit 2, the Confirmatory Challenge of the allergen dose established at 
Visit I that clic1tcd redness (in at least one of the three vessel beds) and itching scores of >2-+ in each 
eye. This confinnatory challenge on Visit 2 used the same diagnostic. criteria of a redness and itching 
score of:! 2 but itching and redness were recorded at J, 10 and 20 minutes following CAC. These 
ttmcpoints were used for all subsequent antigen challenges m the study. 

The efficacy of the test substance was based on its ability to block this clinical response to the allergen 
by pharmacologically blocking the allergic response 

NOA 20-688 
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8.U.l.2 EndpointJ 
The primary r:rite":1ia for endpoint evaluation were itching and the sum of scores for regional rednes~ 

8.l.1.:U Statistical considerations 
Tiu:re were rwo dua sets to be derived from this study. The Safety/Intent to Treat consisted of all 
subjects who received tht drug. The Efficacy data set consisted of a subset of sub ice ts who rcc.c1vcd 
drug and who met the study inclusion and exclusion criteria. 

Power 

12 

Results from a previous study (C-93-14) indicate that the standard deviation for itching may be as large 
as one scale unit. With 24 subjects per treatment arm, this study will have 90% power to detect 
differences greater than OJ St.:ale units in itching between each concentration uf AL04943A and placebo 
(paired Hest, two-tailed alph11"' 0 05). This study will also have greater than 80% power for drtecting 
differences between concentrations of AL04943A greater than 0.85 scale units. 

Evaluability 
Data from ail subjects who receive drug will be considered evaluable for safety analy,;is. Data from 
subjects who receive drug and meet inclusion/exclusion criteria will be considered evaluable for efficacy 
analysis. 

Analysis 
Analysis of variance was used lo assess differences between each concentration of AL04943A and 
placebo within subjects and also to assess differences between the four concentrations of AL04943A 
between subjects 

For comparisons between the four concentrallons of AL04943A, the itching and redness raw score data 
were analy-ted using an analyw• of covanance model (PROC MIXED, SAS v6.08). Subject's 
conlralatcral placebo eye was used as cov'ariatc. The model contained terms for treatment, challenge, 
post-challenge time, and variability contributed by repeated measures on subjects. The formal A NOVA 
model included treatment, challenge, post-challenge time, and interactions tcnns as fixed effects; the 
subject within treatment as a random effect; and placebo as a covariate 

Model: 
score= placebo+ treat+ chtirnc +time I + trcat•chtime + treat•t1me I + 
cht1mc•time I + treat •chtime•time I + pat( treat)+ error 
where. 
score = treated eye score 
placebo= placebo eye score (covariate) 
treat""' treatment effect (four levels: 0.0 I%, 0.05%, 0.10%, 0. I S1%) 
chtime(challenge)•effect of time between drug instillation ano challenge 

(three levels: onset, 6hrs, 8hrs challenge) 
time I= effect of time post challenge (three levels: )min, I Om in, 20min) 
pat(trcat)"random effect 
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A paired t-tcst was used to compare itching and rcd'!css data of each conccntratio11 of AL04943A 
Ophthalmic Solution with contralateral placebo at car.h challcngr. and post-challcnp,c time. 

8.1.1.4 Results 

8.1.l.4.l 

Investigator #I 02 8 

Populations cnrollcd/analyud 

Mark B Abelson, M.D. 
Ophthalmic Research Associates, inc. 
863 Turnpike Street, Suite 11224 
North Andover, MA 0184 5 

Dates of Enrollment of Subjects: 03-20-94 to 04-26-94 

Sunlmary of All Subjects Evaluability and Exit Status - 0 0 I % AL<M~ }A/Placebo 0 OW. ALM~HAJl'l•cebo 
--~----------T GUI EnrvUmc111 2~ 24 

ea.,ic1ed 2' 2) 

Tcnnmaaed 
Actvene E'1c11u 

011COnt1n11Cd I (SUbJCCI 11011· 
'--· 

·~d dut lO bactcnal W11Junc;Uv1l1.$ OUWfUll ll\c1 Ow: l·hour ch1Hen1c 11 V1ill 4 

O 10% AL0490AIJ>l•cebo 0 l ~% AL04943A/Placcbo 
2S H 

2S 24 

All 98 subjects enrolled and randomized were evaluable for overall efficacy. There were 12 subjects with 
visits that were not evaluable. Five (5) subjects at Visit 4, and seven (7) subj~cts at Visit 5 were considered 
not evaluable because their baseline redness scores were greater than I at those visits. These 12 subjects 
were excluded from the efficacy data set for those visits. 
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C·9410: Number of Subjects Completing Each Visit (Effiucy Data Set) 

H 2S 24 25 

24 24 2J 22 

2S 2S 25 23 

24 24 21 21 

0 0 0 

0 0 2 

0 0 0 2 

0 0 

H 2; 25 2~ 

24 24 24 24 

25 25 B 25 

24 24 24 24 

9& 98 98 9R 

•Baseline redness scores were greater than a score of I. 
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Subject Dcmographi£} 
All subjects were Caucasian. The demographic data for sex, :igc, race, and eye col 1.>r were com pan ble 
for subjects in the four treatment arms. 

·.A 

Age 
N 25 24 25 24 98 
Mean 36.28 38.17 35.92 36.42 36.68 
sm 10.)) 11.22 12.75 9.84 10.96 
Min-Max 21-SJ 18-63 21-64 20-59 18-64 

Sex 
Male II 13 10 15 49 
Female 14 II 15 9 49 

Iris Color 
Brown 7 7 14 s )) 

Blue 7 II 6 8 32 
Hazel 11 5 4 7 27 
Green 0 I I 4 6 

Reviewer's Comment: The racial/ethnic homogeneity of this study group does not reflect the US 
population The distribution of iris color will contribute to assessment of drug effect with regard to 
oc11/nr pigment. 

NOA 20-688 



16 

Concomitant Systemic Medialions 
--· 

Classilicatioo Mediation Name # of Subjects Total in Medication 
Class --- ··--·-· '----·~·-~--.._.... ~ 

Analgesics Acetaminophen I I 
·-~~~-~~ 

Antibiotics Pcnir.illin I 2 
Antidepressants Sertraline HCI I I --
Anti spastics Baclofen I I 

·-Bcta-adrenergic Loprcssor 2 2 
Blockers 

- ~~~-~~-

Bcta-adrcncrg1c Albutcrol 5 10 
Stimulators Maxair I 

Provent ii 2 
Ventolin 2 

Contraceptives Dcsogestre l/E th 1 n y I I 10 
Estradiol 
Lcvonorgcstrcl/Ethinyl ) 

Estradiol 
Norcthindrone/eth1nyl 6 
Estradiol 

Hormone Premarin 2 6 
Replacement Therapy Provera 2 

Synthroid I 
Levolhyrox.inc sodium I 

Miscellaneous Allergy Shots I I 

Diagnostic Test : Anticenic Solution Outcomes 
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8.J.1.4.l Efficacy endpoint outcomes 
The primary criteria for cfiicacy evaluation were of ilching and 5um of scores for regional rcJness 
These llSH3Smtnts wert based upon: 

~.slll•r Svm~~ll!! 
ltchiDC 
0.0 None 
0.5 An intcnninent tickling sensation, possibly local1z.e JUSI inside he comer of your eye 
1.0 An intcrmincnt tickling sensation, involving more than JUSI the corner of your eye 
1.5 An intermittent all over 111.:kling sensatio" 
2.0 A mild continuous itch (r..an be l~lizcd) not requiring rubbing 
2.5 A moderate, diffuse, continuous itch which you would like to rub 
3.0 A severe itch; which you would like to rub. 
J.S A •.evere itch; improved with minimal rubbing 
4 0 An incapacilJl111g itch which requires significant eye rubbing 
Ocul1r Signs 
Regional Redness: Ciliary, Episderitis, and Conjum:t1val 
0.0 None 
1.0 Mild. Slightly dilated blood vessels; color of vessels 1s typically pmk; can be quadranttc 
2.0 Moderate. More apparent dilation of blood vessels, ves~el color 1s more intense (redder); involves 

the Vl.St majt;~ity of the vessel bed. 
3.0 Severe. Numerous and obvious dilated blood vessels;, m the absence of chemos1s the color 1s deep 

red; in the pre!.ence of chemosis the leading interstittal nu id may make the color appear less red or 
even pinkish; is not quadrantic. 

4.0 Extremely severe. Large, numerous dilated blP-..1d vessels cl1araclc:nzed by unusually severe deep 
re~ color, regardless of grade of chemom, which involves the entire vessel bed. 

The protocol did allow 0.5 increments when a vessel bed cannot be adequately and completely described by 
the definitions as stated above, but is between the two definitions. 
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ltcbini: Mean Difference between Scores for AL04943A and Vehicle Eye 

·n .. , f'os1-Cll•lnn1t Al..049dA 0.01% AL0490A O.OS% AL0-490A 0.1% AL0490A 0.15% 
lnitill AnuJm Ollllcnae J •i•uta 

Mean ·I 50 -I 46 -I 72 ·I JS 
STD I 04 I 19 I 09 138 
N 25 24 1S 14 
T -7 ll -6 01 -719 ..o4 II 
Prob <001 <001 <001 < 001 

10 mln•trs I ·I II Mean ·I 40 .i 61 ·I II 
sm I 01 IOI I 42 111 
N H 24 H 24 
T -6 79 ·111 -591 -7 99 ,rob < 1)01 <001 <001 < 001 

2t miauto 
Mun ·O 16 -IH -I 21 ·I JI 
sm 014 0 97 111 I 22 
N H 24 B 24 
T · 5 IS -6 JJ ·S 77 -414 
Prob ~ 0()1 • 001 < 001 < 001 

,__ -6 how Ant11cn J minultt 
Ch.ilrngr Mun . 10 ·I II -1 46 .1 07 

sm I IS I JI I 36 I Ol 
N IS 22 B 21 
T H6 ... 22 s 12 .... 8J 
Pn>b 0002 < 001 .. 00! < 001 

10 lllllU•lts 

Mun --090 ·I J4 -I 70 .1 01 
sm I 00 on I 01 I 4) 
N H 22 2) 21 
I ·00 -14] ·I 06 .) 42 
Prob < 001 < 001 < 001 0.00) 

20 minu1n 
Mun -0 54 -0 98 ·I 07 ..()so 
sm 012 0 72 <WJ 0 9S 
N 2S 22 2J 21 
T . ) 1 I -6 41 -S 41 -2 42 
Prob 000) (' 001 <CJOI 0025 .. 

8 how Anup.cn J minulu 
Challtrt&r Mun -07"1 -1)] -I 41 -I 07 

sm 091 I II 012 017 
N l4 2) H 21 
T ·ll6 . s 71 ·900 .s 64 
Prob 0001 < 001 < 001 < 001 

10 m1nu1n 
Mean -0 II -1 61 -I 62 ·I 17 
STD 0 71 I 04 016 0 9S 
N ,. 2l 2S 21 
T .s 12 -?SS -9 4S -561 
Prob c; 001 coOOI <001 < 001 

JO rn1nutn 
Mun -0 JI ·I 26 -0 92 ..() 74 
STD 0 10 090 I 02 096 
N 24 23 2S 21 
T ·2 64 ·6 70 -4 SJ -B4 
Prob 0 OIS < 001 < 001 0002 
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Reviewer's Comment: Tht minimum clinically significant diff~rtnct for itching is ont IMit. 
AL0494J 0 1% was lht more con.sisltntly tfficocious/ol/owtd by 0.05%. 0. 15% and 001%. 

Study C-94-10 Itching: Difference between Scores for AL04943A and 
Vehicle 

z 

1.1 

1.1 

0.1 

0.1 

0.4 

0.2 

0 

onstt lmln onHt 20mln lhr 10mln lhr 3mln 
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•ALO 0.01% 

•ALO o.os•t. 
CALO 0.10°.4 

mALO 0.15% 

lhr 20mln 
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Redneu: Mean Difference between Scores for AL0490A and Vehicle Eye --- TI11tt Pt1t.0.1llffft AL0494JA 0.01% AL04UJA 0.05'!. ALOOOAO.l'lt AL0490A 0.15% 
Initial Mllpn lmiauta 
Challcnp Mun ·194 ·291 .272 -2 2) 

STI> 2!M U9 250 2 61 
N 25 24 lS l4 
T -4 76 ~ 10 .5 ·~ -4 07 
Prob 0.000 0000 0000 0000 

10 llliHla 
Mun ·2.21 ·3 IS .) 41 ·211 
S1l> I 91 223 2 61 216 
N 25 24 25 24 
T .5 74 ·• 41 ~66 -4 II 
Prob 0000 0000 0000 0000 

20 tttlHltt 
Mun ·2 02 .J so ·271 ·227 
sro 2 JI 2 02 J 29 ] 29 
N 25 24 2S 24 
T -4 JI ·ISO -4 22 ·lll 
PfOb 0.000 0000 0000 000) 

6howAnt1pn J minula 
Challcn1c Mun ·124 ·22S I 52 .1 45 

STD 209 2 7) I 71 220 
N 25 22 2l 21 
T ·2 96 ·ll6 -410 .) 02 
Prob 0001 0001 0000 0007 

I0111iHla 
Mean .OJI ·I 59 ·I 76 ·141 
STD lll Ill 212 2 67 
N 25 22 2l 21 
T ·126 .... 01 .) 00 ·2H 
Prott 0 221 liOOI 0007 0020 

JO "''•um 
Mun -<> 48 ·I 05 ·I ll ·I 14 
STI> 2 9) 2 46 l22 241 
N 2j 22 ll 21 
T -012 ·199 ·I 97 ·2 12 
Prob 0 420 0060 0061 0047 

lllourN111acn ,\ minu\tt 
Challenge Mun ·I J3 -2 00 ·I 51 -1 ll 

STD 164 I SI 191 1 IJ 
N 24 2l 25 21 
T .) 91 -616 -400 ·JH 
Prob 0001 0000 0001 000) 

10 mill•ltt 

Mun ·I 00 ·I 46 ·I 71 ·I SO 
STD 2 29 2.ll 2Jl 199 
N 24 21 25 21 
T .J.14 ·l 14 ·312 ·146 
hob 000 0005 0001 0002 

lOminula 
Mc111 ..() 7) ·I 26 ·142 ..() 71 
STD 2 15 I 77 U2 191 
N 2o4 2l 2S 21 
T ·166 ·342 ·2.12 ·I 72 
Pff'b 0110 0.002 0.009 0.102 
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RAMewer'• Comment: For the combintd redntss .scale, three units of dijftrince is the minimal 
acccp1ab/, c/inicallj' ligrri{icant diflerenct for this composite m1asur1. In thi5 analysis. onl>" tht 
AJ.04J49A 0.0JH in tht initial challenge meets this standard/or a cl1mcally significant difftrence 

Study C~94-10 Redness: Difference between Scores for AL04943A and 
Vehicle 

... etlmln onset 20 min lhr 10mln lhr 3mln 

•AL00.01% 

•ALO 0.05'1. 

CALO 0.10% 

mALO 0.15'1. 

lhr 20mln 
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8.1.1 . .U Safety outcomes 
FrtqufMY and lnc:idence of Adverse Ev~nts 
AdwneEllllll Al.0494lAOOI + AJ..CM9•JA 0 O' • AL049•lA 0 10 + At049•1JA 0 IS + 

Plar&bo Pltubo Plaubo PltuW 
N•2S N • 24 N • 25 N • 24 

AdllN "' % N % N 'I. N % 

Ocllllr . • 0 I 4% 0 I •% 
Plin 0 I .,.,. 0 0 

·~ 

Nouclllar 

lotr ~I WhcHc .....,. I 4% I 4% 
Adllriil I 4% 0 0 0 

~ 
Oylmcnnodlu I . .,,. 0 0 0 

There were no immediate adverse events rcponed due to the study mcdicatt0n tn any of the treatment 
groups. There was one subject receiving AL04943A 0 05% ""ho was discontinued from the study due to a 
baccerilll conjunctivitis. 

8.1.1.5 Conclusiom Rqarding Efficacy Data 

Study C-94-10 evidence$ clinically sigr.iticant differences for itching in the majority of timepotnls studied 
for the O.OSo/1, O. lo/o and the 0.15% r..onr.entralions. The 0.1 % fonnulation is marginally more efficacious 
in this study. The study does not ~'"vide adtquate evidence for redness reduction in the CAC model for 
any of the formulations of AL04349A compared to vehicle. 
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8.1.2 Reviewer's Trial # 2 Sponsor's Protocol # C·94-58 
Title: Dose Response Evaluation or AL04943A Ophthalmic Solution by Provocative Antigen 

Cballeace 

Dates or Study: 
Location: 

August 25, 1994 to September 22, 1994 
San Antonio, Texas 

8.l.2.1 Objectivt/Rationale 

The objectives of this srudy were: 

23 

• To compare the efficacy of O.OS% and 0.10% AL04943A Ophthalmic Solution versus placebo in th~ 
trealment of allergen-mediated conjunctivitis using the provocation challenge test 

• To demonstrate the onset of action and the duration of action. 

8.1.2.2 Design 

The srudy was a triple masked, placebo-controlled, randomized, contralateral eye comparison study of sixty 
subjects. 

Test Articles 
AL0494JA Ophthalmic Solution 0.05% 
AL04943A Ophthalmic Solution 0. 1% 
AL0494JA Ophthalmic Solution Vehicle (Placebo) 
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8.1.2.3 Protocol 
Study Plan 

laformtd 
Coastal 

McGtCal HlllOty 

Prtaaancy 1 r11 

V1tual Ac11lly 

P11pil Siar 
\XUIH 

Symp10111: llthl111 

Siii Lamp: 
Cornn 
1Ut. 
Clllmbtr 
Iris 

Slit Laftlp: 
Rtdntn 

fundu1 
lu• 
[Undil11tdl 

Diacao111c 
Tut 

-
CAC 

Instill Dr11c 

[sir Form 

Scrua1ac \.umn1r <.:oalirmalory Duralton or AtllOn Onsrt or Acllon 
Challragr Chlllcn1c Ch1lltn&t 

Visit l Visit l Visit 4 
:I!' D1y1 Aflrt ~' D1y1Anrr ~12 D1y1 

VIJir I Vi1i1 I Villl 2 Ahtr \11111 J 

Poat CAC PostCAC Pou CAC 
PrcCAC P_.CAC Prt J, HI, 20 Prr J, 10, Prt J, 10, 

TU ct Tlltr1 CAC min 1 CAC 20 mln1 CAC JO lllin• 

" 
A 

x x 

x x x x 

x x x x 
Pre/Post Prc/Po11 

x x x x x x x x 

x x )( )( 

x x x x x x x x 

x 

x 
HMccuuy 

x x x x 

I hours 27 min 
before CAC bcfort CAC 

x 
I 

I Visit I Ot1cnninc allergen dose requ1rcd to chc1t redness 111d 11chin& scores of :I! 2 +OU 
2 Visit 2 ConfinMIOf) Challenge to confirm lllcr1cn dose required to cllcit rtdncll and itching scores or :t 2 + Oll 
l Visit ) Subjcas &re challenged g hours after tCSI Miele inslill1tion for duration or dnig Klion challenge 
4 Visu • Subjccu arc challcnaed 27 minutes after 1u1 atticlc instillation to determine on1c1 or action 

24 
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8.1.i . .J.I Population 

The inclusion criteria were the same as in C.94-10 with the exception of the phrasing of criteria #8 
Positive rechallenge results(~ 2+ itching and ;? 2+ redness in at least one of the three vesse I beds 

[ciliary, cpiscleral, conjunctival]) at Vislls No. I and Vis/I No 2. 

8.J.2.J.2 Endpoint! 
Primary criteria for evaluation were of itching and sum of scores for regional redness. 

8.1.2.J.J Statistical considC"rations 
The principal statistical methods used were the paired t·test for comparisons between AL04943A and 
contralateral placebo and analysis of covariance model (PROC MIXED) for comparisons between 
concentrations of AL04943A. Analysis of variance will be used to assess differences between AL04943A 
and placebo within subjects. 

Power 

1!£li.in& 
According to the sponsor, based on the results of the preceding study (C-94-10), the standard deviation for 
itching may be as large as one scale unit. This study was powered at 90% with JO subjects per group to 
detect differences greater than 0.6 scale units in itching ~tween the groups (paired I-test, two-tailed alpha"' 
0.05). 
Redness 
This sample size will provide 9091. power to detect differences from placebo in redness sum of scores that 
are greater than 1.5 units (standard deviation= 2.5 units, paired t-test, two-tailed alpha .. 0.05). 

Evaluability 
Data from all subjects receiving drug will be used lo evaluate safety. Subjects who receive drug and meet 
the mclusiorv'exclusion criteria will be evaluable for 1he efficacy analysis. 

8.1.2.4 Resulu 
This was a single investigator, single center study. 

Investigator# 1725 Jay M. Rubin, M.D. 
Suite #150 
999 E Basse Road 
San Antonio, TX 78209 
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8.1.2.4. t Populations enrolled/analyzed 

There were sixt)' subjects enrolled in the study with thirty subjects randomized to each treatment group. 
Since aU subjects were evaluable for efficacy at all visits, the intent to treat and efficacy data sets were 
the same. 

Age 44.03 48.23 

N 30 JO 
STD 14.00 12.26 
Min-Max 18-70 33- 72 

Sex 
Male 14 (47%) 15 (50%) 

Female 16 (53%) 15 (50%) 

Race 
Caucasian 24 (80%) 18 (60%) 
Hispanic 6 (20%) 12 (40%) 

Iris Color 
Brown 18 (60%) 21 (70%) 

Blue 4 (13%) 2 ( 7%) 

Haul 8 (27%) 7 (23%) 

Green 

26 
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Concomitant Systemic Medications 
Classification Medication Name # of Subjects Total in 

Medication 
Class 

Analgesics Ace tam inophcn I I 
Angiotcnsin Converting Monopril I I 
Enzyme 
Factor 

f--

Anti-hypertensive and Triamtercne I I 
diuretic agents 
Beta-adrenergic Block.;rs Dynacirc l 2 

Toprol XL I 
Blood Glucose Lowering Glucotrol 2 2 
Agents 
Calcium Channel Blocker lsoptin SU 2 2 

Contraceptives Levien I 7 
Lo-Oval I 
Norinyl I 
Ortho-Novum .., .. 
Tri-Norinyl I 

Gout Treatment Agent Allopurinol -- I I 
Histamine H2 Receptor Pepe id l 2 
Antagonists Zan tac I 
Hormone Replacement Estratab I 15 
Therapy Estrogen I 

Premarin 7 
l'rc.vrra 2 
Syn 3 
Levothy1u1d I 

Hypolipidemics Mevacor I 2 
Niacin I 

Diagnostic Test : 
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8.1.l ... .l C-94-58: Efficacy endpoint outcomes 
Primary criteria for evaluation were of itching and sum of scores for regional redness. 
Study objectives were to compare the efficacy of 0.05% and 0.10% AL04943A Oph:halmic Solution V\!rsus 
placebo in the treatment of allergen-mediated conjunctivitis by means of the provocative conJunct1val 
antigen challenge test (CAC) and to demonstrate the drug's onset and the duration of action. 

Efficacy Outcome: Itching 

Itching: Mean Difference AL04943A 0.05% minus Vehicle and AL0494JA0.10% minus Vehicle 
That r...aiallenct AL0.90A o.os•;. AL0490A 0.1% 

Onset A11u1en J •i•.CU 
Challenge Mc. -0.93 -0.11 

STD 0.17 1.24 
N 29 29 
T ·S74 .J.111 
l'nlb < 001 < 001 

IOmiaa1a 

MUin ·I 21 .J 19 
sm 019 1.00 
N 29 29 
T .7 29 -S BS 
Prob <001 < 001 

20 minvtH 
Mean -0.91 ·I 07 
sm I 07 1.09 
N 20 29 
T ... 60 ·5 "!1 
Prob <001 <001 

a hout A1111gcn J miAUIQ 

Challensc Mun -0.38 -0.37 
sm 0.97 0.114 
N lO lO 
T ·2 16 ·2 39 
Prob 00)9 0 024 

10 mi11u1cs 
Mc111 -0 BS -O.S8 
sro 017 I 10 
N JO JO 
T .SJ4 ·2 91 
Prob < 001 0.001 

20 min•ICS 
Mean -0.67 -0 7S 
sro 0 79 us 
N )0 )0 
T ... 61 ·121 
Prob < 001 0.003 

Reviewer's Comment: The s1a11stica/ design of this study provided/or significance to be achieved 
with leJs than a unit difference (0.6 unit difference). By this standard, one timepoint (Al04943A 0. JO 
at the 8 hour. JO minute llmepoint) does not meet statistical significance -
The clinically significant standard of a minimum of one unit difference is present for J of 3 timepoints 
for the 0 05% formulation and m 2 of 3 timpoints for the 0. J 0% in the onset antigen challenge bur in 
none of the 8·hour antigen challenge timepomts. 
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Itching: Mean Difference from Contralateral Placebo for Onset of Action 
and 8 Hour Duration of Action Antigen Challenge 

1.4 

1.2 

1 

0.1 

29 

u 
•ALO 0.05% 

•ALO 0.10% 

0.4 

0.2 

0 

onset 
Jmln 

onset 
20mln 

!hr 
Jmln 

!hr 
10mln 

Bhr 
20mln 

Review,r's Comment: The test substances for the 8 hour duration of action challenge fail to 
d~monstrau a unit difference from the contralateral placebo 
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EO!gg Outcome: Sum of Scores for Redness C-94·-58 

Redness: Mean Difference between Scort.s for AL04943A and Vehicle Eye 
Time Post-Cll1llrn1r AUW90A O.OS% ALOdOA 0.1% 

Onat Adi&cri l1111.u111 
Cballef!F Mun -190 ·I 60 

sro I )4 2 05 
N 29 29 
T -7.6.l -4.21 
Prob <.001 < 001 

19miaula 
Mun ·l 19 -I 69 
sro Ill 2 45 
N 29 19 
T -6.21 ·172 
Prob < 001 0001 

20 mi11u1u 
Mc#I -I 76 ·I JI 
STU 2 17 214 
N 29 29 
T .... )7 .) 11 
Pn>b < 001 0004 

8 how Aanacn J111in111u 
{.'hlJ ltfll' MCltl -OU -0 I) 

S11J 159 I 67 
N 30 JO 
T -2116 ..044 
Prob 0.001 0664 

10 rninUIU 
Mean -011 ..() S2 
Sll> I 54 I 17 
N )0 )0 
l' ·) 14 ·I 51 
Proti 0004 0 141 

JO rninUIU 
Mell\ -0 SJ -0 45 
STD 1.61 I )6 
N JO }() 

T ·I 12 ·I 81 
Prob OOl<i OOBO 

Re'Viewer's Comment: Neither test substanu demonstrates a clmical/y meaningful (greater than 
three units difference for the sum of scores) difference m the onset nor 8-hour duration of action 
challenge. 
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Redness: Mean Difference from Contralateral Placebo for Onset of Action 
and 8 Hour Duration of Action Antigen Challenge 

2.5 

2 

1,5 

1 

0.5 

0 

onset 
lmln 

onaet 
10mln 

onset 
20 min 

lht 
lmln 

lhr 
10mln 

lhr 
20mln 

8ALO O.OS''lo 

8ALO 010"/o 

Reviewer's Comment: The graph 11/1mrate5 a decreasing efficacy for redness The d1Jra11on of action 
challenge does not ev1dencr: a meaningful d1/jennce m redneJS for either of the test substances, 
parucularly for Al04349A 010%. 
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8.1.2.4.J Safety outcomes 
Frequency and Incidence or Advenc Events 
Advene Event ~9'13A O.OS • Al0490A 010 • 

Pbccbo Pltcebo 
N•lO N • 10 - . 
N % N 'I'. 

~· Ocular 
Cooical Abrasion I 3% 

-No".ocular 
l:!s!s!YAtJW!:!!zl~ 
AJlcrn I 1% 

BWlltJIO!Y 
Inert~ Coug/I 2 7% 0 
Rhinitis 0 I )% 

S1u!l 1nd A1u15rldycs 
Prun111 0 I )'lo 

Rr·. iewer's Comment: The reported incidence of advrru events for tJ11.r study model is quite low. 

!U.2.5 Conclusions Regarding Efficacy Data 

Study C-94-58 fails to dcmonstrat~ clinically meaningful nor stat1s11cal s.gnificancc with regard to the 8 
hour duration of action studied for itching and redness. 
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8.1.3 Reviewer's Trial# J Sponsor's Protocol# C-94-39 

Title: Evaluation or A.L04943A Ophthalmic Solution by Provocative Antigen Challenge 
Dates of Study : October 1994 to December 1994 

Investigator #1814 Lawrence Spitalny, M.D. 
Phoenix Eye Clinic 
120 East Monterey Way 
Phoenix, AZ 85012 

8.1.3. J Objective/Rationale 

33 

The objective of the study was to compare the efficacy of 0.05% and 0.10"/o AL04943A Ophthalmic 
Solution versus placebo in the treatment of allergen-mediated conjunctivitis using the provocation challenge 
test and to demonstrate the onset-of-action and duration-of-action. 

8.1.3.2 Design 

The study design was a triple-masked, placebo-controlled, randomized, contralateral eye comparison study 
of l 20 subjects 

8.1.3.3.1 Population 
The inclusion and exclu!;ion criteria for the study population were the same as for the previous study and 
will not be repeated. 

8.l.3J.2 Endpoints 
The primary efficacy variables w~re itching and sum of scores for regional redness. 
The redness score was calculated as sum of the ciliary, conjunctiva!, and episcleral redness scores where 

Redness = ciliary redness + conjunctiva! redness + episcleral redness 

The scales were as cited in the previous study utilizing 0-4 for itching and for regional redness. 

8.1.J.3.3 Statislical consideralions 
The principal stalistical method(s) used were lhe paired t-test for comparisons between AL04943A and 
contralateral placebo and analysis of covariance model (PROC MIXED) for comparisons between 
concentrations of AL0494JA. All hypothesis tests were conducted with a O.OS probability of a type I error. 

8.1 J.4 Results 
All one hundred twenty ( l 20) subjects were evaluable for safety and intent-to-lreat analyses. Subjects 
meeting inclusion/exclusion crileria were evaluable for efficacy. All subjects were evaluable for efficacy. 
and analyses l\rc based only upon an intent~to-treat dau ~et. 
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8.l .3.3 Protocol 
Studv Plaa 

I•r•r•co 
c ...... 

I Mtdtcal tt11tory 

rrttltlary TCll 

Vi111I Acuity 

PuDilSin 
1uc11l1r 
Sy•pCo•: l&clll11 

Slit Lamp: 
Cornn 

""'· Ch1mbtr 
lrl1 

SUtlamp: 
Rrdnt11 

Fund1u 
Eum 

kUadilmd) 

Di1111ostic 
Tot 

CAC 

ln11tll Drue 

£111 Form 

ScrtHi•I Lltlllf .. f Connrmatory URHI or Achon Dur111on or AClton 
Cll1llHIC Cll1llt111e Cll1llcn1t 

Vi1ill Vi1i1 l vialt 4 
~1 D1y1 Afltr ~7 D1y1 After a:ll D1y1 

Vltil I Viall I Vish 2 Afltr Viti! J 

PottCAC PMtCAC Poat CAC 
PnCAC P•tCAC '" ), 10, 20 '" J, 10, '" J, 10, 

Tl er Tltrr1 CAC 1111111 CAC 20 1111111 CAC 20 111111• -x 

lit 

x x 
-x " x " 

x l\ )( )( 

P1e/J'os1 Pre/Post 

x x x x x x x x 

x )( x )( 

x )( x )( x x x x 

)( 

x •r nccusary 

x x x x 

21 min I hou11 
before CAC before CAC 

)( 

I V11i1 I OctenniM allergen dose 1equ11cd to ch1;11 rcdncu and 11th1n1 stores or a: 2 • OU 
2 Visit 2:Conlirm1tory Ch&ll1n1c 10 conftnn lllcrgcn dose n:quired to cltcn n:dncss and itching seores or~ 2 + OU 
l Visit J Subjccu wc dlallenacd 27 minutes 11\cr IHI a11iclc 1nst1ll11ion for onset or drva action challcnae 
4 Visit 4 Subjccts lft c.hallcn&cd I ho\in afltr IHI utitlc 1ns1tll111on 10 dc1cnn1ne du1111on of action 
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Reviewer's Comment: Tht inclus1on/exclw10n crittria, endpoints and statistical 

considtrations art tht same as in the prt'Viou.s studies. St:idy C-94-39 
differs from C-94-58 in the order of Visits 3 and 4. For thir study, Visu 
J is the onset of action CAC and Visit 4 is the duration of action CAC. 
The purpose/clinical significance of this change is not apparent. 
Howt'Vtr, 1he lack of significant findings in the previous duration of 
action CAC raists somt question as to whether the order of testing 
might have betn suspected by tht sponsor to impact on the efficacy 
outcomes. 

8.1.J.4.1 Populations enrolled/analyzed 
C-94-39: Number of Subjects Completing Each Visit {lntent-tn.-treatl Efficacy data set) 

AVAILABLE AT VISIT 

DISCONTINUED 

MISSED VISIT 

TOTAL 

V1s11 2. Confinna1ory CAC 
V1s11 3: Onset-of-Action CAC 
Visit 4 I Hour1 Duration-of-Action CAC 

Al04943A 0 OS9/a 

A1.04943A O,J0-1. 

A1.0494)A 0 0.We 

A1.0494)A 0.IOo/e 

A1.0494JA 0.05"e 

AL0494)A 0 10-/e 

AL0494lA 0 05% 

A1.0494lA 0 10-la 

TOTAL 

Vis112 

60 

60 

0 

0 

0 

0 

60 

. 
60 

120 

Visit l Vis114 

0: lei of Duration of 

Action CAC Acuon CAC 

59 54 

60 5J 

0 6 

0 7 

I 0 

0 0 

60 60 

60 60 

120 120 
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Reasons (or Discontinuation 
There were 13 subjects discontinuing the study at Visit 4 (eight-hour duration of action challenge). The 
reasons for discontinuation arc given below. 

ALO 494~A ~.5°/2 AL0494JA Q.10% 
N•6 N•7 

Subject# Reason Subject# RJ'.ason 
147 Adverse Event. Flu 204 Personal Reasons 

Syndrome 115 Personal Reasons 
187 Personal Reasons 118 Baseline Redness greater 
194 Adverse Event: Flu than I+ at Visit 4 

Syndrome 137 Personal Reasons 
114 Adverse Event: 152 Baseline Red11ess greater 

Spontaneous Bone than I+ at Visit 4 
Fracture 180 Personal Reasons 

193 Adverse Event: Back 19~ Adverse Event: Sinusitis 
Pain 

218 Personal Reasons 

Subjects who Discontinued and Did Not Relurn for Visit 4 due lo "Palitnt Decision" 

Subject# Comment Treatment Outcome at Visit 3• 
ALO 4943A 0.05% Jmin IOmin 20min 

187 Treatment 00 Unable to keep appointment 012.5 1.512.5 112 
218 Treatment OS Car trouble 110 2/0 0.510 

ALO 4943A 0.01% 
11 S Treatment OS No comments - 2.5/0 210 1.5/0 
137 Treatment OS No comments 2.510.5 311 3/1 
180 Treatment OS No comments 2.S/I 2.S/O l .S/O 
204 Treatment OD Patient leaving town 0/3.5 0.513.5 0.512.5 

•Results of antigen challenge test for OD/OS for ocular itching 

Reviewer's Comment: There appears 10 be no rela11onsh1p in pallents not returning for Visit 4 
and outcome for 11ching at Vi.w J The results were simtlar for the redness scores. 

Subject Demoeran,hics 
.Of the 120 subjects enrolled by Investigator #1814, 40 (33%) were male, and 80 (67%) were female. There 
were 107 (89%) Caucasian, 3 (2.5%) Black, I (1%) Asian, and 9 (7.5%) others. The most common eye 
colors were brown (47, 39%), blue (33 • 28%), hazel (29 , 24%), and green ( 11 • 9%). Mean age of the 
subjects was 39 years, and ages ranged from 18 10 80 years Demographic data were comparable for 
subjects assigned to each of the two treatment arms 
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Age 
N 
STD 
Min-Max 

Sex 
Male 
Female 

Race 
Caucasian 
Black 
Asian 
Other 

Iris Color 
Brown 
Blue 
Hazel 
Green 

37 

39.95 38.82 
60 60 

13.57 13.90 
18-80 19-75 

17 23 
43 37 

53 54 
I 2 
0 I 
6 3 

23 24 
17 16 
17 12 
3 8-

Reviewer's Comment: As m the previous studies, the population studied is not adequately 
representative of the United States population 
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Concomitant Systemic Medications 
Classif.atioa Medication Name #ofSubj·i::ts Total in 

Medication Class 
Anlibiotics Biaxin ' ) 

Efythromycin Topic.al Lotion I 
Sumycin I 

AnlidcPftlSIRIS Desyrcl I 6 
Effcxor I 
Trazodone I 
Wcllbulrin 2 
Zoloft I 

Bc&a· Slimule&ors Provenlil I I 
Con1111Cq11iva Depoprovcra l 14 

Loc111in 21 J 
Norplanl 2 
Or1ho.upt 21 I 
Or1ho-Novum ) 

Triphasil-21 J 
Hormones Cycrin I lO 

Es111ce 4 
Estadcnn I 
Es&rabab I 
Lcvolhyrox inc I 
Levoxinc I 
Mcdroxyprogcstcronc I 
Prcmarin IJ 
Provct1 6 
Synlhroid l 

ACE Inhibit.on Vaso1cc I ) 

Zcs1ril 2 

ACE lr1hibiton with diutelic Vuorctic I I 

Be&a·adrcnaaic Blockcn Alenolol I ) 

Coraard I 
Nadolol I 

Calcium 0.-1 Bloclr:cn Calan SR I 4 

Card1aiem I 
Nifcdipi11c I 
Prourdia I 

Combinauon OiURllcs Dyuidc I I 
Thiuidc Oiuraic Hydrochlorolhiu1dc I I 

An1i-COt1vulS1111 Klonopin I I 
Anti-Oou& Allopurinol I 2 

Zyloprim I 
M1JUllancous Allergy lilol I 2 

lmmuno-thcrapy I 
Hypnohcs Tcmucpam I I 

Migraines D.H.E I I 

011bclct Apnu Glynuc I ) 

Micronasc I 
Qlyburidc I 

H2 Reccp1or i\nllp111 Allid I I 
Acne Rclln·A I I 
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Diagnostic Test : 

8.1.2.4.2 Efficacy endpoint outcomes C-94-39 
Primary criteria for evaluation were of itching and sum of scores for regional redness. 
Itching: Mean Difference AL0494JA 0.05°/o minus Vehicle and AL04943A0.10% minus Vehicle 

Th•~ Post.Qallir111r AL0490A 0.05•/a AL0490A O.l•t. 
OnsctAnlipn JmiHltl 
Challcnac MCM -1.29 ·I 2 5 

STD 1.20 I 14 
N S9 60 
T ·122 ·146 
Prolt <001 < OOI 

IOmi.uca 
Mean ·169 ·I 77 
STD I \9 I JO 
N S9 60 
T ·1093 ·10 58 
Prob <001 < 001 

10 mio111a 
Mean ·I SJ ·I 24 
STD I 07 I 10 
N 59 60 
T -610 .175 
Prob <001 < 001 

I hour Anugcn J minuttt 
Challenge Mean ·I 10 ·I 14 

STD I 19 I 12 
N S4 S3 
T -610 .7 )9 
Prob < 001 < 001 

10 minuln 
Mean ·140 ·I 29 
STD 102 I 09 
N )4 n 
T ·10 II ·164 
Prob <()()! < 001 

20 minutu 
Mean ·I 07 ·I 06 
SlD 095 I 12 
N SC 5l 
T ·112 -6 89 
Prob <.001 < 001 

Reviewer's Comment: All 1imepomu demons'rate clm1cal significance of al least one unit mean 
difjel"enct 
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Itching: Mean Difference from Contralateral Placebo for Onset of Action 
and 8 Hour Duration of Action Antigen Challenge 

1.8 

1.1 

1.4 

1.2 

1 

0.8 

0.1 

0.4 

0.2 

0 

onset 
lmln 

onset 
10 min 

onset 
20 min 

8hr 
Jmin 

lhr 
10min 

lhr 
20min 

•ALO 0.05% 

•ALO 0.10% 

Reviewer's Comment: The tesl substances for the 8 hour duration of action challenge demonstratl' al 
least a unit difference from the contralateral placebo al all timepoints. 
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Efficacy Outcome: C·94-39 Sum or Scores for Fedness 

Redness: Mean Difference between Scores for AL04943M. and Vehicle Eye 
(Intent to Treat Analysis) 

Tinat ros1-Cl11llrn&r AL0490A O.OS% AL0490A O.IY. 
On.set Antigen J nainutrs 
Chlllcnac Man ·I S7 ·2 II 

STD I 89 2.26 
N 59 60 
T -639 .7 48 
Prob <001 < 001 

10 111inu1c1 
Mean ·2 19 ·2.62 
sro 2 07 2.50 
N 59 60 
T ·B 15 -llJ 
Prob < 001 < oo: 

20 minutes 
Mean ·I 8J -190 
STD 2 19 2 69 
N S9 60 
T -6 4J .5 47 
Prob <001 < 001 

S hour Allugen J m1n111u 
Challenge Mean ·I 07 ·I 47 

STD I 63 I 86 
N ~· SJ 
T ... &4 -5 77 
Prob <001 < 001 

10 minulu 
Mean -0.94 ·l.23 
STD I 74 I 64 
N 54 53 
T .) 94 .5 45 
Prob < 001 < 001 

20 minutes 
Mean -0 II -0 87 
STD I 42 I 93 
N 54 53 
T -4 16 .) 28 
Prob < 001 0.002 

Reviewer's Comment: There are no 11mepomts demonstrating a 3-unit mean difference in this analysis 
of the composite scoreJ for redness. 
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Redness: Mean Difference from Contralateral Placebo for Onset of Action 
and 8 Hour Duration of Action Antigen Challenge 

3 

2.5 

2 

1.5 

1 

0.5 

0 

ons•t 
lmln 

Reviewer's Commenl: 

onset 
10min 

onset 
20mln 

Shr 
3mln 

Shr 
10mln 

8hr 
20mln 

The graph illustrates a decreasing efficacy for redness. Neither the onset of action nor duration of 
action challenge evidence timepoints meeting the clinical significance standard of three units mean 
difference. 
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8.1.2.4.3 Safety outcomes 

Frequency and Incidence* of Adverse E"·ents 
Adverse Even! Al.0490A 0.0S • AL0494lA 0 10 + 

Placebo Pl1ttbo 
N-60 N • 60 

N .,,. N •1. 

ocular 

Delltn I 2% 0 
Subconjundival I 2% 

Hemmamuc 

No1MM:ular 

Bod}'. AJ I Whole 
Cold Syndrome 2 )% l w. 
Flu Syndrome 2 w. 0 

HeadlChe I 2% 4 7"1. 

Infection I 2% I 2"10 
MYH:uloll!cle!!I 
SponlanCOuS Rone I 2% 0 
Fnw:ru~ 

Dack Pain I 2•1. 0 

Respir11ory 
Sinusitis 0 2 J% 
Pharyngitis I 2% 

• Pcrtcn!Jgcs arc: rounded off IO lhc nearest whole: numbc1 

Subjects Who Discontinued Study Due to Adverse Event 
Subjcc: # Age/Sex Treatment Group Coded Adverse Event Srudy Day 
147 18/f AL04943A 0.05% Flu Syndrome Off Treatment 
194 "'.1/f AL04943A 0.05% Flu Syndrome Off Treatment 
193 - J/f AL04943A 0.05% Back Pain Off Treatment 
114 35/f AL04943A 0.05% Spontaneous Bone Off Treatment 

Fracture 

195 36/F AL04943A O IO% Sinusitis Off Treatment 

Reviewer's Comment: The incidence of adverse events 1s low and evidences an accept':lble profile 
for this drug in this test setting. There were more subjects discontinuing in this ma/ compared to 
the olher two controlled climcal trials. This may be accounted_ 1or by the larger numbers enrolled 
introducing greater variability in subjects able to completl! the study. 

8.1.3.S Conclusior1s Regarding Efficacy Data Study C-94-39 

Study C-94-39 demonstrated statistically significant reductions in itching compared to placebo both in the 
onset of action and duration of action CAC. For redness, there were no clinically significant differences at 
any of the timepoints. 
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8.1.4 Additional Clinical Studies 

Title: Six Week Safety Evaluation of Topical AL4943A Versus Placebo in Normal Healthy 
Volunteen (Protocol#: C-94-52) 

Period of Study: February 25, 1995 - July 24, 1995 

t• f I iSt 0 nvest1gators 

Inv. No Na~/Addr~~ Dau~s of Pu11cma11on Number Discontinued 
Enrolled 

1028 Mark 8. Abelson, M.D. Jn 1195 . 5/4195 110 ) 

Ophthalmic Research Assoc1a1cs 
86J Turnpike S1ree1, Su11e 224 
Nolih Andover. MA 01845 

1799 Gary Cowan. M.D. 3/14/95 . 4n7/95 40 2 
800 5th A venue 
Fon Wonh. TX 76104 

1832 John Goosey, M.D. 2n5195 . 7n4195 66 I 
Hous1on Eye Assoc1a1cs 
2588 Gramercy 
HOllSIOn, TX 77025 

943 Robert Laibovitz, M.D. 2n1195 . 5nt95 60 0 
Eye Research Associ11cs 
3307 Northland Drive, Su11e 470 
Austin. TX 78731 

1692 S1even Dell, M . D. 2n5/95 . 418195 93 6 
1700 Sou1h Mopac 
Aus1in. TX 78746 

~ 

~TllJ"\V Df\Dlll ATl(ll\J. 
~ . -..... . . ~ . '-' _, ~ .. -... 

Three hundred sixty-nine (369) nonnal healthy subjects be1ween 3 and 79 years of age (mean age of 
30. 75 years) with a normal comprehensive ophthalmic examinauon who mel the inclusion and 
exclusion criteria of this srudy were enrolled. 
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Subjesf Oemoiraphics: Dcmo1:raphiq by Treatment 

Olopa11d1nc Placebo To11I 

"'' Mean 31 14 29.98 J0.75 
S1d 16 20 16.04 16 13 
N 2+4 12S )69 
Min lOO 4.00 3.00 
Mu 79.00 n.oo 79 ()() 

"'' l-6 yn N 23 13 36 
<'"1')'n N H 29 84 
>•17yn N 189 96 285 

Su 
Malt N 92 4) 135 
Female N 1n 82 234 

Rau 
Caucasiaa N 173 95 268 
Black N 22 9 31 
Asian N ) 2 5 
Other• N 46 19 65 

lrb ColM 
Brown N 126 65 191 
Hazel N 46 21 67 
Green N 20 1 27 
Blue N 50 3, 82 
Gray N 2 

ln¥esti111or 
'4J N 39 21 60 
1028 N 13 37 110 
1692 N 61 32 93 
1'799 N 27 I) '40 
1832 N 44 22 66 

• The category of other included H1spanic(S8 including one other-caucasian-Hispanic), Arabic (4), 
Filipino (I). and Caucasian w11h Indian (2). 

The sponsor was requested 10 1den1ify separately lhe number of three year olds, four year olds, five 
year olds and six year olds included in the overall enrollment of this study. 

Pediatric Enrollment 
Alt (Years} Total Olopatadine Placebo 

) 5 s 0 
4 10 s s ·-
s 12 7 s 
6 9 6 3 

7-12 )S' 21 14 
IJ-16 13 II 2 ,_ 
217 285 189 96 -

Total 369 244 12S 

45 

--

----Sponsor's random1u11on or SUbjeCIS 10 drug vs. placebo was 2. I 
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METHQDS: 
Each of the 369 subjects was randomly assigned to instill one to two drops of Olopatadinc Ophthalmic 
Solution 0 I% or placebo (vehicle) three times daily in each eye for 42 days. Evaluations of visual 
acuity, ocular signs .and intraocular pressure (IOP) were: conducted on Days 0 (prior to dosing and 
approximately 30 minutes after dosing). Day 7 (± 2), 14 (± 2). 42 and 44. Dilated fundus examinations 
were conducted on Days 0 (prior to dosing) during the 42-day treatment period. All subjects completed 
a diary in which they recorded each tl!ne they dosed. 

Reviewer's Comment: The sponsor has requested approval for bid dosing schedule. This long term safety 
study was ~rformed on a tid .schedule. 

AVAILABLE 

AT VISIT 

DISCONTINUED 

C-94-52: Number of patients completing each visit 

Olopa1adinr 

Placebo 

Olopa1adine 

Plactbo 

(safety data set) 

-

Day 0 

244 

125 

0 

0 

Day 7 

243 

125 

0 

Oay 14 

241 

125 

3 

0 

Day 42 Oay 44 

235 234 

124 123 

9 :0 

2 

TOTAL ;t.}'.) .:r.;:·1 ~r.v) ~t;~·) '~)<1.'J 

. - . -· ~ . ~ - .. ....- . ,..., ' . - . ~ 
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n· eds b. ISCODtmu u iJects 

Rcaaon for D1JC011011U&uon (Number ol Olopawllne (N • 24') Placebo !N • I 2.5) 
Subjecu) Number or SubjCCIS ( ") Numbet or Sub)CCU ( ") 

SUBJECT NUMBERS SUBJECT NUMBERS 

Adverse Eveau (l) l (1.2'1.) 0 
Subjects 1021-691: ocular 1ur1ic1I 

procedure for removal or ron:11n body 

Sub1ec1 1692-HO: Increased IOP and 
p11mcn1 d1spers1on 

Sub1ec:1 11132·120: dermauus due 10 

1mcrcumn1 illness 
·-

ProlOCol Violauons (J) l (1.25) 0 
Subjects 1692·507:A1c 5. was 11vcn 

dtphcnhydraminc HCI 

SubJecl 1692-Sll:Aac ).was 11vcn 
phcnytolourrune c1tn1elpynlam1nc 

maleau:lphcruranunc malcatc 

Sub1c~'1692· SS5 A1c J9 Took pynl1m1nc 
m ·le11eld1phcnllydram1ne HCI -Nor..:omphance (2) 2 (0.8'1.) 0 

S\lb)CCU IOU-657:aac 4S 

Sub.rec• 1199·205:11e 7 

Personal Rcasoru/ Paucnt Occasion (l) I (0 4 'l\) 2(1 Hl 
Subject 1799-244 Subicc1 1692·~2. 

Subiccl 169'2-S7S 

Lo11 to follow-up (I) I (0 4'1.) 
Sub1ec1 10'211·607 

Reviewer's Comment: Of tht I 2 subjtcts who discontinutd, 61/ 2 or .503 wtrt for /nvtstigator Dtll, 
#1692 

Concomitant Medications 
Concom:tant medications used mosl frequently during the study included hormone replacement therapy, 
analg<:sics, and antibiotics. !\;one of the events were associa1ed with rhe combination of srudy and non­
srudy ,1rugs, and no drug inreracrions were noled. 

Concomitant Medications in Children: 
Concomirant medications used most frequently during the 42 day study by children, ages 3 to 16 years. 
included antibiotics, analge~ics, bronchodilators, cen1ral-nervous system stimulams and steroids. None 
of lhe events occurring in children were associared wi1h the combination of srudy and non-srudy drugs, 
and r,o dru~ in1erac.1ions were nored. 

Other Safety Paraou;ten 
No clinically significant decrease in visual acui1y or worseni11g in dilarcd fundus, increase in intraocular 
pressure, or change in pulse or mean anerial pressure was observed in subjects receiving Olopa1adine 
Ophthalmic Solurion 0.1 % or placebo 
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[reguency and Incidence of Adverse Events By Aee Group 

Advent Evenu Olopa11d1nc Placebo 
Ophlhalm1c Sotuuon 0 I "' (Olopaud1nc Ophlhalm1c Vehicle) 

A&o 3·6 A&n 3·16 A1u > 16 A1cs 3-6 A1cs 3-16 Ages> 16 
Vean Years Years Years Years Yu rs 
N•23 N•SS N •119 N• IJ N•29 N•96 

N ,. N " N " N ... N " N ,. 
Oc:ulu 

Olscomfon 0 0 ) I 6 0 0 0 
-· Hniere11111 0 0 8 4.l 0 0 2 2.1 

Fontan Bocl1 SensaOOll 0 0 2 I.I 0 0 0 

1Ura01n 0 0 2 I.I 0 0 0 

Pnintus 0 0 2 I I 0 0 0 

l>f) Eye 0 0 I OS 0 0 I 1.0 

Lid Edema 0 0 I 05 0 0 0 

Lid Disorder 0 0 I 0 . .5 0 0 0 

P!locophobia 0 0 I OS 0 0 0 

E~ DiJordrr 0 0 0 0 0 I I 0 

Sack)' Scns.auon 0 0 0 0 0 I I 0 

Disch1r1e NOS 0 0 • 2 I 0 0 0 

Kerauus 0 I I.I I 0 :s 0 I ).4 2 2 I 

Ducomfon 0 0 2 I I 0 0 2 2 I 

Subcon1unct1v1I Hemonha1c 0 2 l 6 0 0 I 3.4 0 
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Continued 

Adnnc Ewenu Olopa11d1nc Placebo 
Ophthalmic Soluuon 0.1" (Ol~lldine Ophlhalm1c Vehicle) 

.... cs l-6 A1e1 J.16 Alts > 16 Agc:s 3-6 Ages l· 16 Ages> 16 
Years Ycan Years Years Yun Years 

N • 23 N •.SS N • 119 N•ll H • 29 N "'96 

N " N " N " N " N " N " Pr.- 0 0 2 I.I 0 0 I 1.0 

CormalAbtuioft 0 0 2 I.I 0 0 0 

Lld Maraill CNstinc 0 I II! I O . .S 0 0 0 

Chllaiion 0 0 I o . .s 0 0 I 1.0 

Auidenlal ta;ury 0 I 1.a 0 0 0 I 1.0 

lnvused lnnoailar PrcssuR 
0 0 I o.s 0 0 I 1.0 

Pllf*nl OllpCrslOl'I Syndromt 
0 0 l 0 0 I I 0 

Foreign Body Scnsauon 0 0 I o . .s 0 0 0 

Paia 0 0 l O . .S 0 0 0 

Suqicamkdical Procedure 0 0 I OS 0 0 0 

Dry Eye 0 0 0 0 l H 0 

N~r 

Bod! II I Wbofs 
Headache 0 I 1.8 31 16.4 0 l 3 4 18 18 6 

As11Knia 0 0 3 l.6 0 0 0 
-

Headache 0 0 2 I I 0 0 I 1.0 

Cold Syndrome I 4 J 2 )6 9 4 8 2 15.4 2 69 3 J.I 

Paia 0 0 s 2.6 0 0 I 1.0 

re YU 0 2 ) 6 2 I.I 0 0 0 

Bad Pain 0 0 3 1.6 0 0 I I 0 
Flu Syndrome 2 87 2 3.6 0 l 7.7 l 3.4 I I 0 

lnlccnon 0 0 l O.S l 7.7 2 6.9 2 2 I 

Accidc:ncal ln1ury 0 0 I 05 n 0 I 1.0 
-

SursicaVMcchcal Procedure 0 0 l (1 .. u 0 I 1.0 

Allergy 0 0 I 
t--

~ 0 0 0 ' ~ 

AsU!e1111 0 0 I ~ 0 0 0 -Qil!!!!!£ 
Dyspepsia 0 I I 8 0 0 0 I 1.0 

Colma 0 0 I o.s 0 0 0 

01na1w1111 0 0 I o.s 0 0 0 

Nausea I 4) I 18 0 0 0 0 

Toocll Disorder 0 0 I o.s 0 0 0 

Vontina 0 I I 8 0 0 0 0 

M•ubohc and Nu'.!!!!!!ll! 
Edema 0 0 I o.s 0 0 0 

Obuuy 0 0 I o.s 0 0 0 

Mv1ty!oskc1c11! 
Myal111 0 0 3 1.6 0 0 0 -Tendon D11order 0 0 l I I 0 0 0 
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Buflltis 0 0 I o.s 0 0 0 

Join! Disorder 0 0 I OS 0 0 0 

Anhnl111 0 0 0 0 0 I 

Anhhus 0 0 0 0 0 I 

Spu111 0 0 0 0 0 I 

Ncrvo111 
Anaiciy 0 0 I o.s 0 0 0 

Dcpnuion 0 0 I 0.S 0 0 0 

Somno&cncc 0 0 I o.s 0 0 0 

Diuincss 0 0 0 0 0 I 

Rcspi!JIOCX 
IUUnius 2 I 7 4 7.l 6 3.2 0 0 .. 
PhafYnliUS 0 2 ).6 3 16 0 I ).4 I 

Sinusitis 0 I I.I 3 1.6 0 I 3.4 0 

Bront11i1is 0 0 I o.s I 77 I 3.4 0 
-+ 

lncrusCd Cou111 0 0 I o.s I 7.7 I 3.4 0 

PneumoW>ru 0 0 I o.s 0 0 0 

s11111 1..i Amnd•us 
Dcnnalitis () 0 I 0.S 0 0 0 

Herpes Simpln 0 0 I 0.S 0 0 0 

Acne 0 0 0 0 0 I 

UrtJC&m 0 0 0 0 0 I 

Special Senses 
Onus Mcd11 0 I I.I 0 0 0 0 

Eu P11n 0 I I.I 0 0 0 0 

Urouru51I 
Dysmenonhn Q 0 3 1.6 0 0 I 

Unnary Tm1 lnlecllOll 0 0 0 0 0 I 

Non Ocular Events 
Seventy-two of the 244 subjects (29 5 3} experienced one hundred seven events and thiny-six of the 
125 of the placebo subjects (28. 8 % ) experienctd fifty event~. 

In the Olopatadine Ophthalmic Solution 0.13 group, headache (12.33), cold syndrome (4.5%). 
rhini11s (4.1 3). pain (2.0%), pharyngitis (2.03), fevel' (1.63), sinusitis (1.6%), back pain (1.2 %), 

myalg1a (1.23), and dysmenorrhea (1.23) werr- the most frequenl events. 

50 

1.0 

I 0 

10 

10 

.. 2 

10 

10 

I 0 

10 

1.0 

Headaches were reponed by the sponsor to be of variable characteristics, ranging in duration from one 
hour to seven days and occurring between Srudy Days 4 and 42. lntercurrent illness and idiosyncratic 
effect were the most frequent explanations by the sponsor/investigators for these mild to moderate 
headaches. The incidence of headaches in subjects receiving Olopatadine Ophthalmic Solution 0.13 
was generally comparable (see the following table) to that of subjects receiving placebo. No trend or 
pattern related to therapy was identified for these headaches. 
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Ercguency and Incidence of Headaches 

Inv. No. Olopatzdine 0. 1 3 Placebo 

No. of No. of 3 of No. of No. of 3 of 
Subjecu Headaches Headaches Subjects Headaches Headaches 

1028 73 15 20.5 37 !2 

1692 61 15 24.6 32 6 

1832 44 0 . 22 0 

943 39 0 . 21 0 

1799 27 0 . 13 0 

TOTAL 244 30 12.3 125 18 

Safety Conclusjom Based Uoon Adverse Events for Study C-94-52 
Olopatadine Ophth~lmic Solution 0.1 % was evaluated for safety against placebo (Olopatadine 
Ophthalmic Vehicle) in 369 normal healthy subjects, ages three years and older. No serious events 
related to Olopatadinc Ophthalmic Solution 0. I 3 were reported during the srudy. and no subjecl was 
discontinued from the study due to a Olopatadine treatment-related event. 

Other Additional Studies 

·-
32.4 

18.8 

14.4 

There were four studies doae utilizing the proposed for marketing strength or AL04943A. All of 
these were Phase I, single dose, early safety studies. 

Study Type Protocol C onccn11a11on Dosing Control Duration of Dosing No of Comment 
Patients 

Comfon :>•.idy 11 c.93. 19 o 01%,0.os,.. •• I Drop Atular"' (kctorolac tromelhamine) Single dose JO 
0 1°/o, and 0 Is-lo 

Acular"" (kc:lorolac 1romctharn1ne) and 
;:'.omfon Study I 2 C-95·12 01% I Ornp livostin"' (levocabutinc HCI) Single dose lO 

Acular"' (kclorolac uomuhaminc) 111d 
tomlon S1udy#J C9S·ll 01% I Drop Livostrn"' (levocabas11nc HCI) Single dose )(l 

~ 
01% 

rup1I Diameter S111dy C·9HS I Drop Placebo Sin&le dose )0 

Comfort studies C-95-12 and C-95-18 specifically evaluated the proposed strength for marketing of 0.1%. 
These studie~ were based on the following comfort variables in their analysis: 

Ocular discomfort composite: (O=none 10 250=extreme) =(Burning + Stinging + Discomfort + 
Tearing + Acceptabiliry) 

Membrane discomfort composite: (O=none to 150=extreme' = 
(Foreign body sensati0n + Lid sensation + Dryness 

Burning profile (0 =none ro 50= exm:me) 
Visual Clarity (O=good to SO=poor) 
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St\ldy C-95-12 

lnvcstigator(s) 

Study Centcr(s) 

Period of Study 

Study Objective(s) 

Clifton H. Beasley, Jr .. M.D. - #703 

Alcon In-House Clinic 
620 I S Freeway · 
Fon Worth, TX 76134 

March 17. 1995 - March 24. 1995 

To evaluate the ocular comfon and safety of 
AL04943A Ophthalmic Solution as compared to the 
marketed products. Acular™ 0.53 Ophthalmic 

52 

Solution and Livostin™ 0.05 3 Ophthalmic Suspension. 

Melhodology Randomized. single-masked. three-period crossover 
srudy. 

Number of Panicipants 30 

Ocular discomfort composite 
MEAN STD 

AL04943A 9 66 15.23 
Acular 61.001

" 58.59 
Livostin 27 34 1 37.48 

'Significant difference compared to AL04943A (p<0.05). 
bSignificant difference compared 10 L1vos1m (p < 0.05). 

Membrane discomfort composite 
MEAN Sln 

AL04943A 2 66 3.60 
Acular 7.41' b 8 70 
Livostin 3 79 5 91 

1Significan1 difference compared to AL04943A (p < 0 05). 
"Significant difference compared 10 Livosltn (p < 0 05) 

N 
29 
29 
29 

N 
29 
29 
29 
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~ALO 
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Visual Cladty 

t 11'' 
11 70 

19 

11 n._• 
U )I 

19 

10 ,, .. 

II ll 
1' 

• J•'' 
7 ll 
19 

l 17 
I ,. 

19 

I OJ 
•OJ 
19 

I ti 
I tO 
19 

MEAN STI> 

ll 01' 
llU 

19 

10 IT 

"" 19 

>•I' 
7 II 
It 

Ill 
I St 
29 

111 
I ll 
It 

0 •• 
I ii 
19 

0,.. 
016 

19 

N 
-~--------------------------------------------------~--------~ AL04943A 3 14 5.97 29 
Acular 6.83 1 8.98 29 
Livostin 5.931 8.05 29 

"Significant difference compared 10 AL04943A (p < 0.05). 
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Reviewer's Comment: It is not known what a clinically significant standard of difference 1s with regard to 
comparison.s of comfort. The reported mean.f for the burning profile demonstrate less burning in the initial 
minute post instillation for Al04943A 0.1% compared to Acular and livostm The sponsor does not note 
whether an analysis was performed for treatment by order interactions for the comfort parameters This 
analysis should bt reported. 
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Study C·95-l8 

lnvestigator(s) 

Study Center(s) 

Period of Study 

Study Objective(s) 

Roben A. Laibovitz, M.D., P.A .• No. 943 

3307 Nonhland Drive, Suite 470 
Austin, Texas 78731 

June 12, 1995 - June 16, 1995 

To evaluate the ocular comfort ar.d s:,fety of 

54 

AL-4943A 0.10% Ophthalmic Sc1h1 , as compared 10 

the marketed products, AcularT..,, 0.53 Ophthalmic 
Solution and LivostinTM 0.053 Ophthalmic 
Suspension. 

Methodology Randomized, double-masked, three-period crossover 
srudy. 

Number of Participants 30 

Results 
Ocular discomfort composite 

MEAN STD 

Al.A94JA 13.60 21.02 
Acular 4cr.73"·" -· 67.23 
Livostin 19.40" 19.97 

"Significant difference compared to AL-4943A (p < 0.05). 
bSign.ifican1 difference compared to Livostin (p < 0.05). 

AL0494JA 
Acular 
Livostin 

Membrane discomfort composite 
MEAN STD 

8.87 
11.47 
6 50 

19.08 
16.92 
10.10 

N 

30 
30 
30 

N 

30 
30 
30 
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For ·his study, the sponsor reponed a significant treatment by order interaction for burning and visual 
cl;- 1y. This complicates the interpretaiion and applicability of the results of this crossover srudy. 

Conclusions Reglllrding Comfort Studies 
The sponsor has not provided a standard for what is a clinically meaningful difference in comfort. The 
reported data provides evidence of less initial ocular discomfort in the first 90 seconds for AL04943A 
0. I 0°/, than that seen with Acular and Livostin. The significance of this finding is not known. 
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9 Overview of Efficacy 
The followiDg tables summariu the efficacy outcomes of itching and redness from the three 
submitted controlled clinical trials using the sponsor's proposed strength for marketin&;. 

ltcbinc: AL04943A 0.1 •1. 
Timr P011-Ch•llr111r S111dy C-94-10" S1udy C-9•-S8 Srudy C-94-39 

~ AL0490A 0.1% AL0490A 0.1°/e AL0494JA 0.1% 
Onset A.nliplt J 1ai11u1a 
OuillWF Mean ·In -018 -US l 

STD 109 124 114 
N 2s 29 l>O 
T .7119 ·HI -146 
Prob <.001 < 001 < 001 

10 miaula 
Mun ·l.61 ·I 19 .1 77 
SlD I 42 I 00 I 30 
N 25 29 60 
T ·Bl ·HS ·10 58 
Prob <.001 <001 < 001 

10 mlnultt 
Mean ·I 28 ·I 07 ·I 24 
STD I.II I 09 I 10 
N 25 29 60 
T ·S 77 .5 27 .g 75 
Prob <: 001 < 001 .: 001 

·-I hour Antip J minulcs 
Challc11gc Me1n ·I 48 -0 37 -I 14 

STD 0 82 0 84 I 12 
N 25 30 53 
T -900 ·2 39 .739 
Prob <.001 0 024 < 001 

10 minultt 
Mean ·I 62 -0 SB -1 29 
STD 086 I 10 I 09 
N 25 JO SJ 
T .9 45 ·2 91 -8.64 
Prob <001 0 007 < 001 

20 minuln 
Mean -0 92 -0 75 ·I 06 
STD I 02 us I 12 
N 2S 10 S) 

T ... S2 .) 211 -6.89 
Prob <001 OOOJ < 001 

"SIUd) C-94-1011.o IOokcd 11lhe6hour11mepo1n1for11ch1n1 and rcdncu Th1i was no! cvalu11cd in ltic: srud1cs C-94-SS and C-94-39 
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Redness: AL0494JA 0.1°/o 

TI111t POS1-Ch1lkn1c S1ud)' c.94.10 S1ud1 c.94.53 S1ud1 (.94.39 
ALOf94JA0.1% AL0490A 0.1% AL0490A 0.1% 

Onset An&iccn l •inutts 
Challenge Mun ·2.72 ·160 ·2 18 

STD 2.SO 2 05 2.26 
N 25 29 60 
T ·S 4S -4 21 .7 48 
Prob <001 <001 < 001 

10 •inutts 
Mun -HI ·I 69 ·2 62 
STD 2.61 245 250 

"' 2S 29 00 
T ~-66 .) 72 ·I 13 
Prob <.00! OOCI < 001 

20minuta 
Mean -2.78 ·I 38 ·I 90 
STD 3 29 234 2 69 
N 2S 29 60 
T -4 .2.2 .) 18 -~ 47 
Prob < 001 0004 < 001 

8 hour Antirc:n l •unults 
Chalknge Mean ·I SB -0 I) ·I 47 

sm I 98 I 67 I 86 
N B 30 ~) 

T -4 00 -0 44 ·S 77 
Prob 0001 0664 <( 001 

10 minutu ·I 23 
Mean -I 71 -0 52 I 64 
sm 2 33 I 87 53 
N 25 )0 ·5 45 
T -382 ·I SI < 001 
Prob 0001 0 141 

20 m1nu1u ·O 81 
Mean ·I 42 -0 4S I 93 
STD 2 S2 I 36 53 
N 25 )0 ·) 28 
T ·282 ·I 81 0 002 
Prob 0009 0080 
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Overall Efficacy for Itching 
Difference between Scores for AL04943A 0.10°/o and Vehicle 

1.8 

1.1 

1.4 

1.2 

0.8 

0.6 

0.4 

0.2 

0 

onset 
lmin 

onset 
10 

onset 
20 

min min 

Bhr 3 
min 

8hr10 
min 

8hr 20 
min 

•C-94-10 

•C·14-58 

DC·94-'.'9 

Reviewer's Comment: Clinically s1gn1ficanr differences are evidenced in the majority of 
limepoinls for Stud/ts C-94-10 and C-94-39 Study C-94-58 failtd to demonstrate a greater than 
ont uni/ difference in any of the 8-hour study timepoints and failed in one of the three timepoints 
for the onset CAC. 
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Overall Efficacy for Redness 
Difference between Scores for AL04943A 0.10°/o and Vehicle 

3.5 

3 

2.5 

2 

1.5 

0.5 

0 

onset 
lmin 

C'nset 
10 

onset 
20 

min min 

811' J 
min 

8hr10 

"'"' 
lhr 20 
min 

•C·94·10 

•C·M·58 

cc.94.39 

Reviewer's Comment: There is clinical significance (> 3 units) for redness evidenced only in 
the onset CAC at JO minutes for Study C-94-10 The submitted studies [gil to provide substantial 
evidence for efficacy in the relief of redness in the CAC study model. 
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10 Overview of Safety 
Overall, the clinical dcvclopmcnr program had 825 safory-evaluared subjects, with 84 subjects 3 10 16 
years of age. These subjects were enrolled during the coursr of eleven clinical and clinical 
phamacology studies. There were 492 subjects evah.•ated for safety with Olopatadine Ophthalmic 
Solution 0.103 with 679 subjects were exposed to various concentrations of Olopatadine. 

Pr~INo. Sarcry N Olopa&adinc Olopa1ad1nc Olopaladinc OlopalldUIC 
O.OIS O.O.S1' 0.101' 0. l.S" 

C-93-7.S Jj 0 0 0 Jj 

C-93-79 lO 30 lO 30 lO 

C-9J·ll 9 0 0 0 9 

C·9'·10 98 2.s• 2•' 2S' 24' 

C·909 120 0 t(J' 60' 0 -
C-94-:52 244 0 0 24-C 0 

C·94·.sl 60 0 30' JO' 0 

C-94-65 20 0 0 20 0 

C·9H2 29 0 0 29 0 

C·95·ll JO 0 0 JO 0 

c.95.n 24 0 0 24' 0 

TOTAL 679 SS 14'1 - 4v.l 78 
1•olll plKCbo 

Pediatrics 

60 

Srudy C-94-52: Topical ocular dosing with Olopatadine Ophthalmic Solution 0.103 was safe when 
administered as frequently as three times daily in both eyes for 42 days to pediatric subjects, ages 3 10 

16 years. No clinically significant difference in frequency and incidence of adverse events was 
observed becween the pcdiarric subgroups and th.! total study popularion. 

Reviewer's Comment: The sponsor needs to identify the specific numbers of the three ro sixteen 
year olds by age year included in rhe study. 

10.l Significant/Pocentially Significant Events 
No;-;e reported 

10.1.l Deaths None reponed during the submined srudies. 
10.1.2 Overdose Experience None reponed 

NOA 20-688 



10.2 Other Saf~ty Findings 
10.2.1 ADR Incidence Tables: Frequency and Incidence of Adverse Events 
Slid1<1 C·9J.79 C·'M·IO C·9'·39 C·9·02 C·'M·Sll C·C.U~S C·9Hl C·9S·lll, C-9S-7J . ~ 

Adverse Ewuu Olopalldinc 0.10'9 Ii 

9s!!! N•492° 

Discomlon 6 12 

l'NnlUS 10 2.0 

Hyperemia l 04 

Fom1n Body Scnsauon 
) 06 

--
KerauU:. .. o.a 

Lid Edcnn ) 0.6 

Dry Eye I 0.2 

Lid Duorder I 02 

Lid Spum I 0.2 . ~ 

Pholophob&a l 02 

01.schar~t NOS 4 0.8 

~onjWltuval Hcmorrtiaae J 06 

Corneal AbnSIOfl J 06 

Lid Marien Cnasuna 2 0.4 

Pain I 0.2 

Hordeolum I 0.2 

Accidr.11&al ln1ury I 0.2 

Chaluion I 0.2 

Increased l111raocular Pressure I 02 

-· Pigment D1spemon Syndrome I 0.2 

Sur11c.11/Mcd1c1I 
roct~ure I 0.2 
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Non Oc:llW Advcr1e 
Eve nu 

ir:·y u • Wl!o!c 
Headache 
Aslhcrua 

Rsspintoa 
IUwutiJ 

~i11.11ius 

Pharyna1as 

Bronchius 
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Cold Sy~ 

Au SyndlOIS 

Wee lion 
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Fever 

Pain Back 

Accidcnul Injury 
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Procedurt 

D11Ull•C 
[)yspeps11 
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Vom1un1 02 
1-------~------t------------~ ----~--------------1 
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Edrnu 

0.1 

Obc111y I 0 2 
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Non Ocular Advcnc Olopatad1nc 0 I 0 !!. ' " Evcnu N•492• 

~ 
An1icry I 02 

Dcprc 111011 I 0.2 

Somnolence I 0.2 

aiD 1nd Al!l!ndaaes 
Dermatitis •• 02 

- - . 

HeflXS Simplea I 0.2 
- I , PruriNs I 02 

Se!!Cill Senses I I 02 

Ear P·.1n 

Tu1c Pcr\ICISIOll 2 04 

Otim Mctl'.i I 02 

Urggc11111I 
Dysmenontlea J 06 

•139 of lhe 492 sub1ccis 1ccc1vcd Clopawhnc O 10'1. 1nd Pla"bo Pro1ocol C .Q4.S2 

The most frequent events were: ocular: discomfon (burning and stinging) ( 1.2 3 ),ocular prurirus 
(2.0%), ocular hyperemia (0.4%), foreign body sensation (0.6%), keratitis (0.83), lid edema (0.6%); 
body as a whole: headache (7.3%), cold syndrome (2.8%), rhinitis (2.23),sinusitis (1.23), 
pharyngitis (I%), asthenia (0.33), and taste perversion (0.43). ~co serious events related to 
Olopatadine Ophthalmic Solution 0.103 were reponed. and m patient wa~ discontinued due to a 
serious rreatment-rclated event. 

Reviewer's Comment: 7he submilled studies evidence an acceptable safety profile for the proposed 
markering formu/arion 

10.2.2 Laboratory Findings, Vital Signs, ECGs 
Blood chemistry, hematology and urinalysis were analyzed for 24 adult subjects in two studies 
(Protocols C-93-75, C-93··83). Although clinically significant elevations in urine protein were observed 
for two subjects, these elevauons were attributed by the sponsor to hard exercise imposed on the study 
subjects during the ongoing training camp of their athletic ..:lub. No clinically significant changes in 
any of the blood chemistry. hematology, or urmalysis values were related to Otopatadine Ophthalmic 
Solution 0.15%. 

Reviewer's Comment: The sponsor's ra11onait_for the urinary protein elevation is speculative. The 
significance of this finding is unknown. 

10.2.3 Special Studies 

Stud)'. C-24-65: Pupil Di1ameter Stud)'. June 20 · June 22. 1995 
This was a single dose placebo controlled triple-masked sn.idy in 40 subjects of Olopaunol 0.1 %. The study 
was conducted at t.he Alcon In-House Clinic in Fort Worth, Teus. Pupil diameter was measured one hour 
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after topical administration of the test drop. No clinical nor statistically significant change in pupil diameter 
from baseline was found. 

Study C-95-73: Tryptase Inhibition Study October 1995 - November 1995 
This was a placebo controlled single site study in 24 subjects with a history of clinically active allergi:: 
conjunctivitis of the effect of PatanolTM 0.1%. on tear tryptasc levels following antigen challenge. TI1e 
investigator was Dr. Marie Abelson, North Andover, Massachusetts. Tryptase is a tetrameric serine 
endoprotease which is stored in its fully active form in mast cell secretory granules, thus making an 
indicator for mast cell activation. The sponsor reported that the levels of tryptase in the tear samples was 
below the detectable limits of the assay for the baseline and post-treatment assays. The sponsor's 
assessment was that a technical problem "'Ccurrcd with the assay and no conclusions could bf' made for this 
study. 

10.2.4 Drug-Demographic Interactions 
There were no significant drug demographic interactions reported. 

Reviewer's Comment: 
The c/imcal trials conducted were limited to a largely Caucasian popular/on. Therefore. any 
statements with regard to the general population is presumptive given the lack of repre.senta1tve 
samp!ing m the popula11on.s studied in the clinical trials. This represents a deficiency m tlm 
subm1.uion by c11n~n1 regulatory guide/mes. 

10.2.5 Drug-Disease Interactions 

Reviewer's Comment: 
Given the geographic and seasonal va,.,ability of a/lerg1c conjunctivitis, it is of note that the large 
majority of subjects studied were drawn from the Southwest. For the proposed strength for 
marketing, Olopatadine 0.1%, there were I I 5 pa11ents studied and 78% were from the Southwest 
(San Antonio, Texas and Phoenu. Arizona) in the controlled clinical trials (C-94-IO.C-94-58 and 
C-94·39) submitted. Given that these were 1atrogemcal/y antigen-induced con1unctival allergic 
reactions. the issue of seasonal disease variability and drug response is not relevant to thtS study 
design and drug approvab1/i1y where b:tud on this study d'!s1gn 

10.2.6 Drug-Drug Interactions 
The subjects enrolled in the clinical trials were on a variety of concomitant medications. There were no 
significant drug-drug interactions reported in any of the studies. 

10.2.7 Withdrawal Phenomena/Abuse Potential 
None noted. 
10.2.8 Human Reproduction Data 
There have been no controlled clinical trials of the drug In humans to assess the impacl on human 
re product ion. 
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12 Conclusions 

l. Patanol™ 0. 1% demonstrates a clinically meaningful and statistically significant outcome for the 
efficacy measure of itching due lo grasses, weeds and animal dander in the submitted clinical 
studies for onset of action and in two of the three submitted srud1es for the eight hour duration of 
action. Clinical significance was not adequately demonstrated for the efficacy measure of redness 
in the submitted studies. 

2. The safety profile of thr.. drug as studied 1s an acceptable one for the indication. 

3 The demographic profile studied is not reflective of the United States population. 

13 Recommendations 

NOA 20-688, PatanolTM is clinically recommended for approval for ocular itching due to grasses, 
weeds, and animal hair with the indicated labeling changes. 

2. A study in non-c.aucas1ans should be performed to evaluate the safety and efficacy of the drug 
product. 

cc. Ong NOA 20-688 
HFD-550 
HFD· 550/PM/Holmes 
HFD-550/CHEM!fso 
HFD-830/MICRONincent 
HFD-5 50/PHAR.M/MukherJCe 
HFD-550/MO/Bull 
HFD-550/ActmgDivDir/Chambers \~ I (s.ll°\(, 

\~ S' 1'~ }16 
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MediaIOmc Review of NDA 20-688 
Amendment to a Pending Applic.ation 

NDA 20-688 Submission: 
Medical Officer Review Review completed: 

Drug name: Olopatadine Hydrochloride Ophthalmic Solution 

Generic name(s): AL04943A 
KW 4679 

Proposed trade name: PatanolTM 0.1 % Ophthalmic Solution 

9/17/96 
9/25/96 

Chemical name: (Z)-11 _{3-(Dimethylamino) propylidene }-6-11-dihydrobenz{b,e }­
oxepine-2-acetic acid hydrochloride 

Sponsor: Alcon Laborator:es, Inc. 
Post Office Box 6600 
Fort Worth, Texas 76115 
(817) 568-6296 

Pharmacologic Category: Selective HI-receptor antagonist and mast cell stabilizer 

Proposed IJXf.ication<s): Treatment of allergic conjunctivitis 

Dosage Fonn(s) and Route(s) of Administration: Topical ophthalmic solution 

NDA Drug Classification: 1-S 

Comment: 
This submission includes responses to Chemis •. y questions as well as carton and container labeling. 
Package insert/labeling is also included and docs not address the recommendations of the full NOA 
review with Division Stamp da~e of September 13, 1996. The sponsor needs to respond to the 
labeling rocommendations by the Division. '.)~ ~ 

&7,~nca Bull. M.D. 

HFD-550 
HFD-550/ ActingSupCSO/Holmes 
HFD-550/CHEMrrso 
HFD-550/PHARM/Mulcherjcc 
HFD-550/MO/Bull 
HFD-550/ ActingDivDir/Chambers 
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Medical Officer's Review of NDA 20-688 
Four Month Safety Update 

NDA 20-688 Submission: 
Medical Officer Review Review completed: 

Drug name: Olopatadinc Hydrochloride Ophthalmic Solution 

Generic name(s): AL04943A 
KW 4679 

Proposed trade name: Pa11mol™ 0.1 % Ophthalmic Solution 

5/28/96 
9/29i96 

Chemical name: (Z)-11_{3-(Dimethylamino) propylidene}-6-11-dihydrobenz{b,e}­
oxepine-2-acetic acid hydrochloride 

Sponsor: Alcon Laboratories, Inc. 
Post Office Box 6600 
Fon Worth, Texas 76115 
(817) 568-6296 

Pharmacologic Category: Selective HI-receptor antagonist and mast cell stabilizer 

Proposed lndication(s): Treannent of allergic conjunctivitis 

Dosage Fonn(s) and Route(s) of Administration: Topical ophthalmic solution 

NDA Drug Classification: 1-S 



Swnlllilm 

The sporoor has submitted a four month ~afery Update Report for the period January 1996 through 
A ril 1996. There are five clinical srudies either com leted or are on oin durin this time riod. 

l%'.h::'::{;::iJ:,1t;t;,~~1:11t:~: :-:1111~::1.11r;,~1i~1:r1 :;~Z~; -
- •.•• < i >• • . \\ .: f < /!.:,i:J ::}:)~:q::·.::;:·::):ii·:: :::( . . ):>L. :: ·:·1f « ,'f 

C-94-61 Pivotal, Seasonal Allergic 25/200 In Progress Planned 
Conjunctiva! Study vs EC Study 
Sodium Cromolyn 2 3 · 

"C-94-75 · .. · ~ '.~ ~P.i-/0\iTilmG.sbfti,;;_l~ ;-.;;;;: ~·: ·48i15o · :· .. ;~ In :Progr' · css . us Planned 
. ,. ... e~.., :ii-r.~·. J, ··t .;.; •. ~ ,. •· .. ' 

, • ~·· .~ ... ,•,,. '.,. -
1 

... ~/- f fl;' "''It•• · '&"\•' . ' ' ·~ ~ ' ..... - • 

.... , · - · · · · n · '" --~-~·1'· • • .. 1'~ • · ~-. · ·. · . · • • ·stuctv · 6'-.r.;.-.; .~.· .... ·.·.,.~ ~--~•'t · ~~~ .. v.-....,.,_ ...... ~~-.. .. ~_. ..... \.- . .; ... i,,_,, 

C-94-102 Pivotal #2., VKC Study vs 89/150 In Progress, EC Planned 
Placebo Srudy 

C-94-37 : til~~j~Y §r All<:.rgic , ,: .tl.•~i·" . 3513? ·: : .... ~~~pie~ _ · 
· · :-.. i81id/or~Vefual~:~·< t; ?,;~~"'<:->· ·$·~·· _-;_;·!: 'Japaii'Study · 
' " • • • \••'fiia•t".•""' ' ' .,.,,.... . ·• I ' ,., '· . . 

. . . .. Conifinrtivj.;.r-.... ;:,:: .• .· .• ~· :~ .. ·. '· . . ·•·• · "· 
• '1•'. •. - • ..: '· '"" ,, ._.--v~..,. .. ~~t~.-·J·~ ............ ~... ... ... -· '. •· 

Planned 

C-94-80 Dose Response Srudy for 118/170 In-Progress Planned 
Allergic and/or Vernal Japan 
ConjWlC~Vitis Srudy 
Open-Label, VKC Study 29/60 In Progress, Planned 

' :+\.;.:~-~u;:~.~·· · Mexico Stud · 
C-94-100 

Frequency of Adverse Events Reported by Sponsor for Treatments Including Olopatadine 0.1 %, 
Cromolyn Sodiwn 2%, and Placebo for All Ongoing studies 
Adverse Event Frequency 
OCULAR 
Kerati1is 3 
Discomfort I 
Eoitheliooathy I 
Palpebral Ervthema I 
Hyperkeratosis I 
NON-OCULAR 
Cold Svndro"!~ I ------
Sinusitis I 
Mouth UlcP.r I --
Drv Mouth I 

Reviewer's Comment: The sporisor should submit safety information which specifically 
addresses the treatment received. From the submitted data it is nor known which treatment 
was associated with the adverse evenr. 



Defici~ 
As nott.d. the spomor should submit safety infonnation which specifically addresses the treatment 
receivt.d as well as the study. From the submined data it is not known which treatment was associated 
with the adverse event. Given this lack of specificity. it is not known whether the sub"""'im.:d data is 
comistcnt with the safety information submined in the NDA or represents a potential increase in 
frequeocy. 

HFD-550 
HFD-550/ ActingSupCSO/Holmes 
HFD-550/CHEM/ 
HFD-550/PHARM/ 
HFD-550/MO/Bull 
HFD-550/ ActingDivDir/Chambers 

!.':'·~~L-
Jonca Bull, M.D. 

Medical Officer 
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Statjstjcal Review and Evaluation JUN 2 8 ·~.:.::: 
, ' , 

eroctinical Animal Carcjnogenjcjty Reyjew -Wti4 2 0 f!Se-

NDA: 

Drug Class: 

Name of Drug: 

Applicant: 

Submission Date: 

Indications: 

20-688 (Related IND 44,216] 

Topical Ophthalmic Solution 

Opatanol ™ 0.1 % [Olopatadine Hydrochloride) 
KW-4679 

Alcon Laboratcries, Inc. 
6201 S. Freeway, Fort Worth, Texas 76134 (8171 293-0450 

January 29. 1996 I Received February 07, 1996 
Animal Data Received April 14, 1996 

Treatment of Allergic Conjunctivitis 

Controlled Preclinical Studies:KKVOOS and KKV009 

Documents Reviewed: NOA Archival Volumes 13 through 25 

Statistical Reviewer: Lillian Patrician, MS, MBA 
Pharmacologist: Asoke Mukherjee, PhD 

Applicant Contact Person: Susan Caballa, Assoc. Dir, Regulator'/ Affairs (817) 568-6296 
Robert Roehrs (817) 561-8764 

45 Day Meeting Date: March 06, 1996 

I. Background 

Olopatadine !Chemical identification KW-4679) is a new chemical entity !dibenzoxepin 
derivative) with both antihistaminic and human conjunctiva! mast cell stabilizing properties. It 
is being subrriitted for the treatment of symptomatic relief of allergic conjl•nctivitis. 
The sponsor reports having conducted two rodent carcinogenicity stud;as, KKVOOS and 
KKY009, to detflrmine any oncogenic potential when administering graduated dosage levels of 
the drug to animal diet. Both male and female animals received KW-4679. Study KKVOOB 
included F-344 strain rats randomly assigned to dose groups of Control, 20, 65, and 200 
mg/kg/day for 104 weeks. Study KKY009 included C0-1 strain mice randomly assigned to 
dose groups of C-,ntrol, 50, 160, and 500 mg/kg/day for 78 weeks. 

The sponsor concludes that KW-4679 showed no oncogenic potential and reports "no­
observed-adverse-effect" levels as the high dose !eyel of 500 mg/kg/dov jn mouse study 
KKYOQ9 and as the middle dose leyel of 65 mg/kg/day jn rat stµdy KKYOOB. 

PATRIC IAN (nda20688\carcrpt. wpd I Page 1 Review 01t1 June 20, 1996 



II. Rat Study KKY008 

Study KKYOOS included male nnd female F-344 strain rats randomly csssigned to dose groups of 
Control, 20, 65, and 200 mg/kg/day (50 per sex and dose group) for at least 104 weeks. Dose 
group animals received oral doses of KW-4679 in daily animal feed. The study began with a 
total of 230 male and 232 female rats of 28 to 35 days in age and 56 to 90 g in weight. Prior 
to randomization, animals with extreme body weights and/or damaged or ill health were 
excluded from entry into the study. An additional 40 animals were assigned for veterinary 
controls and animal health monitoring and as such, were not part of the study. 

Animals were examined twice daily for evidence of reaction to treatment and for ill health. 
More detailed exams were performed weekly. Any debilitated animals judged to be in extremis 
were sacrificed. Interim sacrifices were also performed on humane grounds to prevent 
unnecessary or prolonged suffering. Sacrifices included complete necropsy, which involved 
dissection of 15 organs and histopathological examination of 40 separate tissue samples. 

Mier oscopic examinations of tissue were performed for all animals of Control and high dose 
group (200 mg/kg/day) following the scheduled treatment period of 104 weeks, and for animals 
killed or dying during the study Microscopic examination was also performed if macroscopic 
examination reports revealed tissues with significant abnormalities. 

Slzonsoc's Analysjs: The sponsor analvz'!d inter-group differences in mortality by Cox's 
proportional hazards model (Cox, DR, 1972) and Tarone's partition of the Chi-square statistic 
into linear trend on dose and deviation from linearity (Tarone, RE, 1975). FisLer' s Exact Test 
was applied as a t,vo-tailed test to the distribution of macroscopic or microscopic non­
neoplastic pathological entities. A one-tailed test was applied to apparent increased incidence 
with treatment for neoplastic pathological entities. The sponsor reports having estimated 
mortality rates (adjusted to account for animals which were censored and whose week of death 
is unknown) using Kaplan-Meier or Product Limit estimations (Kaplan, EL and Meier, P, 1958). 

For ho th sexes the sponsor reports a statistically significant negative trend for mortality with 
dosage in comparing the Control group and 200 mg/kg/day group. Mortality was significantly 
lower tor males in the 200 mg/kgiday group over those in the Control group. There were no 
statisticaily significant differences in mortality as compared to Control for males or females 
receiving 20 (If C5 mg/kg/day. The sponsor reports no stati&tically significant differences in 
pathological findings !neither non-neoplastic nor neoplastic) considered to be related to 
treatment with KW-4679. The only reported relation to treatment was ungroomed coat and 
perigen1tal staining, which were transient and not associated with pathological changes. The 
sponsor determined the 65 mg/kg/day dose as the "no-observed-adverse-effect level (NOAEL) ". 

Reyjewer's Analysis. The survival data analysis used the methods described in the papers of 
Cox {Regression M Jdels and Life Tables, Joyroal of the Royal Stotjstjcal Socjety, B, 34, 187-
220, 19721. and of Gehan (A Generalized Wilcoxon Test for Comparing Arbitrarily Singly 
Censored Samples, B1ometrjka, 52, 203-223, 1965). The reviewer's analysis also applied the 
death rate method described in the paper of Peto et al. (#Guidelines for Simple, Sensitive 

PA'TRICIAN [nda20688\carcrpt.wr>dl Page 2 Review Dete June 20, 1998 



Significance Tests for Carcinogenic Effects in Long-Term Animal Experiments" in J.Qng Ierm 
and Shoo Term Screenjng Assays for Carcjnogens: A Critical Apcrajsal, International Agency 
for Research on Cancer Monographs, Annex to Supplement 2, World Health Organization, 311-
426, 1980). Tumor data anaysis used the Peto methods and the method of exact 
permutation trend test. 

Reviewer's Summary of Data from Study KKY008 with 104 Weeks on Treatment 

KKY008 (Ratl Males Fwmales 

Control 20 85 200 Comrol "° 85 200 
mg/kg mg/kg ··•gtkg ITIQlkg mg/kg .ilg/kg 

I Animals in Study 50 50 50 50 50 50 50 50 

Survival Rates at Week 104 0.50 0.48 0.54 0.H 0.66 0.78 0.86 0.82 

Mortalitv Rate at Week 104 0.50 0.52 0.46 0.26 0.34 0.22 0.14 0.18 

Mortality During Treatment Period 25 26 23 13 17 11 7 9 

Mortality Following Treatment Period 25 24 27 37 33 39 4., 41 
'• 

1 . Syrvjya! Ana!ysjs: 

lntercurrent mortality rates for both mPle arid female rats (SH Tables 1 M - 1 F o . ., 
pages 10· 11 J were tested for line Br trend according to the Peto death rate method using 
time intervals 0-52; 53-78; and 79-104. The results of the age-adjusted Peto test for male 
rB1s show a significant negative linear trend in the intercurrent mortality rate (p-value of 
0.0012). There was no evidence of a significant linear trend in intercurrent mortality for 
female rats. 

The Cox and generalized Wilcoxon tests were used to test for homogeneity of survival 
distributions of all dose groups, including Control (separately for males and femates). Cox 
test p-values were 0.0555 for males. Although this can be viewed as marginal!~· 
significant, there was no evidence of statistically significant differences in survival 
distribution at the 0.05 level. There was also no evidence of statistically significant 
differences for females, for which th11 Cox test for life table data shows a p-value of 
0.0907. 

The generalized Wilcoxon test gives more weight to early differences in deatii rateP 
between groups than the Cox analysis. These also resulted in no statistically sigr.ificant 
differences in survival distributions for either male or female rats, with p-values of 0.0733 
and 0.0989 for males and females, respectively. 

Plots of Kaplan-Meier estimates illustrate survival distributions of the Control and treated 
groups for male and female rats (Figure• 1M and 1F on pages 19·20J. 
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2. Iumgr Data Anafysla.: 

To test the positive linecr trend in tumor rates, the reviewer's analysis used an extension of 
the Fisher exact \est referred to as the method of exact permutation trend test. The 
sponsor reported three definitions for a tumor's relation to cause of death. Using Peto et 
al. (1990), the !Sponsor's 'tumor-caused death' foHowed Pete's 'death rate method', 
whereas the sec:.nd and third definitions of 'non-tumor-caused death' and 'unknown' 
followed the 'prevalence method'. The reviewer's analysis used time intervals of 0-52; 
53-78; 79·104 weeks; and terminal sacrifice. 

Not all animals in each dose group were microscopically exl'mined. Only thoae animals in 
the Control and high dose group were sacrificed following end of treatment J')eriod of 104 
weeks. Microscopic examinations of tissue were also performed for animal:a killed or dying 
during the study, and if macroscopic examination reports revealed tissues with significant 
abnormalities. Because of this imbalance in the number of animals examined pet dose 
group, and consequently, the number of tumors detected and reported, the reviewer's 
tumor data analysis fo!!cw~rt three approaches; ( 1) an age ·adjusted or time-adjusted 
exact permutation treud test; (2) a pairwise compariso1\ between Control and high dose 
group per sex; and (3) an age-unadjusted trend test. 

To adjust for multiplicity, the reviewer followed a sta'ldard decision rule in regard to the 
effect of multiple testings on inflating the overall false positive rate. A positive linear trend 
is considered not to occur by chance of variation alone if the p·value is less than 0.00!5 for 
common tumors, and less than 0.025 for rare tumors. Using this adjustment, the 
reviewer's analysis determined exc.ct ;"·vi;i!:Jes for tumors either fatai er non-fatal to all 
animals, and the asymptotic p·val~es for_ tum~rs considered fatal to some but not all 
animals. There were no statistically significant linear trends for arr~· tumor types in male 
and female rats. 

The incidence rates of tumors were then compared between the C r.trol and the .200 
mg/kg/day nigh dose group usir"g a pairwise comparison (SH T•bl•• 2M •nd 2F on P•St•• 
1~·14). No significant differences were fou1\d. 

3. Volldity of Exptr!mtnt 

The validity of the experiment depends on sutficu~m nuM~ers of animals being exposfld to 
drug/chemical over an adequate ti'Tie period so as to be at rirk of forming late-developing 
tumors. Some experts in the field have sugges:ed that between weeks B0-90, a 50 
percent Jurvival rate ot the 50 initial animals in the high dose group will be considered as a 
sufficient numb~r at adequate exposure {Haseman through personal communication with 
Dr. Karl Lin). If the number of animAls in each treatmert group and sex group is less than 
or greet,_, than 50, the percentag• can vary. However, there shouh1 t:e 20 to 30 animals 
remsf .ing live during these weeks. Additionally, Chu, Ceuto, and Ward ("Factors in the 
Evaluation of 200 National Cancer Institute Carcinogen Bioassays", Jguroal o! Ioxjcglog~ 
and Eovjconm1nt1l Health, 8, 1981, pp. 251-2801 propcnre that for studies in which there is 
no evidence of carcinoger-ic 1ff1ct of the chemical/drug, an:m~ls in the high dose group 
should have greater than 50 percent survival at one year (52 weeksl into study. 

PATRICIAN (nda2oeeB\carcrpt. wpdJ Fego 4 Review Datt Juno 20, 1998 



Sini:e the survival rates of rats in this stucJy at the end of treatment or week 104 were 
74% for males and 82% ior females, the study meets both criteria for sufficient numbers 
of animals exposed over an adequate time period. 

The validity of the experiment also depands on the administration of a large enough drug 
duse so as to present a t•.Jmor challenge to the animals. The same paper by Chu, Ceuto, 
and Waru identifies dose adequacy according to: 

( 1 ) "A dose is considered adequate if there is a detectable loss in weight gain of uo to 
10% in a doHd group relative to the controls"; 

(2, "The administered dosfl is also considered a Maximum Tolerated Dose (MTO) if 
dosed animals exhibit clinical signs or severe histopathologic toxic effects attributed 
to the chemical"; 

(3) "In addition, doses are considered adequate if the do~ed animals show a slightly 
increased mortality compared to the controls". 

Even though the sponsor reports, "Overall bodyweight gains and food intake of males and 
females receiving 200 mg/kg/day were lower than those of their Controls .. , the third 
criteria was not met. Both male and female high dose animals showed a negritive, rather 
than positive, trend in mortality as compared to the Cor1~rols. Mortality ra.:es for male rats 
during the 104 weeks of treatment were 50% ~ 1d 2tJ~: fer Controls and the ioo 
mg/kg/day dose group respf!ctively, wherea!I t rate'' for females were 34% (Controls) 
and 18% (high dose group1. Therefore, dote adea•?:.cy of 200 mg/kg/day for the rat 
Study KKYOOB has nc..~ been established and the validity of th~s experiment hcts not been 
confirmed. 

Nevertheless, this re' :ewer's examination of t1.1mor data was consistttnt with the 
!oonsor's resu:ts and found no evidence of a significant l!"'•ar trend in tumor incidence 
across dose groups nor a statistically significant difference in tumor incidence bttween 
Control and high do~tt group. 

Ill. Mouse Study KKY009 

Study KKY009 included male and female C0-1 strain mice randomly assigned to do&e groups of 
Control, 50, 160, and 500 mg/kg/day (5~ per sex and dose group) for at least 78 weeks. Dose 
group an:mals received oral doses of KV\/-4679 in daily animal feet.i. The study began with a 
tNal of 239 male and 239 female mice of 21 to 28 days in age end 18 to 27 g In weight. Prior 
to randomization, animals with extreme body weights and/or damaged or ill health were 
exclucied from entry i'lto the study. An additional 40 animals were essigned for veterinary 
controls and animal hee.lth monitofing and as such, were not part of the study. 

Animals were examlried twice daily for evidence of reaction to treatment and for ill haalth. 
More detailed '!!>:ant~ v.1ete J:•erformed weekly. Interim sacriflcts were performed on numene 
grounds f" p. evel'lt un.iecenar,i or prolon~ed suffering and on debilitated ani.11111 judged to be 
in extren 1i.-.. ThdH sacrificH ilY.:luded complete necropsy, which invol•Jed di11ection of 9 
organs und histopathological e.11a~mination llf 43 separate tissue sa.npl11. 
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Microscopic examinations of tissue were performed for all animals of Control and high dose 
group (500 mg/kg/day) following the scheduled treatment period of 78 weeks, and for animals 
killed or dying during the study. Microscopic examination was also performed if macroscopic 
examination reports revealed tissues with significant abnorm11lities. 

Sognsgr'• An1!y1fa: The sponsor analyzed inter-group differencds in mortality by Cox's 
proportional hazards model (Cox, D.R .. 19721 and Tarone's partition of the Chi-square statistic 
into linear trend on dose and deviation from linearity (Tarone, R.E., 1975). Fisher's Exact Test 
Wl!IS applied as a two-~eiled test to the distribution of macroscopic or microscopic nor.­
neoplastic pathological antities. A one-tailed test was applied to apparent increased incidence 
with treatment for neoplasti~ pathological entities. The sponsor reports having estimated 
mortality rates (adjusted to account for animals which were censored and whose week of death 
is unknown) using Kaplan-Meier or Product Limit estimations (Kaplan, E.L. and Meier, P., 1958). 

For male mice receiving 500 mg/kg/day, the sponsor reports e higher incidence of thickened 
stomach 'I. alls. The sponsor reports no statistically significant differerices in pathological 
findings (neither non-neoplastic nor neoplastic) considerftd to be related to treatment. The 
sponsor determined the 500 mg/kg/day dose as the "no-observed-adverse-effect level 
(NOAEL)". 

81yj1wer'1 An1!ysj1: 

Reviewer's Summary of Data from Study KKY009 with 78 Weeki on Treatment 

KKV009 IMouHI Malas PamalH 

Con1ro1 !iO 100 !100 Control !10 190 !100 
mg/kg mg/kg mg/ko m9/kg mo1kg mglkll 

I Animals in Study 52 52 52 !52 52 52 52 52 

I Animals Liva at Watk 78 22 28 25 23 37 30 43 38 

Survival Rates at Watk 50 0.75 0.87 0.83 0.79 0.96 0.83 0.98 0.88 

Survival Rates at Watk 78 0.42 0.54 0.48 0.44 0.11 0 1;8 0.83 0.?3 

Mortality Rate at Week 78 0.58 0.46 0.52 0.58 0.29 0.42 0.17 0.27 

Mortality Curing Treatment Period 30 24 27 29 15 22 9 14 

Murtalitv Following Tre1tment Period 22 28 25 23 37 30 43 38 
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1. lf.nlya! An1!v1j1: 

lntercurrent mortality rates for both male and female mice (••• T•bl•• 3M - 3F an 
~ 15·16J were tested for linear trend according to the Peto death rate method using 
time &ntervals 0-50; 51-70; and 71·78. The results of the age-adjusted Peto test for both 
saxes show no evidence of a significant linear trend in intercurrent mortality. 

The Cox and genaralized Wilcoxo11 tests were used to test for homogeneity of survival 
distributions ot all dose groups, including Control (separately for males and ferT'alesl. Cox 
tut p-values were 0.6026 for males and 0.0285 for females. There was no statistically 
significant difference in survival distribution at the 0.05 level for male mice. However, for 
female mice, the Cox test for life table analysis, adjusting for time of death relative to 
study start, shows a statistically significant difference in survival distribution-. for the 
Control and three treatment groups. 

The generalized Wilcoxon test gives more weight to early differences in death rates 
between groups than the Cox analysis. These resulted in a p-value of 0.5078 for male 
mice, and a statistically significant difference in homogeneity of survival distributions for 
female mice, with 1 p-value of 0.0212. 

Plots of Kaplan-Meier estimates illustrate survival distributions of the Control and treated 
grou~1s for male and female mice (Figures 2M and 2F on page• 21-22). 

2. Iymor Q1t1 Analyt!1; 

To test the positivfi lineiar trend i.1 tumor rates, the reviewer's analysis used an extension 
of the Fisher exact test rJferre·j to as the method of exact permutation trend test. The 
sponsor reported th1ee definitions for a tumor's relation to cause of death. Using Peto et 
al. ( 1980). the sponsor's 'tumor-caused death' followed Peto's 'death rate method', 
whereas the second and third definitions of 'non-tumor-cau,ed death' and 'unknown' 
followed the 'prevalence method'. The reviewer analysis ustd time intervals of 0-50; 
51-70; 71-78 weeks; and terrninal sacrifice. 

Not all anim2ls in each dose group were "':'licroscopically examinfld. Only those animals in 
the Control and high dose group of 500 mg/kg/day were sacrificed fallowing end of 
treatment period of 78 weeks. Mic:-oscopic exP.minations of tissue were also performed 
for animals killed or dying during the study, and if mar.roscopic examination : aports 
revealed tissues with significant abnormalities. Because cf this imbalance in the number 
of animals examined per dose group, and consequently, the number of tumors detected 
and reported, the reviewer's tumor data analysis followed three approaches: ( 1' an age· 
adjusted or time·•djusted exact permutation trend test: (2) a pairwise comparison 
betw,en Control and high dose group per sex; and (3) an age-unadju3ted trend test. 

To adju~: for multiplicity, the reviewer followed a standard decision rule in regard to the 
effect of multiple t11ting1 on inflating the overall false positive rate. A positive linear 
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trend is considered not to occur by chance of variation alone if the p-value is less than 
0.005 for common tumors, and less than 0.025 for rare tumors. Using this adjustment, 
the reviewer's analysis determined exact p-values for tumors either fatal or non-fatal to all 
animi;'s, and asymptotic p-values for tumors considered fatal to some but not all animals. 
There were no statistically significant linear trends for any tumor types in male and female 
mice. 

The incidence rates of tumors were then compared between the Control and the 500 
mg/kg/day high dose group using a pi1irwise comparison (SH Tables 4M and 4f' on pages 
17-18). No significant differences were found. 

3. y.tidity of Experjmtnt 

As explained in the Reviewer's Anr.lysis for Rat Study KKYOOS on page 4 of this report, 
the validity of the experiment depends on sufficient numbers of animals being exposed to 
drug/chemical over an adequate time period so as to be at risk of formin" !ate-developing 
tumors. 

At week 50, the survival rates of mice in the high dose group of this study were 79% for 
males and 88% for females, which reprHents greater than 50 percent survival at one year 
into study. At end of the treatment period of week 78, the s11rvival rates decreased to 
44% and 73% for high dose group maht and female mice, rHpecti"ely. Although the 
44% for male mice is lower than the suggested 50 percent survival rate, there were still 
20-30 animals (23 males and 38 females) remaining live after the study treatment period. 
Therefore, the study meets both criteria for sufficient numbers of animals exposed over an 
edequn-te time period. 

The validity of the experiment also depends on the administration of a large enough drug 
dose so as to present a tumor challenge to the animals. The sponsor reports, "Overall 
bodyweight gain of treated males was similar to that of the contro13". No level of. 
significance was attained in tha bodyweight changes of females in the 500 mg/kg/day 
group as compared to Control. Furthermore, since the survival of both male and female 
high dose anirr:Jls was similar to Control, these high dose group animals did not show an 
increase in mcrtality as conpared to Control. Mortality of high dose males at week 78 
was 56% as compared to 58% for Control. That of high dose females was 27% as 
compared to 29% for Control. Therefore, dose adequacy of 600 mg/kg,day for the Mouse 
Study KKY009 has not been established and the validity of this experiment has not been 
confirmed. 

Nevertheless, this reviewer's examination of tum.')r data was consistent with the 
sponsor's results and found no tumors i,,dicating a significant linear dose-tumor trend or a 
.statistically rignificc1nt difference in tumor incidence between Control anJ high dose 
groups. 
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IV. Reviewer'• Conclusions, which may be Conveyed to the Sponsor 

1. The sponsor does not explain why the rat study KKYOOS used dose levels of 20, 65, and 
200 mg/kg/day, whereas the smaller species in the mouse study KKY009 received higher 
doses of 50, 160, and 500 r.lg/kg/day. 

2. The sponsor reports that KW-4679 was administered via the rodent animal feed in 
accordance to how the chemical would be used under clinical treatment. Instead, this 
new chemical entity is intended as a topical ophthalmic solution for the treatment of 
symptomatic relief of allergic conjunctivitis. It is not intended for human consumption via 
ingestion. 

3. As reported in the Reviewer's Analysis on pages 5 and 8 of this report, the sponsor has 
not established the dose adequacy of 200 mg/kg/day for rat Study KKYOOS, nor 500 
mg/kg/day for mouse Study KKY009. Therefore, the validity of these two studies has not 
been confirmed. Nevertheless, this reviewer's examination of tumor data was consistent 
with the sponsor's results and found no tumors indicating a significant linear dose-tumor 
trend or a statistically significant difference in tumor incidence bMw.een Control and high 
dose groups. / 

'·~ (\ I. 
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Table 1M 
MALE RAT STUDY KKYOOS 

[NDA20-688 OLOPATADINE HYDROCHLORIDE KW-46791 

lntercurrent Mortality Rates 
Animal Type: RAT 

Sex: ~ALE 

: Dose 1 

:--------------------------------~----------------------------------! : Ctr I : L~t : Wed : High I 
:----------------+----------------+----------------+----------------: 
: I :cu11u: : :cu11u: : ICu11ul : :curiu: 
: ND. I No. I Pct : No. : ~o. iPct. l No. I ND. !Pct.: ~o. : No. !Pct. I 

, :Died IR1sk IOiediOied :Q•sk :DiedlOied !Risk IDiediOie~ :Risk iDiedl 
1-----------··------•-----+-----+----~-----+-----+----+-----+-----+----+-----t·----+----I 
jTiae(tks) : I I i : ! I I I l : l l 
, ------------------: I : : I : I I I : I I I 
ID-52 : .: .I .: 2: 501 4.01 .I .I .: I .: .I 
:------------------+-----+--~--+---~+----~+----~+----+-----+-----+----+-----+-----+----: 
153-78 : 51 50110.0: 2: u: 8.0: 21 501 4.01 1: so: 2.0: 
!------------------+-----+-----+----+- ·---+-----+----+-----+-----+----+-----t·----+----: 
1:!:~~~------------l ___ :~i---~~i~~~~t---~:1 ... ~~!~~~~!---~~!---~~!~~~~l---~:l.--~~i:~~~i 
IFNL Kilt : 251 50150.0: 24: 50l4B.D: 271 50154 o: n: so:H.Ol 
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Table 1F 
FEMALE RAT STUDY KKYOOB 

[NDA20-688 OLOPATADINE HYDROCHLORIDE KW-46791 

lntercurrent Mortality Rates 
Ani~ol Type: RAT 

Sex: rEWALE 

I Dose I 
,-------------------------------------------------------------------: 
' Ctr I l low l hd I High l 
!----------------+----------------+----------------+----------------: 
l : :cu11ul I ICu11ul I ICunul I ICunul 
I No. I No. !Pct.I No. l No. :Pct.: Nn. I No. Pct.I No. I No IPct.l 

, !Died !Risk IDiedlOied !Risk IDiedlOied ,Risk ,OiedlOied !Risk IDiedl 
:------------------t-----+-----+----+-----+-----+----+-----+-----+----+-----+-----+----: 
ITi1e(1ks) I I I : I : l I 1' '! I l : 
: ------------------1 : I I I I I I I I : 
10-52 I .: .1 .I .I .I .I 11 501 2.DI .I .I .: 
!------------------+-----+-----+----+-----+-----+----+-----+-----+----+-----+-----+----: 
153-78 I 21 501 4.DI .: .I .: 21 491 6.DI 11 501 2.01 
:------------------+-----+-----+----+-----+-----+----+-----+-----+----+-----+-----+----: 
179-104 l 151 48134 Dl 111 50122.01 41 47114.Dl Bl 011~.0: 
:------------------+-----+-----+----+-----+-----+----+-----+-----+----+---··-+-----+----: 
iFNL Kill l 331 50166 Oi 391 50178.0l 43~ 50186.DI 411 50182.0i 

PATRICIAN (nda20888\carcrpt. wpd I Page ·11 Review Date J•-•n• 20. 1996 



Table 2M 

Orgaa 

SKIN O'DiIR 
!ONGU! 
PANCREAS 
PANCREAS 
ABDOMEN 
LIVER X 2 
SUBMANDIB SL.GL. 
H' PO Im C ruMIJIJR 
H'POimc 1UMOUR 
PirurIARY 
MAMMARY 01HER 
MAMMARY oniER 

MALE RAT STUDY KKYOOS 

(NDA20-688 OLOPATADINE HYDROCHLORIDE KW-4679] 

Pairwise Comparisons 
Dosage Pair: 0.00 vs 200.0 

Tumor 

PLASKAC"f'I'OS IS 

ANIMAL : RATS 
SEX: MALE 

PARAIOtLICULAR CELL HYPERP 
PORPHYRIN CONCRETIONS 
ACINAR HYPERPLASIA 
S-MALI~ LYMPHOMA 
FOUICUL.AR CYSTIC HYPERPL' 
CYSTIC DEGENERATION 
)Wl(ARY NEOPLASM 

LARGE GRANULAR [. YMPHOC'ITT 
SCtERA--MINE?.ALISATIQN 
S-MAI.IGNANI' LYMPHOMA 
ABSCESS(ES) 
ALVEOLAR WALL MINJ::RAL!S. { 
BRONCUI.O·ALVEOLAR HYPERPLA 
MINE~ISATION:COR!!X 
FATTY VAC.·PERIACINAR 
1Hi'ROID NEOPl...ASM 
ACINAR HYPERPLASIA 
FOLLIC'Jt.AR h'YPEPJLASIA 

Exact p 

(0.8727) 
(0.5968) 
0. 8414 
0.8509 
0.9361 
0.4337 
( 1. 0000) 
0.5968 
0.6827 
0.8444 
0.3522 
0.3522 
0.504S 
0.8678 
0.9392 
0. 5968 
l.0000 
0.9958 
0.7862 
(0. 5968) 
0.8414 

Aup p 

0.8025 
r.2011 
(0.6121) 
(0.7830l 
(0.8281) 
(0.2076) 
0. 9214 
(0.2071 \ 
(0.4949) 
(0.7774) 
(0.1213) 
(0.12131 
(0.3493) 
(0.6784) 
(0.8287) 
(0.2071) 
(0.8892) 
(0.9929) 
(0.7134) 
0.2071 
(0.6121) 

Note: All '•' 1nd1cates that the do!e-tumor association 
moy b• 11901f1cant for th• selected dose pair 
because the p-value <• 0.05. 

Dose: 
0.00 

Dose: 
200.0 
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Table 2M 

TAIL 

MALE RAT STUDY KKYOOS 

(NDA20-688 OLOPATADINE HYDROCHLORIDE KW-4679] 

Pairwise Comparisons 
Dosage Pair: 0.00 vs 200.0 

ANIMAL: RATS 
SEX: MALE 

FOCI At.7.-eASOPHit.IC TYPE{ l.0000 (0.8892) 

Note: An '•' u1d1catH that the doH-ttuaor 11soc:.et1on 
may be 11gn1r1cant for to• selected dose pair 
because the p·valu• <• 0.05. 
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Table 2F 

Org1111 

SUN 01HER 
IONGUE 
PANCREAS 
LUNGS X 2 
BRAIN X 3 
JEJtlNUM 
UTERUS 
UTERUS 
UTERUS 
UTERUS 
H'POIETIC TI.nolOUR 
H'POIETIC TI.nolOUR 
PI1UITARY 
MAMMARY O!HER 

FEMAl.c RAT STUDY KKYOOS 

[NDA20-688 OLOPATADINE HYDROCHLORIDE KW-4679! 

PairAis~ Comparisons 
uo1a9• Pa1r: 0.00 vs 200.0 

ANIMAL : RATS 
SEX: FEMALE 

Tll80r E;..H"t p Alllp p 

PLASMAC'lTOSIS 1.0000 (0.8686) 
ACINAR H'fPERPl'..ASIA 0.5541 (0.1861) 
S-MALIGNANT LYMPHOMA 0.5541 (0.1861) 
FOLLICULAR CYSTIC H'fPERPLA 0.5541 (0.1861) 
MAMMARY NEOPLASM l. 0000 (0.8686) 

1.0000 (0.9377) 
L.ARG! GRANU!.AR LYMPHOCYI'E 0.4778 (0.2608) 
S-MALIGNANT t.'iMPHOMA o. 5541 (0.1861) 
S·LARG! GRANULAR L'iMPHOCYl" ( l. 0000) 0.8686 
S-HISTIOC'l!IC SARCOMA 0.5513 (0.1849) 
lHROMBUS /'ffiROMB I ( l. 0000) 0.8686 

1.0000 (0.8563) 
S-LARGE GRANULAR L':'MPHOCYl" 1.0000 (0.8686) 
ABSCESS(ES) (0.5541) 0. 186 l 
lliYROID NEOPLASM 0.8969 (0.7547) 
FATT'i VAC.-PERIACINAR 1.0000 (0. 9962) 
S-LARGE G.AANUI.AR L'iHPHOCYl" ( 1.0000) 0.8686 
lliYROIO NEOPLASM (0.9493) 0.9267 
FOLLICULAR HYPERPLASIA 0.9471 (0.9093) 

Note: An '•' ind1cat11 that the do11-twaor a11oc1at1on 
may b• s19n1£1cact £or tb• selected dost pair 
b1cau11 tbt p·value <• 0.05. 

Dose: 
o.oo 

l 
0 
0 
0 
l 
2 
l 
0 
1 
0 
l 
l 
l 
0 
2 
6 
l 

19 
10 

Dose: 
200.0 

0 
i 
l 
l 
0 
0 
2 
l 
0 
l 
0 
0 
0 
l 
l 

-0 
0 

14 
6 
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Table 3M 
MALE MOUSE STUDY KKY009 

[NDA20-688 OLOPATADINE HYDROCHLORIDE KW-46791 

lntercurrent Mortality Rates 
Ani1al Type: MOUSE 

Ser: UALE 

: Dose : 
1-------------------------------------------------------------------1 I Ctr I I l1>1 I Mei I Hi ah I 
1··--------------t----------------t----------------+--------=-------1 
l l 1Cu11ul l lCu11ul l lCu11ul l lCu11ul 
I No. l No. !Pct.I No. l ~o. lPct.I No. l No. !Pct.: Ho. I No. iPct.: 

, IDied :Risk IDiedlOied :Risk IOiedlOied !Risk IDied!Di!d !Risk IOiedl 
1------------------+-----+-----+----+-----+-----+----+-----t-----+----r-----+-----t----I 1y 1· 11 e(tLs) , 1 , 1 1 1 , , , , , , , 
I l I I I I I I I I I I I I 

1------------------: I I I : I I I I I I I I 
10-~o : 131 52125.o: 1: s2:13.51 91 s2:11.J1 111 s2:21.21 
:------------------+-----t-----t·----+-----~-----t----+-----t-----t----T··---•-----t----i 
:st-70 I 81 39140.41 14: 45140.41 IOI 43!l&.5i 131 4114&.2: 
1------------------+-----t-----+----t-----+-----+----t-----+-----+----•-----+-----+----I 
171-78 I 91 31157.71 3: 31146.21 Bi 33151.91 51 28155.81 
:------------------+-----t-----t----+-----·-----+----+-----t-----+----~-----+-----+----1 
:rNL Kill : 22l 52l42.31 281 -S2i53.8: 251 52148.1: 23l 52:H.2l 
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Table 3F 
FEMALE MOUSE STUDY KKV009 

iNDA20-688 OLOPATADINE HYDROCHLORIDE KW-4679] 

lntercurrent Mortality Rates 
Ani11al Type: MOUSE 

Sex: rEULE 
----------------------------~---~--~-------------------------------·--------------------I Dose : 

t-------------------·····----------------~-·--------------------------: 
I Ctr I : Lot : hd I High I 
l----------------+----------------+----------------+----------------1 
: : : cu llU : : I cu II u I : : ~ u II u : : I c u II u I 
I ~o. I No. IPct.: ND. i No. lPct.i No.: No. !Pct.I No. i Nu. !Pct.I 

, ID12d /Risk IDied!Died /Risk /Died/Died /Risk IOiedlDied /Risk !Died/ 
:------------------+-----+-----+----+-----+-----+----+-----+-----+----+-----+-----+---~: 
lTi11(1ks) l l I I : l I : I I I 1 I 
:------------------: : : : : : I : l I I I l 
10-50 1 2: 521 3.Br gr s2111.J1 11 521 1.g1 51 s2: 9.s: 
1------------------+-----+-----+----+-----+-----+----+··----+-----+----+-----+-----+----1 
151-10 : 1: 50111.31 s: 43132.11 41 51: ~.s: s1 n125.o, 
:------------------+-----+-----+----+-----+-----+-~--+-----+-----+----+-----+-----+----: 171-78 I 6! -43128.BI 51 35142.3\ 4\ 47117.31 11 39121i.9' 
!------------------+-----+-----+----+-----+-----+----+-----+-----+----+-----+-----+----! 
lrNL Kill 371 52171.21 301 52157.71 431 52182.71 381 52173.11 
---------~-------------------------·----------------------------------------------------
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Table 4M 
MALE MOUSE 

STUDY KKY009 [NDA20-688 OLOPATADINE HYDROCHLORIDE KW-4679i 

)TgAD 

«JSCUI.o-rutnAL 
:IVER X 2 
~IVER X 2 
:IVER X 2 
i · P01rr1c n.1MOUR 
i'POIE!IC TUMOUR 
IlMIJS 
:was x 2 
:.lHJS x 2 
>UN 01HER 

Pairwise Comparisons 
Coaag• Pair: 0.00 vs 500.0 

ANIMAL: MICE 
SEX: HALE 

Tumor Exact p Aap p 

SARCOMA 1.0000 (0.8295) 
HEPATOCfLLULAR ADENOMA 0.3760 (0.2829) 
HEPATOCtLLUl.AR CARCINOMA 0.6933 (0.5020) 
HAEMANGivSARCOMA (0.4828) 0.1508 
MALIGNANT l. 't1!PHOii\ 0.7392 (0. 4881) 
HISTIOCY!IC ~.\RCO•lA (1.0000) 0.8,40 
OS'I!OSARCOMA 0.5100 (0.1639) 
PULMONARY CARCINOMA 0.9155 (0.8676) 
PULMONARY ADENOMA (0.1528) 0.0691 
SARCOMA 1.0000 (0.8858) 

Note: Aa '•' 1nd1ca. 1 that th• dose-twaor a11oc1at1on 
11ay be 11901£1cant for the selected dot• pair 
because tbe p·value <• 0.05. 

Dose: Dose: 
0.00 500.0 

l 0 
6 lO 
2 z 
0 l 
l l 
l 0 
0 l 

11 7 
l 4 
2 0 
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Tablet 4F 

Orgu 

S?!RNl..IM.tlCAR X2 
llrlRUS 
HAAD!RIAN IJL.Wl 
MAMMARY OMR 
MAMMARY OTHER 
LIVER X : 
H'POI!TlC TUMM 
H'POitTIC TtlMOUR 
H' PO Ir!I C 'I'UNOUR 
SPLEEN 
LlMOS X 2 
LWGS X 2 
PinJITA.RY 
OVARY 
OVARY 

FEMALE MOUSE STUDY KKY009 

(NDA20·688 OLOPATADINE HYDROCHLORIDE KW-4879) 

Pairwise Comparisons 
Do1a9• Pair: 0.00 vt SOO.O 

ANIMAL: MICE 
S!X: FOOU: 

'I'llllOr b1ct p Aap p 

OST!ONA 0.5017 (0. 1624) 
LZIOMYOMA (0.5067) o. 1624 
AD!NOMA 0.5067 (0.1624) 
CARCINOMA l.0000 (0.9195) 
ADENOACANTHOMA (0.5067) 0 .1624 
HADCANOIOSARCOMA 1.0000 (0.8450) 
GMNULOCYrtC trJUDtu, ( 1.0000) 0.8313 
MllI<IWn' LYMPHOMA (0.4971) o. 2800 
HIII'IOCYTIC SA.ACOMA o. 7283 (0.4765) 
HAIXANGIOSAkCOMA 1.0000 (0.8450) 
Pl.ILHONARY CAAC:NOHA 0.8293 (0.&886) 
PULMONAAY Al>ENOMA 0.8293 (0.6116) 
AD!NOMA 1.0000 (0.8450) 
LIJTEOMA 1.0000 (0.8580) 
HA.EMANO I OMA 1.0000 (0.1450) 

Not•: An '•' ind1catt1 that tb• dott·twaor as1oc1at1on 
.. y 119 119Dlf lCIAt for tbt ltltcted dott palr 
btCIUlt the p~value (• 0.05. 

Do1t: 
o.oo 
0 
a 
0 
2 
0 
l 
1 
1 
1 
1 
J 
l 
1 
1 
1 

DOH! 
soo.o 

1 
l 
1 
0 
l 
0 
0 
2 
1 
0 
2 
') .. 
0 
0 
0 
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Figure 1M 

"8 
> ... 
§ 
~ 

l 
~ • a. 

MALE RAT STUDY KKYOOS 

(NDA20·688 OLOPATADINE HYDROCHLORIDE KW ·467t1J 
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Figure 1F 
FEMALE RAT STUDY Ki~YOOB 

(NDA20·888 OLOPATADINE HYDROCHLORIDE KW·4879J 

Kaplan - Meler Survival Function 
Aniu!. ur 
Su: rEUl[ 

1001 f - 9~1. t t01 
~ 8~1 

"' 80• ! H1 ! 10• 
6~1 
bOI ?J .... - ........... l ... -·--· --· ,,...,__,.., -........... ,...,., .... , ...... -· ..... , ............... , ........... -• ...,.1-.-..... -...... '""'' ..... ,_,...,., ...... .,..,, *f-----~'I 

0 10 20 JO 40 50 60 70 80 90 100 110 

Timi In W11k1 

~011: ~Ctr I ei~a lu • ..,,_ W1d ***Hg 

,_ATP\ICIAN (nd120118\01ror1n. wpcJJ P1ge 20 "•vlew D••• June ZO, 1111 



Figure 2M 
MALE MOUSE STUDY KKY009 

[NDA20-888 OLOPATADINE HYDROCHLORIDE KW-4879) 
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Figure 2F 
FEMALE MOUSE STUDY KKV009 

[NDA20·888 OLOPATADINE HYDROCHLORIDE KW-4679) 
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ADDENDUM 
JUL \ o lld~b 

Statimticol Review and Evaluatlgn 

Pracllo!cal Anlmol Carc!nogonlclty R1yl1.w 

NDA: 20·888 lRelatad IND 

Drug Cl111: Topical Ophthalmic Solution 

Name of Drug: Opatanol ',.. 0. 1 % (Olop•t•dlne Hydrochloride) KW-4679 

Applicant: 

Submt11ion Date: 

lndlcatton1: 

Alcon leboretorlH. Inc. (817) 293·0460 

January 29, 1996 I Received February 07, 1996 
Animal Date Received April 14, 1998 

TrHtment of Allergic Conjunctivltl1 

Controlled Preclinical StudlH:KKYOOO and KKY009 

Document1 Reviewed: 

Statl1tlcal Reviewer: 
Pharmacologlat: 

Applicant Contact Person: 

I. Background 

NOA Archival Volumea 13 through 26 

Liiiian Patrician, MS, MBA 
Atoka Mukherjee, PhD 

SuHn Caball• /Robert Roahra (817t 661-8784 

Olopat•dine (Chemical identification KW-4879) is a new chemical entity (dlbenzoxepln 
derivative) with both antihistaminic and human conjunctiva! m11t cell stabilizing properties. 
The sponsor reports having conducted Two rodent carcinogenicity studies, KKY008 and 
KKY009, to determine any oncogenic potential when administering graduated dosag• levels of 
the drug to animal diet. 

II. Additional Review Comment•, which may be Conveyed to the Sponaor 

The coding assignments for data in ~tudy KKYOOS (male and female rats) were deficie11t in 
several ways. This reviewer made an especial effort to adjust the data files for these 
deficienciea in order to review and evaluate the data without deluy. The results were 
consistent with those reported in the original Stntj1tjcol Royjow and Evoluatjao. An', future 
submissions with data of this quality will not be acceptable .and will instead be returned for 
correction. If the quality control of this data preparation is indicative of how well the 
experiment was conducted, the preclinical l:arcinogenicity studies and validity of the 
e>eperimenta may be in question. 
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D1t1 Deflclencl11: 

1. All data records with tissue that is either autolyzed (autolysis code ... 2) or not examined 
(11utolysis code = J), should be coded with tumorcode "" . (missing value). Data was 
instead coded with tumorcode "" 000. 

2. Several data records for orgnncode = SKO (Skeletal Other) had tumorcodes with no English 
equivalent because tumorcodes were not registerfld in the tumor file. These tumorcodes 
wero 055, 073, and 145. In taking a conservative approach and assuming all of these 
were the same tumor type, this reviewer developed internal coding to assign a common 
code to all records with these tumorcodes before reanalyzing. No statistically significant 
findings were generated. 

3. Several data records for organc:ode..,., SKO (Skeletal Other) also had tumorcodes ... 248 and 
253 (both are mesothelit'ma). Only one unique tumorcode per organ should be assigned. 
Again, this reviewer combined these data as one tumor and reanalyzed. 

4. Animal number 67 of the 20 mg/kg/day low dose group was as&igned tumorcode - 342 
(congestion) for organcode ... MS (musculoskeletall. This tumor finding is questionable and 
may indicate a miscoding. 

5. Several records in the tumor data file were missing. Animals were coded with tumorcodes 
that had no English equivalent in the tumor data file: 

TMR ""009 ORG =TEL 
TMR • 356 OAG ""ADJ 
TMR ... 319 ORG • KOL 
TMR .. 055 ORG • SKO 
TMA ..-073 ORG.., SKO 
TMR ._ 146 ORG .. SKO 
TMR,.. 320 ORG B THR 
TMR"" 330 ORG = THR 
TMR"" 351 ORG •THR 
TMR""' 364 ORG .. UT 

6. Several records 1n the organ data tile were also missing. Animals were coded with 
organcodes that had no English equivalent in the organ data file: 

ORG=TEL 
ORG mTER 
ORG~THL 
ORG -..ADO 
ORG ... AQ1 
ORG =AD2 
ORG•AD3 
ORG •KDL 
ORG•THR 
ORG·UT 
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~~~ 
Concur: Daphne Lin, PhD 

'\G.~ ~ . ~ -,/,,/,,. 
Richard Stein, PhD 

Archival: IND 44, 216 
cc: Orig. NOA 20-688 

HFD-550/Division Files 
HF0-650/0r. W. Chambers 

JiFD-550/0r. A. Mukherjee 
HF0-550/Ms. J. Holmes 
HFD-726/Dr. R. Harkins 
HFl">· 725/Dr. H. Leung 
HFD-725/0r. R. S1ein 
HF0-725/Dr. D. Lin 
HFD-726/Ms. L. Patrician 
HFO-726/File Copy 

· 1 . ---) 

( 
- . ( \:~-\-\_.,,,,_,._ ~--

1,._i._._ ._,_~ . 

- Liiiian Patrician, MS, MBA 
Mathematical Statistician 

\}I...':. t l 1 1')~ 

. ) - I ~ 'I \,. 

Thi& addendum report has a total of three I 03 1 pages. 
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OCT I 8 1996 

ClinkalPharmatology/Biopharmaceutics Review 

Reviewer: E.D. Bashaw, Phann.D. 
APWIH 

I. B1ckgro!!_nd 

R.nim..of an NOA 

Alcon Lahoratones 
Ft. Worth, Tx. 

Submission Date: 
Jan. 29th, 1996 

Patanol® is a sterile ophthalri :~ solution of Olopatadine HCI, a potent, selective 
H 1-rcceptot antagonist and a ma..'ll cell stahili1.cr. It is intended for topical administration to the 
eyes. It is not cWTently approved in any coWltry. The applicant is seeking approval of it with 
twice daily dosing for allergic conjunctivitis. 

Chemically olopatadinc HCI is a white, crystalline. water-soluble powder with a 
molecular weight of 373.88. The chemical structure is presented below: 

Its chcnm:al name is (z)-l l-[l-(Dimethylamino)propylidene]-h-l l-dihydrohenz[b.e]-0xepine-2-
acetic acid hydrochloride. 

II. Recommendatkm 

In support of this application the sponsor has s•.ibmitted the results of two multiple 
dose torical application studies and five studies using oral de sing of up to 400mg. The net result 
cf both ophthalmic studies is that plasma levels arc generally Lelcw the limit of detection (only 
48 out of 495 samples had quantifiable levels, usually associated with steady-state peak levels). 
Oral dosing with olopatadine demonstrated that olopatadine is well absorbed orally with peak 
levels occurring within 0.5-1.5hrs after dosing. Linear phannacokinetics were observed 
following single doses of up to 400mg and doses of 80mg given tid. The half~life of olopatadine 
following oral dosing is approximately 4 hrs. It is primarily ex\!reted in wir.e as unchanged drug. 



One "potential" problem with this application is that the sponsor is going to 
market a different strength than they studied. Both of the phannacokinctic studies reported in 
this NDA used a 0.15% strength product. Thr. planned market image product contains only 
0.1%. This represents a 30% reduction in drug concentration, and most likely, would result in an 
even lower systemic absorption. Given that adequate topical dosing data exists for the higher 
strength product. the approval of a lower strength product with this information and information 
gained from oral dosing with tablets, while not ideal from an Agen:y standpoint it is acceptable. 

INDEX 
I. Background • • • • • 
IL Recommendation • • • • 
Ill. PK Studies Overview • • • • 
JV. Analytical Methods • • • • 
V. Ophthalmic Dosin& • • • • 
VI. Oral Dosing • • • • • 
VII. Prolein Binding • • • • 
VIII. Conclusions • • • • • 
IX. Comments • • • • • 

Study# 
Appendix I-Studies 

Short Summm Title 

• • • 
• • • 
• • • 
• • • 
• • • 
• • • 
• • • 
• • • 
• • • 

Qubth1h.aic Studin 
80;38610:0294 
17:38570;0594 

Multiplr Dose Study of Ocular BID Dosing For 15 Days 
Multiple Dose Study of Ocular BID Dosing For 15 Days 

Joi Do1in1 
73 :38570:0995 
78:385 70:0995 

In Vitro Studies 
79:38570:0995 

Dose Proportionality Study From S-80mg 
Single and Multiple Do'.'ic Proportionality Study 

In Vitro Plasma Protein Binding 

FDA Proposed Labeling 

• 1 
• I 
• 2 
• 3 
• 4 
• 5 
• 7 
• 8 
• 9 

Paae No. 

2 
4 

6 
14 

18 

20 
""'"'--ra---a ... -• .... •------="'""'"-""""'-=-.-----...---~~-.:--·=-""""'--"'=""""""-',..__,,,.:Lll!:I"""""==:===· =· =:-=-=·===·=--

Ill. fK Studies Qvervj~w 

As noted above the sponsor has conducted trials using both ophthalmic and oral 
dosing of olopatadine. Contained as part of this application is a request for a waiver of in vivo 
biopharmaceutic studies for this product. The section cited by the applicant, howev,~r, is specific 
to inhaled/inJcctable anesthetic agents and as such is not applicable. In any case the sponsor has 
submitted some infonnation related to the systemic availability of this agent after ocular 
instillation. This infonnation in combination with additional phamiacokinetic infonnation from 
the oral route of ldministration should be sufficient for approval. Unfortunl\tely it is apparent 
from the arrangement of infonnation in this NOA that the applicam: counted on obtaining a 
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waiver of in vivo trials and as such the applicant did not provide enough detail for some of their 
trials to be properly revieweti. Even when a drug has minimal systemic absorption, an applicant 
is required to submit the data th•tt they have available to them along with sufficient 
documentation of the trial procedures and results. 

A total of seven in vivo pharmacol<lnetic trials have been submitted in support of 
this application. Of these seven studies, two of them used topical ocular dosing and five of them 
utilized oral dosing rt:'gimens. Four of these studies will be reviewed here. The selected studies 
include both of the ophthalmic dosing studies w1d two oral dosing studies using both single and 
multiple doses. The three '1tudies that were excluded from this review were cxclJdcd due to poor 
documentation of the trials and because the data presented by the sv 1sor were superseded hy 
other trials. Because of the low pla.,ma levels present following ocular dosing of olopatadinc, the 
validation of the analytical method is a critical element in the review of this NDA. During drug 
development two different analytical methods were used to assess plasma levels of olopatadine. 
A description of the methods and their performance is presented below. 

IV. AnnlYljcal McthodJ 
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V. Ophthalmic Dosing 

In this NDA the sponsor has presented the res\..1.lts of two studies usin5 similar 
dosing protocols. In each study ( 80:38610:029 and 17:38570:059") the subjects were dosed 
with two drops of olopatadine 0.15% in each eye twice daily for fiftet'l days. After the first dose 
and following the last dose pluma samples were collected for analysis. The individual subject 
data from both studies ure attached in Appendix-I as pages 2-5. In both studies less than 10% of 
the collected pluma samples had detectable levels of olopatactinc. These levels occurred most 
frequently after the 15th day of dosing. One subject (#218) in study 80 JiJ luavc Jctccwble 
plasma concentrations at six of the nine timepoints following the 15th dose. A graphical 
representation of their data is presented below: 
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Ibe results of ophthalmic dosing in a total of ~4 subjt"cts indicates that it is not 
feasible to do pharmacokinctic analysis on the resulting data due to the resulting low plasma 
levels. It should again be noted that these two studies used a fonnulation of olopawdinc that was 
stronger than that proposed for marketing: 0.15% vs. 0.1 %. According to information presented 
in the chemistry portion of the NOA the formulation of the two products i;; identic.al except for 
the concentration of active ingredients (see below) 

· CUnlcally Studied 

While it would have been idtal for the applicant to have studied the 
to-be-marketed concentration, it is apparent from the data presented here that to have done so 
would likely have resulted in no detectable plasma levels in any of the trials (given the lower 
administered dose). While it is true that the applicant could have used a more sensitive assay 

it is also M'Ue that this applicant did very little of their own 
pharmacokinetic work, having bought this drug from . At the 
time they obtained this drug for development the major1ty of what one would consider phase I 
development was complete. <Jiven the results of the studies (i.e., the low plasma levels) the 
applicant apparently saw no value in repeating these studies w'th their preferred 0.1 o/o 
formulation and instead took the approach of asking for a waiver of in vivo studies based on the 
low pla5ma levels. Wnile a waiver of in vivo studies is not appropriate, based on the portion of 
the regulations cited by the applic&nt, the applicant has presented the results of two in vivo trials 
using the proposed route of administration and dosing regimen that demonstrates the lack of 
detectable plasma concentrations. 

Wtule it was not possible to der~ct plasma concentrations of olopatadine 
following ophthalmic dosing, the original Japanese sponsor of this compound conducted a 
number of studies using oral Josing. The information provided by these studit!s can be used to 
describe the pharmacukinetics of olopatadine. 

VI. Oral Dosing 

Study 73:38570:0995 was a single dose, dose proportionality study in 24 healthy 
Japanese male volunteers. The subjects were randomized to receive either 5, 10, 20, 40, or 80mg 
of nlopatadine in an incomplete block design (i.e. each subjer.t took part in two dosing phases) in 
a fasting manner. An additional leg of the trial used a 1 Omg dose following a meal (composition 
of meal unknown) to asse~s the eff~ct of food on the pharmac'>kinctics of olopatadinc. The 
swnmary data and results from this trial are attached in Appendix·I as pages 6·13. A summary 
data table is rcponed below. 
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Mean Phannacokinctic Parameters (Mcan+/·S.0.) 
Dose .:~', ' '',, ,;< 

.~ .. ~lltfldJ' ,,;·.•.Cmu ti;rnl T111111tnJ · cur * MRl fhr•I ,'•,• 

Smg 301+/·80 107.7+/·22 1 +1·0.3 18.8+/·2.8 5.02 + /·2.72 
-

10mg 814+1·137 191.8+1-43 0.8+1·0.5 17+1·3.4 4.29+1·0.53 

10 ""ftd 53hl·104 170.8 + /-45.3 t.3+1-0.5 18.3+1·3.8 5.01 +,., .31 

20mg 1217+/·124 324.4+/·50.1 0.8+1·0.6 16.6+1·1.8 5.6+/·1.3 

~mg 2805+/·371 882.6+1·202.3 1 +/·0.6 14.5+/.1.9 5.07+/·0.81 

IOmg 5176+/·1141 1111.6+ 1·388.8 1.2+/-0.4 18.1 +/·3.4 4.26+/-0.97 

The results of this b'iaJ, using an unknown tablet formulation, suggests that 
olopatadine is absorbed orally and th3t the drug exhibits linear pharmacokinetics following a 
single dose of up to 80mg. The rlasma levels seen in this trial followina a Sms dose are 
approximately 1 OOx those following ocular administration. As for the effect of food, there is less 
than a 10% reduction in AUC and a .5% reduction in peak plasma levels when olopatadine is 
given with meals. While the composition of the meal is unknown the data strongly sl\ggest that 
there is no significant food effect with olopatadine. 

In addition to the analysis of plasma data the sponsor collected timed urine 
samples over 48hrs for olopatadine and its three theoretical metabolites (M 1, M2, and M3 ). The 
full data set from the time intervals is attached in the Appendix as page 12. A summary data 
table is presented below: 

Cumulative Urinary Excretion in % (Mean +/·S.D.) 
.·.:,A .. Olap11ldirll M1 : '.' ,, ''. ~,.:' ... ,,,. 

5mg 68.4+/·15.2 0.61+I·1.06 4.\3+1·2.82 

10mg 71.7 + /·5.2 1.09+/·1.6 2.28+/·1.34 

20mg 73.4+/·3.3 1.25+/·0.BS 2.14+/·1.12 

40mg 62.2+1·3.4 0.9+/·0.46 3.15•1·0.57 

80mg 58.7+/·10.1 0.75+1·0.09 3.07 + /·0.39 

•M2 wu not detected 11111y time in the urine above the LLQ of lua/ml 

Analysis of the urinary data indicates that approximately 65% of the total dose is 
excreted in the urine as unchanged drua, with minimal amounts of recognizable metabolites. 
From the timed nature of the urine collection it appears that, following a sinale oral dose, urinary 
excretion is essentially complete by 24hrs. 

The results of this study indicate that, following a single oral dose, the 
phannacokinetics arc linear up to 80mg. 1l1e plasma levels exhibited by oral dosing are far in 
excess of any plasma levels detecttd after ophthalmic dosing. Olopatadine is primarily excreted 
wichanged in the urine and urinary e.xcretion is essentially complete 24hrs after a dose. 

The second oral dm.ing study involved the administration of a sinale soma dose 
followed by 10 days of tid dosing. Twenty Caucasian males were enrolled in this trial. The trial 
itself wu a double b!ind randomized trial in which 12 subjects got olopatadine and 8 subjects aot 
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placebo. The associated ~tudy summary sheet and data from this trial are attached in Appendix-I 
u paaes 14-18. Reproduced below is a plot of the mean concentration time data comparing day 
J to day 10. 
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A summary table of pharmacokinetic parameters is presented below: 

Mean Pharmacokincfic Parameters (Mean+/. S.D.) 
.----

..... "i ' 
c.' 

AUCO ... till._, Cmuf- fMUlnJ TtlZln.J f, 

DAY1 3871+/.1278 1825.8 •I· 759.7 1.04 + /-0.58 t.88•1·3.71 

DAY 10 4235 +,., 121 17211.8 • •·1184.7 1.04•/-0.45 12.2•1·3.8 --'---
The results of this study inditate that olopatadine demonstrates linear 

pharmacokinetics after multiple dosing. The degree of accumulation seen here i• relatively small 
considerins a tid dosing reaimen with a drua with a 9- l 2hrs. half-life, but this is due to the 
biphuic nature of olopatadine's disposition. The accumulation of olopatadine is driven more by 
the first k of eliminatior rather than by the terminal rate. This is consistent with the urinary 
excretion data presented in the previous study that demonstrated that 80% of the dose that is 
eliminated by the kidneys is eliminated by 6hrs after dosing. Given the sketchy analytical 
vl'lidation dat.s provided by the applicant for this application no model fitting or individual rale 
constants were calculated for the data presented here. While the data arc sufficient for gross 
calculations, such u AUC, it was this reviewer's opinion that in liaht of the poor validation 
report presented by the sponsor it would not ~ proper to conduct an analysis that is subject to 
individual data points and their variability. 

VII. Protein Binding 

The protein bindina of olopatadine was conducted usina ultrafiltration. During 
phuc I fresh hwnan serum collected from donors wu spiked with known concentrations of 
olopatadinc across a range of concentrations of from 0. Ina/ml to lOOOna/ml. These samples 
were incubated at nonnal body temperature and subjected to centrifUaation at 6SOxa. The 
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individual results of thb analysis arc presented in Appendix-I as page 18. Across all 
concentrations tested the fU(%) of olopatadine was unchanged at 45.3+1-S.5% \ntcan+l·S.D.). 

For phase II the SArne procedures were used as in phase I except that the degree of 
olopattdinc bindin1 wu detcnnined in the presence of four other aaents at level» ne11r their 
therapeutic levels. The mean results of this in vitro binding interaction study arc presented 
below: 

Mean Unbound Fraction (fu%} +/·S.D . 
.. '"'~'-rE~ '. -: · 10fttfd ,~ 10IJOl9nl 
tontfd 44.l•/·0.I 44.2•1·2.8 4U•l·U 

C!ilc••"'*" 20no/INI 54•1· l.8 52.9•1·& BU•l·0.5 

ia.tiutn to.4nPftl 54.7 +1·1.8 50.5•1·0.5 50.1•1·1.1 
_ _......__~.,, ... 11000nt/m0 60.4•1·0.7 S&.7+1·2 82.3•1·1.3 1• 

Thie;\,._ f20utlmf! b1,3•1·0.I 44.6• 1·2 5CU•l·1 --- ~ --
The largest interaction seen is that at a concentration of I OOOni/ml between 

olopmdine and predniaolone. In this case the fraction unboWld increues by approximately 
30%. However, as this represents a concentration many fold that seen with ophthalmic dosing. 
the interaction is of minimal importance. That coupled with the fact that the product is not 
hiahly protein bound suaaests that protein binding displacement interactions will not be of 
concern. 

VIII. Conclusions 

Althouah the databue presented by the applicant is a bit thin (&iven its route of 
administration), the following conclu!lions can be made from the submitted data: 

1. Followina ocular administration of a 0.1 So/o solution of olopatadine in each eye for l 5 
days, systemic pluma levels were rarely above the detectable limit. As the 
to-be-marketed form is a 0.1 % solution any syste-mic levels may be helow the limit of 
quantification ( l nafml) in plasma. 

2. Followina oral administration of invcsdgationaJ tablets, dose proportionality was 
demonstrated following sinale doses of from 5 to 80ma. The resuhina plasma levels 
followina a 5m8 tablet were approximately l OOx those seen after ocular administration. 

l. Followina oral administration, olopatadine exhibits a biphuic elimination pattern with an 
observed half-life of from 9-12 hrs (over an 8 hour observation interval.) Upon dosins to 
lteldy·state with a dd regimen there is minimal accumulation of olopl'&dine. The 
elimination half-life, based on accumulation is approximately 3 hrs. 

4. Urinary excretion accounts for -65% of an oral dose of olopatadine. Urinary excretion is 
almo1t complete by 6hn. Small &a"'ftounts (<5%) of olopatadine metabolites are also seen 
in the urine. 
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S. Olopatadir.e is not highly protein bounrl with a fu of 45%. In vitro protein binding 
studies with other qents sugRests that drug interactions based on protein binding 
disphacemcnt will not be significant. 

IX. {.".wn11Wl11 

I. As part of the investigation of the oral phannacokinetics of olopatadine the applicant used 
method that wu inadequately validated. The applicant failed to provide 

an"':ttical validation data specific to the particular studies in question (rcpons 73 and 
78:38570:0995). Submission of the results of a technical repon on the usay's original 
development for the use in animal studies is inadequate. In future, all studies should 
incorporate a sufficient Malytical validatio~ procedure such that they can stand by 
themselves without the need for other data. 

E. Dennis Bashaw, Pharm.D. 
Phannacokinetic Team Leader (HFD-SSO) 
Division of Pharmaceutical Evaluation-Ill 

3..._ t.. \..-."\... ~ 
Secondary Review, Niel< fleiHher, -Ph.D. u--~8:.-_.-1_ 1---' toi~'~-1.I~~ 
CC: NOA 20-688 (ORJG), 
HFD-550/DIV File 
HFD-S SO/CSO/Holmes 
HFD-880(Bashaw) 
HFD-8"0(Fleischer) 
HFD-870 (Clarence Bott, Drug, Chron Files) 
HFO-J44(Viswanathan) 
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Appendtx I-Studies: 

St»dx # Shon Summary Tille 

Opbth1lmlc Studla 
80:38610:0294 Multiple Dose Study of Ocular BID Dosing For IS Days 2 
17:38570:0594 Multiple Dose Study of Ocular BID Dosing For 1 S Days 4 

Oral Do11D1 
73 :38570:0995 
78:38570:0995 

In Vitro S,1ud(H 
79:38570:0995 

Dose Proportionality Study From S-80mg 
Sinale and Multiple Dose Proponionality Study 

In Vitro Plasma Protein Binding 

6 
14 

18 



NOA/IND# 2()..688 Suppl/Amend.# Orig. Submission Date: 1129196 Volume: 1.2 
~---

'tudy Type: Multiple Dose Study# 80:38610:0294 

..,tudy Title: Safety Evaluation and Plasma Levels of Topical AL04943A in Nonna! Healthy VolUJileers 

Clinical Investigator 

Site 

Analytical Investigator Marita M. Cason, B.S. 

Site Alcon Laboratories 

Single Dose: Multiple Dose: Y Washout Period: NIA 
--~-----

Cross-Over NIA Parallel NIA. Other Design: Single Treatment 

Fasted N Food Study N FDA High Fat Breakfast NI A 

If fasted, how long (hrs.)? 

Nonnal XX Patients 

Subject Breakdown 

Young XX Elderly Renal 

Subject Type Males Group All 

Weight Mean Range Not Reported Group 
-----

\ ge Mean 28.4 Range 24-35 Group 

---

Hepatic 

N= 15 M"" 
·---

N"" M"" --
N"" M-

7 F""' 

F"" --
F"" 

8 

---
Subject Type Females Group N'"" M== F= 

Weight Mean Range Not Reported Group N"" M= F""' ---
Age Mean 31.8 Range 22-47 Group N= M=- fzz: 

. _ _.....,.., 

Treatment Group Dose Dosage Form Strength Lot# Lot Size 
-

All 2 drops Ophthalmic 0.15% lJNK UNK 
BID in Solution 
each eye 

Sampling Times 

Plasma Morning Dose; predosc and 0.25, 0.5, I, 2, 4, 6, and 8 hrs post-dose., days I, 8; and 15 

Urine Not collected 

Feces Not collected 

Assay Method: 

Assay Sensitivi~ 

Assay Accuracy 

... abcling Claims Out of a total of 31 S plasma samples collected over 15 days only 27 had detectable 
From Study concentrations. Based on this and other studies the topical ocular absorption of 

olopatadine is minimal. 
02 



• 



NDAIIND# 20-688 Suppl/Amend.# Orig. Submission Date: 1/29/96 Volume: 1.3 ----
-udy Type: Multiple Dose Study# 17:38610:0294 

,,rudy Title: Plasma Concentrations of AL04943A in Nonna! Healthy Japanese Volunteers 

Clinical Investigator 

Site 

Analytical Investigator 

Site 

Bette A. McCue 

Alcon Laboratories 
----------···-·-

Single Dose: Multiple Dose: Y Washout Period: NIA 

Cross-Over NIA Parallel NIA Other Design: Single Treatment 

Fasted N Food Study N FDA High Fat Breakfast NIA 

If fasted, how long (hrs.)? 

Subject Breakdown 

Nonna I xx Patients Young xx Elderly Renal Hepatic --
Subject Type Males Group Males N= 9 M= 9 F.., 0 --- ---

'Veight Mean Range Not Reported Group N= M• F= -- ---
~e Mean 20.7 Range 19-23 Group N= M= F= 

Subject Type Group N"" M'= f: 

Weight Mean Range Group N= M= f::: 
--- --

Age Mean Range Group N= M"" F=-

Treatment Group Dose Dosage Fonn Strength Lot# Lot ~ize 

Male 2 drops Ophthalmic 0.15% UNK UNK 
BID in Solution 
each eye 

Sampling Times 

Plasma Morning Dose; predose and 0.25, 0.5, l, 2, 4, 6, and 8 hrs post-dose., days l and 15; day 8 
pre-dose and 0.25, 0.5, and I hr. post-dose. 

Urine Not collected 

Assay Method: 

Assay Sensitivit} 

\ ssay Accuracy 

Labeling Claims Out of a total of 180 plasma samples collected over 1 S days only 21 had detectable 
From Study concentrations. Of these 21 samples only 2 were a!:>ove 1 ng/ml. Based on this and other 

studies the topical ocular absorption of olopatadine is minimal. 
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NDAIIND# 20-688 SuppUAmend.# Orig. Submission Date: I/29/96 Volume: 1.3 
--~--

•udy Type: Oose Proportionality Study# 73:38570:0995 
-

.,tudy Title: A Rising, Single Dose, Dose Proportionality Study From 5-80mg. 

Clinical Investigator 

Site 

Analytical Investigator Bene A. McCue 

Site Alcon Laboratories 

Single Dose: Y Multiple Dose: Washout Period: 3 day~ 

Other Design: Cross-Over Y Parallel 

Fasted Y Food Study Y 

If fasted, how long (hrs.)? 8 

FDA High Fat Breakfast N 
---~ .. -· 

Subject Breakdown 

Normal y Patients Yowig y Elderly Renal 

Subject Type Male Group 
-------

Weight Mean 60 Range 48-73kg Group 
-·-

. ge Mean 22.6 Range 20-26yrs. Group 
---

Treatment Group Dos·~ Dosage Fann Strength 
--~· 

l 5mg Tablet 5mg 

2 lOmg fed Tablet lOmg fed --
3 lOmg fasted Tablet IOmg fasted 

--
4 20mg Tablet 20mg 

,. 

5 40mg Tablet I 40mg 

·1 6 80mg Tablet 80mg --
Sampling Times 

·------~~~ 

-----------

Hepatic 

N= M"" F""' ----
N= M-- F= 

N"" M= F= --- --·- ---
Lot# Lot Size 

I -
UNK UNK 
UNK UNK 
UNK UNK 
UNK UNK 
UNK UNK 

----
UNK UNK 

Plasma l Oml pre-dose and at 0.25. 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 24, 36, and 48hrs. 
-------

Urine Pooled. 0-2, 2-4, 4-6, 6-8, 8-12, 12-24, 24-36, and 36-48hrs. 

Feces Not Collected 
~~----~~-~~----~-~-~~~--~-~ 

Assay Method: 

Assay Sensitivit) 

Assay Accuracy No data provided. 

1beling Claims The study has demonstrated oral dose proportiionality across the range of doses 
From Study teseted. In addition the study demonstrated to some extent the lack of a food effect. 
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llble X I ~Unetlc panMten of D-4'71 aftu • alnal• oral 
edmlelatr'9tlon of S .. In he.ltlU' YOlunt.eera 

loluntee.r Tux 
(hr) 

c.aa: 
(nc/al} 

T1 ,, AOC.-• lel 
(hr) tnc·hr/al) (hr"' l 

Cl/F 
(lfbr) 

ldB/F 
(1) 

1.0 107. 7 a.a 301 0.143 l&.6 201 

mrr 
(hr) 

..... 
! a.d. ! 0.3 ! zz.o ! 7.9 ! H ! 0.116 ! 2. 9 ! HZ 

S.12 
! 2. 72 

Table X V Pllenacollnetlc pereftttts of 11-4&79 after a sincle CK"81 
.. labtratlon of 4111 llC in healtlt7 •ohmteers 

Yolunteei T-.. C.U Tr,io AOC.-• 
(hrJ (nc/•U (hrJ (nc·hr/•U 

aeen 1.1 812,6 lZ. T 1805 

le! 
(fl.•" I) 

0.172 

Cl/f 

U/brJ 

14. 5 

YdO/F 
(l) 

273 

MRT 
(brJ 

5.01 
· !s.d. ! D. 6 ! 202. 3 ! S.'9 ! 371 ! 0.2& ! 1. 9 l 154 ! 0. &1 

0 
-.J 

Table XIV l'Ul"eKoklnet.lc ,...._et.era of ll-4611 ef\.er • alnll• onl 
.-1.iatnti• ot 20.C ln h .. lth1 •oluntffr• 

'folunteer 

Haft 

! s. d. 

Taa.1 
(hr) 

0.9 
! 0.' 

c.aa: 
(,_,tal) 

i1 ,, AUC.-• 
(hr) lnc·hr/eU 

lel 
lhr- 1 I 

3Z4.4 12.S 1217 O.OSS 
! SI. I .1 5. 1 ! 124 ! 0.1131 

Cl/F 
11/hr) 

Vd B/f MRl 
(0 (br 

16.6 294 S.6 
! I.I ! 110 ! 1.3 

Table XVI f'harmcoUnetlc par-tera ot 11-4679 after a aincle oral 
edlrialstratlon of ao aic In health~ •olunteers 

Voluntee-r 

mean 
! s.d. 

Taa1 
lhd 

l. z 
! jO. 4 

C-1 
Cnc/•U 

1111.6 

Tr,, AOC.-• 
(hr) (nc·hr/aU 

13.S 5176 

lel 
(hr· 1 I 

8.063 
! 311.1 ! 6.4 .t 1141 ! D. 030 

Cl/F 
U/11r) 

16.1 

VdO/F 
UI 

30i0 

MRi 
(br 

4.26 
! 3. 4 ! 135 ! 0. 97 



) 

,--

Table X lean plasma concentrations of 11-4679 after • sincle ant 
administration ln heal tb1 wolunteers 

Ti.e 
fhrl 

O.lt 
0.25 

I.SO 

l.81 

I.SD 

z.oo 

3.0D 

4.00 

5.00 

1.18 

12.DI 

24.DI 

15.0l 

41.01 

Doselmc> 

s•, 10•·•' to•·., 

a) E8Cb nlue repceut't.a the MU ! s. d. {a•&) 

b)Eadl walH repraeat.a t.he MU t s.d. (n•lZ) 
ct I• the futlac coadition 
d)lfter ... 1 condltiaa 
e) I. I. :lot deMeted (<I. l nc/•U 

""'•1 

zo·' 4Q•l 10• 1 

.. 

Table XVI Mean ~okineUc per.eters of 1'1-4679 after • slncle oral 
adaiaistrat.ion ia bUltbJ' TO!uateen 

Jose Tax c.z y,,, AOC. .... lel Cl/f Yd tJ,'f MIT 
(c) Uu-J (nc/•lJ (br) (111·_./•U (hr- I) (I/hr) rn (hr) 

s•' 1.0 107.7 I.I 301 0.141 U.& 201 s.oz 
! O.l ! zz. 0 ! 7. 9 ! 61 t o. 11 & ! 2.' ! 112 ! z. 72 

1•.c1 0.9 191. I 5.1 614 0. Ill 17.0 167 4.2! 
! 0. s t 43.0 ! z.z t 131 ! 0.1134 ! 3.4 ! 61 ± 0 .. Sl ..... ) 1. 3 li:J.I 9. 1 537 0.019 19.l 267 5.0l 
! 0. s ! 45.3 ! 4.4 t 104 t 0.043 1 3., ! 119 ± L3l .. , 0.9 324.4 u.s 1217 0.055 l&.6 294 5. 67 
! 0.' ! so. 1 ! 5. l ! 124 ! 0. 031 ! LI ! 110 ! L 37 

41r 1 1.0 UZ.& lZ. 7 ?!105 O. l7Z 14.5 273 5 .. 07 
! D. & ! Ziil. 3 ! S. 9 ! 371 t u.ZS9 ! l. 9 ! I 54 ! D. 61 

10• 1 1. 2 17ll.i 13. 5 5176 o.on 16. l 300 4.C'& 
! 0. ( ! Ut.I ! 6.4 tllU t I. 030 ! 3. 4 ! 135' - 0.97 

a)Each walue repr'::sent.s the HU 1 s.d. (n•61 

b) &ch value represents tile 11eU 1 •· d. (n•l2) 
c)ln tbe fastlac condition 
d)Aft..er ••l coadltion 
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TabJe X D PharacoUnetic NrHeter11 of H--4679 after • aincLe or•! 
lldltiniatt"ation of 10 llC ln h .. lthy volunteer• in the taatin« condition 

YolllftlHr r .... 
(hr) 

T, .. , AUC. .... 
fhr) fnc·hr/•U 

Kel 
(hr" I) 

Cl/F 
fl/hr) 

VdO/F 
(1) 

MRT 
(hr) 

IM!an 0.9 191.1 6.1 &l• 0.111 17.0 167 4.29 
! a.d. ! 0.5 t 0.0 t 2.z t 137 t 0.03• t 3.• t 61 :t 0.53 

lablo X W Phar.ac:oUnttlc parueten ot n-•679 after a •lllllt oral 
adlllnlaU'atlon of 10 ., ln healthy volunt .. r• ln the after-aeal 
condition 

Volunteer Tll&l 
fbr) 

C.U y,,, AUC. .... 

(nc/•lJ fhr) (nc ·hr/•O 
Ke! 

(hr" I) 
Cl/f 

(1/hr) 
Yd JJ IF 

(!) 
MRT 
(hr) 

.v., 1.3 110.a 1.1 u1 o.ou 11.1 2&1 5.'11 
t c.a. t 0.5 t 0.3 t 4.4 t 10• t tl.043 t 3.6 t 111 t 1.31 

1 0 
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Dose Proportionality Study 5-8 10mg 
Healthy Japanese Males 073:38570:0995 

80 --~--~~------~~------~~~----~-~~--

• ,. 
60 ~----.__...._ _______________ , 

40 t-----~-----------~--~~ 

Food Effect 

20 I 4 * M"' 4 
• I 

0 --~-----------~---------------------------------
0 10 20 30 40 50 60 70 80 90 100 

Dose in ,MG 

I ~--cmax1oose--.- Auc1dose-J 



AEPORT NO. 075:38570:<>995 PAGE 13 of 19 

T1bl1 D Cu1ul1Uv1 11cr1tlon of 11•4818, •1. e ud •3 after a 1ln1l1 oral 
1dalnl1tr1tlon of 11-4879 ln healthr volunt11r1 

Don TIH Cu1ulatlv1 urlnarr excretion ( S of doae ) 
(11) (hr) Kl-4879 NI M3 

o- 2 27.1 :t 14.3 0.11 :t 0. 27 1.28 :t 0.13 
o- 4 45.5 :t13.t O.Sl :t 0.45 2.34 ::t: l.05 
o- 8 54.1 :tl3.9 0.44 :t 0.84 2.80 ::t: 1.34 

I o- 8 80.1 :tl4.I 0.81 :t l.08 3. 23 :t 1.82 
o- 12 84. 0 :t 14. 2 0.81 :t 1.08 3.31 :t 1.80 
o- 2C 88.2 :t 14.8 0.81 :t 1.08 4.13 :t 2. 82 
0- 38 81.1 ::t11.: 0.11 :t 1.08 4. lS :t 2.82 
o- 4r 88.4 ±UL2 0.81 :t 1.08 4. 1s :t z.az 
0- 2 21. 8 :t 11.3 0.32 :t 0.28 o.u :t: 0.41 
o- 4 '9.1 :t 5.3 o. '14 :t o. 41 I. 41 :t o. '11 
o- 8 59.0 :t 4.8 0.14 :t 0. IS 1.8'1 :t 0.81 

20 o- 8 84. 4 :t: 4. 4 1.03 :t 0. 57 l.H :t 0.88 
o- 12 88.8 :t 4.3 1.H :t 0.88 t.90 :t 0.87 
o- 24 72.0 ± 4.0 t.H :t 0.88 2." :t l. 12 
o- 38 72.8 :t: 3.4 1.26 :t 0.88 z." :t:: I. 12 
o- 41 73.4 :t S.3 1.25 :t 0.88 2.1' :t I. 12 
o- 2 28. 7 :t 10.8 0.18 :t o.ze 1.17 :t: 0.50 
o- 4 41.9 :t 8.8 o.'1 :t o.~ 2.18 :t 0.47 
o- 8 49.3 % 8.9 O.H :t 0.25 2.83 :t 0.48 

40 o- 8 63. 4 :t 8.0 0.81 :t 0.25 2.89 :t 0.48 
o- 12 18. 8 :t 8. 4 0. 70 :t 0.22 3.07 :t 0.51 
o- 24 H.1 :t S. I 0.80 :t 0.48 3.15 ~ 0.57 
o- 38 80.8 :t 3.8 0.80 :t 0.48 3.15 :t 0.57 
o- 48 82. 2 :t 3.4 0.90 % 0.48 3.16 :t 0.67 
o- 2 24. 7 :t 9.5 0.18 :t 0.08 I. II :t 0.37 
o- 4 41.8 :t 9.1 0.42 :t 0.01 2.U :t 0.28 
o- 8 49.1 :t 10.2 0.58 :t 0.08 Z.88 :t 0.33 

10 o- 8 52. 7 :t 10. 5 0.85 :t 0.07 2.18 :.t: 0.34 
o- 12 SS. 7 :t 10.3 0.72 :t 0.08 3.07 ::t 0.39 
o- 24 57.2 :i:I0.3 o. 7& :t o. 09 a.01 :t o.aa 
0- S8 51. 0 :i: JO. 4 0.7& :t 0.09 3.07 ::t O.S9 
0- 48 58. 7 :t 10. I o. '76 :t o. 09 3.07 ::t 0.39 

Tht vaiue r1pr111nt1 tht 111n:tS.D. of I volunte1r1 
Cono1ntr1tlon1 of l2 In 111 urine •••tie• 1r1 under 
the l0ter Ualt of cauanUtaUon ( c 1.0 "'/al ) 
and urln11r excretion 11 not calculable. 

6-0429 

- 12 -
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REPOAT NO. 075:38570:0995 PAGE 14 of 19 

Tabla DI Cu1ul1tlv1 ercrttlon of 11-4879, Ml. M2 and M3 In urlnt durlnr O-•ahr 
after 11ln1l1 oral adalnlstratlon of Kl-,879 In healthr volunteer• 

Do11 Cu1ulatlve urlnarr ercretlon ( I of dn1e ) 
(Ir) H-4878 IU 113 

5 81.4:t: l5.2 t;.8t:t t.08 4. l3:t 2.82 
10·• 71.7± 5.2 l.09± 1.80 2.H:t l. 3' 
20 73.42: 3.3 I. 25 :t: o. 88 2.U:t: 1.12 
40 82.2:t 3. 4 0.90% 0.48 3.IS:t 0.57 
ao 61. 7% 10.1 0. 75:t o. 09 3.07:t 0.39 

The Hlue rt'rt1ent1 the 111n:t:S. O. of 8 or 12 volunt11n 
a) n•l2. data fro1 ref. 3) 
Concentr1tlon1 of 112 In all urine 111pl11 •r• under 
the lower I lilt of quantltatlnn ( c t.O ..cr/11 ) 
and urlnarr 1rcr1tlon 11 not c1lcul1bl1. 

.. 13 -

6-0430 
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NOA/IND# 20-688 SuppVAmend.# Orig. Submission Oate: 1129/96 Volume: 1.3 

"tudy Type: Dose Proportionality Study # 78:38570:0995 

. rudy Title: Single and Multiple Dose Proportionality of Olopatadine in Caucasian Males. 

Clinical Investigator 

Site 

Analytical Investigator Bette A. McCue 

Site Alcon Laboratories 

Single Dose: Y Multiple Dose: Y Washout Period: 2 days 
~~~~~~~~---~~-~~-

C ro ss-0 vet Parallel Other Design: Single dose followed by 10 days dosing (80mg tid) 

Fasted Y Food Study N FDA High Fat Breakfast N --
If fasted, how long (hrs.)? 8 

Subject Breakdown 

Nonnal Y Patients Young Y Elderly Renal Hepatic 

Subject Type Males Group N= M= F• ---- -- --
Weight MQJ'l 71 Range 65-86.2kg Group N• M= F• 

----· -- --
\ge Mean 29.6 Range 20-44 yr.t. Group N• M• F• --Subject Type Group N= M• F= ---
Weight Mean Range Group N= M= F• 

--~~- -- --
Age Mean Range Group N• M= F• -----
Ticatment Group Dose Dosage Fonn Strength Lot# Lot Size 

Single Dose 80mg Tablet 40mg UNK UNK 
Multi~!e Dose 80mg Tablet 40mg UNK UNK 

TID 

Placebo UNK UNK 

Sampling Times 

Plasma Single dose: pre-dose and 0.25, O.S. I, 1.5, 2, 3, 4, 6, 8, 12, 24, 30, and 36hrs post-dose 

Multiple Dose: pre-dose and 0.5, l, and 4 hrs post each dose day I, pre-dose and 1 hr post dose days 
2-9 and pre-dose and 0.25, 0.5, I, 1.5, 2, 3, 4, 6, 8, 12, 16, 24, 30, and 36hrs post.close on day 10. 

Assay Method: 

Assay Sensitivity 
~-------------~----------~~·-~------------Assay Accuracy N1J data provided. 
----------~--~-----------~~----------------

.abeling Claims The results of this study showed that there was minimal accumulation of olopatadine 
From Study followina steady-state dosing with 80mg TIO. This lack of accwnulation is due to the 

biphasic nature of its elimination which has an initial rapid phue followed by a tenninal 
half-life of 12hrs. This tenninaJ half-life is not predictive of accumulation. 
------~----~--~-----------~----~1·4 
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Table vt Model independent phar•acokinetic para•eters of IW-4679 after a 1in1le (80 ag) or aultf pie 
oral adainistrations (80 •I t.i.d.• 10 days) in bealth1 volunteers 

Alter single adainistralion After the last adainistration of 
aultiple adainistrations 

Volunteer.--------~---~-----------~--------------------~ 

lfo. 

aean 
± s. d. 

Taax 

(hr) 

1. 0( 

0.58 

Caax T1,2 AUC1-• AUCe-• 

(ng/al) (hr) (ng hr/al) (ng hr/al) 

162fi.8 9.68 3877 H85 

759.7 3.79 1276 1353 

Taax Caax T,,, AUCe-e 

(hr) (ng/~l) (hr) (ng hr/al) 

1. 04 1728.8 12. 2•) 4235 
i 0.45 684.7 3.9 1129 

•' ~i•nitir.Antl• different fro• the' value of after single adainistralion (p<0.05) 

1J 
> 
C> 
m 
I\) .,. 
0 
"""' 
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Table VI lxtent o! accumulation (R) uf lW-(679 after 
•ultiple oral ad•inistrations in healthy 

volunteers (80 •I t.i.d • 10 days) 

Volunteer 

No. 

HID 

± s. d. 

Cain 

1. 25 

0.(5 

R 

Caax 

1. 13 

o.u 

. . 

AOC1-1 

1. 13 

0.25 

PAGE 25 of 27 
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0.1ngml 1nglml 10ng/ml 100nglml 1000ngllnl 

KW-4679 concn. 

Ftg. 2 In vitro prolein binding of KW-4679 in human serum. 

~ 

CX> 

In vitro protein binding of KW-4679 In human Sf:trum. 

Each value represents the unbound fraction (~o). 

KW-4679 concn. 

0.1ng.'ml 

-
1ngfml 

10ng/ml 

100rrg/ml 

1000ng/ml 

Mean 
S.D. 

Mean 
S.D. 

Mean 
s.o. 

Mean 
s.o. 

Fu(%) 

47.2 

44.2 

44.4 

45.3 
1.7 

46.1 
46.4 
42.2 

44.9 
2.3 

43.9 
45.5 
45.0 

44.8 
0.6 

42.8 
42.7 
47.2 

44.2 
2.6 

51.2 
44.5 
40.2 

Mean 45.3 
S.O. 5.5 
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75 
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25 
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Fig.3 

KW..Cl7t Concn.. --, 

.. 

• 10ngmli 

lS.1 100n!>'m' 
0 1000nglml 

Effect of vartous drugs on the in vitro human serum 
protein binding of KW·4679. 

•• : Slgnlftcanlly clftennt from t"8 value or control (p<0.01) 

••• : Slarlll'lcanllv dlft8f9nt lrom lhe value of control (p<0.001) 

I 

Tllble 2 El'fec::t of various drugs Oft Iha In \llro h\:rntn MfUm prota'I\ bkdnQ I 

KW-4871. EO value~ lhl unbound hc:tkln ('lo). 

Control 

Meen 

s.o. 

Chlorphenr.mllne 
(20rig.lml) 

Clenbuterol 
(0.4nglml) 

PrednlSClk:>ne 
( 1 CJO<lns>:"ml) 

Tbeophyfli;e 

(~~ml) 

Mean 
s.o. 

Mean 
s.o. 

Mean 
s.o. 

Mean 
s.o. 

f(lngim,I 

419 
45.5 
45.0 

44,8 

0.8 

55.1 
51.9 
54.9 

5-4.0 •• 
1.8 

55.8 
55.6 
52.6 

54.7 ••• 
1.8 

50.7 
51.0 
49.6 

50.4 ••• 

0.7 

52.2 

50.9 

50.9 

51.3 ••• 

0.8 

100nghnl 

42..8 

42..7 
417.2 

'4.2 
2.8 

53.0 • 
47.9 
57.8 

52.9 
5.0 

56.4 
50.0 
51.0 

50.5 
0.5 

54.7 
54.3 
58.0 

55.7 •• 
2.0 

45.5 
42.2 

45.7 

44.5 
2.0 

1 
.. : Slgnificanlly different from the value of control (p<O.Ot) 

... : Signiflcantty different from Iha value ol control (p<0.001) 

tOOOnglrnl 

51.2 
44.5 
40.2 

45.3 
'i.S 

50.7 
49.9 
so.a 
50.5 
0.5 

•9.8 
51.4 
51.5 

50.8 
1.1 

81.2 
63.1 
62.11 

62.3-
1.3 

51.2 
5U!l 
49.7 

50.8 
1.0 



Clinical Pharmacology 

Pharmacokinetics 
Olopatadine HCl is the activ(' species present in Patanof®. following ocular administration, 
plasma levels of olopatadin! are generally below the limit of detection (O.Sng/mL). Following 
oral dosing with an investigational tablet, olopatadinc is rapidly absorbed with peak levels 
occurring within I hour. The peak levels seen foliowing oral dosing with a Smg single dose are 
100 times those seen with ophthalmic dosing. Olopatadine exhibits a biphasic elimination with a 
half-life based on observed accwnulati.>n, following ql2hr. dosing, of 3 hrs. Approximately 
65% of an oral dose is excreted unchanged by the kidneys. Small amounts of olo)J~tadine 
metabolites are seen in the urine. 

Absomtion 
The degree of bioavailability of olopatadine following ocular administration of the 0.1 % solution 
is unknown. In two studies with nonnal volunteers where olopatadinc 0.15% was administered 
bilaterally to the eye twice daily for 14days the resulting plasma level!> were generally ~low the 
limit of quantification (0.5ng/mL ). 

Distribution 
Olopatadine is not highly protein bound, having a fraction unbound of only 45.5%. 

~~tabolism 
Following oral dosing, two metabolites, the mono-desmethyl and the n-oxide, w~re detected at 
low concentrations in the urine representing <5% of the total dose. 

Elimination 
Olopatadine is primarily excreted unchanged by the kidney. Approximately 65% of an oral dose 
is excreted into the urine after 6hrs. 
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Introduction: 

Olopatadine is a H1 antagonist and prev~nts the release of 
mediators from the conjunctiva! mast cells in eyes. It was 
conceived that the product would be effective for the symptomatic 
·elief as well as prophylactic uses in the allergic conditions. 

, ulopatadine does not have affinity to adrenergic, Uijlscarinic, and 
serotonin receptors at the topical doses. Its systemic 
bioavailability in human subjects ."ollowing topical 
administration in eyes is limited. Therefore, olopatadine is not 
expected to induce systemic toxicities. The maximum concentration 
of olopatadine in plasma following a two-week treatment with 
0.15% ophthalmic solution in eyes was 1.3 ng/ml. The level is 
considered to be lower than that reached at tolerable oral doses. 
The plasma levels of olopatadine at the tolerable oral doses were 
between 9-7770 ng/ml following single or multiple doses. 
Clinical safety and efficacy of cpatanol 0.1% solution were 
evaluated for six weeks in patients who were at least three years 
of age and older. The dt .19 was administered three times a day in 
eyes in the six-week study. On the basis of the clinical and 
preclinical safety reports, the 'NOA is submitted for the use in 
allergic conjunctivitis in the pediatric and adult populations. A 
b.i.d. dosing regimen and unlimited length of treatment have been 

Chemi•try: 

Olopatadine HCL is soluble in water. Molecular weight is 373.88. 
The chemical name is (Z)-11-[3-(Dimethyl amino)propylidene]-6-11-
dihydrobenz[b,e]-oxepine-2-acetic acid hydrochloride. The 
chemical structure is shown below. 

\ 
N-

HCI 
0 
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Inactive inqredients are, benzalkonium chloride 0.01%, dibasic 
sodium phosphate, sodium chloride, HCL or NaOH for adjusting the 
pH. The ina~tive ingredients do not have safety concerns. 

Pharmacology: 

Antihistaminic and antiallergic properties: 

Paqe 5-0013 vol. 2, report 017:39900:0693: 

Passive anaphylaxis in the conjunctiva were investigated in 
guinea-pigs by sensitizing animals with anti-ovalbumin serum 
injected subconjunctivally in one eye. Twenty four hours after 
the sensitization, animals were challenged with the antigen 
either oy topical application to the eye or by i.v. injections. 
Evans blue dye was injected for the assessment of permeability of 
microvasculature. Thirty minutes before the challenge, animals 
were treated with 20 µL of olopatadine er saline topically. In 
another set of experiment the pretreatment t~me was 4 and 8 
hours. The ED50 was determined on the basis of the scores for 
swelling, congestion and discharges from eyes. Following table 
shows the ED~ of olopatadine. 

i. v 30 min 0.0067 

i. v. 8 hours 0.2690 

topical 30 min 0.0170 

topical 4 hours 0.0529 

topical 8 hours 0.100 

The data suggest that olopatadine prPvents allergic response in 
eyes in a dose dependant manner and the response sustained more 
than 8 hours. 

The in vitro antiallergic response of olopatadine was 
investigated in the rat basophil leukemic cell line. Cells were 
immunized passively by bovine serum albumin-dinitro phenol 
antibodies. The release of histamine was evoked by the DNP 
challenge. Olopatadine inhibited the histamine release from the 
RBL cells when preincubated for 15 minutes. The IC!o value was 
803 µM. The experiment was repeated with human conjunctival mast 
cells. Cells were challenged with anti-human IgE. The rel•••• of 
hiatamine, tryptaa• and PGD2 waa aaaayed followin; preinoubation 

.· 
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of c•ll• at varying concentration• of olopatadin• for 15 minutea. 
The IC~0 for olopatadine was 559 µM for histamine release and 736 
µH for PGD2 release, respectively. Olopatadine also inhibited 
tryptase release. The effect was compared with ketotifen (IC~0•24 
µH). 

The in vivo anti-allergic response of olopatadine was 
investigated using pulmonary dynamics following antigen challenge 
to passively sensitized guinea-pigs. The ED~0 for IqG and IgE 
mediated responses was 0.011 and 0.031 mg/kg/oral, respectively, 
when guinea-pigs were pretreated for one hour before the 
challenge. The ED~ of ~lopatadine for preventing anaphylactic 
bronchospasm in actively sensitized rats was 12.1 mg/kg/oral. The 
antiasthmatic effect of olopatadine was also evident in the 
conscious guinea-pig models of asthma at 0.05 mg/kg/oral. 

The effect of olopatadine in vitro anaphylactic response was 
investigated in the guinea-pig tracheal smooth muscle 
preparations. The IC~ of olopatadine was 5.84xl0-5 M. 

The passive cutaneous anaphylaxis reactions in rats in vivo were 
inhibited at 0.11 mq/kq/oral doses. P~ssively sensitized rats 
were pretreated with olopatadine two hours before the challenqe. 
The ~ntiqen induced pleural exudation in sensitized rats was also 
inhibited by olopatadine at 0.3 mg/kg doses. Olopatadine 
prevented the an~igen induced deaths in sensitized rats at 24.4 
mg/kg/oral doses when administered one hour before the challenge. 
Olopatadine pretreatment (i.p route) for 15 minutes prevented the 
migration of leukocytes in the bronchoalveolar lavage fluid when 
sensitized guinea-pigs were challenged with an aerosolized 
antiqen. 0.1 mg/kg doses of olopatadine inhibited the cell 
migration in the: BAL O.noncho-al veolar lavage j fluid. 

In vitro affinity of olopatadine for the H1 receptor was 
determined by liqand binding experiments using 3H-pyrilamine. 
Olopatadine displaced pyrilamine binding competitively. The K1 

values for inhihition of the binding were 16 nM, 16 nM, 45 nM and 
9.5 nM for guinea-pig cerebellum, lung and trachea and mouse 
cerebral cortex, respectively. Data presented in page 5-0309 of 
vol. 3 for the radio ligand binding experiment showed that the Ki 
values for N-mono-demethyl olopat~dine in guinea-pig cerebellum 
and lung were 22 and 33 nM, respe .tively. The Ki values for N-di­
demethyl olopatadine in guinea-pig cerebellum and lung were 33 
and 30 nM, respectively. These metabolites of olopatadine showed 
antihistaminic properties at H1 receptors. The mono desmethyl 
olopatadine represents about 1% of the urinary metabolites. 
Therefore, it does not contribute towards the efficacy 
substantially. 
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The in vitro H1 receptor antagonism was investigated using a 
functional parameter, i.e., PI turnover induced by histamine. The 
IC!o values for olopatad1ne were 9.5 nM, 19 nM and 39.9 nM for 
cultured human conjunctival epithelial, human corneal fibroblast 
and human trabecular cells, respectively. 

Antihistaminic activity of olopatadine in eyes was investigated 
following topical applications of the drug in guinea-pigs in 
vivo. Guinea-piqs received Evans blue dye intravenously about 45 
minutes before a pretreatment with 20 µL of the dru9 or saline 
directly onto one eye of each experimental animal. Thirty minutes 
following the application, animals were anesthetized and injected 
with 300 ng of histamine subconjunctivally. Thirty minute later 
animals werr sacrificed and the area of blue extravasation was 
measured. Olopatadine inhibited the histamine induced capillary 
permeability in the conjunctiva dose dependently. The IC50 for 
inhibition of the capillary vascular permeability was 0.002%. By 
modifyinq the pretreatment time with olopatadine, the onset of 
inhibition was found to be 15 minutes and the duration was 4-8 
hours. The IC!o was 0.465%, 0.0195%, 0.004%, 0.0014%, 0.0056%, 
0.035%, 0.114% at 1, 5, 15 minute, 2, 4, 8 and 24 hour 
pretreatment, respectively. ' 

The above mentioned in vivo experiment was replicated in guinea­
pigs usinq clinical formulations of O.l and 0.2% olopatadine. The 
data showed that the pretreatment with olopatadine for 1, 6 and 
24 hours at 0.1 and 0.2% formulations inhibited the histamine 
induced conjunctiva! vasopermeability by 55 and 82%, 
respectively. The inhibition was sustained for almost 24 hours. 

In an attempt to demonstrate that the antihistaminic effect of 
oiopa~adine was topical rather than systemic, an in vivo 
experiment was designed. The ipsilateral eye was pretreated with 
olopatadine or salin~. The contralateral eye was treated with 
histamine. The permeability scores of the contralateral eyes were 
197 and 199 for olopatadine and saline, respectively. The data 
suggest that pretreatment to the ipsilateral eye did not change 
the histamine-induced permeability to the contralateral eye. 
Therefore, olopatadine did not accumulate in the systemic 
circulation to exert topical antihistaminic activity. 

Several in vivo experiments were c~nducted to demonstrate anti 
histaminic activity of olopatadine given parenterally or orally. 
Olopatadine pretreatment inhibited the histamine induced 
bronchoconstriction in guinea-pigs at 3-100 µq/kg, i.v. doses. 
The histamine induced cutaneous permeability in rats was 
inhibited at 0.014 mg/kg/oral doses. The histamine induced paw 
edema in rats was also inhibited at 0.014 mg/kg/oral doses. These 
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data support the antihistaminic activity of olopatadine in the 
non-ocular tissues. Overall the sponsor provided data that 
support the antihistaminic and antialler;ic responses to 
olopatadine given orally or topically. The pharmacological effect 
of olopatadine was seen within 15 to 30 minutes after the topical 
applications and lasted for several hours. The pharmacological 
effect of olopatadine following th• topical administration was 
not mediated through aystemic exposures from th• bioavailable 
olopatadine. 

The effects of olopatadin~ in other receptors were investigated 
UEinq radio ligand binding experiments. The IC~0 for displacement 
of ligands from the specific binding sites was 10-50 nM for H1 

receptor, 1 µ.M tor serotonin2 receptor and 10 µM for serotonin 
uptake. Olopatadine has marginal activity toward alpha 1 
adrenergic, dopamine2 , serotonin 1 , muscarinic 1 , and IL-1 
receptor activity. It ha• weak effect on the arachidonio acid 
metaboli•m and haa no effect on the LTD4 receptor. The inhibition 
of prosta9landin cyclooxyqenase {PGCO) from sheep vesicular 
microsomes was investigated. Olopatadine at 0.93-93 µM 
concentrations did not show PGCO inhibition. At 100 µM 
concentration th• inhibition of Paco was 26t. Similarly, 
olapatadine did not inhibit 5-lipoxygenaae in the ionophor• 
stimulated rabbit neutrophils up to 100 µM concentration. On the 
basis of the sensitivity differences tor the pharmacological 
effect, olopatadine may be considered to be a ••lective H1 

antagoniat with an antiallergic reapon••· 

Neuropbarroacologic;al effects; 

At 300 mq/kq/oral doses in mica olopatadine showed an increase in 
the respiratory rate. It also showed a sedative effect within 30 
minutes of dosing at 300 mg/kg/oral doses in mice that 
disappeared after 2-3 hours. At 300 mg/kg/oral doses in mice, 
olopatadine did not show anticonvulsant effect. Olopatadine did 
not change phenyl quinone induced-writhing, reserpine-induced 
blepharoptosis, physostigmine-induced lethality and the normal 
body temperature at 300 mq/kq/oral doses in mice. The EEG 
activity for an arousal response to the auditory stimulation was 
not altered at 4 mg/kg/i.v. doses of olopatadine in rabbits. 

Male cats treated with olopatadine at 3 and 30 mg/kg/oral doses 
did not change the EEG pattern during the sleep activity. At 30 
mg/kg/oral doses vomiting was observed in :he male cat. 
Olopatadine did not show local an~sthetic activity on the corneal 
reflex at 2.0%. At 2% concentration, one out of 8 guinea-pigs 
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showed skin constriction to clopatadine. 

~ipya~cular effect of plopata~ine: 

The cardiovascular effect of i.v. injections of olopatadine was 
investigated at 20, 50 and 100 mg/kg doses in the an~sthetized 
doqs. Olopatadine showed a dose dependant hypotensive effect and 
a decrease in the peripheral resistance. The decrease in the 
blood pressur! was 59% at 100 mg/kg doses. The heart rate was 
increased. However, hypotension and reflex tachycardia are 
normally seen with most of the antihistamines on i.v. dosing. The 
i.v. dose of 0.1 to 5 mg/kg of olopatadine was also investigated 
in mongrel dogs. These doses also showed pharmacodynamic 
responses as mentioned above. The guinea-pig right atrium 
preparations in vitro did not show any changes in the rate and 
contractility at 10-6 to io-• M. The data suggest that the effect 
of olopatadine on the heart was due to the reflex changes. An 
i.v. dose of 0.1 mq/kg inhibited the cardiovascular response of 
histamine in dogs. At 30-100 mg/kg oral doses olopatadine 
increased the urine volume, levels of sodium and chloride in 
rats. 

A one day ocular irritation/comfort evaluation of olopatadine was 
examined in New Zealand rabbits •. Two drops of 0.1% solution were 
instilled every 30-minute interval for a total of 10 drops. 
Comfort to the eye for irritation was examined bio­
micrcscopically. Eyes were examined imrn&diately after the first, 
second doses and one hour after the last dose. Fluorescein 
intensity score was zero out of a scale of 4. Data suggest that 
the topical applications of olopatadine did not show local 
irritancy and discomfort. 

Toxicity studies; 

Six-month topical ocul•r irritation and systemic toxicity o~ 
olopatadine ophthalmic aolution in rabbits: Interim aacrifice at 
the end o~ three months. 

Page 5-0868, vol. 5, report TR 030:38520:0395: 

The study was conducted at Alcon Laboratories according to the 
GLP. Male and female rabbits weiqhing between 2.4 and 3.1 kg were 
used in the experiment. The animals were about 3 and half months 
of age at the initiation of the experiment. An biomicroscopic eye 
examination was conducted in rabbits before enrollment in the 
study on day zero for both eyes. A score of zero for all 
parameters and a score of 0-1 for the conjunctival congestion was 
considered to be no.mal for the purpose of the study. The 
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treatment groups are shown in the following table. 

1 untreated 10 4 6 
control 

2 vehicle 10 4 6 

3 0.15% 10 4 6 

4 0.5% 10 4 6 

5 1.0% 10 4 6 

Among ten rabbits/group/sex, four were assiqned for interim 
evaluation at the end of three months. The remaining six 
rabbits/group/sex were allowed to complete the six-month 
treatment period. Each rabbit was treated four times a day. Two 
drops of the test article or the vehicle were instilled into the 
right eye at each dosing interval. The left eye served as the 
contralateral untreated control. The first dose on day 1 and the 
fourth dose on day 91 were not· administered. Considering each 
drop is equal to 32 µL, each treatment was equal to 64 µL of the 
drug solution. 

Animals in the second gr.cup were treated with the vehicle that 
consist of 0.01% benzalkonium chloride, dibasic sodium phosphate 
0.5%, sodium chloride 0.65%, pH of the solution was adjusted to 
7.0. 

Animals were observed twice daiJy for the clinical signs and 
toxicity. Each animal was examined twice per week in details for 
the toxic signs. Animals were weighed prior to the dosing and on 
each week up to week 13. Thereafter, body weights were recorded 
on weeks 16, 21 and on 24. 

Both right and left eyes were examined on day O, 7, 14, 21, 35, 
56, 84, 91, 112, 147, 168, and 189. The biomicroscopic 
examinations included conjunctiva, cornea, anterior chamber, 
light reflex, lens and iris. In addition to above examinations, 
indirect ophthalmic examinations were conducted on days O, 91 and 
189. The parameters examined in the indirect ophthalmoscopic 
examinations included fundus, optic head nerve characteristics, 
fundic vascular pattern and pigmentation. The pupil of each eye 
was dilated with mydryacil. Ultrasound pachymetry measurements 
were obtained on days 1, 90 and 188. 
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Blood samples were collected on days 91 (inter~m) and days 188-
189 at scheduled necropsy for serum chemist~y and hematology. 
Pharmacokinetic parameters of olopatadine were determined on days 
1, 90 ~nd 181. These results have been discussed in the PK 
section. Rabbits were sacrificed on days 92 (for interim) and 190 
for gross changes, organ weight determinations. All tissues and 
organs were fixed for necessary histological examinations. Eye 
tissues from all animals for the three-month interim sacrifice 
were evaluated. Eye tissues from the untreated control and high 
dose groups were submitted for the histological examinations. 
Tissues with any gross lesions were also examined for 
histological changes. 

Results: 

Chemical potency of the test article and the preservative showed 
95-101% of that claimed in the label. There was no treatment 
related mort~lity observed in these animals. However, several 
rabbits were sacrificed as shown in the following table. 

2 Female Day 23, skin wound 

3 Male Day 88, Broken neck 

4 Female Day 119, Abscess 

Ocular discharges were soen on days 126, 161 in the right eyes of 
a male rabbit from the vehicle control group, the left eye on 
days 115 and 185 from a male rabbit at 0.5% olopatadine, from the 
right eye of a malP. rabbit nn d~ys 35, 87, 122 and 129 at 0.5% 
olopatadine, from the right eye of a female rabbit at 0.15% 
olopatadine on day 80, from the right eye of a female rabbit on 
day 07 at 0.5% and from unspecified eyes in two female raboits on 
days 101, 119 and 168 at 1.0% ol~patadine. The data suggest that 
there was no treatment related trend for the ocular discharge in 
these rabbits. Some of the animals from the untreated control and 
treated groups showed loose stool. However, it was considered to 
be incidental due to a lack of treatment related trend in its 
occurrence. The body weight changes during the first 91 days of 
the treatment are shown in the following table. 
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1, N==lO/sex 2.9 3.5 

2, N==lO/sex 2.9 3.6 

3, N==lO/sex 2.9 3.5 

4, N=lO/sex 2.9 3.5 

5, N==lO/sex 2.9 3.5 

Page IO 

Feinale/ pl;\i.t .Female, 
O, ... kg . Day 91, 

kg 

2.7 3.6 

2.7 3.4 

2.7 3.5 

2.7 3.5 

2.6 3.4 

Above data do not show treatment related changes in the weight 
gain in the male and female rabbits. At the end of the interim 
sacrifice, remaining animals were observed for the changes in the 
weight gain. Both male and female rabbits did not show treatment 
related changes in the body weight gain. However, female rabbits 
showed a higher body weight gain than the male rabbits for the 
six-month study. 

The slit-lamp examinations condutted on prescreen, days 7, 14, 
21, 35, 56, 84, 91, 112, 147, 168 and 189 did not reveal any 
treatment related conjunctiva} congestion except isolated 
incidences of severe congestion in three female rabbits in group 
3 and one female rabbit in group 5. The drug treated, untreated 
and vehicle treatment also showed conjunctiva! congestion in the 
left eyes. The right eye did not show any congestion. There was 
no conjunctival swelling in the treated and untreated control 
eyes during six months of the treatment. Th~re was no ocular 
discharge, change in the light ref lex from the left and right 
eyes during 189 days ot observations. There was no incidences of 
aqueous flare in the left and right eyes during 189 days of 
observations except a single incidence in the left eye of the 
untreated control rabbit on day 189. Therefore, olopatadine 
treatment for 3 and 6 months did not show treatment related 
conqeation, chanoas in the ocular reflex and flare. 

For the three-month interim observation, cataract was observed in 
one untreated female rabbit and one female rabbit treated with 
0.5% olopatadine. Both eyes of these animals were affected. 
For the six-month observation period, cataract was observed in 
one female each from the vehicle and 0.15% olopatadine group, one 
male from the 1.0% olopatadine group. Therefore, olopatadine 
treatment did not induce opacity ~o lens in the rabbits during 3-
6 months of the treatment. 
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Indirect ophthalmoscopic examinations did not reveal any 
treatment related changes in the left and right eyes of rabbits 
on days 1, 91 and 189. 

Male and female rabbits did not show differences in the 
pachymetry readings for the 91-day observation period. The 
results for the six-month observation period was also similar to 
that for the three-month period. It is concluded that olopatadine 
did not affect the viscosity of the blood in the ocular 
microcirculation based on the pachymetry data. 

Serum chemistry data did not show any treatment related 
abnormality at the end of three months. However, serum 
cholesterol and TG levels were increased in male rabbits at 1.0% 
olopatadine compared to the untreated control. The BUN/creatinine 
ratios were also decreas~d at 1.0% in female rabbits compared to 
the control. The mean albumin values at 0.1% olopatadine in 
female rabbits were increased. These changes were statistically 
significant although data were within the normal range of the 
laboratories. 

At the six-month evaluation period, uric acid levels were reduced 
at 0.15% in male rabbits, GGT activity was reduced at 0.15% in 
female rabbits. 

None of the changes in the serum chemistry parameters at the end 
of three and six months weru considered to be treatment related. 

Hematology parameters showed a decrease in the basophil counts in 
male rabbits at 1.0% at the end of six months. The hematology 
data at the end of three months of the treatment was 
nnroTT'IJaY"v::o.h 1 o 'Y'horo~,....,....,. --·- ----- ·-----. . .. --...... -- ...... , olcpat~dinc trcutment did nvt affect .... \.. -

1..Ut: 

blood counts except basophils. The change could have been related 
to the H1 antagonism. 

There was no organ weight changes in male and female rabbits at 
the end of six months of the treatment. Gross pathological 
changes were incidental and there was no treatment related trend. 

Histopathology data at the end of three months suggest that there 
was lymphocyte infiltration in most of the treated and untreated 
animals. Other than retinal degeneration in one female rabbit at 
0.15% olopatadine, ther~ was no treatment related pathological 
changes observed in eyes at the end of 3 months. 

Histology data at the end of six months showed cyst in thyroid in 
four out of six male rabbits at 1.0%. The untreated control 
showed cyst in thyroid in one out of six male rabbits. Congestion 



NDA '20-688 Page 12 

and inflammatory changes in the lung were observed at 1.0% 
olopatadine in male and female rabbits. other than lymphocyte 
infiltrations in the untreated and treated rabbits, there was no 
histological abnormalities in eyes. 

To conclude, it can be stated that olopatadine at 0.15, 0.5 and 
1.0% ophthalmic solution did not show ocular or systemic toxicity 
within three to six months. 

Six-month topical ocular toxicity test of olopatadin• in 
primates. 

Page 5-1443, vol. 7, project 22-5129 

The study was conducted according to the GLP. Cynomolgus monkeys 
approximately 4-15 months of age were used in the study The 
condition of the eyes were examined ~y biomicroscope l .ore the 
study. Animals that showed conjunctival congestion scores between 
0 to 1 were used in the study. The vehicle or the ophthalmic 
solutions were administered four times daily to the right eye. 
The left eye of each animal served as the contralateral untreated 
control. Each animal received two drops of the test article o= 
the vehicle. The study design is shown in the following table. 

Grou?•.••·•·.······· :f:\2 .. )? /rx;eatmerlt 

1, 4/sex untreated 4 

2, 4/sex vehicle 4 80 µL 

3, 4/sex 0.1% 4 80 µL 

I 
4 I 4/sex 

I 
0.2% 

5, 4/sex 0.5% ~. 
All animals were observed daily for clinical signs. Body weights 
were recorded periodically. Biomicroscopic examinations (slit­
lamp) were done on days O, 7, 14, 28, 42, 56, 84, 112, 140, 168 
and 182. Indirect ophthalmoscopic examinations were conducted on 
days O, 84 and 182 following dilatation of the pupil by 
mydriacil. Pachymetry measurements were also taken on days O, 84 
and 182. The protocol of the study is similar to that of the six­
month rabbit study described above. Therefore, the protocol for 
the rabbit study should be referred. 

Serum chemistry and hematology were conducted on days -5,-4; days 
92-93; and on days 177-178. Blood samples were collected on days 
1, 45, 90 and 181 fo.~ plasma levels of olopatadine from groups 3, 
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4 and 5. These data have been presented in the PK section. Tissue 
samples were fixed and preserved following necropsy on the day 
182-183 for histological examinations. Gross changes in the 
organs were also examined during the necropsy. 

Results: 

The chemical stability of the drug was determined and found to be 
satisfactory. Treatment related clinical signs were not observed 
in the treated animals. However, diarrhea and injuries were 
observed in some animals. These findings are not unusual for 
caged primates. There was no statistically significant changes in 
the body weight gain in male monkeys although animals treated at 
0.1 and 0.5% olopatadine showed higher initial body weight on 
day O. Female animals did not show significant changes in the 
body weight gain. 

Slit-lamp biomicroscopic exami~ations did not show treatment 
related conjunctiva! congestion and conjunctiva! swelling. 
Corneal cloudiness was observed in one male (OD} animal at 0.2% 
solution of olopatadine (X1522) from day 7 to the and of the 
study. Similar change was also observeo i~ a untreated control 
animal in the left eye (male Xl531). Therefore, the observation 
was an idiosyncratic response ·rather than a dose related 
toxicity. Similarly, fluorescei~ staining did not show compound 
related changes in the cornea. 

Biomicroscopic examinations of the lens showed superficial and 
focal corneal opacity in the nasal cornea and that was present in 
both eyes during days 84 to 168 in a male (X-1531) at 0.2% 
olopatadine. The changes may be due to the natural agj.ng process 
and not treatment related. No other animals at 0.5% olopatadine 
showed similar changes in the cornea. I11direct ophthalmoscopic 
examinations did not reveal any treatment related changes. 

There was ao treatment related ~f fect in the right eye of animals 
for the pachymetry data although differences were seen between 
the initial read-ngs, readings on days e2 and 182. These 
differences have large standard errors. The untreated left eyes 
also showed the same trend. Corneal endothelial cell counts 
in the right and left eyes did not show differences in the cell 
density. The endothelial cells in the inner surface of the cornea 
is responsible for the transport of water. The normal process 
ensures prevention of accumulation of excess water in the cornea. 
The data signify that olopatadine did not affect the water 
transport mechanism of the cornea. 
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Blood chemistry data did not show any treatment related changes 
in the male and female animals. However, there were intermittent 
changes in the calcium, glucose and phosphorus levels in some 
treated animals at the end of three mo·nths and recovered at the 
end of six months. 

For hematology parameters, hernatocrit values and RBC counts were 
reduced in all treated females after the end of 3 and 6 months of 
the treatment. However, there was no changes in the hemoglobin 
levels. White cell counts were not affected by the treatment. 

Plasma levels of olopatadine: 

The mean peak plasma levels of olopatadine were 1.72, 2.89, 7.60 
ng/ml at 0.1, 0.2 and 0.5% doses, respectively. The trough levels 
at 0.5% dose was C.93 ng/ml. The trough levels at other doses 
were below the limic of detection at 0.5 ng/ml. The data suggest 
that olopatadine is bioavailable following topical applications 
in a dose dependent manner. 

Organ weight data showed an increase in the percent weight of 
adrenals in female monkeys. Female monkeys showed a de~rease in 
the weight of the kidney at all doses compared to th~ vehicle 
control ( 13.1, 10.5, 10.4, 11.2 g at control, 0.1, 0.2 and 
0.5%,respectively). Gross examination showed that a male monkey 
(X-1523) had a smaller adrenal on the left side compared to the 
contralateral side. 

Histology data at the end of six months showed periportal 
hepatoce~ ·llar vacuolization of livers in one male each from O. 2 
and 0.5% doses, and two females from 0.5% dose. The male monkey 
!X-i52J) had hypopiasia of adrenal that was otherwise remarkable. 
Nematode parasites were present in some animals that was 
responsible for the granulomatous changes in the GI tract. 
Protozoan parasitic infections were also noted in some monkeys in 
the skeletal muscle, tongue and ocular muscle. These protozoans 
have been reported to be common in monkeys. Inflanunatory changes 
in the lungs were present, however, it was not treatment related. 
Immature spermatid and spermatozoa were seer. in some control and 
treated animals that represented sexual lmmaturity. Perioviductal 
cysts were seen in some animals that was unrelated to the 
treatment. There was no treatment related changes in the kidney 
in male and female animals. 

There was no treatment related histological changes in the eyes. 
Mononuclear ~ell infiltrations were noted in the eyelids of 
treated a;~:s. However, it was not dose dependent. 
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To conclude, the findings of the six-month chronic toxicity study 
of olopatadine ophthalmic solution suggest that there was no 
treatment related ocular and systemic toxicity in monkeys up to 
0.5% solutions given four times a day. 

Acute oral toxicity o~ olopatadine in mica: 

Page 5-1900 vol. 8: 

Male and female slc:ICR mice weighing 17-19.6 g of body weight 
and approximately 3 weeks of age were used in the study. The drug 
solution was administered orally at 0.25, 0.5, 1.0 and 2.0 g/kg 
in groups of 5 mice per sex. Animals were observed for 6 hours 
for the clinical siqns and thereafter up to 14 days. Necropsy was 
performed at the end of 14 days or after the unscheduled death. 
Histology was performed on selected organs that showed gross 
changes. The LD50 of olopatadine was 1.15 g/kg for males and 1.83 
g/kg for females. Mortality was observed within one hour to day 4 
of the study. Reduction in the spontaneous activity, 
blepharoptosis (inflamed eyelids) and mydriasis were seen as 
clinical signs. Abnormal gait,. tremors, convulsions, hypothermia 
and dyspnea were seen for animals that died at high doses. 
Animals that died several days after dosing showed pyelP.ctasis 
(dilatation of renal pelvis). Hydronephrosis was present among 
surviving animals. Therefore, the target organ of toxicity in the 
acute toxicity test was kidney. 

Page 5-1957 vol 8: 

The experiment was conducted according to the GLP. Male and 
female Slc: Wister rats weighing 101-14S g were used in the 
study. Rats were approximately 5 weeks old at the time of the 
drug administration. Each group had 10 rats/sex. Animals were 
fasted for 17 hours before administration of the drug substance. 
The test substance was suspended in distilled water for oral and 
i.v. dosing. It is not clear why the test substance had to be 
suspe~ded in water when it is soluble in water. The pH of the 
solution was between 2.07-2.32. Oral doses tested were 0.8, 3.0 
and 5.0 g/kg. The i.v. doses were 110, 125 and 130 mg/kg. Animals 
were observed for mortality and clinical signs initially at 1, 2 
4, 6 and 24 hours after dosing. Fellowing the first day of 
dosing, the animals were observed twice daily for 14 days. 
Animals that survived were sacrificed at the end of day 14. 
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Histology was performed for tissues that showed gross changes. 
~he drug substance in the solution was stable for six hours. 

Results: 

The male rats showed 40% mortality at 3 and 5 g/kg/oral doses. 
The oral LD~ of female rats was 3.87 g/kg. The i.v. LD~ of male 
rats was 127.5 mg/kg and female rats were 142.8 mg/kg. Most of 
the acute death occurred within 24 hours after oral doses and 
within few minutes after i.v. doses. Mydriasis, vasodilatation of 
iris, localized hemorrhage or hyperemia at the rim of iris, 
lacrimation, writhing movement, atony of skeletal muscle, 
dyspnea, reduced respiratory rate, convulsions, hypothermia and 
relaxation of scrotum were seen as toxic signs after oral dosing. 

The toxic signs immediately after i.v. administration were 
relaxation of the scrotum, reduced spontaneous activity and 
straub tail response. Dead animals showed dyspnea before the 
death. Inflammation at the site of injections were also seP.n in 
these animals. 

Histological examinations of an~mals that received oral doses 
showed hydronephrosis and renal papillary necrosis. Dilated renal 
pelvis was observed for animals that survived after the 
treatment. Edema in irises was observed among dead animals. 

Histology examinations of Qnimals that received i.v treatment 
showed dilated renal pelvis. 

Kidney was the target organ of toxicity at acutely toxic doses. 
The acute signs of toxicity in eyes include mydriasis, 
Vo::>u<l.i.ldLdL.i.ou dud ht:!murd1cHJP. of the iris and lacrimat1on. 

CNS effects and peripheral irritation are expected from 
olopatadine at toxic doses that precipitated Straub's tail 
response, writhing movement and inflammation at the site of 
injections. However, there wa~ no vehicle control group in the 
study for comparing the inflammation at the site of injection. 
Straub's tail response normally seen with opioids, it is 
interesting to note this type of response in an antihistaminic 
drug. 

Acute oral and i.v. toxicity of olopatadine in dogs: 

Page 5-2032, vol. 8, study A-89-62: 

The study was conducted according to the GLP. Beagle dogs at 5-6 
months of age at the initiation of the study were used. Animals 
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weighed 7.1-10 kg at the initiation of the experiment. In the 
preliminary experiment one dog/sex/group was given olopatadine at 
0.5, 1.0 and 5.0 g/kg/oral doses. Vomiting was observed at all 
doses in these dogs. One dog that received the vomited gastric 
content orally died due to difficulty of swallowing. Rest of the 
dogs survived during 14 day observation period. On the basis of 
the preliminary study, 5 g/kg/oral was the dose chosen for the 
definitive study. The group size was 2/sex. There was no control 
group in the study. 

The preliminary study for the l.V. route was conducted at 150 and 
300 mq/kg doses using one dog/sex/group. Convulsions \..,'re noted 
in dogs that received 300 mg/kg dose of olopatadine. All animals 
survived during the 14-day observation period. The final 
experiment was conducted at 150 and 300 mg/kg i.v doses in male 
dogs. The group size was 2 dogs/dose. 

Intravenous injections were prepared in distilled water for 
injection and oral doses were given in capsules. The pH of the 
solutions were between 1.85-2.32 

The animals were observed for the first 6 hours and daily for 14 
days. The clinical signs were observed during this period. The 
body weight, food consumptio'l,. blood chemistry, EKG and eye 
examinations were inclu.ded in the protocol. At the end of 14 
days, animals th __ survived during the observation period were 
sacrificed for. the determination of organ weights, gross and 
histological examinations. 

Results: 

In~ravenous doses: 

One dog died following an i.v. dose of olopatadine at 300 mg/kg 
within five minutes. Rest of the animals survived during the 14-
day observation period. Clinical signs following the i.v. doses 
were mydriasis, protrusion of the nictitating membrane, vomiting, 
tonic and clonic convulsions, irregular breathing and dryness of 
the nose. However, convulsions were not observed at 150 mg/kg 
dose. Hypothermia and hyperthermia were noted at 150 and 300 
mg/kg doses, respectively. Body weight and food consumption were 
not affected remarkably except one animal in the 300 mg/kg group 
had a slight reduction of the body weight gain. Tachycardia was 
observed at 150 and 300 mg/kg i.v. doses. rhe sponsor stated that 
the hight of P and T waves were increased on the day of injection 
for both doses that might resulted from the drug induced 
hyperirritability of the resting membrane potential. About 50% of 
the dogs showed normal EKG from day 2 onwards. Transient increase 
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in the CPK, LOH and HBDH(alpha-hydroxybutyrate dehydrogenase) and 
transient decrease in the potassium and calcium levels were 
observed. The funduscopic examinations did not reveal any 
treatment related changes. Histological examinations showed sign 
of inflammation at the site of injections. The cause of death was 
not clear from the histological examination of the dog that died 
within five minutes after the injection. One animal at 150 mg/kg 
dose showed inflammatory changes in the heart. 

The single dose data suggest that up to 150 mg/kg i.v was 
tolerated in dogs. Vomiting, mydriasis and prot~usion of 
nictitatinq mem.~ranes were the clinical signs at this dose. 
Cardiac abnormality, e.g., tachycardia and increase in the P and 
T waves are expected following olopatadine treatment. 

Oral dose: 

There was no mortality obse.·ved in the treated dogs. Clinical 
signs were vomiting within an hour after dosing, dryness of nose, 
mydriasis, salivation, nasal discharge, protrusion of nictitating 
membrane, conjunctival hype1·emia and soft stool. Hypothermia was 
observed at about 2 hours after xhe dosing that became normal 
after about 6 hours. The decrease in the temperature was about 
1.5°C. There was no changes in t~e body weight gain and food 
consumption compared to the pretest level. 

Dogs showed a depression of s-T segment of the EKG that persisted 
on the next day. However, one of the four dogs showed normal EKG 
on days 3 and 14. It is possible that olopatadine upon high oral 
dose induces transient cardiac ischemia. Funduscopic examination 
in eyes did not reveal any treatment related changes. For the 
clinical chemistry parameters, there was an increase in the LDH 
and CPK that might come from the ischemic cardiac tissues. 
Potassium and calcium levels in the serum were reduced also. 
However, histology reports did not show any cardiac abnormalities 
following oral administration of ol~patadine. 

Oral dose of 5 g/kg was tolerated in male and female dogs. 
Mydriasis, protrusion of the nictita~ing membrane, conjunctival 
hype1emia, hypothermia and EKG changes were clinical signs of 
toxicity. 

A four-week oral toxicity of olopatadino in rats: 

Page 5-2081, vol. 8: 

This is a GLP study conducted _ 
The study was conducted in male and female Wister rats. 
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There were 10 rats/sex/group. Rats were treated with the vehicle 
(distilled water for injection) or either of the 20, 60, 200 and 
600 mq/kg oral doses. Animals were 5 weeks of age ctnrl weiqhed 86-
121 g at the initiation of the study. It appears that the rats 
were very young for a toxicity study point of view. Clinical 
signs, ophthalmological examinations, body weight food 
consumption, blood chemistry, hematology, urine analysis, gross 
and microscopic examinations were conducted during the study. 

Results: 

There was no treatment related mortality reported in the study. 
Clinical siqns were mydriasis at 600 mg/kg, abnormal respiration 
at 60 mq/kq and higher doses. Body weight gain was reduced at 600 
mg/kg dose by 19% for the male and 27% for the female rats 
compared to the untreated control. The chanqes in the body weight 
gain were due tv a reduction in the food consumption. 
Ophthalmoscopic and hematological examinations did not reveal any 
treatment rel3ted changes. Blood chemistry data showed that serum 
protein levels were increased, cholesterol and TG levels were 
decreased at 600 mg/kg dose in male rats. The changes in the 
serum parameters suggest that the drug might have toxicity in the 
liver. Urine analysis showed evidence of protein and blood at 
200-600 mg/kg doses. 

Gross changes were noted at 600 mg/kg dose group. These were 
atrophy of seminal vesicles and prostate, hemorrhaqe in the 
mucosa of the bladder, distended cecum, hemorrhage and opacity of 
the eye balls, pulmonary hemorrhage and necrosis of the liver. 

The histolcgy data suggest that there was inflammatory changes in 
the liver, urinary bladder, parasternal lymph nodes and 
hyperplasia of pancreatic ducts. It can be concluded that 600 
mg/kg/oral dose was toxic to the liver and urinary bladder. It is 
possible th the compound or its metabolites might have been 
concentrate~ .n the urine, induced inflammation in the kidney and 
the urinary bladder. 

A thirteen-week oral toxicity study in rats: 

(Page 5-2150, vol. 8): 

The experiment was conducted at _ _ 
according to the GLP. Wister rats weighing 87-126 g 

of body weight and 5 weeks of age were used in the experiment. 
Experimental design is shown in the following table. 
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Control vehicle 15 15 

6 15 15 

25 15 15 

100 15 15 

400 15 15 

The drug solution was prepared in water for injection and 
admi~istered by oral gavaqe. During the study mortality, clinical 
signs, body weight, food consumption, ophthalmoscopic 
examinations before and after dilatation of the pupil, auditory 
examination, hematology, blood chemistry, urine analysis, gross 
and histological examinations were conducted. At the end of 13 
weeks, 5 rats/sex/group were allowed to recover for 4 ~~eks. 

Results: 

Four female rats at 400 mg/kg dose died, most of the death 
occurred during 6-8 weeks of the study. 

Clinical sign~ observed at 400 and 100 mg/kg doses were abnormal 
breathing, relaxation of scrotum, lacrimation and blepharoptosis 
(drooping of the upper eyelid) . Some of t~e animals showed blood 
stain around the corneal rim, mydriasis, exophthalmos (abnormal 
protrusion of the eyeball), alopecia, testiculer atrophy and 
diarrhea. However, these incidences were not dose related. 

Th~ body weight (qm) of animals during the days O, 91 and 119 are 
shown in the following table. 

M F M F M F M F M F 

O (n•l5) 116 93 115 93 115 93 115 93 115 92 

91 (n•lS) 348 190 342 197 330 190 322 190 286 180 

119 (n•S) 381 211 376 211 373 206 365 212 340 189 

Male rats at 100 mg/kg dose showed a decrease in 10.78% of the 
body weight gain compared to the control. Female rats did not 
show any change in the body weight gain at 100 mg/kg dose. 
However, male ra~s showed a loss of 26.3% body weight gain and 
female rats showed 9.3% loss of body weight gain at th~ end of 91 
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days at 400 mq/kg dose compared to the control. Therefore, 
olopatadine treatment affected the body weight gain in male and 
female rats at 100-400 mg/kg doses. The loss of weight gain was 
partially recovered during the four-week withdrawal period. 

The food consumption in male rats varied from 16-18 g/week in the 
control and that tor 400 mg/kg dose group varied from 14-16 
g/week during the trPatrnent period. The data suggest that the 
loss of body weight gain was not related to the food intake. 

The sponsor stated that there was no drug related changes 
observed following the ophthalmological examinati~ns. Similarly 
there was no change in the auditory ~eflex. 

Hematological examinations showed that RBC counts were decreased 
in male rats at 400 mg/kg dose on day 91 with a concomitant 
increase in the MCV. The blood Hb levels did not changed. Above­
mentioned changes in the RBC parameters were reversible. Female 
rats did not show any treatment related changes. 

Blood chemistry data showed an increase in the serum choline 
esterase activity at 25 mq/kg and higher doses in male rats. The 
total cholesterol levels were al;o increased at 25 mg/kg and 
higher doses in male rats. Serum alkaline phosphatase activity 
was also increased in male rats at 100 and 400 mg/kg doses. 
Although female rats did not show ~bove changes in a dose related 
manner, serum alkaline phosphatase, GOT and GPT activities were 
increased in female rats at 400 mg/kg dose. Male rats showed 
statistically significant increase in the A/G ratios and alkaline 
phosphatase activity at the end of 119 days recovery. These 
chemistry data suggest that there might have been treatment 
related changes in the liver in the male rats specially at 400 
mg/kg dose. 

Urine analysis data did not show remarkable treatment related 
changes except a decrease in the pH in female rats at 400 mg/kg 
dose. 

Gross pathologiccl examinations showed atrophy of testes, 
congestion of kidney and lungs mostly at 400 mg/kg dose. 
Female rats that died during the dosing period showed blot of 
eyelids, blood clot in the esophagus and congestion in the liver 
and lungs. 

Relative organ weight data showed an inc1~ase in the weight of 
the lung, kidney, adrenals, testes, thymus and brain at 400 n1g/kg 
dose in male rats. Female rats also showed a decrease in the 
weight of heart, spleen, liver, adrenals and pituitary at 400 
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mg/kg dose. A decrease in the weight of the heart was seen in 
female rats at 100 and 400 mg/kg doses. 

Histological changes in the male rats at the end of 91 days were 
myocardial deqeneration, hydronephrosis of the kidney, swelling 
in the adrenal cortex, inflammation in the prostate, seminal 
vesicle and lacrimal glands at 400 ~g/kg dose. 

Female rats also showed myocardial degeneration, hemorrhage in 
thymus, hypoplastic bone marrow, a decrease in the zvmogen 
granules in the pancr~atic acinar cells, inf lamed adrenal cortex, 
atrophy of uterus at 400 mg/kg dose. 

Animals (females) that died during the experiment showed 
degenerative changes in the alveolar wall in the lung and 
congestion of the kidney. 

To su:mmarize the data it may be concluded that olopatadine at 100 
mg/kg/oral was tolerated for three months. Female rats that died 
during the experiment probably died due to degenerative changes 
and congestion in the lungs. It appears that administration of 
olopatadine at 400 mg/kg dose showed myocard~al degeneration that 
might be treatment related. The changes in the transaminase and 
alkaline phosphatase activity .would also explain the finding. 
On the basis of the data, doses close to 25 mg/kg may be chosen 
for the chronic toxicity study. 

A 52-wiaek oral toxicity of olopatadine in rats: 

(Page 5-2294, vol. 9): 

The study wns conducted at 
according to the GLP. Male and female Wister rats were used in 
the study. Rats were about 5 weeks of age and weighed 90-120 g at 
the initiation of the study. The experimental conditions and 
study design were essentially same as that of the three-month 
study. The study design is shown below: 

vehicle distilled 30 30 
control water 

Olopatadine 1 30 30 

Olopatadine 10 30 30 

Olopat3dine 100 30 30 
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Ten animals/group/sex were used for an interim evaluation at the 
end of six months of dosing. 

Results: 

Mortality data are shown in the following table. 

Control 1/237 1/325 

1 2/253,355 1/327 

10 1/312 

100 2/28,97 

Labored breathing was observed in some of the animals at death 
including the control. Clinical signs were abnormal respiratory 
sound at 100 mg/kg, mydriasis at 10 (female only) and 100 mg/kg 
doses. 

Body weights (gm) of the animals are shown in the following 
table. 

M F M F M F M F 

0 (n=30) 119 99.5 119 98.9 119 99.4 119 98.9 

182 (n=28- 420 225 422 225 429 220 401 219 
30) 

364 (n=18- 462 285 473 274 476 281 440 262 
20) 

Data in the table showed that at the end of six months, male and 
female rats had 4-6.4% loss of the body weight gain. At the end 
of one year, male rats had 6.4% and female rats had 12% loss of 
body weight gain. The loss in body weight gain was not related to 
the food co~ sumption. 

There was no dose related ophthalmic changes observed in the 
study. However, opacity of cornea, hyperemia, hemorrhage at the 
corneal margin, narrowing of fundic blood vessels were observed 
during the study. The sponsor has not provided the data table on 
the ophthalmic changes. 
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Hematology data did no~ show test substance related cha11ges 
except transient decrease in the Hb levels in the serum at 100 
mg/kg dose at the end of one year. Blood chemistry data at the 
end of six months showed an increase in the alkaline phosFhatase 
activity at 100 mg/kg dose in female animals. At the end of one 
year, alkaline phosphatase (male and female) and GOT activities 
were increased in male rats at 100 mg/kg dose. The pH of the 
urine was decreased during the study period. 

Normalized organ weight data showed a decrease in the weight of 
pituitary in female rats at 100 mg/kg at the end of six months. 
Male rats showed a decrease in the weight of spleen, prostate and 
increase in the weight of testes at 100 mg/kg at the end of one 
year. Female rats showed an increasa in the weights of the heart, 
uterus and adrenals at 100 mg/kg at the end of one year. 

Histological changes at the end of six months of the treatment 
are shown below 

Myocardial fibrosis at 100 mg/kg in male rats, dilatation of 
uterus at 100 mg/kg. 

Histological changes at the end of one year are shown below: 

Regeneration of tubular epithelia of kidney in male and female 
rats dose dependently, micro granuloma of liver at 100 mg/kg in 
female rats, hypocellular marrow in female rats at 100 mg/kg, 
interstitial myvcarditis in male and female rats dose 
dependently. 

Histological findings among dead animals are given below. 

Regeneration of tubular epithelia, thickening of capillary wall 
in glomerulus, congestion in the lung, myocardial fibrosis, 
degeneration of myocardium and rnyocarditis and focal necrosis of 
hepatocytes. Most of these changes occurred in male rats at 100 
mg/kg dose. 

It can be concluded from the study that olopatadine was tolerated 
up to 100 mg/kg dose in rats for one year. Although mortality was 
observed at 100 mg/kg dose, it could have been due to dosing 
errors. Regeneration of tubular epithelia of kidney and 
interstitial myocarditis were noted in male and female rats 
across the doses, the biological significance of the change is 
not understood. If there would have been a trend of mortality in 
the presence of histological changes in the heart and kidney in 
excess of the control rats, these changes could be a major safety 
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concern. The incidences ~re shown in the following table: 

~•16tii1i> .. <:>•·· coht~cil l mq/k9 10,mg/kg ..... 

100 mg/kq 
·:-.' .. . .... . ·. .. -
regeneration 8 (M) I 4 ( F) 17(M),7(F) 15(M)I11 (F) 

I 
:i.4 (M), !:> (F) 

of tubular 
epithelia in 
kidney 

Interstitial 6(M) , 1 ( F) 6 (M) I 5 ( F) 12 (M) , 2 if') 9(M) I 3 ( F) 
myocarditis 

A thirteen-week oral toxicity study in dogs: 

Page 5-2427, vol. 9: 

The study was conducted at _ _ 
according to the GLP. Beagle dogs aged 5-6 months weighing 7.5-
11.6 kg were used in the study. The doses were chosen on the 
basis of the preliminary study. The experimental groups are shown 
below. 

Control gelatin capsule 5 5 

Olopatadine 0.6 3 3 

Olopatadine 10 5 5 ...... ~---~~~-+------~-----~---~------........ -----------~-------+----~~~~~ 
Olopatadine 40 3 3 

Olopat3dine 160 5 5 

Three dogs in each group were sacrificed at the end of the dosing 
period, two more animals in selected groups were observed for 
another 4 weeks after completion of dosing. 

The drug eubstancc was filled in the gelatin capsules for 
administration. Mortality, clinical signs, body weight, 
ophthalmological examinations, EKG, respiratory frequency, 
hematology, blood chemistry, urine analysis, gross and 
histopathology were conducted during the study. 

Results: 

One female at 160 mg/kg dose died on day 82. The clinical signs 



\ 

NOA 20-688 Page 26 

at death were vomiting (tainted with blood), conjunctival 
hyperemia and anorexia. 

Clinical signs for animals that suivived were mydriasis at 10 
mg/kg dose, however, it was not dose related. 

Body weight (kg) are shown in the following table. 

M F M F M F M F M F 

0 10.5 8.8 10.5 8.8 10.5 8.8 10.4 8.7 10.4 8.7 

91 12.2 10.3 12.0 9.9 12 10.2 12.3 10.4 12.4 10.6 

The data suggest that there was no treatment related trend in the 
loss of body weight gain. Although anorexia was noted for the 
dead animal, the sponsor stated that body weight change was not 
found in the dead animal. Mean food consumption was not affected 
by the treatment. On an average male dogs consumed food about 300 
g/day and female dogs consumed food about 280 g/day. 

Ophthalmological exarnination~.showed dilated state of the pupil 
in one of 5 female dog at 160 mg/kg dose. The sponsor has not 
provided EKG data. However, single primary A-V block was observed 
in one female at 10 mg/kg dose. Besides, abnormality in the ST 
wave was also observed in one out of 2 male at 160 mg/kg dose. 
Significance of the finding needs to be correlated to the other 
studies in dogs. Respiratory rates were increased in control and 
treated dogs. This was caused probably due to the dosing 
procedures. Hematological changes were unremarkable except an 
increase in the fibrinogen levels at 160 mg/kg in male and female 
dogs. Blood chemistry data in male did not show treatment related 
changes at the end of 91 days except an decrease in the A/G 
ratios at 40 and 160 mg/kg doses. Female dogs showed an increase 
in alkaline phosphatase and HDL cholesterol levels at 40 and 160 
mg/kg on day 91. Urine analysis showed a decrease in the sodium 
excretion in male at 40, 160 mg/kg and female dogs at 160 mg/kg 
at the end of 91 days. The urine volume was increased in male 
drJS at 40 and 160 mg/kg doses. The gamma glutamyl transpeptidase 
~~tivity was increased at 160 mg/kg in male and female dogs at 
the end of 91 days. This may reflect changes in the glutathione 
breakdown. 

Male dogs at 40 and 160 mg/kg doses showed increase in the weight 
of the kidney. Similar changes were not observed in female dogs. 
However, weight of ovaries in female dogs were increased at 160 
mg/kg dose. Gross pathology also showed kidney changes and 
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hematorna of the right A-V valves. Histology data showed clarified 
cytoplasm of tubular epithelia of kidneys in female dogs at 160 
mg/kq dose. 

Above data suggest that the dose tolerated was 40 mg/kg in dogs. 
Kidney toxicity and EKG changes Jre expected at the dose. 

A 52- week oral toxicity of olopatadina in beagle dogs: 

Page 5-2588, vol. 9: 

This is a GPL study. Dogs weighed 8-11.2 kg and aged 5-6 months 
at the beginning of the experiment. The drug substance was 
delivered orally in capsules. Control dogs were treated with 
empty capsules. Experimental design is shown in the following 
table. 

Control 

Olopatadine 

o:opatadine 

Olopatadine 

empty capsules 4 

o. 6 , 4 

5 4 

40 4 

4 

4 

4 

4 

During the study period following parameters were observed. 
Mortality, clinical signs, body weight changes, food consumption, 
water intake, ophthalmic changes, EKG, hematology, blood 
chemistry, urine analysis, gross and histological changes were 
monitored. 

Results: 

There was no mortality observed during the treatment period. 
Clinical signs were dryness of mucosa of the oral cavity in the 
control and treated groups. It wa~ considered to be unrelated to 
the trez.tment. Diarrhea, vomiting, sali vat.i.on and hyperemia in 
conjunctiva were also observed in the treated and control groups. 

Body weight gain in male dogs at the end of experiment was 3.38, 
3.80, 1.73, 1.33 kg at O, 0.6, 5 and 40 mg/kg doses, 
respectively. Similarly, the body weight gain in fe~ale animals 
were 3.25, 2.98, 2.45 and 3.33 kg at O, 0.6, 5 and 40 mg/k~ 
doses, respectively. Therefore, male dogs at 5 and 40 mg/kg doses 
showed 49 and 60% reduction in the body weight gain compared to 
the control. The changes in body weight gain was not related to 
the food consumption. 



NOA 20-688 Page 28 

EKG change• at 5 and 40 m<J/kg were noticed in male and female 
doqa during the treatment period and that comprised of an 
elevated R-wava, decrease in the Q-wave and prolongation of the 
P-wave. Some of the changes ware present (R wave changes) 24 
hours after the drug administration. Although the PK data at S 
mg/kg dose is not available, the C.... at 3 mg/kg oral dose was 
about 2212 ng/ml(page 5-7536, vol 23). The limited systemic 
exposure from the topical treatment do•as not suggest any risk to 
the patients on the basis of the precli.nical data. 

At the end of the study, treated animals did not show any drug 
related changes in the hematology parameters. Male dogs showed a 
significant reduction in the nonesterified free fatty acid and 
female dogs showed a decrease in the albumin, A/G ratios at 40 
mg/kg dose at the end of the dosing period. There was no dose 
related trend for the change in the urine. Urine volumes were 
changed in some animals. However, it was considered to be 
incidental. Except for the reduction in weight of ovaries at 40 
mg/kg dose, there was no treatment related trend in the organ 
weight changes. 

Histological examinations showed an increase in the pigmentation 
and inflammation of submandibular lymph nodes at 40 mg/kg in male 
and female dogs. A decrease in colloid in the thyroid at 40 mg/kg 
dose in one out of four dogs was noticed. Interestingly one 
female dog at 40 mg/kg showed focal fibrosis and deposition of 
brown pigment in the heart. 

The data suggest that olopatadine was tolerated at 40 mg/kg. 
Clinical signs of vomiting, diarrhea, conjunctival hyperemia and 
dryness of the of the mouth were observed. However, these changes 
were observed in control dogs also. Male dogs showed loss of body 
weight gain at 40 mg/kg dose. There was no treatment related 
ocular changes following oral administration of the drug. 
Abnormalities in the EKG and histological changes in the heart 
were seen at 5-40 mg/kg doses. 

Fertility study in rats (segment I): 

Page 5-2741, vol. 9: 

The experiment was conducted according to the GLP at 
Male and female Wister rats, 

7-8 weeks of age and 148-185 g body weight were used in the study 
(at the initiation of the experiment). The drug substance was 
dissolved in distilled water or in the case of a higher 
concentration, it was suspended in distilled water. Each group 
had 22 rats/sex. Doses were O, 6, 50 and 400 mg/kg/oral. Male 
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rats were treated for 9 weeks before the mating through the 
mating period. Female rats were dosed 14 days before mating, 
during the mating through day 7 of the gestation. The clinical 
signs, mortality, body weight and food consumption were observed. 
The pregnant dams were sacrificed on gestation day 20 
for examinations of the live and dead fetuses, pre and post 
implantation loss, weight of pups, corpora lutea and number of 
implantation. External examinations of the live fetuses were 
conducted and sex ratios were determined. Pups were sacrificed 
and histological examinations were conducted for abnormalities 
and variations. The male rats were necropsi.ed after confirmation 
of gestation of the corresponding female with whom it was mated. 
Male rats that failed to fertilize female were investigated for 
the sperm activity. 

Results: 

Thre~ males at 400 mg/kg dose died on days 17, 26 and 90 of 
dosing. Males showed mydriasis after the dosage at 6, 50 and 400 
mg/kg immediately after the dosing and lasted for almost two 
hours. Relaxation of scrotum was also noted in some males after 
the second and third doses. Abnormal respiratory sounds were 
noted in male and female rats following the drug administration. 

Body weight gain of male rats was reduced at 400 mg/kg and that 
of female was affected at 400 mg/kg dose before gestation and 
during the gestatio~ period. These data would suggest that 400 
mg/kg had adverse effect to the dams. Food consumption at 400 
mg/kg dose was also decreased in-male and female rats. Necropsy 
data showed that male rats developed dilatation of renal pelvis 
at 400 mg/kg dose. 

Number of fertiln male and female rats was 15 out of 20 (75%) at 
400 rnq/kg dose. rhe data on fetuses obtained after the caesarean 
sections are sh~wn in the following table. 
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t"l&?¥wf.~,'-;1;=:::::::·,:;.f.:::·:-1;:11:;,:·:.·'. ·-: ;.·(»ltttol :: 6.-.· .,. 50 i/:.;······· 490 taq/kg 

# of dams 20 17 21 15 

Mean Implantation 16.1 14.9 15.0 13.7 

% of corp. Lu tea 96.4 91. 3 90.5 87.3 
·- -

Live fetuses(m,f) 157,156 131,107 152,148 99,89 

Total live fetuses 312 238 300 188 

Early death 10 15 11 16 

% death to tot"=4l 45% 64.7% 38.1% 53.3% 

Late death 0 0 3 ., .... 

Corpora lutea 334 278 360 234 -
Body wt. Live 2.9,2.7 3.0,2.7 2.9,2.7 3.0,2.8 
fetuses (m,f) 

Above data suggest that coq:..iora ,lutea and implantation were 
affected in rats following treatment with olopatadine at 400 
mg/kg dose. However, the dose is considered to have maternal 
toxicity. The 400 mg/kg dose also showed a decrease in male 
fertility and a decrease in the body weight gain. On the basis of 
the data it is suggested that at 50 mg/kg dose, a dose at which 
toxicity to dams and male rats was not observed, did not affect 
fertility. 

Teratogenicity study of olopatadine in rats: 

Page 5-2788, vol. 10: 

The study was conducted according to the GLP at _ 
~ Male and female Jcl~Wister 

rats 12 weeks of age weighing 173-350 g at the initiation of the 
experiment was used in the study for copulation. Rats with the 
pre3ence of sperm cells in the vaginal smears were considered to 
be pregnant and used for the teratogenicity assessment. 
Olopatadine was dissolved in the distilled water, the higher 
concentration of the drug was prepared in a suspension form. An 
active control Oxatomide was included in the study as a 
comparator. Oxatomide was suspended in 5% arabic acid. All 
treatments were given hy oral gavage during the day 7 to day 17 
of the gestation period. The control rats received distilled 
water as the vehicle for olopatadine. The study design is shown 
in the following table. 
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cotitiro1 <~i'.1~;,::.:. ·::~* •~zii~·sw1~"·: 200 •olkg 
Distilled 
water 

# rats for 
Caesarean 

# of rats 
for 
Delivery 

---+-~~--~-----+-~~~------~ 
Olopatadine Olopatadine Olopatadine Oxat0midL 

25 25 25 25 

14 14 14 0 

The standard procedure for a segment II teratogenicity study was 
followed and therefore it is not described in the review. 
However, twenty-five rats were sacrificed on day 20 ot the 
gestation for the teratogenicity assessment. Fourteen rats were 
allowed to deliver. These dams were sacrificed on day 22 after 
weaning of pups. 

Mydriasis was observed at 600 mg/kg dose. One rat at 600 mg/kg 
dose group died during the day 8 of the study. Hyperemia and 
congestion of ocular fundus were noticed in one animal each in 
olopatadine treated groups. Abnormal respiratory sound was 
noticed in rats treated at 20Q and 600 mg/kg doses. 

The body weight and food consumption of darns during the gestation 
and lactation periods did not change significantly from the 
untreated controls. Food cnnsumption of oxatomide treated animals 
was reduced during day 9-15 of th~ gestation compared to the 
control. There were several in--:ic..iental gross changes observed in 
the dams that sacrificed a: the end of gestation and lactation. 
However, the changes appeared to be unrelated to the treatment. 
Observations following the caesarean section are presented in the 
following table. 



# of Dams 

Implantations 

Alive (%of Imp) 

Early death 
(% of Imp) 

Late death 
(% o~ Imp) 

B.W., M, F (gm) 
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24 24 22 22 

314 340 308 324 

97 92.8* 93.5* 92.8 

2.9 7.2* 6.3* 7.2 

0 0.3 0 

3.1,2.9 3.i,2.9 3.0,2.e 2.a••, 
2.6** 

24 

354 

81.6** 

15.1** 

3.3** 

2.8**, 
2.6** 

• p< Q • Q 5 I * , 4 < Q • Q 1 

Above data ~~ggest that olopatadine at all doses and Oxatomide 
sustajned an increase in the post implantation loss based on the 
data on the early death. The sponsor sug~ested that the number of 
deaths was within the acceptable, range. However, consistency of 
the finding across the group suggest that it was treatment 
related. The body weight of t~e live fetuses was also decreased 
at 600 mg/kg dose of olopatadine and for Oxatomid~. 

The external anomalies of fetuses showed that cleft palate was 
observed in two pups from two iifferent litters at 60 mg/kg dose. 
In the absence of similar findings at 200 and 600 ~~/kg doses, it 
appears that the finding was incidental. oxatornide t~·eated rats 
showed cleft palate in two pups, syndactyly (webbing between 
adjacent digit) in two pups and edema in 3 pups. The data do not 
suggest that olopatadine treatment induced any external 
a~ ..>malies. 

Skeletal anomali3s were fusion of ribs in two pups from two 
different litters at 600 mg/kg dose. Brachydactyly was observed 
in one pup from rats treated with Oxatomide. The skeletal anomaly 
in olopatadine treated rats did not show any statistical 
significance. However, among th~ skeletal variation, delayed 
occification of metacarpus was noted in 11 pups from 2 litters at 
600 mg/kg dose. A similar finding was noted in the oxatoruide 
treated group. 

Occification of coccy7eal vertebra and sternebrae were also 
observed at 600 mg/k9 dose of olopatadine and in oxatomide 
treated rats. Visceral anomalies were observed at 200 and 600 
mg/kg doses of olopatadine and ox~tomid= and shown in the 
following table. 
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::[<;:~ .•. ~:· ...•••...... <>::: ¢ij~~~~liii:t.I :)!;1:::ili~':!t1%i:(.!:t: .. :·::.:: ·aoo •.·. ·.z·:)· i~oo··•oZ:koD. .:oi•eani:1a•' 
#fetuses 102(24)* 106(24) 97(22) 98(21) 95(23) 

Left 0 0 2(2) 1(1) 0 
umbilical 
artery 

Bilateral 1(1) 
azygos 
vein 

Abnormal 
origin 
artery 
from arch 

Right 
azygos 
vein 

* number of litters 

0 3 ( 3) 4 ( 4) 3(3) 

14 ( 5) 

l ( 1) 2 (2) 

These data suggest that some visceral anomalies were observed at 
200 and 600 mg/kg ~oses of olopatadine. 

For animals that were allowed·to deliver, there was no effect on 
the duration of the preynancy. Viability, survival and 
development of F1 generation were not affected by the treatment. 
The body weight gain in male and female pups in the F1 generation 
was not affected by the treatment. Male rats in the F1 generation 
showed shortening the learning behavior (swimming time) after 
weaning in a dose relat ·j manner. However, the reproductive 
performance of F1 male and female rats was not affected by the 
treatment. 

It is concluded that the highest dose tolerated in the study was 
200 mg/kg. At this dose abnormal respiratory sound was noticed. 
The 600 mg/kg dose is considered to be a maternal toxic dose 
since one rat died during the dosing period. 

At 60 and 200 mg/kg doses, early fetal deaths were noticed that 
was significantly higher than the control group. Although the 
sponsor sugge~ted that the incidences were within the acceptable 
range, tre reviewer suggested that olopatading contributed to the 
post imp.i.antation losses. The comparator drug also showed similar 
findings at a higher proportion. Olopatadine treatment did not 
show any external anomalies. A delayed o3Sification of coccygeal 
vertebra was o~served at 600 mg/k9 dose. The 600 mg/kg dose was 
considered to hav~ mate~nal toxicity and thus does not contribute 
in the determinat~ l of the teratogenic potential of olopatadine. 
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Some visceral anomalies in umbilical artery and azygos vein at 
200 mg/kg dose were observed for pups delivered at caesarean 
section. The F1 generation of rats did not show any serious 
physical abnormalities and mating performance. On the basis of 
the post implantation deaths and visceral abnormalities, 
olopatadine should be considered for pregnancy category C. 

Segment II oral teratogeni.city study of olopatadina in rabbits: 

Page 5-2865, vol. 10: 

The study was conducted at 
according to the GLP. Female rabbits (KBL:JW) were mated with the 
male rabbits from similar strain. At the initiation of pregnancy 
the rabbits weighed 3.77 to 4.55 kg. Based on the preliminary 
experiment, doses chosen were 25, 100 and 400 mg/kg/oral. The 
drug substance was dissolved in distilled water except the high 
dose which was administered as suspensions. All doses were given 
from gestation days 6-18. The control rabbits received distilled 
water. Each group had 17 animals with positive sign of 
copulation. The procedures of the experiment is standard. 
Clinical signs, mortality body weight gain and food consumption 
were monitored during the study. At the end of day 29 of 
gestation, animals were sacrificed to evaluate the uterine 
content, viability of fetuses. External, visceral and skeletal 
examinations of the fetuses were carried out. 

Results: 

At caesarean section, descending of a part of the fetus into the 
vagina was observed at 100 mg/kg dose in one animal. Polypoid 
process of the endometrium was also noticed at this dose. The 
body weight gain and food consumption were not affected by the 
treatment. The litter data following the caesarean section are 
shown in the following table. 
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.. 

too ·.·. 
400·· 

.. :··:·::;f:.·:: ·::·.:' :::~:=::. .. .. · .. 

#of Dams 16 13 15 15 

Mean Impl. 9.7 9.4 7 . 4 7 . 9 

Total fetuses(alive) 137 99 99 98 

Early Death 10.6 16.9 8 . 5 13 . 2 
% Impl. 

Late Death 2.3 5.5 2 3 .., 
4 . 

%Impl. 

Total corpora lutea 206 172 170 168 

Body wt. fetuses 43.3 g 44.47 g 45 . 81 g 47 . 19 g 

Placental wt. s.02 g 5.12 g 5. 44 g 5. 77 g 

The data showerl that number of fetuses alive per litter or as % 
of implantation was reduced in all treatment groups compared to 
the control. How~ver, it was not statistically significant. There 
was an increase in the late death at 400 mg/kg dose compared to 
the control. Body weight of live fetuses were not changed. 
External examinations also did not show any abnormality compared 
to the control. Skeletal abnormality data showed abnormal 
alignment of lumbar vertebra one each at 100 and 400 mg/kg dose. 
However, above changes in the skeleton did not show any 
statistical significance. There was no visceral anomalies 
observed in the F1 pups. On the basis of the data, it is 
concluded that olopatadine did not show teratogenicity up to 400 
mg/kg dose in rabbits. 

Peri- and postnatal davalopmont of fetuses in rats treated with 
olopatadine (segment III) : 

Page 5-2905, vol. 10: 

The study was conducted at ~ 
to the GLP. Male and female rats of SPF jcl:wister strain were 
mated under the laboratory condition. The pregnant rats were 11 
weeks old at the start of mating and weighed 177-214 g on the 
gestation day O. The test substance was dissolved in distilled 
water for injection. In the case of P concentrated preparation, 
i.e., 25 mg/ml or more, the test substance was suspended in 
water. Animals were dosed by oral gavage from gestation day 17 
through post partwn day 21. The design of the experiment is shown 
below. 



Vehicl2 

Olopatadine 

Olopatadine 

Olopatadine 

NDA20-688 

Distilled water 

60 

200 

600 

Number of. 
animals 
26 

26 

26 

26 
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Animals were observed for mortality, body weight gain, food 
consumption, clinical signs, delivery and lactation. The 
gestation period of the F0 animals was noted. At the end of 
lactation day 22, F0 dams were sacrificed, corpor3 lutea and 
number of implantation sites were counted. Number of still 
births, the sex ratio and body weights of F1 pups were noted 
following the delivery. on the day 4 after birth, litters were 
culled to 4 males and 4 females. Where number of pups were less 
thar, 8, all pups were reared. If the number of male or female 
were less than 4, number of animal was adjusted to 8. Among 
these F1 pups, one male and one temale from each litter were 
grown and allowed to mate around week 10. Remaining animals were 
used for skeletal examinations, ref lex development and for organ 
weight determinations. The copuration and fertility index of F1 

generation were determined. Females were necropsied on day 20 of 
the gestation for the examination of corpora lutea, number of 
implantations, fetal death, number of live fetuses, body weight 
of fetuses and external examination. About halt of the fetuses 
were preserved for visceral and skeletal examinations. 

Results: 

Number of pregnant animals in each group were 25 in the control, 
24 in the 60 mg/kg, 24 in 200 mg/kg and 25 in 600 mg/kg dose. 
Mortality was observed at 600 mg/kq dose as shown in the table. 

3 Gestation day 18 

1 Gestation day 19 

1 Postpartum day 9 

1 Postpartum day 11 
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Clinical signs: 

Reddish tear in 2 animals at 200 mg/kg dose observed on days 19 
and 20 of gestation and from days 14-22 postpartum. Blood stained 
urine was observed in one animal on day 8 post partum at 600 
mg/kg dose. Animals that survived at 600 mg/kg dose showed poor 
lactation condition. 

Body weight: 

The body weight gain was reduced compared to the control for rats 
in the treatment group at 600 mg/kg dose from post parturn day 4. 
This loss of weight gain was observed during the administration 
of olopatadine. Body weight gain at 60 mg/kg doses was comparable 
to the control throughout the study. The body weight gain at 200 
mg/kg was reduced slightly f rorn the control from post parturn day 
14. 

Food consumption: 

During the gestation period, food consumption was reduced at 600 
mg/kg dose. The food consumption of F0 rats at 60, 200 and 600 
mg/kg doses were reduced during the lactation period. The 
following table shows the data. 

Mean food consumption (g) during nursing perjod 

1)~$' .5: Day 8 

Control 13.0 32.5 35.2 48.3 54.7 

60 14.0 30.6 31. 6 42.0 45.8* 

200 13.9 28.5 29.2 37.4** 40.1** 

I soo 12.4 20.0•• 21.7** 29.4** 29.0** 

** p<0.01 

Data suggest that the low food consumption impaired the body 
weight gain at 600 mg/kg dose during the nursing pe~iod. Similar 
effect on the food consurnpticn was seen at 200 mg/kg dose fr0m 
post parturition day 15. However, the magnitude of changes in the 
body weight gain at 200 mg/kg dose was smaller than that for 600 
mg/kg. The data clearly suggest that 600 mg/kg dose had maternal 
toxicity and 200 mg/kg dose was tolerJted. 
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Necropsy findings for F0 females: 

Rats treated with 600 mg/kg dose of olopatadine showed atrophy in 
thymus and spleen, hemorrhage of thymus, lungs, stoma~h and 
uterus, hydronephrosis, distension of ureter and bladder, 
lymph node swelling. The result included findings from the dead 
animals also. Caesarean findings: 

\~lil.'~~.t.Pill'.··;);):":''·:·· . ·P<>ntrol 60.·•··· loo •• <> ooo,mgtkq . · .... .... 

# of Dams 25 24 24 21 

Duration of 21. g 21. 9 22 22 
Pregnancy (days) 

Birth to Day 4 

# of New Births 330 322 314 261 

# of still 9/2.6% 5/1.4% 6/ 1. 8 % 3/ 1. 1 % 
births ( % ) 

* of live births 321/91.2 317/91.9 308/91. 4% 258/93.1% 
( % ) % % 

Number of dead 22/6.9% '57/18% 88/28.6% 133/51.6% 

# Live on day 4 93.2% 82% 71.4% 49.4% 

Days 4-22 

#New births 193 172 145 93 
(culling) 

# Dead 2 3 5 11 

.. Weaning 191 169 140 82 

After weaning 

# Breeding 144 129 105 63 

.. of Dead 0 0 0 5 
a.'1imals -tt of live 144 129 105 58 
animals 

Above data clearly suggest that 600 mg/kg dose was toxic for 
delivery and nursing performance of the F0 dams, pre and post 
weaning survival of F1 pups. However, At 60 and 200 mg/kg doses, 
increased death among the weaning pups was also noticed. Based on 
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the data 60 and 200 mg/kg doses should be considered as the toxic 
dose for postnatal development of pups. 

There was no external anomalids observed in the ~ generation. 
Among the surviving pups, delayed opening of vagina was observed 
at 600 mg/kg. Body weight gain of F1 pups at 60 and 200 mg/kg 
doses were reduced from day 14 onwards although it was 
statistically not significant compared to the control group up to 
weaning day 21. Thereafter, a statistically significant decrease 
in the body weight gain was also observed at 60 and 200 mg/kg 
doses. Changes in the body weight gain of F1 pups at 600 mg/kg 
were more severe than the control from postnatal day 4 and 
statistically significant compared to the control. The ~ Pups 
did not show developmental anomalies in series of tests on ref lex 
and swimming activities. There was no treatment related gross 
pathological changes observed in the F1 pups. Relative organ 
weights of spleen, lung, thymus and brain were increased for male 
F1 rats at 600 mg/kg. The relative organ weights of brain, and 
ovary were increased in female F1 rats at 600 mg/kg doses. There 
was no skeletal abnormality observed in the treated F1 rats. Tre 
reproductive performance of F1 generation of rats was not 
affected by the treatment. The ~2 pups were normal. 

Above experiment was repeated at 6 and 20 req/kg doses in ra~s 
(page 5-3227, vol. 11). The food consumption of F0 darns was 
decreased from post partum day 11 at 20 mg/kg dose. Body weight 
gain of F1 pups wus also reduced at 6 and 20 mg/kg doses during 
weaning period. Number of variation in the cervical ribs ~ras 
noted at 20 mg/kg dose. 

In the third study (page 5-3522, vol. 12), body weight gain was 
suppressed in the F1 generation at 4 mg/kg dose. When dams of the 
60 mg/kg dose group nursed F1 pups from the control group, a 
similar effect on the body weight gain was observed. It was 
concluded that olop~tadine was excreted in the breast milk and 
affected the weight gain of F1 pups. At 2 mg/kg dose, toxicity to 
F1 pup.s was not evident. 

Ames test for mutagenicity of olopatadina: 

Page 5-3724, vol. 12: 

The experiment was conducted a 
according to the GLP. The strains of s. Typhirnurium used in the 
s·i..udy were TA 98, TA 100, TA 1535 and TA 1537. The strain of L 
~ used was WP2. The experimer.t was conducted in the presence 
and ab~ence of S-9 liver homogenate. Concentrations used were 
156.25, 312.5, 625 1250, 2500 and 5000 µg/plate in the presence 
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and abseLce of the S-9 fr~ct1on. Positive controls were 2-
nitrofluorene, 9-arninoacridine, N-ethyl-N'-nitro-N­
nitrosoguanidine and 2-arnin0anthracene. Data showed that 
olopatadine did not increase the number of revertant colonies in 
the presence and absence of S-9 up to 5000 ug/plate 
concentration. Therefore, olopatadine is considered to be non­
mutagenic in the Ames assay. 

Chromosomal aberration test in Chinese hamster lunq cell line: 

Page 5-3747, vol. 12: 

The experiment was conducted at the 
according to th~ GLP. Cytotoxicity to the drug was determined 
prior to the selection of doses. The result suggest that 
olopatadine at 1.5, 2.0, 2.5 and 3.0 mM did not show increased 
aberrations at rnetaphase up to 48 hours of incubation in the 
absence of S-9 homogenate. The positive control, MNNG at 2 µg/ml 
concentration showed an increase in the total aberrations when a 
total of 200 cells were scored. Olopatadine also did not show 
chromosomal ab·errations at 5, 6, 7 and 8 rnM concentrations in the 
presence of the S-9 homogenate. ·In the similar experiment, 
benzopyrene at 20 µg/ml showed considerable increase in the 
aberration. These date suggest that olopatadine is not rnutagenic 
in the chromosomal aberration assay. 

Micronucleus test in mice in vivo: 

Page 5-3774, vol. 5: 

The experiment was conducted at ; ~e 
GLP. Male mice six week of age at the time of the procurement 
were used in the study. The body weight of mice was 34.1 to 
40.6 g. Each group had 5 mice. Doses were selected on the r~sis 
of acute toxicity data. The drug substance was given as oral 
suspensions at 10 ml/kg dose. The experimental design is shown in 
the following table. 
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Water 0 1 p.o 

Olopatadine 100 1 p.o 

Olopatadine 200 1 p.o 

Olopatadine 400 1 p.o 

Mitomycin c 3 1 i.p 

Water 0 4 p.o 

Olopatadine 100 4 p.o 

The drug substance was administered once a day except one group 
of animals received 4 doses of 100 mg/kg at 24 hour i~tervals to 
a total dose of 400 mg/kg/day. 

Animals were sacrificed 30 hours after the single dose or 24 
hours after the repeat doses of ,the drug or vehicle. Bone marrow 
cells from the femur were collected and stdined. Two thousand 
polychromatic and 2000 normochromatic erythrocytes were prepared 
per animal for the determination of the increase in micro 
nucleated cells. Olopatadine did not increase percent of 
polychromatic erythrocytes (PCE), micro nucleated polychromatic 
erythrocytes (MNPCE) and micro nucleated normochromatic 
erythrocytes (MNNCE) compared to the control. However, mitomycin 
treatment increased percent of PCE and MNPCE that was 
statistically significant. The data suggest that olopatadine did 
not induce chromosome damage or changes in the spindle function 
in vivo. Therefore, it is not mutagenic in the micronucleus test 
in mice. 

78-waek carcinoqenicity of olopatadina in mice: 

Page 5-3794, vol. 12: 

The study was conducted at 
the GLP. Male and female CD-1 mice were procured from Charles 
River, England for the st.udy. Animals weighed 18-27 g within a 
week after the arrival and were 29-36 days of age at the 
initiation of the treatment. The experimental design is shown in 
the following table. 
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1 Control O 52 52 

2 Olopa tadine 50 52 52 

3 Olopatadine 160 52 52 
-~~~~-.-~~~~~~+-~~~~~....--~~~~~-+~~~~~~~~-

4 Olopa tadine 500 52 52 

In addition to above groups, two satellite groups comprising of 8 
animals/sex were maintained as veterinary control and for the 
purpose of the health monitoring pr0cess. The control animals 
received powdered rodent diet. Th~ tL~atcJ ~nimals received diet 
and drug mixtures .ad l.il2..a. Water wa~ avail~bLe ~d lib. The 
stability and homogeneity of the test material in the diet was 
analyzed in wePks 1, 13, 26, ~2, 65 and 78 at Pharmaco-LSR. The 
food conswnption was determined on weekly basis. The dietary 
concentrations of olopatadine were adjusted weekly for the first 
14 weeks of the treatment and biweekly thereafter so as to 
provide appro~riate dosage. 

The dosages of the study were selected on the basis of a 
preliminary study #91/KKY007/0'120 that showed loss of the body 
weight gain at 600 and 2000 mg/kg doses. 

Animals were inspected twice daily for iL. heal th, mortality and 
weekly for palpable masses. Animals were weighed weekly up to 14 
weeks and biweekly thereafter. The oral dose of the drug was 
calculated weekly from the nominal dietary concentration, food 
consumption and body weight data. 

Differential blood counts were taken form the surviving animals 
at the end of 50 and 77 weeks. Blood samples were also collected 
at the end of week 77 for the RBC, WBC and pla~elet counts, Hb 
levels, mean cell hemoglobin concen~rations and mean red cell 
volume determinations. Bone marrow smears were also prepared at 
the end of necropsy for determining myeloid and erythroid ratios. 
Gross changes, organ weights and histological examinstions of the 
organs were conducted following necropsy ct the end of 78 weeks. 

Results: 

The number of animals with palpable swelling was comparable 
between the control and treated mice. Male mice in the third and 
fourth groups showed skin aberration, swollen and reddening of 
pinna, right forelimb and fast respiration. 
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Mortality of the mice is shewn in the following table. 

78 28 24 27 28 16 22 9 15 

Percent of survival is shown in the following table. 

78 46% 52% 48% 46% 69% 58% 83% 65% 

Two male mice in the control and one male at 500 mg/kg dose died 
by accident during the routine anir .. al husbandry procedures. Above 
data suggest that there was no trend in the treatment related 
mortality. However, a detail statistical analysis of the 
intercur~ent mortality will be provided in the statistical 
review. 

The body weight (gm) of mice are shown i~ the following table. 

M F M F M F M F 

0 25.7 21.3 25.5 21.5 25.7 21.4 25.7 21.3 

N= 52 52 52 52 52 52 52 

78 52 41. 7 50.6 38.2 51 39 53.8 38.9 

N= 22 36 27 30 25 43 23 37 

The weight gain in male mice was comparable for the control and 
treated groups. The weight gain in the female mice was 20.4 g in 
the control and 17.6 g in the high dose group i.e. about 14% less 
than the control. 

Food consumption: 

The food intake in the treated male mice was 7-9% less than the 
control. However, the body weight gain was not affected by the 
food intake in male mice. For female mice, the food intake in the 
group 3 and 4 was 6% less than the control. The data suggest that 
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the body weight changes were independent of the food consumption. 

The dosage achieved in the experiment was 50.6, 161.5 and 500.9 
for the male mice; 50.9, 161.4 und 509.1 for the female mice. The 
data suggest that animals were exposed to the tnrget dose. 

The hematology data at the end of 50 1-1eeks of the treatment 
showed a statistically significant increase in the lymphocyte 
counts in female mice at 500 rng/kg dose. Hematology data at the 
end of week 78 did not show ~ny dose related change in the total 
and differential cell counts in male mice. Changes in the white 
cell and platelet counts in female mice at the end of 77 weeks 
are shown in the following table. 

1. 5.4 3.7 1083 

2. 5.1 3.2 1038 

3. 4.5 3.0 1336" *p<0.05 

4. 4.6 3.3 12 / ' ' + p< 0 . 0 5 

The data suggest that female rats had higher platelet counts than 
the control at 160 and 500 mg/kg doses. 

None of the organ weight data (% of body weight) showed 
statistically significant changes in mal~ and female mice. 

The macroscopic data in mice that died or sacrificed before the 
scheduled necropsy are ~hown in the following table. 
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•:9~;·~·:_:::·~-i1tsi;~1,,.-··:·: .. a~:+; . .- .: .... ~•::,.:., .. :;:::.,.: .. :.,:::..... . 
3 ;--.:\ .. 1<~•-::}:,:: .. :\:f: .• 

........ 4 1 2 3 4 

Male Male Male Male Female F F F 

#Animals 30 25 27 29 1 6 22 9 18 

Thickeneu 5 1 l 0 
uterus 

thickened 6 6 11 
stomach 
wall 

excoriation 6 1 1 3 9 
in skin 

mandibular 4 1 1 1 4 
lymph node 

masses in 0 ~ 0 1 0 0 ('I 2 
th<.; heart 

Macroscopic f1~din~3 at the end pf 78 weeks are shown below: 

:~ans<: 
: 

._gt;::.:~./(: ..•... ·. > .•. ···r ,., .. , 
.· .. ·/. : : : ·~··· 4 •. '·) ? 2 ·~· 3 .... l 2 ... 

.. .•.·· . .... ::::: .;. 

Male Male Male Mal~ Female F F F 

#Animals 22 27 25 23 36 30 43 34 

dark 1 2 6 4 
mescnteric 
lymph 
nodes 

masses in 6 7 4 10 
the liver 

hair loss 20 24 1... 7 12* 
from the 
skin --
thickened 2 6 8 9* 
stomach 
wall 

thickened 10 7 3* 2* 
uterus 

* P<O. 05 
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Above data sugges~ that male mice at 500 mg/kg dose showed most 
of the treatment related macroscopic changes. 

The non-neoplastic histological changes are shown in the 
toll"l-iing table. 

M 

n=52 

Amyloidosis in 
C3rdiac 
ventricles, 7 

A~:teritis, 1 

Mes • lymph node 
hyperpl., o 

Liver Amyloidosis, 
7 

Liver leuko. foci, 
5 

Lung alveolar 
hemor., 4 

Ovary Felli. cystt 

Ovary Amyloidosis 

Prost&te Inflam, O 

Sem. Ves. Inflarn, 
0 

'tstomach glandular 
_ hn.er, 11 

M M 

52 52 

9 8 

0 2 

0 0 

12 5 

0 2 

0 2 

1 1 

0 1 

10 13 

M F F F 

52 52 52 52 

11 6 2 1 

2 1 1 0 

3 0 1 0 

6 5 5 1 

6 8 2 0 

7 3 0 0 
I 

1 2 u 
3 3 1 

4 

3 

16 

F 

52 

8 

2 

0 

8 

15 

3 

4 

5 

Above data sugges~ that nonneoplastic histolo~ical changes in the 
heart, liver, lung,-ovary and prostatr are expected at 500 mg/kg 
dose following ~hronic treatment with olopatadine in mice. 
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The neoplastic findings are shown in the following table. 

Liver 
adenoma 

Liver 
carcino 

ma 

Liver 
care 
and 

adenoma 

52 

8 

2 

10 

52 52 

6 4 

4 1 

10 5 

52 52 52 52 

10 0 0 0 

2 0 1 0 

12 0 1 0 
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52 

0 

0 

0 

The above table show~ the neoplastic changes that occurred wi(h a 
high prevalence in the control and t-reated malti mice during the 
treatment period. Ircidentally none of the above lesions show a 
significant treetment related trend. The bios~Htistics review 
w~'uld elaboratE:! more on the findings. 

It is concluded from the report that olopatadine treatment for 78 
weeks did not show higher mortality due to the treatment. Male 
mice did not show an increase in the lees of weight qaln compared 
to the control. How~ver, female mice showed about 14% loss of 
body weight gain. One of the c.riteria for a valid carcinogenicity 
study is a reduction of the body weight gain by abcut ir~ 
compared to the control. Accordingly, the highest dose used ~n 
the study could be considered ~s the MTD. Olopatadine did not 
show neoplastic changes up to 500 mg/kg (1500 mg/~qm) dose given 
in the diet. It should be noted that the sponsor did not conduct 
histology of all animals at low and raid doses following the 
terminal sacrifice. 

A 104-week carcinOQenic.i ty study of olopatadine in F-34 4 rats: 

Paqe 5-5193. ~ol. 15~ 

The stua~· was conducted a according to the 
GLP. Th3 dosage of the study was selected from a preliminary 
study # 9l/KKY006/0112 at 100, 300 and 1000 m9/kg/day. Male and 
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female F-344 rats procured from the Charles River laboratory, 
Kent, England were used in the study. Animals were 28-35 days old 
at the time of the procurement and weighed 56-90 q. Animals were 
acclimatized for ar.other 5 days before tre experiment. Rats were 
given powered rodent diet and water ad lib. The experimental 
design is shown below. 

1 control 50 50 

2 20 50 50 

3 65 50 50 

4 200 50 so 

In addition to above groups, d group of 10 rats/sex were selected 
as the veterinary control and ~nother batch of 10/sex were 
selected for monitoring health of the animals. The diet and drug 
mixtures were prepared each weeK and quality control of the drug 
was monitored. The mixing equipment used for the preparation of 
the diet was changed from week 34 due to a low dosage level 
achieved in the group 2 rats. The new equipment corrected the 
problem of homogeneity of the drug in the diet mixtures. The 
changes were required on the basis of the observation on week 26 
that the achieved roses in male and female rats were 83 and 87% 
of the intended doses, respectively, for the low dose group. 

The dietary concentration of the drug was adjusted weekly up to 
14 weeks and biweekly thereafter. Animals were inspected twice 
daily for clinical signs. A weekly examination was conducted for 
palpable masses. Body weights of the animals were recorded weekly 
for the first 14 weeks and biweekly thereafter. The food 
consumption was r~corded every week throughout th~ study. The 
dosage achieved was calculated every week on the basis of the 
food consumption and expreosed as mg/kg/day. 

Differential white cell counts were taken after 50 and 76 weeks 
of the treatment. Finally, a complete hematological examination 
was done on week 103 for the surviving animals. At necropsy, 
macroscopical examinations were conducted and organ-weights were 
recorded. Tissues were fixed for histopathological examinations. 
Following tissues were preserved ~ut not processed for 
histological examinations: 

Eye and optic nerve, right 



Harderian glands 
Mammary gland-cranial 
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Salivary gland-submandibular, right 
sciatic nerve, right 

Results: 
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Clinical signs: High incidences of ungroomed coat was observed in 
the dorsal surface of females at 65 mg/kg dose from the week 13 
and at 200 mg/kg dose from week 62 in male rats. A high 
incidences of hair loss was also observed in female rats at 200 
mg/kg during the first 30 weeks of the treatment. Besides the 
changes in the fur, 73 male and 43 female rats from the control 
and the treated groups showed palpable swellings. However, number 
of animals with swellings were almost similar in the control and 
treated groups. The cumulative mortality up to 105-108 weeks 
during the necropsy is shown in the following table. 

To+:al 50 50 50 50 50 50 50 50 

Mortality 25 27 23 13 19 13 9 9 

%surv.1.val 50 4,5 54 7 '1 62 74 82 82 

Above data showed that there was no treatment related mortality. 
However, from the survival data it appears that there were enough 
animals left at the end of the treatment period who had exposure 
to the drug. The mortality rate will be discus~ed in the· 
statistical report. 

The body weight gain in male and female rats was reduced at 200 
mg/kg dose from week 4 of the treatment. The loss of body weight 
gain at the end of the treatment period was statistically 
significant. Following table shows the chcnge in the body weight 
(gtr) between weeks 0 and 104 in male and female rats 



Week 104 

Gain 
1-104 
weeks 

% of 
control 

468 g 442 438 

377 q 352 352 

93 93 
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4M?;';;:'p::: lf./ 

91 8 0 

4 l 0 337 

31 9 258 

85 
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:·>-::···- '2F: ··::·::)f 31' 

82 8 1 

336 32 4 306 

255 24 2 225 

99 94 87 

One of the criteria of a valid carcinogenicity study is the loss 
of weight gain by about 10% in the high dose animals (MTD) . The 
data suggest that the high do5e fulfilled the criteria. There was 
no differences in the food consumption at low and mid doses when 
compared to the control. The food consumption at the high dose 
was 95 and 94% for male and female rats, respectively. The 
decrease in the food consumption at the high dose was consistent. 
It may be possible that the low food consumption contributed to 
the loss of body weight gain at the high dose. The achieved 
dosage was calculated from the food consumption. Data showed the 
achieved dose for male was 19.9, 64.7, 199.7 mg/kg/day and that 
for female rats was 20, 65.2 and 198.3 mg/kg. 

The differential white cell counts did not show any change during 
weeks 50 and 76. However, RBC counts and hemoglobin levels were 
reduced at the end of 103 weeks in all treated male rats, the 
change was not statistically significant. The female rats ~howed 
an increase in the platelet counts that was statistically 
significant. 

The organ weight relativ~ to the body weight was increased for 
kidneys. The weight of kidney was 0.837, 0.944, 0.939 and 0.936 
gm% at control, low, mid and high doses for male r.ats, 
respectively. Data for mid and high doses were statistically 
significant. Similarly the kidney weignt (gm/100 qm body weight) 
was 0.'/66, 0.816, 0.803 and 0.827 in control, low, mid and high 
doses in female rats, respectively. No ether changes were 
statistically significant. 

-

Macroscopic exa.~inations for animals that died or killed before 
the termination of the experiment showed prominent tubules in the 
testes at mid and high doses (1,0,3,4 at cuntrol, low, mid and 
high doses). The incidence at the high done was statistically 
significant. 
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Opaque eyes were observed in male and female rats that were 
sacrificed at the end of the experiment. The incidences were 
increased dose dependently in left and right eyes at low (7M, 
12F), mid (8M, 13F) and high (lOM, 20F) doses compared to the 
control (2M,9F). Prostate at the high dose group appeared small. 
An increase in the staining of the fur was observed in male and 
female rats at the high dose. 

Histological examinations for non-neoplastic lesions in all 
animals showed the presence of keratitis in male and female rats. 
An increased incidences of corneal mineralization was also 
r ·esent in the high dose female rats. Male rats showed an 
increased incidences of dilated glands in the stoma~h and 
interstitial hyperplasia of testes at high dose. The following 
table swnmarizes the non-neoplastic incidences for all animals. 

Kera ti tis, le it eye 2 

Right eye 1 

Cornel 9 
mineralization, 

left eye 

R.i..ght eye 

Dilated glands, 
stomach 

Testes,inter. 
Hyperplasia 

1 

5 

6 

5 6 

4 6 

a 8 

10 8 

3 6 

4 4 

7 1 5 3 

4 7 4 4 

7 10 7 9 

5 6 9 8 

10 4 0 2 

11 

The neoplastic Jbservations for all animals are shown in the 
following table. 

Benign islet cell 
adenoma of pancreas 

Malignant islet cell 
carcinoma of pancreas 

1M . ·:.' 

3 

o-

2M 

0 

0 

3M 

2 4 0 1 0 

1 2 0 0 0 

3 

6 

15 

12 

2 

1 

I a 
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Conclusion: 

A 104-week carcinogenicity study was conducted in F-344 rats at 
20, 65 and 200 mg/kg/day doses given in the diet. Doses were 
selected on the basis of a preliminary study #91/KKYOOti/0112. A 
thirteen-week oral gavagc toxicity study was conducted in Wister 
rats at 6, 25, 100 and 400 mg/kg/day doses. Mortality was 
observed at 400 mg/kg dose. The 100 mg/kg dose was tolerated. 
However, the loss of body weight gain was observed at this dose. 
No remarkable histopathological change was noted at 100 mg/kg 
dose. Considering these data and results of the loss of body 
weight gain in this study, the doses selected for the 104-week 
carcinogenicity study appeared to be adequate to be considered as 
the MTD. The food consumption was reduced by about 5% at the high 
dose in male and female rats. It appears that the drug-diet 
mixtures might have some palatability problem that confounded the 
food intake. If it is so, the maximum dose used in the study can 
also be considered as the MTD since a higher dose than that used 
in th~ study would not be achievable for practical reasons. 

There was no treatment related mortality observed in the study. 
Increased incidences of opaque eyes were reported in the 
macroscopic findings. Keratitis in left and right eyes were 
observed in male and female rats. 

There was an increase in the ~ncidences of benign and malignant 
adenoma and carcinoma, respectively, in the islet cells of the 
pancreas. The statistical trend will be determined in the 
biostatistical review. However, clinical significance of islet 
cell neoplasm cannot be de~ermined in the absence of blood 
chemistry data and the impact on carbohydrate metaboliJm. 

It should be mentioned in this context that the sponsor did not 
conduct histological examinations of tissues of all animals from 
the low and mid dose groups that were sacrificed at the end of 
the experiment. The islet cell carcinoma was coded as 
mineralization of pancreas in the statistical review. 

Preclinical Pharmacokinatics and disposition: 

~ular tissue distribution of radioactiyity following single 
ocular dose oL_0.15% 14C-Olopatadine soluti.Qn. in male N-Z 
xabbjt..s,: Page 5-6979, vol. 21, Report # N-94-113 

The radiolabelled drug substance was prepared in an ophthalmic 
vehicle so as to obtain 1.5 mg/ml (0.15%) concentration of the 
free base. Male New Zealand white rabbits were used in the study. 
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The animals weighed about 2.2 kg and were 70-90 days old at the 
time of dosing. The experimental design is shown below. 

1 1 control 

2 4 0.5 

3 4 1 

4 4 2 

5 4 4 

6 4 6 

7 4 8 

8 4 10 

9 4 24 

Each animal in the treated group, received 30 µL of the test 
solution in the right eye which was equivalent to 45 µq base of 
olopatadine. Animals were sacr.ificed at the appropriate time 
point. Blood samples were collected from each animal including 
the control prior to the sacrifice. Blood and plasma levels of 
the radioactivity was determined. Following tissue samples were 
collected from the dosed and control eyes: 

Aqueous humor, choroid, conjunctiva, cornea, iris-ciliary body, 
lens, vitreous humor and retina. 

All ocular tissues were weighed, radioactivity of the tissue 
samples and fluids were determined by liquid scintillation 
spectrometry. Results were expressed as the µg equivalent of free 
base/gram of the tissue. Following table shows the kinetics of 
distribution of the drug within the ocular tissues and blood. 



Blood 

Plasma 

Aqueous Humor, dosed eyes 

Conjunctiva, dosed eyes 

Cornea, do3ed eyes 

Iris-ciliary body, dosed 
eyes 

Lens, dosed eyes 

Choroid, dosed eyes 

Conjunctiva, cont=ol eyes 

Cornea, control eyes 

NOA 20-688 

c.~~ tµq eq/gl .· 

0.0026 

0.0033 

0.155 

0.398 

1. 85 

0.108 

0.0026 

0.0219 

0.0014 

0.0026 
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T~ (hr)<. T11i (hr) 

0.5 NA 

0.5 1. 3 

1 1. 4 

0.5 1. 9 

0.5 1. 8 

1 1. 4 
i 

~' 

2 q. () 
~--

0.5 0.9 
~-

0 i: ! l\!A . ;;) 
I 

0.5 ···1 N; 
---- _,,i 

Above data suggest that olopatadine mostly distributed to the 
anterior ocular tissues. Most ·af the drug was concentrated in 
conjunctiva! tissues. The distributi0•1 in the posterior oculdr 
tissues of the doses eye was minimal. Also, the contralateral eye 
showed less than 0.0026 µg eq/g of the radio labeled olopataJL11e 
in conjunctiva and cornea. The amount in the conjunctiva and 
cornea in the control eye was almost similar to that in the 
blood. 

To conclude, the data showed that topical application of 45 µg of 
olopatadine in the right eye showed detectable level of the radio 
labeled compound in blood within half hour. Radioactivity in the 
blood and plasma were below the limit of detection after 2 hours 
of dosing. The systemic exposure was limited. Most of the drug is 
distributed in the anterior ocular tissue. The clearance of the 
drug from the lens was slow as evident from the longer half life. 
Otherwise, most of the drug/ radioactivity was disappeared from 
the tissues after the single dose without any accumulation. 

ocular tissue distribution of 11C-olo~atadine following sinql~ 
t.gpical ocular dose of 0.15% ophth9lmic solution to male Dutch 
rabbits. 

Page 5-7051, vol. 21, Protocol N-95-48 (PKDM285): 

Male Dutch rabbits weighing 1.6 kg and 90-12r. days of age used in 
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the study. A single dose of 30 µL of0.15% solution containing 45 
µg of the drug with 1.2 µCi was instilled into the right eye. 
Four rabbits were sacrificed per time point at 0.5, 1, 3, 5, 10 
and 24 hours. Blood, aqueous humor, iris ciliary body, choroid, 
and retina were collected for determining· the radioactivity. Data 
were expressed as the µg equivalent of olopatadine per gm of 
tissues. The distribution of radioactivity is shown in the 
following table. 

Aqueous humor 0 .129 1 1. 6 

Iris-ciliary 0.238 5 12.8 
body 

Retina 0.008 0.5 • .tsLQ 

Chroid 0.055 1 15.6 

Plasma 0.008 1 BLQ 

Above data suggest that the radi'oacti vi ty was rapidly absorbed in 
the ocular tissue. The radioactivity in the plasma, retina and 
ocular tissues of the anterior chamber of Dutch rabbits was 
higher than the N-Z rabbits. The T112 in the pigmented tissues, 
i.e., lCB and choroid were longer. The data suggest that the 
binding of olopatadine in the pigmented rabbit eyes was greater 
and resulted in 10-20 fold increase in the T112 in pigmented 
tissues. Tha comparative study suggest that olopatadina binds 
with melanin pigment. Therefore, the ocular toxicity of 
olopatadine should have been conducted in the Dutch rabbits. 

Plasma PK of olopatadine following sinqle topical dose to the eye 
UL_a single iv dose in rabbits; 

Page 5-7018, vol. 21, Protocol: N-94-121. 

Male N-Z rabbits weighing 2.8 kg and 90-120 days of age were used 
in the study. A single dose of olopatadine ophthalmic solution 
(0.15%} were applied to both eyes at 30 µL volume. The ophthalmic 
solution was also injected intravenously to two separate groups 
of rabbits at 0.1 and 1.0 mg/kg doses. Blood samples were drawn 
at several time points ~p to 48 hours for the pharmacokinetic 
determinations. The assay of olopatadine was done by GC-Mass 
spe~t analysis. The limit of detection was 0.5 ng/ml. The des~gn 
of the experiment is shown below. 



1 

2 

3 

4 
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Control 2 

0.032 mg/kg,topical 4 

0.1 mg/kg, iv 4 
-~~---~---~---

1. 0 mg/kq, iv 4 __________ _._ __ ~~----· ___ .__ _______ __, 

Pagt! 56 

The pharmacokinetic cfo ~· t are pre- .mted in the following table. 

'.'~i,,:~4§;~tt:r!~~.L: .... _;J1-,!.-(n-9-.. -h-r-./-m_1_)-.. -, ..... ,.-1-i~-,:,,-.':.("'"'il-·r:"'"»-::·-f::' :/);. :'""",, -,-,.-....•.. -.-•... ---

0. 1 mg/kg,iv 48.5 0.67 --·-·· .. ·-- -· __ ., ____________ ._,__ ______ -+-------! 
1.0 mq/kg,iv 538 0.6.J 

0.032 mg/kg 12.9 0.81 83 

The clearance, volume of distribution and mean residence time at 
0.1 and 1.0 mg/kg doses were 1.89, 2.10 L/hr/kg; 1.79, 2.06 L/kg 
and 0.57, 0.66 hr, respecti.vely.' 

Above data suggest that olopatadine is highly bioavailable (83%) 
following topical application in eyes in rabbits. However, the 
drug is rapidly cleared from the systemic circulation. 

Plasma concentrations of olopatadine dµring one month ocular 
dosing in rabbits: 

Page 5-7082, vol. 21, Protocol: N-93-156: 

This is an extension of the study report on the one month ocular 
safety of olopatadine in rabbits presented in page 5-0576 vol 4 
of the NOA. 

N-Z white rabbits were used in the study. Ophthalmic solutions of 
olopatadine at 0.1, 0.5 and 1.0% strength were applied topically 
to eyes. In the experimental design for the report it is also 
stated that 0.1% 3nd 0.2% ophthalmic solutions were used. 
Following table shows the experimental design. 
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0.1% 3 4M/4F 

0.2% 4 4M/4F 

0.2% 5 4M/4F 
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1.'reai:lneri.t:>:: •·· ~~~~ .. :-:.,::< Reqil:attn >= <. · · sampl in</ ·· ... ' ·. 
· < <: .,'·.::./::.: ·clays · · .. 

QID 

QID 

HID (six 
timesJ 

days 
27 

days 
27 

days 
27 

1, 16, 

1, 16, 

1, 16, 

Animals in the q.i.d groups received two drops of the drug 
solution in the right eye at 8 AM, 11 AM, 1 PM and 4 PM. Animals 
in the HID group two more doses were given at 9:30 and 2:30 PM. 
The objective of two additional doses was to determine dose 
proportionality of the PK parameters. Blood samples were taken at 
several time points on days 1, 16 and 27. Plasma levels of 
olopatadine was determined by GC/Mass spect analysis with the 
limit of detection of 0.5 ng/ml. Plasma trough levels were 
determined from the sample that ,was collected ten minutes before 
8 AM. The samples for the peak plasma levels were collected 30 
minutes after the 4 PM dose. following table shows the PK data. 

0.1%qid below 1.75 BLQ 
Limit(BLQ) 

0.2%qid BLQ 3.71 0.37 

0.2%hid BLQ 3.37 0.36 

1.00 

2.14 

2.22 

BLQ 

0.48 

0.75 

0.97 
ng/rnl 

1.87 
ng/ml 

1.90 
ng/ml 

The data suggest that following multiple topical dosing, 
olopatadine was detected in the plasma at 0.1% concentration 2 
drops 4 times a day schedule. The peak levels were increased with 
doses. However, any increase in the doses from the-q.i.d. dose of 
8 drops a day of 0.2% ophthalmic solution did not increase the 
peak plasma levels. Therefore, a steady state ayatarnic exposure 
to olopatadine was achieved following multiple dosing for one 
month in rabbits. The steady state was observed on the clay 16 
data as shown above. 
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Plasma olopatadin~ leyels in rabbit~ tgllowing six month O.I.D. 
topical doses in rabbit eyes. 

Page 5-7100, vol. 21, protocol N-94-06: 

This report is an extension of the six-month ocular toxicity 
report described in page 5-0872,vol 5. The report has been 
reviewed under the toxicity section and details of the 
experimental design has been discussed above. Following table 
shows the experimental design for the PK portion of the study. 
Two drops were instilled into the right eyes four times a day for 
each animal as shown in the following table. 

0.1% 3 q.i.d. 4M,4F days 
1,45,181 

0.5% 4 q.i.d. 4M,4F days 
1,45,181 

1.0% 5 q.i.d. 4M, 4F days 1, 45, 
181 

Plasma samples were analyzed by GC/Mass spect with a limit of 
detection at 0.5 ng/ml. Following table provides the data. 

--
0.1% BLQ 2.05 
q.i.d. 

0.5% BLQ 4.67 
q.i.d .. 

1.0% BLO 11.6 
q.i.d. 

Bt.O •below ll~lt ot det.ctlon 

BLQ 1. 53 

1. 42 6.99 

3. 25 10.C 

BLQ 

1. 63 

3.70 

j_. 35 
ng/ml 

3.68 

9.48 

The above data show that repeated topical dosing of olo~atadine 
in rabbit eyes provide a systemic exposure dose dapendently. 
However, 0.1% q.i.d. dose cleared faster than the high dose that 
resulted a insignificant trough concPntrat~on in the plasma. 
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flasma concentrations of olopatadine follQwin~ topical dosing in 
the monkey eyes for six month. 

Page 5-7118, vol. 21, Protocol N-94-172 

The toxicity of olopatadine following ocular administration has 
been reviewed above. The study design is shown below. 

0.1% ophtl. Soln 3 4M/4F q.i.d. 1,45,90 and 
181 

0.2% 4 4M/4F q.i.d. 1,45,90 and 
181 t----------------t~~---1~~--~-t---~~----t-------~--~ 

0.5% 5 4M/4F q.i.d. 1,45,90 and 
181 

Two drops were given into the right eyes. Blood samples were 
drawn before the 8 A.M. dose and 30 minutes after the 3 PM dose 
for the trough and peak levels, respectively. Plasma assay of 
olopatadine was condu=ted by GC/MS at the quantitation limit of 
0. 5 ng/ml. 

The plasma half-life of olopatadine in monkey has been reported 
to be about 10 hours. 

The 18 hour trough and the 30 •: "1 peak levels (ng/ml) are shown 
in the table below. 
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;Gtolfl~~·!i'~ ff•iiiJ\ow:i ttQught · day l Day 45 Day 90 l)ay 181-- ---~ . 

0.1%,q.i BLQ BLO BI,Q BI.Q 
. d. 

0.2%, BLO BLQ BLO 0.584 
q.i.d. 

0.5%,q.i BLQ 1. 04 1.23 l • 46 
• d. 

30 min peak levels 

0.1% 1 .64 1. 53 l. 91 1 .79 

0.2% 2.48 3.17 3.12 2.81 

0.5% 6, 75 7.80 8.64 7.21 

BLO • blow the level of detection. 

Above data showed that up to 0.2% q.i.d. do5e (two drops in the 
right eye), there was no systemi~ accumulation of olopatadine in 
monkeys. The peak levels were consistent and were dose 
proportionate. However, the clearance rate was possibly high, 
that resulted in a undetectable trough level. It can be concluded 
that olopatadine ophthalmic solution (0.1-0.5%) is bioavailable 
in monkeys on repeated dosing. 

Disposition of olopatadioe in monkeys; 

Page 5-7564, vol. 23, report 052305700995: 

Male crab eating monkeys (macaques) were given single 1 mq/kg iv 
or oral doses. Plasma and urine levels of olopatadine were 
determined. After the oral dose, absorption of olopatadine was 
rapid and within 1.67 hours. The elimination took place in two 
phases. Half-life was 12.4 hours and bioavailability was 102%. 
About 40% of the drug was eliminated unchanoed in the urine. 
About 50% of the dru-J was eliminated unchanged in the urine after 
the iv dose. 

AbsotRUon. distribution and excretion ot 14C-olopotodine in 
rats; 

P3qe 5-7136, vol. 22, Report H 043:38570:0995: 

In male Wister rats, 7 weeks old were given oral or iv injection 
of 14C-olopatadin~ at 1 mg/kg dose. Blood, tissues, urine and 
feces were collected for the determination ot radioactivity. 
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The radio tracer was absorbed rApidly (92%) att&r oral dosinq. 
The plasma c ... of radioactivity was 209 nq.eq./ml at 0.5 hr. The 
AUC~. was 1216 ng.eq.hr/ml. The elimination half life was 16.B hr 
and biphasic. 

The plasma level of radioactivity a!ter iv dose of l m9/k9 was 
994 ng.eq/ml within 3 mins. The A.UC0~. was 2415 n9eq.hr/ml, 
elimination was triphasic, Tl/2 was 34.2 hr. 

Plasma and whole blood radioactivity was almost 3imilar. 
Most of the radioactivity trom tissues were eliminated within 
e~24 hour of dosing. Mass balance study showed 97 and 95% 
excretion of the radioactivity. Most of the radioactivity was 
eliminated in the urine and feces. The radioactivity excreted in 
the feces was about 10~ higher than th• urine aampl••· Th@ radio 
labeled Olopatadine showed 30\ onte~ohe~atic circulation. 

The above study was repeated in male and female Wister rats (se~ 
page S-7199, vol. 22). The data su99est that plasma AUC ~-of 
radioactivity in male rats was 1215.9 ng.eq.hr/ml vrs 1437.S in 
tho female rats at l mQ/kQ o~Al dose. The differences were 
statistically mi9ni!icant. Ba•ad on tha data, one can anticipate 
~reater toxicity in female rats compared to th• mal• rats at 
equal dose. 

The site of absorption of 14C-olopatadin~ was inveati;ated in the 
male Wister rats (paoe 5-7222, vol. 22). Th• data auq;eat that 
the ab~orption of radioactivity at l mg/kg dose of olopatadine 
was 88% from th• jejunum, 57% from duodenum, 49\ tram the ileum 
and 6\ trom the stomach. The data sugg@st that most or the 
3b~orption took place trom the small intestine after an oral 
dose. 

CompAti:JQll of PK p1t1m1t1ra At 1 And 2!l mg/kWtil d,gse of 1 ~.c..=. 
glo.potodine in mole Wister ,atai 

Page 5-7247, vol. 22, Report # 054-385700995: 

The plasma data normalized to the dose prasented in the tollowinQ 
table. 
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Blood 
1 mg/kg/orftl ng.eq/ml/m9/kq 208 187.9 

25 mi;i/kQ/oral 257.6 263.3 

AUC/dosft 

1 mg/kg/oral nq.eq.hr/ml/mQ/ko 1077-8 843.l 

2!> m9/kq/oral 961.0 Not calculated 

The sertm unbound traction was 30-39~ at 1 mg/kg dose between 
o.5-4 houre. The unbound traction wa~ 28-38\ between 0,5-4 hours 
at 25 mg/kg dos~. Tha dala su~Q~st that olopatadine had liner 
kinetics within the dose rnnge ~tudi~d. 

Urinary ond bilL,ar~ metabplitui QL glQk"tadin1 in Wi1t1r rats; 

~aQe S-2402, 5-6920, vol. 22; ReportH 044385700995 and 
045385700995: 

Male Wister rats were given a oral don~ ot olopatadin@ at 50 
mg/kq dose in bile cannulated rats. Bile and urine samples were 
eoll•~ted over 24 hours for the identification or met,boliteB, 

The data suqgeat that M4 • sulphate conjugate ot B hydroxy 
olopatodlne1 M, •hydroxy derivative (minor), M, •oxidized 
metabolite (minor); M1 •mono deo methyl olopatadine; UD •parent 
drUQ! M, • olopatadine N oxide wer• detected in the bile. 

Th• 0-24 hour urine sampl@s show@d unchanQed druQ ~nd a =mall 
amount of M, metabolit•. 

Above data sug9es t that unchlSnCJed dntQ and metabol i tea were 
exc..:utled in lhe bile and urine in rcat&, 

pi1pp.5ition Of 14t;.-olppt;ttodina in rota And dpgn; 

PaQe 5-7456, vol 22, Report: 06638570099~: 

Plasma, bile and urine samples ot rats (strain not mentionffd), 
plaama and urine samples ot doga (strain not m~ntioned)were 
collected a!ttir 1 mg/kg/oral dose of olupat~dine. The p~rcent of 
metabolites are shown below. 
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olopatad.ine N·oxide 
(MJ) 

Rat plasma 5.9\ 79.9% ND 

Dog Plu1ma 3.5% 58.4% 4 . 1 y, 

Rat Urine (0-24hr) 1),7\ 67\ ND 

Dm1 Urine (0-24hr) 5.8% 68% 2.2% 

Rat Bile 8.4\ 12.2% ND 

NO•r1ot detected 

1\hove d11tn UUCJIJest that most of the olopatadine Wll! excreted 
unchanqed in the urin~ and two minor metabolites M1 and M1 were 
excreted in the urine and feces after l mg/kg doaa. 

pi1po1ition gt olgpat4din1 io mole Winter rot.A.l, 

PaQe 5-7481, vol. 22, Report 04638570099~: , 

A comparative PK study was conducted Mt l mQ/kg iv do•• and o.J, 
1 and 3 my/k9 oral do~es of olopat4din~ (ali single doses). The 
data suQgest that olopatadino was rapidly absorbud attar oral 
do~i~9. The elimination half lite was between 6-7 hours. The 
pharmacokinetics data at 0.3 - 3 mq/k9 wa~ linear. The oral 
bioavailability was about 61 -74~. 

wAUQOt differencea in the kineU..r.= of ologatadine in Wister rot1L 

P~Q~ 5-7510, vol. 23 and ~eport 055Jq570099S: 

Male and female rats ware Qiven sinqle dose ot lmg/kg either by 
nrnl or iv rout@. PK p~ramete~s were anAlysed. AUC 0-• in mal3 
rat8 was 431 ng.hr/ml and that of fe~ale was 542 ng.hr/ml. The 
bioavailability was 60 and 73.J~, in male and female 
respectively. The data were stat18tically si~niticant. It can be 
concluded that olopatadine ~'~ mur~ bioav8ilable in female rats 
rompared to the male rats. 

A rAdio-tracer study was conr ~tad in lactatinq Wiater ratw (Pa9e 
5-7282, vol. 22, Report 062J5S7u09~5). Results ot the study 
showed that moat o~ th• "&rent drug 15 excreted in the milk from 
the l1ctatinq rats at 1 ftl~/Y.Q c.n·al dose. The c,.. .. ot olopatadine 
in the plasma and~~·~ ~r~ 339 ~nd 285 n9/ml, reap•ctively. 
suckl inQ rats from tr1e l.o!.ed lactatinQ females also showed 
radioactivity in th'! plasma. Thb dtsta au~gest that olopatadine is 
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excreted in the milk and transferred to the nursing pups. 

Etf1u;;t. ~f ol0wat51dine on hra;rntic metobqlizin.g_ enz~mes in f.gmale 
z;;sta. 

Page 5- 7 64 7, vol . 2 J, report #05938 570099'.1: 

The effect of olopatadine in hepatic enzymes was i11vestig~ted in 
female Spraque-Dawley rats. Rats were treated orally at 0.1, 1.0 
and 25 mq/kq for 7 days. Olopatadine did not change the wei~ht of 
liver, micro~omal prot~in, CYP-450 and several druQ metaboli:inQ 
enzymes. It was cC>ncluded that olopatadine does not atfcct 
hepatic drug metabolizinr;i onzyn1es up to 25 mg/kg otal dose for 7 
days. 

In a separate study (page 5-7675, vol. 2l) in male Winter rats 
renal clearance ot olopatadin.: was inveetigated. The data suggest 
that olopatadine was tilter~d in the glommrular bed and also 
involve in the tubular secretion. The effAct supports higher 
excr~tion of ulopatadine in th~ urine. 

Hepatic clearance o! olopatadine waB 11.1 ml/min/kQ compared to 
t~~ total cl~~rance of 17.9 ml/rnin/kQ after 0.2 mQ/kg iv 
L.jectlon in malf!l Wister rats· (page 5-7694, vol. 23), 

IxAns! .. r Qf....Q.logetAdJ.ne ta t&tusea J.o theu g_r_Jl,gnant rats.:.. 

Page 5-7318, vol. 22, Rflport: 061385700995: 

Pregnant Wister rats were given oral doses of 14C-olopatad1ne on 
gestation day 12 and 19th. Blood and plasma levels of 
radioactivity were determined at several time points on Qestation 
days 12 and 19. Two fetuses were removed from each animal on day 
12 and 19 ot Qestation. Fetol blood and liBsue samplas wore 
collected tor ~etermining the radioactlvity. 

There was no statistically siqniticant differences in the PK 
pdrameters in the blood and plasma from pregnant r.·ats on days 12 
and 19 of qestati on. However, plasma exposur~s \AtJC 0-•) of 
radioactivity ot the pregnant rat~ at 1 mg/kq dose levels were 
higher compared to that of previously conducted male rats (page 
5-7171 vol 22) as ehown in the followinQ table. 
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.... _ ... _ ...... 

""w::..-.::f..,1>'·-- .. 
.. "i'i Plasma 1'UC Blood AUC,ng.eq.hr/ml ~· --..---. 

·~ 

.. 

Male 1215 936 

Pregnant, day 12 1792 14 so 
Pregnftnt, day 19 2219 2069 

The data suqqest that the clearance of the radioactivitv in 
pre9nant animals was slow. Most of the radioactivity in the 
maternal tis~uen were detected in the liver and kidney up to 4 
hours poBt dose and reduced considerably at 24 hours. 

FollowinQ table shows lhe distribution of radioactivity in the 
maternal blood, amniotic fluid and fetus on days 12 and 19 of the 
ge5tation. 

Dlyst'!?· · -· ·=·.,·-1~-· .... .Maternal blood Amniotic f.luid Fetus . 

day 12, 0.5 hr 284 ng.eq/rnl or gm 4 (). 3 61. 2 - -
Day 12, 4 hr 85.5 

I 
16.0 23.2 

Day 19, 0.5 hr 402.2 7.5 107 

Day 19, 4 hr 127.2 46.3 64.8 --·---
The data suggest that olopatadine or its metabolites crossed the 
placental barrier in pregnant rats. The data was confirmed by an 
imaging techniqua in a separate study as presented in page 5-
7351, vol. 22. 

Disposition of olocPotadtil.CJ., ab:!Orption and excretion of Hc­
adiooct1..Yt: ~)l.!G..tad1ne .a!tt:..t. oral do:]ing in dogs. 

Page 5-717R, vol_ 2?, 0~338570099~1: 

Male beagle dogs weighing 10-11 kg and 10 months of age were 
used. Animals were qi 11en 14C-o lopatadine at l mq/kg/oral dose. 
Blood samples were collected at ceveral time points tor PK 
analysis. In yiyo protein binding and excretion ot" radioactivity 
were determined. Pharmacokinetic parameters in the blood and 
plasma are shown below. 
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Parameter·;~F .. ,;. -'- Units Plasma Blood 

T ... hr 1.13 1. 13 -
c ... ng.eq/ml 723 661 -
Tiu hr NC NC 

AUC O·t ng.eq.hr/ml 3483 2837 

The perc~nt of unbound radioactivity varied from 43-46%, 
Radloactivity was al~o distributerl in the red cell. About 96% ot 
the radioactivity was excreted within 168 hours. About 74% of the 
radioactivity was excreted in the urine and 23% in the f~ces. 

It can be concluded that olopatadine was rapidly absorhPd after 
oral dosing in. dogs and did not accumulate toliowing 
administration of single dose of 1 mg/kg/oral. 

In a separate experiment (page 5-7536, vol. 23), pharmacokinetic 
parameters ot olopatadine were d~termined in male beagle dogs at 
1 mg/kg iv dose and 0.3, 1, and 3 mg/kg oral doses( all doses 
were single-dose) . Data suggest 'that olopatadine was rapidly 
absorbed after oral administration within one hour.. The Cmax at 
0.3, 1.0 and 3.0 mg/kg doses ~ere 291, 808 and 2212 ng/ml of 
plasma, respectively. ThP. plasma exposure ~ds dose proportionate. 
The elimination wa~ biphasic. The elimination half life was 6-8 
hours. Bioavailability was 83-81%. 
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Cpmparison pf olopatadine metabolites in rats. dogs, mpnk™.Jmd 
humans. 

Page 5-6940, vol 21: 

Per~ent of metabolites and olopatadine in several species 

.ipeoie• Dose Sample:s 
·---... -
-~:;.---. 

Rat Oral 1 mg/kg Plasma 5.9 79.9 ND 
t--~-------+---------+-~·,--~-+-~~--

Dog Oral 1 mg/kg Plasma 3.5 58.4 4.1 

Rat Oral 1 mq/kg Urin~ 9.7 67 ND 
~~-+--·-----~-+-~~----+-~~---4 

Dog Oral 1 mg/kg urine 5.8 68 2.2 

Monkey oral 1 mg/kg Urine NA 39.6 NA 
t--~----+------~--+-----~~1--~------t-------,--...-~------1------~--1 

Monkey IV 1 mg/ kg Urine NA 50. 1 NA 

Hllman Oral 5 mg Urine 0.6 68.4 4.1 

Human Oral 10 mg Urine 1.1 71.7 2.3 
1--~~~--+~~-----+-~~~~+--------·-'"""1-~~----...----------...... ~~~--. 

Human Oral 10 mg Urine 0.2 62.9 2.1 

Human Oral 20 mg Urine 1.3 73.4 2.1 

Human Oral 40 mg Ur.ine 0.9 62.2 3.2 

Human Oral 80 mg Urine 0.8 58.7 3.1 

Rat Oral 1 mg/kg Bile 8.4 12.2 ND 

ND .. Not detected, NA = Not analyzed. 

These data su99e~t that olopatadine is excreted unchanged in 
urine. Two minor metabolites were also detected i.e. 
Monodesmethyl (M 1 ) and N-Oxide (M 1 ). Metabolic profiles in the 
species studied were same. 
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Protein bindiug in human. rat, guinea-Dig and d~ :Jera in vitro: 

Page 5-7596, vol. 23, 069385700995: 

At 10 µg/ml protein binding was 54-61% in all species. The 
binding was determined by equilibrium dialysis of 14 c­
olopatadine. Binding to human albumin was 36-44% at 0.1-lOOOµg/rnl 
concentr.atiori. The binding of olopatadine to 4% human serum 
albumin was unaffected by warferin, diazepam or digitoxin. 

Effect of pH for in vitro protein binding gt olopatadJ.ne j.n 
human. z.at. .and hnvinc serum albumin.:. 

P:tge 5-7613, vol 23, report# 0703857009~J5: 

At pH 6, 7 and B the in vitro protein binding of 14C-olopatadine 
was investigated. The unbound fraction of olopatadine was 
increased from 49-59% with the increase in pH in human serum 
albumin. The amount of unbound fraction in bovine serum albumin 
was decreased with the increase in pH. Therefore, high affinlty 
binding was decreased in human serum albumin with the increase in 
the pH and that for bovine serum albumin v:as increased. Free 
fatty acid interfered with the binding of rat serum albumin. 

Summary and Diacus&ion : 

Olopatadine is a non-sedative autihistamine that hlocks H1 
receptors competit1vely and possesses anti-allery1r activities. 
It also inhibits tile release of histamine, PGD2 and tryptase from 
mast cells. sever~1l in vivo and in vitro experiments were 
conducted to demo11strate its pharmacodynamic properties. 
Olopatadine inhibited the allergic response to guinea-pig eyes ih 
vivo. The ED.,0 for inhibition of the conjunctival permeability 
changes was 0.017 and 0.0067% for topical and i.v. route5, 
respectively. The anti-eille1gic..; lt!~pun5~ wc:t~ observed within 30 
minutes and sustained for 4-8 hours. T~e anti-allergic response 
was also demonstrated by the inhibition of allergic bronchospasm 
in passively sensitized guinea-pigs at 0.011 to 0.05 mg/kg doses. 
However, a dose of 12.1 mg/kg/oral was necessary for preventing 
the bronchospasctic effect in actively s@nsitized guinea-pigs. 
Olopatadine inhibited passive cutaneous anaphylaxis at 0.11 
mg/kg/oral doses in rats. 

olopatadine showed in vivo antihistami·.ic activity in guinea-pig 
eyes at 0.002% concentration when applied topically. The 0.1 and 
0.2% clinical formulations also showed antihi~tarninic effect in 
guinea-pigs when applied topically. Histamine-induced 
bronchoconstriction in guinea-pigs, capillary permeability and 
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paw edema in rats were inhibited at 3-100 µg/ml/i.v and 0.014 
mg/kg/oral doses, respectively. The effect of olopatadine in 
LT~-induced smooth muscle contractions was not inhibited at 
concentrations between lo~• and l. 4X 1 o·• M in vitro. It did not 
show lipoxygenase. inhibitory activity up to 100 µM 
concentr.ations. Olopatadine showed about 26'! inhibit.ion of PG 
cyclooxygenase (PGCO) at 100 µM concentration. Considering the 
single clinical dose to be 2 drops of 0.1% ophthalmic solution in 
each eye, it is equivalent to about 100 µg of olopatadine. 
Therefore, it is expected that olopatadine would inhibit PGCO 
at the clinical dose. considering the fact that olopatadine does 
not inhibits the release of other known mediators from the mast 
cells, it is better to define its action as an antiallergic 
rather than that of a ma~~ cell stabilizer. 

In an in vivo experiment, olopatadine did not inhibit PAF or 
serotonin induced vascular permeability in rat conjunctiva at 
0.01% concentration (20 µL) applied topically. 

The anti-allergic and antihistaminic responses were validaterl in 
several in vitro experiments. Olopatadine inhibited the histamin~ 
and PGD2 release in passively sensitized rat bas~phil cells at 
559 to 736 µM concentrations. The antigen induced smooth muscle 
contractions were inhibited at 5.84X10-~ M. The K1 for inhibition 
of 1H-pyrilamine bindinq in the guinea-pig lung and tracheal 
smooth muscle was between 16-45 nM. Olopatadine also inhibited H1 
receptor transduction at 9.5 to 39.5 nM in human conjunctiva! 
epithelial, human corneal fibroblast and in human trabec:ular 
cells. 

The in vitro binding studies suggest that olopatadine possesses 
some affinity to 5-HT2 receptors. The ratio of IC~0 for the 5-HT2 
and 1! 1 receptor will be about 20-100 folds. On the basis of the 
:w1 .. ,~tivity it is concluded that the pharmacodynamic response of 
olupatadine will b@ prim~rily due to the antihistaminic and anti 
allergic responses. Olopatadine did not show local anesthetic 
activity in the guinea-pig corneal reflex experiments. It sh~uld 
be mentioned in this context that several antihistaminic shares 
local anesthetic and anti muscarinic properties. The metabolites 
of olopat~dine N--mono-demethyl and N-di-demethyl olopatadine also 
showed a competitive displacement of radioligand in guinea-piy 
cerebellum and lung tissues. The K1 values were approximately 
halt or less than that for olopatadine. However, these 
metabolit~s do not constitute as the major metabolites and their 
contributions to the efficacy is considered to be minimal. 

Its CNS effect was not evident at doses lower tha~ 300 mg/kg/oral 
in mice. Acute clinical sign of the increase in the respiratory 
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rate and occasional vomiting was ob~erved at JOO and 30 
mg/kg/oral doses in mice and cats, respectively. Olopatadine 
showed antihypertensive effect in dogs. However, several 
antihistaminic showed hypotensive response upon i.v. injections. 
Topical application of olopatadine in eyes did not show ocular 
discomfort and irritation inunediately after the dosing in 
rabbits. 

Above data suggest that olopatadine is a 1->otent antihistaminic 
and antiallergic druq without sedative effect. The mode of action 
is through the end organ blockade on H1 receptor and inhibition 
of histamine release from the inflammatory cells. Olopatadine 
snowed weak inhibition of cyclooxygenase and without 5-
lipoxygenase inhibitory activity in vitro at concentrations that 
denonstrated antihistaminic and antiallergic responses. Based on 
these facts the produr.t should be considered as an antiallergic 
compound rather than a ~ast cell stabilizer. 

In vivo ocular toxicity study in N-Z rabbits at 0.15, 0.5 and 
1.0% olopatadine did not show ocular and systemic toxicity at the 
end of six months. 

Olopatadine was given to male and female monkeys at 0.1, 0.2 and 
0.5% ophthalmic solutions q.i .. d. for six months. The treatment 
di'J not show sign of toxicity to eyes and other or9ans. The mean 
plasma con~ertrations of olopatadine was 7.60 ng/ml at 0.5% and 
it was bioavailable in a dose dependent manner. However, the 
trough levels were not high enough for systemic toxicities. 

Acute toxicity of olopatadine was investigaterl in mice. The LDso 
was 1.15 g/kg/or.al in male and 1.83 g/kg/oral in female mice. 
Clinical signs were reduction in the spontaneous activity, 
abnormal gait, tremors, convulsions, hypothermia and dyspnea. 
Ocular toxicity was mydriasis and inflamed eyelids. ~he target 
organ of toxicity was kidney. 

The data on acute toxicity of rats following oral and i.v dcses 
showed kidney toxicity associated with hydronepnrosis and 
papillary necrosis, rnydriasis, hemorrhage and vasodilatation in 
the iris and lacrimation in eyes. Peripheral irritation is 
expected due to the fact that some of the animals showed writhing 
movement after oral dosing. The LD50 for rats was more than 
5 Q/kg/oral for male rats, 3.87 g/kg/oral for female rats, 127.5 
mg/kg/i.v for male rats and 142.8 mg/kg/i.v for female rats. 

Data for the one month toxicity study in rats showed enl~rgement 
of liver, hem0!"rhage in the kidnPy and eyeballs at 600 mg/kq/oral 
dose. There was no mortality reported at this dose. 
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A three month oral gavage study was undertaken in Wister rats at 
6, 25, 100 and 400 met/kg d0ses. The result of the study showed 
that 4 out of 15 female rats died during the study at 400 mg/kg 
dose possibly from the congestion in lungs and degenaration of 
the alveolar wall. The loss of body weight gain was observed at 
400 mg/kg dose in male and female rats. Mydriasis was observed as 
the sign of toxicity at 400 mg/kg. Histaloqy data showed 
degenarative changes in the myocardium at 400 mg/kg dose in mi:1l f' 

and female rats. On the basis of the data a dose of 100 mg/kg was 
chosen for tt 1 one year study. Report of the one year study up to 
100 mg/kg dose sugqest that the dose was tolerated. However, 
reqeneration o! tuuular epithelia of kidney and interstitial 
myocarditis were noted in male and female rat~ when treated for 
one year.· Biological siqni f icance ot the t inding is not 
understood. Mydriasis was also noted in rats treated at 10-100 
mg/kg for one year. Labored breathing and congestion of lungs 
were noted in several studies in rats. The sponsor indicated that 
the changes could have been due to irritation of larhyngeal 
mucosa induced by the drug substance. 

Olopatadine was tolerated up to 150 mg/kg i.v. and 5 g/kq per 
oral in beagle dogs in the acute toxicity study. Clinical signs 
were vomitinq, hypothermia, convulsions, mydria.sis, protrusion of 
the nictitatin9 membrane and abnormal EKG. The activity of CPK 
and LOH wa~ increased. This may ~eflect ischemia of the heart. 
However, there was no histological changes in the heart in 
animals sacrificed on day 14 after the single dose. It is 
intere5ting to note that kidney was the target organ of toxicity 
in rodents, however, in dogs heart may be the target organ of 
toxicity following acute overdoses. 

olopatadine was tolerated at 40 mg/kg/oral dose in beagle dogs 
for three months. At 160 mg/kg dose mortality was observed. 
Clinicdl signs of toxicity were vomiting, conjunctiva! hyperemia, 
anorexia and mydriasis. EKG abnormality at 160 mg/kg dose and a 
~ingls incidence of primary A~V block wa~ noted ~t 10 mg/kg. 
Histology data showed clarified cytoplasm of tubular epithelia of 
kidney at 160 mg/kg in female dogs. Based on these data, 10-40 
mg/kg/oral dose seems to be chosen as th1 highest dose tor a 
chronic toxicity study. When the treatment waR extended to one 
year at 0.6, 5 and 40 mg/kg doses, abnormality in the EKG (male 
and fem(. le) and fibrosis of the heart ( one out of 4 ·emale at 40 
mg/kg) were observed at S-40 mg/kg doses. Male dogs showed loss 
or body weight gain at 40 mg/kg dose. H(.;wever, there was no 
treatment related ocular changes ob3erved following the systemic 
delivery of olopntadine. 
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In male and female rats, olopa~adine did not attect fertility al 
50 mg/kg/oral dose (seg I study). At higher dose maternal 
toxicity and a decrease in tho body weight gain was observ~J 111 

male and fe~ale animals. Fertility to male and female rats was 
"'lso affected :it 400 mg/kg dose. The segment II teratogenicity 
data in rats s~1owed that olopatadine treated i .tts had higher 
incidences of po~;t imµlantation loss and visceral crnom<ilit-!:.> at 
200 mg/kq dose. A segment (Ill) reproductivt" toxicity was 
conducted in rats at 60, 200 and 600 mg/kg/oral doses. The 600 
mg/kg dotie appeared to be toxic to rats and an increase in 
mortality was observed. Re5ults of the ~:tudy suggest that 
olopatadine showed postnatal toxicity to F1 rats al 60 mg/kg and 
higher doses. Viability of F1 pups was r1·duced at these doses. 
The experiment was repeated at 4, 6 anll 20 mg/kg doses. However, 
body weight gain of the F1 pups was reduced Rt thPse doses even 
though F0 rats appeared to be normal. It was cocl~ded that 
olopatadine was excreted in the breast milk and affected the body 
weight gain of the f 1 pups. If the data is extrapolated to the 
human safety, olopatadine treated patients should not nurse 
babies. On the basis o! the d•crea•• in the number of liv• 
fetuaea and a decrease in the viability o! f•tU••• atter dalive~· 
(within 4 daya), olopat•dina should ba considered !or~ ~•~nancy 
catec;iory c. 

Olopatadine is excreted in the milk of nursing mothers in rats. 
lt is also crosses the placental barrier and distributed to the 
fetuses in rats. 

Olopatadine did not show mutagenicity in tpe Ames test, 
chromosomal aberration assay and in the in. yiyo micronucleus 
test. 

A 78-week carcinogenicity study of olopatadine was conducted in 
CD-1 mice. The doses were 50, 160 and 500 mg/kg/day given in the 
diet mixtures. The doses were selected on the basis of a 
preliminary stuJy H91/KKYi007/0120. At the highest dose, female 
mice showed a 14% decrease in the body weight gain. Treated mice 
also showed a reduction of food consumption specially at the mid 
and high doses. Considerinq these data, the maximum dose used in 
the study could be considered as the MTD. The target do5e was 
also achieved in the st·1dy. The histopathology data suggest that 
nonneoplastic changes were present in the heart, liver, lung 
ovary and prostate at bOO mg/kq dose. However, survival o! mice 
was not affected in the presence of above mentioned nonneoplastic 
changes. For the neoplastic changes, an increase incidences ot 
adenoma and carcinoma of liver were observed in male mice at 500 
mg/kg dose. Biostatistics review did not show statistical 
siqnificanc~ of the findings. Considering the hepatic adenoma and 
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carcinoma as common tumors, it is unlikely that the finding would 
be of any significance. Overall, it appears that mice did not 
show any carcinogenic potential to olopatadin~. Olopatadine did 
not show carcinogenic lesions at 50 mg/kg (150 mg/msq), 160 mg/kg 
(480 mg/msq) and 500 mg/kg (1500 mg/msql dose5 in mice treated 
for 70 weeks when the drug was administered orally in the di.et. 

A 104 week carcinogenicitv study was conducted in F-344 rats at 
20, 65 and 200 mq/kg doses given in the diet mixture. More than 
10% loss or body weight gain was observed at the hiqhent dose in 
male and femal.e rats. Based on the toxicity and the ddta from the 
3 month oral gavage 3tudy, it appears that the MTD has been 
reached. Long term 11ral dosing of olopatad ~e in rats showed 
increased incidanc~~ of keratitis ~t the low dose in male and 
female rats in the lert eye. The riQht eye showed more 
susceptibility to keratit~s tor male rats. Pancreatic islet cells 
showed an increase in t~~ incidences of adenoma and carcinoma. 
The statistical review of the data did not confirm that the 
findings h~d statistical signi!1can~e. Based on the findings it 
can be concluded that olopatadine given in the diet did not show 
carcinogenic potential at 20 mg/kg (118 mg/msq), 65 mg/kg (383.5 
mg/msq), 200 m9/k9 (1180 mg/msq). 

The pharmakokinetic and the ocular tissue ctistribution study of 
topical olopatadine was conducted in N-Z rabbits. A single 
topical dose of radio labeled olopatadine (45 µg) in the eye in 
N-Z rabbits showed distribution of the drug was mostly in the 
anterior chamber. The bioavailahility of olopatadine after a 
single dose was 83% at 0.032 mg/kg topical dose when compared to 
the i.v. dose. Multi-dose study in N-Z rabbits showed no 
accumulation of olupatadine in the systemic circulation at 0.1% 
q.i.d dose (2 drops/dose) for up to six months. However, a steady 
state level (trough) of 0.48 and 0.75 ng/ml was obtained at 0.2% 
q.i.rl crnd 0.2% H.I.D (2 drops/dose), respectively, on day 27. In 
the Dutch rabbit model, binding in pigmented eye tissues .Jere 
higher than that observed 1n the N-Z rabbits. 

cnronic topical dosing of olopatadine at 0.1 and 0.2% q.i.d (2 
drops/dose) for six months in cynomolgus monkeys did not show 
systemic accum11lation of olcpatactine. However, it was 
bio3vailable dose proportionately within 30 min after the last 
dose. 

Olopatadine is rapidly absorbed after oral administration and 
bioavailability was 61-71% in rats, 83-87% in dogs and 102% in 
m0nkeys. The major site of the drug absorption is small intestine 
in rats after oral doses. Olopatadin~ i~ excreted unchanhed in 
urine and feces in rats, dogs, monkeys and humans. Two 



Page 74 

metabolites were identified as M1 (monodesmethyl) and M2 (N­
oxide) in rats, dogs and hwnans. The plasma half-life of 
olopa~adine is 6-8 hrs in dogs, 5.5-1.45 hrs in rats and about 12 
hours in monkeys. It has linear plasma kinetics up to 25 mg/kg 
oral dose in rats. Female rats showed higher exposures than the 
male rats at equal oral doses. However, it would not show similar 
differences for a topical product. Olopatadine does not have any 
effect on hepatic P-450 drug metabolizing systems in rats. Its 
binding to plasma protein is about 54-61% in rat, guinea-pig, dog 
and human plasma prC'lteins. It is not displaced by diqitoxin, 
diazepam and warfetin from the plama protein binding sites. 

Conclusion: 

Olopatadine is an antagonist to the H1 receptor, inhibits the 
release of PGD2 and tryptase tram the activated mast cells. The 
product should be considered as an antiallergic rather than mast 
cell stabilizer because there is nt' evidence to support that it 
inhibits all known mediators of anaphylaxis by interferinq with 
the antigen-IgE interactions in the mast cell. In the preclinical 
models, the antiallergic effect of olopatadine was topical when 
the druc;i was instilled into eyes,. Olopatadine ophthalmic 
solutions at 0.1%-0.2% concentration did not show any ocular 
toxicity when applied directly to the N-Z rabbit and monkey eyes. 
The sponsor should have conducted the experiments in Dutch 
rabbits since binding of olopatadine in the piqmented ocular 
tissues in Dutch rabbits was higher than that of N-Z rabbits. 
Chronic oral admini~tration of the druq in rats and mice 
(carcinogenicity studies) did not show any statistically 
significant neoplastic chanqes at 200 and 500 mg/kg/oral doses, 
respectively. However, fetotoxicity was observed in several 
reproductive toxicity experiments in rats. It is also excreted in 
the milk in rats. Baaed on the data, pregnancy category C is 
recommended for the label. An warning for the nursing mothei 
needs to be incorporated in the label. In the chronic toxicily 
study in rats, keratitis was observed in some rats. However, the 
medical team leader suggested that the vehicle could contribute 
to the inflammatory changes in the cornea. In several oral 
toxicity studies, mydriasis was also observed in r~ts, mice and 
dogs at a hiqh oral dose. However, considering the differences in 
the topical and oral doses, the findings may not be relevant to 
the product. 

The recommended dose is one to two drops of 0.1% in each eye 
twice daily which is equivalent to about 400 µg/day. The 
ophthalmic doses are much lower than the oral doses used in the 
toxicity study in rats and mice. At above prescribed do~e!, the 
systemic exposures to olopatadine will be very low compared to 



NOA 20~688 Page 75 

that necessary for the Antiallergic response followinq oral 
dosing. On the basis ot the preclinical data on the chronic 
toxicity studies, the chronic use of olopatadine ophthalmic 
solution 10.1%) would be sate. The product is approvable. 
However, CAC committee needs to be consulted for a discuasio~1 and 
recommendation. 

Reoomnendation: 

The NOA is approvable on the basis ot the preclinical data. The 
proposed packa;e insert needs to be modified in accordance to the 
review of ~he reproductiv@ toxicity data. It is recommender that 
the pregnancy category c should be stated in the label. 

Raoorrmendation ~or th• label: 

1. Product description and clinical pharmacolo9y: 

Olopdtadine should be considered as a H1 antaqonist and 
antiallergic rather than a mast cell stabilizer. 

2. carcinogenesis, muta9enesis, .impairment of fertility: 

Olopatadine was not carcinogenic in mice and rats up to 500 
mg/kg/day (1500 mq/m2) and 200 mg/kq/day (1180 mq/m1 ) doses, 
respectively. Th••• doses were 83,333 and 33,333 times hiqher 
than the maximum recommended ocular human dose (MRHOD) . No 
mutagenic potential was observed when olopatadine was teated in 
the Ames Assay, in yitro chromosomal aberration assay in the 
Chinese Hamster lunq cell line and the in yiyo micronucleus assay 
in ~ice. Olopatadine aid not show impairment of fertility in male 
and female rats up to 50 mq/kg (295 mg/m2) which was B,333 times 
MRHOD. 

3. Pregnancy: 

Category C: Olopatadine was found not to be terato9enic in rats 
and rabbits. However, rats and rabbits treated at 60 mq/kq (354 
mQ/m2), 10,000 MRHOO and 400 mg/kg (4400 mg/m2), 66,666 MRHOD, 
respectively, durin9 orqanoienesis showed a decreas~ in live 
fetuses. There are, however, no adequate and well controlled 
studies in pregnant women. Because animal studies are not always 
predictive of human responses, this druq should be ueed in 
pregnant women only it the potential benefit to the mother 
ju!tities the potential risk to the embryo or fetus. 
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4. Nursing mothers: 

Olopatadina has been identified in the milk of nursing rats 
tollowing oral dosing. It is not known whether topical ocular 
administration could result in sutticient systemic absorption to 
produce detectable quantities in the human brea8t milk. 
Nevertheless, caution should be exerc.ised when OPATANOL O. l % 
(olopatadine ophthalmic solution) is ~dministered to a nursing 
mother. 

cc: 
Oz:-19. NDA 20-688 
HFD-550/Div. File 
HFD-550/AMukherjee 
HF0-550/JHolmes 
HFD-345 
Docttnda 20-688 

A __ A I ' 

Aooke Muk~ :':'_\l:t __-· 
Pharmacologist 



C'RCIMQAIJIICXJX Allllll!lllfT COJQUfTll (C&C/QAQ-IC) BIPOBT 
um 

IDA-QD•B BODIHT CABQXMoq111cxzx D&TAI••• rac:r•••IT 

NDA.:20-688 IND: 
DRUGtOlopatadin• 1' Ophthalmic Solution CODE#: 
CASit 1404~2-76-fi DATE: Aug 7, 1996 
DIVISION(•): HFD-550 
DRUG NAM~(•):Opatanol O.lt 

SPONSORt Alcon Lab, Texaa 
LABO~TORY 
P/T kEVl!WIR(a):Aaok• Mukherjee 
P/T REVIEW DATZzJuly 16, 1996 
CARCINOGENICITY STUDY REPORT DATE: Mar 3, 1994 (rat); Oct 28, 
\993 (mouae) 
THERAPEUTIC CATEGORY: Antihi•tam~nic and antiall•r9ic 
PHARMACOLOGICAL/CHEMICAL CLASSIFICATION:H, anta;oni•t and 
inhibitor of hiatamine rel•••• tram mast calla. 

PRIOR FDA DOSE CONCURRENCE (Div./CAC)? (y/n; Date):No, •• far •• 
I know 

MUTAGENIC/GENOTOXIC (y/n/equivocal/na; assay):No 
t 

' 
Rt CABCINQGBH.ICITY_STUDX (m~l tip le atudie:t? Stdl; Std2 etc.) : 
one •tudy 

RAT STUDY DURATION (weeka):104 week• 
STUDY STARTING DATE: Feb 11, 1991 
STUDY ENDING DATE:Mar 1, 1993 
RAT STRAIN: F344 
ROUT!: Oral, Diet 
DOSING COMMENTS:The di•t mixin9 equipment changed from week 34. 

No. Rat• in controll (Cl):SO/a•x 
Low Do•• (LD):50/••X 

Middle Do•• (MD):50/••x 
High Doae (HD)i50/aex 

RAT DOSE LEVELS (m9/kg/day) 

Rat Low Do••120 
Rat Hi;h ooae1200 

Control2 (C2): 

Hi9h Doae2 (HD2): 

Rat Middle D.oae:6S 
Rat High Doae2: 

Baai• for Do••• Selected (MTD; AUC ratio; aaturation; maximum 
tea•ible):MTD, three month oral 9ava9a and diet atudi•• 



RAT CARCINOGENICITY (nagative;poaitive;MF;M;F): 

poaitivo male rats 

RAT TUMOR FINDINGS: 

Malignant islet cell carcinoma of pancreas in male rats: 

Low Mid High 

0/50 0/28 l/25 2/49 

RAT STUDY COMMENTS: 

Statiatical review did not show •tati•tically ai9nif icant 
finding. However, th• aponaor examined tiaaua hiatoloqy tor all 
rate in th• control and hiqh do•••· For low and mid do•••, 
hiatolOCJY wa• done tor moribund animal•, thoaa died during the 
•tudy and those showed qrosa change• in the organ. The total 
number examined wa• that attempt•d to be microacopically 
examined. However, Due to autolyaia and other factors all tissues 
were not ex3mined. 

MOUSE CAJICINQGJ!:NICITY STUDY (multiple •tudiea? Stdl;Std2 
etc.):one .. 

,. 
MOUSE STUDY DURATION (weeka)i 78 
STUDY STARTING DATl:Feb 1, 1991 
STUDY INDING DATE1Aug 19, 1992 
MOUSE STRAIN: CD-1 •train 
ROUTE:Oral,diet 
DOSING COMMENTS: 

No. Mice in control1 (C1):52 
Low Do•• (LD):52 
High Doae (HD):52 

MOUSE DOSE LEVELS (m9/k9/day) 

Mou•• L0:50 
Moua• HD:500 

Weoka 

Control2 (C2) 
Middle Dose (M0):52 

High Do•a2 (HD2): 

Mousa M0:1-;o 
Mouae HD2: 

Baeia for Doses Selected (MTD; AUC ratio; saturation; maximum 
feaaible):MTD, preliminary do•• range finding study 

Prior FDA concurrence (Div/CAC)? (y/n;Date):no, aa far•• I know 



MOUSE CARCINOGENICITY (negative;poaitive;MF;M;F): 

Negative in male and female 

MOUSE TUMOR FINDINGS: Male mice 

Liver 
adenoma 

Control 

8/52 

Liver carcinoma 
2/52 

Low 

6/33 

4/33 

Mid 

4/32 

1/32 

High 

10/52 

2/52 

Stati•tical revi•w did not ahow atatiatically ai9nif icant 
tindinq. However, the sponsor examined tiaaue histoloqy for all 
mice in the control and hiqh doses. For low and mid doses, 
hiatoloqy was done tor moribund animals, those died during the 
study and tho•• ahowed gro•• change• in the organ. Th• total 
number examined was that attempted to be microscopically 
examined. However, oue to autolyaia and other factors all tia•u•a 
were not examined. 

ABBREVIATIONS FOR TUMOR SITE IDENTIFICATION* 

Aden•adanoma 
AG • adrenal 9land 
8 • brain 
BD • bile duct 
Carc•carcinoma 
CG • clitoral gland 

,, 

cs • circulatory system (e.g. hemangioepithelioma/aarcoma) 
HG • harderian gland 
HS • hematopoietic system (e.g. l•ukamia;lymphoma) 
I • intestine 
IS • inteqwnentary system (e.g. connective tissue) 
K • kidney 
L • liver 
LU • lung 
MG • mammary gland 
MT • meaothelial tiaaua 
N • nose 
o • ovary 
oc • oral cavity 
OST- osteosarcoma in bone 
PG • preputia! gland 
PTG- pituitary gland 
s • stomach 
SB • aubcut•neous ti••ue 
SK • akin 
SP • spleen 
TG • thyroid gland 
ZG • zyabal• gland 

u • uterus 
TV • tunica vaginalia 



Chemist 
Review 



DIVIflION OP ANTI-INFLAMMATORY, ANALGESIC, 
.AND OPHTHALMIC DRUG PRODUCTS 

I/ I I ..J ~ ./-

Review of Chemistry, Manufact'...ring, and Controls 

ND&...J...i. 20-680 CHEff.R!VI!:W #..t 1 REVIEW DATIJ. July 26,199h 

SYBMISSION/TXJ~E 

ORIGINAL 
AMENDMENT 

pOCtJMENT DATE ~ 

1/26/96 
3/8/96 

1/29/96 
3/11/96 

ASSIGNEJ2 DATI; 

2/9/96 
3/22/96 

NAME & ADDRESS OF APPLICANT..;._ Alcon Laboratories 
6201 south Freeway 
Fort Worth, Tx. 76134 

DRUG PRODQC.T NAME. 
Proprietary: Patanol 

Non~roprietaryLU~ 
Olopatadin~ Hydrochloride 

Code Names/.~ AL 4943A 

Chemical Type/ lS 

Theraoeutic class: 
Anti-allergic 

A.NOA Suitgt>ility Petition/DESI/Patent Statua: 
us 4,871,865 expires on 10/03/06 (drug substance) 
us 4,923,892 expires on 5/8/07 (drug products and method of 

use) 
us 5,116,863 expires on 5/29/09 (drug substance and drug 

products) 
The applicant requests a five year period of market 
exclusivity. 

PJIARMACOLOGICAL CATEGORY/INPICATIONi 
Antihistaminic and mast cell stabilizer 

DOSAGE FOBM1. 
STREHQTHS. 
ROUTE OF APMINISTRATION: 
DISPEHSEP: 

Solution 
0.1\' 
Topical/Ocular 

x Rx OTC 
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CHEMICAL NAME, STRUCT~~ FORMULA, MOLECuttAR FORMULA. 
HQL.W't.l, 

I l·f(Z)·l·(dimclhylamino)pmpylidc:ne)-6,11 · 
dihydrodibenzfb,e)o11cpi1'1·2·1a:tic acid, hy· 
drochloridc 

Structural formula 

H 

C02H • HCI 

Molecular formula C, 1HuNO, · '10 

MoleC\llu wei&hl 373.88 

M1nur1c1urcr 

C.odc design11ions 

CAS rc:1istry No. 

KW4679; AL0<943A 

140462-76-6 

~llPfQRTING DOCUMENTS: 

IND Alcon Laboratories, Inc. 
Olopatadine 0.1\ Ophthalmic Suspension 

DMf j Holder lette[ date 
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All type I DMFs are not reviewed. Type III DMFs are not 
reviewed because container/closure components and testing 
information are provided in the NDA application. 

BELATED DOCU'.(!NTS <if applic1bill..l. 

Fax & teleconference dated 2/25/96, 6/14/96 
EER 9778 filed on 3/25/9G 
Trade name consult 3/15/96 & 7 1 15/96 

~ONSULTS: 

The original Trade Name "Opatanol" was considered 
unacceptable to FDA Nomenclatu?e and Labeling Committee 
(letter 4/26/96 attached). New trade name "Patanol 11 

was proposed and submitted tor approval on 7/15/96. 

Environmental assessment consult to Nancy Sager submitted by 
J. Holmes. 

BEMAR.IS/COMMENTS: 

The NDA drug substance, Olopatadine Hydrochlnride, is a 
new mulecular entity. It is an antihistamine and a mast 
cell stabilizer. The dosage form is a 0.1\ solution for the 
treatment of allergic conjunctivitis. It has not been 
marketed any where before. 
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CQHCLUSIONS ~ RECOMMENPAtIONS: 

The application is not apprvvable for manufacturing and 
controls under section sos of the Act. £pecific itt•ms which 
are not approvable are identified under the following 
headings: Drug Substance [Specifications and Method~], Drug 
Product [Manufacture Process, Specifications and M~thods, 
Container/Closure system, Stability], Environmeatal 
Assessment, Methods Validation, Labeling, and Establishment 
Inspections. 

The following items were discussed with the sponsor at 
the Pre-Approval Inspection at Alcon, Ft. Worth. The sponsor 
will address these issues in a amendment. 

UNDER DRUG SQBSTANCE 

1. Provide interpretation (with structure) of the MS 
spectrum (information) . 

2. Add to the specification or provide 
representative analysis (3 batches) of residual • 
of the active drug substance (recent lots) to 
demonstrate the absence of (approvability). 

3. Provide manufacturing dates and lot sizes for 
stability lot, P-012, P-015, p-016) of 
olopatadine. HCl (informat~.on) • 

~~ 
4. Consider adding melting~to the specifications 

5. Provide representative 
impurity) for the analysie of incoming active drug 
substance. Give retention times of all impurities 

(information) . 

6. For methods provide 
ruggedness of the methods (approvability). 

7. Provide certificate of analysis for drug substance 
lot 9521 (information). 

FOR DRUG PRODUCT 

8. Production batch size range i. 
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9. Provide detailed & quantitative step by step 
manufacturing procedure, particularly with respect to 
aseptic adjustment oper3tion (approvability) . 

10. For a new molecular entity, degradation products 
(Impurittes identified from solution stability 
studies) must be included in the regulatory drug 
product specifications. The i~puri~ies 
specifications sho~ld be established by the primary 
stability data. Please provide updated stability 
data including particulate matter and impurities 
control. Revise specifications for impuriti~s. 
(e.pprovability). 

11. Provide reproducibility, precision, aud ruggedness 

12. 

l.? 

14. Please monitor the extractables as reported on pq. 3-
0197 for the three stability lots, and report the 
result in the 12 month stability updates 
(approvability). 

15. Names and addresses of the label suppliers 
(information). 

16. Revise product specific;.\t.ions with regard to impurity 
and particulate matter based on real time data 
(approvability). 

17. Provide post approval stability protocol (impurities 
parameter) for long term storage condition at 
25°C/40\'RH . 

18. The NDA should have a brief description of the 
sampling plan for production batches and selection of 
samples for analysis (specify the number of 
individual drug product samples which will be 
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~nalyzed in each test bd3ed on ~he proposed batch 
formula (information) . 

19. Amend the post approval commitment by deleting 
Btatement r~garding deviations (information) . 

20. Add molecular formula to the package insert under 
description (informatior.) . 

21. Provide the draft label lay out for primary and 
carton label· for review (information) . 

cc: Orig. NDA 20-688 
HFD-550/Division Flle 
HFD-550/Tso 
HFD-550/Carreras 
HFD-160/Vincent 
HFD-550/Mukherjee 
HFD-550/Holmes 
HFD-550/HPatel SUPERVISOR 

~-
. ) 
( / 

~~ (__./,( 

Su c. Tso, Ph.D. 
Review Chemist 



DIVISION Of' ANTI-INFLAMMATORY, ANALGESIC, AUG / 9 /996 
AND OPHTHALMIC DRUG PRODUCTS 

Review of Chemistry, Manufacturing, and Controls 

NDA #: 20-688 _gJEM.REVIEW....Jl:. 2 REVIEW DhTE: Aug. 7, 1996 

iVBMISSlONLTYP~ 

Amendment 7/18/96 7/19/96 

M.S..IGNED DATE 

7/30/96 

NAME & ADDRESS CF APPLICANT: Alcon Laboratories 
6201 South Freeway 
Fort Worth, Tx. 76134 

PROG PRODUCT NAME 
PrQprieta~ Patanol 

Nonproorietary/USl\NL 
Olopatadine Hydrochloride 

Code Names/U's; AL 4943A 

Che!J\ical TYJ2e/ lS 

Ihe.rapeutic Class: 
Anti-allergic 

ANPA suitability PetitionLDISI/Pat1nt Statu11 
us 4,871,865 expire4 on 10/03/06 (drug substance) 
u.;:; 4, 923, 892 e.xpire:S, on 5/8/07 (drug products and method of 

use) 
US 5,116,863 expires on 5/29/09 (drug substance and drug 

products) 
The applicant requests a five year period of market 
exclusivity. 

fHARMA.COLOGICAL CATE®RX/INPICATIOH: 
Antihistaminic and mast eel l stabilizer· 

DOSAGE FORM: 
STBDJ~ 
BOIJTI or APMIHliTBATION; 
J2ISPINSIJil 

Solution 
0.1\ 
Topical/Ocular 

X Rx ~~- OTC 
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CHEMICAL N[\ME,. STRUCTURAL P'ORMQLA, MOLECULAR FOP.JmLA.., 
MOL.WI; 

I ~·((4:)-3.·(dimcrhylamino)propyfideneJ-6,l I· 
d1hydrod1benifb,t)oxcpin-2-acetic acid hy-
drochloride ' 

S1ruct11ral fonnula 

Molecular formula 

MQlccular wei1hr 

Manufacturer 

Code designations 

CAS re1i1try No. 

CHl 
I 

C02H • HCI 

KW4679; ALOC94lA 

140462·7M 

SUPPORTING DOCJJMINTll 

IND Alcon Laboratories, Inc. 
Olopatadine 0.1\ Ophthalmic Suspension 

RII+ATID DOC'QMINTS Cif 1polic1hl1}1 

Chemist's review dated 7/26/96 

EER 9778 filed on 3/25/96 

Trade name consult 3/15/96 & 7/15/96 

FDA E-mail, 7/31/96 & 8/6/96 

CQNSVLTS: 

The original Trade Name "Opatanol" was considered 
unacceptable to FDA Nomenclature and Labeling Committee 
(letter 4/26/96 attached). New trade name "Patanol" 
was proposed and submitted for approval on 7/15/96. 

Environmental assessment consult to Nancy Sager submitted by 
J. Holmes. Deficiencies were noted. Amendment to address 
these deficiencies was consulted to Nanct Sager on 8/6/96. 

' . 
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Micro-review completed (refer to micro review dated 
8/9/96) with recommendation of "Approval". 

RllVJUtS/CQMMINTS; 

Thi• review cover the responses to the questions in 
chemist'• revi@w #1 dated 7/26/96. These questione were 
discussed with the sponsor during the pre-approval 
inspe~tion on 6/4/96. 

Outatandi•1 issues remained are : 1) acceptable EA, 2) 
CGMP statement from HFD-342, and 3) trade name. 

CQNCLVSIQHS i RICOMMINDATIQHS: 

The application is approvable for manuf actu~ing and 
controls under section sos of the Act. However the final 
approval ia pending the outcome of environmental review 
and establishment evaluation. At this time, the recommended 
expiry will be 18 months for all trade sizes. Extention of 
expiry will be considered upon submission of additional 
stability dat&. However the sponsor should be notified 

l. Reviae post approval stability protocol to include 
impurities monitoring according to specifications. 

2. Continue monitoring of the container/closure 
extractables for the three primary stability batches. 

' 3. Etention of expiry will need the support of stabil::.ty 
d'ata obta!ned at 25°C/40tRH. 

4. Submit three copies of the revised method validation 
package (include revised specifications) as soon as 
possible. 

cc: Orig. NOA 20-688 
HFD-550/0ivision File 
HFD-550/Tao 
HFD-550/Sull 
HFD-160/Vincent 

Su c. Tao, Ph.D. Chemist 



DIVISION OF ANTI-INFLAMMATORY, ANALGESIC, 
AND OPHTHALMIC DRUG PRODUCTS 

Review of Chemistry, Manufacturing, and Controls 

SEP 2 A 1900 

NDA 11 20-688 CHEM.RSVIIW #1 3 ~ Sept. 22, 1996 

StJBMISSIQN/TXPJj QOCJJMljHT DAT~ CDIB DATE ASl:IQNID PATE 

Amendment 8/12/96 8/13/96. 8/20/96 

ff.AMI ' ADDRESg Qr APPLICANT: Alcon Laboratories 
6201 South Freeway 
Fort Worth, Tx. 76134 

DROG PRQpUCT NAME 
Proprietary; Fatanol or Ocudine 

Nonp:,:g~rietaQ• /USM; 
Hydrochloride 

Olopatadine 

Cade Names/# 1 1; AL 4943A 

Chemical Type/ lS 

Therapeutic Class; 
Anti-allergic 

ANDA Suitability Patition/DIS!/Patent Statua1 
US 4,871,865 expired on 10/03/06 (drug substance) 
us 4,923,892 expired on 5/8/07 (drug products and method of use) 

Use 
us 5,116,863 expired on 5/29/09 (drug substance and drug 

products) 
The applicant requests a five year period of market exclusivity. 

fHAIKACOLOGICAL CATEGORY/INPiCA.TIQN1 
Antihistaminic and mast cell 

DOSAGE POBM; 
STUtNGTJIS; 
B.Q'OTI OF ADMINISTRATION: 

Solution 
0.1\ 
Topical/Ocular 

stabili.tel" 

D:tSPENSED; x Rx --- OTC 
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CJllMICAJ.. NAME· STRUCTURAL FORMULA, MOLECULAR PORKtJLA, MOL.HT: 

11 e{ (Z)·3e( dimethytamino )propytidenc )-4, I l • · 
dihydfOdibcnr(h.•}oupift·2-aoetic acid. hy· 
drachloride 

Stntct'!ral formul1 

Molecular tonnul1 

Molecular weight 

Manufacturer 

co,H • HCI 

Cod.: de'..tanack>ns KW"619; AL0<943A 

CAS re1is1ry No. 140462· 76-6 

SUPPS1BTING DOCtJMENTS; 

IND Alcon Laboratories, Inc. 
Olopatadine O.lt Ophthalmic suspension 

Chemist•s review #1, dated 7/26/96 

Chemist's review #2, dated 8/7/96 

EER 9778 pending (filed on 3/25/96) . According to COMIS, EER 9778 
has been completed as of 9/12/96. Update requested on Aug. 5 and 
9/21/96, but no feed back from Compliance yet. 

CONSQLTS; 

The original Trade Name 11 0patanol" was considered unacceptable 
to FDA Nomenclature and Labeling Committee (letter 4/26/96 
attached). New proposed trade name 11 Patanol 11 or Ocudine is 
acceptable to FDA Labeling and Nomenclature Committee (8/22/96). 

Environmental assessment consult to Nancy Sager submitted by 
J. Holmes. Oeficienci~s were noted. Amendment to address these 
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deficiencies was consulted to Nancy Sager on 8/6/96. The second 
review dated 9/5/96 was returned with deficiencies. Nancy has 
drafted a deficiency letter, but the letter was not sent to the 
sponsor. These EA deficiencies will be included in the Approvable 
letter now in prep~.ration by J. Holmes. 

Micro-review completed (refer to micro review dated 8/9/96) 
with recommendation of "Approval". 

Method validation (NDA Amendment dated 8/12/96) 
Michelle Hall(Central document room)for fowarding to 
Drug Analysis and San Juan District Laboratory. 

sent to Mrs 
Division of 

Thia review covers the responses (amendment dated 8/12/96) to 
the questions in chemist's review #2 dated 8/7/96. 

Ql: Revise approval stability protocol to include impurities 
monitoring according to specifications. 

Ans: Impurities are included in the revised stability protocol. 
'''M't 'tor• ....... .,... ., ., ...... 

..,,... .,. - "n•c • z•c ,_ -· - 40' llHI' 

~. Tho.....,, ................ ,--.iy---~ ....... ..... 
_..,.,. ........ ,.-.. -.-. TM ......... 111 ....... 
•--1« ,_., - ... - - ICIO • lh 111'111• .__,. -... - , ........... -w., Tho - .... - ................... . ......... .... ·-·-· ... _... .. ...,_.,, .... .,__. ........ . 
~-. 

c. ,,.,.,It Jsut 

'--.. -· ... "'~ .. __ ...-uet -...., °"""'- .... y Md....,._,_..,....,.._., 111 IOk. ' 
111 .,...,_ N•-· 131 Wlal _ _..... -:.0.....,_., 
_ , .... _ .. '°'"~- ·---·: -. ... ~ 
dllortOt """' ~: cWl!v; .-, -..,; 11niv: --111 
~-· ............ , _,.._ tflMI-• . 

.. ·--~ 
t, •• ,,.,. ••• 9 ... 

Tl .......... ___ .... ..--.. 

"-"_...., --et n•c • 2•c ,.,.. - -
t0' 11Hl'. M """""'" - __.. ............. -- inllUlfv - "*'" J. f. t. U, It ... 24 - .. -· - l'N'tw _...._ .......... _____ ... _ .. 
,_.... ~---- ............ '"""' ....... ...--.. ........... ,_ ... ~ ... -~-"•· ,.._._ ... __ ._,. ..... ~ ... 
.........- ............. . 
YWI¥ -""'· - _..,.._lo! .... "" ...... c. "'° .....,..,.._ 

z. ,.-,._ ..... ..-.... .,,.-~, 
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02. Continue monitor the container/closure extractables for the 
three primary stability batches. 

Ans. :The sponsor commits to test for degradation products and 
extractables in the on-going stability studies for the three 
primary batches. 

03. Submit three copies of rll!vised method validation package 
(include revised specifications) as soon as possible. 

Ans.:Three copies of method validation were submitted on 8/12/96. 
Method validation by FDA laboratories has been requested on 
8/2G/96through Mrs Michelle Hall of Central Document Room. 

Outstanding issues remained are : 1) acceptable EA, 2) CGMP 
statement from BFD-342. 

CONCLUSIQHS & RECOMMENDAIIONS: 

The application is approvable for manufacturing and controls 
under section SOS of the Act. However the final approval is pending 
the outcome of environmental review and establishment evaluation. 
At this time, the recommended acceptable expiry will be 18 months 
for all trade sizes. Extension of expiry will be considered upon 
submission of additional stability data. 

( __ 
Su C. Tso, Ph.D. Chemist 

cc: Orig. NDA 20-688 
HFD-550/Divlsion File 
HFD-550/Chambers 
HFD-550/Tso 
HFD-550/Bul~ 
HFD-160/Vincent 
HFD-550/Mukherjee 
HFD-550/Holmes }J ~ J~/J A, J..>-1 <f-.l-4-'U. 
HFD-550/HPatel_~Nflll.Jru-------~~--~~---rE:..--_-=-<-«~~-



DIVISION OP ANTI-INFLAMMATORY, ANALGESIC, 
AND OPHTHALMIC DRUG PRODUCTS 

Revie~ of Chemistry, Manufacturing, and Controls 

OCT 2 3 1996 

NPA Ii 20-688 CHIM.REVIEW #i 4 REVIEW DATE; Oct. 22, 1996 

SQBMISSION/TXPE DOCUMENT DATE CDER DATE ASSIQNED D.Al'.E 

Amendment 9/17/96 10/21/96 

NAME & ADDRESS Of APPLICANT: Alcon Laboratories 
6201 South Freeway 
Fort Worth, Tx. 76134 

DRUG PRODUCT NAME 
Proprietary: Patanol 

Nonproprietary/USAN: 
Hydrochloride 

Olop~tadine 

Code Names/U's: AL 4943A 

.Chemical Type/ lS 

Therapeutic Class: 
Anti-allergic 

NIDA Suitability Petition/DESI/Patent Status; 
US 4,871,865 expire~ on 10/03/06 (drug substance) 
US 4, 92.3, 892 expires on S/S./07 (drug products and method of use) 

Use 
US 5,116,863 expire• on S/29/09 (drug substance and drug 

products) 
The applicant requests a five year period of market exclusivity. 

PHARMACOLOGICAL CATEGORY/INPICATION: 
Antihistaminic and mast cell 

DOSAGE FOBM: 
STRENGTBS; 
ROUTE Of'.UADMINISTRATION: 
DISPENSED; 

Solution 
0.1% 
Topical/Ocular 

x Rx 

stabilizer 

OTC 
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QiBMICAL NAME· STRUCTURAL FORMULA. MOLECULAR FORMULA. MOL.W'f; 

IND Alcon Laboratories, Inc. 
Olopatadine 0.1\ Ophthalmic Suspension 

BELATED DOCUMENTS Cif agplicablelJ 

Chemist's review #1, dated 7/26/96 

Chemist's review #2, dated 8/7/96 

Chemist's review #3, dated 9/24/96 

EER 9778 (filed on 3/25/96). All facilities are in GMP compliance 
as of Sept.12, 1996. 

CONSULTS~ 

Deficiencies were found in the second review of Environmental 
assessment by Nancy Sager. The sponsor was notified for these 
deficiencies by the project manager. These EA deficiencies will be 
included in the Approvable letter now in preparation by J. Holmes. 

Micro-review completed (refer to micro review dated 8/9/96) 
with recommendation of "Approval". 

Method validation (NOA Amendment dated 8/12/96) sent to Mrs 
Michelle Hall(Central document room for forwarding to Division of 
Drug Analysis and San Juan Dist~ict Laboratory. 
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This review covers amendment dated 9/17/96. This amendment 
contains the responses to the questions in chemist's review #2 
dated 8/7/96. As a mat~er of fact, the deficiencies of review #2 
have been addressed in the amendment dated 8/12/96 which was 
reviewed in the chemist's review #3. 

In addition, the sponsor 

1. committed to the stability conditions suggested 
2. provided a copy of the draft package insert. Unfortunately, 

there are mistakes in the chemical name and inconsistenc1u in 
the storage temperature. I called Susan Caballa of Alcon on 
10/21/96 & 10/22/96, I told her the chemical name is incorrect 
and Alcon should go back to use exactly what was in the 
original application as: 

11-{ (Z)·J-( dimcthylamino )propytidcnc J-6, I I· 
dihydrodibenzflu)oxcpin·2·ac:ctic acid. hy· 
drochlutidc 

Struct'!ral forM1Jla 

Molecular formula C,,HuNO, ·HO 

Molecular weight 373.88 

Manufacturer Kyowa Hakko Kogyo C.o .. Ltd. 
(Japan) 

Code desisn11ions KW4679; Al..OC94lA 

C6S re1isary No. 140462-76-6 

She promised to make the necessary correction in the chemical 
name and be consiRtent with the storage temperature in all 
labels. 
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CQNCLUSXQNS i BECOMMENPATIQHai. 

The app~ication is approvable for manufacturing and controls 
under section 505 of the Act. However the final approval is pending 
the outcome of environmental review. At this time, the recommended 
acceptable expiry will be 18 months for all trade sizes. Extension 
of expiry will be considered upon submission of additional 
stability data. 

CC: Orig. NDA 20-688 
HFD-550/Division File 
HFD-550/Tso 
HFD-550/Bull 
HFD-160/Vincent 
HFD-550/Mukherjee 
HFD-550/Holmes 
HFD-550/HPatel HtU~ t\ 1$ 

Su C. Tso, Ph.D. Chemist 

/C~~-



***SENSITIVE*** 

REVIEW 

OF 

ENVIRONMENTAL ASSESSMENT 

FOR 

NDA 20-688 

OPATANOL® 

(Olopatadine HCI) 

0.1°/o Topical 

Division of Dermatologic and Ophthalmologic Drug Products 
(HFD-550) 

CENTER FOR DRUG EVALUATION AND RESEARCH 

DA TE COMPLET£D: May 30, 1996 

C:\W1'FILEl\EAR.EV .'EW\20AIF.O l .RPV 
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SUMMARY 

This is an ophthalmic drug and the EA was reviewed in accordance with 21CFR25.3 la(b)(J) 
(abbreviated). The EA is poorly constructed and hl.s numerous deficiencies, e.g., the finn has not 
identified or discussed the drug substance manufacture, insufficient permit information is 
provided. No discussion of emitted substances is made, etc. 

C:\WPFILES\EAUVIEW\lOAIEOl .RIV 
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ENVIRONMENT AL ASSESSMENT 

1. Date: 

EA dated: January 04, 1996 

EA signed: January 11, 1996 

CSO: Joanne Holmes/HFD-550 

EA type: Abbreviated . . 
2. Name or applicant/petitioner: 

Alcon Laboratories, Inc. 

3. Address: 

6201 South Freeway 
(P. 0. Box 6600) 
Fort Worth, Texas 76134-2099 

.f. Description or the proposed action: 

a. Requested Approval: 

Alcon requests " . . . approval of a New Drug Application for a sterile topical ophthalmic 
solution containing 0.1 Yo o!opatadine which is a selective H1-receptor antagonist and mut 
cell stabilizer." 

b. Need for Action: 

Indicated for treatment of allergic conjunctivitis. 

C:\WPPD..!l\EAlllVIEW\20611!01.llPV 
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c. Production Locations: 

L Proprietary J.ntennediate(1): 

Insufficient information has been provided to determine if any proprietary 
intennediates are used. Dencient. 

ii. Dru1 Substance: 

Insufficient information has been provided to determine where the drug substance 
is made. Deficient. 

iii. Finished Dosage Fonn: 

Alcon Laboratories, Inc. 
Fort Worth, Texu 76134-2099 

Facility Description & Adjacent Environment: 

No narntive description of the facilities have been provided. Deficient. 

d. Ezpecteci Locations or Ute (Dru1 Produc:t): 

Used by physicians and patients in homes, clinics and hospitals. Adequate. 

e. Disposal Locations: 

No disposal locations are provided for the manufacturing facilities. Dencient. 
Permitted solid wute disposal for the producing facility is Wute Management, Inc., 
Irving, Texas. Adequate. 

S. Identification or chemical 1ub1tanca that are the subject or tbe proposed action: 

Dru& Substance: 

Olopatadine HCI 
Code Name: 
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AL04943A, KW4679 

Chemical Name: 

(Z} 11-[3-(Dimethylamino )propylidene )-6, l l dihydrodibcnz[b,e ]oxepincm2-acetic acid, 
hydrochloride 

11-[(Z}l-(Dimethylamino )propylidenc)-6, l l-dihydrodibcnz[b,e ]oxepin-2-acetic acid, 
hydrochloride. 

CAS#: 

140462-76-6 

Molecular Weiaht: 

373.88 

Molecular Fonnula: 

Structural Formula: 

Provided on page 1 O of the EA. 

Physical Descrip.: 

White crystalline powder. 

Additives: 

Drug composition is given on page 9. Components are olopatadine, bamalkonium 
chloride, sodium chloride, dibasic sodium phosphate anhydrous, NaOH and/or HCI, and 
purified water. Adequate. 

Impurities: 

Noted on page 12 of the EA that the purity is 99.0 to 101.0%. Adequate. The EA 
states impurities found in the described chemical substance are at 1~"els 

C:\WPPl1.ll\EAUVIEW\206UEOl.RPV 
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less than 1 %. 

6. Introduction of substances into the environment: For the 1ite(1) of production: 

L Substances Expected to be emitted: 

6.Ll. Dru1 Substance 

No information is presented resarding the drug substance. Deficient. 

6.L2 Dru1 Product 

Drug product will release approximately 3.9-S.7 kg/year (see EA page lS). Substances 
that are emitted at low levels nr.ed not be listed. The drug product composition is given 
on EA page 8. Adequate. 

b. Controls (Air, Liquid Emuent, Solid): 

6.b.l. Drua Substance 

No information is provided for controls for drug substance manufacture. Deficient. 

6.b.2. Dru1 Product and Packa1in1 

Although the applicant cites permit compliance, there is no detailed disr.ussion of the 
controls exercised for the drug product manufacture or for packaging. Deficient. 

c. Compliance with Federal, State and Local Emission Requirements: 

There is a compliance statement for the drug product manufacture (page 6 of the EA). 
However, a citation (i.e .. list of regulations/Jaws) of all applicable Federal, State and local 
emission requirements should be provided, as well as a statement of compliance with, or 
being on an enforceable schedule to be in compliance with, all emission requirements set 
forth in pemlits, consent decrees and administrative orders applicable to the manufacturing 
operations is not provided for drug substance and drug product/packaging manufacture. 
Deficient. 

Occupationai information in the form ofMSDSs are provided. Marked confidential. 
Deficient. 

C:\WPP1Lll\l.AJlEYIEW\2NllEOl .UV 
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d. Effect of Approval on Compliance with Current Emissions Requirements: 

There is no statement regarding the effect of approval on compliance with current 
emissions requirements for drug substance. Deficient. 

A compliance statement for drug product is given on page 3 of the EA. Adequate. 

e. Eltimated Expected Emitted Concentration/Quantities: 

Page IS of the EA (exhibit 2, 3-1413) states that approximately 
olopatadine raw material will be used. Adequate. 

7. Fate or emitted 1ubstanca in the environment: 

N/A 

I. Environmental effects or released substances: 

N/A 

9. Use or resources and enercy: 

NIA 

a. Natural Resources and Enel"IY 
b. Effect on Endan1ered or T ~.reatened Species 
i. EO'tti u11 pruperiy iisied in or Eiigibie ior Lisiin1 in ihe Nationai Register oi 

Historic Placa 

10. Mitigation measures: 

N/A 

11. Alternatives to the proposed action: 

N/A 

12. Lbt of preparen, 8' their qualifications (expertise, e:aperience, profes1ional 
ditcipllna) and con1u8tant1: 

C:\WPPILll\EAJllVIEW\20611!.0 I .RPV 
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A list is provided. Adequate. 

13. Certification: 

The EA is signed on page S of the EA (3-1392). Adequate. 

14. References: 

No references are provided. Adequate. 

15. Appeadlca: 

The information u attached exhibits l and 2 are annotatrd u to protected from 
disclosure. Some of this infomution should not be protected from disclosure but should 
be incorporated into the EA. Deficient. 

C:\WPFll..ES\£All£VIEW\20611EO l .RPV 



"'**SENSITIVE*** 

REVIEW 

OF 

ENVIRONMENT AL ASSESSI\1ENT 

FOR 

NDA 20-688 

OPATANOL® 

(Olopatadine HCI) 

0.1°/o Topical 

Division of Anti-Inflammatory, Analgesic, and 
Ophthalmologic Drug Products 

(HFD-550) 

CENTER FOR DRUG EVALUATION AND RESEARCH 

DATE COMPLETED: September OS, 1996 

C:\ WPFll.ES\EAREVIEW\20688E02.RPV 
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EAReview#2 

SUMMARY 

This is an ophthalmic drug and the EA was reviewed in accordance with 21 CFR 25 .31 a(b )(3) 
(abbreviated). The EA is poorly constructed and has numerous deficiencies and omissions of 
information contained in the original submission. A second deficiency letter is drafted. 

C:\ WPFil.ES\EAREVIEW\20688E02.RPV 
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EAReview#2 

ENVIRONMENTAL ASSESSMENT 

1. Date: 

EA dated: July 23, 1996 

EA signed: July 23, 1996 

CSO: Joanne Holmes/HFD-550 

EA type: Abbreviated. 

2. Name of applicant/petitioner: 

Alcon Laborat\>ries, Inc. 

3. Address: 

620 I South Freeway 
(P. 0. Box. 6600) 
Fort Worth, Texas 76134-2099 

REVIEWOf'DBAFTDEFJCIENCf_LEITER EA REVJ£W#J 

Responses and Analysis to EA Review #1 Deficiency Letter: 

The Center has carefully reviewed the environmental assessment (EA) for OP AT ANOL® 
(olopatadine HCI) 0.1% topical (NDA 20-688) in your application and has determined the 
following deficiencies: 

C:\WPFU..ES\EAREVIEW\20688E02.RPV 
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Please refer to Guidance for Industry for the Submission of an Environmental Assessment in 
Human Drug Applications and Supplements which is available from the Consumer Affairs 
Branch. HFD-210, Center for Drug Evaluation and Research, 7500 Standish Place, Rockville, 
MD, 20855; 301-594-1012, FAX on Demand, 1-800342-2722, Document# 0803; or via lr.i1;r1net 
by coMecting to the CDER file transfer protocol (FTP) server (CDVS2.CDER.FDA.GO\I). 

Regarding section 4 of the EA: 

1. You have failed to prov;de information respective to the location of the manufacture of 
the drug substance, olopatadine HCI and because there is no infonnation respective to the 
manufacture of the drug substance, there is insufficient infonnation to determine if any 
proprietary intennediates are used. The EA should identify the location of both the drug 
substance and the drug product manufacturing facilities. The location of production 
facilities for isolated drug substance intennediates should also be provided if the 
intermediates are not commercially available to all parties in the open marketplace (i.e., 
proprietary drug substance intennediates). The EA shnuld include a statement whether 
any intermediates are considered proprietary. The specific street address(es) should be 
provided. 

Response: 

The firm has designated the drug substance manufacturer site a~ 

A description of the site is noted to be contained in DMF Type L 

Proprietary intermediates are manufactured at the Japan site. 

Adequate. 

2. Please provide a descriptive narrative of the facilities and adjacent environments. A brief 
description of the environments at and adjacent to the facilities should be provided. The 
zoning (e.g .• industrial, commercial, residential) and any geographic features (e.g., 
mountains. lakes, rivers, forests) in proximity to the manufacturing facilities should be 
identified. 

C:\WPFILES\EAREVIEW\20688E02.RPV 
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Response: 

Since the lite is aMotated the requested information is not needed for the 
FOIA EA. A self certification letter is provided for the Japan site on page 18. 

The Fort Worth, Texas site environment is adequately described. 

Adequate. 

For each facility identified in this section, information should be provided under EA format 
item 6 unless it is a foreign site with appropriate certification. 

Adequate. 

3. Please provide infonnation regarding the disposal locations for each facility. The EA 
should describe the method(s) of disposal of rejected, expired, returned or waste drug 
substance, proprietary drug substance intermediate, and drug product. You should provide 
a brief, general description of the method( s) of disposal including whether the facilities 
that will be used are permitted by an appropriate authority to destroy hazardous or non­
hazardous material The company/facility currently responsible for disposal should be 
identified as should: l) the license or pennit number; 2) the EPA or other issuing 
authority's identification number, if any; 3) the license or permit expiration dates; and 4) 
the issuing agent. Copies of the actual permits/licenses do not need to be submitted. A 
reference to EA format, "Controls Exercised," may be provided if the disposal operations 
are described there. Specific information regarding contract disposal facilities (e.g., 
identification, licensing information) may be included in a confidential appendix. 

Response: 

A self certification letter is provided for the Japan site on page 18. ADEQUATE. 

For the Texas site, the firm has failed to provide sufficient detail to the requested 
information. 

DEFICIENT. 

C:\ WPFILES\EAREVIE\\, \20688E02 .RPV 



Page 6 
EAReview#2 

Reglll'tling section 6 of the EA: 

4.a. You have failed to provide information regarding the drug substance manufacture. The 
following should be provided, however a compliance certification may be submitted in lieu 
of this infonnation if this is manufactured outside the United States (See 
Industry Guidance for certification requirements). 

A self certification letter is provided for the site on page 18. ADEQUATE. 

4.b. You have failed to identify the substances expected to be emitted into the environment 
from manufacture of the drug substance. 

A self certification letter is provided for the Japan site on page 18. ADEQUATE. 

The substances expected to be emitted from the facilities should be listed. Substances that 
are emitted at low levels need not be listed unless they are likely to have a significant 
environmental impact. Substances expected to be emitted from the facilities should be 
listed with an estimate of quantities to justify low levels. The list(s) should include the 
CAS registration number for each and the manner in which they are expected to be 
emitted (e.g., organic solvent waste stream). Reference in the EA document to a 
confidential appendix which provides this information is adequate. 

A self certification letter is provided for the Japan site on page 18. ADEQUATE. 

4.c. You have not addressed the controls exercised for manufacture of drug substance. The 
EA should contain a brief description of the controls associated with the air, liquid, and 
solid emission waste streams identified in the EA. Descriptions of control efficiencies 
la n .a..n;,..n;,.. .. ,...I'...,: ...... ,.._ ... __ ..,.:-•• 1 .. •- --•--=-· : ... ---•--lt--1 L •. T~t"t. A t'!1•--•~--- -- ~ ... t. -
, ... 6., ................. v• GU UV• .. "" t''"' U""UUU\;o UlAU•• '"' I;) ""VllLI u11i;;•.1 vy .lU:.r f'\ UILI 0.LIUll Willi i:l 

99.9% operating efficiency) or treatment prior to emission (e.g., neutralization of aqueous 
waste streams) should be included, if applicable, Disposition of unused product or 
rejected packaged goods, including those at contract packagers, should be discussed in 
EA. Disposal of manufacturing aids, emission controls ur other items (e.g., resins, filters, 
clothing) which may contain residual drug substance or proprietary drug substance 
intermediates should be discussed. 

A self certification letter is provided for the site on page 18. ADEQUATE. 

4.d. You have not addressed compliance with Federal, state and local emissions requirements. 
A citation (i.e., list of regulations/Jaws) of all applicable Federal, State and local emission 

C:\WPFILES\EAREVIEW\20688£02.RPV 



Page 7 
EAReview#2 

requirements, including occupational, should be provided, as well as a statement of 
compliance with, or heing on an enforceable schedule to be in compliance with, all 
emission requirements set fonh in permits, consent decrees and administrative orders 
applicable to all manufacturing operations. 

A self certification letter is provided for the Japan site on page 18. ADEQUATE. 

4.e. A list of emission permits for the manufacturer of the drug substance and/or licenses 
should be provided along with the number, authorizing agency and expiration dates. 
Inclusion of the actual permit and/or license is not necessary. Arly of the requested 
information that is not applicable or not current for a specific permit/license (e.g., expired 
permit) should be explained. If no permits are rel.juind, this should be stated (e.g., air 
emissions are below the level that requires a permit) 

A self certification letter is provided for the Japan site on page 18. ADEQUATE. 

4.f. You have not addre~sed the effect of approval of your product will have on compliance 
with current emissions requirements. The EA should state whether approval and the 
subsequent increase in production at the facility is expected to affect compliance with 
current emission requirements and should contain a brief supporting discussion based on 
the estimated fifth year production volume. 

Adequate based on drug substance certification. 

Statements of compliance for drug manufacture are provided in Exhibit 3 and on page 30 
"the FOIA EA. 

ADEOUA TE. Applicant hn~ dPcigrrn!~d !h~ drug mbst:rn!::~ m!m!.!f!!t!urer ~~ 
Therefore, the compliance statement should be confidential. A self certification letter 
is provided for the. ;ite on page 18. ADEQUATE. 

S. You have not addressed controls exercised for manufacture of the drug product (See 
Industry guidance for additional guidance). 

DEFICIENT. Controls hnve not been addre~sed in item 4. Memorandum of 
telephone conversation between Alcon and N. Sager dated June lS, 1996 noted that 
"(T)hey should clarify this (nir emissions) and talk about controls whether they are 
required by permit or not. They indicated thfl'.t they use dust bags." No mention of 
the above was submitted in the EA. The firm was also indicated that they have a 
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EAReview#2 

discharge permit and that they monitored specific parameters but failed to include 
this information in the EA. 

DEFICIENT. 

6. A citation (i.e., list of regulations/laws) of all applicable Federal, state and local emission 
requirements, including occupational, should be prc"•ided for the drug product 
manufacturing site. 

Response: 

The firm has addressed this deficiency in Format item 6b. 

Adequntt-

General: 

7. Please resubmit your EA to include the appropriate information. We have noted that 
information in exhibits 1 and 2 are annotated as to be protected from disclosure. Some of 
the information that is included in these exhibits should be in the non-confidential EA.. 
The MSDS is annotated as confidential. 

Specifically: 

7.a. MSDSs are public documents and should not be annotated as confidential. 

Response: 

The firm hns stnted on page 1 thnt u(P)ursuant to 21 CFR 25.JO(b), this .•. contains 
data and information protected from disclosure. With the exception or Exhibit !, all 
ofthe data and informntion submitted ••• is to be treated as confidential.'' Page 31 
notes the contents of Exhibit 1 which lists 1) drug product composition, 2) 
description of the drug substance, 3) physical-chemicnl properties, 4) additives and 
impurities, and !) material safety data sheets. Although Exhibit 1 is placed at the 
end of Exhibit 5, Exhibit 1 is still annotated as confidential. 

DEFICIENT. 

7.b. Appendix IB and the description included in Appendix IC should be incorporated in the 

C:\ WPFll.ES\EAREVIEW\20688E02.RPV 
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EAReview#2 

non-confidential EA. 

DEFICIENT. Sec 7a above. 

C:\WPFll.ES\EAREVIEW\20688E02.RPV 
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OF 

ENVIRONMENTAL ASSESSMENT 

FOR 

NDA 20 ... 688 

OPATANOL® 

(Olopatadine HCI) 

0.1 o/o Topical 

Division of Anti-Inflammatory, Analgesic, and 
Ophthalmologic Drug Products 

CENTER FOR DRUG EVALUATION AND RESEARCH 

DA TE COMPLETED: 11126/96 
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EAReview#3 

SUMMARY 

This is an ophthalmic drug and the EA was reviewed in accordance with 21 CFR 25 .31 a(b )(3) 
(abbreviated). The EA is acceptable. 

A FONSI is recommended. 

C:\\VPFILES\EAREVIEW\20688EOJ .RPV 
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EA Review #3 

ENVIRONMENTAL ASSESSMENT 

I. Date: 

EA dated: July 23, 1996 

Revised ~A Dated: October 18, 1996 

EA si311ed: July 23, 1996 

Revised EA signed: October 25, 1996 

CSO: Joanne Holmes/HFD-SSO 

EA type: Abbreviated. 

2. Name or applicant/petitioner: 

Alcon Laboratories, Inc. 

3. Address: 

62" • C\outh Freeway 
(F Box6600) 
Fort Worth, Texas 76134-2099 

REVIEW OF DRAFT DEFICIENCY LETTER FOR EA REVIEW #2 

The Center has carefully reviewed the resubmitted environmental assessment (EA) of 0ctober 18, 
1996 for OPATANOL® (olopatadirie HCI) 0.1% topical (NDA 20""688) in the application and has 
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EAReview#l 

determined a FONSI is appropriate. 

Regarding s~ction 4 of th~ EA: 

I. You have failed to provide sufficient detail for the Texas site describing the method(s) of 
disposal of rejected, expired, returned or waste drug substance, proprietary drug substance 
intennediate, and drug product. You should provide a brief, general description of the 
method(s) of disposal including whether the facilities that will be used are pennittcd by an 
appropriate authority to destroy hazardous or non-hazardous material. The 
company/facility currently responsible for disposal should be identified as should: 1) the 
license or permit number~ 2) the EPA or other issuing authority's identification number, if 
any~ 3) the license or permit expiration dates; and 4) the issuing agent. Copies of the 
actual permits/licenses do not need to be submitted. A reference to EA format, "Controls 
Exercised," may be provided if the disposal operations arc described there. Specific 
information regarding contract disposal facilities (e.g., identification, licensing 
information) may be included in a confidential appendix. 

Response: Out of date drug substance is disposed of as nonhazardous waste by permitted 
solid waste disposer. Drug product is by grinding and discharged to a sanitary sewer 
systefi'l under a discharge permit. plastics are ground and discharged to a pennitted 
landfill. Applicable perm~t! are shown on page 8. 

ADEQUATE. 

2. Cr ·ols have not been adequately address, J item 4 for the Texas site. Memorandum 
oft, ,>hone conversation between Alcon a •• --: , Sager dated June 2S, 1996 noted by 
Record of Telephone Conversation: 

"Regarding controls on the manufacturing site they [Alcon] explained that: 

1) there are no outlets to the air so air emissions are moot. I [Nancy Sager] 
explained that the statement in the EA that "not of the type that would impact any 
permitted air emissions" implies that they have pennitted air emissions. They 
should clarify this and talk about i:ontrols whether they are required by pennit or 
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EAReview#l 

not. They indicated that they use dust bags. 

2) there are no specific controls on the liquid waste emissions because of their 
nature (Mostly water and salts). They confinned that they have a discharge pennit 
and that they are required to monitor specific parameters. I said that is a control 
and should be included." 

Please clarify and update the appropriate infonnation in the EA. 

RESPONSE: 

1). The finn states that air related permits are not necessary. However, raw material 
particulates are captured via filtration [dust bags?]. 

2). The finn states that aqueous wastes are monitored IJy local authorities under 
categorical guidelines issued by Federal and state regulatory agencies. Both monitoring 
and annual pennit review establishes the categorical limits. Residual amounts of drug 
substance are estimated as ca. 6 prm from initial discharge. 

ADEQUATE. 

General: 

3. In (he previous deficiency letter you were asked to include certain information (e.g., 
MSDSs) in the non-confidential EA. An "Exhibit I" containing this infonnation is placed 
at the end of Exhibit S, however, you have stated on page 1 of the EA that, "[W]ith the 
exception of Exhibit 5, all of the data and infonnation submitted ... is to be treated as 
confidential." Please clarify that ''Exhibit I" that is attached to Exhibit S may be disclosed 
or provide the previously requested information in a non-confidential fonn. 

RESPONSE: The firm has clarified that attachments 1-4 are confidential and attachment 
Sis aMotated "·Section For FOi Disclosure-". Sections. including Exhibit 1. contains no 
reference to CBI or other sensitive information pursuant to 21CFR25.38(b). 

ADEQUATE. 
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Endorsements: 

P. G. Vincent e f;-V \ \ \ .... c. I % 

Nancy Sager I\\ 'J. 1.\ ~ \J) 

CC: Original NOA #20-688/J. Holmes copy to NDA #20-6C81HFD-550 

EA File 20688 
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ENVIRONMENT AL ASSESSMENT 

AND 

FINDING OF NO SIGNIFICANT IMPACT 

FOR 

OPATANOL® 

(olopatadine HCI) 

0.1°/o Topical 

NDA 20-688 

Division of Anti-Inflammatory, Analgesic, and 
Ophthalmologic Drug Products 

(HFD-550) 

FOOD AND DRUG ADMINISTRATION 

DEC - 4 1996 

CENTER FOR DRUG EVALUATION AND RESEARCH 



FINDING OF NO SIGNIFICANT IMPACT 

OPATANOL® 

(olopatadint HCI) 

0.1 % Topical 

NDA 20-688 

The National Environmental Policy Act of 1969 (NEPA) requires all Federal agencies to assess 
the environmental impact of their actions. FDA is required under NEPA to consider the 
environmental impact of approving certain drug product applications as an integral part of its 
regulatory process. 

The Food and Drug Administration, Center for Drug Evaluation and Research has carefully 
considered the potential environmental impact of this action and has concluded that this action 
will not have a significant effect on the quality of the human environment and that an 
environmental impact statement therefore will not be prepared. 

In support of their new drug application for OP AT ANOL®, ALCON Laboratories, Inc. has 
prepared an environmental assessment in accordance with 21CFR25.31a(b)(3) (attached) in the 
abbreviated fonnat which evaluates the potential environmental impacts of the manufacture, use 
and disposal of the product. 

Olopatadine is a chemically synthesized drug which is administered as a 0.1 % topical ophthalmic 
solution in the treatment of allergic conjunctivitis. The drug substance is manufactured outside of 
the United States. The drug substance manufacturer has certified that the manufacturing facility is 
in compliance with local and national laws, in compliance with emission requirements, and 
approval of~he NDA is .. ~· expected to affect compliance with current emission requirements. 
The drug product is manufactured by Alcon Laboratories, Fort Worth, Texas. The finished drug 
product will be used by physicians and patients in a hospital, clinic or home throughout the United 
States. 

Disposal of the drug may result from out of specification lots, discarding of unused or expired 
product, and user disposal of empty or partly used product and packaging. Out of specification 
drug substance is returned to the vendor for disposal, while out-of-date drug substance is 
disposed of at a pennitted solid waste disposer. Rejected or returned drug product will be 
disposed of by a grinding process and bulk product solution is directly discharged to a sanitary 
sewer system under a discharge permit. At U.S. hospitals and clinics, empty or partially empty 
packages will be disposed according to hospital/clinic 1egulations. From home use, empty or 

2 



partially empty containers will typically be disposed of by a community's solid waste management 
system which may include landfills, incineration and recycling, while minimal quantities of unused 
drug may be disposed of in the sewer system. 

The Center for Drug Evaluation and Research has concluded that the product can be 
manufactured, used and disposed of without any expected adverse environmental effects. 
Precautions taken at the sites of manufacture of the bulk product and its fl~:! formu:eiuon are 
expected to minimize occupational exposures and environmental rele~e. Adverse effects are not 
anticipated upon endangered or threatened species or upon property list"ri in or eligible for listir.g 
in the National Register of Historic Places. 

,,(.,,_tc:r, 
~ EQo~COM~ Prepared by 

Phillip G. Vincent, Ph.D 
Environmental Scientist 
Center for Drug Evaluation and Research 

Attachments: Environmental Assessment 
Material Safety Data Sheet (drug substance) 
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Attachment 5 

ENVIRONMENT Al ASSESSMENT 

- Section For FOi Disclosure -

Drug Product · Olopatadine 0. 1 % Ophthalmic Solution 

Item 1. 

Item 2. 

Item 3. 

Item 4. 

~: 

Applicant: 

Revision of October 18, 1996 

Alcon Laboratories, Inc. 

6201 South Freeway 
(P. 0. Box 6600) 
Fort Worth, Texas 76134-2099 

Description of the Proposed Action: 

The proposed action is a request for approval of a New Drug 

Application for a sterile topical ophthalmic solution containing 

0.1 % olopatadine which is a selective H,-receptor antagonist 

and mast cell stabilizer. The proposed product is rtdministered 

topically to the eyes and is indicated for the treatment of 

allergic conjunctivitis. 

The drug substance is manuf acturect outside of the United 

States. The drug substance manufacturer certifies that the 

manufacturing facility is: 1) in compliance with all local and 

national environmental laws; 2) in compliance with all emission 

requirements set forth in all permits applicable to the 

production of olopatadine; and that 3) approval and 

subsequent increase in production of olopatadine at the facility 

is not expected to affect compliance with current emission 

requirements or compliance with environmental laws. ·vve ask 
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that tlie name and address of the drug substance manufacturer 

be considered confidential under FOIA procedures. 

The drug product will be manuf acturec.l by the applicant in the 

approved facility identified above in Item 3. 

The manufacturing facility is located in tort Worth, Texas. 

The business unit location is on approximately 60 acres in an 

area prim a ·ily occupied by light industry, warehousing and 

distribution operations. The Alcon property is the Corporate 

Headquarters and a portion of the property is where the 

manufacturing operation is located. The property is bordered 

north by a large section, over 50 acres, of undevelo;:ied 

property. The western section of the property is bordered by a 

multi lane e){pressway il35-W) which runs north and south. 

the southern perimeter is adjacent to a four lane city road 

which is used for entrance to the adjacent light 

industrial/warehousing park area earlier described. The eastern 

border is adjacent to a sizable section of acreage, over 

50 acres, used for agricultural purposes, grasses and hay for 

livestock. There have been no major environmental events 

that have impacted the described site property since the 

occupancy by Alcon Laboratories, Inc. The original building 

was constructed in or about 1952 on the property with 

continued expansiol"' as business requirements have dictated. 



The drug product will be available by prescription only and will 

be used by physicians and patients in a hospital, clinic or 

home. Individual containers will be disposed of by the user as 

nonhazardous waste. 

The drug substance is returned to the vendor for disposal 1f 

found to be 011t of specification as established in the 

purchasing agreements. Out-of-date drug substance is 

disposed of by Alcon Laboratories as nonhazardous waste by 

the permitted solid waste disposer. 

Rejected or returned drug product is disposed of by 

Manufacturing and by the returned goods department housed 

within Alcon Cer.tral Distribut.ion, respectively. In the case of 

Olopatadine Ophthalmic Solution, the disposal process is 

completed by processing the finished product through the 

controlled use grinding sy.:item. The grinding process or bulk 

product solution is legally captured and discharged to the 

sanitary sewer system under the discharge permit issued by 

the City of Fort Worth, acting under both State and Federally 

granted authority. The plastic containers (ground) are then 

discharged to the compliantly permitted land fill. Permits for 

liquid and solid disposal are detailed in Item 6 ("Introduction of 

Substances into the Environment") of this revised 

Environmental Assessment. 
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Item 5. 

Item 6. 

Identification of Chemical Substances That are the Subject of 

the Pnoosed Action: 

The subject of the proposed action is a sterile, topical 

ophthalmic suspension containing 0. 1 % olopatadine in an 

aqueous vehicle. The chemical substances are identified 1n 

Exhibit 1 and Material Safety Data Sheets for the drug product 

and drug substance are included. 

Introduction of Substances Into the Env11 onment 

a. Drug Su!:istance 

The drug substance is manufactured outside the United 

States. A Certificate of Compliance from the 

manufacturer certifies: 1 l compliance with all 

applicable local and national environmental laws; 2) 

compliance with all emission requirements set forth in 

all permits applicable to the production of olopatadine, 

and; 3) that approval and the subsequent increase in 

production of olopatadtne at the facility is not expected 

to affect compliance with current emission requirements 

or compliance with environmental laws. 

b. Drug Product 

Potential environmental hazards addressed for 

manufacture of the drug product are those emitted into 

the air, water and land disposal. 

00023110 OOlet 



Waste streams (air, liquid, solid) which emanate as a 

result of the production of this product are reviewed for 

the purpose of determining if any of the characteristics 

of said waste are deemed .special, h3zardous or 

non-h;:izardous under the definitions <.. .1 stated by 

applicable regu11'tions promulgated and enforcea by the 

United States Environmental Protection Agency, Texas 

Natural Resource Conservation Committee and the City 

of Fort Worth. This method of exercising proper 

control~ is done as a natural step within the complaint 

production methodology process used within the Alcon 

manufacturing facility discussed. There 1s no on site 

treatment of any waste ~reduced within the 

manufacturing sector. All wastes disposed of that 

emanate from the production facility are handled in 

accordance with applicable environmental regulations 

and appropriate permits 1f required. These controls 

exercised are continually expressed in the various 

employee safety programs including those under the 

jurisdiction of the Occupational Safety Health 

Administration as written in CFR 29-1910. 

Air: The processes, including sterilization, used to 

manufacture this product are not of the type that would 
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impact any permitted air emissions from the Alcon 

manufacturing site. 

Environmental air related permits for this product <He 

not necessary. R~w material particulate(sl are captured 

by internal means via filtration methodology and there 

are no emissions to the atmosphere discharged as a 

consequence of the manufacture of Olopatadinc 

Ophthalmic Solution. These controls exercised allow 

this product to be produced outside required controls 

directed at permitted air sources, as there are no air 

emissions. The regulatory precedent is established and 

recognized by all applicable Federal, State or Local 

environmental regulatory bodies. 

Watfl(: The by-products and any other wastes pursuant 

to the making of this product are minimal in volume. 

Any discharge of effluents that would terminate in any 

public or private water system or reservoir is fully 

within compliance of all applicable standards. 

The residual amounts of olopatadine from the 

manufacture of Olopatadine 0. 1 % Ophthalmic Solution 

that could enter the local efflu~mt di~charges are very 

·small and estimatc5 ore provided. 
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The City of Fort Worth monitors the liquid discharges of 

Alcon Laboratories on unannounced basis. The 

parameters monitored are based on the categorical 

limits as established by the City of Fort Worth under the 

categorical guidelines as issued by the Federal and 

State regulatory agencies. The permit renewal process 

by the City of Fort Worth includes a yearly 

process/waste review that determines limits or 

exclusions of discharges to the sanitary sewer system. 

Both monitoring and annual permit review establishes 

the categorical limits by whi· Alcon operates. Alcon 

has no "open" regulatory issues and is considered 

compliant in this regard. 

Land: The drug product manufacturing facility 

maintain~ current registrations for the purposes of 

general, specific, arid hazardous wastes. All wastes are 

disposed of within the dictates of current regulatioils by 

permitted disposers at authorized sites. No treatment 

of waste is necessary or required on site. 

Approval of this NOA will not adversely affect Alcon 

Laboratories operations or compliance with applicable 

environmental regulations. 
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The estimated yearly volume of drug product and the 

amount of dr~g substance needed to meet this need is 

included. 

Alcon Laboratories, Inc. will comply with all current, 

applicable municipal, state and federal emission 

standards as they apply in the production of 

Olopatadine 0. 1 % Oohthalmic Solution. The production 

of same will not affect any current environmentally 

related permits or employee safety p ·ograms as written 

by The Occupational Safety and Health Administration. 

United Siat&s Department of Labor. within the Alcon 

Laboratories, Inc. manufacturing facility located in 

Fort Worth, Texas. 

The following applicable environmental permits for ·~e 

applicant's drug product manufacturing operations are: 

Texas Air Control Board 1 

6330 Highway 290 Ea~t 
Austin, Texas 78723 
Operating No. R-18068 
Permit in effect until withdrawn 

Fort Worth Water Department 
920 Fournier Street 
Fort Worth. Texas 
Permit No. 110 
Renewal: 05/13/97 

1Texas Natural Resource Conservation Commission 
12100 Park 35th Circle 
Austin, Texas 78753 
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Texas Water Commission' 
1 700 North Congress 
Austin, Texas 78701 
Registration No. 65126 
Registration Status: Active: valid unti1 a.nended 

The permitted solid waste disposer 1s: 

Waste Management, Inc. 
Central Region 
1320 Greenway Drive, Suite 900 
Irving, Texas 75038 
Texas Water Commission Permit No. TWC No. YJ-1019 
Permit in effect until withdrawn 
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Items 7-11 

This information is not ordinarily required since the proposed 

action is for NOA approval for a human drug which is for 

to~1cal ophthalmic application only. 

Item 12. List of Preparers 

Richard W. Ray 

Thomas 0. Jones 

Assisted by Dusty P. Pruitt 

Curriculum Vitae for the above are attached. 

Item 13. Certification 

The undersigned official certifies that the information presented 

1s true, accurate, and complete to the best of the knowledge of 

Alcon Laboratories, Inc. 

Item 14. Ref~rences 

None 

Item 15. Appendix 

Exhibit 1 contains disclosable inf orrr:ation on the drug 

substance and drug product including Material Safety Data 

Sheets. 

\ ,_ 

-·--, / I 
·1 ~ 1-...-. / (. 

/ -
I 

I 

- I'., ! -· ' 

/'.. ~ ./• /' . ... 

Richard W. Rav Date 
Senior Director 
Corporate Safety and Environmental Affairs 
Alcon Laboratories. Inc. 



COMPLIANC~ ST A TEMENT 

Alcon Laboratories, Inc. will comply with all current, applicable municipal, state and fei:::eral 

emission standards as they apply 1n the production of Olopatadine 0.1 % Ophthalmic 

Solution. The production of same will not affect any current environmentally related 

permits or employee safety progran1s as written by The Occupational Safety and Health 

Administration, United States Department of Labor, within the Alcon Laboratories. Inc. 

manufacturing f actlity located in Fort Worth, Texas. 

) 
-/':"· '-· /' • e,_ 

-; 
/' 

L/•,-j 
/ .· jo--

Richard W. Ray Date 
Sunier Director 
Corporate Safety and Environmental Affairs 
Alcon laboratories, Inc. 
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1 A • Drug Product Composition 

EXHIBIT 1 

Coruents 

1 B • Description of the Drug Substance 

1 C • Physical-Chemical Properties 

1 D • Additives and Impurities 

• Material Safety Data Sheets 

1 E • Drug Product 

1 F • Drug Substance 
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1A 

Drug Product Comoosition 

Qualitative' Composition of Olopatadtne 
0. 1 % Ophthalmic Solution 

Ingredient 
(Compendia! Status) 

Olopatadine HCI (N0Cl 2 

Benzalkonium Chloride (USP) 

Sodium Chloride (USP) 

Dibas1c Sodium Phosphate, 
Anhydrous (USP) 

Sodium Hyoroxide (NFI 
and/or 

Hydrochloric Acid (NFl 

Purified Water (USPI 

1The quant1rat1ve composition 1s 
protected from disclosure under FOIA 
procedures. 

2NOC = Nonoff ic1al Compound 
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Description of. Orug Sy_bstance 

USAN Name: 

Olopatadine Hydrochloride 

Chemical Name: 

1. IZl-1 1·(3-(Dimetl-iylaminolpropylidene)-6,11 dihydrodibeni(b,e)oxepine-2-acetic acid, 
hydrochloride 

2. 11-((Zl-3-(0imethylamino)propylidene)-6, 11-dihydrndibenzlb,e)oxepin-2-acetic acid, 
hydrochloride 

~tr_uctural Formula: 

\,,,.., 
N 

I HCI r o 
/ 

011 

Molecular Formula 

Molecular Weight 

373.88 

CAS Registry Number 

140462· 76-6 

Code Numbers 

AL04943A (Alcon). KW4679 (Kyowa Hakka) 
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1C 

Physical Properties of Olopatadine HCJ 

Olopatad ne 1s a white crystalline powder. 

Melting Point: 248.6°C with decomposition 

pKa: pKa'-1 -- 4.18 

pKa'-2 = 9. 79 

'1.t!: Between 2.0 - 4.0 for a 1 % aqueous solution 

Solubility: 

~ 

Solvent Solubility (mg/rnll 

Water 

Methanol 

Ethanol 

Acetone 

Chloroform 

Ethyl Acetate 

Part1t1on Coefficients:• 

Organic Solvent 

1-0ctanol -·---

• p = Cone. Organic 
Cone. Aqueous 

16 

33 

6.9 

1.8 

0.64 

0.0096 

Aqueous Solvent Partition Coefficients 

Phosphate Buffer (oH 31 0.04 

Phosphate Buffer (pH 7) 2.20 -· 
Phosphate Buffer (pH 9) 2.29 
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Additives and Impurities. 

The purity of olopatadine HCI used in ttie drug product is controlled by analysis to be 

between 99.0 to 101.0% on a dried basis. It may contain not more than 0.1 % or 0.2 % of 

any individual impurity and not more than 0.25% total impurities. 

It 1s also controlled as follows: 

Heavy Metals 
!Colorimetric) 

loss on Drying 

Residue on Ignition 

ooou 110 001•' 
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MATERIAL SAFETY DATA INFORMATION 
15-JUL-1994 

*************************** SECTION I ******************************** 

MANUFACTIJRER/SOURCE OF INFORMATION: ALCON LABORATORIES, INC. 
EMERGENCY TEL: 817~551·4444 
ADDRESS: 6201 SOUTH FREEWAY, FORT WORTH, TEXAS· 76134 
CHEMICAL NAME AND SYNONYMS: 
AL04)43A; 
CAS NO.: AP0000472 
NIOSH/RTECS NO.: N/A 
PRODUCT CODE: N/A 
PMA/NDA: N/A 
MOLECULAR FORMULA: PROPRIETARY 
MOLECULAR ;.TEIGHT: PROPRIETARY 
CERCLA HAZARD RA'rINGS (SCALE 0-3): 

HEALTH-N/A FIRE-N/A REACTIVITY-N/A PERSISTENCE-N/A 

************ SECTION II (COMPONENTS AND CONTAMINANTS) *************** 

PERCENTACE: COMPONENT: AL04943A 

EXPOSURE LIMITS: NOT DETERMINED 

•************ SECTION III {PHYSICAL DATA) ***********************••• 

HAZARD DESCRIPTION: WHITE SOLID. 

BOILING POINT: NOT DETER.MINED MELTING POINT: NOT DETERMINED 

SPECIFIC GRAVITY: NOT DETERMINED VAPOR PRESSURE: NOT DETERMINED 

EVAPORATION RATE: NOT DETERMINED SOLUBILITY IN WATER: NOT DETER.MINE~ 

VAPOR DENSITY: NOT DETERMINED 

************** SECTION IV (FIRE ANO EXPLOSION HAZARD DATA) **********• 

FIRE AND EXPLOSlON HAZARD: THIS COMPOUND SHOULD NOT PRESENT A FIRE OR 
EXPLOSION HAZA.RD. 

FLASH POINT: NOT DETERMINED UPPER EXPLOSION LIMIT: NOT DETER.MINED 

LOWER EXPLOSION LIMIT: NOT DETERMINED 

FIREFIGHTING ~EDIA: USE EXTINGUISHING MEDIA APPROPRIATE FOR THE SURROUND!NG 
FIRE CONDITIONS. 

~ FIGHTING: WEAR S2LF-CONTA!NED BREATHING APPARATUS AND PROTECTIVE CLOTH:NG. 
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0vrc GASES PRODUCED: NOT KNOWN 

* • •• • * • •• • •• • SE'.::TION V (HEALTH EFFECTS AND FIRST AID) • • • • * • • • • • • • • • 

*TOXICITY: PRELIMINARY OBSERVATIONS WITH CLOSELY RELATED COMPOUNDS SUGGESTS 
THAT THESE AGENTS PRESENT NO IMMEDIATE TOXIC HAZARD, Bt.rr AS WITH 
ALL UNCHARACTERIZED CHEMICALS, DUE CARE SHOULD BE EXERCISED IN 
HANOI.ING THESE MATERIALS. 

CARCINOGENICITY: DATA NOT KNOWN 

INHALATION--
.ActrrE EXPOSURE: THE EFFECTS OF ActrrE OR CHRONIC INHA:..ATION EXPOSURE ARE 

NOT KNOWN . 

. CHRONIC EXPOSURE: N/A 

.FIRST AID: REMOV8 TO FRESH AIR. TREAT SYMPTOMATICALLY. 

SKIN CONTACT--
. IRRIT~.NT. ActrrE EXPO~URE: THE EFFECTS OF DIRECT CONTACT WITH THE SKIN ARE 

NOT KNOWN . 

. CHRONIC EXPOSURE: N/A 

'tRST AID: FLUSH SKIN WITH WATER. TREAT SYMPTOMATICALLY . 

... 'lE CONTACT- -
.IRRITANT. ACUTE EXPOSURE: THE EFFECTS OF DIRECT CONTACT WITH THE EYES ARE 

NOT KNOWN . 

. CHRONIC EXPOSURE: N/A 

.FIRST AID: FLUSH SYES WITH WATER. TREAT SYMPTOMATICALLY. 

INGESTION-·· 
.ACUTE EXPOSURE: THE EFFECTS OF ACUTE OR CHRONIC ING~STION EXPOSURE ARE 

NOT KNOWN . 

. CHRONIC EXPOSURE: N/A 

.FIRST AID: SEEK MEDICAL ADVICE. 

••••••••••••••• SECTION VI (REACTIVITY DATA) *********************** 

REACTIVITY: NOT DETER.MINED 

INCOMPATIBILIT.~ES: NOT DETERMINED 

DErOMPOSIT!ON: NOT DETERMINED 

~'01ERIZAT!CN: NOT DETERMINED 
3-1405 



JDITION TO AVOID: NOT DETERMINED 

************* SECTION VII (SPILL OR LEAK PROCEDURES) ************** 

SPILL VACUUM OR SWEEP UP SPILLAGE. AVOID CONTACT. PLACE SPILLAGE 
IN APPROPRIATE CONTAINER FOR WASTE DISPOSAL. VENTILATE AREA 
AND WASH SPILL SITE. 

DISPOSAL: ALTHOUGH THIS COMPOUND IS NOT DEFINED OR DESIGNATED AS 
HAZARDOUS WASTE, DISSOLVE OR MIX THE 1-Q..TERIAL WITH A 
COMBUSTIBLE SOLVENT AND BURN IN A CHEMICAL INCINERATOR 
EQUIPPED WITH AN AFTERBURNER AND SCRUBBER. OBSERVE ALL 
FEDERAL, STATE AND LOCAL ENVIRONMCNTAL REGULATIONS. 

********~* SECTION VIII (SPECIAL PROTECTION INFORMATION) ********** 

THE FOLLOWING INFORMATION ASSUMES LARGE QUANTITIES OF THE PRODUCT SUCH 
AS MIGHT BE ENCOUNTERED IN WAREHOUSE STORAGE OR AN INDUSTRIAL ACCIDENT. 

VENTILATION: ADEQUATE, LOCAL ~XHAUST 

FIRErIGHTING: SELF-CONTAINED BREATHING APPJ\RATIJS SHOULD BE USED WHEN 
FIGHTING FIRES INVOLVING A CHEMICAL. 

1~llING: PROTECTIVE 

GLOVES: kUBBER 

EYE PROTECTION: SAFETY GLASSES 

RESPIRATORY PROTECTION: NIOSH/MSHA-APPROVED 

•••••••••• SECTION IX (STORAGE AND HANDLING PRECAt.rI'IONS) ********** 

SPECIAL PRECAUTIONS: STCRE IN A TIGHT CONTAINER AS DEFINED IN THE UNITED 
STATES PHA.RMACOPEIA. THIS MATERIAL SHOUL~ BE HANDLED 
ANO STORED PER LABEL ANO OTHCR INSTRUCTIONS TO ENSURE 
PRODUCT INTEGRITY. 

•••••••••• SECTION X (TRANSPORTATION AND SHIPPING REQUIREMENTS) ********** 

THIS PRODUCT QOES NOT POSE Al>l UNREASONP~LE RISK TO HEALTH AND SAFETY OR 
PROPERTY WHEN TRANSPORTED IN COMMERCE. THE HAZARD C!..ASS DEFINI~!0NS OF 
49CFR, PART 173 ARE NOT APPLICABLE TO THIS PRODUCT . 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
T INFO~~T:ON CONTAINED HEREIN IS FURNISHED WITHOUT WARRANTY OF ANY K:ND. 
- _ ABOVE INFCRMATION IS BELI~VED TO 3E ~ORRECT BUT DOES NOT PURPORT TO 3E .l...:..: 
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"'l""'LUSIVE AND SHOULD BE USED ONLY AS A GUIDE. USERS SHOULD MAKE INDEPENDENT 
.::RMINATIONS OF THE SUITABILITY AND COMPLETENESS OF INFORMATION FROM ALL 

JvlJRCES TO ASSURE PROPER USE AND DISPOSAL OF THESE MATERIALS AND THE SAFE'ri 
AND HEALTH OF EMPLOYEES AND CUSTOMERS. 
••••••••••••••••••••••••••~•••••••••w•••••••••••*************************** 

APPROVED: 
RisO: E.K./T.K. 

DATE: ll/l/91 

FOR INTERNAL USE ONLY 

3-1407 
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MATERIAL SAFETY DATA INFORMATION 
3-0C"r-1995 

••••••••••••••••••••••••••• SECTION I ******************************** 

MANUFACTURER/SOURCE OF INFORMATION: ALCON LABORATORIES, INC. 
EMERGENCY TE~: 817-551-4444 
ADDRESS: 6201 SOUTH FREEWAY, FORT WORTH, TEXAS 76134 

CHEMICAL NAME AND SYNONYMS: 
O.lt OLOPATAOINE SOLUTION; AL04943~ O.lt OPHTHALMIC SOLtrI'ION; 

CAS NO.: AP0000705 
PRODUCT CODE: 
PMA/NDA NO: IND 44,:16 
CERCLA HAZARD RATINGS (SCALE 0-3): 

HEALTH-NIA . FIRE-N/A REAC'TIVI'I'Y-N/A PERSISTENCE-N/A 

************ SECTION II (COMPONENTS AND CONTAMINANTS) *************** 

PERCENTAGE: (W/V) 

ADJUST 7.0 

OS 100% 

COMPONENT: 
AL04943A 
BENZALKONIUM CHLORIDE, NF 
SODIUM CHLORIDE, USP 
OIBASIC SODIUM PHOSPHATE (A~ffiYDROUS) , US? 
SODIUM HYDROXIDE, NF AND/OR 

HYDROCHLORIC AC10, NF 
PURIFIED WATER, USP 

FORMULATION PROPRIETARY: WE WILL MAKE THIS INFORMATION AVAILABLE TO MEDICAL 
PERSONNEL IN CASE OF AN EMERGENCY. 

EXPOSURE LIMITS: NOT CETERMINED 

*************** ~ECTION III (PHYSICAL.. DATA) *********************••••• 

HAZARD DESCRIPTION: CLEAR AQUEOUS SOLUTION 

BOILING POINT: N/A 

SPECIFIC GRAVITY: N/A 

EVAPORATION RATE: N/A 

VAPOR DENSITY: N/A~ 

MELT:NG POI~: N/A 

1TAPOR PRESSURE: N/ A. 

SOLUBILITY IN WATER: ALL COMPONENTS ARE 
WATER SOLUBLE. 

•••••••••••••• SECTION IV (FIRE AND EXPLOSION HAZARD OATA) ••••••••••• 

_,K~ A.N~ ~XPLOSION HAZARD: THIS MATERIAL SHOUL~ NOT PR£SENT A FIRE OR 

3·1409. 



EXPLOSION HAZARD. 

:'W'8H POINT: N/ A UPPER EXPLOSION LIMIT: N/A 

LOWER EXPLOSION LIMIT: N/A 

FIREFIGHTING MEDIA: USE EXTINGUISHING MEDIA APPROPRIATE FOR THE SURROlNDING 
FIRE CONDITIONS. 

FIREFIGHTING: WEAR SELF-CONTAINED BREATHING APPARATUS ANO PROTECTIVE CLOTHING. 

TOXIC GASES PRODUCED: CAR.BON DIOXIDE, CARBON MONOXIDE, NITROGEN OXIDES 

************* SECTION V (HEALTH EFFECTS AND FIRST AID) ************** 

•TOXICITY: ORAL !.,,050-MICE >lG/KG 
ORAL LOSO-RATS>3G/KG 

CARCINOGENICITY: LIFE-TIME STUDIES WITH THE ACTIVE INGREDIENT HAVE NOT BEEN 
CONDUCTED. THE ACTIVE INGREDIENT WAS NON-GENOTOXIC IN A 
SERIES OF GENOTOXICITY ASSAYS. 

INHALATION--
.Actrri EXPOSURE: SOME COMPONENTS OF THIS PRODUCT MAY CAUSE IRRITATION TO 

THE RESPT.RATORY TRACT SHOULD INSUFFLATION OF PRODUCT OCCUR . 

. fRONIC EXPOSURE: SEE ACUTE EXPOSURE 

.FIF:..JT AID: REMOVE TO FRESH A!R. IF NOT BREATHING, PERFORM ARTIFICIAL 
RESP!!UTION. LF BREATHING IS OIFFJCULT, GIVE OXYGEN. OBTAIN 
APPROPRil\TE MEDICAL ATTENTION. 

SKIN CONTACT-· 
.ActrrE EXPOSURE: THIS PRODUCT CONFORMS TO FDA REGULATIONS AND GUIDELINES 

FOR AN OPHTHALMIC FORMULATION AND THUS IT IS NOT EXPECTED 
TO PRODUCE DERMAL IRRITATION. MINIMAL DERMAL IRRITATION 
MAY OCCUR UPON PROLONGED OR REPEATED DERMAL EXPOSURE TO 
SENSITIVE INDIVIDUALS . 

. CHRONIC EXPOSURE: SEE ACUTE EXPOSURE 

. FIRST AID: IF IRRITATION OCCURS, IMMEDIATELY FLUSH SKIN w·:TH COPIOUS 1\MOUNTS 
OF ~ATER. IN THE EVENT OF A.NY ADVERSE EFFECTS, OBTA!N APPROPRIA~E 
MEDICAL ATTENTION. 

EYE CONTACT-~ 
.ACUI'E EXPOSURt: T~IS PRODUCT CONFORMS TO FDA REGULATIONS AND GUIDELINES 

FOR AN OPHTHALMIC FORM'JLATION THAT HAS BEEN TESTED ~ 
DEMONSTRATED TO BE SAFE FOR USE IN THE EYE. MINIMAL 
OCULAR IRRITATION MAY OCCUR FOLLOWING AN EXCESSIVE TOPICAL 
OCULAR EXPOSURE, BEYOND THERAPEUTIC LEVELS SUCH AS IN 
PRODUCT ABU~E OR IN AN INDUSTRIAL ACCIDENT. 
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-aRONIC EXPOSURE: SEE ACUTE EXPOSURE 

-~IRST AID: IF IRRITATION OCCURS. IMMEDIATELY FLUSH EYES WITH COPIOUS 
AMOUNTS OF WATER. IN THE EVENT OF ANY ADVERSE EFFECTS, OBTAIN 
APPROPRIATE MEDICAL ATTENTION. 

INGESTION .... 
. ACUTE EXPOSURE: THE CONCrNTRATION OF ACTIVE OR POTENTIALLY TOXIC MATERIAL 

AVAILABLE IN ONE BOTTLE OF THIS PRODUCT SHOULD NOT PRODU~E 
A SIGNIFICANT ORAL HAZARD SHOULD ACCIDENTAL OR INTENTIONAL 
INGESTION OCCUR . 

. CHRONIC J::XPOSURE: SEE ACUTE EXPOSURE 

.FIRST AID: WASH Otrr MOUTH WITH WATER AND INDUCE VOMITING. IN THE EVENT 
OF ANY ADVERSE EFFECTS, OBTAIN APPROPRIATE MEDICl.L ATTENTrON. 

••••••••••••••• SECTION VI (REACTIVITY DATA) *********************** 

REACTIVITY: STABLE 

INCOMPATIBILITIES: NONE KNOWN 

DECOMPOSITION: WHEN HEATED TO DECOMPOSITION, MATERIAL F.MITS TOXIC FUMES. 

cA•YMERIZAT:ON: WILL NOT OCCUR 

~ONDITION TO AVOID: THIS MATERIAL IS STABLE FROM A SAFETY POINT OF VI~W. 

************* SECTION VII (SPILL OR LE:.AJ< PROCEDURES) •************* 

SPILL: WEAR APPROVED RESPIRATOR AND CHEM!CALLY COMPATIBLE GLOVES. VACUUM 
OR SWEEP UP SPILLAGE. AVOID CONTACT. PLACE SPILLAGE IN APPROPR:ATE 
CONTAINER FOR WASTE DISPOSAL. WA.SH CONTAMINATED CLOTHING BEFORE 
REUSE. VENTILATE AREA AND WASH SPILL SITE. 

DISPOSAL: DIS~CSE IN ACCORDANCE WITH A.LL APPLICABLE FEDERAL, STATE AND 
LOCAL ENVIR011MENTAL REGULATIONS. THIS PRODUCT DOES NOT MEET 
THE DEFINITION OF HAZARDOUS WASTE AS DEFINED IN 40CFR, fART 
261. ll. 

********** SECTION VIII (SPECIAL PROTECTION INFORMATION) •••••••••• 

THE FOLLOWING INFORMATION ASSUMES LARGE QUANTITIES OF THE PRODUCT SUCH 
AS M!GHT BE ENCOUNTERED IN WAREH~USE STORAGE OR AN INDUSTRIAL ACCIDENT. 

VENTit.ATION: US£ GENERAL OR LOCAL EXHAUST 

FT~EF!GHTING: SELF-CONTAINED BREATHING APPARATUS SHOULD BE USED WHEN 
FIGHTING f'IRES ;NVOLVING A CHEMICAL. 
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•"THING: APPROPRIATE LABORATORY APPAREL, PROTECT EXPOSED SKIN 

.iwVES: RUBBER 

EYE PROTECTION: SAFETY GOGGLES 

RESPIRATORY PROTECTION: NIOSH/MSHA-APPROVED 

********** SECTION IX (STORAGE ANO HANDLING PRECAUTIONS) ********** 

SPECIAL PRECAUTIONS: 'THIS MATERIAL SHOULD BE HANLDEO AND STORED PFR LABEL 
AND OTHER INSTRUCTtONS TO ENUSRE PRODUCT INT~GRITY. 

OTHER PRECAUTIONS: AVOID BREATHING OUST OR MIST. WASH ntOROUGHLY AFTER 
HANDLING. DO NOT PERM!T EATING, DRINKING OR SMOY.ZNG 
NEAR MATERIAL. 

********** SECTION X (TRANSPORTATION AND SHIPPING REQUIREMENTS) •••••••••• 

THIS PRODUCT DOES NOT POSE AN UNREASONABT .. E RISK TO HEAJJTH I.ND SAFETY OR 
PROPERTY WHEN TRANSPORTED IN COMMERCE. :dE HAZARD CLASS DEFINITIONS OF 
49CFR, PART 173 ARE NOT APPLICABLE TO THIS PRODUCT . 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
INFORMATION CONTAINED HEREIN IS FURNISHED WITHOUT WARRANTY OF ANY KIND . 

• E ABOVE INFORMATION IS BELIEVED TO BE CORRECT BUT DOES NOT PURPORT TO ~E Al.L 
!NCLUSIVE AND SHOULD SE USED ONLY ~AS A GUIDE. USERS SHOULD MAKE INDEPE?.!'.:.'E:NT 
DETERMINATIONS OF THE SUITABILITY AND COMPLETENESS OF INFORMATION FROM Al.L 
SOURCES TO ASSURE PROPER USE AND O!SPOSAL OF THESE MATERIALS l\ND THE SAFETY 
AND HEALnt OF EMPLOYEES AND -CUSTOMERS . 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
APPROVED: 
R'D: R.H./E.D./S.R./T.K. 

DATE: l/21/94 

REVISION: l 
R&D: E.D. 

DATE: 10/3/95 

FOR INTERNAL USE/GOVERNMENTAL SUBMISSION ONLY 
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Review 



JUL ~ 3 91> 
REVIEW FOR DIVISION OF 

ANALGESIC, ANTI-INFLAMMATORY, ANO OPHTHALMIC DRUG PRODUCTS, HFD-550 I ! 
OFFICE OF NEW DRUG CHEMISTRY, MICROBIOLOGY STAFF, HFD-805 

MICROBIOLOGIST'S REVIEW NO. 1 
JULY 19, 1996 

Reviewing Microbiologist: Carol K.' Vincent, HF:i-805 

A. 

B. 

1. NOA NO.: NDA 20-688 

PRO OU CT NAME: Opatanol 0. 1 % (Olopatadine Hydrochloride Ophthalmic Solution) 

B..f PL!CANT: Alcon Laborat~ries, Inc. 
6201 South r.:reeway 
Fort Worth, 1 X 761 34-2099 

Manufactured at: 

Alcon Laboratories, Inc. 
6201 South Freeway 
Fort Worth, T)I'. 76, 34 

2. ~QSAGE FORM ANO ROUTE OF AQM!NISTRATION: 

Sterile Oohthalmic Solutions, topical: 
S ml. fill in 5 ml Drop·T•iner df1pen1•r1, 

10 mL fill in 10 ml Drop·T•iner di1pen1er1, •nd 
15 mL fill in 15 ml Drop-Tainer di1p•n1er1. 

3. METHOO!sl OF STERILIZATION: Aseptic fill 

4. eHARMACOLQQICAL CA TEGQRY ANO I OR PRl~C!PAL INQ!CATION: 

Olopatz1dine HCI is a selective H, -receptor antagonist and mast cell stabilizer for topical 
administration to the eyes for treatment of allergic conjunctivitis. 

5. OAUG PAlORIIY CLASSIFICAT!CJN: 1 S 

1. INITIAL APPLICATION DATE: 01 ·26·96 

2. BECE!YEP FOR REVIEW: 02-20-96 

C. ~ONCLUSION and RECOMMENQATION: We recommend approval of NOA 20-688, 
Opatanol O. 1 % (Olopatadine Hydrochloride Ophthalmic Solution) for sterility asaurance. 

Tho acclicaot has committed to croyjde dryg cro<:yct-soecific v1lid1tjoo ioform1I!Q.n for the 
mjcrobjal challenge of the uerilizin.a.filrcr !see March 29, 1996 letter from Alcor .. attached). All 
other data provided are acceptable and provide adequate information for the sterilization process 
validation and aseptic fill manufacturing procedures for the subject drug product. 

cc: 
Orig. HFD-550 NOA 20-688 
HFD-160/Consult/CKVincent [HFD-8051 
HF0-5 50/Chambers/Tso/Holmes 
Or1ft1d by: CICVir1c1nt/06·27-96 
ReviHd by: CKVincent/07·05·96/07·18-96 
.l=°N•r: 6'11i:Or!...:\:-"t/c?·1r,·9' 

Carol K. Vincent 

'·,·. t-..., 
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REVIEW FOR DIVISION OF 

ANALGESIC, !\NTl·INFLAMMATORY, ANO OPHTHALMIC DRUG PRODUCTS, HFD-550 
OFFICt: OF NEW DRUG CHEMISTRY, MICROBIOLOGY STAFF, HFD-805 

MICROBIOLOGIST'S REVIEW NO. 2 

AUG - 9 1oc=: -....... 

AUGUST 8, 1996 

Reviewing Microbiologist: Carol K. Vincent, HFD-805 

A. 

B. 

• 
1. NPA NO.: NOA 20-688 

PRODUCT NAM~: Opatanol 0. 1 % (Olopatadine Hydrociiloride Ophthalmic Solution) 

APPLICANT: Alcon Laboratories, Inc. 
6201 South Freeway 
Fort Worth, TX 761 34·2099 

ManufaC11Ured at: 

Air.on L.t»orat•.nH, Inc:. 
8201 South '.:reewav 
Fon Wann. TX 781 34 

2. DOSAGE FORM ANO ROUTE OF ADMINl§TRATIQN: 
Sterile Ophthalmic Solutions, topical: 

5 Iii. fill In 5 111l Drop·Tainar dispc. .• ers, 
10 Ill fill in 10 111l Drop·Tainer diapensers, and 
15 lllL fill in 15 iw.. Orop·Tainer dispensers. 

3. .METH.ODlsl OE STERILIZATION: Aseptic fill 

4. PHARMACOLOGICAL CAT;GOFIY ANP I OR_fRINCIPAl INDICATION: 

Olopatadine HCI is a selective H,-receptor antagonist and mast cell stabilizer for topical 
11dministration to the eyes for treatment of allergic conjunctivitis. 

5. DRUG PBIORIIY CLASSIFICA T!ON: 1 S 

1. 
2. 
3. 
4. 
5. 
6. 

INITIAL Af!PLICATION PA TE: 
RECEIVED FOB REYIEW: 
AMENPMENT: 
m.ce1vep FOR REVIEW: 
AMENDMENT: 
RECEIVED FQR REVIEW: 

01-26-96 
02·20·96 
07-22·96 
07·31·96 
08-01 ·96 
08-06-96 

C. REMARKS: These amendments provide the drug product- specific filter sterilization 
validation information requested previously by the reviewing microbiologist. The applicant chose to 
provide the infomation as an amendment to the pending application, therefore there is no longer a 
basis for post·approval commitment for the same information, because the requested information 
was provided on a pre-approval basis. No further information is necessary. 

D. CONCLUSION end RECOMMENDATION: We recommend approval of NOA 20-688, 
Qpatanol 0. 1 % (Olopatadin,! Hydrochloride Ophthal·nic Solution) for sterility assurance. 

cc: 
Ong. HFD-550 NOA 20-688 
HirO-t ISOICon1ult1Cl<Vinc1nt IHFD·805 I 
HirD-550/Ch.mb1r1fT101MolmH 
Drifted by: CKVincent/08·01 ·98 
Aevited by: CICVincent/08·08-96 
l"'D lnit by: PHCoonty/08·08·96 
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NOA 20-659 

NORVIR (RITONAVIR) LIQUID 80 11/tG/ML 

FOR THE TREATMENT OF HIV INFECTION 

Regulatory Managment Officer: Kimberly A. Struble, R.Ph. (301) 827-2335 

Volume 1 



NOA 20-680 

NORVIR (RITONAVIR) CAPSULES 100 MG 

FOR THE TREATMENT OF HIV INFECTION 

Regulatory Managment Officer: Kimberly A. Struble, R.Ph. (301) 827-2335 

Volume 1 

- --- ---



NOA 20-659 
NOA 20-680 

Abbott Laboratories 
Pharmaceutical Products Division 
Attention: Jeanne M Fox 
Dept. 491, AP6B/1 
Abbott Park, IL 60064 

Dear Ms. Fox: 

Please refer to your December 21, 1996, new drug applications submitted under 
505(b) of the Federal Food, Drug, and Cosmetic Act for NORVIR (ritonavir oral 
solution) 80 mg/ml and NORVIR (ritonavir capsules) 100 mg. 

We acknowledge receipt of your amendments dated: 

February 1 , 1 996 
February 2, 1 996 
February 8, 1996 
February 10, 1995 
February 15, 1996 
February 19, 1996 
February 23, 1996 

These new drug applications provide for the use of NORVIR in combination with 
nucleoside analogs or as monotherapy for the treatment of HIV infection when 
therapy is warranted. As discussed in our meeting of February 29, 1996, and 
indicated in your letter of that date, the indications and usage section of the 
labeling for these products reflects a combined indication for traditional approval 
for treatment of patients with advanced HIV disease and accelerated approval for 
treatment of patients with less advanced disease. This combined indication is 
reproduced below: 

NORVIR is indicated in combination with nucleoside analogues or as monotherapy 
for the treatment of HIV infection when therapy is warranted. For patients with 
advanced HIV disease, this indication is based on the results from a study that 
showed a reduction in both mortality and AIDS-defining clinical events for patients 
who received NORVIR. Median duration cif follow-up in this s~udy was 6 months. 
The clinical bianefit from NORVIR there11y tor longer periods of treatment is 
unknown. For patients with less ad\I&; .. :ed disease, this indication is based on 
changes in surrogate markers in studies evaluating patients who received NORVIR 
alt ,e or in combination with other antiretroviral agents. 



We have completed the review of these applications including the submitted draft 
labeling and have concluded that adequate information has been presented to 
demonstrate that the drug products are safe and effective for use as 
recommended in the February 29, 1996, draft labeling. Accordingly, these 
applications are approved effective on the date of this letter. 

The final printed labeling (FPL) must be identical to the February 29, 1996, draft 
labeling. Marketing the products with FPL that is not identical to this draft labeling 
may render the products misbranded and unapproved new drugs. 

Please submit fifteen copies of the FPL as soon as it is available, in no case more 
than 30 days after it is printed. Please individually mount ten of the copies on 
heavy weight paper or similar material. For administrative purposes this 
submission should be designated •FINAL PRINTED LABELING" for approved NOA 
20-659 and 20-680. Approval of this labeling by FDA is not required before it is 
used. 

Should additional information relating to the safety and effectiveness of the drugs 
become available, further revision of that labeling may be required. 

We acknowl1;1dge your commitment to comply with the conditions of Accelerated 
Approval as iitated in your February 29, 1 996, letter for patients with less 
advanced disease. Ad•Jitionally, we acknowledge your commitment to conduct 
phase 4 studies as stated in your February 27, 1 996, letter. 

Validation of the regulatory methods has not been completed. At the present 
time, it is the policy of the Center not to withhold approval because the methods 
are being validated. Nevertheless, we expect your continued cooperation to 
resolve any deficienci~s that may occur. 

Please submit one market pi:ickage of the drug when It is available. 

Under sectio11 736(all1 llBllii) of the Prescription Drug User Fee Act of 1992, this 
letter triggers the remaining 50% of the fee assessed for these applications. You 
will receive an invoice for the amount due within the next month. Payment will be 
due within 30 days of the date of the invoice. 



We remind you that you must comply with the requirements for an approved NOA 
set forth under 21 CFR 314.80 and 314.81. 

If you have any further questions please contact Kimberly Struble, A.Ph .• 
Regulatory Management Officer, at 301-827-2335. 

Sincerely yours, 

~~ 
David W. F · al, 
Director 
Division of Antiviral Drug Products 
Office of Drug Evaluation IV 
Center for Drug Evaluation and Research 
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2 NEW 
3 
4 NORVIRTM 
s (riton11Yir cap9Ulea) 
6 (rtton11vtr oral IOlutlon) 
7 
8 

~ 

10 
l1 
12 
l3 
l\4 
l.S 
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Co-adminisUl&ioa of NOgynt wi1h c.naia a= rid ina ..,U.imnm-. ledlsi'V9 
hypnotics, or mtilldrydullics may NUii ia pc' •Wly r.iom llld/or life.duutenin1 
advwse OVCD11 c1a8 1ID pouible lfftcll o1 NQBYR m te hmzljs mmbc:ljp pf 
smmjn 4mg S• CON'DAINDICATIONI 111tl DICAVJ'IONll 11cdoo1 

DESCRIPTION 
NOllVIll (riumavir) is m inhibitor of HlV ~ wia ldivity tpiut "'9 B\Ul\m 
lmm11110defisienc:y Virus (BlV). 

Ritonavir is chemically dlsip•*' u 10-Hydruxy-2-metbyl-5-(l-metb)'J.ihyl)-1-
(2-( l-methylethyl)-4-tbiuolyl)·J ,6-dioxo·l, l l-bis(phlnylmetbyl)-2,4, 7,12-tacraazaaidecan· 13· 
oie acid, S·thiuolylmethyl uter, [Ss-(5&0 ,D,. ,101•,na.•)J. l11 molecul1t formula is 
C,,H.,N,Oi~. md its molecular weiaht is 720.95. llitoaavir bu 1bo fo1lowins lltnlCtUral 
formula: 

R.itonavir is a white-to-light-WI powder. R.itonavir has a bitter metallic iaste. It i1 freely 
soluble in medianol and echaaol, 10luhle in ilOpaupmol md practically iuoluble in wmr. 

NOR VIll C1PINlts an &Ylilable for oral administration in a 11r1Datb of 100 ma ritouvir 
with the followins imcti,,. iqndients: Caprylic/1:1pric triaJyCll'ides, polyoxyl 3 S cutor oil, 
sittie acid, selalin. •-1. polyglycolyzod slycerid-. polylodlue 10, lllCl pnlp)'l- ,iyool. 

NOR.VIll oral solUlioa is available for oral ldminislnlion 1110 llllfmL ot'ritonavir in a 
peppermint md canmel flavored vehicle. Eacb 3· IDd I-ounce bmt!p gnmjp• w•• ..... 
7.2 1nd 151.2 arama of riumavir, respectively. NOllVlll oral solU1ion abo contains ethanol, 
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waser. polyoxyl 35 w oil, prapyl- slyciol. lllby*'- ci1ric -=id to ..Uu PB.• '•ria 
IOdilllll, peppemlint oil. crlllll)' canuael 8avorin& - ~p .. ' ma;c Yellow No. 6. 

CLINICAL PHARMACOLOGY 
MICROBIOLOGY 
Mpdimism pf acJion· Jli1DnaVir ia a ptpticlomiJDeUc inbibi10r of both dlo BIV-1 lad BIV·2 
prottaHS. InhibiU.oa of RlV protuH rmdlrl die ..,.... •clplhl1 of pron1m1 die fGl-pol 
polyprottin pl'llC1ln'Or which lwb to preducriOn of llOll-iaflctio8' i•mlbn mv p111icl•-

Anriyjra! eG1iYitt m ;-;ap: ne activity ofritoaavir W111•1111d m Wlro ia IGu&ely iDfocred 
lymphobluteili cell lillM ud iD periphenl blood l)n fkDqtll. 'Die ODDeeall'alioa of drq 
thai inhibits 50% (Ee,.) of vin1 replic:alioa napd from 3.1 tD 153 llM dtp"dlhl V10ft dlt 
IDV-1 i.lollle and tbe eells -.ployed. n.-... BC,. for low pm11• clinical ilol•• w 
22 nM (n:J3). In MT. Gills, ritonavir d.....,..P1111id additive ef&c1S apinst mv-1 ia 
1:0mbin&1ion with either zidovudino (ZDV) or diclnoline (ddl). Studi• which meuurod 
cytotoxicity of ri10D&Vir Oil sovenl cell Jin• mow.cl tbll >20 !iM WU requind to inhal>it 
cellul11 srowth by 50% rwubina in ui ilr vitro tbcnpeutie index of at lout 1000. 

Resistance: HIV·l isolates with reduced llllC9Ptibility to rillmavir have been saloeted ill Yitro. 
Gaiotypic 111alysis of these isolates sbowecl mutatia111 in the RlV proteue pne at miao Kid 
positions 14 (Ile to Val), 82 (Val to Phe), 71 (Ala tD Val), and 4' ()&t to Do). PblllO&ypie 
(n•l8) 111d aenotypic (n-44) cb111111 in mv ilolltcl from aelo=d Piii•" treaed with 
ritonavir -re moniiored in phlM 1'JII uilla O'ltf I perioli of 3 to 32 '#Mkl. *i&tiOftl 
associated with the HIV viral proteue in ilol.- obtained trom 41 patietl apptarld ID OICUt 
in a stepwise 111d ordered fashion: in seqwe. these m••riaas ,.,.... politioa 12 (Vil tO 
Ala/Phe), S4 (Ile to Val), 71 (Ala to Valtrhr), llld 36 (Ile to Leu), followed by combinuioM 
of mutations at ui additional S specific amino acid positions. Of 11 puients for which both 
phenotypic md genotypie uialysis W91'1 pllformld on free virus ilOlarocl from plasma, 12 
showed reduced susceptibility to ritonavir in YitnJ. All 11 patienas pass•ed oao or more 
mutations in the viral protea.SO gene. 'Ihe 82 mutation l(lpeanci to be neemery but oot 
sufficient lo 1:0nfer phlllOtypic rasi9*111c.. Phmoaypic reliltance wu defined u a ~S-fold 
decrease in virl.l sensitivity in vitto from bueline. The dinical relavance of phenotyplc: ud 
genotypic: chuges associated with ritonavir thenpy bu not been established. 
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Cmp·rnimn.ce "' rim ptjndmripla~ 11w potliidial 6x BlV CZQll rwil""09 ....,.._ 
protNM iahlltiton bu not bllll fla1IJ aplond. 1'11erlfort. ic ii ..imo- ..., dNt ritlclUVir 
1b1QPY will have an tbo ll:tiYity of coacordiDtlJ or 11111Hqua1ly ~ ,......., 
inhibicors. Serial BIV illOI- obtlinecl ltoDl liX pm_. Gina n.avir dlenpy lbo'WM a 
decrease ill riCGll&vir SllfCl.JllDility Ill"'"'° but did not~. CODCOrdlDC dacreue il1 
11UUptibility to uquiuvir a. llilrv when CO"lpM9d fD retched h 111tHn1 ilollttl. HoW9Ycr, 
isolate1 fNm twO of e .. pltilnta dlni••• aaold 41G1el!ltll •••c : ll1rility '° illdinavir fR "'" 
(8-fold). liolata from 5 palieata wen lllo teallld for cmu-r-i"IDCI to VX-4'711 llUl 
nclfmavir; Uolaaes from 2 paliems luld a d1 crn11 in IUI 1plibilny tD 11elfinwir (12· 14'-fold), 
md none to VX-471. Cnw-resistance betwe'e ritoDmr 11111 mi•,. u.ac:ripUIA inhibiton is 
unlikely bec•nse of the dil&reat enzyme 11qet1 iu~ One ZDV·rwil'Pt BIV itolase 
teStecl t11 Ylrro retained full Pwc..,ullility to ri1oaavir". 

Pbarm•coldaetics . 
The p~es of rilOA&Vir have bNn lllldiod in blllthy voluntetn 111d BIV·inflGtld 
patienu (CD, 2 SO cellll!IL). Ste TIOle 1 lor mona\'ir p~c thlfldlriitict. 

The: U>solute bioavtilability or ritonavir hu not beta deWmintd. >.Arr a 600 m1 doit of 
oral solution, pale concentrations of ritonsvir wwo ICbi.ved 1pproximuely 2 bOVi Ind 4 
hours after dosing \IDder fasting md non-fvtina (514 'KCal; 9% ~ 12% rniain, and 79'!. 
caibohydrllle) c:oncli1ions, respeaively. Wbm the oral 10lusioa w a.'"wn UDcler non-fulin1 
conditions, peak riton&Yir i:oncentrations ~ 23% 111d the llldlllt of .tblorpcioa 
decreased 7% rtlaiive io t'astil\g ~ti01'1. Dtl\ISion of 1he oral IOit.diao. wi1bin cme hour of 
ad111inistralion, with 240 mL o{ cboc:olaie milk, Adven.• or J!uure• did not llpiftcantly 
affect the ext:.nt and rate of ri10n&vir lbiorpUOD. After a linale 600 ma doll llftder DOD• 
fastin1 conditiona, in two scpanie studies, the capsule (n-21) 111d oral 10llllion (rlS) Cp=1 !) 
formulations yielded mean ::t: SD areas under lbe pluma conc:en1rlldon-time euive (AUC1) of 
129.S * 47.1 uid ia;a,g"' c;a,i 122qi3?1 l'l·hlmL. respecrivcly. :Rolaiive to furins 
conditions, the: extent of U>sorptic:m of ritonavir from the 1:111sule formulation wu 15% hiabcr 
when administared with a meal (nt KCal; 46% Car. 11% prom, md 3,.19 carbohydrace). 

Nearly all of the: plasma radioaclivity afler ~ sinale oral 600 ms dose of "C·ritonmr oral 
solution (n•5) wu ataibuted 10 unc:han1ed ritonavir. Five riUIDavir metibalites have been 
identified in humui urine and feces. The isopropyldtiuole oxidllion lllAdllboli~ (M-2) is the 
ma,jor metabolite and has uitiviral activity similar 10 tll8l oC parent dnia; however, che 
concentrations c,( this metabolite: ift pluma are low. Snadias U1ilizin1 human liver inimisomes 
have demonsntod 1hal cytochrome P450 3A (CYPJA) is th• ~or iaolonn inwl.-d ill 
ritonavir mmbola1111, altboqh CYP2D6 &190 1;0nlribuies to the formadon of M-2. 

In 1 study of five subjec:u receivin1 a 600 ma dose or 1•c-ritonavir oral solution, 11.3 * 
2.8•/. of the dose 'l#U excreted into the urine, with 3.S :k 1.8% of th• doM exc:roted u 
unchui1ed parent q. In 1hat study, 86,4 ,i, 2.99/o oftbe dose wu excreted in the fec111 with 
33,I ± 10.8% of the dose excreted as vndunged parent dnia. Upon multiple dosiftl, riuinavir 
aci:umulacion is lea d\1111 preclictecl from a sinal• dun possibly 6ue tlD a time 111d dose-ftlased 
inc;rcase in c:learancc. 
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1 SS• mdY GR petipb Plli1 • tmq dlluftr IOO., •1211. 
• Siql9 ritoalYir 600 .. 4-. 
• Primarily bowl ID bma -- .-a ... ~l Mid..,.,.., V' 

1

A cmr .. litauwir 
OOllOIDCllliOB l'9P of~ U1, to 30 l&lhaJ.. 

Spe~ Popabdeu: 
Gendv !•cs md Ag· No ., .. l'llated pblnauokiutic: ..__ have Nm ob1SV*I in 
adult patienu (11 to 63 y8111). llitoc&Yir pblrmlcokiaalics have not Nm "1Mlied in olshrr 
patients. A SlUdy of rilOIWlir pbarmacoldntdcs ill bultby llllles IDd fllDll• lhow.d no 
swUtically sipificant differlftces in die pJwmacolciJl.Ue1 of rifOllavir. Phannuokinetic: 
differenc:cs due 10 race have not ~ ideaiifiod. 

Renal Jnsyfficicney: RitoAavir pbannac:okinllics have not 1"m studied in plli.m. with naal 
insuffic:iency, howwv mice renal d11r111ce ii nqliJibl1, a~ in 1Dtl1 body d0111Dco is 
not expec:ted in palieats with renal hmaftic:ieacy. 

Hepatic Insuftidmcy: Ritonavir phumacoJciueics have llOt beln -.died la lllbjec:u wi1b 
t.e;illic: insuffic:ienc:y (see PRECAVTIONS), 

prug-Drug Jntmctjgps: Tablo l IUlllm.-izu !ho offec:u an AUC ad c_ whh 95% 
confidence intervals (95 CI), of eo-adminillrllion of ri10navir "Nith a Ylrilty of drvp. Por 
information about clinical recommendalions - PRECAU110NS-Dn1 latoncde.1. 
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155 

1'•ns 
157C~500 .. ql21a4dayt 

)51Did•Meiw 200 .. ql2ll 4 .,. 

155Fmoonazcl6 '°° .. dly 1. 200 -~ 
l 60d&ily 4 day• 

161FluoxedDo 30 11111 ql21l I dayt 

1621li•-pia 600 .. ar JOO .. 

163daily 10 -·· 
l6'Ctidowdiaa 200 mg qlh 4 daya 

165 

16El>n1 

167ClaridltomyciA 500 11111qllla4 dq1 

168 14sOH clarilbromyciA mstabolita 

169Deaipromim 100 ........... 

170 2sOH clelipramiDc llllC.lboliu: 

171.0idauoliac 200 1111 qllh 4 days 

I 72Elbiayl c1111diol 50 Ill siatJe dole 

I 73RilabutiA uo .. daily 16 dly1 

174 25-CMleMCCtyl rilabuliD -bolilc 

I 7SSulfunclboxazolc 100 1111 liaaM do•' 
176TbeopbylliDc 3 ~ qlh 1$ dat• 

177rrimcllloprim 160 .............. 

...... ,, ..... 
•;, _ ......... , .. • AVC"CNQ 

200 .. qlb ' .,. 22 t 12'6 (2, "") 

600 .. qllla 4 .,. 11 .. 
200 .. .a 4 ...,.. • t 12'6 cs. :HM) 

600 ......... 16 t ltM. (7, 14") 

soo .. q121l :Ill ..,. 7,. 
"' "'" (7 ..... , 

JOO mg qQa 4 tlmya 10 .. 
zs..r-c.-++-·,, .. D,.. 

81'· uh D1nsp • AOC,.(MCI) 

200 2111 qlll ' day• 22 t 77'6 ('6. IOS'Mo) 

"' lCICM 

500 "" qllll 12 .,. 14 't 145,. (103, 211%) 

"' 1"6 (J. 2N) 

600 ... qllb' clay• 12 .I. IJ" (0, 2J,.) 

soo .. qllll 16 dlJ• 21 .£. '°" CJ I, 41Mo) 

500 1111 qllb 10 dly1 s.11• 't 4-Cold (2,1, 6. IX) 

t JS..folol (25, 71X) 

500 1111 qllb 12 clays u + 2°" (16. 1J") 

.soo 1111 qllll 10 .,,. U,IJ• .j. 43" ('1. 4JM) 

500 1111 qllll 12 cl.ya IS t 2°" (J, .,,.) 

' .j. 2J,. (15, J4%) 

c_ "t'5 CJ) 

t 1"6 (2, 3'6) .. 
1' U'Mo (7, 22'Mo) 

.. 
"' "" (e$, .... , .. 
c_1'(91CJ) 

t 31% (IS, SI%) 

.,I.ff% 

't 22% (12, U%) 

+ ~ (62, 72%) 

.i. 16" cs. 2'") 

,I. '2" (21, '"'> 
t 1.UOld (I.,, J.4X) 

t 16sfold (i4. lOX) .. 
.i. u,. (29. 14"> 

.... 

.j. 27" (4, 45,.) I 71Zidowdiu 200 1111 qlh 4 claya 1---------------------------------------JOO 1111 ljQ 4 day1 

110 
181 
182 
183 
114 
llS 
186 
187 
111 
119 
190 

Sulf-U.Oxuoll wl .n-tboprim lakal u lia1ll c-"ivtion tablst. 
i PgsJjmjp•q P.sa 
't llldicaw IDcnue. 
+ llldicau.1.._... 
.... ladioa1C1D0obaap. 
• Panll•I poap moip; muin an aubj1111 .-ivilll •="".._ uod -.I nnsi1i-m11,1, aw ; tiwwl)'. 

INDICATIONS AND USAGE 
NOllVIR is incliCllld •h•• '' ill c:ombinuioa wi1b 11llCleotido mlloJUll or p mpngtbmpy 
for the tteument of lDV0 infection when therlPJ is Wlrrlllted. ~111d • eliN1lll Mier 
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i···•••Bi•ll ...... 'Riil rer a•• =m Nl:PIW" IPY t ... lbia illdiclliaca ii bued 
Oil Ibo roaults &om a lllMl:Y ia ••rs• ,.,_.. ••11• Ra' lli11• dill lbeWld t rMuGlioa ill 
bodl monalitr wl AJDMtflnlna ollnitll ...- lot plli=sa • ,..,;-,_. NOi.Vii. w..M• 
duration ol folio-up in Ibis llUdy WU 6 lla0Dfh1 11M cliliic:al -.4t from NOB.VIit. 1bermpy 
lor Iona• paioda of trulmmt ii unlmown. 

fw petjS!! "th '"' edppgd sti._ *i• in"iS!Sim ii b• 1 • shpm in R!P!U' 
merk•n in fDldip mJuegipr 9'1ima whp =•pd NQ•m "•' er Ip mm'ineftun "itb 
mhcr entj!1tr9Yipl •g>g ten ppsriQpp n' Qjpjsel IDfsfjpl 

Delcripdea el O!pfcal StHill 
Th• lelivity of NOJlVD. u 1110110dalnpy or in oombinatioa wi1la DUCllDlide lllllopm bu 
~ eva!!Wlld in 1"'6 ,.rimts tlll'Oli.ct ill two doalt.le-blind,. rmdctm'-' 1riall. NOll.VJS. 
1henpy in combiuiiG:i widi zidovudia• llld. mlciubiat - lllo rnlQl&ld in • opm-1Uel, 
non-comparative lltl&dy of 32 palients. Th• clinical ltUdiu qpodlcl here wma au conducted 
usin1 ritonavir onl solusion. 

Ad•aaced Padaaa wl~ Prior Aadrcatrmnl 1'lleran 
Study 247 wu a randomizad, doubl1-blind trial conductecl in lDV-infected Pl*i•11 with ai 
least nine mombs of prior ln1imroviral dienpy wl bueliH CD. cell counta $ 100 Cllls/j&L. 
NORVIll 600 mg b.i.d. or pl&Abo wu ldded to l8dl pali1at'1 bl181Jn1 anti1WC1o"nl lhapy 
reJimen, which could have c:omiaed of up IO two lpplOved llllirwtnMnl 11•11. Tbe atudy 
aemiacl 1090 patitnta, widi mAD bueline CD. cell collllt at study may ol 32 Cllllljd.. 
Mcdim duraDOD of follow-up - 6 mon1hl. 

lhe six rnonth '1Dllulllive incidlllce of clinical di11ue prolfll'ian or death wu l '7% for 
pllienu nnciomized 10 NOlt.VIll co111partcl io 34% for pllimss r1ndomized to placebo. This 
difference in rues wu swil1ically significant( ... Fiprt 1). 

Flpftl 
Tme .. DI- p, .......... er Dea6 .. ~ J47 

I ~r~::::::-~---__ -:::: 
l :: 

I: ~i..:======~===~~----~----~ ........ • . .. .. -
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'Ilao six·lllCIDtb -W81iw monali\7 wu S.1% for ........... ., NOJlVDl. llMl 
10.1% for pllilll'8 nadoaUld ID pltnbo. 'I1lil di6I "la 111111 w ? r'9"ally 
lipifiQDt. 

Ia ldditioa, ...q.. of w CD, cell coim& ctsqn hm b 0 s'in' OV9I' flat lint 16 
wks of.....,, for the tint 211 .,m .. --a1ed <-MJ11liDe CD. Clll CDUDt • 
2!> celb/llL) lbo11Wd dW N01VDL _.. •••rd widl ..... inc111• ill CD. cell co111111 
dam wu plu111° ( ... Pipn 2). 

• 
• 

J " § • • 
I • 
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I • --I • 
I .. --• .. 

I ' t f • a M • ---
Figure 3 summarizes the man chases ftom bueline ill lo1 JUV ltNA l1vlls for Study 247. 
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Patiaats Witbout Prior .UdntnYiral 'J1lenpJ 
ID onaoin1 Study 245, 356 mril'llnlvinl-Dlive BIV..u.nc:t.d pllitntl {illCID buelint 
CD. = 364 c:ells/µ.L) were nndomiaed to ,_ve lilbtr NOllV!I. 600 1111 b.i.d., zidowdiu 
200 mg ti.cl, or & combinabon of th .. dnap. ID •ilylu of avsqe CD, ctU COllllt chlnaes 
from bueline over the first 16 weeks of scudy, both NOR.V!l. mcmoth.-.py and combination 
thenpy produced sruter man incnues ia CD. cell count than did zidowdiae monotbenpy 
(see Fiaure 4). The CD. cell count inC'.l'llMI for NOl.Vlll monothenpy '"" llraer 1ha 1be 
inc:ruses for combination blpy. 
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Figuxe 5 summarizes the mean chanps from blllline in lo& mv :INA loveb for Study 24S. 
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Combillar • ner.,,. wida N'OllVJK. Zldeftdia1t Id Zdd ...... ill AlltlA"Wbfii,.a. 
Naive Padeatl 
In Study 20&, • open-label mcantroJled tn.L 32 llltinlroviral-aaive RIV-i1.d'tcted fldmu 

. initially reeoived NOR.VD. 600 ma bJ.d. --..,, . Zidowdiae 200 m.a t.i.d. ad 
zalcitlbine 0.75 mg t.i.d. - ldded ,,_. 14 clays of NOllVD. maaotherqy. B.esults of 
combow;on dwlpy for lbe fil'll 20 WMb of Ibis llUd7' show media ill~ in CD4 coll 
counts from butliae Jev.ls of 13 to 106 celll/1£1. owr dao UOetm•1 period. Neu ~ 
from baseline in BlV JlNA panicl1 l1vel1 rmaecl from 1.69 to 1.92 lop. 

CONTRAINDICATIONS 
NOR.VD. is contrlindicaad in pMillltl wills •- ..,,......li1"it)? to ritoaaYir or my of i11 
inaredilllta. 

llitonavir is expected to procl1M:a larp U-in the plllmti OODC:lau&tions ot•• 
followmg drugs: uniodaron1, utemi.011, bepridil, bupropioa. dupridl. cloapine, moainich, 
flecainide, meperidino. piroxicam, proplfenon1, prapoxyphae. quiNdlne, rifabldin. Ind 
terfenadine. These 11en11 have recopiw r~lb of anhytbmiu, hemaiolo,lic: abnonnaliiies, 
seizures, or other po1entially serious advCM effects. 'IhlM drvp JbcNld not be 
c:o-adminiitered with ritonavir. llitonavir c:o-ldlnilliltnlion is likely UI produc:e large 
increases in lhac hisbly metlboliz.ed sedalivea end hypnotic:s: llpruolun, doru.epate, 
diazepam, estazolam. fharazepam, midazobm, 1riuolun. 1Dd zolpidem.. Due tO 1h1 potendll 
for extreme sedation 1Dd nspiraioiy depression from th- qenu, they lbould not be 
co-administered with ritonavir. 

PRECAUTIONS 
Generll 
Ritonavir iJ princ:ip~ly metlboliw by th1 liver. Therefore, caution tbould be exerc:iled 
when administerina this drug to puieats with imp&;red hepatic: fwl=on. 

Resisranu/Croa•ruiltaace 
The potential for HIV cross-resistanc:e be1- protease inhibitors bu not been fully 
sxplored. Therelore, it is unknown wbu eft'ec:t ritonavir therapy will have on the ac:livity of 
subsequent protease inhibi1ars (see MICROBIOLOGY). 

Iaformadoa Jor Padeab 
Puients should be informed that NOR.Vlll is not a cure for HIV infection and dw they may 
continue to acquire illnesses usoc:iated with adv.need HIV ibfedion, inc:ludin& opponanislic 
infections. 

Patients should be told that the lon&·tenn etrec:is of NOll.VIll are unknown at this time. 
They should be informed that NOR.Vlll tbtrllPY bu not been shown to reduc:o the risk of 
transmitting HIV '° others through ..uai contact or blood c:onwninaliOG. 

Patients should be ldviud to tab NOR.Vlll whh food, it pouible. 
Patients should be infonnod to tab NOi.VIi. W«Y clay u pruc:ribld. Paliea.ts lbould not 

alte~ the dose or clisc:ontin11e NORVIR without consulting !heir doctor. If a doN ii missed, 
patients should take the nexi dose u IOOft u possible. Ho-v•, if a dose ii skipped. the 
patient should not double the next dose. 

----- - -
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Since NOllVIR. ~ wi1h 11111119 clrqs ... tlktn toftll*, pllimll lbould bo adviatcl 
t0 report ro tMit doctor "" ua ot m:t otla.- mldicldoa' iall\ldina JftlCllPioa 11\d 
nonprescription clrvp. 

Labon .. ryT .... 
Jtitoll&'Vir hu Hin racriutd widl .aCll'ldoas ia trisb'.W.. SGOT, IGl'T, oor, CPS. •d 
uric acid. Appropria&e t•er11U17 ..,iq Maid b9 ,.....,11 pdot • .1.tNtiatiaa NO.'YDL 
1horapy .ac1 • periodic ~. or if...,. clwul lipl or 1YmptDIU OOWI' ~ tblnipy. 
For compnhtmive Jatonmtion ~ libOllflcN)' tMt 11.,.tom O"oci11111id .nil& 
nudeotict. lllalol'MI. phyac:iul lbould rtiftr 10 1tle coatpltte procbace infonuzion for lllCh ol 
these drup. 

Dna1 hatendiO&I 
Age1111 which incrNM CYPJA activity (•.a.. phtn0barbi"1, carbunwpiu. dn•metb"sms 
phenytein, rifampin, 111d rifaburin) would bo ...,... .. ID increue tba cllll'lllc. ot ritaaavir 
rnyltjp• jp dssmad ritppayjr pl""' FfWf'PR"iM• Tobtcca _.it lflOCiatN wish at 
11% dlcreue in die AUC ot ritonavir. 

Ri10navir c:111. procbM;o large incrnsu in pllsma CGGCIGtratiou ot cmaia. hiahly 
metaboli.vd dtiap. Aitonavir hu a high affinity for MYtrll qroc:luome P4SO (CYP) isofonnt 
wi1h 1he followiq r.U order: CYP3A > CYP2I>6 > CYP1C9, CYP2C1P >> CY1'2A6, 
CYPlA2, CYP2El. n.. ........ i111ii1ali•• ii '9'AI nid•se 1baa ritOA&\'ir - u. ..... 
Che GGtivity of JIUcutOtlotyl trlllSftrua; thua, lot1 ot ....,_c ...,.... from direotb' 
glucuronidated 11on1s durinJ ritonavir thanpy Ill&)' lilftify Ibo aetcl f6r doule tlctl'ICioa ot 
these agenu. A syssemaiic ~cw of over %00 meclicatiom prescribed to JIIV-inf..:ted 
patients was performed tD identify potential drug intlrletions 1'\th ritonavir. Table 3 
summarizes some commonly prescribed drugs, upannd by the type of metabolism 111d 
3Xpecfecl mqnitude of intlQU?ion when ~isaered with rit.onavir. It is ldvised diat 
concomiwtt 115e of tny of these 11ents widi riamavir should be accompllliecl by thenpeutic 
drug concentration ~Ditoring andlor incrased mcmitorina o{ 1henpoinic and ldveno tft'ct1I, 
especially for lfllltl widl narrow tha'apeuaic marsmr (e.a., onl •dcoaaulan•, 
immunosuppr1111nrs). Large dosqe rwducrionJ (>50% rtductioa) m.r bt required tor ihoea 
aaents extensively mecaboliacl by CYP3A. 

The followiq list provides info1uuion based on studies of tho co-utmilailtration of 
ri&onavir on the phannac;okin.Uc er ptilf'lft .. • .,.11•N propc"lia of NWral COllUDDAly 
prescribed medications. 
<:;!ari!hromycift: The JURlll mcmse in the AUC of cluiduomycm in tha presace o{ rifDDIVir 
wu 779,.. Claridlromycin may be ldlllinistered withOllt dosqe acljlllllftent 1D patients with 
normal renal function. However, for parients wich r.w impeirment the followin& dosqe 
adj11S1Jn1111ts should be considered. For palians with Clea 30 to 60 mLJJnin die don of 
clwiihtomycin should be reduced by SO-lo. For paricnts with CLc:a < 30 mlJmin the don of' 
clarithromycin should be cMcrAsed by 75%. 
DujpOIJl!jDei Co-admininratioa of riiOAavir rwulted in a 1452' mep incnue in the AUC of 
desiprunine. Dosqe reducrion of desipnmit\I should bo comidered in plAmts 1alrin1 1he 
c:ombina:ion. 
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Diw!tjqmMmmnidemlp' llitonaVir for1111allri•11 .....;a •'oohol, whicla can pracluce 
l'8KUou wbm oo 1dlninlputc1 with dilulanm or olblr dnap tha& produce dilulfirmn•lilce 
reacUOlll (t.ls, rutaosid1m!1). 
Ora) Cqptn£1RPYK The-AUC ol lllUDyl ...... oompoalllt ID oral OOll.traceptins, 
wu rtcluced 40% duriq IClllCOmitlnt darins witb ritaurir SOO·lllf ql21a; dolla• incnuo or , 
altemaae COD1RCIP1ivt m111arw lbould N camidlncl 
Sagyinayjr: llitDD&Vir ..,.,lively im.ii1'i111he mm\lctH• of llQUluvir hlllltina in anatlY 
increuocl uquinavir pl•-• COllceDtrlliolll. The llflty of dWi CIDlllbi0 uion bu not bMD 
emblilhed, 
Doopbyl!in11: Tho 'Y'BU AUC of tbeaphyllille w reduced by 43% when M.fdminiu.nd 
with ri:on&vir. Increued c!osqe of theopliy!line may bl required. 

T•W.J 
P111•llal are..•.,,.... C• tr' ' tar .. Wl6 ........ 

il!~~~~~~~~~~~~!·~·•~n~ll~r~l~h:•!R~1a~1~·~11::•~r~r:r~Wl~l!:;!R~'~':1~tl":!:., __________________ ~ 
~ - --454 

4Sdnc c •• ...,. 
456 Lorp' f .t.Vc" 

(CYPM) 

45.iaalsuiu, aucetlc AllatuU 
..... yl 

46iallliiollc, 
46iachlido 

46i.,11c1apJ111 

46'...w.,.. ...... , 
46iicycllc 

c.tliuauoplH 
C\olira..-m 
Ediolo.U.idc 

i.-i..til• 

N.,.,,•1 •ar• 
s..tnliao 
T....._c 

.. ,, 11 Etallw9 Dftlr Ir)' fo' #ti lallnill• Ca.,.., 

Aaiatptylla• 
C-i-ioo• 
Duipnaia• 
Jaipnail• 
...,_;i;.. 
Nottrlptyllae 

Fiio ...... 
Pw ) I 

"•lafuia• 

u ..... •t .. 
.&. AVC" 
(CYPIOIJt) 

····~-· 

ft11a·r\i111 

D i 

Fiii ....... 

........ +.ut"i 
Cl'• ...... ..., 

It ........ 
k111"*9 ,..,._ 



4 ........ 

4'7Cold ......... .i 
4'i\llodloro 

4 .............. . 
411.\ .. . 
4MIV proloaoo ............. 
4M1,..i,c-1co 

0.-+i-ol 
Oe.te = 

,.. ........ 
Oil.._ ,,.,,.;,., 
1-lllpill• 
N'icanli,;.c 
N;w;piao 
Nle..iipiao 
NiMWl,;.c 
v...,...u 

Btap11idt 
Puli....i 
T-alfoa 
V"ia•ltAD• 
v ........ 

D-=r+·-· ........ 

.......... ..... 
P ; olol 
Tiaolol 

..... 11 

,_ ; I I 

0.. I I 

P.14/21 

IIMJ261 VS Pep 13 of 20 
CJU7$16 Fcbnay 19, 19" 

r ,, I tr 
.. stzrl. 

t ,,,, 
k 27 ., 

,, 

D . : 

Al d h 
Q' Ir 
t I . 2 I 

Pd ..... .,.. .. "'" 
Clnari•il• 

Aw 1h•lrl 
I '11 
.... 1 lel 

C,.1111 a r•wW. 
cw ...... 
n ••••• 

''tr Ire ·IM 

Am•• .. ••• 



( 

MFlR 01 • 96 02: 02PM REGLLATORY AFFAIRS P.15"21 

tltl0262 VS hp 14 of 20 
Clt27Sl6 ,.......,. 2lJ, ltK 

··-· ...... .... C,.l ' .• T1rnr-.. .•. ,, .. Qltp .... 
H1' I W.& 
.. , •• I, 

II I 11' ' 
TTKN!lul= 

........ .,.,, dm I I 

414 
........ 

0 5 a 

P s 'I 
T• J" 

495 i 
496 & ft. 

497 
491 
499 
500 
SO! 
502 
503 
504 
sos 
506 
S07 
SOB 
509 
SlO 
51 l 
512 
Sl3 
314 
SIS 
516 
517 
518 
519 
S20 
521 
522 
523 
524 
S25 
S26 

Carci.aopaeau ud M• .. P"""' 
Lona·torrn carcinoplicity studies of ri11Dnmr in lllimal IYlllinl bavt not Hie comploted, 
However, ritonavir wu not mutq111ic or dlllDpnic iii a baucry of in Ylb'O and Ill ""'° 
1SS&y1 incllldina baaerial nvene mutation (Amel) Illini S. ,,.,,,_,,,,_ •d £. coll, moue 
lymphoma, mouse micn1Giaclllll. ad duon Ullmt lba111ion1 ill b111UD lymph0Cy1ee. 

Prepmnc7, Fordllty, ud llepncladiom 
Pregn.mcy Cct9J11ay B: Bitonavir produced no tft'ectl Oil flnilit;y in fall It drq nposurea 
approximately 40'.4 (anale) md 60% (femalo) of thar IChiewd with tba propoaed lhmpwtic 
dose. Higher dosqes wen aot feuible due ID luip.Uc toxicity. 

No ueatment·relai.d malformations ,..,. oblervecl when ritonaVir wu adminiaered to 
prepant rau or rlbbits. Developmctal toxicity obsemd in nu (mly fllOrpUcm&, 

decreased fetal body weiabt ad oaificazion delays llld Hwl.Pmtntal Yarilliom) occumcl 
at a maternally toxic dosqe at Ill apo111re oquivalmt ID tpproxim-1y JO% of that 
achieved with die proposed thenpelllic doM. A llisht i~ in tho incidence of 
cryptorchidism wu also noted in nlS 11 Ill exposure tpproximately 22% of that achieved 
with me proposed therapeutic dose. · 

Developmental toxicity obRrved in rlbbits (nsorptiOlll, decnued liu.r u md 
decreased fetal wtipts) also occurrod at a matemally toxic doup eqllivallnt to I.I 1im• 
the proposed therapelllic dose based OD a body IUJ'face 1re1 conversion factor. 

There are, however, no adequate and well·conuollecl studies in prepant womm. 
Be1:ause 111imal nproduction ltlldies are not always prediGtive of hul'Dlll rapome, 1bis dr\11 
should he usod dllrina pr.pancy only if dearly needed. 

Nursias Motben: It is 11;01 known whether dUs clnia ii excreted ill human milk. Bec111• 

MIDY drup are eixcnted in hlllli&!l snilk, caution should be mc.a.d wbm rillOnaYir is 
administered to a nuniq woman. Bo-. lbe U.S. Public Bultb Snee Centan for 
Disuse Con1r0l 111d Prewnaion ldviw BIV·infectod wo- noi to bnut·feed 10 awid 
post-natal nnsmillion of HIV to a child who may not be infected. 

' S27 
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Th• llf•ty uad dl!Cti~ of rifDD&Vir ill ollildnn below die .,. ol 12 have not Hiil 
lltablished. 

ADVERSE REACTIONS 
The 11f.i:y of N01VDl l1one llld in comhinerion wida nar'eocjde ....,_ w ll&Udid ill 
1140 patients. Table 4 lilCI tr"D"tnt.......-S lodv•• IVllltl (at 1-.a polllDly nlated end 
of at lust mod.rue mt.siiy) dw occumd ill 2" or..- of pali.m nceiviaa N01VDl 
alone or ia comhinetjon wi1h 1l'lldlOlida in Study 245 cw Study 147. Ai the time of tllil 
safe1y w1'1"'111t. tbe midi• cbmlion of..,......in....., 245 wl SIUdy 247 w 3.7 IDd 
2.4 ID01lths. rtSplCtMly. Hewmr ,.,.,,, de n m!'E'W' pp net!n tr m•• tl!m o 
mMths pf !rPetm"' n. lllOlt ~ nporced llinilll lllvene wm-. Giber 1ban 
uthenia, among paai•ll r9Cliviq N01VII. Mrl 11 I .... liul llMI .-lolical 
disturbances including "'""' dianha. vomitlq, IDOlaia, lbdominll pain, tute pervenion, 
and circumoral 1nd peripheral plrlllbui11. Simil• ldvene IVlftt profil11 wert nponed iii 
patients receivina ri10iiavir in other 1rills. 

Tula4 
Parcaa&ap af ....._ .. wldi T1Wlm•l-E•11 .. il A'-1-- etW. ...... er &.wen 

la-.MJ 0-ITlrlc .. !: J% ., .......... h ... lfORYlll 

SNcl7 245 lllldy 247 
NaiwPalima A4vuMd Patism 

NORVJR. NOll.VJR. mv NOR.VIR Plu.t.a 
+mv 

Adwr•liwall D • 116 D • 117 e • llt ..s41 a-541 

Body u • Wbale 
Abdomieal Pain 4.3 J.4 4.2 7.0 ).I 

AlllMDia 27.6 !l.4 10.l 14.2 5 .. •• 
Fever 1.7 0.9 1.7 4.4 2.2 
HHdacbe 7.1 5.1 7.6 (i.J 4.0 

Malailc 4.3 1.7 3.4 0.7 0.2 
Cardiovucular 

Vuodilalion 2.6 1.7 0.1 1.3 0.0 

Dipltive 
Allonxia 7.1 0.9 3.4 6.1 2.a 

Coutipa&ioii 2.6 0.0 0.1 o.o 0.4 

Diuriiea 21.6 12.I o.o 11.3 6.1 

Dy ....... l.7 0.0 1.7 4.1 0.7 

Flual- 2.(i 0.9 0.1 r,_, 0.(i 

Loo.ti nn.1 Irrilalioo 1.7 1.7 0.1 2.6 0.2 

Nalllu 4'.6 2.3.I 24.4 U.2 S.7 

VomiliDf 22.4 12.1 1.2.fi IS.2 2.(i 
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MNllolio ud N....m-1 
~ .. dric'M 1.7 3.4 , ... 0.9 0.1 

~ 1.7 1.'J 0.0 4.1 0.0 
Ml11C•lla-L-1Mal 

Mralaia 1.7 1.'J 0.1 u 03 

~ 
Cin1wrs1 .... ;. S.1 1:; 0.0 S.9 0.2 
Dill ••• 5.2 2.6 1.7 3.J I.I 

111•-i• 3.4 2.6 o.a 1.3 0.6 ......... S.2 2.6 0.0 2.0 0.2 
PcriplllllaJ hr dl11i• 0.0 6.0 0.0 .s.o 0.7 
Sa1111 1111• u 3.G o.o 2.0 0.2 

. NMin1 .Ab rmal u o.o 0.1 O.'J O.J 
Rupintmy 

~ 0.9 1.6 o.o 0.4 0.4 
Skinalld Au dcp= 

R.ull 0.9 o.o 0.1 1.6 0.9 

s-linl 3.4 1.6 1.7 l.J 0.6 

S119"i&I S... 
Tut9PeneniOD ts.s J0.3 7.6 .S.4 l.'J 

Adverse evena oCQ!nini in 1- than 2% of pei11111 raceivins NOllVIll in Ill phue 
ILphuc m stwies l&ld comidend at leui poasibly related or of Wlknown nla1ionlhip to 
trsatment and of at least modtrate intensity are listed below by body sysllllD. 

Body as a Wliol•: Abdomen eoluged, 1e;idtn11l i!tj;ay, alleqic ructi1111, bade pain, · 
cadiexia. chest pain, chilli. facial edoma, flcial plin, flu l)'llclrome, hormone JIWI altered, 
hypothermia, kidney !'.llin, neck pain, nedt ripdhy, pain (umpec:ified), lllbltenlal chllt paiA, 
111d photosensitivity raction. 

Cordlowu1:111tu S,.n.111: Hmnorrhip, hypotension, mipaine, palpitalioa, peripheral 
vascular di&0rder, post\1111 hypotension, syDcope, uad w:hycardiL 

Dir.sttw S,.111111: Abncmnal st00ls, bloody dill'l'h11, cheililia, cbolAftlitil, colilil, dJy 
mouth, dyspbqia, eructation, uophqitis, pscritis, paroenterilia, patnrintoltinal dilorder, 
aastrointcstinal hemorrbqe, ginaivitis. hepatitis, hepatomeaaly. ileilia, liv11 dm•1e. liver 
function tests abnormal, mouth ulctr, orll moniliuis, pancreatitis, periodontal ablCell, rectal 
disorder. tcncsmui, uad thirst. 

Endocnn• Syst•111: D~ msllitus. 
H•wric and L)'MllNllic Syst.,,,: Anemia, .cchymosis, leukopenia, lymphadmopatby, 

lymphocytosis, and tbrombocytopeniL 
M•tobollc and N1111'itl-1 Dbord.n: AvitamillOlis, dlhydn&icm, Idema, alYCOIUria, 

gout, hypercholeswoinia, pcripbnl edema, md Wlisht Jou. 
Muse11lasul•tal Sy11n1: Anhnlsia. llnhrosi1, joint disorder, muscle cnmp1, mud• 

weakness, myositis, and twitchins. 

-- --- ---
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N1"10ru S-p•: Abnonml drums, nha nlll pit, ..... 111111elia, amci.ty, l!Phuia. 
lllXia, c:aafusiaa, coavullicm, ci.pr--. diplopia, emodaul llllil~. evphoril, pmd mal 
convulsion, halJuciuticma, 11yper.-.;a, ~ libido d1 I I ktd. 'Dll"'O"-­
neunlaia, Mlll'Op&lby, pan1ylia, peripbtrtl Ullftlll 'hy, ~ IWolJ DM'Opalhy, 
peno~ity dilorW, uemor, 1lriDmy r · 1 •rica, md wnip, 

1"6Pl1tli0ry .\)11u.: Asthm•, ci)IP 11, epi "s, hicoup, laypovmtilllioa., incrusecl 
cough, intenlicial pDIWllOllia, lllDI .__, md rhinitis 
, Sldn and AppcrtdaJer. Amo, contlct delmatitis, dry lkiD. 1111 ma, folliwlitit, 
m"111op11111lar ruh, molllllClllll CODtqiOIUIA, pruri1111. plOriuis, llborrhea. uniGlria. IDd 
vosi'11lobulloUI hlh. 
~ Smu11: Abaonnal ~ tbnomul ~ alinonm1 

vision, emblyopialblwrocl vision, blepharilil, eer pain, l)'t pain, bariq impai1111111t, 
incnated cerunaen. iritil, paromnia, pbo~ia, ... Iola, dui1ul, awitia, -· vilual ftlld 
d.C1ct 

Uro11nltal Sysinr: Dyr;uria, bematuria, illlpotmct, kidney calculus. kidney flilurt, 
nocturia, penis disorder, polyuria, pyelcmephritis, 'lln"Ariiis, IDd 1lrinuy fhcpleDcy. 

Laborato1"7 Abaormalitiea 
Table 5 shows die percentage of patients wbo 4oYeloped marked labo~ abnormalities. 

TMleS 
Pnca .... •fP....._a, 11)' ICll41 •• T1 a at CN If• wl6 Mutia• a-.loar)' ... 

Bea•1e•11 w ........ ., v .... .u-........... 

SNdyUS Sllld)' 247 
N.t...hdau Ad--' Palle!IU 

NOR.VIR. NOii.Vil ZDV NOR.VDl Pl&aebo 
Variable Limit •'ZJ:JV 

CJn:tdliIBY WWi 
Gllacoee (>lSO aiafdl.) 2.0 0.9 0.4 I.I 
Uric Acid (>12 aiafdL) J.6 0.2 

Creatioillc (>3.6 sqldl.) 0.2 0.2 
Potan:i11111 ~-OmEq/L) 0.4 0.2 

Chloride (>122 mEqlL) 0.9 

Total BiliNbiA (>3.6 11111fclL) t.1 0.2 

Alkaline Pbmpba- (>.SSO IU/L) 0.9 1.4 1.7 
SGOT(Asn (>llO ID/L) 2.9 '·' 1.7 3.1 4.3 

SOPT (ALn (>21$ JU/1.) 3.9 .S.6 2.6 6.1 2.6 

OOT (>JOO IU/1.) 2.0 2.1 0.9 14.7 6.7 

LDH (>1170 lUll.) 1.0 0.2 

l ricJycaid.os (>UOO ..... cll.) 1.0 2.1 JO.I O.l 

Triclyaarida Futiag (> l.SOO lllflcll.) 1.1 l.' 7.9 0.4 

en (>I 000 lUll.) 7.0 7 • .5 7.1 1.6 4 . .5 
Amylue (>2 x Ul.}l') O.ll 0.2 
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673 
674 
675 
616 
677 
671 
679 
610 
6111 
612 
683 
614 
685 
616 
617 
618 
619 
690 
691 
692 
693 
694 
69.5 
696 
691 

CA™lnllJ: um: 
AJMmi- (<2.0 11£) 
~ (<l.U idlfL) 
Putaflium (<J.0...,.) 
a.i.w.o (..:14 mEqll.) ........ (cl.O tll4/L) 
C.ium (C41.t m&qll.) 

~t.TOl.Ot\% um 
S-11.obia (Cl.O t/dL) 
H=•tocrit (<Jm4) 

RBC (<1.0 ll lO"IL) 

WBC (<2.5 X lO'IL) 

Plamlet Count (C20 X JO'IL) 

Neulropbill c.o.s x lo'/L) 

mMAm1ag:.: BlQll 
WBC (>25 x JO'll.) 
Nwuopbill (>20 X lO'IL) 
Eoliaopbi1' (>l.O X lo'IL) 

ProthrombiA Time (> l .S x 'ULN') 

1 ULN • upper limit of Iha -1 rlllll9· 
• llldiGarn DO .-aepm lild. 

OVERDOSAGE 
Acute Overdosap 

o.t 
O.f • 

• 

1.0 
l.O l.7 

J.S 

• 

'·' 0.ll 

1.0 

J:Nll6J VS Pap II or 20 
CJU7.516 F......,. 2', 1996 

O,J °"' 0.2 

2.0 1.l 
0.4 

0.4 0.4 
t..a o.t 

2.1 2.4 
11.1 l'-0 
1 .... lt.7 

25.I Sl.4 
0.4 0.4 

4.0 '·' 
1.6 0.7 

1.1 o.t 
I.I 2.6 
1.0 1.l 

Humon Ownlose EJq#rim": Humlll apcri1nc:e ol ICutc owirdose wi1h NOllVJll is 
limited. Ono patilftt in diaical trials took NOllVDl 1300 ms/day tor two days. Tb• patient 
reponed pll'Olthaiu which l'OIOlwcl after tho dose wu clecrcaHd. 

Tho ipproximate ledial close wu found 1111 be 1fNf1r dwl 20 tima tbe nllt.lcl lswnaa 
dose in rats and 1 O times the related hum111 dole iii mice. 

Muaqemeat of OvenloAp 
Treaimenc ol overdose with NOllVJll consists ol 1111onl supponivo m•- including 
monitoring ol vital sips 111d oblorvalion of 1111 clinical status ol .. pasimc. There ii ao 
specific 111tidot1 tor ovwdole with NOl.VDL ll illdicalld. ellmiution ol unn10rbtd !!lq 
lliollld be achi.wd by 11nesis or psrric l&v111: lllUIJ pnceuti11111 lhould lit oU-r.-ecl to 
maintain The lirway. Administration of ICU~ chucoal may alto be med iO aid in 
removal of unabsorbed dNg. Since risonavir is --.ively metabolir..4 by 1ho livw a.f is 
highly ptocoin bound, dialysis is unlikely to be bmeficiel in lli~~ncant nmoval of' 1ho drva. 
A. Ccriitiod Poison ContTOI Cmter should be consulted t'or vp-'D-d!l!f iDlonnmioa cm lbc 
manqcmant of overdose wilh NOJlVIR. 

DOSAGE AND ADMINISTRATl~N 
NOR.VIR. is ldmUlistcred or.:iy. 1.1•1·,,i. a. ..... eih1' ••• ,~ ... 111lliMli• 1( 
..... ..,;, i9 li!!Mttd,-H Jl i1 '""'Mile mmmm•d!d 1hat if NOBYJB be tKlll with meals ii 
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possible. Pasieat1 may improw the IMl8 of N01VDl onl mllllioll by mixin1 with 
chocolate milk. .Easun"', or luJver&• witbia oae llow ol clo;n; Tia. ttrecu of .nucicll on 
the ebmrpcioo of ritDnaVir laaft 110t be.a dlldi.d.. 

nae rec:omm•decl doul• of ritoa&Vir is '°° .. twice dlily by mo·.+ Some ,. .. 
experiGOt DI"- upon iDisillion of 600 1111 bJ.cL 4olinc; dole •lilliOD 11111)' pnMdo IOmt . 
relief; JOO 1111 b.i.d. for 1 clay, 400 iq b.i.d. fDr 2 U,., 500 .. b.i.d. for 1 day, ldd daon 
600 mg b.i.d. dwruftc. Jn ldditioJl, paDtatl iDiUdq ~ ftlimllll .iwith NOi.VIi. 
and nudeolidel may improve ps&rointaliul tola U't by inillaiaa N01Vlk llou llUI 
Sllbsequently eddinl nududes Wore complldq two W1Nk1 ot'NOa.VD. manotbenpy. 

HOW SUPPLIED 
NOR.VD. (rilOD&Vir capaul•) .,. white Clf'Ulel illlprinted with tile OOrpora&9 lo10 u , 
100 m:, and the Abbo-Code PL NOR.'Vm ii llVliJlbla u 100 1D1 CiplUI• in the folloMns 
pacJcaae sizes: 

Packaaes of 4 boales of 14 c:lplUies eadl 
. . . . ..................................... . (NDC 007 .. 9492·14). 

Paclcaaes of 2 bocdos of 14 e1p1ules eac:h 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • . (NDC 0074-9492..02). 

Pukages of 4 boxes, 3 boxes of 14 capsules uch llUl 1 box with 61 Clpl\llts in unit-dou 
'blisters . . . . . . . . . . . . . . . . . . . . . • . . • . • • • • • • • • • • . • • . (NDC OC 7 .. 9492-69). 
Packages of 4 boxa of 14 capsules each in unit-dou bliltlrl . . (NDC 0074-9492·!5!5). 

Recommended storqe: Store capsules in the rofripnlOr between 16-46911 (2-l"C). Protect 
from liJht. 

NOllVIll (ritonavir onl solution) is 111 onnp-colol'ld liquid, supplied in amber-colond. 
multi-dose boitles containin& 600 my. riionavir per 7.5 mL marked closare cup (10 mafmL) 
in the followina sizes. 

Pr.ckqes of S boUles, 90 mL each .................... (NDC 0074-1940-90). 
240 •"1. bottles ............................ : . . . . . (NDC 0074-1940-63j. 

Recommended SUJrqe: Store NORVIR oral solution in the refripmor becwem 3'""6"F 
(2-s•c) 1111.til it is dispensed. 

R.:£riaeration of NOR.VIR oral solution by th• p&Gmi is recomm•ded. but not nq\lired if 
11Scd within 30 days md stOrtci below 77 'F (2S'C). Produc:t lbould be stand in tht oriliaal 
container. Avoid exposure to ~v. heat. IC.eep Clp tightly closed. 

Revised: NEW 
TM • Trldemark 

Cution - Federal (U.S.A.) Law prohibits dispawin1 without prucription. 
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The following patents for Ritonavir have been submitted and are pending 
approval. 

Ritonavir and It's Use for Inhibiting IUV Infection: 

U.S. Patent Application No. 08/423,387, filed April 25, 1995. 

Oral, Liquid Formulation of Ritonavir 

U.S. Patent Application No. 08/440,277, filed May 12, 1995 

Oral, E.ncapsulated, Semi-Solid Formulation of Ritonavir 

U.S. Patent Application No. 08/402,690, filed March 13, 1995 

RITONAVIR NDA 20-659 SUMMARY Vol 2.001 Pg 430 
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EXCLUSIVITY SUMMARY FOR NDA I 20-659 11nd 20-680 

SUPPL 1000 and 000 respectively 

Trade Name/Generic Name: NOBVIR (ritonayir oral solution) and 
NOBY IR <ritonayir capsules) 

Applicant Name Al;>bott Laboratories HFD # ill 

Approval Date If Known l"ebryary . 1996 

PART I IS AN UCLt7SIV:I'l'Y DETDHXNA.TJ:ON NUDED? 

1. An exch:sivity determination will be made for all original 
applications, but only for certain supplements. Complete PARTS II 
and III of this Exclusivity Summary only if you answer •yes• to one 
or more of the following question about the sul:xnission. 

al Is it an original NDA? 
YES I X I NO ! __ ! 

bl Is it an effectiveness supplement? 

YES !_I NO /X I 

If yes, what type 7 (SEl, SE2, etc.) 

c) Did it require the review of clinical data other than to 
support a safety claim or change in labeling related to 
safety? (If it required review only of bioavailabilitY or 
bioequivalence data, answer "no.") 

YES I X I NO /_/ 

If your answer is "no• because you believe the study is a 
bioavailability study and, therefore, not eligible for 
exclusivity, EXPLAIN why it is a bioavailability study, 
including your reasons for disagreeing with any arguments made 
by the applicant that the study was not simply a 
bioavailability study. 

If it is a 1..'Upplement requiring the revi- of clinical data 
but it is not an effectiveness supplement, describe the change 
er claim that is supported by the clinical data: 

. 
I . 

I 
I 
I 

I 
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~id the applicant request exclusivity? 

YES I X I NO l_I 

1L ".he answer to (d) is •yes,• how many years of exclusivity 
did the applicant request? 

5 years of exclusivity 

If YOU HAVE ANSWERED "NO" TO ALL OF THE ABOVE QUESTIONS, GO 
DIRECTLY TO THE SIGNATURE BLOCKS ON PAGE 8. 

2. Has a product with the same active ingredient (s), dosage form, 
strength, route of a·dministration, and dosing schedule, previously 
been approved by FDA for the same use? 

YES I_! NO I I 

If yes, NDA #~~~~ Drug Name 

IF THE ANSWER TC QUESTION 2 IS "YES," GO DIRECTLY TO THE SIGNATURE 
BLOCKS ON PAGE 8. 

3. Is this drug product or indication a DESI upgrade? 

YES I I NO I I 

IF THE ,\NSWER TO QUESTION 3 IS "YES," GO DIRECTLY TO THE SIGNATURE 
BLOCKS ON PAGE 8 (even if a study was required for the upgrade). 

PART II FIVE-YEAR EXCLUSIVITY FOR NEW CHEMICAL ENTITIES 

(Answer either #l or #2 as appropriate) 

1. Single active ingredient prodµct. 

Has FDA previously approved under section 505 of the Act any drug 
product containing the same active moiety as the drug under 
consideration? Answer •yes• if the active moiety (including other 
esterified forms, salts, complexes, chelates or clathrates) has 
b1~en previously approved, J:iut this particular form of the active 
moiety, e.g., this particular ester or salt (including salts with 
hydrogen or coordination bonding) or other non-covalent derivative 
(such as a complex, chelat.e, or clathrate) has not been approved. 
Answer •no• if the compound requix-es metabolic conversion (other 
than deesterification of an esterified form of the drug) to produce 
an already approved active moiety. 

YES l_I NO !_I 

Page 3 
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If •yes,• identify the approved drug product(sl containing the 
active moiety, and, if known, the NDA t(s). 

NDA# 20-659 ritonavir oral solution 

NDA# 20-680 ritonavir capsules 

2. Combination product. 

If the product contains more than one active moiety(as defined in 
Part II, #1), has FDA previously approved an application under 
section 505 containing <WY ~ of the active moieties in he drug 
product? If, for 'example, the combination contains one never­
before-approved active moiety and one previously approved active 
rroiety, answer •yes." (An active moiety that is marketed under an 
OTC monograph, but that was never approved under an NDA, is 
considered not previously approved.) 

YES !_! NO IX I 

If "yes," identify the approved drug product Cs) containing the 
active moiety, and, if known, the NDA #(s). 

NDA# 

NDA# 

NDA# 

IF THE ANSWER TO QUESTION l OR 2 UNDER PART II IS "NO," GO DIRECTLY 
TO THE SIGNATURE BLOCKS ON PAGE 8. IF "YES" GO TO PART III. 

PART III TmlEE-YEAJI. ZXCLt1SIVI~ FOR NDA'S AND StJPPLZMENTS 

To qualify for three years of exclusivity, an application or 
supplement must contain •reports of new clinical investigations 
(other than bioavailability i>tudies) essential to the approval of 
the application and conducted or sponsored by the applicant.• This 
section should be completed only if the answer to PART II, Que~tion 
1 or 2 was •yes.• 

Page 4 
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1. Does the application contain reports of clinical 
investigations? (The Agency interprets •clinical investigations• 
to mean investigations conducted on humans other than 
bioavailability studies.) If the application contains clinical 
investigations only by virtue of a right of reference to clinical 
investigations in another application, cmswer •yes." then skip to 
question 3 (a). If the answer to 3 (a) is •yes• for any 
investigation referred to in another application, do not complete 
remainder of surrunary for that investigation. 

YES l __ I NO I I 

IF "NO," GO DIRECTLY TO THE SIGNATURE BLOCKS ON PAGE 8. 

2. A clinical investigation is •essential to the approval" if the 
Agency could not have approved the applicaticn or supplement 
without relying on that investigat i.on. Thus. the investigation is 
not essential to the approval if 1) no clinical investigation is 
necessary to support the supplereent or application in light of 
previously approved applications (i.e., information other than 
clinical trials. such. 3.S bioavailability data, would be sufficient 
to provide a basis for approval as an .l'.NDA or 505 (b) (2) application 
because of what. is already known about a previously approved 
product), or 2 l there are published reports vf studies (other than 
those conducted or sponsored by the applicant) or other publicly 
available data that independently would have been sufficient to 
support approval of the application, without reference to the 
clinical investigation submitted in the application. 

(a) In l igbt of previously approved applications. is a 
clinical inves:igation (either conducted by the applicant or 
available from some other source, including the published 
literature I necessary to :oupport approval of the application 
or supplement? 

If "no," state the basis 
trial is not necessary 
SIGNATURE BLOCK ON PAGE 8: 

YES !_I 

for you:o:- conclusion 
for app~oval AND 

NO I_! 

that a clinical 
GO DIRECTLY TO 

!bl Did ~he applicant subnit a list of published studies 
relevant to the safety and effectiveness of this drug product 
and a st11tement that the publicly available data would not 
independently support approva' of the application? 

YES /_/ NO l_I 

Page 5 



(1) If the answer to 2(b) is •yes,• do you personally 
know of any reason to disagree with the applicant's 
conclusion? If not applicable, answer NO. 

YES !_I NO !_I 

If yes, explain: 

(2) If the answer to 2(b) is •no,• are you aware of 
published studies not conducted or sponsored by the 
applicant ·or other publicly available data that could 
independently demonstrate the safety and effectiveness of 
this drug product? 

YES I_! NO !_I 

If yes, explain: 

(c) If the answers to (b) (1) and (bl (2) were both "no," 
identify the clinical investigations submitted in the 
application that are essential to the approval: 

Studies comparing two products 
considered to be bioavailability 
section. 

with the 
studies 

same ingredient(s) 
for the purpose of 

are 
this 

3. In addition to being essential, investigations must be •new• t:o 
support exclusivity. The agency interprets •new clinical 
investigation• to mean an investigation that ll ~as not been relied 
on by the agency to demonstrate the effectiveness of a previously 
approved drug for any indication and 2) does not duplicate the 
results of another investigation that was relied on by the agency 
to demonstrate the effectiveness of a previously approved drug 
product, i.e., does not redemonstrate something the agency 
considers to have been demonstrated in an already approved 
application. 
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al For each investigation identified as •essential to the 
approval, • has the investigation been relied on by the agency 
to demonstrate the effectiveness of a previously approved drug 
product? (If the investigation was relied on only to support 
the safety of a previously approved drug, answer •no.•) 

Investigation #1 YES !_I NO /_/ 

Investigation #2 YES /_/ NO I_/ 

If you have answered "yes• for one or more investigations, 
identify each such investigation and the NOA in which each was 
relied upon: 

bl For each investigation identified as "essential to the 
approval", does the investigation duplicate the results of 
another investigation that was relied on by the agency to 
support the effectiveness of a previously approved drug 
product? 

Investigation #1 

Investigation #2 

If you have answered "yes" 
identify the NDA in which a 
on: 

YES I I NO I I 

YES I I NO I I 

for one or more investigation, 
similar investigation was relied 

c) If the answers to 3(a) and 3(b) are no, identify each •new• 
investigation in the application or supplement that is 
essential to the approval (i.e., the investigations listed in 
#2(c), less any that are not •new"): 

Page 7 
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4. To be eligible for exclusivity, a new investigation that is 
essential to approval must also have been conducted or sponsored by 
the applicant. An investigation was •conducted or sponsored by• 
the applicant if, before or during the conduct of the 
investigation, ll the applicant was the sponsor of the IND named in 
the form FDA 1571 filed with the Agency, or 2) the applicant (or 
it:.s predecessor in interest) provided substantial support for the 
study. Ordinarily, substantial support will mean providing 50 
percent or more of the cost of the study. 

IND # 

IND # 

a) For each investigation identified in response to question 
3 (c): if the investigation was carried out under an IND, was 
the applicant identified on the FDA 1571 as the sponsor? 

Investigation #1 

YES I I NO I I Explain: ___ _ 

Investigation #2 

YES I I NO I I Explain: 

(b) For each investigation not carried out under an IND or for 
which t:.he applicant was not identified as the sponsor. did the 
applicant certify that it or the applicant's predecessor in 
interest provi:Jed substantial support for the study? 

Investigat:.ion #1 

YES I I Explain NO / __ ! Expl.:>.in 

Investigation #2 

YES /~/ Explain NO I _I Explain 

Page 8 
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(cl Notwithstanding an answer of •yes• to (al or (bl, are 
1:here othe'r'." reasons to believe that the applicant should not 
be credited with having •conducted or sponsored• the study? 
(PUrchased studies may not be used as the basis for 
exclu.:ivity. However. if all rights to the drug are purchased 
(not just studies on the drug), the applicant may be 
consider€d to have sponsored or conducted the studies 
sponsored or conducted by its predecessor in interest.) 

If yes, explain: 

Signature 
Title:~~~~~~~~~~ 

Signature of Office/ 
Division Director 

CC: Original NOA 

YES /_/ NO I I 

Date 

Date 

Division File HFD-85 Mary Ann Holovac 
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DEBARMENT STATEMENT 

In rompliance with the Generic Drug Enforcement Ac.1 of 1992, Section 306(k)( 1) of the act 
(21 use 335a(k)(l), we, Abbott Laboratories, certify the following with Iespect to this new 
drug application: 

•fbe applicant did not and will not me in any capacity the services of any person 
debamd under subsections (a) or (b) (sections 306(a) or (b) of the Federal Food, 
DtUg, and Cosmetic Act), in comiection with this applicati1)11 for approval of a 
drug product. 

~/t?y 
Jeanne M. Fox 
Director, PPD Regulatory Affairs 
Pbannaceutical Products Division 
Abbott l.abomories 
Abbott Parle, Dlinois 

Date 



PEDIATRIC PAGE 
!Complete for •U 0toginol oppiic•ticHu and d officxy s~tsl 

NDA/PLA # L...b 1c'59 / 20{,\0 Supplement # ~ Circle one: SE 1 SE2 SEJ SE4 SES SES 
- ~1 cµpsu.~ 

HF D s-3:> Trade {generic) name/dosage form: N£>0X12.(nlayw !() CI!ll.O...SOl!t.tJm (.\I -Action; @ AE NA 

Applicant f\b\xtl I ilir~ Therapeutic Class .... fmh........,v .... 1r..,.f\1....._ ________ _ 

lndication{s) previous!y approved --'~l..1...-----------------------­
Pediatric labeling of approved indication{s) is adequate __ inadequate __ 

,,,,e.iJill.. l51ria1wsaa.101Je or1n canb11?uf11n w1+"'tnO~(J.J.t1.n::.)C{j/J.€fJL+n..._ 
Indication i~ tlis application · IS ri a.nJ d7. 

{for supplem!llts, answer the foUowing questions in relation to the proposed indication.) 

I. PEDIATRIC LABELING IS ADEQUATE. Appropriate infonnation has betn submitted in this or previous 
applications and has been adequately summarized in the labeling to pemit satisfactory labeling for aU pediatric 
subgroups. Further informatiiln is not required. 

'i_ 2. PEDIATRIC STUDIES ARE NEEDED. There is potential for use in thidren, and further information is required to 
permit adequate labeling for this use. 

a. A new dosing formation is needed, and app6cant has agreed ta ~rovide the appropriate formulation. 

::/.... b. The app6cant has committed to doing such studies as will be required. 
~' {1) Studies are ongoing, 
_ 121 Protocols were subm;tted and approved. 
__ (31 Protocols were submitted and are under review. 
__ (4) i! no protocol has been submitted. explain the status of d'iscussians an the back of this form. 

c. l! the sponsor is not wilfing to do pediatric !tudies, attach copies of FOA's written request that such 
studies be done and of the sponsor's written rnponse ta that request 

3. PEDIATRIC STUDIES ARE NOT NEEDED. The drug/biologic product has little potential for use in children. 
, fJlplain. on :he back of this form, why pediatric studies are not needed. 

4. EXPLAIN. If none of the above apply, explain. as necessary, on the back of this form. 

EXPLAIN. AS NECESSARY. ANY OF THE FOREGOING ITEMS ON THE BACK OF THIS FORM. 

·cc: Orig NDA/PLA 1zP1#ll Z.O-id6° 
HFD -5 3b /Div File 
NDA/PLA Action Package 
HFD-510/GTraendle (plus. for COER APs and AEs, copy of acti~n letter and labefmg) 

!VOTE; A new Pediatric Page must be completed at the time of each action even though one was 
p1~parcd at the time of the last action. 
S/9S 



DIVISION OF ANTIVIRAL DRUG PRODUCTS 
Review of Chemistry, Manufacturing and Controls 

NDA#: 20-680 
CHEMISTRY REVIEW #: 1 DATE BEYIEWED: 27-Feb-96 

SUBMISSION TyPE 
Original 
Amendment (BL) 
Amendment (BL) 
Amendment (BC) 
Amendment (BC) 
Amendment (BC) 

DOCUMENT DATE 
20-Dcc-95 
23-Jan-96 
8-Feb-96 

15-Feb-96 
19-Feb-96 
19-Feb-96 

CDERDATE 
21-Dec-95 
24-Jan-96 
9-Feb-96 

16-Feb-96 
20-Feb-96 

NA 

NAME I ADDRESS OF APPLICANT: Abbott Laboratories 

ASSIGNEJ) DATE 
26-Dcc-95 
26-Jan-96 
22-Feb-96 
27-Feb-96 
27-Feb-96 

NA 

Dept 491, Bldg. AP6B-1 
100 Ab!>on Park Rd. 
Abbott Park, Il 60064-3500 

DRUG PRODUCT NAME 
Proprietaey: NORVIR™ 
Nonproprietary: Ritonavir 
Code Name/#: ABT-538 or A-84538.0 

PHARMACOLOGICAi. CATEC...QRY: 
INDICATION: 
[>OSAGE FORMISTRENGil;I: 

ROUTE OF ADMINISIRATIOJ'li: 

Antiviral 
Anti-HIV 
Capsule 100 mg 

Oral 

QIEMICAL NAME I STRUCTI!BAL FOBMULA; 

10-Hydroxy-2-methyl-5-(1-methylethyl)­
l-(2·( 1-methylethyl)-4-thiazolyl]-3,6-
clioxo-8, l l-bis(phenylmethyl)· 2,4, 7, l 2-
tetraazatridecan-13-oic acid, 5-
thiazolylmethyl ester, (5S-(5R*, SR*, 
!OR*, I JR*)]· 

Registry Number [155213-67-5] 

C11H4sN60sS2 Formula Weight: 720.95 

~TIPPOBTlNG DOCUM~ 

bottles of 84 
bli ~ter packages of 84 or 68 

.. 



Chemistry Review of NOA 20-680 

RELATED DOCUMENIS: 
Record of CMC questions which were raised during 5-Jan-96 meeting with Applicant. 
Facsimile of 7-Feb-96 (Response to CMC questions on methods validation samples) 
Facsimile of l 1-Jan-96 (Request for DMF #I LOA and clarification regarding stability) 
Desk copy dated I 5-Feb-96 (Stability update on capsules) 
Desk copy dated 19-Feb-96 (Additional stability data on capsules) 
Facsimile of 20-Feb-96 (CMC comments on canon/container labels) 
Facsimile of 21-Feb-96 (CMC questions regarding process controls and limits for capsules) 
Facsimile of 23-Feb-96 (Response to CMC questions on limits, batch sizes and imprinting) 
Facsimile of 24-Feb-96 (CMC comments regarding limits and expiry for the capsules) 
Facsimile of 26-Feb-96 (Response to proposed limits and expiry for capsules) 
26-Feb-96 Teleconference (Negotiation of limits and expiry) 
Facsimile of 27-Feb-96 (Applicant's comments on the interim dissolution method) 
Facsimile of 27-Feb-96 (Final agreement on limits and expiry for capsules) 
Facsimile of 29-Feb-96 (Applicant's justification for dissolution method paddle speed) 
Chemistry Reviews of IND 
Chemistry Review of NOA 20-659 (ritonavir oral solution, 80 mg/mL and drug substance) 

CONSULT REVIEWS: 
Trade name reviews by CDER Labeling and Nomenclature Committee. 
Environmental Assessment reviewed by HFD-005. 
Product specific inspection of the manufacturing site. 
Evaluation of stability data, impurity limits and expriry period using statistical mc:thodology 

by Daphne Lin, Ph.D., Office of Biometrics. 
Data sea.rch on 3-Jan-95, by Kyung Kim, Div. Drug Information Resources, for current use of 

polyglycoli1.ed triglycerides (Gelucire 50/13e) and caprylic/capric triglycerides (Miglyol 
812~) in human drugs. 

Search of Federal Register for withdrawals or additional actions on polyglycolized 
triglycerides sub~uent to the food additive petition on 19-Dec-91 by Parexel 
International Corp. for use in vitamin formulations. Carried out by David E. Graham, 
FDA Medical Library. 

Analyses of the animal toxicology data on 

by James Farrelly, HFD-530. 

REMARKS I COMMENTS: 
Ritonavir is an inhibitor (Ki = 0.02nM) of the HIV-encoded aspartyl protease that is required 
for the cleavage of the gag-pol polyprotein into its constituent proteins. Ritonavir is a highly 
modified substrate analog which inhibits replication of HIV-I clinical isolates with ECso 
values in the range of 4-40 nM. In plasma ritonavir is highly protein bound (99% ), with 
moderate distribution into erythrocytes ( 14% rel.alive to plasma) and low levels in 
cerebrospinal fluirl. In clinical trials, doses of 600 mg BID have resulted in elevation of CD4 
counts ( +80 cells at 16 weeks), reduction of plasm'l levels of viral RNA (2:0.8 log10 at 16 
weeks) and early evidence of clinical benefit. 

DRUG SUBSTANCE: Satisfactory · , 
All specifications and controls on the drug substance are identic31 to those reponed in NOA 
20-659 for ritonavir oral solution, and are incorporated by reference. 

.. 
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Chemistry Review of NDA 20-680 

DRUG PRODUCT: SaJis/actory 
The capsule dosaiic fonn (fonnulation "L") contains a solution of JOO mg of ritonavir in a 

The capsule is manufactured by fonnation of the solution portion which is mixed with the 

Two packaging options arc described: an opllQUC HDPE 5-oz bottle of 84 capsules. and a unit 
dose blister pack _ with 84 capsules per box. The proposed 
rc:gula~ory _specific~tions arc a1tached, and arc supported by release data on 

An expiry period of 12 months is requested, for storage at 2°-8°C. 

The proposed attributes, including appt".arance. identity _ . 
dissolution and microbial limit test~. arc adequate to 

ensure the quality and purity of the capsule dosage fonn. We recommended that two 
additional dcgradants be included as specified impurities, that the limit on total impurities be 
lowered, and that a specification for other synthetic impurities be included. These 
modifications of the regulatory limits were based on release data from 10 production-lilcc lots 
plus 5-6 months of stability data on 3 lots. The dissolution specification was negotiated 
between the Applicant and representatives of the Chemistry and Biophannaceutics review 
teams. An interim specification was established, with the Applicant to collect additional data 
on the time-dependence of dissolution, and the effect of paddle speed. The revised limits, as 
agreed upon with the Applicant (facsimile of 27-Fcb-96), arc acceptable. Both the Applicant 
and the Agency agreed to re-evaluate the limits on impurities when more data become 
available. 

Batch analyses arc provided on 10 production-like lots of ~apsules 
manufactured on the commercial equipment The initial commercial scale will be 
capsules, with a maximum scale ' capsules. 

Two packaging configurations arc described, bottles of 84 capsules, and unit-dose blister 
packages. The bottles arc 5 oz white HOPE with a polypropylene child-rcsistan'l closure, , 
without pledgeuing or desiccant, containing 84 capsules_ The bottles arc provid,~d in boxes of 

3 



Chemistry Review of NOA 20-680 

2 and 4, which contain 2-weck and I-month supplies, respectively. The blister packages are 
They are 

packaged in canons of 68 (lor the mlllal week of therapy) and canons of 84 for all 
subsequent weeks. These cartons in tum are grouped into two different I month supply 
packs: a 
to DMFs are provided for all packaging components. 

The primary stability data was updated three times (2-Feb, 15-Feb and 19-Feb-96). For the 
bottled capsules it now consist of 6 months (2 lot using drug substance). 
5 months (I lot using drug substance) and 1-4 month data on 7 lots of banded and 
unhanded capsules which cover all 4 drug substance manufacturers. The capsules will 
cum;ntly be stored only at 5°C, and accelented stability data was collected at 25°C/60%RH 
(up to 6 months) and 30°C/60%RH (I month). All primary data are for commercial scale 
batches, manufacrured on production equipment The supportive data include 12 months at 
5°C for three 3000-capsule lots, packaged in 3 oz HOPE bottles. The rates and modes of 
decomposition are equivalent between primary and ~pponive lots. An expiry period of 9 
months was initially recommended by the Agency. Thi~ was extended to 12 months upon 
submission of additional data (facsimile and teleconference of 26-Fel>-96) which 
demonstrated that significant changes would not be encountered at an accelerated 
temperature of 20°C (l5°C above the storage temperature). . 

The stability data for the blister presentation is much more limited. As of l 9-Feb-96, 3 month 
data are available on 3 production-like lots (covering 3 of the drug substance suppJiers). 
Although the behavior on stability closely paralleled the bottled capsules, the limited primary 
data, and the absence of si.pportive data, led the Agency to propose a 6-month expiry period. 
This was acceptable to the Applicant (teleconference of 26-Feb-96). 

ENVIRONMENTAL ASSESSMENT: SaJisfactory 
No pre-submitted EA data were available for this dosage form. The EA review was initiated 
on 27-Dec-95, and completed (with a FONSI) on 8-Feb-96. 

METHODS VALIDATION: Pending 
The analytical methodology is adequately described including the relevant validation. The 
Methods Validation package was submitted to the Chicago District and to the Division of 
Drug Analysis. As of 28-Feb-96, validation of the analytical methodology is not yet 
complete. 

LABELING: SaJisfaclory 
The original proprietary names, Proteact, Proteact-PI and Proteact-PA, were judged by both 
the CDER Labeling and Nomenclature Committee (L&N~) and the Division to be a source 
of potential prescription error. The Applicant's second choice, Norvir, was judged to be 
acceptable by both the L&NC and the Division. We recommended three possible choices for 
capsule nomenclature, as part of our request for modification of the oral solution product 
name (facsimile of 20-Feb-96). The Applicant choose "Norvir (ritonavir capsules)". The 
con!ainer, canon and pack labels (BL 9-Feb-96), and the package insen (as amended on 26-
Feb-96) are acceptable. . , 

ESTABLISHMENT INSPECTION: SaJisfactory 
The EER covering the capsule manufacturing site at Abbott Park, Il was submitted on 2-Jan-
96. The pre-approval inspection was carried out between 8-Jan-96 and 26-Jan-96. The 
inspector recommended approval, and confirmation of acceptable PAI status was received 
•:erb:ll!y and via f.a .. oiinile from Mark Lynch of CDER Office of Compliance on 28-Feb-9~. 
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Chemistry Review of NDA 20-680 

CONCLUSIONS & RECOMMENDATIONS; 

The NDA submission and accompanying amendments provide adequate information on the 
chemistry, manufacturing and controls for Norvir (ritonavir capsules). The Environmental 
Impact Assessment is complete, and the manufacturing facilities have acceptable cGMP 
status. The NDA, as amended, is therefore recommended for approval from the chemistry 
perspective. 

, Concurrence: -"T>f'. (r 1/~(7,$-
HFD-530/DFreeman...vl th 
HFD-530/CChen eJllt.., :;M1-lb 

cc: 
Orig. NDA 20-680 
Orig. NDA 20-659 
HFD-530/Div. File 
HFD-830/Div. File 
HFD-830/ESheinin 

HFD~530/DFeigal 
HFD-530/CChen 
HFD-530/SMiller 
HFD-530/JMurray 
HFD-530/Micro 

5 

~~~z/.!1/" 
Review Chemist 

HFD-530/Pbarm 
HFD-102/K.Struble 
HFD-530/KKumi 

File: N 20-680\000CNROl.80i 
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ENVIRONMENTAL ASSESSMENT 

AND 

FINDING OF NO SIGNIFICANT IMPACT 

FOR 

Ritonavir 

Capsules 

NDA 20-680 

FOOD AND DRUG ADMINISTRATION 

CENTER FOR DRUG EVALUATION AND RESEARCH 

DIVISION OF ANTIVIRAL DRUG PRODUCTS 
(HFD-530) 



PXNDING OP NO SIGNJ:PXCANT :IMPACT 

NDA 20-680 

Ritonavir 

Cap•ulea 

The National Environmental Policy Act of 1969 (NEPA) requires all 
Federal agencies to assess the environmental impact of their 
actions. FDA is required under NEPA to consider the 
environmental impact of approving certain drug product 
applications as an integral part of ics regulatory process. 

The Food and Drug Administration, Center for Drug Evaluation and 
Research has carefully considered the potential environmental 
impact of this action and has concluded that this action will not 
have a significant effect on the quality of the human environment 
and that an environmental impact statement therefore will not be 
prepared. 

In support of their new drug application for Ritonavir Capsules, 
Abbott Laboratoriea has conducted a number of environmental 
studies and prepared an environmental assessment in accordance ,,-
with 21 CFR 25.3la(a) (attached) which evaluates the potential 
environmental 'mpacts of the manufacture, use and disposal of the 
product. 

Ritonavir is a synthetic drug which is administered orally in the 
treatment of Acquired Immunodeficiency Syndrome (AIDS) and AIDS­
Related Complex (ARC). The drug substance will be manufactured 
at 4 different facilities identified in the environmental 
assessment. The drug product will be manufactured by Abbott 
Laboratories, North Chicago, IL. The finished drug product will 
be used in hospitals, clinics and by patients in their homes. 

Ritonavir may enter the environment from excretion by patients, 
from disposal of pharmaceutical waste or from emissions from 
manufacturing sites. 



Chemical and physical test results indicate that the drug 
entering the environment will exist predominantly in the aquatic 
environment. Ritonavir is expected to be eliminated from the 
environment by photodegradation and biodegradation. As ritonavir 
may persist in the environmen~ for some time, the toxicity of the 
substance to organisms was characterized. Studies were conducted 
to assess the acute toxicity to water fleas (Dapbnia magna), 
bluegill fish (Lepomis macrochirus), Hyalella azteca and the 
inhibitory effect on microbial growth. These studies indicate 
that there are no expected adverse environmental effects at the 
expected environmental concentrations. 

Disposal may result from production waste such as out of 
~pecification lots, returned goods and user disposal of empty or 
partly used product and packaging. Pharmaceutical waste will be 
disposed o= by the manufacturer at a licensed landfill or 
incineration facility. At U.S. hospitals and clinics, empty or 
partially empty packages will be disposed according to 
hospital/clinic procedures. From home use, empty or partially 
empty containers will typically be disposed of by a community's 
solid waste management system which may include landfills, 
incineration and recycling, while minimal quantities of unused 
drug may be disposed of in the sewer system. 

Precautions taken at the sites of manufacture of the bulk product 
and its final formulation are expected to minimize occupational 
exposures and environmental release. 

The Center for Drug Evaluation and Research has concluded that 
the product can be manufactured, used and disposed of without any 
~xpected adverse environmental effects. Adverse effects are not 
anticipated upon endangered or threatened species or upon 
property listed in or eligible for listing in the National 
Register of Historic Places. 

3 



~ 
DATE PREPARED B 

Nancy B. Sager 
Acting Supervisor 
Environmental Assessment Team 
Center for Drug Evaluation and Research 

,,1"11;, ?Ji:Jf1nlL ~ C NCURRED 
Roger L. Williams, M.D. 
Deputy Center Director for Pharmaceutical Science 
Center for Drug Evaluation and Research 

Attachment: Environmental Assessment 
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NDA SUBSECTION 3.6 

ENVIRONMENTAL ASSESSMENT 

Ritonavir Capsules 

Abbott Laboratories 
One Hundred Abbott Park Road 

Abbott Park, Illinois 60064 

The National Environmental Policy Act requires Environmental Asscs•mcnts (EAs) to be public 

documents. Subsections 3.6.1 through 3.6.IS (i.e., Items I through IS of this EA) llld 

accompanying Appendix A and Appendix B (from Subsection 3.6.1 S) arc suitable for public 

disclosure. These nonconfidential subsections and appendices arc complete with the exception of 

proprietary information. The proprietary information, which is contained in Appendices C and 

D '-Ould be beneficial to competitors and therefore, must remain confidential. The text of the 

pubic document (Subsections 3.6.1 through 3.6.IS and Appendices A and B) is based on the text 

of Appendix C. Appendix C is intended for review as the confidential version of EA Items I 

through IS. Appendix A contains one page summaries of the environmental fate and effects 

study repons. Appendix D, which is a confidential appendix, contains the full study repons on 

environmental fate and effects. 

RITONAVIR CAPSULES NDA 20-680 VOL 12 001 
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3.6.1 DATE 

December IS, 1995 

3.6.2 NAME OF APPLICANT 

Abbott Laboratories 

3.6.3 ADDRESS 

3.6.4 

3.6.4.1 

One Hundred Abbott Park 

Abbott Park. Illinois 60064 

DESCRIPTION OF THE PROPOSED ACTION 

REQUESTED AppBOYAL 

Approval of NDA lG-680 is sought for the manufacturing of ritonavir (also 

referred to m the Environmental Assessment report and its anacbme11ts as ABT-538) bulk drug 

substance, and the manufactUre, packaging, distribution and use of the product designated in the 

Environmental Assessment (EA) as Ritonavir Oip511les, 100 mg, a semi-solid capsule for oral 

administration. Abbott Laboratories filed an NDA pursuant to Section SOS(b) of the Food, Drug. 

and Cosmetic Act for Ritonavir Capsules packaged in white, high density polyethylene (HOPE) 

bottles and vinyVpolyethylene/ Aclar/paper/foil blister packages. This EA has been prepared and 

subl!'jtted in accordance with 21 CFR § 2S.3la(a). All Items (I through 15) that are presented 

in this document are also discussed in the confidential Appendices C and D. 

3.6.4.2 NEED FOR ACTION 

Rilonavir is an inhibitor of the protease of HIV-1. HIV protease is a constituitive 

enzyme of HIV virus that processes viral proteins essential for the maturation of infectious 

virions. Thus, HIV protease plays a vital role in the viral life cycle and may represent a key 

target for intervention in the development of novel therapeutic agents for AIDS (Acquired 

Immunodeficiency Syndrome). 

Once approved, Ritonavir Capsules will be us..-d in the treatment of HIV infection 

in patients with AIDS and AIDS related eomplex. 
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3.6.4.3 U)CATIONS OF MANUFACTQBE 

Four D'Uljor locations are involved in the manuflCtllre of ritonavir (Figure 3.6.4-1 ). 

Abbott. Nonh Cliicago will be the major suppliet of the bulk drug, ritonavir. The facilities listeJ 

below will manuflCtUl'e the bu11t drug using the same cl:emical synthesis. Approvlll is ~ught to 

manuflCtUl'e the bu11t drug substance at the following four locations: 

I. Abbott Laboratc.ies. 1401 Sheridan Rmd. North Cbicuo. llliilois 60064. 

The bulk drug from the overseu locations will be shipped to Abbott. Nonh Chicago. Both the 

bulk drug from overseas and that manufactured at Abbott, North Chicago will be used to make 

the drug produc:t. Ritolllvir Capsules. Approval is also sought to manufactute, package, Md 

distribute the drug product at Abbott Laboratories, 100 Abbott Park Road, Abbott Park. Illinois 

60064. All packaging operations are carried out at the Abbott Laboratories, Abbott Parle location. 

Information on environmental settings of the facilities is described in Section 3.6.4.5. ,. 
lnfonnation concerning introduction of substances into the environment for all the four sites is 

provided in Section 3.6.6. 

3.6.4.4 LOCATIONS OF USE AND DISPOSAL 

As medication prescribed to alleviate the symptoms of AIDS and AIDS related 

complex, the drug products in which ritonavir is present will be ingested by patients throughout 

the United States. The drug substance and its metabolites are excreted by patients which will 

enter rr.unicipal trcattncnt systems through domestic sewage. 

Off specification lots of bulk drug substance from Abbott's North Chicago facility or 

any unused drug product that is returned lo Abbott (beyond ell.pintion date) will be sent to one 

of a number of alternative contractors for incineration which are: Aptus, Inc., Argonite, Utah 

84029 and Coffeyville, Kansas 67337; Continental Cement, Hannibal, MO; Rhone Poulenc Basic 

Chem. Co., Hammond, IN and Baton Rouge, LA; Rincco, Benton, AR; Safety Kleen, Smithfield. 

KY; and Suety Kleen Envirosystems, Dolton, IL. The USEPA permit numbers and complece 

addresses are provided in Appendill. C. There are no ell.piration dates on the licenses for these 

solids incineration facilities. 
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3.6.4.5 f!SVIBONMENTAL SEUING OF FACILITJF.S 

3.6.4.5.1 A\>bott I atvira10rics Noah QijqWAbbott Park 

The properties of the Abbott Laborllories are localed within Laite County, Illinois. 

The Noah Chicago property lies 600 10 1000 feet west of Laite Michigan at an elevation ten 10 

fif1een feel above the average 580 foot mean sea level elevation of the lake. The Abboll Park 

property is localed approximately five miles to the west. There are no other significant 

geographic features, such u mountains. likes (uide from Laite Michigan) or rivers in proximity 

to the manufacturing site. The area is topographically flat and slopes V'll')' gently 10 lbe east, 

towud Laite Michigan. Drainage is dominantly to the east-southeast. again towud lbe lake. The 

climate of northeast.em Illinois is clJmlcleri7.ed by wmn snmmen (74 lo 94°F) and cold winters 

(20 lo 3:l0 F). The average annual rainfall is 32 inches; wind directions are highly variable. 

Most indllSlries and residences near the Abbott facilities are served by lbe City of 

Noah Chicago municipal water supply. The source of the municipal water supply is Laite 

Michigan. The Abbott Parle facility cUITently uses municipal water and groundwater from onsite 

wells. Wuiewater is sewered to lbe treltUlellt facility of the Noah Shore Sanitary District. Land 
/ 

use (zoning) near the Noah Chicago facility is primarily residential and industrial. The portion 

of Laite County in which it is located is pan of the Chicago metropolitan area 

The physiographic features and near surface deposits of northeastern Illinois are the 
/ 

result of lbe late Pleistocene Wisconsonian glaciation, lbe most recent of four episodes of . 

continental glaciation. Glacial deposits of the Laite Country area consist of lake sediments (clay, 

siit and sand) of lbe Equality Formation, and clayey to silty glacial till of lbe Laite Border 

Morainic System. From 50 to 200 f~t of Pleistocene glacial sediments unconformably overlie 

Silurian dolomite in this area. lbe Paleozoic stratigraphic section in this area from top to bottom 

includes Silurian dolomite, Ordovician shale, dolomite, utd sandstone, utd Cambrian sandstone. 

The Paleozoic section unconformably overlies Precambrian crySlalline rocks. 
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Three dominant aquifier systems, the Basal Bedrock. Midwest Bedrock, and Upper 

Bedrock. underlie northeastern Illinois. Principal w11er producing zones include sandstone of the 

Eau Claire and Mount Simon Formations for the Basal Bedrock system, the Ironton-Galesville 

and Glenwood-St. Peter (Ancell aquifer) sandstones for ~ Midwest Bedrock Sy~tem, and the 

Silurian Dolomite aquifer for the Upper Bedrock system. Locally, Pleistocene deposits may yield 

large quantities of water (greater than 1000 gpm); however, development <>f this aquifer is 

limited. Municipal and industtial water wells in the Oiicago region tap the deeper aquifier 

systems. 
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3.6.5 IDENTD'ICATION OF SUBSTANCES THAT ARE THE SUBJECT OF THE 

PROPOSED ACTION 

The drug substance will be manufactured at various sites worldwide. The drug 
/ 

product is a capsule fonnulation manufactured from the drug substance at the Abbott Parle . · 

facility. The molecular structure of ritonavir is shown in Figure 3.6.5-1. 

3.6.5.1 NOMENCLATURE 

3.6.5.1.1 <Jiemjca) Name 

I O-Hydroxy-2-methyl-5-( l -methylethyl)-1-[2-( l-methylethyl)-4-thiazoly l]-3,6-dioxo-

8, l l-bis(phenylmethyl)-2,4, 7, 12-tetraazatridecan-13-oic acid, 5-thiazolylmethyl 

ester, [5S-(5R 0 ,8R0 , !OR•. I IR•))-
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3.6.5.1.2 tlpj!ed swcs Adorne<! Name O JSAli} 

Ritonavir 

3.6.5. l .3 CAS Rcgjstzy Number 

155213-67-5 

3.6.5.1.4 Iabnrptnry Q>ds, 

ABT-538, Abbott-84533.0, A-84538 

3.6.S.l.S Molecular Formula and Weight 

C,, ff..N60,S2; 720.95 

Figure 3.6.5-1 

Structure or Rltonavlr 
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3.6.5.2 PHYSICAL DESCRIPTION 

In appearance, the bulk drug, ritonavir is a white to light an powder with no 

dcteelable odor. Its chemical and physical properties are listed in Table 3.6.5-1. Most of the 

data. including information coaceming water solubility, dissociation constants, and log octanol­

watcr partition coefficient, in Ibis table are taken f:"om chemical and physical properties of 

ritonavir (NOA ~659, Subsection 3.3). The wlimcnt-water distribution coefficients and Henry's 

Law Constant however, are from Appendix D. 

Table 3.6.5-1 

Chemical •.ad Physical Properties of Rltoaavlr 

Molecular formula 

Molecular weight 

Solubility in water 

Henry's Law Constant 

Log octanol-water partition cocff"<lat _, 

Sediment-water distribution coefficient (K,,.) 

Bentonitc 

Des Plaines River Sediment 

Skokie Lagoon Sediment 

Municipal Sewage Sludge 

Lake Bluff Beach Sand 

Acidic dissociation (proton loss) (pJ(.) 

Electromagnetic absorption 

C.5.3 IMPURmEs AND ADDITIVES 

C3, H .. N,O,S2 

720.95 

<0.001 mg/mL 

Non-Determinable 

log (4.7 x 10') 

/ 

>10,000 

>2.483 

>10,000 

>250 

439 

2.844 "'0.169 

197.5 and 240 nm 

The impurities that have been identified in bulk lots of ritonavir arc discussed in NDA 

20-659, Subsection 3.3. All individual impurities are present at a level of less than 0.1 percent. 

The impurities arc not discussed individually in the present EA, because their structural similarity 

to ritonavir will direct them to a similar environmental fate. The excipients of Ritonavir Capsules 

are presented in Table 3.6.5-2. 
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Table 3.6.5-2 

Exciplents or Rltonavir Capsules 

Ingredient 

Alcohol, Dehydrated. USP, 200 Ptoof 

Acid, Cittic, USP, Acltydrous, Powder 

Ritonavir 

Propylene Glycol, USP 

Polyoxyl 3S, Castor Oil, NF 

Caprylic/Capric Triglyceride 

Polysorbale 80, NF 

Saturated Polyglycolyzed Glycerides 

Nitrogen. NF 

Capsule, Gelatin, No. 00 

3.6.6 INTRODUCTION OF SUBSTANCES INTO THE ENVIRONMENT 

The manufacturing schematic for the synthesis of ritonavir is described in t\ppendix 

C. A mass balance for the manufacturing process of ritonavir is pn: vided in Appendix C. 

3.6.6.1 SYNTHESIS OF RITONAYIR AT ABBOTT. NORm CHICAGO 

3.6.6.1.1 Substances Emitted Dt1rini: Manuf&ctUrini: of Bulk Drui: 

Atmospheric Emissions 

The Abbott facility at North Chicago is equipped with air pollution controls, but it 

must be assumed that some volatile materials from the synthesis (Appenrlix C) and the 

wasicstrcams (Appendix C) arc emitted. An examination of these waste streams indicate that the 

major components that could be emitted to the atmosphere arc: ethyl acctaic, heptane, ethyl 

alcohol. isopropyl alcohol, water, methanol. acctone, tetrahydrofuran, toluene, dimethyl acctamide. 

dimcthoxy ethane, isopropyl acetate. Other volatile emissions present in traee quantities arc listed 

in Appendix C. Total emission of volatile organic material (VOM) cannot exceed 43.38 tons per 

year from the chemical manufacturing are:· (Appendix C). 

9 

RITONAVIR CAPSULES NDA 20-680 VOL 12 015 



Wastestreams 

111e compositions of resulting wastestreams arc tabulated in Appendix C. The aqueous 

wa.srestreams will be sewered from manufllCtllring to Abbott's North Chicago wastewater 

trealment plant (WTP; wwewater permit No. 95-SA). The effluent from the Abbott, Nonh 

Chicago WTP goe..' to the Gurnee Wwewater Trc•hncnt Plant of the North Shore Sanitary 

District (Gurnee, Dlin•'is 60031). The total estim•,,. of ritonavir in aqueous waste that is sewered 

is .:i$limatcil to be The wastcstteams 11111 arc not sewered (Appendix C) will be sent 

offsite for incineration or l"Cclamation by a waste contractor (Appendix C). Specific organic 

solvents from the assembly p.-ocess may be directly reused back in the process. Non-hazardous 

and special wastes generated from the production of ritonavir will be collected and transponcd 

to Pheasant Run Landfill, Bristol, Wisc.."'llSin (Illinois Transponation ID #0123, Illinois Generator 

ID #0971250004). 

3.6.6.1.2 Controls Exercjwl on ResjduaJ5 and Emissions 

Safety precautions for handling the chemicals listed in the material balance arc 

described in Appendix C. The corresponding Material Safety Data Sheets arc provide<i in 

Appendix B. Air emissions will be controlled as required by the Operating Permits from the 

Illinois Environmental Protection Agency (Appendix C). In the North Chicago facilities used for 

the production of ritonavir bulk drug substance, the air emission controls utilized involve the use 

of condensers, vent condensers, water scrubbers, and dilute caustic scrubbers. Records of . 

emissions arc maintained and inspected. Aqueous wastcStrcams will be sewered while the 

orga.'lic wastcstrcams will be incinerated or reclaimed. The company names, complete addresses 

and permit numbers of contractors for offsitr- waste il.i~-po:;al (both those which can incinerate the 

waste as fuels and those that can ~laim the wwes) arc listed in Appendix C. This listing is 

not all inclusive and is dynamic in the fact that companies arc added and subtracted for various 

reasons (e.g. service and cos(, etc.). The sewered aqueou.. wastestrcams arc treated in Abbott's 

onsite wastewater lrel\tment facility befo~ being discharged to the North Shore Sanitary District. 

The non-hav..idous solid waste is transponed to Pheasant Run Landfill. Bristol, Wisconsin 

(Illincis Transponation #0123, Illinois Generator ID #097125004). 
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3.6.6.1.3 Compliance of Prooosed Agjon wjth Applicible Emission Requirements 

Equipment in which ritonavir will be manuflCIUred is properly pennined for air 

emissions (Append.ix C:). The pennit for release of effluent from Abbott's wastewater treatment 

plant to the Nonh Shim Sanitary District is also provided in Appendix C. Wastewater from 

manufacturing must rneet the Clcnel'll Prettulment Standards in 40 CFR Part 403 and the 

Effluent Guidelines and Standards for Pharmaceutical Manufacturing in 40 CFR Part 439. 

Landfilling of solid waste by Waste Management of Wisconsin is pennitted by the State of 

Wisconsin, Depanment of Natural Resources (Penni! No. 3062). 

Certification of compliance with applicable emission requirements for the manufacture 

of drug substance at Abbott, North Chicago is provided in Appendix B-3. 

3.6.6.1.4 Effect of Propmcd Actjon on Cmnpliancc wjth Current Emissjon Reguiremeots 

Emissions and releases from the manufacture of ritonavir bulk drug substance are not 

expected to exceed the limitations of current permits. If modifications of current air permits are 

required, they will be processed with sufficient time to allow production to proceed. The facility 

permit for release of treated effluent to the North Shore Sanitary Di~trict will not be exceeded 
/ 

by the synthesis of ritonavir. Similarly, the generation of solid waste will not affect the permit 

for landfilling. 
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includes biological trcaancnl to decrease organic residual content to the required limits of COD 

and biochemical oxygen demand (BOD). Certification of compliance with applicable emission 

requirements for the 11W1uf1CWre of drug substance a. 

B-3. 

is provided in Appendix 

3.6.6.5 PREfARATION OF RITONAYIB. CAPSULES AT ABBOTT PARK 

3.6.6.5.1 SuMtancc:s fmjttc;d During ManuflCtWjpc 

Atmospheric Emissions 

The only air emissions of regulated pollutl!lts would be particulate and Volatile 
/ 

Organic Materials (VOM's). Since this material is mixed in • closed system, all emissions are 

minimal. Tbe only time the Wik is open is while the ingredients are being charged into the tank. 

The ai.'\Ounl of particulate and VOM emissions are within air permit specifications. 

Aqu.eous Wastes 

Wastewater from equipment and room cleaning is directed to the sewer which is 

discharged [Abbott Wastewater Discharge Control Document (Permit) No. 93-01-A] to the sewer 

system of the Nonb Shore Sanitary District and from there to Gurnee Wastewater Treatment Pllllll 

of the NSSD. 
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Solid Wastes 

The fonnulatioo of Ritonavir Capsules consists of a "paste" encapsulated in a gelatin 

caps<lle. The capsule is classified as a non-flammable solid. Waste capsules from manufacturing 

and remmed goods will be accumulated and sent offsite for incineration as a special 

phannaceut;cal waste. The "paste" is a mixture of an alcohol/drug solution and a gel material. 

Any waste alcohol/drug solution will be disposed of as a hazardous waste (flammable liquid) 

while the gel ~.rial will be disposed of as a special pharmaceutical waste. Packaging rejects 

and proteeti"e clothing worn i,y employees will be collected in drums and rolloff boxes for 

landfilling. These solid wastes will be mmsponed to Waste Management of Wisconsin, Bristol, 

Wiscon.'lin (Permit No. 3062, expiration dale 9/30/96). Unused packages of Ritonavir Capsules 

(past the labeled expiration date) will be returned to Abbott Laboratories where they will be 

accumullll.ed, classified (as appropriate) and sent off site for incineration as a hazardous waste. 

3.6.6.5.2 1":oqttpls Nmjwt go Rsiduals pd Emi55jons 

No volatile; orpnic t:n:iSSlons will be generated during production of Jie liquid 

fonnulation. No emission controls are required for manufac;,uing of the final formulation. Solid 

wastes are disposed of at permitted waste facilities. 

3.6.6.5.3 ComJlliMcc of Propgsed Actjon wjth Appljt;ahle Emission Reguirements 

Since particulate and VOM emissions are insignificant (IEP A Definition: less than 

0.1 lb.lhr. and 0.44 tons per year), manuf3cturing the final product will be in compliance with 

both USEPA and IEPA requirements. 

Only tank residuals and fill line residuals will be sewered. In the event a large 

amount of alcohol/dn1g solution is left in the process tanks for disposal, it will be drummed up 

and disposed of as described earlier. ParticL1late emissions from the capsule manufacturing 

facility al Abbott Park is regulated under a pemut issued by the Illinois Envin>nmental Protection 

Agency (Appendix C). Wastewater from manufacturing must meet the General Pretreatment 

Standards in 40 CFR Part 403 and the Effluent Guidelines and standards for Pharmaceutical 

Manufacturing in 40 CFR Part 439. The prohibitions and limitations for discharge into the sewer 

system of the North Shore Sanitary District are li~ted in Appendix C. Solid was~ will be 
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landfilled by Waste Management or" Wisconsin under Permit No. 3062 from the State of 

Wisconsin, Department of Natural Resources. 

Certification of compliance with applicable emission requirements for the manufacture 

of drug product at Abbott Park is provided in Appendix 8-3. 

3.6.6.5.4 Effect of the Pmpngd Actrpo on CompHanec wjtb Current Emission Regyjn;mcnts 

Emissions and relca.<eS from ~ manufacture of drug substanee or drug product will 

not exceed the limitations of current permits. i'¥1a:mfactwil:g of this product will be scheduled 

to fit within the existing framework of activities for which CUITellt ~"lion requirements are 

applicable. 

3.6.6.6 OCCUPATIONAL SAFETY 

Chemicals used in manufacture of the drug i;."ociuct ire regulated by the Occupational 

Safety and Hea!•h Administration. Employees are ~ in L."e proper operation of equipment 

in order to minimize poteuial safety, bealth and environmental risks. Extersive safety training 

is mandated, and Material Safety Data Sheets (Appendix 8) are availabk to personnel for 
.--

clwmicals handled in the manufacturing area. Employee training is car.ducted on the chemical 

hazards associated with manufacturing. 

Specified personal protective equipment (e.g., gloves, safety shoes, eye protection, etc.) 

and engineering controls designed for the equipment (e.g., exhausts to remove dust) are adequate 

to protect the employees. 

The safe transpon of all drug-related materials is ensured by following protocols which 

include formal qualification of vendors, training of personnel, and rigid specification of containers 

and mateJ:ials. Access to drug substances and prod•IClS is restricted to authoriied personnel. 

3.6.6.7 AMOUNT OF SUBSTANCES ENTERING THE ENVIRONMENT 

Human drugs find their way ; 'Ito the environmental companments (cg. soil. air, water) 

through manufacture, use, disposal and accident'\! spills. The two majo1 sources of environmental 

exposure of the drug are: I) the ;>atients who use the drug product; the drug product and/or its 

metabolites are discharged into the domestic sewer through excreta of the patients; and 2) 
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release of the drug or its precursors or by-products through wastewater from the manufacturing 

plants. ID either case the municipal sewage in the wastewater treatment plant could be the main 

recipient of these contaminant sources. The concentrations and releases in the subsections below 

ll'f: cstim11"4 without taking into consideration any degradation of the drug or its products at the 

manufacturing plants or during ttanSpOl'l in the municipal sewage to the wastewater treatment 

plant (WI'P), and, tbcrcfore, are worst case scenarios. The fate of emitted drug substances in the 

enviroomcot is discussed in Section 3.6.7 and the effects of these substances are discussed in 

Section 3.6.8, with a summary provided in Table 3.6.7-1. Amount of solid wastes from the 

manufacture ,,f the drug product are discussed in Appendix C. These subsections also provide 

information on packaging rejects and prok:Ctivc clothing landfilled or incinerated at both the sites. 

3.6.6.7.1 Human Eljminatjon 

The drug substance is inlrOduccd to sewage systems primarily as the parent ritonavir, 

as shown from the metabolism studies (NOA 20-659, Subsection 5.3). Metabolism and 

disposition studies in rat showed that 48~ of fecal radioactivity consisted of parent drug followed 

by 14% of metabolite M2 and 9.~ of metabolite Ml. Metabolites Ml and M2 are also present 
. 

in human microsomal preparations. Bcca11Se ritonavir constituted the major component in rat 

feces and because the major metabolites formed (Ml and M2) were suucturally similar to 

ritonavir, releases via human elimination are calculated in this subsection as if ritonavir was the 

only substance being released. 

The estimated '=oncentration, i.e., Maximum Expected Emitted Concenr.ration (MEEC), 

of :itonavir at a typical wastewater treatment plant (in the flf.b year following approval) is 2 ppb. 

This concentration is, of course, a worst-case estimate, because: I) the total global production of 

r;• Jnavir is included instead of the U.S. production alone, 2) it is llSSUIDcd that the amount of the 

drug manufactured will all be ingested and eliminated by the U.S. population, 3) metabolism and 

the removal of the drug in the human body was not taken into consideration and it was assumed 

that ritonavir is the only subslance being excreted by patients into domestic sewage, and 4) it is 

assumed that the cxc;cted ritonavir would reach the WJ"P without undergoing any degradation 

in the domestic sewage from the time of excretion to the time it enters the WTP, even though 

degradation during that time is possible. The calculation for the estimated concentration is 

provided in Appendix C. 
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3.6.6.7.2 Wastewater frpm Manufacturinr 

( 
1 

Nonh Chica!.:: 

During the synthesis of ritooavir, approximately 23.3 Kg of the ritonavir may be 

released into Abbott's wastewater treatment plant where effluents are treated and the treated 

effluents are discharged to the North Shore Sanitary District's (NSSD) Gurnee Wastewater 

Treaunent Plant (WTP). The MEEC of ritonavir m the facility of the North Shore Sanitary 

District can be calculmed as swed below. The Gurnee WTP of the North Shore Sanitary District 

operates at a flow rme of 19 million pl/day (NSSD, 1992). 

Amount rdltl#d in 9 z 10' 111//9 X G.264 ga//L 
36S ~ % jlow rate 

Thus, the calculmed concentration of ritonavir by-pnducts at NSSD that could result 

from releases at North Chicago (under the proposed action) would be 0.9 ppb or 900 ppt. Tilis 

is a worst-case estimate, because degradation and adsorption to sludge at Abbott's North Chica_go 

on site treatment plant were not considered. 

3.6.7 FATE OF EMJUED SUBSTANCES IN mE ENYIRONMENT 

Information is presented that is relevant to the environmental transport and fate of -

ritonavir. Assessment of transport and fate of ritonavir is accomplished by an evaluation of 

processes affecting transport (between air, water, and soil) and processes affecting chemical and 

biological degradation. 1be methodology ir.v.,lved in this evaluation and its application to 

specific chemicals is discussed in Water-Related Enyjronmc:ntal faJe of 129 Prioritv Ppl!utants 

(USEPA, 1979; Howard, et al., 1990). 

Ritonavir is a protusc inhibitor developed for the treatment of human 

immunodeficiency virus, the causative organism of Acquired Immune Deficiency Syndrome 

(AIDS). After the drug product is ingested in the human body, it is absorbed from the intestinal 

traet and eliminmed in urine and feces primarily as ritonavir. The procedures outlined in the 

Environmental Assessment Technical Assistance Handbook (FDA, 1987) were followed to study 

the environmental fate of ritonavir. 
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3.6.7. I AIR 

Minimal or no emissions of ritonavir arc expected to be released into the atmosphere 

during manufacture or use of the product by patients. Ritonavir is a white to light tan powder 

practically insoluble i11 water. It was stable at BO°C for 13 weeks with 100.1 % of ritonavir 

remaining (Abbott Report R&D/9S/216; NOA 20-6S9, Subsection 3.3.1.S). Ritonavir's relative 

stability in solid form suggests lbal volatilinti'>n in air is an unlikely phenomenon. Therefore, 

air , .1issions in its solid form are unlikely. Dusi: from the manufacturing of bulk drug (Abbott's 

t forth Chicago facility) will be trapped by vent filters lbal are collected and disposed of by 

landfilling or incineration. If any bulk drug should escape the dust collection system, it will 

either precipitate with rain or become photolyzed in the condensing moisture as discussed in 

Subsection 3.6.7.2.3 or biodegraded as stated in 3.6.7.2.4. The drug product is a capsule 

formulation and no air emissions arc expected during manufacture because of the containment 

measures lbal arc in place. 

All the equipment washes are also contained, collected and disposed of as liquid 

chemical waste by incineration. Based on this information, ritonavir should have no impact in 

the "Air" environmental compartment 

3.6.7.2 

Ritonavir will be introduced to the aqueous environment via elimination by patients 

and via releases from manufacturing. Minimal rclca.~ of the drug substance is expected to sewer 

and no release from. manufacturing of drug product to aqueou~ environment (sewer) is expected 

due 10 contained handling of the wastes resulting from equipment cleaning and other operations 

during formulation. Releases from the synthesis of ritonavir arc anticipated to be 23.3 Kg. 

Biodegradation and photodcgradation in the llCtlltion and settling tanks of W1P are expected to 

decrease its concentration significantly before the sewage effluent is released ti. surface water 

(Subsections 3.6.7.2.3 and 3.6.7.2.4). 

As stated in Subsection 3.6.6.7.1, lhe maximum concentration (MEEC) of ritonavir ln 

the year 2000 at a typical wastewater treatment pl -:.··11 that would be due to patient usage is 

estimated to be 2 µg/L (2 ppb). Because of variations in plant capacity and in rates of surface 

water flow, dilution factors for effluent can vary (depending on geographic location) from about 

10·' 10 essentially no dilution (Metcalf & Eddy, Inc., 1979; Linsley, ct al., 197S). A typical 

dilution factor for many rivers of the United States is to-> and, thus, the com:sponding worst-«SC 

concentration in surface waters that receive sewage plant effluent could be 0.002 ppb (2 x Io-». 
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It should be noted, however, thal this concentration does not account for the degradativc 

processes in the WTP or the dilution downstream from the effluent outfall; the impacts of the 

degradation processes in the WTP are provided in T1ible 3.6.11-1. 

1bc wont-case releases from Abbott's NIJl'th Chicago facility based OD the ritooavir 

release to the Des Plaines River arc cstim••cd to be 0.9 ppb or 900 ppt [Des Plaines River 

receives effluent from the North Shore Sanitary District (NSSD)] as seen in Subsection 3.6.6.6.2. 

1bc effluent from tius wastcwatcr flCility is discbL'Jcd to the Des Plaines River which (near 

NSSD in Gurne.~. Illinois) bas a mean IDDual flow rate of 189 ft'lscc or 122 million gal/day 

(!SWS, 1992). 1'bcrcfore, the dilution flCtOr from the NSSD f11:ility to the river is 1()"3, and 

based OD this dilution, the worst-case MEEC ccmceotraliun is expected to be 0.9 ppt. The impact 

on the degradation processes in t.bc WTP on this value are provided in Table 3.6.11-2. Thcrcfoll:, 

the MF.EC of ritooavir in WTP due to 1D1Dul8ctwing (0.9 ppb) is lower than the MEEC through 

hwmn use (2 ppb). 

In the water of a sewage trcl.tment flCility, or in the surf ICC water that dilutes the 

effluent. ritonavir (or its by-products) W'ould be affected by environmental processes that include 

photolysis, oxidation. hydrolysis. volatilization. absorption, t.1oaccumulation. and biodegradation. 

These processes arc evaluated individually (in this S11bsection) before a concluding statemenfis 

made on the probable fate anc' concentration of released S11bstanccs in the aqueous environmenL 

3.6.7.2.1 Yolati!iutjon 

Ritonavir did not vola'tilize from a deionized water solution with nitrogen flow for 21 

days, suggesting no volatilization potential under sucb conditions. A one page summary of the 

Henry's Law Constant results is provided in Appendix A-1 and the Cl'Jmplcte report is provided 

in Appendix D· I. 

3.6.7.2.2 Sor:ptjon/Desor:ptjop 

The adsorption coefficient. <Koc> for ritonavir with Bentonitc, Skokie lagoon mud. 

Milwaukee metropolitan sewage, Lake Bluff Beach sand, Des Plaines River sediment. and 

Northshore Sanitary District sludge was determined. This s111dy represents two environmental 

substrates (Milwaukee Sewage and Des Plaines River !:l'dimull) that the drug may partition into 

after human use and manufll:turing operations. 
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Attempted extrllCtion of ritonavir from the adsorbents with methanol: water (50:50) in 

which the drug is very soluble, dcmonstraled that approximately 23. 7. 72, 39, 6 and 61 % of rhe 

drug was irreversibly bound to Bcntonite, Skokie lagoon mud, Northshore Sanirary Districr 

processed sludge, Milwaukee mctropol.itan sewage. Des Plaines river mud and Lalcc Bluff Beach 

sand. respectively. 'The sewage and Des Plaines river mud arc two of the above matrices that the 

drug is likely to be exposed to in the WI'P and after its release from WTP. The pcrcenr of 

rilonavir irreversibly adsorbed to these two matrices constituted 39 and 6%, respectively. Based 

on these estimates the majority of ritonavir is likcly to partition into aqueous companments. A 

one page summary of Sorption/Dcsorption results is provided in AP'lCDdix A-2 and the complete 

report is provided in Appendix D-2. 

3.6.7.2.3 Phoroocmvtarjon jn \\'atcr 

The ultraviolet/visible light absorption spectrum of ritonavir exhibits absorption 

maxima at 197.5 nm and 240 nm with a shoulder apparent at 210 nm (Abbott Report 

R&D/95/220; NDA 20-659, Subsection 3.3.1.5). Compounds with absorbance in the range of 

290-800 nm arc known to photodcgrade upon exposure to sunlight (direct photolysis). Ritonavir 

was not susceptible to direct photodcgr..Jation when aqueous solutions were subjected to 

simulaled sunlight (Xenon Arc Lamp). However, the sarr~ solutions of Ritonavir in the presence 

of a sensitizer, pholodcgradcd extensively. The half-lives were 5.92, 2.23. and 1.43 at pH 5, 7 

and 9, respectively. During the residence time in the WI'P. especially in the activated sludge and 

secondary effluent tanks when: the contents are exposed to natural sunlight, the drug substance, 

ritonavir. is likely to be removed cumpletcly. It is quite likely that photolysis may transform all 

of ritonavir into its dcgradate components, thus eliminating the drug product itself from the 

environment. A one page summary of Photodcgradation results is provided in Appendix A-3 and 

the complete report is provided in Appendix D-3. 

3.6.7.2.4 Biodegradation jn Water 

The aerobic biodegradation of the test chemical. ritonavir, was tested in water using 

acrivatcd sludge and secondary effluent from the wastewater treatment plant (WTP) as inocula. 

Greater than 90% of the ritonavir was remc"cd from the test medium within 28 days and trapped 

as "C-activiry in a foam plug used as a volatile trap. Only 6.1 % of the applied activity remained 
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in the test medium. Thus, biodegradalion appears to be a potential removal pathway ,or ritonavir 

in water. Ritonavir may be completely removed in the WTP through a combination of 

photodegradation (half-life of less than 4 hours) an~ biodegradation suggesting very little release 

into the wastewater effluent or partitioning into the sludge. A one page summary oi 

Biodcgradation in Water results is provided in Appendix A-4 and the complete repon is provided 

3.6. 7 .2.5 Bioaccumulation/Bjornpq;nuation 

Bioaccumulation of chemicals generally refers to their introduction into animals by 

ingestion, while the bioconcentration of chemicals refers to their absorption from water by aquatic 

organisms (Trabalka and Garten, 1982). Bioaccumulati<;n of ritonavir in aquatic animals is 

unlikely, because as shown in the preceding sections, ritonavir is likely to be eliminated in the 

WTP. However, in order to assess the impact of any n:sidual drug entering into the aquatic 

compartment, tine aquatic toxicity tests CDapbnja acute toxicity, Hya)el!a acute toxicity and fl"" sh 

water fish acute toxicity) have been conducted as reported in Section 3.6.8. 

3.6.7 .2.6 Probable Fate of Ritonayir jn Aquatic Systems 

P!iotodcgradation, and biodcgradation in the wrP will diminish or eliminate the 

amount of drug substance likely to be released to the natural aquatic companmcnt. Therefore, 

the actual concentrations that will be present near an effluent outfall of the WTP can be expc:cted 

to be much smaller t~an that enteriug WTP and would continue to diminish in natural waters with 

dilution and with the passage of time due to biodegradation and photodegradation in natural 

surface waters. Downstream from the effluent outfall, the e:itpccted environmental concentration 

(EEC) of ritonavir or its by-products is e:itpccted to be essentially zero. However, worst case 

estimations of EEC arc presented in Tables 3.6.11-1 and 3.6.11-2. 

3.6.7.3 

As seen from the fate in the WTP aq~atic matrix, the majority of ritonavir in the WTP 

is expected to be eliminated by photodegradation and to a smaller degree, biodegradation. Since 

ritonavir has not been demonstrated to bind to sewage and river sediments, ritonavir is likely to 

partition into the aqueous phase within the WTP and be released in Des Plaines River through 
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wastewater effluent from WfP. Thus, the most likely environmental companment to which the 

residual drug from the WJ'P may !:woo exposed :s the aquatic c:om.partment. For this reason, the 

environmental effects testing is focused on aquatic toxicity testing. However, a microbial growth 

inhibition test was also conducted whuc a number of soil bact.eria, fungi and an alga that could 

prevail in soil wecc: tested against various concentrations of ritonavir to assess the effect of 

adsorbed drug on soil microbial activity. 

3.6.8 ENYIBONMENTAL EFFECTS OF RELEASED SUBSTANCES 

Four environmental effects studies have been conducted with ritonavir: ( I) MicrolJial 

Growth lnhibititin; (2) papbnja Acute Toxicity; 3) Hya!el!a Acute Toxicity; and 4) Fresh Water 

Fish Acute Toxicity. The procedures outlined in the Environmental Assessment Tcchnk.al 

Assistance Handbook (FDA, 1987) were followed to study the environmenlal effects of ritonavir. 

3.6.8.1 Mjcmhja} Growth lnhibitjoo 

The microbial growth inhibition test was conducted at a highest concentration of 5 

mg/L using a solvent (<1%) to solubilize ritonavir. Soil bacteria, Pseu.domonas fluoresce!'.'5, 

Bacillus megaterium and Awtobacter chroococcum, a blue green alga, Anabaena flos-aquae and 

three soil fungi, Aspergillu.r clavatus, Pmicillium canescens and Chaetomium globosum were 

tested. Azotobacter and Anabaena are known to fix atmospheric nitrogen, thus enriching soil 

nitrogen. Pseudcmonas, Bacillus, Aspergillw and Penicillium are known to degrade a variety 

of chemicals. Chaetomium i~ known to decompose cellulose. Thus, these microorganisms 

represented a broad spectnim of beneficial species in soil. No growth inhibition was noticed in 

any of these microorganisms at the highest concentration tested (5 mg/L). The no observed effect 

concentration (NOEC), therefore is 5 ppm for all the microorganisms tested. The NOEC 

(5,000,000 pp!) is severai orders of magnitude higher than the EEC (0.045 ppt) estimated for soil, 

and therefore ritonavi1 has no impact on the terrestrial microorganisms. A one page summary 

of Microbial Growth Inhibition results is provided in Appendix A-~ and the complet~ n:port is 

provided in Appendix D-5. 
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3.6.8.2 Dqphnia Acute Toxicil)' 

The 48-hour EC"° value was> I .SO mg/L which was approximately the w31er solubility 

of the test chemical. The results indiClUCd a 48-bour no-observed effect concentration (NOEC) 

of 1.50 mg/L based on the lack of immobility and abnormal effects at this concentration. Since 

the NOEC (1,500,000 ppt) is several orders of magnitude higher than the EEC (0.08 ppt), 

ritonavir should not have any impact on the Dgphnja in the aquatic environment. A one page 

summary of Daphnja Acute Toxicity results is provided in Appendix A-6 and the complete report 

is provided in Appendix D-6. 

3.6.8.3 Hvalclln Acute Tggjcity 

There was no significant monality or adverse effects on Hya!el!a aztecA during a 96-

hour exposure period at a ritonavir coDCelltralion of 1.59 mg/L, which is also the approximate 

solubility limit of the te.q substance. Thus a NOEC of 1.59 mg/Lis assigned. Since the NOEC 

(1,590,000 ppt) is several orders of magnitude higher than the EEC (0.08 ppt), ritonavir sh<>11ld 

not have any impact on Hya!ella in the aquatic environment. A one page summary of Hya)ella 

Acute Toxicity results is provided in Appendix A-7 and the complete report is provided in --
Appendix D-7. 

3.6.8.4 fn;5b Water fish Acute Ioxicirv 

·111e 96-hour u;, was dctcnnincd to be >1.63 mg/L which was approximately the 

water solubility limit of the test chemical in dilution water. The 96-bour NOEC is dctem»ned 

to be J.63 mg/L, which was based on the lack of mortality and abnormal effects at this 

concentration. Since the NOEC ( 1,630,000 ppt) is several orders of magnitude higher than the 

EEC (0.08 ppt), ritonavir should not have any impact on fresh water fish in the aquatic 

environment. A one page summary of Fresh Water Fish Acute Toxicity results is provided in 

Appendix A-8 and the complete report is provided in Appendix D-8. 
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TABLE 3.6.7-l 

Fate and Effects Studies for Environmental Assessment or Rltonavlr 

Type or Study Result Slgnlncance 

Henry"s law Constanl/ The Henry"s l...aw constant could not be deter- Ritonavir does nol appear 10 vol11ilize 
Vapor Pressure mined due lo insigniftunt vo!a1ilization signifk.anily in deionized water solutions under 

suggesting thal ri•onavir has very lillle nitrogen now. 
volatiliza1ion po1en1ial. 

Sorption and Irreversibly bound rilonavir varied significantly The binding lo metropolilan sewi;ge (39'1>) and 
Desorption wilh matrix: Milwaukee Sewage • 39'1>; Des Des Plaines River Mud (sediment), two matrices 

Plaines River Mud • 6'1>; Nonh Shore Sanitary that have a polential 10 be exposed lo the drug 
Sludge • 72'!1.; Skokie Lagoon Mud • 7'!1.; suggests that the majorily or rironavir is likely to 
Bentonite • 23'1>; Lake Bluff Beach Sand· 61'1>; panilion into the aqueous pkasc or WTP. 
Koc values are: Milwaukee Sewage • >250; Des 
Plaines River Mud ->2483; North Shore Sanitary 
Dis1rict Sludre ->250; Skokie Lagoon Mud • 
> 1000; Bentonite • > IOOO; Lake Bluff Beach sand 
• 439 

Photodegradation in The hair-life of ritonavir determined experi- Photodegradation is the major removal pathway 
Water mentally was 5.92, 2.23 and 1.43 hours at pH 5, for ritonavir in WTP. The worst case haU-lire for 

7, and 9, respectively. photodegradllion is taken as 4 hours. 

Aerobic B iodegrada- "C-activity trapped in foam plugs accounted for The removal or >90'll> or ritonavir from aqueous 
lion in Water 91 '!I. of the applied activity after 28 days. medium containing activated sludge and secondary 

Majority or the ''C-activity in foam plugs was effluent inocula from the WTP suggests aerobic 
accounted for by ritonavir with a minor polar biodegradalion as a potential removal pathway for 
component. ritonavir in the WTP. 

Microbial Growth The no observed effecl concentration (NOECI for The NOEC (S,000,000 ppt) for bacteria fungi and 
Inhibition microorganisms is 5 mg/L (S ppm), the highest alga are several orders of magnitude higher than 

concentration tesled, which is also above the the worst case concentration of EEC (0.08 ppt), 
water solubility limit. and, lherefore, no impact t.f ritonavir on micro-

organisms is expected. 
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FDA Type or Study 
Guldellne 

4.08 Daohnja 
Acule Toxicily 

4.10 l:b'.i!l,111 A'l~il 
Acute Toxiciry 

4.11 Fresh Waler Fish 
Acute Toxicity 

TABLE 3.6.7-1 (CONTINUED) 

Result Slcnmcance 

The no-observed effect concentration (NOEC) The NOEC for Daphnja, 1,500,000 ppt, is 
was delermined to be 1.50 mg/L, which is several orders of magnitude higher than worsl 
also the highesl measured concenlralion tesled case EEC of ritonavir (0.08 ppt) and, 
and is near lhe upper limit of solubility for therefore, no impact of ritonavir on the 
ritonavir. aquatic species Dallboia is expecled. 

The no-observed effect concenlration (NOEC) The NOEC for Hya!ella, 1,590,000 ppl, is 
was determined re be 1.59 mg/L, which is several or1ers of magnitude higher than worst 
a;so rhe highest measured concentrarion tested case EEC f rironavir (0.08 ppr) and, 
and is near the .ipper limit of solubility for therefore, • ' impact of ritonavir on the 
rironavir. amphipod Uvals:lla is expected. 

The no-observed effect concentration (NOEC) The NOEC for fresh water fish, 1,600,000 
was determined to be 1.6 mg/L. which is also ppt, is several orders of magnitude higher than 
the highest measured concentration tested and worst case EEC of ritonavir (0.08 ppt) and, 
is near the 11pper limit of solubility for therefore, no impact of ritonavir on the fresh 
ritonavir. water fish is expected. 
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3.6.9 JJSE OF RESOURCES AND ENERGY 

The proposed action requires a moderate conunitment of company resourc-(!s. 

However, chemicals Iha! will be used arc common commodities of commerce. Moreover, no 

irreversible or inetrievable commitment of limited national resources will be inv.:>lved. The 

estimated use of energy for the synthesis of ritonavir drag substance at North Chicago is 1.2 :x. 

10' lcwh/yr of electricity and 2.1 x 1010 btu/yr of thermal energy. These amounts represent 0.5% 

and 0.7%, respectively, of the total energy coosumption at the North Chicago facility. 

The estimated use of energy for the preparation of Ritonavir Capsules at Abbott Park is 

l.7 :x. 106 kwb/yr of electricity, l.l x 10' btu/yr of fuel gas and \l,286 lbs/yr of steam. 

As discussed in Subsection 3.6.8, the environmental impact of relcasr.s from 

manufacturing and use of the product is negligible. Therefore, it is unlikely that threatened or 

endangered species could be affected. 

The State of Illinois docs not regard property in the vicinity of the Abbott facilities 

to have historical or archaeological importance (Appc11dix C). 

3.6.10 MmGADON MEASURES 

Conttols exercised on emissions at Abbott facilities arc described in Appendix C. 

Compliance of the proposed action with applicable emission requirements is provided in 

Appendix B-3. 

Material Safety Data Sheets (MSDS) arc provided-in Appendix B. Unused drags (past 

the labeled expiration date) arc returned to A!>bott Laboratories for disposal by landftlling or 

incineration (Subsection 3.6.4.4). 

Waste minimization studies JrC an ongoing activity at Abbott facilities, As their 

results become available, practical measures to increase control of wastes arc incorporated into 

manufacturing procedures. 
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3.6.1 l ALTERNATIYES TO THE PROPOSED ACTION 

No potential adverse environmental impacts have been identified for 1he proposed 

action. Little or no release of ritonavir 10 the aquatic environmenc is expected (Subsection 

3.6.6.6) due to extensive photodegradation and biodcgr.adation in WI'P. The no-observed cffec1 

i:oncenttlltions of aquatic species and ierrestrial microorganism• are several orders of magni1udc 

higher than tbAl EEC for ritonavir, hence no environmental impact is anticipaced {Tables 3.6.11-1 

10 3.6.11-2). Because no adverse environmental impact is expected, alternatives to tbAl proposed 

action are not being consideted. If this product were not manufactured (as a no-action 

alternative), ritonavir would nol become avulable as medication to treat HIV-Infection. 

3.6.12 PREPARERS 

The preparers' resumes arc provided in Appendix C. 
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TABLE 3.6.11-1 

Summary or Envlornmental 11'.pact or Rllonnlr Through 
Human Use (Year 2000 Production Forecast) 

== 
Maximum Expected Emilled Concentration (MEEC) in WTP as a Result of Human Use• = 

Potenlial Degradation (Removal) of the Test Chemical in WTP Due lo Biodegradaiion .. = 

P3.!I x 2 days = 6.7% of 2000 ppl 
21 

Po1ential Degradation (Remr,val) of the Test Chemical in WTP Due 10 Phololysis Half-life of 4 
hours • 2000 ppl x 3 half-lives = 1750 ppt•••; Worst Case 3 Half-Uves = 12 hours 

Expecled Environmenlal Concentration (EEC) in WTP 
MEEC • Photodcgradation and Hydrolysis= 2000 - (134 + 17SO) = 116 

Ri1onavir Adsorbed to Merropolitan Sewage Sludge = 

Ritonavir Remaining in Aqueous Phase = 

EEC of Ritona'lir in WTP Wastewater Efnuent 
116 P?t x 0.61 (61%) = 70.76 ppt 

EEC of f<ltonavir in Surface Water after the Release of Wastewater Efnuent from WTP 
Assuming a Thousand Fold Dilution•••• in the Des Plaines River= 70.76 ppt x 10·' dilution 
= 0.076 ppt 

EEC of Ritonavir in the Sludge 
116 ppt x 0.39 (39%) = 45.24 ppl 

EEC of ABT in Soil if the Sludge Was Applied 10 Soil• .... = 45.24 ppt x JO"= 

\ 

2 µg/L {2 parts per billion 
(ppb)) or 2000 parts per trillion 
(ppt) 

134.14 ppl 

17SO ppt 

116 ppt 

39% 

61% 

70.76 ppl 

~ 0.075 ppt 

4S.24 ppt 

0.045 ppt 



"' H ., 
0 z 
)" 

<: 
H 

"' n 
)" 
'Cl 
en 
~ 
Ill 
en 

~ 
)" 

"' 0 

' "' CD 
0 

<: 
0 

'"' ~ 
IJ 

"' ,, 
" 

.... 
00 

TABLE 3.6.11-1 (CONTINUED) 

Summary or Envlornmiental Impact of RltonHlr Through 
Human Use (Year 2000 Productlo1\ Forecast) 

Rilonavir Irreversibly Bound lo Des Plains River Sediment = 6% of 0.076 

Rilonavir Remaining in lhe Aqueous .Phase of Des Plaines River = 0.076-0.004!6 

NOEC for Soil Bacteria, Fungi, and Alga = 
NOEC for Daphnia = 
NOEC for i:b:1h:ll1 = 
NOEC for Fresh Water Fish = 

0.00456 ppl 

0.0714 ppl 

S,000,000 ppt 

1,500,000 ppl 

1,590,000 ppl 

1,630,000 ppt 

CONCLUSIOt-': No environmenlal impac1s due to rilonavir are anticipated since NOEC for aquatic species or terrestrial 
microorgani~IT•S is several oni;;;s of megnitude higher than EEC for that environmcnlal compartment. 

"Appendix C, Section 6.7.1; MEEC estimotion through hu111111 use. 

00Biodegrldltir>P. estimate takes into considerllion remoY1l or 93.9'llo ritonavir in the biodqiedllion in -er 11udy. A residence time of 2 days In 
\Vil' is ass;,med. 

•••Assumes a very conserv11ive eslimatc based on an average or 4 hour photodegndal!on hllr-Jirc and rate .........,; oi 0.1731 mhr' for ri1onavir llJld 
six houn of sunlight durins the day and 2 d1ys or resident time in WJ1' (3 hllf-lives). Experimentally measured photoclegndation half-lire ror 
ritonavir is 1pp«>ximatcly 2 houn. Under 1 best cae photoclegradalion ICelllrio, ri1onavlr lhould be ~ely eliml1111ed in W1P by 
photodegrld11ion. 

••••Metcllf & Eddy, !979 (Appendix c. Section 7.2). 

•••••Based oo application 3,000 lbs of dry sll'dge to an llCfe or agricultural land (Operation or Waste-er Tte1lment Pl111ts, 1 Manuol or Practice. 
W•er Pollution Control Federado.~. 1976); ar.d 2,500,000 lbs or soil in the S-7" wrfoce layer (Brldy, N.3.6. 1974. The Nature and Propenies or Soil. 
Mocrnlllan Publishing Co., Inc. New York), a dilution factor or approxim1tely 1000 (lit') Is lflPlied. 
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TABLE 3.6.tl-2 

Summary or Environmental Impact Through Releases from the Manufacture of 
Rltonavlr Capsules (Year 2000 Production) From the Abbott Park 

Manufacturing Facility 

Ma.timum Expected Emitted Concentration (MEEC) in North Shore S111i1my District \Vil' IS a 0.9 pg/L (0.9 ppb) = 900 ppl 
Result or Releases rrom Ritonavir at Abboll North Chicago Facility• = 
Removal Due to Photodegradation (787.S pp!) 111d Biodegradation (60.3 ppl) at the WTP•• = 847.8 ppl 
847.8 

Expected Environmental Concentration in W1P .. MEEC - R<.moval due 10 Photodegradation Sl.2 ppt 
and Biodegradation = 900 • 847 .8 = 52.2 

Ritonavir Reversibly Bound to Sewage = 39'11o of 52.2 ppt 20.358 ppt 

Ritonavir Concentration in Soil or All the Sewage Sludge Solids are Applied lo Soil x lit' 0.0204 ppl 

Ritcnavir Remaining in the Aqueous p"ase in W1P 52.2 • 20.358 = 31.84 ppl 

Ritonavir Relcaud Through Wastewater Effluent to Des Plaines River 31.84 ppl 

Expected Environmental Concentration (EEC) of Ri!onavir in Surface Water= 0.106 x lit' .. 0.0318 ppt 

NOEC r-:,; Soil Bacteria. Fungi, Alg11 = S,000,000 ppt 

NOEC i;ir Plpboi1 • l,S00,000 ppl 

NOEC for Hvalell1 = ,,,90,000 ppl 

NOEC for Fresh W acer Fish = 1,630,000 ppt 

CONCLUSION: No e11v1ronmen1al impacts due Ir ri1onavir are 1111icipaccd since NOEC for aquatic species or terrestrial 
microorg111isms is several orders or magnitude higher 1h111 EEC for this environmental computment. 

•Appendix C. Sc:lion 6.7.2. MEEC for manufacluring facili1y . 

·-

.. Cakulalion or removal due 10 pliotodcllf8da1ion is cakulated as follows: Usin1 C (amount rcmainin1 af1a lime I) • c.<"; when: C. = 900 ppl. r = 01733. and 1 
• l 2 hrs: C • l 12..5 ppl remainin1. Thcrdorc. amount removed is 900 • 112.5 = 787 .5 pp1. Es1irna1ion for r is rrom Table 3 6 11-1. 

•••Calculation or removal due to biode1nda1ion is calculated IS rollows: Biodcgrad1lior; of 3.3, .. per d1y. Thus. for 24 hrs f2 d1ys) of czpmure. lhe 1moun1 
removed would be 2 x J.l,,. x 900 ppt 2 60.l pp:. 

••Other u1umpdon1 ror pholodearadltion ind biodcsnidllion of ri1on1w,ir are 1imilu 10 lhlt used ror e11im11in1 1he environmen11I impKI lhrou1h hum1n u(c 
(Table 3.6. ll • l ). 



3.6.13 CERTIFICATION 

Preparen 

The undersigned certify that the information presented is true, accurate, and as 

complete for preparation in accordance with 21 CFR (25.31(a). 

Signature _J.R.~~~~:.._!c..)~ ...... ::::'~·~1t. .... ~'·!::!l~(~-------12Pate / z.-1.r- 'f.r 
--it v 

Title pirectoL Enyjmnmc;ntaJ Fate &; Aswsmcnt 

.-/_,- ' I )_ ~L 
Signatuiy---_;1 /c.,k...a. l-/ ~ -· "" 

I 

Title Promo> Manaver. Enyimnmepta] Fate & Asyss1ucm 

Soonsor 

The undenigned certifies that the information presented is true, accurate, and as 

complete as provided to Ranga Valagaleti for preparation in accordance with 21 CFR 

(25.3 l(a). 

Signature 

Title 
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' Section 3.6 

Environmental Assessment 

References 

Enclosed arc references cited in the environmental assessment for ritonavir. These 

references arc provided to facilitat,., the review of the enviroiUllCntal assessment. Please 

note that the following references arc not enclosed because they arc readily available to 

the FDA reviewer: 

Reference 7 

Pharmaceutical Manufacturers Association (PMA), 1991. Interim Gujdance to the 

PhannaceutjcaJ Industry for Enyjronmcotal Assessment Compljance Bcguirements for the 

mA,. Wa~hington, D.C .. July i991. 

Reference 10 

U.S. Food and Drug Administration (USFDA), 1987. Enyjropmema' Assessment 

Technjca! Assjstance Hapdboqk. Center for Food Safety and Applied Nutrition. U.S. 

Food and Drug Administration, Washington, D.C., FDA/CFSAN-87130. (NTIS PB87-

!75345). 
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MATERIAL SAFETY DATA SHEET 
RITONAVIR SEMI-SOLID CAPSULES 

PAGE l 
ISSUED 11/15/95 

--------------------------------·---------------------------------------
1. CHEMICAL PRODUCT AND COMPAN'i IDENTIFICATION 

-----------------------------------------------
Material Name: RITONAVIR SEMI-SOLID CAPSULES 

MANUFACTURER: Abbott Laboratories 
Pharmaceutical PC'oducts Division 
200 Abbott Park :Road 
Abbott Park, Illinois 60064-3537 

EMERGENCY TELEPHONE NUMBEl<: l-800-441-4987 
CHEMTREC TELEPHONE NUMBER: l-800-424-9300 

2. COMPOSITION/INFORMATIO•N ON INGREDIENTS 

INGREDIENT NAME: Propylene Glyc:ol * 
CAS/RTECS NUMBERS: 57-55-6 / TY2000000 
OSHA-PEL 8HR TWA: N/L 

STEL: N/L 
CEILING: N/L 

ACGIH·-TLV 8HR TWA: N/L 
STEL: N/L 

CEILING: N/L 
O'l'HER BHR TWA: 50 ppm, total vapor and aerosol; io mg/m3, aerosol 

alone (AIHA WEEL). 
LIMITS STEL: N/A 

CEILING: N/A 
*Hazardous per OSHA criteria 

INGREDIENT NAME: Ethyl Alcohol* 
CAS/RTECS NUMBERS: 64-17-5 / KQ6300000 
OSHA-PEL BHR TWA: 1000 ppm 

STEL: N/L 
CEILING: N/L 

ACGI~-TLV BHR TWA: 1000 ppm 
STEL: N/L 

CEILING: N/L 
OTHER BllR TWA: N/A 
LIMITS STEL: N/A 

CEILING: ~/A 
*Hazardous per OSHA criteria. 
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ISSUED 11/15/95 

-----------------------~-----------------------------------------------
2. COMPOSITION/INFORMATION ON INGREDIENTS, continued 

------------------------------------------
INGREDIENT NAME: Ritonavir 

CAS/RTECS NUMBERS: N/A / N/A 
OSHA-PEL B~R TWA: N/L 

STEL: N/L 
CEILING: N/L 

ACGIH-TLV BHR TWA: N/L. 
STEL: N/L 

CEILING: N/L 
OTHER BHR TWA: l mg/m3 (Abbott Laboratories) 
LIMITS STEL: N/A 

CEILING: N/A 
• Hazardous per OSHA criteria 

3. HAZARDS INFCtUU\TION 
-----------------------
EMERGENCY OVERVIEW: This product is for use in the treatment of 

patients with AIDS. contact of capsule contents with eyes ma~ 
produce irritation. In clinical use, adverse effects have included 
gastrointestinal upset and headaches. Available data suggeat that 
target organs include the eyes, liver, thyroid, gastrointestinal 
tract, fetus, and urinary system. 

ROUTE(S) OF ENTRY: Skin: Unlikely 
Inhalation: Unlikely 
Ingestion: Clinical Route 

INGESTION RATING: None 

SKI~ ABSORPTION RATING: N/D 

INHALATION RATING: N/D 

C0RROSIVENESS RATING: None 

SKIN CONTACT RATim;: N/D 

SKIN SENSITIZATION RATING: N/D 

EYE CONTACT RATING: N,D 

TARGET ORGANS: Possible target organs include the eyes, liv~r, thyroid, 
gastrointestinal tract, fetus, and urinary system. 

CARCINOGENICITY RATING: NTP: N/L IARC: N/L OSHA: N/L 
ACGIH: N/L 
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-----------------------------------------------------------------------
3. HAZARDS INFORMATION, continued 

-----------------------Group I human carcinogens. 

SIGNS AND SYMPTOMS: N/D. In early clinical trials, possible 
side-effects have included qastrointestinal upset (nausea, diarrhea) 
and headaches. Contact of the capsule contents with the eyes could 
result in irritation. Data from pre-clinical studies suqqest 
alterations in liver fUnction, in vision, and in thyroid function. 

MEDICAL CONDITIONS AGGRAVATED BY EXPOSURE: N/D. Available information 
suqqests pre-existing liver, ocular, gastrointestinal, urinary, skin 
or thyroid ailmen~s. 

4. FIRST AID MEASURES 
----------------------
ZYES: Remove from source of exposure. Flush with copious amounts of 

water. If irritation persists or signs of toxicity occur, seek 
medical attention. No known antidote. Provide symptomatic/supportive~· 
care as necessary. 

SKIN: Remove from source of exposure. Flush with copious amounts of 
water. If irritation persists or signs of toxicity occur, seek 
medical attention. No known antidote. Provide symptomatic/supportive 
care as necessary. 

INGESTION: Remove from source of exposure. If signs of toxicity occur, 
seek medical attention. No known antidote. Provide 
symptomatic/supportive care as necessary. 

INHAI...\TION: Remove from source of exposure. If siq~s of toxicity occur, 
seek 111.edical attention. No known antidote. Provide 
symptomatic/supportive care as necessary. 

5. FIRE FIGHTING PROCEDURES 
----------------------------

FLASH POINT: 76 degree F 
FLASH POINT METHOD: Closed CUp 

IJOWER EXPLOSIVE LIMIT ( i) : N/ A 
UPPER EXPLOSIVE I.IMIT(i): N/A 
AUTOIGNITION TEMPERATUR~: N/A 

FIRE & EXPLOSION HAZARDS: N/O 

EXTINGUISHING MEDIA: Use C02 or ABC dry chemical extinguisher. 
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-----------------------------------------------------------------------
6. ACCIDENTAL RELEASE MEASURES 
-------------------------------
SPILL OR RELEASE PROCEDURES: Sweep up capsules or wipe up paste 

material and dispose of as directed in Section 13. Wash surfaces 
containing residue with large quantities of water. 

7. HANDLING AND STORAGE 
------------------------
HANDLING: None required under normal use. 

STORAGE: Flammable. Store in cool plftce away from heat or flame. 

SPECIAL PRECAUTIONS: No speci~l precautions required under normal use. 

8. EXPOSURE cc:; l'ROLS/PERSONAL PROTECTION 

ENGINEERDIG CONTROLS: N/A 

RESPIRATORY PROTECTION: N/A 

SKIN PROTECTION: N/A 

EYE PROTECTION: N/A 

OTHER PROTECTION: N/A. Use good clinical and hygiene practices. 

9. PHYSICAL AND CHEMICAL PROPERTIES 

APPEARANCE/PHYSICAL STATE: Unmarked white opaque capsule. Capsule 
contains an off-white to light brown 
semi-solid. 

ODOR: N/D 
BOILING POINT: N/A 

MELTING/FREEZING POINT: N/A 
VAPOR PRESSURE (mm Hg): N/A 

VAPOR DENSITY (Air-1): N/A 
EVApoRATION RATE: N/A 

BULK DENSITY: N/D 
SPECIFIC GRAVITY: N/A 

SOLUBILITY: N/D 
pH: N/A 

VISCOSITY: N/A 

-. 
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10. STABILITY AND REACTIVITY 
----------------------------
CHEMICAL STABILITY: N/D 

INCOMPATIBILITIES: N/D 

HAZARDOUS DECOMPOSITION PRODUCTS: N/D 

HAZARDOUS POLYMERIZATION: N/D 

11. TOXICOLOGICAL INFORMATION 

-----------------------------
ORA!. TOXICITY: N/D. LOSO > 1650 to > 2500 mg/kg in animals for the 

components of this prod11c:t. 

DERMAL TOXICITY: N/D. None expected from normal clinic~! use of this 
product. LOSO > 2000 mg/kg in animals for components of this 
product. 

INHALATION TOXICITY: N/D. None expected from the normal clinical use of 
this product. 

CORROSIVE?iESS: No. 

DERMAL IRRITATION: N/D. Nor.e expected from the nor111al clinical use of 
this product. Ritonavir, the active ingredient, and other 
ingredients have produced mild to severe skin irrit~tion in studies 
in animals or humans. 

OCULAR IRRITATION: N/D. None expected from the normal clinical use of 
this product. Riton21vir, the active ingredient, produced mild to 
moderate conjunctiva! redness with swelling in an eye irritation 
test in rabbits. The irritation was mainly reversible in 72 hours. 
Ethyl alcohol is a moderate to severe eye irritant in rabbits. 
Propylene glycol produceJ mild eye irritation in rabbits and mild 
transient eye redness in humans. 

DERMAL SENSITIZATION: N/D. None expected from the normal clinical use 
of this product. Ritona~rir, the active ingredient, was negative i.n 
the maximization assay in guinea pigs at challenge concentrations of 
25 and 45t in petrolatum. Propylene glycol has exhibited some 
potential to produce skin sensitization in studies in humans. 



I i MATERIAL SAFETY DATA SHEET 
RITONAVIR SEMI-SOLID CAPSULES 

PAGE 6 
ISSUED 11/15/95 

----------------------------------------------·~------------------------
11, TOXICCLOGICAL INFORMATION, continued -----·------------------------
SPECIAL TARGET ORGAN EFFECTS: N/D. In pre-clinical studies in rats and 

dogs, Ritonavir has produced changes in the liver, retina, thyroid 
and stomach at dosages of 30 mg/kg/day or more. In r•production 
studies in rats and rabbits, Ritonavir has produced fetal toxicity 
at matPrnally toxic dosages of 35 mg/kg/day or more. Ethyl alcohol 
is known to produce liver injury, is reported to be a mutagen, and 
is a teratogen in humans (fatal alcohol syndrome). Heinr body 
formation or erythrocyte destruction has been reported in animals 
following repeated dosagas of 500 mg/k~ or more cf propylene glycol. 

CARCINOGENICITY INFORMATION: N/D. 

12. ECOLOGICAL INFORMATION 
--------------------------
ECOLOGICAL INFORMATION: N/D 

13. DISPOSAL CONSIDERATIONS 

WASTE DISPOSAL METHODS: All waste must be packaged, labeled, 
transported and disposed of in conformance with applicable local, 
state, and federal laws and regulations and in accordance with good 
engineering practices. 

14. TRANSPORTATION INFORMATION 

DOT STATUS: Not ~egulated 
PROPER SHIPPING NAME: N/D 

HAZARD CLASS: N/O 
UN trllMBER: N/D 

PACKING GROUP: N/A 
REPORTABLE QUANTITY: N/A 

IATA/ICAO ST.l\.:r'US: Not Regulated 
PROPER SHIPPING NAME: N/D 

HAZARD CLASS: ?-!/D 
UN NUMBER: N/D 

PACKING GROUP: N/A 
REPORTABLE QUANTITY: N/A 
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14. TRANSPORTATION INFORMATION, contJ.nued 
------------------------------
IMO STATUS: Not Requlated 
PROP~R SHIPPING NAME: N/D 

HAZARD CLASS: N/D 
UN NUMBER: N/D 

PACKING GROUP: N/A 
REPORTABLE QUANTITY: N/A 

FLASH POINT: 76 deqree F 

15. REGULATORY INFORMATION 
--------------------------
TSCA STATU~: Exempt 

CERCLA STATUS: N/L 

SARA GTATUS: N/L 

RCRA STATUS: N/D 

PROP 65 (CA): N/D 

16. OTHER INFORMATION 

LEGEND: N/A - Not Applicable 
N/D • Not Detex"lDined 
N/L s Not Listed 

L - Listed 
c • Ceilinq 
s • Short-term 

(R) • Reqistered Trademark of Abbott Laborato=ies 
(TM) - Registered Trademark of Abbott Laboratories 

The information and recollllllendations contairae•i herein are based upon 
tests believed to be reliable. However, Abbott Laboratories does not 
guarantee their accuracy or completeness NOR SHALL ANY OF THIS 
INFORMATION CONSITUTE A WARRANTY, WHETHER EXPRESSED OR IMPLIED, AS TO 
THE SAFETY OF THE GOODS, THE MERCHANTABILITY OF THE GOODS, OR THE 
FITNESS OF THE GOODS FOR A PARTICULAR PURPOSE. Adjustment to conform 
with actual conditions of usage may be required. Abbott Laboratories 
assumes no responsibility for :asults obtained or for incidental or 
consequential damages arising from the use of these data. No freedom 
from infringement of any patent, copyright or trademark is to be 
inferred. 
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16. OTHr:R INFORMATION, continued 
---------------------
AP~OVEO &:Y : j slt 



·a ABBOTT 

Phannaceutle21 Products Division -..--100 __ _ 

--- -80064·3500 

ABBOTf LA BORA TORIES 
CHEMICAL AND AGRICULnJRAL PRODUCJ'S DIVISION 

NORTH CHICAGO 

GENERAL ENVIRONMENTAL COMPLIANCE STATEMENT 

Abbott Laboratories states that it is. ia material compliance with. or on an 
enforceable schedule to be in compliance with. applicable emission requirements 
set for1h in permits, consent decrees IDd administralive orders re1ating 10 !he 
production of Rilonavir a1 its facilities in Nonh Chicago, Illinois, as well as . · 
applicable emission requirements sel fonh in federal, swe and local siaru1es and 
regulations relating IO the production of Ri1onavir. 

?2· >-¢'?§?( or~,r 
Daniel 'Nomialc 

Environmenlal Coordinator 
Chemical and Agriculrural Products Division 



ABBOTT 

Pharmaceutical Products Division _..__ .. 
100 __ _ 

AOtJotl Ptlt'A. ~ «'IOl5ii~l900 

ABBOJT lABOltATOIUES 
PHARMACEUDCAL PltODtJCTS DIVISION 

ABaorr PAR.It 

GENERAL ENVIRONMENTAL COMPUAHCE STATEMENT 

Abbott Labora1orle$ swes that it is in material compliance wish, or on an 
enfD!'W'ble schedule IO be in compliallce v.ilh. applicable emission requiremr.nlS 
se1 forth in permits, consent decnies and mdminillmive orders Mbling to !he 
production of Ritonavir Capaulcg &1 iu fllCilities in Abbou Part. lllinoi1, as well 
as applicable emission requimneatc set forth in federal, state and local SutUies 

and regulations rel&lins to the produciion of Ri1C> -..vir Capsules. 

~l·?J-
Steven l. l..idlter 

Dinec:tor 
Abb<itt Parle Opentions 

Pharm1CCUtical Products Division 
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DEPARTMENT OF HEALTH&. HUMAN SERVICES 

NOA 20-659 
NOA 20-680 

Abbott Laboratories 
Pharmaceutical Products Division 
Attention: Jeanna M Fox 
Dept. 491, AP6B/1 
Abbott Park, IL 60064 

Dear Ms. Fox: 

Public Health Service 

Food and Doug Administration 
Rockville MD 20851 

Please refer to your December 21, 1996, new drug applications submitted under 
505(b) of the Federal Food, Drug, and Cosmetic Act for NORVIR (ritonavir oral 
solution) 80 mg/ml and NORVIR (ritonavir capsules) 100 mg. 

We acknowledge receipt of your amendments dated: 

February 1, 1996 
February 2, 1 996 
February 8, 1996 
February 10, 1996 
February 1 5, 1996 
February 19, 1996 
February 23, 1996 

These new drug applic;ations provide for the use of NORVIR in combination with 
nucleoside analogs or as monotherapy for the treatment of HIV infection when 
therapy is warranted. As discussed in our meeting of February 29, 1996, and 
indicated in your letter of that date, the indications and usage section of the 
labeling for these products refl~cts a combined indication for traditional approval 
for treatment of patients with advanced HIV disease and accelerated approval for 
treatment of patients with less advanced disease This combined indication is 
reproduced below: 

_ NORVIR is indicated in combination with nucleoside analogues or as monotherapy 
for the treatment of HIV infection when therapy is warranted. For patients with 
advanced HIV disease, this indication is based on the results from a study that 
showed a reduction in both mortality and AIDS-defining clinical events for patients 
who received NORVIR. Median duration of follow-up in this study was 6 months. 
The clinical benefit from NORVIR therapy for longer periods of treatment is 
unknown. For patients with less advanced disease, this indication is based on 
changes in surrogate markers in studies evaluating patients who received NORVIR 
alone or in combination with other antiretroviral agents. 



We have completed the review of these applications including the submitted draft 
labeling and have concluded that adequate information has been presented to 
demonstrate that the drug products are safe and effective for use as 
recommended in the February 29, 1996, draft labeling. Accordingly, these 
applications are approved effective on the date of this letter. 

The final printed labeling (FPL) must be identical to the February 29, 1996, draft 
labeling. Marketing the products with FPL that is not identical to this draft labeling 
may render the products misbranded and unapproved new drugs. 

Please submit fifteen copies of the FPL as soon as it is available, in no case more 
than 30 days after it is printed. Please individually mount ten of the copies on 
heavy weight paper or similar material. For administrative purposes this 
submission should be designated "FINAL PRINTED LABELING" for approved NOA 
20-659 and 20-680. Approval of this labeling by FDA is not required before it is 
used. 

Should additional information relating to the safety and effective:-1ess of the drugs 
become available, further revision of that labeling may be required. 

We acknowledge your commitment to comply with the conditions of Accelerated 
Approval as stated in your February 29, 1 996, letter for patients with less 
advanced disease. Additionally, we acknowledge your commitment to conduct 
phase 4 studies as stated in your February 27, 1996, letter. 

Validation of the regulatory methods has not been completed. At the present 
time, it is the policy of the Center not to withhold approval because the methods 
are being validated. Nevertheless. we expect your continued cooperation to 
resolve any deficiencies that may occur. 

Please submit one market package of the drug when it is available. 

Under section 736(al( 1 )(B)(ii) of the Prescription Drug User Fee Act of 1992, this 
letter triggers the remaining 50% of the fee assessed for these applications. You 
will receive an invoice for the amount due within the next month. Payment will be 
due within 30 days of the date of the invoice. 



We remind you that you must comply with the requirements for an approved NOA 
set forth under 21 CFR 314.80 and 314.81. 

If you have any further questions please contact Kimberly Struble, R.Ph .• 
Regulatory Management Officer. at 301-827-2335. 

Sincerely yours, 

~vd~ 
.. M.P.H. 

Director 
Division of Antiviral Drug Products 
Office of Drug Evaluation IV 
Center for Drug Evaluation and Research 
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l (Nos. HMO, 9492) 
2 NEW 
3 
4 NORVIR 1111 

s (ritonavir capsule•) 
6 (rttonavlr oral aolutlon) 
7 
8 

9 
10 
11 
12 
13 
14 
lS 
16 
17 
18 
19 
20 
21 
22 
23 
24 
ZS 
26 
27 
21 
29 
JO 
31 
32 
33 
34 
JS 
36 
37 
38 

Co-admimsltllioa. of NOgyIB, wills catliD llOlllll 1 'in1 mtihi•-ines, udaliw 
hypnolic.s, or llllitnhyWrlica may tlllllt ill pD'J •i.al\y .mom -41« ~ins 
adverse events due 1o polaible efflc:ts o(QYR pp 11!• hlJstjs mnelzp'ipp pf 
smajp 40!q S• CONTaAINDICATIONI M ra&e:A.Vl'IONI 11atioa• 

DESCRIPTION 
NOR.VIR (riionavir) is 111 inhibitor of HIV pn>tuM with ICtivity .,.mt '1ie Rum• 
Itnmunodeficie:ney Vinas (BIV). 

Rironavir is chemically desipated u 10-Hyclroxy-2-mechyl·S..(1-methyledlyl)-1· 
[2-( l-methyl~yl)-+-ibiuo}yl]·J,6-dioxo·C,l l-bis(phcn)'Jmethyl)-2,4, 7, 12·1e'lr&Ullridecm· ll­
oic acid. ~-thia..-olylmethyl ester, [SS-(SR•,a.•,101•,111t.•)]. Its molK\1111 fomaula is 
CnH.1N,OJS2, md its moleeular wei.lht is 720.95. Bitonavir bu '1ie !ollowina stnaotun1 
formula: 

R.iwnmr is a white-to-light-tan powder. llitonavir hss a bitter metallic tuta. It is freely 
soluble in medianol md eihlaol, toluble in i10propu.ol ad practically iuoluble in water. 

NOR.VIR. capsules are a<!lilable for 0'91 adllliniscrllion ill a llrtllph of 100 ma riumavir 
wit.II lhe folio.wins inKQ.,. iqr.dieati: CapryJiclC11Pric triflyc.ri.., poJyoxyl 3S cucor cW, 
citric acid, aeialin. othanol, polyglycoly"'111 llYcerid-. polylorbate 10,, 111d piapyleac sJyool. 

NCR.VIll oral solution is availab!11 Lr cnJ ldminil!rl!ion 11 IO mJfmL of ritonavir jn a 
peppermint and caramel flavored vehicle. Each 3· 111d I-ounce bpttle gmpjpt 1'1111• 11allia 
7.2 md 19.2 arams of rimnavir, respoc:tively. NOllVIR oral solldion also contains ethlnol, 
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39 water, polyoxyl 35 cutor oil, prapylm• slYcol. aahydntus citric Kid 1ID ~-pH, 11ccharift 
40 sodium, peppermint oil, cnuny canmtl flavoring. llMl "1-P 11 G mtc Yellow No. 6. 
41 
42 CLINICAL PHARMACOLOGY 
43 MICROBIOLOGY 
44 Mecbanjsm of IF!jon: llitonmr is a ptptidomimolic inhibitor of bolh tbo BIV-1 •d BIV ·1 
45 proteaHS. Inhibition ofBlV protaH naden tbo mayme inclplble ofp1on11·a1the1111-pol 
46 polyprottin precursor which lads 10 produc:tioD of llOll-i1iftctio111 immasun BIV particlt1. 
47 
48 AnJiyjral 1ctjyjty in yjtrp: The activity of riflDUYir WU ID•ld i111'ilr0 in ac-.iioly iafocied 
4!1 lymphoblutoid c:ell liul md in peripbltll blood ~ 1'ht OGDc:mtnlicm ot drq 
so that inhibits 50% (EC..) of vinl replication nnaed from 3.8 11D 153 nM d1Pmdln1 1l(IOft the 
s1 mv-1 iJQlate mid the cells employed. n. •YVIP EC,. for low pm11• dlail:&I iloluu wu 
S2 22 nM (n=ll). In MT. eells, ritonavir demonstrued additive effects apimt BIV-1 in 
53 wmbination with either zidovwline (ZDV) or didanosine (ddl). Studi• which meuured 
S4 cytotoxicity of riumavir on-.! cell lin• lbo'IWd dW >20 l&M wu required to inhibit 
SS cellular arowth by SW. resultin& in an in vitro tbeqpeuti" index of at leut 1000. 
S6 
57 R;sj$W)ce: HIV-1 isolates wilh reduced 1UKcptibmty to ritonmr have been selected in Yi110. 

SI Genotypic llnalym of 1bese isolues .showed mlltaiiom iD the HIV proteue 1me at unino acid 
59 positions 14 (Ile to Val), 12 (Val to Phe), 71 (Ala to Val), and 46 (Met to Ile). Pbenotypi" 
60 (n•ll) and amoiypic (n=-44) chanaes in HIV isolates f&vm IOIOGWCI plliau ueattd with 
61 ritonavir were monitored in phue IJII crilb OYlt 1. period of 3 to J2 weekl. MullliOI'• 
61 IS$0Ciated with the HIV viral proteue in iJolates obtained trom 41 patients appured to oocur 
63 in a stepwise md ordered fa.lbion; in stqutnct, these mutations were position 12 (Val ta 
64 Ala/Phe), 54 (Ile to Val), 71 (Ala to Val/Ihr), mid 36 (Ile to Leu), followed by combilwion.t 
65 'lf mutations at an adclitional S specific amino acid positions. Of 11 patients for which both 
66 pher.otypic md genot,ypic analysis wen1 perfonned on free virus isolated from plasma, 12 
67 showed reduced susuptibility to ritonavir in vill'D. All 11 patients poaessed one or more 
68 mutations in the viral protease gene. lbe 12 mutation IPPeand to be ntca11ry but not 
69 sufficient to confer phenotypic resiltlllce. Phmiotypic retiltlni:e wu defined u a ?:5-fold 
70 decrease In viral "'1sitivity in Vitl'O from baseline. The clinical nleYIDCI Of phllll>typic and 
71 genotypic changes associated with ritonavir therapy his not been established. 
72 
73 
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Crpss=rgjmoce to Olb• IDliretrpyjnll: 11aa r~ !Dr BIV croa-Uli11anee betwem 
proteuO inhiblton bll not bMD fl&lly aplclrltL '111«1fore, it ii waJmown wllaa dNt ritouvir 
therapy will have on the activity of~ or lllblequn1ly ldmiDilliln4 )llQtMH 
inhibiton. Serial HIV isol"" obtained hlll Ii• plli_.. duriq ritallaVir dlenpy lbowed a 
decrwe in ritonavir susceptallility Ill "'"° bat did DOI ~ a coaconllDt dlcnue ill 
susceptibility to uq!linmr iii vilm wb• COIQ)>lled tD 111•W tt"'in• iao'atu. Bowwc, 
isolaus from two of th ... pllitna ~ d1GteaHd ewoepta1tiliiy to indiuvir '11 'llfll'O 
(I-fold). !Jolata from 5 palimll wen allo fwd 6tr ao11-mi...,ce to VX-4'71 llld 
nclfinavir; isolates from 2 patients had a decl'Mle in llllGIPtibility to nelfinmr (12· l""fold), 
111d none to VX-471. Cross-resistance b«wlllll ritallavir ad nYVM tnnscripcue inhibiton ii 
wtlikely bee&11Se of the dift'erent enzyme tuSets inYOlwcl. Oae ZDV·l'tllilh"t BIV ilolar# 
tested in vitro retained flill suscepullility ID ritDAYir. 

Pbana•cokinetiu . 
The plllnnacokinoii" of riconavir have btea auctitd in buhby vohmtlln 111d BlV·infCGted 
patients (CD, 2 SO ~ii/~). s .. Table 1 for ri1onaYir phumuoldnltic ch~ct. 

The absolute bioavailability of riton&Vir hu not beeo dttAlrmin..S. AJr.r a 600 ms doit of 
oral solution, peak concentrations of ritonavir wwo IChi.ved approxiblllltly 2 hOurs and 4 
hours after dosing under fascing 1nd non-fulina (.514 KCal; 9% Em. 12% protein, and 79% 
carbohydrate) GOndi1ions, respectively. When me oral tolwon wu aiven \lllder non-futins 
conditions, peak ritonavir concentrations decrhHd 23% and tht """'' of lbsorplion 
decreased ,.lo relativt &o flSting r.onditiona. J>illllion of dle oral solution. widlin ant hour of 
administration, wilh 140 mL of chocolate milk, Adven.• or Ensure• did not lipiftcantly 
affect the extent 111d rue of ritoAavir absorption. Aftfll • linal• 600 ma doll under llOll• 
fasting conditions, in two scpuate studies, the capsule (n•21) md oral solution (ft•U) Cn~JI) 
fonnulations yielded mean ± SD areu wider 1he pluma conGentration-lime C111VS (AUCs) of 
129.S ± 47. l and Uil.Q • 43,5 12? o * 19 J llrhlmL. respectively. Relative to fasiing 
c.Jnditions, the extent of absorption of ritonavir from the capsule formulation wu 15% hishtr 
when administered with a meal (771 KCal; 46% fll, 11% protein, md 3?9/o wbobydme). 

Nearly all of the plasma radioactiviiy afrer a Jiqle oral 600 ma dose of 1'C-ritanavir oral 
solution (n•S) was attributed to unchan&ed riton&vir. Five ritonavir metiholites have been 
identified in human urine and feces. The isopropylthiuole oxiduion metabolite (M·l) is the 
major metabolite 111d has antiviral activity similar to !hat of parent Ifni$; hOwever, the 
concentrations of this metabolite in plasma are low. SNClies utilizi111 human liver mim110mes 
have demonstraiod that cytochrome P450 3A (CYP3A) is the ~or ilOform involved in 
ritonavir metabolism, although CYP2D6 also contributeS to the fonnaiion of M-2. 

In a study of five 1ubjee11 receiving a 600 ms dose of ''C-ritonavir onl solution. 11.3 :I: 
2.8% of the dose was ~cteted intc the urine, with 3.S :I: l.IY. of tbt. dose eit"..Ttlteel u 
unchanged puent dnia. In that study, 16.4 s 2.~/o of the dose was l:l!cteted in the feces with 
33.B ± 10.8% of the dose excreted u uncUllged parent clrua- Upon mllitiple dosina, ritouvir 
accumulation is less than predicted from a linal• dose possibly due to a time and close-related 
increase in clearance. 
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91to99% 

130 T SS ., m!!ly RWf p•tj'Db PIW1111 tlkiq rilaaavir 600 •I ql21i. 
131 t Smale ritolllYir 400 •1 c&o.. 
132 • Prim.nly boUIMI ID la-u 1CrW11 .al1111Dia 11114 ilpb-1 Mid slrooPaollliD emir die ritolattir 
133 OOllOellnUoa ,.... f1l ~ w to 30 lllfmL. 
134 
135 Special Populadeu: 
136 (tender R•s• md Ap· No IB'""l&tld pharmaookinaic ~ have been oblerved in 
137 adult patien1s (11 to 63 years). llitonavir pharmaeokinlliC1 have not bllll stwtied in older 
138 patients. A siu.dy of ritonavir phannac:olcinecics in bellmy males md females showed no 
139 SUl:lstically si&Jlificmt differences in the phamw:okinecics of ritollavir. Phannaeokinetic: 
140 differences due to race have not boen identified. 
141 
142 Renal lnsufficjent;y: llitonavir phannuoldnetics have not been lhldied in patiCllCS with nnll 
143 insufficiency, however since renal clevanetJ ii necliaible, a decJeue in .,tal body doaranco iJ 
144 not expected iA padents with renal inS\lfficiency. 
145 
146 Repatic InwffidcnQ': llitonavir pbumacokilleiica have not be• nudied ill S\lbjec:u with 
147 hepatic insufficiency (seo PllECAtJTIONS). 
148 
149 D,nag-Drug lnterl£!iops: Table 2 summlrius dle eft'ecu on AUC md c_ with 9S% 
ISO eonfidcnce intervU.s (95 CI), of co·admini.su'ation of riton&vir with a variety of drup. for 
IS I information about clinical recommendations see PRECAtmONS-Dn1 lnteracd•••· 
1'2 
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153 
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155 
l,~ ... 

l S~cm 500 .. ql21a 4 cla:r1 

JSBD;d-sjv 200 1111ql21a4 dara 
lS~luoonazole 400 1111 U,. I, 200 1111 
l 6Glaily 4 ... ,.. 

l61Fluoxotine 30 1111 qllb I dara 
1621ur.-pi11 600 1111 or .JOO 1111 
l 63daily I 0 da:r•' 
l~vucliu 200 mg qBb 4 ...,.. 

16S 

16liDn1 

l6'1Clarilbtomye1ill 500 1118 ql2b 4 .,.. 

168 14.0H claritbromycia m.tabolite 

169Dwpramiae 100 mg -.i- .... 
170 2.0.li desipnminc maaboliic 

I 71Didanosille 200 mi qllb 4 days 

l 72Ed.illyl e11ndiol 50 111 linaJe dole 

l 73Ritaburill ISO 1P1J daily 16 day1 

174 25~saeeiyl rifabulill -boli1e 

1 )SSwfamelhoxazole1 aoo ma Jina1c doae' 

l 76Tbeophyllinc 3 maf4 qlb IS days 

.,, . ...... • AVC%(HQ) c_ "(HCJ) 

200 .. qlll 4 .,. 22 t IJK (2, DK) t lSK (.2. 21%) 

'°° .. qllll 4 ..,. 11 .. .. 
100 .. "6ls 4 ..,. I t 12'6 cs. lOK) t U'l6 (J, 12%) 

'°° .......... 16 .,. 19" (7 ..... , .. 
500 .. qllll 20..,. ,,. .&. SSK (7 • .SSK) .&. "" (-.S, .UK) 

300 ... "6ls 4 .,.. 10 .. .. 
'E9Mt • c.-••h' n .... Dnq ............ • AtJC K (H CJ) c_-..(HCl> 

100 .. qlll 4 day• 22 t 71% ($6, 103%) t 31% CU, .SlK) 

.&.100% ,!. "" 
soo mg qllll 11 .,.. 14 t ""' Cl03, 211") t 22K (12, JSK) 

.I. I.SK (J, 26%) .&. "" C62. '71'K) 

'°° .. qllh 4 day• 11 J. IJK (0, 2JK) J. l6K (S, 2'K) 

soo .. qllll " dly1 23 .i. 40K (JI, 49") J. JlK (24, 39") 

500 1111 qllb 10 .,.. s.11• t 4-Cold (2.1, 6. IX) f 2.Hold (1.9, 3.4X) 

t 35·fald (2$, 71X) t 16-fald Cl4, lOX) 

500 1111 qi 2b 12 dayl u + lOK (16. 2J'l6) .. 
500 ma qllb 10 day1 u,11• .&. "'" (,2, 45'16) J. JlK (29, J.4K) 

500 .. qllb 12 cla71 15 t lOK (3, 43K) .. 
' 300 ma <. sa 4 days .&. 25% (IS, 34%) .j. 27% (4, 4S%) 

l 77rnmelhoprim 160 ma lillalc dooc1 

l 71tZ.idovudinc 200 ma qlh 4 daya 
1--------~..-.,;;._ ..... ;._,.... .......... ,_..;:;...:.. ..... _:..~~--~----..;.....;_.....;. .......................... _ ..... .;.._~ 

110 
181 
112 
113 
114 
11.S 
186 
117 
181 
119 

' 190 

SulrlllllCllloxuole Uld aimetboprim W.. u u1la cOlllbiutioa tablet 
i Prs'imjpea P.11 

f hulicalCI iAcruJc. 
l Indica1ea dccftue. 
- lndieatca DO ...... 

• Parallel p'Oup daaip; amrin an subj- rcwivia& c-biAlltiaa ud -..11.., .. a.· •111m1, aw ; liwl:y. 

INDICATIONS AND USAGE 
NORVDl is indicated al1a1 ., in combinmon wi1b nudeosidc ualogun a'C y mqngthmpy 
for the creatmmt of EIV·infoction when 1h•IPY is wunntecl. lin11• • elini1al 8MMr 
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._, rlagiw ..... l1iit Fgr R'il"f Yitb "'xe&M IPY 4i19ts tbil indicalioza is bmd 
Oil tho tosullS 6om a lllMly ia pltirn• •'tlll ••11• 1•• itrW: llMawtd 1 rMucdola in 
bodi mortllity llMl AJDS.def!nina cliaillll tve811 fot paiett who rtorl9CI NO&Vla. MMilll 
duntion ol follow-up in tbil ldlldy wu 6 lllClaths the clinical baae4t from NOllVIJt. tbenpy 
for lonaer periods of trM1mm1 is unkaowa. 

fw pegjsqg Mtb Jp edppgd diMW ti! in"iS"im j• herd p g,pm ip mqgg•te 
merk•n jp S»di• mfpetjp• p"inn wbp DSW 'NQIYJJt e'me w ip smpMpePen with 
ptb• entiqtrpyjrel 'IMP CW ppsriptism gC Qigjsel Spasfipl 

Delcripdu of n1n1c1• Scadiu 
The ac:Uvity of NOllVIJl u -tbenpy or in ooanbimlicm with nucllDlida lftllo.,_ hu 
b- nalualed in 1446 p.simtr mroli4KI iJI twv double bliDcL l'Uldomized 1rilll. NOllVD. 
1horapy in combi!Wion with zidovudine end zaleiiabine - Illa nallll&Od in a open-label. 
non-comparative S1udy of 32 patients. The cliAic:al saidies ~ here were Ill coad~ 
u.sinJ ritonavir ol'll solution. 

AdYanud Patiaats widl Prior Andntro¥inl nerapy 
Study 247 wu a r111domized, double-blind trial conducted in HIV-infected plli11111 with ll 
least nine months of prior llltirctroviral therapy and butlina CD. cell counts S 100 c:all8/!'L. 
NOR.VIR. 600 mg b.i.cl or pllAbo wu added to c:sdi pltimt's buoiL.,.. antiTWUOVinl therapy 
reaimcn, which could have consisted of up 10 two l!pplOVfld antintrovirai 1111111. The ltlldy 
accrued 1090 patients, wi1h man baseline CD, cell count a study entry of 32 celW.U.. 
Median durllion of follow-up wu 6 months. 

The six month eumulativ1 in;iden" of dillical diseue proarusion or death wu 1,.-' for 
patients randomized 10 NOllVIR. compared 10 34% for patients nndomi:ud 10 placebo. This 
difference in rues wu statiltically significuit (na Fiaure 1 ). 
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'Ihe ""·moada cvauultiw monality w S.1% I« plli•ll t'lll4omiM to NOJtvm IDd 
10.1% for pllionu rwlomilled to pl1cllaa. nu ....... ia,... w lllltidally 
sipificut 

In addition, maly- of mea en. cell COVIil cb..,... flom bueUaa flYflt ilae lirst 16 
-U of StUdy for th. first 211 puilldl earolt.cl <- bMe!iM CD, Cllll couat • 
29 cellsl.,.L) abowed dW NOAVD. WU ••:dated wi11a Iaraor ilM:naMI ill a>. Clll ClOUDtl 
tnm WU pl&eliJCI (IM l'iprt 2). 
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Figure 3 summarizes the mean c:hmaes from bueline in 101 HIV llNA le\ltll for Stwiy 247. 
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Patieats Without Prior .Alldntreviral Tbenpy 
In onaoina Study 245, 356 mlirlll'Oviral·nliv1 lDV·iAflctad paiilntl (man banlin1 
CD. "' 364 cellslµ.L) were l'llldomized to receive either NOllVD. 600 ma b.i.cl, zidowdia1 
200 mg ti.cl, or a combination of th .. drup. In 111alyau of awnae CD, cell count chanaes 
from baseline over the first 16 weeks of study, boib NOR.VJll monothcapy and combinalion 
thenpy produced JR1te1 mean increases in CD, cell CDunt than did zidowdine monotherapy 
(see Fiaure 4). Th• CD. cell count increues for NOR.VII. llMtnothcapy were laraer than the 
increases for combination therapy. 
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349 C'ombillati• n.r_,,, .IA NO.RV-. Zldeftllilat, .. Zak.' .. "1 .. la AlltintreTtn.1-
350 Naive Padafl 
351 In Study lOI, 1n ~ uaCCllltrollld. trill. 31 mtinlroviral-naive BIV-mftctec1 f*i•u 
352 . initially received NOllVIll 600 ma b.i.cL ~. Zidowdiu 200 ma t.i.cl. llMI 
353 zalcilabine 0.75 ma li.d.-. added att.' 14 U,1 of'NOllVIll JDGDOdalnpy. K.eslllts of 
354 c:ombinalion lhenpy for lb• ftrst 20 W..U of1hil _..,show mediml menu.. ill CD. c:cll 
lSS c:olal&t &om bueliae u.v.b ol 13 to 106 C..Wl'J,. ~tho n •• J*iod. M..a ~ 
356 from bueline ill RIV &NA lllftid1 lev.l1 nnaed tram 1,,, to 1.tl lop. 
357 
351 CONTRAINDICATIONS 
359 NOllVDl is oonsraiadicaied in patients with lulOMl ~ti'Vity tD ritoDaVir or ID>' of i11 
360 inlfldi11n1. 
361 Ritr.mavir is~ m produc;e larp iacnaul ln dle plalm& oorc•htioal oldie 
362 following druas: IDliodaron~. utemiaole, btpridil, bupnipion, ciupridl. cloapine, eoaiaick, 
363 llecainide, mep«idine, piroxiC"m, propafanont, piopoxyphcc. quiaidtu. ritabutin. and 
364 torl'cnadin,. These 11en11 have recopizecf rilb of lr'ltsytluniu. llemlloloaic abnonnalillea. 
36S seizures, or 01het pouinti.tly serious ldv1111 lfflda. ne.. clrup iibowd not be 
366 co-administered with ritonavir. R.itanavir c:o-ldministmion is likely 10 produce large 
367 inc;reues in 1hese hishly metabolized sadasi~ md hypnotics: llpruolam, don.pate, 
361 diazepam, utazolam, fhuazepam, miduolam, triuolun. 1nd .rolpidem. Dul ro the potential 
369 for extreme sedaQon .nd respirasory depression from theae lplltl, ibey should not bt 
3 70 co-administered with riionavir. 
371 
372 PRECAUTIONS 
373 General 
374 Rit0navir is prin;ip&1ly metabolized by the liver. Therefore, caution should be IXll'ciled 
37S when administerinJ dUs dN& 10 pancmu with im~red hspatic fllncrion. 
376 
J 77 Ruisiance/CroN•""'1aace 
371 The powati&l for HIV cross-resistance between pro1cue inhibitors bu nor beell lully 
3 79 explored. Therefore, it is unknown what effect ritonavir th.-.py will have on the ac1ivity or 
380 subsequent proteasa illhibit0rs (see MICllOBJOLOCY). 
381 
312 lal111"1Dado11 rer ......... 
313 Panenu ahould be infonned that NOR.VIll is not a cure for HIV mr.c:tion and that they may 
384 continue to acquire illnesses associlted with advanc.ed HIV infection, inclu4in1 opportunistic 
l8S infections. 
316 Patienu should be told that the lon1-tenn .treeu of NO.RVIll are unknown at this time. 
387 They showd be wonned 1bat NOR.Vlll ther1py has not bMll shown to*"" the risk of 
311 transmitting HIV so olheq through HQ&( contti:t or blood c:ontlminalion. 
319 Patient-: should be advised to talct NOJ.VIJl widl food. if pcwible. 
390 Patienu ahould bt wonned SCI take NOllVUl wwy di)' u prucribed. Parients lhould not 
391 &lier the doa or dilCOftUll'lle NOR.VIit witho111 COllS\lltina 1heir doetor. If a dose is missed. 
392 patients should take tho next dose u soon u possible. Ho-ver. if a dou iJ akipped. the 
393 palient sho1dd not double the next dose. 
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394 Since NOR.VIR. in10rlCll wida aome drvp wlam takm tosedaer, pCetl lbo\ald bo &dviaed 
39~ t0 repon to their doCllDr da1 1111 of 1111 -.. medicllliona, iaoludiq prwiptioa Ind 
3 96 D011prescripiion clrup. 
397 
391 Laboratol'J T ... 
399 llitonaw hu Min eil'ad widl lhmldw la trillYOlridel. SOOT, IQPl', GOT, Cl'x, ad 
400 uric acid. AppropriMI lua1•..,. ......, -.ild be ,..,..... ,...... to lahillial NOJLVD. 
401 therapy lllld • periodic ia11rvm11 or it lftY diaial lipt or .,......... OOM" 4urm, llM•W· 
402 Far campnihlmive laformati,,. -.ma, lallmMaly t11t ......... ,..,eittd _. 
403 nudealide ualapa, phyliciam lbauld nfet to lb& cainpl• pnNluct iafonulion for llldl of 
404 these drup. 
40S 
406 Dnac IDtencd ... 
407 Agents wbic:h iACrllM CYP3A activity (e.1-, phmobubitll, carbamulpine, d•metJiypp• 
401 phen)'tOin, rifunpin, ad ri&bulia) would be IXpeC1ed ID incna11 tbe dannce of ri~r 
409 rgu!Ppg in dssruu4 ritppeyjr P'll'D' emsmvtP001 Tobacco llM ill UIOCiatH with ID 
410 11% decrease in the A.UC of ritonavir. 
411 Rit0navir e111 produc:c large incr ..... in plasma coneeatntiam of cenaiA hiahly 
412 metabolized clrup. llitonavir hu 1 hip llfinity for HVll'll cy1DCbrome P450 (CYP) isofol'lllf 
413 with the followin1 nnk orclor: CYPlA > CYP2l>6 > CYP2C9, CYP2Cl9 >> CYP2A6, 
414 CYPlA.2, CYP2El. Th .... ""'' i111ii1MitN j• sma 'Yidrsg Iba& ritOD&vir _., incre111 
41 s the ac:tivity of sJucuronOl)'I 11'1111feru11; 111111, lDll ot 1hmptutlc etrllll hm dirtotl)r 
416 1h.11:uronidaled aacnts durin1 ritonavir thenpy inay lipify tbt Attcl for dotlae llw.Doa of 
417 these aaents. A systemuic review of over 200 meclic:atiam prelCribed to HIV-infec:teci 
411 p&lients was performed to identify potential drug intlnldions with ritonavir. Table 3 
419 summarizes some caUJmonly prescribed drugs. SFpanled by die type of metabolism ad 
420 expectFcl mqnin&d1 of interac1ion wtlMI co-adminiscend with ritonavir. It ii advised that 
421 cancomitlnt use of any of these agents with ritonavir should be accompanied by therapeutic 
422 drug concentration monitoring and/or incrused monitoriq of thenpoutic lftd adverse dms, 
423 especially for agent.I with nUTOw 1h•lpe\llic marain• (e.1-, oral enticoqul1n11, 
424 immwiosuppressants). 1.&1'11 douae reductions (>50% r9ductioa) may bt nquired tor dit>M 
42S qents sxtensively mmbolmct by CYP3A 
426 The followina list p:ovides iafonnttion based on scudie.s of the c:o-admiaimllion of 
427 ritonavir on the phannacokintdc er ph.,..ue ~ft&Mie propenia of MWr&1 conunonly 
428 prescribsd medications. 
429 CJvj!hromycjn: The mUll increase in the AUC of claridiromycin in tki presence ot rifDUVir 
430 wu 77"/o. Clariwomycin may be administered widlo111 doaaae llijusaea\t to plli•ts with 
431 nonnal renal flillction. However, for patients with renal impairment the tollowinc dosaae 
43 2 adjustments shawd be considered. For pali'lltts with Cl-a. 30 to 60 mUmin the dole of 
433 clarithromycin should be reduced by SO%. For p&bcnts with a_ < JO lllL/min the do11 of 
434 clarithromycin should be decreased by 7'%. 
43' D11jpnmjn1: Co-administration of ritoaavir r'llllltecl in a I 45% msp inc:RUe in the AUC of 
436 clesiprunine. Donge reduction of desipnmine lhould bt comidered in puimss taking the 
43 7 c~mbination. 
438 



.,,. ..... ... ... ,. A .,.._ •..Do. ,J:.. ._..._ ... ~ ... ~~~~~tttttttttte ~ fr; ff f ff ff f ff ~ °' f .aa.wt-.1 ..... 0\00lt ..... ~'-" '9ilW..,..010 

g t r e. ; ! 1,1: • [i 1. - ~ i l ft 1 i 'l ... & ;. . ti 
I •r -. 'jl jl f ~ 'if I l i.111 i' i= "I!. E 

ISi 

II - I· ~ , , 
l :I. i t ! ~ )II 

I -~1 · 1 1't 
f J.I Ir r1 

,. 
i 5.: 9. It ~{ 

m 

! l·t ~ . e·!! i " ~ t 1·f 1 I - ::: ... (' if ·r ·I . .., 
• :: l I· f > 

~ ~ I 1!. , ·~ .. 

. ·r ~f I t 1111 t . 
<1.11111•r.'1~ i~ it 1~ ~ ~ 
t. .1. ! l '!.i t , i 1~ I r 11.• I lili ~I ~ .. J,.,.l] ~ D • • •• ! 1· f ri i.i .~ t~ .... 

• ~ 

Ii l of 

f 111 I l(lf I llif f n 
., II 5' I' 

l! il I1 r ii . f. I fl U f ff I I I. ~ I . e .. It ei E I . ... p • . i> ' ·1 Y.1r .:!! ~ i r . fl I o:~ 

I l.f Hi!iff U · r1 I = ~;: ~ 
• ~ .~ ,,.w 

ie ~ i~ ~ ~. 



rf'IR 01 '96 02:0Zf'M RE:IOU..FITORY ~AIRS 

4U.•-- Dlaaolliaol 
CIMM-

4,...._._ .. 

..... ,......._ 
t.1 ·-

47Ad., .. ~.- lifll pia 

4 ,.flp ....... Qlailiu Pr• •U 

4'Uioli-• ..... I 1111p1 -o..,., .. 

4~Wecken W.pntlol 
l'ia4olol .... olol 
Tiacllol 

4 '7Colci- ......... Amlodi,iac 
4 ';liocl&er• Dil..._ 

Folollipiao 
lll'&llilpia• 
N'ocudipiac 
NiCodipiac 
Nlaollipiao 
Niloldlpiac 
v ....... u 

4SO.-r Eropo.Wo 
41d._ ..... ,...11. Puli-' 
41iloa11 r .. oxir.a 

V1DblU11a1 
Vaacriltiac 

4Morli-toNIU o.u. ....... ..-;... 
411&noorrlleol•ll• ...... 
48111V ,,.. ..... ~iaowir 
4&iww-. 

4BlyN1c..lcl OllpizW• 
Olytoa.W. 
T ... _ • ... ,.., ....... lMulllili .... _ ... 

P.14/21 

DM0261 VS hp lJ of 20 
Cll27S16 Fcbnauy 2!1, 1996 

• •1 pl I e ,, .. I I . ... 
II ..... 
> 
Ka 222!9 

Mi-

D .... 
T_. -
A .. ~ I As• p 0 

QI I I 9• ,, ., I 

N ,1 ,, .......... 
Cill.Wlile 

A 1•111111 
a 111 ....... , 

c,.1 ,. • ., ...... 
DwniNlllela o-...-

"-mi1Yflill• 

n....- ciomi-
0-6'ilwil ... ..... 

-



mR 01 '96 az:02PM REGl..LATORY AFTAIRS P.15/21 

IlN02&2 V5 hp 1' of 20 
CRr/516 Fft.-.y 2!1, lt96 

............. ·- Cy'' , rilll• y..,,,r; •• , 

C•l•IPI•+· 
Hal; Wei 
hJL·••We 
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495 
496 
497 
498 
499 
soo 
SOI 
S02 
S03 

Carcillopaelil uad M•tac•uil 
Lona-term carcinoaenicity studies of ritonavir in anim&I syllellll have not been comple&ed. 
However, ritonavir was not mutqenic or c:lutoaenic in a bauay of ill Yllro and f11 VIYO 
asays incllldiq b&Cteri&I revene mutation (Am•) Uliq S. IJIP/rilflllrilalt 11td E. coll, mo111e 
lymphoma, inouse micronucleus, and chromosome aberra1ion1 in human lympbocyta. 

S04 Prepuacy, Ferdl117, ud Reproductio• 
SOS Pregnancy CateaoJY B: llitonavir produced no effects on fenili~ in rlll ll dru1 expoNr• 
S06 approxima:ely 40-A (m&le) and 60% (female) of thll achieved with the propoacid thmpeulic: 
S01 dose. Higher dosaies -re not feasible due to h9P.sic toxicity. 
SOS No treatment-related Dlllformations were observed whll1 ritonavir wu administered to 
S09 pregnant rats or rabbits. Developmental toxic:ity obstmd in rm (urly ruorption&, 
i 1 O decreased fetal body -iabt and ossification delays Ind devtlopmental \'lriations) occurred 
511 at a maternally toxic dosqe at m exposure equivalent to approximar.ly 30-A of that 
S 12 achieved with the proJX>sed therapeutic dose. A sliabt inc:r- in the incidence of 
S 13 cryptorchidism was also noted in rats at an exposure approxir.1lltly 22% of that achieved 
S 14 with the proposed therapeutic dose. 
s I s Developmenul toxicity observe.! in rabbits (resorptions, decl"euecl littw size and 
S 16 decreased fetal weiahts) also occurred at a mai1111ally toicic douao equiv&lent to I.I times 
S 17 the proposed therape\llic dose based on a body sud.u area conversion factor. 
S 1 B There are, however, no adequate and well-controlled studies in prepani women. 
S 19 Bec.ause animal reproduction studies are not always predictive of human response, this drua 
S20 st.:>uld be used durin1 pr1p111cy only if clearly needed. 
S2~ 

s2· Nursia1 Mothers: It is not known whether this drlll is ma:reted ia human milk. Because 
S23 many drup are a:c:reted in b11m1111 milk, caulion should be nercilod wbaa rilOnavir is 
S24 administered to a nunina wom111. However, lhe U.S. Public Health Service Cmters for 
S2S Disease Control and Prevention advi- IUV·infKted WOllllll not to breui-fted to avoid 
S26 post-natal tranSlniJlion of mv to I child who may not be infected. 
527 
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521 1'dia¢ric U• 
52~ Tht llf•ty and dllC1'i.vtUll of ril!DnaYir in obildnn below 1he tp ot 12 haw DDt Hin 
530 ntablisbecl. 
531 
.532 ADVERSE REACTIONS 
533 The uteey of NOJl.VII. aloA9 1Dd ill comhiaerioa wicb 0 1wensid0 lllalopes Wit ltllditd ia 
534 1140 palieDts. Table 4 liltS tm'"'•t.....,..S edv•• IYIDIS (IS 1 ... palflDly Rlaud 1Dd 
535 of at lean moda'lfe intmsily) 1hat oc=nd ill 2% or .,__ of PAli•ll nceiviq NOB.VD. 
536 alone or in combiludion with 11UGl•liMI ill s• 2'S cw SIUdy 2'7. At the dole ot this 
537 safety useummt, die medi• duralioD of 1r111D1• in Saad,y 245 llMl Study 2'7 wea 3.7 111d 
531 2.4 months, rtlp.teti'lllly. H91'YW pfip 4sa WI!! ml!eptpd en RdU ftn: fM!• sbm 6 
539 menths pf "'!Nm& TU mcc fltq1lfadJ ..,ol&ld lliaiAI ....,_ wata, Olber 1b111 
S40 uthenia, •"'°"I patillllS nc.ivjq N01'1m ,_.. 11 bointeenD-1 el uurololical 
.541 disturb&nce$ iac:ludillf "'"..,, clienha. wlllidq. lllOl'llais, tbdomintl pain. ...,. ~ 
s.42 and circwnorll and pcripllertl pans1htaiu. Silllil• tdvene "9llt pnml• wee. nponed iD 
543 patients receiving ritoqyjr in olher &rills. 
S44 

S4S 
s.46 
547 

.541 

551 
5.52 
553 
SS4 
SSS 
SS6 
551 
SSS 
559 
560 
561 
562 
563 
564 
565 
566 
.567 

Tua.4 
Peruatap .,....._ .. .,... Ttet•=•..:&•1,...t' ,.._ :l-• ef)(f..,._ er ...... i......,. O-m., •? J'K ., ......... •"'Ille 1'08\llll 

Sllllly 2•S Slllily247 
Nciwhcimu ~ ... ti_ 

NORVtR NOllVJll. mv NOJlVUt PJ..bo 
+ZDV 

Adver•:Ewnb 11•lhS II • 117 II• Jlt -541 PS'7 

Body u a Whole 
A'bdomillal P.U. 4.3 J.4 4.2 7JJ 3.1 

Altbenia 27.6 9.4 10.I 14.2 S.3 
Fever J.7 0.!I 1.7 4.4 2.2 
Hudaclll ... ... S.I 1,6 6.3 4JJ 

M.laiac 4.J 1.7 ).4 0.7 0.2 

Cudiovuculat 

VuodilaliOQ 2.6 1.7 0.1 l.J 0.0 

Dipllive 
Aunxia 7.1 0.9 3.4 6.1 2.0 

Con1tipaliola 2.6 0.0 0.1 o.o o.• 
DiutllA 21.6 12.1 0.0 11.3 6.1 
Dy.,.,..;. 1.7 0.0 1.7 '·' 0.7 

Fhuv.1- 2.6 0.9 0.1 0.9 0.6 
Looal Throa1 lnilatioa 1.1 1.7 0.1 2.6 0.2 
N_. 46.6 U.I 24.4 26.2 S.7 

Vomilillf ll.4 12.1 12.6 IS.2 2.6 
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576 
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578 
579 
510 
581 
SB% 
Sil 
584 
585 
S86 
587 

SIB 
589 
S90 
591 
S92 
S93 
594 
595 
S96 
597 
598 
S99 
600 
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603 
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605 
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607 
608 
609 
610 
611 

l'l'lR 01 '96 az:03f'M FlEGLLATORY RFTAIRS P.1?/?1 

DN>262 VS Pap 16 oC20 
Clt27Sl6 F"'-J 29, 1'96 

Metallolic ..... N...nu-1 

~~ 1.7 3.4 J.A 0.9 O.J 
H~ 1.7 1.7 0.0 4.1 o.o 

Muowo=1eta1 
)fJeiP 1.1 1.7 0.1 12 0.9 

Net'VOlll 
euc-1 l'ltNIMlia s.i li 0.0 '·' 0..2. 
Dini=e= 5.2 :u 1.7 J.J 1.1 
la ;. 3.4 2.6 0.1 1.J 0.6 

htMdarlilL S.l li 0.0 2.0 o~ 

Pcriplmal,...... o.o 6.0 o.o s.o 0.7 

S..le•• 2.6 u o.o 2.1> 0.2 
. ?Jdeiel Ab l'IDll 2., 0.0 0.1 0.7 0.J 

RA!ipirallll)' 
Pbary11gilia 0.9 2.6 o.o 0.4 0.A 

Slcin qd A:>J I "rps 

llub 0.9 o.o 0.1 2.6 0.9 
s-ting '·' 2.i 1.7 IJ 0.6 

Spec:ill Scuct 

Tute hnenion U.J 10.l 1.6 S.4 1.1 

Adverse events ocr:unina in less than 2% of pl!ienu nceivin1 NOR.VIll in 111 phase 
IJ/phue m a'tlldies and c:onsidered at least possibly re.lared or of 'lllllcnown nlalionsbip to 
treatment uid of u least moderate intensity are listed below by body syaem. 

Body as a W1io/1: Abdomen enlarged, a;eidenlll injwy, alhqic reaction, back pain, · 
cadlexia, chest pain, chills, facial edema, facial pain, fl11 syndrome, hormone level altered, 
hypothennia. kidney J)Ain, neck pain, neck risiclil)'. pain (Ulllpleifitcl), nbltemal chut pain, 
1111d photosensitivisy reaction. 

Cardlowucvlar Syst.ii1: Hemonhqe, hypotension, mipaine, pllpiration, peripheral 
vascular disorder, postufll hypoteztlion, sync:ope, uid tldiycardia. 

Digestive Sy1t1"': Abnormal l';ools, bloody cliurha, cbeiliiis, chol1naitis, eolitil, dry 
mouth, dysphaaia. INCUlion, UOJ1hqitis, ps1ritia, IUUOIDteritis. 1utroilltutlna1 disordtr, 
aastrointcStinal hemorrhqe, gingivitis, hepatitis, hepatorne1aly, ileitil, liver damqe, liver 
function tests Abnormal, mouth u·Jcer. oral moniliuis, pancreatitil, periodontal abscess, rectal 
disorder. tcnesm\11, and thirst. 

Endocrine Systewr: Diabetes mellitus. 
Hemic anll Lympluitic Systein: Anemia, ecchymosis, leukopenia, lymphldcnopatby, 

lymphocytosis, and thrombocytopeniL 
Metabolic and N111ritional J:)l1ord1n: Avitaminosis, dthydrarian, edema. alycosuria. 

gout, hyperdiolesteremia, peripheral edema, md wwipi lou. 
Musa1loslwlera/ Systni: Anhralsia. anhrolis, joint disorder, muscle cramps, muscle 

weakness, myositis, and 1Wit1Jiin1. 

- --
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612 N•""°us Syitsm: Abnormal drams, llmonul pit, .paaiOll. 11111111i1, aaicilt)', iphuia, 
613 uaxia, c:oDfwion. COGvulliOD, ~ diplopil. W=doa11 llbility, aphoria, PIDd mal 
614 convulsion, halluc:i0 Uiou, ~I, iuoonliulioa, la'llido du Jutd, Dll'IO'*'• 
615 neuralaia. DWl'llJ)&thy, panlylis, peripMnl wbpllby, periphanl IWol)' ~y. 
616 penon,llity dilorder, tremor, llriDlrY r l'I noa, uid wnip. 
617 kqlralAlf'31 Sy6,_: .. ....,,, dy1;a 11, •illXis. hicoup, h)poflDtilaaion, incrlaled 
618 c:Dugb, intemitill pneumoaia, lun1 cliionllr, md rbinitis. 
619 Skin ond -'Pi»"""i•S: Ame, contll:t clennatitis. dry skin, I II ... follicullii1, 
620 mKulopapulU' rub, lllOlllllCUID CODllliolum, pruritlll, ptOriuil, llbonluil, urtiClria, IDd 
621 vosi'11lobullo111 relh. 
622 Spu:ial S.111•6: Abaonul electlo-oculosrun. lbaonnal llldmdnopllll, Mlnomlll 
623 vision, amblyopialblumd vilion. bleplwUia, ear paiD, .ye pain, Muiq impairment, 
624 increased ce.rwn-. iritia, ~a. pbotopbobil, ._ lo-. 1illlliDll, llYliU. md vilUll fteld 
62S defect. 
626 Uro11nltol Systnt: I>ysuri1, hmnllllria, i111pot111c:e, kidll&.'Y Cllculus. kidney flilllllt 
627 nocnaria, penis disorder, polyuria, pyelonephrilis, uretbrili.s. 111d urinll)' frequency. 
628 
629 Laboratory A.ba1rmalid. 
630 Table S shows the percentage of patienu who developed mukld laboratory lbnormalities. 
631 

632 
633 
634 

63S 

636 
637 

638 

639 
640 
641 
642 
643 
644 
645 
646 
647 
648 
649 
650 
6Sl 
652 
653 

TaWeS 
P.rcea ... erP.-11, •1 hulJ ... TNSm ., en.,, wld! M.alW• Cr •11117 _. 

B-!e17 L ....... .,. V .... A ..... ...._ 

Study 245 Sllldy 247 
Na! .... P&cieau Adlv00d l'MilDU 

NORVIR NORVllt ZDV NORVJI. Plao.tbo 
Variable Limi1 +ZDV 

~HEtdISii:J: mWi 
Glucooe (>250 mcfdL) 2.0 o.~ 0.4 1.1 
Uric Acid (>12 mg/dL) J.6 0.2 
Crea tin.inc (>3.6 mcfdL) 0.2 O.l 

Po1a11ium <>'·O mEqlL) o.• O.l 

Chlorida (> 122 mEqll..) 0.9 

Toca! BiliNbia (>J.6 ma/dL) 1.2 0.2 
Alkaline PllmpM- (>SSO nJ/L) 0.9 1.4 1.1 
SGOT (ASl) ~llO IUIL) 2.9 6 . .S 1.7 , .. 4.J 
SOPT (ALT) (>21S IU/L) J.9 .S.6 2.6 6.1 2.6 
OCT (>JOO n1/L) 2.0 l.I 0.9 14.7 6.1 
LDH (> 1170 IUIL) 1.0 0.2 

Trialyccridc> (>I .SOO 11111/dL) 1.0 2.1 10.1 0.2 
TriaJycarid.1 Futiq (> uoo mcfclL) 2.1 1.4 7!J 0.4 

CP~ (>I 000 IUJI..) 7.0 7 . .S 7.1 1.6 ,_, 
Amylase (>2XULN'l 0.9 0.2 
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gmulrl"BJ: 

Allie= in 
SodilD ..... _ 
Chl..W. 

Map.•-
Caloium 
Jn:MATCI Qf;IX 
S-lllobia 
Hmstcarit 
RBC 

WBC 
PlaUt CouAt 
Neulnpbila 
Rl'MA.TOt.Q!ll 

WBC 
Nwinpliil• 
EooiDoplt.ilo 
Protlwmblll Time 

um 
(<2.0 lfdl.) 
(<Ill mEq.'L) 

(CS.0 mEq/L) 
(<14 mEq/%.) 

(C\.0 mlq/L) 
(<Ii.I mEQIL) 

l&2!l 
(Cl.0 lf<IL) 
(C3°'6) 
(<3.0 x JO"IL) 

(C2.5 X IO'IL) 

(C10 X JO"IL) 

(SO.S X \O'IL) 

Jmili 
(>2S X JO"IL) 
(>20 X 10111.) 

(>1.0 X IO'IL) 

(> 1.S X ULN') 

673 
674 
675 

I ULN • upper limit of .... -i ruae. 
• llldicatct llO -. nporwd. 

676 OVERDOSAGE 
677 Acute Overduace 

2.0 
J.O 

• 

1.0 
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0.2 OJ; 
0.2 .,, 2.11 l.l 

0.1 0.4 

0.4 0.4 
1.2 O.t 

2.1 2.4 

11.7 16.0 
1.7 14.t 19.7 

J..S 2'.l Sl.4 
0.4 0.6 

4.0 '·' 
1.6 0.7 

1.1 0.9 

J.9 0.9 I.I 2.6 
1.0 1.3 

678 HlllllOll Ownlos• ~ri•nc•: Hum111 experience of ICIM overdose '1rith NOllVlll is 
679 limited. One paticnc in clinical trials took NOR.VIit UOO llllfday for two days. The patient 
680 reponed paresthesiu which resolved lftet tho dole wu docreucd. 
681 Tbe approximate lechal close was fo1111d IO be sruter tbaa 20 tima the related hllllllll 
682 dose ill rats and 10 times me related humm close iD mice. 
683 
684 Muaa1em1111t of Overdosap 
685 Trwment of overdose '1rieb NORVIll c:onsiltl of aenenl supponiw meuurts including 
686 monicorins of vital sism tnd o'-·servuion of ct.~ clinical ltUU ol .. pasimt. n .. ii no 
617 specific antidote for overdose widl NOi.VOL If indicaMCI. .Umiaasion ol unlbtor'oH m,.. 
688 shollld be addtved by ernlllis or autric lavqe: uaUll pnca11tions lbould bt obNl'Vtd to 
689 maintain che airway. Administr.iion of ICtiVlted chll'COll may alto be med 10 lid in 
690 removal o( unabso~ drua. SiDce ritonavir is lllttlftlively lllletaboliald by tho liver end is 
691 highly protein bound, dialysis is \11\likely to be blfteficial in lipificat removal of tho drva-
692 A Certified Poi- Connol Censer should be &lCIGSulted for up-lo-date information on lhe 
693 m11111ement of M1erclose with NORVIll. 
694 
695 DOSAGE AND ADMINISTRATION 
696 NO:R.VIll is admWstll'ed orally. 1.alil•llth •• .... al S.111 • •• '"'••11111i11Mi11 el 
691 lit11•oir ii limitM, i• ll is preNrlllle Tm?mmmadlJI tbll it HOim, be t8111 with meals if 
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possible. Pd.ems may impl'OY9 the t.- of NOllVJa. onJ 801mioll by mjgjn1 'Wida 
chocolm milk, ira.ur.•. or Advva• wilbill OM llour of domna Tile ol!tcta of .nt&Cids on 
the absozp1iOA of ritonavir laa'ft aot b.- lllMtied. 

The recommended 4oA,se of rifllltUYit ia fOO 1111 c.ica dlily 1ly mocnfl ~ patitllU 
experience 'lll"H upon initiltion of 500 1111 b.i.d. Dins; doM 11HIDOD may prcM4o IOml . 
relief': 300 rn1 b.i.d. tor l day, '°°ma b.i.4. t.tr 2 daya, 500 ma b.i.4. for l day, and*-
600 mg b.i.d. 1hlrllfttr. Jn addition, plli•s initilaiq coaa1'inatioo. ,._. with NOi.VIi. 
Uld nudeosides may improve JISlnlinlUtiml .ierance by ~ NOJlVDl alone IDd 
subsequently 1ddi111 nudeosides before comp!ttilll two weeks o!NOllVllt. inonotberapy. 

HOW SUPPLIED 
NOR.Vlll (riionavir GlplU}ee) .. wbit.t Clpl\ll• imprinted wilh die ..,_... lop ~ , 
100 in&, and dte Abbo-Code Pl NOllVII. is availlhle u 100 ms ClpSUl• in the tollo~ 
packqe sizes: 

Packqes of 4 boctles of 14 caplllles each 

Packqeii of 2 boctlcs of 84 capsules udl 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (NDC 0074-9492.01). 

Packa&ell of 4 boxes, 3 boxes of 84 capsules each and l box with 61 Clplldes in llllit-dOM 
blisters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (NDC 0074-9492-69). 
Packages of 4 boxes of 14 capsules oadl in unit-dole bliaten . . (NDC 0074-9492-SS). 

Recommended storace: Store capsules in the refri1eraror between 3Mft (2·1"C). l'Jotect 
r~om liJht. 

NOR.VIR (ntonavir on! solution) u an orange-colored liqaid, supplied in aalb«-colortcl, 
multi-dose bottles containing 600 mg riionavir per 7.S mL marked dosage wp (80 ma/lllL) 
in the followin• siu$. 

Packages of S botdes, 90 mL each ...........••....... (NDC 0074-1940-90). 
240 mL bottles ............................ : ..... (NDC 0074-1940-63). 

Recommended storage: Store NORVJR orAI solution in the rem1erator between 36-46~ 
(2-s•c) until it is dispensed. 

Refrigerati.:in of NOltVIR. oral solution by the palient is rccommeadcid. but not req\lired if 
used within 30 days md llOred below 77 "F (25.C). Ptoduct shollld bo stored in the oriainal 
container. Avoid exposure to acelSive hut Keep cap tighdy doted. 

Revised: NEW 
'IM · Trademarlr: 

Ca111ion - Federal (U.S.A.) Law prohibits dispensing without preacriptio11. 
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CLINICAL PHARMACOLOGY/BIOPHARMACEUTICS LABl:LING COMMENTS 

NOA: 20-659 and 20-680 
Drug: Ritonavir Liquid and Capsules 
Applicant: Abbott Labs 

Reviewers: Ors. K. Kumi, B.Davit, K. Reynolds 
Date: 1 /19/96 

The following .:omments are provided aher initial review of the drah proposed label. The 
recommendations as to the format and content of the label are intended to eid in the 
revision of the pharmacokinetic section of the proposed iabel. Additional comments will be 
forwarded as they become available. The Applicant should submit a revised label 
incorporating the following recommendations. 

CLINICAL PHARMACOLOGY: 

Pharmacpkjnetjcs: 
-Delete the first paragraph of this sectic.1 and incorporate the information into the ADME 
sections as appropriate. 
-Include information in the initial paragraph regarding the studies which constitute the 
pharmacokinetic/pharmacodynamic data i>ase; such as numbers of healthy volunteers, 
numbers of patients, range of doses and formulations studied. 

Absomtjon: 
-Define non-fasting conditions (kcals, % fat, % protein, % carbohydrate). 
-Delete the statement regarding the !:>ioe:quivalence of the capsule and liquid formulations. 
A statement comparing the AUC of the 2 formulations can be incorporated. 
-Dehne the statemerit regarding absolute bioavailability being greater than 60 to 80%. 

QWrjbytjon: 
-Delete animai information. 

Metaboljsm: 
-Delete the first sentence. 
-Information on the elimination of metabolites should be moved to the excretion section. 

Excretion: 
-The first sentence refers to results from different studies and should be divided into at 
least 2 separate sentences which descrioe the individual studies. 

-Results which come from radiolabelled studies should be clearly identified. 
-The section on the pharmacokinetics of ritonavir in renal insufficient patients should be 
moved to special populations. 

Dryq-Qryq !nteractjpns: 
-This section should contain the results from drug interaction studies submitted in the NOA 
(see general comments). 
-Recommendations as to what precautions should be taken for particular drugs should be 
included in the PRECAUTIONS section. 



Table 1: 
-If appropriate, pool data for the clinically rel~vant dosing regimen and include n values. 

PRECAUTIONS: 

Drug Interactions: 
-This section should provide precautions to be taken against potential interactions when 
there is coadministration of drugs based on the drug interaction studies and general 
knowledge of the pharmacokinetics and metabolism of ritonavir. 

GENERAL COMMENTS 

-Define abbreviations the first time they are used. 
-Provide sample size, dose, means and standard deviations for reported parameters and 
parameter changes. 

I ----ic-· .. - - · i )5~ V\,1\./\/\1\-'i 
J (\ ,.1_ 

Kofi A. l<umi, Ph.D. 
Reviewer 
Antiviral Drug Section 
Office of Clinical Pharmacology and Biopharmaceutics 
Division of Pharmaceutical Evaluation !II 

Antiviral Drug Section 
Office of Clinical Pharmacology and Biopharmaceutics 
Division of Pharmaceutical Evaloation Ill 
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EJ ABBOTT 

Pharmaceuticarl Products Dlvlaion 
AbbouL~ 

100 A- Parle -
-Pat'I. Ill"'°'" _MOO 

February 28, 1996 

Ms. Kimberly Struble 
Division of AAti-Vixal Drua Producu, HFD-530 
Center for Dru& Svaluation and Reloalcb 
Food and Dru& Adminisuation 
4th Floor, Room 4355 
9201 Corporare Blvd. 
Rockville, Maryland 20850 

Re: NORVIR {rltonaYir oral IOludcm) 
NDAl0-659 

Dear Sir or Mad11m: 

GENERAL CORAES'PONDENCE 

This letter provides exclusivity informlUon ze1ardini our pendin1 new ckq application NDA 
20-659 for NORVJR (rit0navir oral solutiOD), suhmined December 20, 1995 fot tb9 indication, 
treatment of HIV infcc:tion. 

This information is provided penincnt to Section SOS of tbe Fcdcral Food. Drua. ud Cosmetic 
Act and is consi11ent with Aaency sWdlnce mtemeul.I, in pll1icular FDA' s sWdance letter of 
April 28, 1988 OD exclusivity. 

Abbon Laboratories requests that NORVIR for tbe llC"""'Dt of .ffiV illfection be accorded 1 five 
year exclusivity for tbis indication. Ill support of this request, Abbott Llborlloriea relies upon 
the followin1 information and certifications: 

A. The active inpdient in NORVIR is ritonavir. No dru& product 
coutai•,i111 lhis Ktive inpclieot bu been approved in the United Stares 
for t1le iDc!ication of "llC•tment of HIV infection". or any other 
indication. 



n:e 28 • '36 11 : 26A'I REGU.ATORY l'ltt"AIRS P.3/4 

Divilion of Anti-Viral Dru1 Prodllcts, HFD-530 
February 28, 1996 
Pagc2 

B. In suppon of its applicatioa for NOJlVIll in die tr'M"DMnt of HIV 
infection, Abboa Llbonrades submitted to FDA reports cciacemm, 
clinical iDvcsti111iom (otblf tbaD bioavailllrility lad bioequivaleace 
studies). Tbue invartprim• bave not fcmlld pat of tbe buia of a 
findin1 of substantial evidence of cffectiveneu far a previously 
approvod new dni1 lpplicadon or supplemlDt. Tba applkaat believea 
tbal tbeae clinical iDvu:ipions. spomored by Abbott, 1111 csoential to 
approval of this NDA. A liaini of tbeae clinieaJ inveadpdom is 
provided in Attachment L 

C. 1be applk:ant ccnifiea tlW, in its opinion, there arc DOC snfflcient 
publilhed 11ndie1 or publicly awil•hle reports of clinic•' invcstiption 
to support tbe approval of tbe refenmcecl applic:lliOA. 

If you have any further questions or commcnu, please contact me at tbe number listed 
below • 

.__Sin~r .... IL'y.L/1... 71 :y 
Jeanne M. Fox 
Director, PPD Regulatory Atrairs 
(847) 937-SS33 
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Study M94-245 

Study M94-247 

Study M94-208 

.un• •••a :I 

A Pb&•• III, Comparative Trial of UT-538 
Alone, UN Alon• or the COlllb:LDatioo oi ABT-
538 and ZrJ!l in HlV-?nfect•d PatieDt• 
witho~t Prior Antiretroviral Tber~ 

A Safety and Efficacy Study of ABT-538 Plu. 
CUrrent Therapy v•. Plac.bo Plu. Current 
Therapy in HIV-Infected Patients. 

£valuation of Safety and Antiviral Activity 
of ABT-538 in Combination with AZT and d.dc 
in HIV-Seropositive Patient• 



t 
r. 
I 

DEBARMENT STATEMENT 

In compliance with the Generic Drug Enforcement Act of 1992, Section 306(k)(l) of the act 
(21 USC 335a(k)(l), we, Abbott Laboratories, certify the following with iespec:l to this new 

• dtu g appli.:ation: 

The applicant did not and will not use in any capacity the services of any person 
debaired under S'.Ibsections (a) or (b) (sections 306(a) or (b) of the Federal Food, 
Drug, and Cosmetic Act), in connection with this application for approval of a 
drug product. 

cc~~Y 
Jeanne M. Fox 
Director, PPD Regulatory Affairs 
Pharmaceutical Products Division 
Abbott Laboratories 
Abbott Paik., Illinois 

Date 



NOA 20-659, 20-680 

Drug: 
Sponsor: 
Date Completed: 

Group Leaders Memorandum of NOA Submission 

Ritonavir (Norvir®) 
Abbott Laboratories 
May28, 1996 

I have read Dr. Murray's Medical Officer Review of this submission and completely 
concur with his recommendations. Approval of Ritonavir is warranted for the indications 
proposed. 

The NOA for Ritonavir has presented several regulatory and clinical challengAs well 
documented by Dr. Murray. The clinical results for the pivotal study for this submission, 
M94-247, appear unassailable; Ritonavir appears associated with both a survival 
benefit and a reduction in the incidence of HIV-associated opportunistic infections. This 
effect is particularly important since it was observed in subjects with very advanced HIV 
disease, a group often perceived to be refractory !Cl any antiretroviral intervention. As 
noted by Dr. Murray (and statistical reviewer Dr. Thomas Hammerstrom), this 
conclusion is robust to different sensitivity analyses. Similarly, increases in CD4 cell 
count and decreases in viral load (i.e., plasma HIV-RNA measurements) for subjects 
receiving Ritonavir are substantial relative to previously approved therapies. 

Despite this, several clinical concerns exist regarding the use of Ritonavir. The 
compound is clearly associated with a high rate of nausea and gastrointestinal 
intolerance; in clinical practice this is very likely to affect compliance with therapy. 
However, the robustness of the clinical results observed show clear clinical benefit 
despite this. (Conceivably a better tolerated regimen or preparation would be 
associated with even stronger effects; the results observed were for a true intent-to­
treat analysis where compliance is not considered in assessing outcome.)'. Although 
there was a hi;ih incidence of gastroimestinal adverse effects, in Dr. Murray's review 
none appeared to be associated with irreversible morbidity (although with widespread 
use such effects could be associated with a reduced quality-of-life). It appeared that 
adverse effects decreased over time; this is potentially important in that early nausea or 
intolerance from short-term use would be relatively less likely to lead to cross 
resistance to other protease inhibitors. Despite the high incidence of immediate 
adverse effects in the controlled studies, Dr. Murray found few life-threatening toxicities 
associated with Ritonavir use. Longer- term effects of increased cholasterol and 
triglycerides are less an immediate concern but may be of importance if there is very = 
prolonged use of Ritonavir in certain populations. 



Another clinical concern with Ritonavir is the large number of potential drug interactions 
due to it's effect on p450 mediated metabolism of drugs; however, as also noted by the 
sponsor and Dr. Murray, no irreversible morbidity due to a drug-drug interaction was 
observed despite the large number of concomitant medications being used by subjects 
in study M94-247. (In this regard, the sponsor has studied Ritonavir in the population of 
patients most likely to show toxicity from drug-drug interactions.) The sponsor has also 
committed to developing post-marketing educational materials to be distributed with 
launch of the product; we have reviewed drafts of the first of these, and it does appear 
these materials will significantly aid in informing health care professionals and patients 
of potential drug interactions with this agent. (It should be noted that this may emerge 
as a desirable property of the agent if use with saquinavir is shown to be safe and 
Ritonavir substantially increases systemic saquinavir exposure, currently limited by 
poor bioavailabiltiy of saquinavir.) 

Dr. Murray discusses at length the anomalous results from M94-245, i.e., that the 
combination of ZDV + Ritonavir was associated with less change in surrogate markers 
than Ritonavir alone. This result was both wholly unexpected and inconsistent with 
almost all other similar combinations studied. Despite substantial concerns regarding 
this, as well described by ur. Murray there is supportive evidence from other studies 
and from the sponsor to indicate that this result does not reflect true antagonism. In 
concurrence with comments from the FDA advisory committee, we find the proposed 
package insert recommending use of Ritonavir with other antiretroviral agents 
appropriate pending additional studies by the sponsor. 

The regulatory action recommended by Dr. M•Jrray is for traditional approval of 
Ritonavir for patients with advanced HIV disease, and accelerated approval for less 
advanced patients. This recommendation is consistent with the recommendations of the 
FDA Antiviral Advisory Committee. Following communication with FDA, the sponsor 
has committed to do additional studies in less advanced patients in sur;;ort of 
traditional approval for less-advanced patients. 

I fully concur with Dr. Murray's recommendations, recognizing ti"><:;( additional studies 
will refine the use of Ritonavir in different combinations or with certain other agents; 
however, with clearly demonstrated clinical efficacy and surrogate marke~ responses, 
this agent should be immediately available to patients and physicians as a therapeutic 
option 

~t.v---,11~ 
Steven Gitterman, MD, Ph.D. 
Medical Team Leader 



PEDIATRIC PAGE 
(Complete l0t .a 0tiginal •P!Jlications 11111 al rllicacy supplements! 

ll!DAIPLA # i.,.b ic$'9 / zoii60 Supplement # CQO/oOO Circle one: SE1 SE2 SE3 SE4 SE5 SES 
( . ( . CfJ.PSIJ.lµJ 

HF\)~ Trade (generic) nameldosage form: bbQXlVlvt\tXYl1.)0maR-Sc>lu.hlll~Action: @AE NA 

Applicant f\bWi loh·mkJu,W) Therapeutic Class ...,flnb......._...,liw1Y...,/\1.=----------

lndicationtsl previously approved -L1'-LL----------------------­
Pediatric labeling of appro~ed indication(s) is adequate __ inadequate __ 

t.r;>t!JllQ. IS 1~1<.tlW a.lone or in Qvrb111c,;f11n ,,;1-t'"l n1.JU.toSid-lClr¥.AC(J IJ.RJ.f..7~ ~ 
Indication in this app6cation ~ olit1v-1V1trnir1 v...wn#wv '"' ~vf4ntci bb,,/Q?c/1111ui.1 arid ff' .. 

tFor supplements, answer the following questions in relation to the proposed indication.) lirih11.<11J~ 1u..T5tJ'...r 

1. PEDIATRIC LABELING IS ADEQUATE. Appropriate information has been submitted ill this or previous 
&?plications and has been adequat11Jy summarized in the labeling to permit satisfactory labefmg for au pediatric 
subgroups. Further information is not required. 

"i_ 2. PEDIATRIC STUDIES ARE NEEDED. There is potential for use in children, and further information is required to 
permit adequate labeling for this use. 

a. A new dosing formation is needed, and applicant has agreed to provide the appropriate formulation. 

-:j... b. The applicant has committed to doing such studies as wiD be 1equired. 
~ (1) Studies are ongoing, 
_ (21 Protocols were submitted and approved. 
_ (3) Protocols were submitted and are under review. 

(41 If no protocol has been submitted, explain the status of discussions on the back of this form. 

c. If the sponsor is net wilfmg to do pediatric studies, attach copies of FDA's written request that such 
studies be done and of the sponsor's written response to that request. 

3. PEDIATRIC STUDIES ARE NOT NEEDED. TI1e druglbialogic product has little potential for use in children. 
, Explain, on the back of this form, why pediatric studies are not needed. 

4. EXPLAIN. If none of the above apply, explain, as necessary, on the back of this form. 

EXPLAIN, AS NECESSARY, ANY OF THE FOREGOING ITEMS ON THE BACK OF THIS FORM. 

cc: Orig NDA/PLA 1zom1 Z.01o'tsl> 
HF D -) 3<> /Div File 
NDA/PLA Action Package 

Date 

HFD·510/GTroendle (plus. lor CDER APs and AEs. copy of action letter and labeling) 

NOTE: A new Pediatric Page must be com11leted at the time of each action even though one was 
prepared at the time al the !ast action. 
5195 



NOA 20-659, 20-680 
NORVIRTM 

Mec.lical Officer's Review of NOA 20-659 and 20-680 

Medical Officer: 
Submission date: 
Review completed: 

Applicant: 
Drug name (generic): 
Proposed trade name: 

Chemical Structure: 

Proposed Indication: 

Dosage Fonns: 
Route of Administration: 
NOA Drug Classification: 

Important Related Drugs: 

Jeffrey S. Murray 
Dec. 21, 1995 

Abbott Laboratories 
Ritonavir 
NORVIR 

NORVIR is indicated alone or in combination with 
nucleoside analogues for the treatment of HIV 
infection when therapy is warranted based on 
clinical and/or immunological status. This indication 
is based on results from a study in patients with 
advanced HIV disease that showed a reduction in 
both mortality and AIDS defining events for patients 
who received NORVIR. Median duration of 
treatment in this study was 6 months. The clinical 
benefit for longer periods of treatment is unknown. 

Liquid (80 mg/ml); soft gelatin capsules 
Oral 
Antiretroviral; HIV protease inhibitor 

INVIRASE™ (saquinavir). Hoffmann-La Roche Inc. 
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5 

IND serial 150, volumes 1-123: Study report for M94-247 and study M93-
169. 
NOA 20-659, section 8 volumes, 54-98, section 10 volume 1, 
NOA 20-659, Clinical and Safety Update, Volumes 1-16. 

4 Chemistry/Manufacturing Controls: 
Please refer to the Dr. Steve Mill1u's review of chemistry and manufacturing. Dr. 
Miller's review raised no issues that woulc! preclude approval of NORVIR. Dr. 
Miller's comme11ts have been incorporated in a revision of the applicant's 
proposed labeling. 

5 Animal Phannacology!Toxicology: 
Please refer to Dr. Pritarn Verma's review of pharmacology/toxicology. Dr. 
Verma's review raised no issues that would preclude approval of NORVIR. Dr. 
Verma's comments have been incorporated in a revision of the applicant's 
proposed labeling. 

6 Hurnan Phannacology, Pharmacokinetics, Phannacodynamics: 
Please refer to Dr. Kofi Kumi's review of clinical pharmacology. There are 
significant ritonavir pharmacokinetic interactions with several drugs used in the 
treatment or prophylaxis of AIDS-related conditions. Refer to Overview of Safety, 
Drug-Drug interactions, section 10.3.3. Dr. Kumi's review raised no issues that 
would preclude approval of NORVIR. Dr. Kumi's comments have been 
incorporated in a revision of the applicar.t's proposed labeling. 

7 Description of Clinical Data Sources 
Table 7.1 lists the clinical studies used to support the in vivo antiviral activity, 
efficacy, and safety of ritonavir. Included are the dates the trialr3 were conducted, 
protocol design, number of patients fir.rolled, and primary clinir.al endpoints. 
Studies 245, 247, and 208 are the primary trials submitted ir1 support of the 
indication. The first two studies were double-blind and rand<~mized, ·the latter was 
a noncomparative, open-label trial. 

Studies 112, 134 and 229 were dosEi-ranging studies that evalu&ted 
pharmacokir.etics and changes in surrogate markers. The first two studies were 
double-blind, randomized, and placelbo-controlled for the first 4 weeks of 
treatment. Both studies 112 and 134 had open label extension phases (studies 
169 and 134X. respectively) in which patients continued their originally assigned 
ritonavir dose. Based on the results from these studies, Abbott determined that 
treatment with the 600 mg bid regimen was associated with more sustained 
activity than other dosing regimens. Study 229 was an open-label study which 
evaluated ritonavir at dosing regimens of 400 mg !id and 700 mg bid. Based on 

I . 
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the results from this study, Abbott concluded that the 700 mg t..id dose was 
associated with an unacceptable amount of gastrointestinal intolerance. 
Therefore, tor the ·liquid formulation, the 600 mg bid'tlose of rttonavir appeared to 
be the most active and convenient regimen with an "accepqible" amount of 
toxicity. 

6 
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Table 7.1. Listing of Clinical Trials used to support Safety and/or efficacy 

STUDY DATES DESIGN POPULATION/ ENDPOINTS 
CONDUCTED SAMPLE SIZE 

M94-2~ 2114195 randomized double blind CD4: 200-500 Change in CD4 
HIV RNA:> 15,000 Change in RNA 

to ZDV 200 mg lid vs. 
RIT 600 mg bid vs. 356 enrolled 

9/28/95 ZDV 200 mg lid + RIT 600 mg 
bid 

M94-247 4/13/95 randomized, double blind; CD4: .:100 1) Disease 
~ 9 months of prior progression 

to RIT 600 mg bid vs. antiretroviral Rx or Death, 
Placebo 2) Survival 

12115/95 (randomized Rx was added to 1090 enrolled 3) Change in 
baseline Rx, of up to 2 CD4 and 
nucleoside analogues) RNA 

M94-208 3/6195 noncomparative, open-label; CD4: 50-250, up to Change in CD4, 
Single arm; 350 if progressing RNA 

to 
RIT 600 mg bid + ZOV + ddC 32 enrolled 

8/25/95 

M93-112 1/20/94 Dose-ranging, randomized, 76 Change in C04, 
double blind, placebo controlled RNA 

and to RIT 300 mg bid 
RIT 400 mg bid 

M94-169' 2115/95 RIT 500 mg bid 
RIT 600 mg bid 

M93-134 4/26/94 Dose-ranging, randomized, 61 Change in C04, 
double blind, placebo controlled RNA 

and to RIT 200 mg lid 
RIT 300 mg lid 

M94-134X' 2115/95 RIT 200 mg qid .. 
RIT 300 mg qid 

M94-229 8/11/94 Dose ranging, open-l1bel C04: 50-500 Change in C04, 
to RIT 400 mg lid 30 enrolled RNA 
4/24/95 RIT 700 mg bid 

'M94-169 and M94-134X were extension phases of studies M93-112 and M93-134, respectively 

7 
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8 Clinical Studies: 

8.1 Indication # 1 

8 

Ritonavir alone or in combination with nucleoside analog!Jes is indicated for the 
treatment of advanced HIV infection. 

8.1.1 Study M94-247 
A Phase 3 Safety and Efficacy Trial of Ritonavir plus Current Therapy vs. 
Placebo plus Current Therapy in HIV-infected Patients. 

8.1.1.1 Study 247: Protocol 

8.1.1.1.1 Objectives 

The protocol objectives were to evaluate the safety, antiviral activity, and 
clinical efficacy of ritonavir at a dose of 600 mg bid in patients who have 
had at least nine months of previous exposure to existing available 
antiretroviral agents. , · 

8.1.1.1.2 Design 
The protocol was a double-blind, randomized, two-armed, parallel, 
multicenter (international) study comparing ritonavir vs. placebo when 
added to pre-existing antiviral treatment in HIV-infected individua:s with 
advanced disease (CD4 counts S100 cells/mm3

). Pre-existing antiviral 
therapy could have consisted of no therapy or up to two approved 
nucleoside analogues ~for the U.S., ZDV, ddl, ddC, or d4t).' Targeted 
enrollment was 1000 patients, 500 per treatment arm. The study was 
both a clinical study and surrogate marker study. Clinical endpoints 
were to be assessed on all randomized patients. The first 150 patients 
with screening plasma HIV-RNA levels above 15,000 copies/ml were to 
comprise the surrogate cohort for the RNA analysis. All patients 
randomized at the time of accrual of the RNA cohort were to comprise 
the CD4 cohort. It was expected that some patients in the CD4 cohort 
would not have screening RNA levels greater than 15,000 particles/ml. 

The two treatment arms in this study were: 

• Current antiviral therapy + ritonavir 600 mg bid 
• Current antiviral therapy + placebo 

•concomitant use of 3-TC was not permitted since this was an investigalional agent at the 
initiation of study 247 Participants from countries outside the U.S. were permitted to use ZOV, dd! 
ddC or d4T. as available CCJncomitant use of other protease inhibitors was prohibited. 
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The protocol specified that nucleoside analogue regimens were not to 
be changed during the first four months of study drug treatment; 
however, any drug could be discontinued for Intolerance. 

Randomization and sttatifica~ ·.2!1 
The date on which a patient received study med;cation was con&idered 
to be their date of randomization. Patients were randomized in blocks 
of tour within two geographic strata (North America and 
Europe/Australia) using a central randomization system. 

B.1.1.1.3 Population 
A summary of pertinent eligibility criteria for participation in this study 
were as follows: 

• At least one C04 count < 100 cells/mm3 during screening 
• At least 9 months of previous antiretroviral therapy with one or more 

approved nucleoside analogues. 
• No charige in antiretroviral therapy within 6 weeks prior to study 

day-7 
• Karnofsky score greater than 70 
• No evidence of acute illness 

9 

Patients were excluded for the following reasons: previous enrollment in 
a protease inhibitor trial, a history of acute pancreat!ti;; during the past 
two years, concurrent treatmsnt with more than two reverse 
transcriptase inhibitors, or the need for concurrent treatment with 
contraindicated drugs. 

8.1.1.1.4 Procedures 

Assessments 
A summary of pertinent study assessments includes the following: 

Complete history and physical evaluations were performed at 
baseline. Targeted exams were performed every week through week 
4, every 2 weeks until week 12 and then monthly thereafter. BIOOd 
specimens to measure surrogate markers of interest, C04 and RNA, 
were drawn at days -7 and -1 to estabHsh baseline. They were also 
drawn at weeks 2, 4, and every 4 weeks thereafter. Chemistry and 
hematology labs were drawn at days -7 and -1. at weeks 1, 2, 4, 6, 
8. 10, 12. 16 and monthly thereafter. 
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Toxicity Management 

10 

In the toxicity management section the protocol outlined conditions for 
which the dose of ritonavir could be adjusted. In summary, patients who 
experienced nausea and/or vomiting during the first three days of study 
drug administration were allowed to follow an adjusted dose schedule of 
300 mg bid for one day, 400 mg bid for two days, 500 mg bid for one 
day and 600 mg bid thereafter. Patients who experienced a grade 3 or 
4 toxicity were allowed to dose reduce to 300 mg tid after resolution of 
the toxicity. 

5tudy Drug Discontinuation 
Patients who discontinued blinded study drug for occurrence of a new 
AIDS-defining event were permitted to take open-label ritonavir after a 
minimum of 16 weeks of blinded treatment. Patients who discontinued 
study drug and did not receive open-label ritonavir were to be followed 
monthly for evaluations and labs. 

8.1.1.1.5 Endpoints 
This study was both a clinical endpoint and surrogate marker study. 
The primary clinical efficacy endpoint was time to the combined 
endpoint of AIDS disease progressicin or death. A secondary clinical 
endpoint was survival. Disease progression was defined as the 
occurrence of a nt':w AIDS-defining event (according to the CDC 1993 
definition for clinical AIDS defining !.!Vents) or death. Recurrence of 
Pneumocystis carinii pneumonia, chronic HSV, or esophageal 
candidiasis were also counted as events. The clincical endpoint 
included both presumptive and definitive diagnoses for some 
opportunistic infections. Please refer to Appendices A and B for the 
clinical endpoint criteria. 

Primary activity endpoints were changes in CD4 and log,0 RNA from 
baseline. 

8.1.1.1.6 Statistical considerations 
Clinical 
The protocol specified that primary analysis of clinical endpoints would 
be conducted after the accumulation of 191 endpoints occurring after 
the first 28 days of study treatment. The surrogate marker analysis was 
to be conducted after all patients had received 16 weeks of drug. For 
those who discon. :•ed drug early, the cut-off was to be 113 days after 
the drug was first distributed to the patient (the day of randomization). 
Sample size calculations were based on detection of differences in the 
combined clinical endpoint. 

t • 
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The applicant's primary intent-to-treat (ITI) analysis included all 
randomized patients and their first endpoints in a Cox proportional 
hazards model stratified by geographic region (N. America or 
Europe/Australia). Randomization group was the ~nly factor. 

Activity 

11 

The applicant's primary ITT analyses for surrogate markers were 
comparisons of the time-normalized area under the curve through week 
16 for the change in baseline for both C04 cell counts and log­
transformed HIV-RNA Baseline was defined as the mean of all values 
within ten days prior to randomization excluding any screening values. 
For patients whose final value was prior to day 113 (week 16), the AUC 
was calculated up to the time of the final available measurement without 
regard to whether the patient was on treatment. The AUC was then 
normalized by d:viding by the time of the last measurement. Patients for 
whom no post-baseline measurements were available were regarded as 
having no change from baseline. 

Comment: 
Assigning values of no change from ba.veline for patients with no 
post-baseline measurements is a cor.servative approach which may 
have the effect of reducing the apparent drug activity. This 
stringent approach has been used in prior antiretroviral approvals. 

= 
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8.1.1.2 Study 247: Results 

8.1.1.2.1 Patient Disposition 

12 

In this international study, 1090 patients were randomized to treatment, 547 
to placebo and 543 to ritonavir. Eleven countries enrolled patients in this 
study. The majority of patients were enrolled in the U.S. 

Table 8.1. shows the disposition of patients by treatment arm at the time of 
the surrogate analysis closure date (the earlit.s '>f the week 16 visit or Sept. 
13, 1995) and at the time of the clinical endpoints closure date (Dec. 15, 
1995). At the time of tlie surrogate marker closure date, more patients 
randomized to ritonavir had discontinued double-blind treatment than those 
randomized to placebo (114 and 68, respectively). The majority of patients 
discontinuing double-blind treatment on the ritonavir arm did so due to an 
adverse event, while the majority of those discontinuing on the placebo arm 
did so for various other reasons. By the surrogate marker analysis closure 
date, more deaths occurred among patients randomized to placebo than to 
ritonavu. '. 

= 
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Table 8.1. Disposition of patients for the surrogate analysis and clinical 
endpoint analysis closure dates (shaded rows). 

Placebo Rltonavlr 

Total Randomized 547 543 

Never took drug 2 2 

Entered double-blind treatment 545 541 

Discontinued double-blind treatment 68 114 
HIV·reiated event 9 5 
Adverse event 23 89 
Concurrent condition 3 0 
Admission criteria 1 0 
Required prohibited medication 3 0 
Personal reasons 6 7 
Lost to follow-up 3 3 
Death 14 5 
Other 2 4 
Entered open label 4 1 

Drug Interruption at time of closure 30 33 
for surrogate analysis 

Total Deaths iit surrogate analysis 21 10 
closure date 

By Clinical data closure 

ources: vo. 

13 

The clinical endpoints study closed after the protocol-specified number of 191 
clinical events, occurring after the first 28 days of treatment, were achieved. This 
occurred by Dec. 8, 1995 and the study was closed one week later ·an Dec. 15, 
1995. The data submitted includes clinical endpoints and selected safety data 
collected up to Dec. 15, 1995. 

The applicant states in the clinical update (Feb. 10, 1996), "Since not all case 
report forms have been entered il1to the database at this time, ii is not possible to 
provide a complete patient accounting at this time.• Some patients were 
categorized as lost to follow-up, others were classified as "assumed to be on 
study." Patients in the latter category were not known to be lost to follow-up but 
did not have serum samples processed through the central laboratory in the 
morith prior to the Dec. 15, 1995 closure date. Patient accountability for the 
clinical endpoint da!a is listed in table 8.3. For both categories. lost to follow-up 

, . 
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and "assumed to be on study but no recent serum sample", there was a larger 
number of patients randomized to ritonavir compared to placebo. 

Table 8.3 Patient accountability for the combinEd clinical 9ndpoint and for 
endpoint of survivai. 

Placebo Rltonavlr 

Patients Included In analysis 547 543 

Patients with disease progression or death 181 (33.1%) 86 (15.8%) 
Deaths 46 (8.4%) 26 (4.8%) 

Patients counted as having no disease progression 366 (66.9%) 457 (84.2%) 
Known ro be losr ro follow-up 9 (1.6%) 24 (4.4%) 
Known ro be on srudy 315 (57.6%) 362 (66.7%) 
Assumed ro be on srudy but no recent serum sample 42 (7.7%) 71 (13.1%) 

Patients counted as surviving 501 (91.5%) 517 (95.2%) 
Known ro be lost to follow-up 14 (2.6%) 24 (4.4%) 
Known ro be on study 436 (79.7%) 422 (77.7%) 
Assumed to be on study but no recent serum sample 51 (9.3%) 71 (13.1%) 

::.ource: i.;11mca1 upaate vol. 1, pg. Ulft>, 1ao1e io ana pg. o:i 1ao1e iu. 

Comments: 
Subsequent to receiving the clinical update, we asked the applicant to 
improve the patient accountability specifically for survival status. The 
applicant checked vital status on the lost to follow-up and "assumed to 
be on study" groups. The last count showed that 10 patients randomized 
to placebo were lost to follow-up and 12 patients randomized to ritonavir 
were lost to follow-up for an overall lost-to-follow-up for survival of 2% 
with balance across treatment arms. When updating the patient 
accountability, the applicant found eleven additional deaths, _5 among 
those randomized to ritonavir and 6 among those randomized to placebo. 
All of the remaining patients were known to be alive. These changes in 
patient accountability are shown in Table 8.4 below. 

One should be aware that the numbers of patients known to be on study 
and lost-to-follow-up differ for the combined endpoint compared to the 
endpoint of survival alone. For the placebo arm, there were more 
patients lost-to follow-up for the survival endpoint than for the combined 
endpoint. For example, a patient who had an AIDS-defining event 
endpoint and then was lost-to-follow up would be counted for the 
combined endpoint but lost for the survival endpoint. = 
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Table 8.4. Revision of patient accountability for survival endpoint 

··~ . Placebo Rltonavir 

Patients randomized 547 - 543 

Cllnlcal update: Survival Status not definitely known 65 (11.9%) 95 (17.5%) 
Lost to follow-up 14 (2.6%) 24 (4.4%) 
Assumed to be on study but no recent serum sample 51 (9.3%) 71 (13.1%) 

Revision of Survival Status Data 
Confirmed alive as of Dec. 15, 1995 49 78 
Died as of Dec. 15, 1995 6 5 
Unknown 10 (1.8%) 12 (2.2%) 

:source: r<u" 

The analyses submitted in the clinical update assumes that patients were still 
being followed for disease progression and survival unless information 
regarding loss to follow-up was available. 

Demographic Characteristics 
The demographic characteristics of the 1090 participants are listed in Tabie 
8.5. The demographic backgrounds of the surrogate marker cohorts were 
similar to that of the overall cohort evaluated for clinical endpoints. The 
majority of participants were Caucasian males. 

Table 8.5. Selected demographic characteristics for participants in study 247 
(all patients). 

PL.ACEBO 
N=547 

RITONAVIR 

14=543 ~ 11--------------i--------l,, 
Gender 

Male 500 91% 499 92% ~ 
Female 47 9% 44. . 8% ·-

Race ii 
Asian 9 2% 4 1% C 
Hispanic 31 6% 29 5% "I 
Black 39 7% 29 5% I 
White 463 85% 476 88% 1; 
Other 5 1% 5 1% II 

A~~-) - I 
~~~:~a~~~~e~)~:'!!"'.~~"i'F-~~~~------(1-~-~-2=)========1==--=-,.-m<1_:=~=ol...,._===:Jj 

ource: i.;unica1 UJJUate vo1. u1, pg UrJ. 
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Concurrent antiretroviral medication 
Table 8.6 summarizes concurrent antiretroviral therapy immediate!y prior to 
randomization by treatment group. According to.protocol, patient;; were 
required to maintain their antiretroviral drug regimen for .at least 16 weeks after 
randomizr..tion. There were slight differences in the percentag'J of patients on 
specific •egimens, but tne overall distnbution was similar. 

Tabie 8.6. Concurrent antiret!oviral t!1erapy immediately prior to 
randomization. 

l -·--r-·,--,,-P1.AcF.ao 
NS'£47 ----------I 

RITONAVIR 
11'1£43 

---lk- i~ ("!.~ 

i~;===- _ _:as . '.19%) _ 

N :,%) 
---·-

92 (17o/.c) 
-

Zldovudine IZOV.~o~'.>therapy j --- ~2~ (23%) 

Stavudinr4 (d4T) mcmrJtherapy --,-- 3L (17%) 

109 rJ%J 
-·--

1 rn (21%) 

Dldanosine (rJdl) 1r.onoth11r.?.ll) I 50 19%) 
--
31 (6%) 

Za~itabir•~-(~Cl~~;~,.~ ~=·=·=-30 (5%) (6%) =JI 
ZCN •. d4T I 18 (3%) (4%) ~ 

---
·;1 

23 

;/::_v_~dl---=-~~--·--=---j=-~--4-7-~9%-) ---•--___ (Bo/o)-~-
11 zov ... ddC I s:.z (11%) (14._%_)__ __ 

lro1her ----- --·-·--r n (3%) (4%)-

S°G"li'rCe:r.1imcaf'upo:".1evc·:r:l'i.{P') dtti. ·ra61ee'. """"' == 

41 

78 

23 
;;:s·•~ 

.1a1 

8.1.1.7.Z /.ctivity 

~ :£§f.;lir:..?. "..:fJ4 C.011.JiNA 
i ab1r., f-. 7 .;hows mean and median br..S'Jil 1e CD4, GDB and HIV-RNA (10910) 

fN ;;5ue;1ts in t~1e· surrogate marker c.0~1( .ts Thr~ protor,;rJI specifi€1d that the 
t;r,.,r 1 f:,) patient', enrolled (75 per orrr1i wilh a sr:reening HIV-RMA greater 
F.:in 1.5,000 er.pies/ml would ccmp;·;'.;e the sv:rogal<> analysis cohort for this 
:icti.,.,ty endp.iint. A totai of 159 p~~t;eni;;, weL3 included :n the RNA cohort2. 

Ali ~15 pat:<:ints e;irolk~d by this tinm .. regar:Jle~.s of screening RNA level, were 
:n.:lurJ.ed io the analyses of CDI, and Coe chrnges. 

'A'.1!10l!'.Jh Irie target "'"'s 150 patoe•.ts, r,:1tien~ numlY .rs 150-159 were all recruited on the same 

' . 
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Table 8.6. Summary of Baseline CD4, CDS and log10RNA for Surrogate Cohort · 
(n=159). . ... 

Placebo RltonaYir 

HIV-RNA (log,. equlvelentslmL) 
N 79 80 
Mea~ 5.24 5.42 
Median 5.24 5.29 
Range 3.9~.3 -4.2~.3 

CD4 
N 107 108 
Mean 26 31 
Media11 18 21 
Range 0-92 v-116 

CDS 
N 107 108 
Mean 458 505 
Median 410 447 
Ranae 32-1130 43-1355 

ou:·ce: INU vol. 1.11i, pg s. ' :0-00 

The baseline mean log10 RNA levels for all patients participating in the clinical 
trial (n=1090) were 5.13 and !i.25 log equivalents/ml for placebo and :itonavir 
treatmeni groups, respectively. The baseline mean CD4 counts for all patients 
were 35 and 30 for the placebo and ritonavir treatment groups, respective:y. In 
summary, baseline surrogate marker values for the clinical cohort were similar 
to thac of the surrogate cohort, showing enrollment of immunologically 
advar:ced patients. 

Change in surrogate markers 
The applicant's methods for analyzing changes in surrogate markers wE·r.> 
reviewed by members of the antiviral division prior to the NOA submissi1)n. 
The primary surrogate marker analyses compares mean DAVG,16 vc.iues 
(mean change in CD4 count or log10 RNA frorn baseline averaged over 16 
weeks. using area-under-the-curve). As stated above, patients for whom no 
post-baseline measurements were available were assigned a valut:: of zero 
change from baseline. For patients whose final value was prior to day 113 
(week 16), the appliqmt calculated an AUC. up to the time of the final available 
measurement. The AUC was t1"1en no1malized by dividing by the time of the 
last measurement. For example, for some patients, a "DAVG-16 value" may 
actually represent a DAVG-8 or DAVG-12 ca1culation. These values are used 
to calculate mean DAVG-16 for the cohort. T1.1ese methods, which have been 
used to analyze the activity of prior antiretroviral drugs, have been regarded as 
useful depending on the amount and distribution of missing data. 

= 



NOA 20-659, 20-680 
NORVIR™ 

18 

Figures 8.1 and 8.2 display the percentage of missing CD4 and RNA data, 
respectively, by visit and treatment arm. Up to 20% of CD4 values and 10% of 
RNA values were missing by week 16 among patients randomized to ritonavir. 
For study 247, the amount of missing CD4 data was baliinced across 
treatment groups and similar to that observed in other antiretroviral trials. 
There was a lower percentage of missing RNA data on the ritonavir arm 
compared to the placebo arm. 

To study the impact of missing surrogate data on the overall results, we 
conducted sensitivity analyses, using a conservative approach to impute values 
for missing data. Like the Abbott ITT analyses, all patients who had no post­
baseline follow-up values were considered to have zero change from baseline. 
For missing data after the last available post-baseline measurements, zero 
change from baseline was used for all missing values after the last available 
data. For missing values between non-missing data, the preceding value was 
used in place of the missing value. 

Figure 8.3 compares plots of mean change from baseline for CD4 using 
Abbott's ITT analysis methods (left) and FDA sensitivity analysis methods 
(right). Figure 8.4 shows mean change in log10RNA fer the two analyses 
(Abbott ITT on the left, FDA sensitivity on the right}. For both analyses, 
surrogate marker changes are similar and overall conclusions remain the 
same. The change in both CD4 and RNA from baseline averaged over 16 
weeks was statistically significantly superior for those randomized to ritonavir 
compared to those randomized to placebo. These results were robust 

= 
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Figure 8.1. Study 247, CD4 cohort: Percentage missing CD4 data by treatment 
ann. 

RITONAVIR 

Source: FDA statistician. Tom Hammerstrom Ph.D. 

Figure 8.2. Study 247, RNA cohort: Percentage missing RNA data t:.y treatment 

group 
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Source: FDA statistician. Tom Hammerstrom Ph.D. 
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Figure 8.3. Mean change in CD4 from baseline over 16 weeks by treatment ann 
using Abbott ITT (left) and FDA sensitivity (right) analyses. 

ABBOTT ITT ANALYSIS FDA SENSITIVITY ANALYSIS 

RIT + BASELINE RX 
RIT + BASELINE RX 

PLACEBO + BASELINE RX PLACEBO + BASELINE RX 

20 80 100 1 20 80 100 1 
DAYS DAYS 

Source: FDA statistician, Tom Hammerstrom Ph.D. 

... 
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Figura 8.4. Mean change in log10 RNA from baseline over 16 weeks by 
treatment arm using Abbott ITT (left) and FDA sensitivity (right) 
analyses. ·· · 

ABBOTT ITT ANALYSIS FDA SENSITIVITY ANALYSIS 

0 
RIT + BASELINE RX RIT + BASELINE RX 

., 
PLACEBO + BASELINE RX PLACEBO + BASELINE RX 

·1. 

20 80 1 20 80 1 
DAYS DAYS 

Source: FDA statistician, Tom Hammerstrom Ph.D. 
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Tables S.7 and S.S compare the differences in change (DAVG-16) in CD4 and RNA · 
between the ritonavir and placebo treatment arms. These treatment differences were 
slightly larger for the more conservative sensitivity analyses which imputed zero 
change for baseline for missing values. For the RNA analyses, these results may be 
explained by the larger amount of missing ENA data for the ZDV arm. 

Table 8.7. Comparison of Abbott's ITT :•nalysls and FDA sensitivity analysis for 
evaluating differences In Mean DAVG-16 for CD4. 

Comparison Difference T-Stat P-value 

Abbott's ITT 1nalysls 
RIT vs. Placebo 33.9 8.07 0.0001 

FDA Sensitivity 1n1iy111t 
RIT vs. Placebo 34.1 8.24 «0.0001 

.~ .... 
missing data occurring after disc-.ontinuation wai. imputed with values of no change from baseline. 

Missing values between two collected value!; was imputed with the last value present (carry-forward). 
Source: FDA statistical review. 

Table 8.8. Comparison of Abbott's ITT analysis and FDA sensitivity analysis for 
evaluating differences in Mean rJAVG-16 for HIV-RNA. 

Comparison Difference T-Stat P-value 

Abbott's ITT analysis 
RIT vs. Placebo -0.777 8.36 0.0001 

FDA Sensitivity analysist 
RIT VS. Placebo -0.808 8.66 <0.0001 

' missing data occurring after discontinuation was imputed with values of no change frQm baseline. 
Missing values be':ween two collected values was imputed with the last value present (carry-forward). 
Source: FDA statistical review. 

CDS Counts 
Changes in CDS cells have often been monitored in a.1tiretroviral trials but have 
not served as a basis for prior accelerated approvals. CDS changes in response 
to treatment with nucleoside analogues have been variable. In this study, ritonavir 
treatment was associated witn statistically significant increases in CDS cells in 
both phase 3 studies. Table S.9 shows the mean change in CDS cell counts from 
baseline over 1b weeks. Treatment with ritonavir was associated with an increase 
in CDS while treatment with ZDV was associated with a decrease in CDS cell 
counts from baseline. 

' . 
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Table 8.9. Mean change in COB from baseline over 16 weeks (DAVG-16) 

Mean Mean of Mean of A.11e111ge Between-
Group N 8Hellne Averagn Over Change from S.sellne Group 

16Weeks Over 16 Weeks (SE~ p-value 

Rltonavlr 107 505.8 671.9 166.2 (21.63) <0.001 
Placebo 103 457.9 413.6 -44.3 (22.04) 

>ource: IN! 43 111 · vol. 012 pg . 1 ..... 

8.1.1.2.3 Efficacy 
Duration of follow-up 

23 

Because of the rapid enrollment of patients with very advanced HIV disease, 
clinical endpoints were obtained quickly and mean duration of follow-up was 
only approximately 6 months. Table 8.10 summarizes the duration of follow-up 
by treatment group, showing the distribution over selected lime intervals. 

Table 8.8. Duration of follow-up by treatment group for clinical endpoints. 

PL.ACEBO RrrONAVIR 
No:547 N=543 

II % II (%) 

Mean (days) 177 177 
Median (days) 178 178 

:S 4 Weeks 3 (1%) 6 (1%) 

s..a Weeks 11 (2%) 8 (1%) 

9-12 Weeks 9 (2%) 9 (2%) 

13-16 Weeks 10 (2%) 9 (2%) 

17·20 Weeks 10 (2%) 6 (1%) 

21-2~ Weeks 47 (9%) 40 (7%) 

25-28 Weeks 320 (58%) 329 (60%) 

29·32 Weeks 127 (23%) 122 (23%) 

>32 weeks 10 (2%) 14 (3%) 

ource: Cl1n1cal uPdate Vol. 01, pg 082, l able 9, r 10<1111eo DY r-uA meaical reviewer. 

Methods for assessing clinical endpoints 
The applicant described their methods for assessing clinical endpoints in the 
clinical update. In summary, when a patient experienced an HIV-related event, 

.. . 
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the investigato; was to submit an HIV-event case report form and any 
additional documentation for the event to the Abbott clinical monitor. The 
blinded monitor requested additional information as needed and then 
forwarded all materials to the blinded external reviewer .. Each event was 
reviewed according to prMefined protocol-specified criteria. The blinded 
reviewer categorized the event, outcome grading, and assigned a confidence 
grading according to the scales listed below: 

Outcome Grading 
O= Not HIV related 
1 = H!V related but not AIDS-defining, or progression of an AIDS-defining 

illness present at baseline 
2= Recurrence of an AIDS-defining event that was not active at baseline 
3= New AIDS defining event or death, or a recurrence of PCP, chronic 

HSV, or esophageal candidiasis. 

Events with an outcome grading of 3 satisfied the protocol specified criteria for 
a clinical endpoint. ' ·· 

Confidence Grading 
O= No confidence 
1 = Case report form only source of documentation available 
2= Secondary documentation available 
3= Documentation meeting the specifications of the definition of an AIDS -

defining event. See appendices A and B. 

The applicant conducted two clinica: analyses, one using clinical endpoints 
with a confidence grade of 3 and one using endpoints with a confidence grade 
of 2 or 3. 

Comments: 
The methods for adjudication of endpoints were appropriate. The 
confidence grading svstem may have allowed for greater precision in the 
assessment of this difficult heterogenous endpoint of AIDS clinical 
progression. In the clinical updare, the applicant included B secondary 
analysis which included events with confidence grading of both 2 and 3. 
The results of both analyses were similar. 

In a review of the assessment of clir1i.::al endpoints, i~ was apparent that a 
few events for each arm were not counted as endpoints because the 
external monitor judged that signs or symptoms of the illness were 
present, in retrospect, prior to randomization. For e..::;rnpie, a patient may 
have developed cryptococcol meningitis several weeks after 



NOA 20-659, 20-680 
NORVIR™ 

25 

randomizatio.'1. If this individual hnd the onset of chronic headaches pre0 

dating randomization, then the cryptococcal meningitis event was not 
counted as an endpoint since it was considered to be present at baseline. 
Although these assessments were made in a blinded manner, the 
presence or absence of disease at baseline was reassessed 
retrospectively. Whether one agrees with this methodology or not there 
were only a few cases fitting into this pattern. These few cases would 
not impact noticeably on the overall results. 

Overall, after a review of the monitor's notes accompanying the 
tabulation of clinical endpoints, it is apparent that the applicar.t was 
meticulous in assessing clinical endpoints. 

Figure 8.5 di~,>lays two sets of Kaplan-Meier plots depicting the time to AIDS 
disease progression or death by treatment group. The first set of curves 
represents the applicant's analysis for time to disease progression or death for 
patients randomized to ritonavir or placebo (upper and lower curves, 
respectively). The analyses assumes that patients ,;ere still being followed ' · 
for disease progression and survival unless information regarding loss to 
follow-up was available. The second set of curves (distinguished by the 
presence of asterisks in the label) repres'!nts an FDA sensitivity analysis for 
the time to disease progression or death. In this analysis, all patients on both 
treatment arms who were either lost to fellow-up or who did not have a serum 
sample in the month prior to closure ("assumed on study") were c:onsidered to 
be treatment failures. (Refer to Table 8.4 for the breakdown of patient 
acr,o..intability for the combined clinical endpoint.) 

There were 96 and 65 patients randomized to ritonavir and placebo, 
respectively, who were either lost-to-follow-up or who had not had a recent 
serum sample processed through the central laboratory. In this conservative 
analysis a treatment benefit is still apparent for patients randomized to ritonavir 
compared to placebo, however the curves intersect at the later part of ihe 
treatment period, approximately day 220. See Dr. Hammerstrom's statistical 
review for a more complete description of the FDA sensitivity analysis. 
According to his report, statistically significant differences between treatment 
groL•ps are present from day 50 to the end of the study for the applicant's 
analysis and from da~· 50 to approximately day 180 for the conservative 
sensitivity analysis in which patients with unknown disease status are 
reclassified as failures. 
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Figure 8.5. Time to disease progression or death by treatment Abbott ITT 
analysis and FDA sensitivity analysis ... 
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Dr. Hammerstrom also conducted several time-independent analyses for the primary 
clinica! er.dpoint of disease progression or death. The most conservative of these 
time-independent analyses reclassified all patients with unknown disease progression 
status as failures. The resu!ts of this sensitivity analysis and the applicant's ITT time-
independent analysis are displayed in Table 8.9. · · 

Even though the difference between treatment groups is smaller in this conservative 
analysis, the difference remains statistically significant. This is an indication that the 
study 247 clinical results are robust. 

' . 
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Table 8.9. Time-indapendent analyses for the primary clinical endpoint 

Combined Clinical Endpoint 
(disease progression or death) 

Rltonavlr ... Placebo 

27 

r----- - -~=~=.,.=~~~ ~ ~~::,~~=-~,~~==,=~~, :~:~~-~~~~ :~~=:;,-2~~ 
Progression or death 86 181 

No progression or death 362 315 

Dlffert1t1ce In no fNOgrNs/on r•t• • 17.3% 
Chi Square = 34.71 • ••t•tl11tlctllly llignlflcent 

~~~~~~~~~~ 

·-·~.--~ ~ ....... - .-~ ~· ·;, :"';·--·~ ~-~- ":. _ .. ·-·~· · ·~ ... ~::.... 7~ ~ ~.,...,. ··~~· ~~':7'~73~~,<~I 
I fj,z, " .,. ,, ' '* "' ,;;'fu_'if.,,. 4, ~~ ..... ,.., ~ ',.....;.,.,,.., -;:, .. ~ .............. ~., ;,.;.;:;..' ..... '""' ....... ,;.; ';.;. .... .;.,,. .;,,.,,,... .... , ...... ~.;v;.;.-,;;:,..,,,, '~ ,.; ,~,·:;~ ... <::.~:JN:»;. 

Progression or death 181 (33%) 232 (42%) 

No progression or death 362 (67%) 315 (58%) 

1 
Difference in no progres11/on n:ta = 9. 1 % 
Chi Square = 9.55 .. stetl11tlcally signlr.-·,int. 

For the endpoint of survival alone there were 31 deaths (5.8%) among patients 
randomized to ritonavir compared to 52 deaths ('10.8%) among patients 
randomized to placebo. A.ccording to the applicant's time-dependent analysis 
the hazard ratio was 0.60 in favor of ritonavir. The difference in mortality rates 
was statistically significant. For the survival endpoint, there were 12 and 10 
patients who were lost-to-follow up on the ritonavir and placebo arms, 
respectively. If one assumed that all those iost to follow-up were dead the 
mortality rate for ritonavir and placebo, respectively would be 7 .9% and 11.3%. 
A time-independent analysis shows a relative risk of 0.70 {Chi-Square= 3.65, 
p-value =0.056). The observed survival advantage is fairly robust. 

~)(ploratory Analyses 
For the clinical and viroiogic outcomes, the applicant assessed the treatment 
effects using demographic and baseline status subgroups as cofactors, 
including: race, gender, age, baseline weight, and screening CD4 counts and 
RNA levels. For the primary clinical endpoint the applicant reports that there 
were no statitistically significant treatment-cofactor interactions except for race. 
For the outcome of AIDS disease progression or death there was a statistically 
significantly larger treatment effect for nonwhites compared to whites. These 
results conflict with those evaluating the effect of baseline covariates on 
surrogate response. For RNA ;esponse the treatment effect was larger for 
whites compared to nonwhites. 

For surrogate marker responses several additional covariates appeared to be 
associated with outcome including: larger superiority for ritonavir compared to 

.. . 
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placr.bo for females (for both CD4 and RNA response), and larger superiority -
for ritonavir vs. placebo for higher baseline CD4 counts (for CD4 responese). 

8.1.1.2.4 Study 247; Safety Comparisons . 
All patients exposed to drug were evaluated for safety, 541 in the ritonavir 
group and 545 in the placebo group. The original NOA submission included 
analyses on all safoty data up to the closure date. For patients randomized 
prior to May 25, 1995, the closure date was the week 16 visit. For those 
randomized afte~ this time the closure date was September 13, 1995. In the 
original NOA srJbmission, the time from randomization until closure of the 
safety data base for the last patient randomized was 63 days and the median 
duration of treatment was 2.4 months. The safety update (submitted Feb. 8, 
1996) provided addi!lonal safety data to a common closure date of Dec. 15, 
1995. Safety data ;i-i the update was limited to premature discontinuations due 
to treatment emergent adverse events or HIV-related events, treatment­
emergent serious adverse events, and deaths. Only events that occurred 
within 30 days of dosing were considered to be treatment emergent. 

The most frequently reported adverse events (original NOA), considered 
possibly, or probably related, or of unknown relationship are shown in Table 
8.10. A larger percentage of patients randomized to ritonavir conpared to 
placebo had adverse events that were considered to be treatment related. The 
most frequent adverse events were those undgr the digestive, nervous, or 
"body as a whole" COSTART categories. 

Treatment with ritonavir was associated with paresthesias, mostly circumoral 
and peripheral. The applicant commented that the temporal profile of the 
sensory neurologic events associated with ritonavir were different from the 
sensory peripheral neuropathy associated with some nucleoside analogues_ 
For nucleoside analogues, neuropathies tend to be related to duration of 
exposure and worsen with continued treatment. For some nucleoside 
analogues, particularly ddC, neuropathy was often the primary reason for drug 
discontinuation. In contrast, ritonavir-associated paresthesias tended to occur 
within hours after dosing, sometimes subsided at the end of the dosing 
interval, and were a less common reason for drug discontinuation. 

' . 
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Table 8.10. Number (percentage) of patients with drug related*, treatment­
emergent adverse events of any severity. 

Body System Placebo Rltonavlr 
COSTART Term (n•545) (n•541) 

n % n % 

Body as a Whole 
Abdomen enlarged 0 0 4 0.7 
Abdominal Pain 37 6.8 67 12A 
Asthenia 54 9.9 118 21.8 
Fever 23 4.2 40 7.4 
Headache 52 9.5 67 12.4 
Pain 22 4.0 22 4.1 

. 

Digestive System 
Anorexia 25 4.6 60 11.1 
Diarrhea 85 15.6 217 40.1 
Ory mouth 4 0.7 15 2.8 
Dyspepsia 22 4.0 54 10.0 
Local throat irritation 5 0.9 34 6.3 
Nausea 106 19.4 257 47.5 
Stomatitis 2 0.4 0 0 
Vomiting 25 4.4 133 24.6 

Nervous System 
Circumoral Paraesthesia 13 2.4 136 25.1 
Dizziness 23 4.2 53 9.8 
Hyperesthesia 0 0 28 5.2 
lncoordina•.ion 0 0 2 0.4 
Insomnia 8 1.5 24 4.4 
Paraesthe:;ia 8 1.5 28 5.2 
Peripheral Paraesthesia 28 5.1 90 16.6 
Somnolence 7 1.3 21 3.9 

Cardiovascular System 
\iasodilatation 12 2.2 35 6.5 

Hemlc and Lymphatic System 
Lymphadenopathy 12 2.2 12 2.2 

Musculoskeletal 
Arthralgia 5 0.9 12 2.2 
Joint disorder 0 0 6 1.1 

Respiratory System 
Cough increased 7 1.3 14 2.6 
Upper respiratory disorder 0 0 1 0.2 

ource .,,uay £"' report. vo1. u1,. pg 21u, Tao1e • , mU\Jlfleu. 

•Related events were possibly, probably or of unknown relationship as judged by the investigators. 
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Table 8.10. ~or1tlnued 

Placebo Rltonavlr 

n % n % 

Sldn and Appenda~.s 
Acne 1 0.2 6 1.1 
Rash 19 3.5 45 8.3 

Speclal Sensn 
Taste perversion 16 2.9 52 9.6 
Uveitis 1 0.2 3 0.6 

ource: u y report, vo . • pg , a e • 
*Related events were possibly. probably or of unknown relationship as judged by the invstigators. 

Adverse Events Leading to Premature Discontinuation of Study Drug 
In the original NOA the applicant reports that 91 (16.8%) ritonavir treated 
patients and 32 (5.9%) placebo-treated patients discontinued treatment at 
least in part due to a treatment-emergent adverse event. In order of 
frequency the events that lead to premature discontinuation of ritonavir 
were: nausea (54 patients 10%), vomiting (31 patients; 5.7%), asthenia (23 
patients, 4%), diarrhea (19 patients 3.5%), taste perversion (11, patients 
2%). In the safety update (includes data up to Dec. 15, 1995), the number 
(percentage) of patients discontinuing drug due to an adverse event 
increased to 108 (20%) for the ritonavir group and 38 (7%) for the placebo 
group. 

Other Safetv analyses 
Abbott performed subgroup analyses of adverse events for gender, race, 
age, and geographical location. In summary, sorne comparisons reached 
statistical significance, but these differences did not 3ppear to be clinically 
meaningful. For example, the two events with a significant gender and 
treatment interaction were lymphadenopathy and folliculitis. The incidence 
of lymphadenopathy was lower in ritonavir treatec:' females compared to 
placebo treated females; the incidence of folliculitis was higher in ritonavir­
treated females compared to placeoo-treated females. These differences 
were not observed for both genders combined or for males. Sometimes the 
difference in adverse events between treatments for specific S"bgroups was 
due to a lower than expected incidence among patients receiving placebo 
rather than an increased number of events associated with ritonavir. 

Since nausea was a common adverse event and a common reason for 
ritonavir discontinuation, the applicant performed detailed analyses to 
describe the onset and duration of this treatment effect. According to their 

' .. 
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analyses, the median day of onset of the first episode of nausea for 
patients receiving ritonavir was 4 days; the m~ian duration of the first 
episode of nausea was 13 days. Over 74% of the patients who 
experienced nausea during study had onset of nausea during the first 
week. Fig.8.6 below shows the applicant's Kaplan Meier plots for the 
percentage of patients receiving ritonavir and placebo who were nausea­
free over 120 day period. Abbott comments that the incidence of initial 
episodes of nausea declined dramatically in the ritonavir group following the 
first study week. At later time points the rate of development of nausea for 
the two treatment groups were similar. A similar pattern was also noted for 
vomiting, and paresthesias. 

Figure 8.6. Kaplan-Meier Plots. Percentage without nausea over time. 
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Serious Adverse Events 
In the safety update, the applicant reported that 84 patients r~ndomized to 
ritonavir and 115 to placebo experienced 175 and 239 treatment-emergent 
serious adverse events, repsectively. Fever, dehydration and sepsis were 
the most frequent serious advers& events among patients receiving 
ritonavir. The larger number of serious adve~s~ events among palients 
randomized to placebo may be attributed, in part, to the increased number 
of HIV-related events for among those randomized to placebo compared to 
ritonavir. 

, . 

See section 10.1.2, "Overview of Safety: significant adverse events", for a = 
summary of case report forms reviewed from study 247. 
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Laboratory abnormalities 
The applicant reports that the overall hematologic profile was favorable fo~ 
patients receiving ritonavir compared to placebo. A significantly larger 
percentage of patients receiving placebo compared to ritonavir.trad 
extremely low values for some hematology parameters. Table 8.11 shows 
the number (percentage) of individuals with extremely low hematology 
values. Denominators are the number of patients with at least one post­
baseline value. Refer to Appendix C for a definition of extreme values for 
hematology parameters. 

Table 8.11. Number (percentage) of patients with extremely low hematology 
labs. 

Hematology Lab Placebo ' Rltonavlr 

n % n % 

Hemoglobin 131539 2.4 141505 2.8 

Hematocrit 861539 16.0" 59/505 11.7 

RSC 106/539 19.7" 76/505 14.9 

wee 277/539 51.4° 129/505 25.1 

Platelets 31539 0.6 21505 0.4 

Neutrophils 37/539 6.9" 20/505 4.0 

•Ource: INL 01 ul<! pg .<DD. 

"Indicates significance at p<0.05 

In contrast to hematology labs, more patients on ritonavir compared to placebo 
had extreme chemistry abnormalities. The definition for extreme values for 
chemistry labs are listed in Appendix D. 

A significantly higher percentage of individuals receiving ritonavir as compared 
to placebo expe.·ienced extremely high values of the following chemistry labs: 
uric acid, SGPT(AL T), GGT, CPK, triglycerides. The number (percentage) of 
individuals with extremely high chemistry values are shown in Table 8.12. 
There were no significant differences for extreme low values. 

' . 
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Table 8.12. Number (percentage) of Individuals exceeding extreme limit criteria 
for selected (listed If> 1%) chemistry variables . . . . 

Chemistry Lab Placebo Rltonavlr 

n % n % 

Glucose 61539 1.1 21503 0.4 

Uric Acid 1/539 0.2 181505 3.6-

Total billrubln 1/533 0.2 61505 1.2 

LDH 1/539 0.2 51504 1.0 

Alkaline Phosphatase 9/539 1.7 7/505 1.4 

SGOT(AST) 23/539 4.3 19/505 3.8 

SGPT (ALn 14/539 2.6 31/505 6.1-

GGT Jtl/539 6.7 74/504 14.7 .. 

CPK 24/535 4.!i 43/~99 8.6-

Triglycerides 1/539 0.2 51/505 10.1-

Triglycerides (fasting) 11256 0.4 181228 7.9-

ource: 1NL vol. u12 pg .i::u .. 
-indicates significance at < 0.01 level 

Elevation of triglycerides was clearly associated with ritonavir treatment, with 
nearly 10% of individuals experiencing levels considered extreme. There were 
no extreme elevations of cholesterol; however, the definition of an extreme 
cholesterol level was 500 mg/dl. The applicant also analyzed laboratory 
changes as mean changes from i:'aseline at final visit. In this analysis, 
treatment with ritonavir as compared to placebo was associated with 
statistically significant increases in mean cholesterol. Mean change in 
cholesterol from baseline at the last visit was +59.6 mg/di for those receiving 
ritonavir compared to -1.23 for placebo. An increase in cholesterol of this 
magnitude could potentially have clinical significance if this elevation persisted. 

Although hypertriglyceridemia is a reported risk for pancreatitis, only one 
individual receiving ritonavir had an extreme elevation of amylase. See 
"Laboratory abnormalities", section 10.2 of this review. 

f • 
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8.1.1.3 Study 247: Medical Officer's Conclusions 

Efficacy 

34 

Study 247 compared the addition of ritonavir vs. placebe> to background 
antiretroviral therapy in patients with advanced AIDS. Mean baseline CD4 
count was less than 30 cells/mm3

, indicating enrollment of patients with severe 
immunologic progression of HIV disease. The study showed lhat treatment 
with ritonavir, as compared to placebo, was associated with greater increases 
in CD4 counts from baseline and greater decreases in HIV-RNA from baseline 
over a 16 week period. These results were robust and highly statistically 
significant. Mean RNA decreases tended to project toward baseline by the 
end of the treatment period but were still greater than 0.5 log equivalents/ml 
below baseline at week 16. Theoretically, development of resistance to 
ritonavir may be a factor in the attenuation of effect, although data regarding 
the development of viral resistance in study 247 is not available. 

Study 247 also showeo that treatment with ritonavi; compared to rlacebo was 
associated with a reduction in AIDS disease progression and death. Reduction 
in the combined endpoint of disease progression and death was approximately 
50%. For the endpoint of survival, ritonavir was also associated with a 
reduction in deaths when compared to placebo. These results were 
statistically signifk:ant. 

The median duration of follow-up in this study was less than 6 months. It is 
not known if the clinical benefit observed with ritonavir treatment will be 
sustained for longer periods of treatment. RNA data showed an attenuation of 
effect by week 16. In addition, conservative ITI analyses in which zero 
change from baseline is imputed for missing values may yield activity results 
which underestimate ritonavir's biologic activity. 

~~ .. 
The predominant clinical adverse events associated with administration of 
ritonavir were gastrointestinal and neurologic disturbances including nausea, 
vomiting, diarrhea, abdominal riair, peripheral paresthesias and circumoral 
paresthesias. These toxicities frequentlv occurred early in the course of 
treatment. According to the applicant, the rate of discontinuation for these 
toxicities appeared to decline after the first two weeks of treatment. 

TrPatment with ritonavir was also associated with laboratory abnormalities. 

t • 

The most frequent dose limiting laborcttory toxicities were elevation of = 
transaminases, and triglycerides. Other significant laboratory abnormalities 
included elevations iii GGT, uric acid, and CPK. Elevation of triglycerides did 
not appear to ue associated with pancreatitis except possibly for one 
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individual. This patient was apparently off ritonavir for approximately 2 months 
when this occurred. The long term clinical significance of elevation of 
transaminases and triglycerides associated with monavir treatment is unknown 
at this time. 

Overall, ritonavir appeared to be reasonably tolerated in this population of 
patients with advanced disease. However, approximately 20% of individuals 
receiving ritonavir discontinued drug due primarily to an adverse event. 
Patients who tolE:orate ritonavir probably receive benefit; however, from study 
247 it is apparent that a significant proportion of individuals are unable to 
tolerate the gastrointestinal and neurologic toxicities associated with this 
treatment regimen. 

Although drug interactions have been a concern, patients randomized to 
ritonavir were using a mean of 11 concomitant medications. Given the 
potential for a large amount of drug interactions, there did not appear to be a 
large number of significant clinical adverse events attributed to drug 
interactions. Some patients receiving rifabutin and ritonavir experienced 
uveitis, arthralgia and dyspepsia. Several patients taking an antimycobacterial 
with ritonavir experienced hyperuricemia or gout. These drug interactions are 
discussed in more detail in the overview of safety. 

... 
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8.2 Indication # 2 
Ritonavir alone or in combination with nucleoside analogues is indicated for the 
treatment of HIV infection when therapy is warranted: 

8.2.1 Study M94-245 

36 

The study was entitled, "A Phase 3 Comparative Trial of Ritonavir Alone, 
Zidovudine Alone, or the Combination of Ritonavir and Zidovudine in HIV-infected 
Patients Without Prior Antiretroviral Therapy." 

8.2.1.1 Study 245: Protocol 

8.2.1.1.1 Objectives 
The objectives of this protocol were to evaluate the safety, antiviral activity, 
and immunologic response of ritonavir 600 mg bid, ZDV 200 mg tid 
monotherapy, and the combination of ritonavir and ZDV in HIV-infec!ed 
patients, and to study emergence of resistance to ritonavir. 

8.2.1.1.2 Design .· · 
The protocol was a double-blind, randomized, multicenter (international) 
and comparative trial. Approximately 360 patients (120 per arm) were to 
be randomized to one of the following three treatments arms: 

• RIT 600 mg bid 
• RIT 600 mg bid + ZDV 200 mg tid 
• ZDV 200 mg tid 

According to the protocol, patients were to be followed for 12 months. An 
interim surrogate analysis was scheduled for 16 weeks after the fin;t day of 
treatment in all patients. Patients who experienced disease progression 
during the first 16 weeks of therapy were eligible to receive open-label 
ritonavir after completing 16 weeks of their randomized therapy. Patients 
who experienced disease progression after 16 weeks eligible for open-label 
ritor1avir immediately. The :-irotocol permitted open-label ritonavir to be 
used alone or in combination with up to two approved nucleoside 
analogues. 

8.2.1.1.3 Population 
Ambulatory HIV-infected males and females age 12 years or older with the 
following baseline criteria were eligible: 

a) No previous antiretroviral treatment 
b) Roche PCR HIV RNA 1!:15,000 particles/ml 
c) Karnofsky scorei?70 

= 
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r:t) CD4 count ~ 200 cells/mm3 

S.2.1.1.4 Procedures 

37 

r.•1e to poor tolerance of initiation of study drugs the.protocol was amended 
to adjust the dose initiation schedule. Protocol amendment #2 allowed 
patients who experienced dose-limiting nausea or vomiting during the first 
three days to follow the following dose adjustment schedule: 300 mg bid 
for one day; 400 mg bid for two days; 500 mg bid for one day and then 600 
mg bid thereafter. 

The screening period (study days -35 to -8) established eligibility for 
participation in protocol. The lead in period (study days -7 to -1) 
established baseline for CD4, RNA and other lab measurements. At least 
two measurements for baseline CD4 and RNA were to be drawn during this 
lead-in time period. Blood for CD4 and RNA measurments were drawn at 
weeks 2, 4 and every 4 weeks thereafter. 

8.2.1.1.5 Endpoints ·· · 
The primary outcome measure for the interim analysis was change from 
baseline in plasma viral RNA (PCR) over the first 16 weeks of treatment. 
This was to be anaiyzed using the DAVG-16 metric. Secondary measures 
of outcome included change from baseline in CD4 cell count averaged over 
16 weeks (DAVG-16). 

8.2.1.1.6 Statistical considerations 
The methods used for the analysis of surrogate markers in study 245 were 
the same as those used for study 247. The primary ITT analyses for 
surrogate markers were comparisons of the time-normalized area under the 
curve (AUC) through week 16 for the change in baseline for both CD4 cell 
counts and log-transformed HIV-RNA. Baseline was defined as th.:'! mean 
of all values within ten days prior to randomization excluding screenu~~ 
values. For patients whose final value was prior to day 113· (week 16), ti~e 
AUC was calculated up to the time of the final available measurement 
without regard to whether the patient was on treatment. The AUC was 
then normalized by dividing by the time of the last measurement. Patients 
for whom no post-baseline measurements were available were regarded as 
having no change from baseline. 

8.2.1.2 Study 245: Results 
Antiviral activity analyses for this study includes dal3 from Feb. 14, 1995 (first 
screening procedure date) to the earlier of Sept. 28, 1995, or the week 16 visit 
(interim surrogate analysis report closure date). 

= 
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8.2.1.2.1 Patient Disposition, comparability 

38 

356 patients were randomized; 265 of these were U.S. patients. Table 
8.13 shows the disposition of patients at closure of the 16 week surrogate 
analysis period. The 16 week surrogate marker analysis closure -date was 
the week 16 vi::it or 113 days following the date when double-blind 
tnmtment was first dispensed for patients who had no week 16 visit. 
Overall, 63% of patients were on treatment at the study period closure; 
however, thi·s percentage excludes those who were on a treatment 
interruptior, but had not officially discontinued drug. Fewer patients who 
were randomized to the combination arm compared to those randomized to 
either monotherapy arm remained on treatment at 16 weeks. 
Approxim:alely half of the patients randomized to combination therapy had 
discontinued treatment by the end of the study period. Only one patient 
who discontinued study treatment had no study follow-up. 

Table 8.13. Patient disposition at closure of the 16 week surrogate analysis 
period. 

Disposition RIT+mv P.IT ZDV Total 

Randomi.r.ed 117 118 121 356 

Randomized but never received treatment 1 1 2 4 

Discontinued treatment (with flu) 53 30 23 106 

Discontinued treatme,..~ (no flu) 1 0 0 1 

Discontinued treatment entered 1 2 2 5 
open-label treatment 

On treatment, but with interruption 4 5 4 13 

Total remaining on treatment at closure 57 (49%) 80 (68%) 90 (75%) 227 (63%) 

ource: "'u" vous.u~J. 1u, exce pg rp tea Trom stat. e J.I'. 

' . 
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Table 8.14 lists the primary reasons for discontinuation of double-blind 
treatment. More patients randomized to ritonavir-containing arms 
discontinued study treatment due to an adver5e event. Forty-four patients 
(38%) in the combination group, 28 patients (24%) in. the ritonavir group 
and 19 patients (16%) in the ZDV group discontinued double-blind 
treatment due to an adverse event. 

Table 8.14. Number of patients discontinuing double-blind treatment according 
to primary reason for discontinuation. 

Patie'1t Disposition Combination tdtonavir ZDV 
Patients Who Discontinued the Double-Blind Treatment 

HIV-related event 0 0 1 
Adverse event 44 28 19 
Admission criteria 0 0 1 
Personal reasons 5 1 1 
Lost to follow-up 2 1 1 
Other 3 0 0 
Entered open-label 1 2 2 

Patients Who Discontinued Follow-up 
Adverse event 1 0 0 

Patients Who Discontinued Open-label Treatment 
Adverse Event 1 1 0 

::.ource: vo1 o.u 111 pg nu, 1au1e o. 

8.2.1.2.2 Patient Demographics 
Table 8.15 shows demographic characteristics tabulated by treatment group 
for stt:dy participants. The study po:iulation was predominantly male, 
Caucasian and homosexual or bisexual. The treatment arms were balanced 
with respect to gender, race, baseline weight, and HIV risk factor. According 
to the applicant, there was a statistically significant difference between 
treatment groups for age and years !iince diagnosis. Patients· randomized to 
ritonavir-containing treatment arms were slightly older and patients 
randomiz2d to the combination arm had a slightly longer time since HIV 
diagnosis. These statistically significant differences were unlikely to be 
clinically significant. 
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Table 8.15. Demographic Characteristics 

Combination 

(n•117) 

Varlai.o!" n (%) 

Gender 
Female 12 (10) 
Male 105 (90) 

Race 

Black 7 (6) 
Caucasian 102 (87) 

Other 8 (7) 

Age (years) 

Mean±S.D. 37.9±8.1 
Range 23.Q9 

Weight (lb) 

Male 
Mean±S.D. 176.3±27.1 
Range 114-260 
Female 

Mean±S.D. 154.6±28.4 
Range 131-222 

Years Since HIV Diagnosis 
(MeantS.O.) 4.1±3.0 

Risk Factors:* 

Homosexual or Bisexual 97 (83) 
IV Drug User 7 (6) 
Transfusion Recipient 1 (1) 
Sex Partner HIV Positive 23 (20) 
Sex Partner IV Drug User 2 (2) 
Unknown 1 (1) 
Other ; 7 (6) 

:tPat1ents ma nave more !nan one nsklacto y 

Source: NOA Vol 8.018 pg 113 

Rltqi:iavlr ZDV 

(n•118) (n=121) 

n (%) n (%) 

11 (9) 8 (7) 
107 (91) 113 (93i 

12 (10) 7 (6) 
94 (80) 100 (83) 

12 (10) 14 (12) 

35.7±8.1 34.6±8.1 

19~ 18.Q2 

170.7±27.1 168.9:1:27.1 
116-240 114-284 

145.2±28.4 147.1:1:28.4 

108-233 116-196 

3.2±3.0 3.0±3.0 

90 (76) 102 (84) 

9 (8) 11 (9) 
3 (3) 2 (2) 

25 (21) 23 (19) 

4 (3) 3 (2) 

4 (3) 2 (2) 
9 (8) 5 .. (4) 

Table 8.16 shows mean, standard deviation, and range of baseline log,0 HIV­
RNA measurements for each treatment group. Baseline log,0 HIV RNA levels 
were defined as the mean of all measurements, except screening values, 
obtained within ten days i)rior to randomization. Twenty-one patients (6%) 
had baseline HIV RNA levels less than the lower limit of the entry criterion 
specified in the protocol (15,000 particles/ml; 4.18 log,0 particles/ml). 
However. all of these patients had screening values greater than 15,000 
particles/ml, allowing ,;tudy eligibility. One patient(# 143, ZDV + RIT) did not 

40 
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have a baseline level; however, this patient had a screening value that met the 
entry criterion. The mean baseline log,0RNA levels were i.iimilar for the three 
treatment groups. ·· · 

Table 8.16. Baseline HIV-RNA Levels 

HIV RNA Level Combination Rltonavlr mv 
(log,0 particles/ml) (n • 117) (n • 118) (n"' 121) 
Mean 4.92 4.91 4.88 -Standard Deviation 0.45 o.~s 0.45 
Minimum 3.7 3.7 3.9 
Maximum 6.1 5.9 6.0 

Source: NOA vol. 8.018, pg. 115, excerpted front table 8. 

Table 8.17 shows the distribution of baseline CD4 counts, including mean, 
median, and :·ange, tabulated by treatment group. Approximately 75% of the 
participants had baseline CD4 counts between 200 and 500 cells/µL, 18% (63) 
had baseline levels of 500 cells/µL or greater and 7% (26) had baseline h~vels 
below the protocol-specified lower limit (200 cells/µL). However, 24126 patients 
had screening values greater than 200 cells/µL, maki.ig them eligible to 
participate. Two patients did not have screening values greater than 200 
cells/µL; however, their CD4 cell count at the Day -7 visit was grea!er than 200 
cells/µL. Mean baseline CD4 count was similar for all treatment arms. 
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Table. 8.17. Baseline C04 Cell Count (cells/µL) 

Combination Rltonavl.r. . 
C04 Cell Count (n = 117) (n • 118) 

(cells/µL) n (%) n (%) 

100-<200 8 (7) 12 (10) 

200 - < 300 34 (29) 25 (21) 

300 - < 400 33 (28) 31 (26) 

400 - < 500 24 (21) 26 (22) 

500 - < 600 12 (10) 20 (17) 

600 - < 700 3 (3) 2 (2) 

700 - < 800 3 (3) 2 (2) 

:: 800 0 (0) 0 (0) 

Missing 0 0 

Median 351.5 381.5 

Mean 360.1 365.3 

Standard Deviation:!: 133.3 133.3 
Minimum 139.5 159.5 

I Maximum 767.5 743.0 

Source: NOA vol. 8.018 pg 116 table 9. 
:!:Root mean squared error from the analysis of variance model 

8.2.1.2.3 Activity 

zov 
(1 .• 121) 

' II '(%) 

6 (5) 

35 (29) 

30 (25) 

29 (24) 

13 (11) 

5 (4) 

1 (1) 

1 (1) 

1 (1) 

351.3 

366.2 

133.3 

169.0 

1054.0 

Table 8.18 shows the number of patients with CD4 and RNA measurements 
for each scheduled visit by treatment group. 

Table 8.18. Number of patients with CD4 and RNA measurements by visit and 
treatment group. 

VISIT C.04 RNA 
-

Comb. RIT ZDV Total Comb. RIT ZDV . .Total 

Baseline 117 118 120 355 116 118 121 355 

Day 15 106 102 106 102 106 110 

Day 29 94 100 106 91 101 102 

Week 8 91 103 101 71 93 93 
-

Week 12 86 100 98 70 90 92 .. 
Week 16 S8 95 93 276 (78%) 5a 78 81 217 (61%) 

Source: Nu1 
,. ._; vo1. H.O!>J. stahst1ca1 tao1es , ,,.. ana "''"'· 

----------- -
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Fig 8.7 shows the percentage of missing CD4 data by treatment group for each 
visit during the 16 week surrogate analysis period. The monotherapy treatment 
arms had similar amounts of missing CD4 data. "The combination group tiad 
more missing data with up to 25%-30% missing CD4 measurements at any 
one visit; this was probably due to the increased rate of study drug 
discontinuation for this treatment regimen. 

Figure 8.8 shows the percentage rnissing RNA data by tntatment group for 
each visit over thie 16 week period. For all treatment anns there were more 
missing RNA than CD4 data. The applicant commented that patients who 
discontinued drug continued to have follow-up CD4 counts drawn but not RNA 
levels, thus explaining the increased number of RNA measurements compared 
to CD4 measurements. The applicant states that RNA levels were not 
performed after discontinuation of drug because they. had established in e:-1ier 
trials that RNA levels quickly return to baseline when antiviral therapy is 
discontinued. 

Similar to the CD4 data, there were more missing RNA measurements for ' · 
those randomized to combination treatment than for either monotherapy 
treatments. Approximately half of the RNA measurements were missing for 
the combination group at the week 16 visit. This may be explained by the poor 
tolerability and higher discontinuation rate of the combination regimen. 
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Fig. 8.7. Study 245: Percentage Missing CD4 Data by Treatment Group. 
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Figures 8.9 and 8.10 are plots of mean change from baseline in CD4 and 
log,0RNA, respectively. The plots on the left are the applicant's ITT analyses. 
The applicant's analyses censored missing data ~fter last available 
measurements. In contrast, FDA sensitivity analyses us~ a value of zero 
change from baseline for missing values after the last available measurement. 
Both analyses used values of zero change from baseline for patients who had 
absolutely no post-baseline measurements. Plots of the mean change in CD4 
from baseline by treatment group are similar for both analyses. Using a 
conse1"V<itive approach for handling missing data produced a slight attenuation 
of mean CD4 response for later visits. The atten•Jation of changes in RNA 
using the conservative approach for handling missing data was more 
(.;()nspicuous particularly for the combination treatment group. 

Both analyses showed that ritonavir monotherapy and ritonavir in combination 
with ZDV, as compared to ZDV monotherapy, was associated with greater 
increases from baseline in CD4 counts and greater decreases in RNA from 
baseline. Unexpected findings are the superior responses of ritonavir 
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monotherapy to combination therapy. , · 
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Figure 8.9. Mean change in CD4 from baseline over 16 weeks by treatment arm 
using Abbott ITT analysis and FDA sensitivity analysis. 
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Figure 8.10. Study 245: Mean Change In log10RNA by treatment ann using · 
Abbott ITT analysis and FCJA sensitivity analysis. 
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For several antiretroviral drug applications FDA has used the DAVG-t (where t 
::: the number of weeks) summary met1ic to compare and analyze surrogate 
marker change from baseline. Abbott's proposed methods for calculating this 
metric were reviewed prior to submission of the NOA and were consistent with 
previous applicants' methods. As previously stated for study 247, patients for 
whom no post-baseline measurements were available were assigned to have 
zero change from baseline.3 For patients whose final value was prior to day 
113 (week 16), the AUC was calculated up to the time of the final available 
measurement (without regard to whether the patient was on treatment or not). 
The AUC was then normalized by dividing by the time of the last 
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measurement. For example, for some patients, a "DAVG-16 value" may 
actually represent a DAVG-8 or DAVG-12 calculation. These values are used 
to calculate mean DAVG-16 for aach treatment cohort. These methods have 
been gene.ally regarded as useful depending on the .amount and distribution of 
missing daia across treatment atms. For study 245 there was a sizeable 
amount of missing data, particularly for patients randomized to lhe combination 
treatment; because of this we performed sensitivity analyses to evaluate the 
robustness of the surrogate data. 

Table 8.19 lists differences m CD4 cell count char::Je, DAVG-16 values, for 
three treatment comparisons. Values using be.th Abbott's methods and FDA 
sensitivity analyses are included. Table 8.20 lists the same analyses for RNA. 
Both Abbott's ITI analyses and FDA's conservative sensitivity analyses 
showed that ritonavir and ritonavir plus zidovudine, as compared to ZDV 
monotherapy, were associated with statistically significant changes in CD4 and 
RNA. 

'There were 13 (I,%) patients (four on comt;nation therapy. four on ritonavir. and five on ZDV) for 
whom no post·b<,seline measurements were ava:!able. These patients were assigned values of zero 
(no cha~ge) in tt1e activity analyses 
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Table 8.19. Comparison of Abbott's ITT analysis and FDA sensitivity analysis · 
for evaluating differences In Mean OAVG-16 for CD4. 

Comparison Dlffel'9nce T ..Statl1tlc P-value 

Abbott's ITT analy1l1 
RIT vs. Z.OV 50.8 6.08 0.0001 
ZOV+RIT vs. ZOV 25.7 3.05 0.0023 
RIT vs. Z.OV+RIT 25.2 2.57 0.01 

FDA Sensitivity 1naly1l1t 
RIT vs. Z.OV 49.9 6.15 0.0001 
ZOV+RIT vs. ZDV 23.2 2.84 0.005 
RIT vs. ZDV+RIT 26.7 2.80 0.005 

~ missing data occurring after discontinuation was substituted with values of no change from baseline. 
Missing values betNeen two collected values was subStituted with the last value present 1carry-forward). 
Source. FDA statistical review. 

Tabl~ 8.20. Comparison of Abbott's ITT analysis and FDA sensitivity analysis 
for evaluating differences in Mean DAVG-16 for P.NA. 

Comparison Dlffel'9nce T .Stat P-value 

Abbott's ITT analysis 
RIT vs. ZDV ..0.632 8.32 <0.0001 
ZDV;.RIT vs. ZDV ..0.396 5.19 <0.0001 
RIT vs. ZDV+RIT ..0.236 2.43 0.015 

FDA Sensitivity analysis t 
RIT vs. ZDV ..0.595 7.81 0.0001 
ZDV+RIT vs. ZDV ..0.313 4.13 0.0001 
RIT vs. ZDV+RIT ..0.283 2.90 0.004 

i missing data occurring aftf'r discontinuation was imputed with values of no change from baseline. 
Missing values between two collected •·<!1Ue5 was imputed with the last value present (carry-forward). 
Source: FDA statistical review. 

In addition to DAVG-t analyses, the applicant also reported response rates for 
change in HIV-RNA. One response category examined the nvmber 
(percentage) of patients who had plasma viremia reduced to below the limit of 
detection for the Roche RNA-PCR test (200 part:cles/ml, 2.3 log,0 ). Eighteen 
(16%) patients in the combination therapy group had a total of 50 post-baseline 
HIV RNA measurements below the limit of detection. lhirty-three (28%) 
patients in the ritonavir group and one (1%) patient in the ZDV group had a 
total of 74 and 3 post-baseline HIV RNA measurements, respectively, below 
the limit of detection. 

Additional analyses 
To investigate why the combination regimen was associated with inferior CD4 

' . 



NOA 20-659, 20-680 
NORVIR™ 

increases and RNA decreases compared to ritonavir monotherapy, FDA 
performed several on-treatment type analyses.• One possible explanation for 
the unexpected findings is the higher rate of discontinuations or interruptions of 
the combination regimen may have had an impact on th~ surrogate-results. 
Table 8.21 shows the number and type of dosing schedule alterations for the 
three treatment groups. Fewer patients receiving combination treatment at 
week 16 had no dose change or.interruption over the 16 week treatment period 
(See shaded row, Table 8.21). 

Table 8.21 Dosing schedule alterations by treatment group. 

Combination RIT zov 
Interruptions (no dose change) 38 39 28 

Interruptions (followed by dose reduction) 30 21 9 

Interruptions (followed by dose Increase) 9 5 1 

Dose reduction (no Interruption) 52 24 21 

No Interruption or dose change 20 39 59 
and on treatment at week 16 

No Interruption or dose change but off 32 16 22 
treatment at week 16 
:;ource: NUA , • vol. 11.u10 pg'"' 1ao1e '";as <11er rev1seo oy app1cant. 
*Not<?: some patients had multiple dose interruptions or dose changes 

To investigate the impact of drug interruptions on surrogate outcome, FDA 
conducted an analysis including only those individuals who had no dose 
interruptions. Patients who reduced their dose, but maintained treatment were 
included. Table 8.22 shows comparisons of mean change in CD4 and RNA 
(DAVG-16) for all patients and for the subset that had no interruptions for both 
the ritonavir arm and the combination arm. 

'Refer to Dr. Hammerstrom's statistical review for details regarding these 
analyses. 
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Table 8.22. Comparison of Mean change In CD4 and RNA from baseline 
(DAVG-16) for All Patients and for Patients without Dose 
Interruptions. · · · 

Variable Trelltment N Me art Lower 

C04 Rltonavlr 
All patients 118 65.0 51.5 
Excluding those with interruptions 51 92.2 72.8 

Combination 
All patients 117 39.8 26.1 
E:tcluding those with interruptions 33 51.9 20.6 

RNA Rltonavlr 
All patienrs 118 -1.0 ·1.1 
Excluding those with interruptions 51 ·1.4 -1.6 

Combination 
All patients 117 -0.8 -0.9 
Excluding those with interruptions 33 -1.2 -1.5 

Upper 

78.4 
111.6 

53.4 
83.3 

-0.9 
-1.3 

-0.6 
-0.9 

For both combination therapy and ritonavir monotherapy, mean CD4 increases 
from baseline were greater for patients without drug interruptions compared to 
all patients. The superiority of ritonavir monotherapy over c:imbination therapy 
remained apparent for CD4 change. 

Table 8.23 shows the difference in CD4 and RNA DAVG-16 values between 
combination treatment and ritonavir monotherapy for all patients and for the 
subset of patients with no drug interruptions. For CD4 change, the difference 
favoring ritonavir over combination therapy was actually greater for patients 
who had no interruptions. This difference remained statisticaliy significant for 
CD4 counts but not for RNA changes. However, there were only 33 patients 
who remained on combination therapy without a drug interruption, so the ability 
to detect statistically significant changes is reduced based on Sll')~ller sample 
size. 

-----
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Table 8.23. Comparison of all patients with those without dose interruptions for 
differences in Mean RNA and CD4 DAVG-16. 

Comparison • Combination vs. RIT Dlfftnmce T..StaU1Uc P-value 
RIT minus ZDV + RIT . 

CD4 
AU patittnts 25.2 2.58 0.01 
Excluding those with lnttlfTllptions 40.3 2.14 0.03 

RNA 
All patittnts -0.236 2.43 0.015 
Excluding those with lnttlfTllptions -0.239 1.36 0.175 

Therefore, drug discontinuations or interruptions do not explain the superiority 
of ritonavir monotherapy compared to ritonavir plus zidovudine combination 
therapy. The applicant conducted further analyses to explain this phenomenon. 
These analyses were included in their advisory committee presentation (See 
section 9, Overview of Efficacy). 

Change in COB 
Changes in CDS cells have often been monitored in AIDS trials but have not 
served as a basis for accelerated approvals. The clinical significance of ~hanges 
in CDS cells in response to treatment is not known. CDS changes in response to 
treatment with nucleoside analogues have been variable; however, treatment with 
ritonavir was associated with statistically significar.t increases in COB cells in both 
phase 3 studies. 

Table 8.24 shows the mean, median and range of baseline CDS counts for each of 
the treatment arms of study 245. Mean baseline COB cells were similar for each 
of the three ~reatment groups. 

Table 8.24. Baseiine CDS Cell Count (cells/µL) 

CDS Cell Count Combination Rltonavlr ZDV 
(cells/ LI "= 117 n = 118 n., 121 

Median 935.0 99C.5 947.5 
Mean 1024.5 1125.1 1114.20 

Standard Deviation 481.67 481.67 481.67 
Minimum 196.5 236.0 334.0 
Maximum 2710.0 3020.0 3041.5 

Figure 8.11 is a plot of mean change in COB from baseline over 16 weeks. 
Ritonavir treatment was associated with a transient increase in CDS from baseline 
while treatment with ZDV was associated with a CDS decrease; the combination 
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regimen was associated with a variable response. Both ritonavir therapy and 
combi11ation therapy produced statistically superior COB increases (OAVG-16} 
compared to ZOV treatment. The clinical significance of these changes is 
unknown. The decrease in COB counts observed with ZOV therapy may 
represent ZOV-associated lymphocyotoxicity. · 

Figure B.11 Plots of Mean Change in CDS from baseline over 16 weeks. 
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8.2.1.2.3 Safety comparisons 
Treatment Duration 
The duration of treatment for the 16 week study·period, as reported in the 
original NOA submission, is shown in Table 25. For all patients, 69% had 
received study treatment for more than 60 days by the time of the safety 
closure date and 63% of pat!ants had received study drug for at least 90 
days. The duration of blinded treatment ranged from 1 day to 127 days. A 
longer duration of study treatment was observed for both monotherapy arms 
compared to the combination arm. 

Table 25. Number of patients exposed to Study Regimen 

Treatment Regimen 1-14 15-30 31-60 61-90 90-127 Randomized 
Days Days Days Days Days 

Combination 28 13 13 8 54 116 
Rltonavlr 19 2 9 7 80 117 
Zidovudine 11 7 ~ 7 87 119 ' 
,ource· NU" vol 8.u18 pg 1111 taoie 1.). 

Clinical Adverse event~ 
Only treatment-emerg':!nt events were included in the analysis of safety. 
Adverse drug events were defined as treatment-emergent when the event 
began during treatment or v;ithin 30 days after the cessation of treatment. For 
events that occurred during treatment interruptions, the applicant arplied the 
same 30-day rule. 

Table 8.26 lists the most frequent (occurring in at least 2% on any treatment 
arm) adverse events of ;my severity. These events were considereJ to be at 
least possibly related to treatment or of unknown relationship to treatment. 
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Table 8.26. Adverse Events Charact&!ized as Trt?atment-Related (Possibly, 
Probably, or of Unknown Relationship) occurrir.g in greater than 2% nf 
Individuals on any treatment 

' Combination Rltonavlr zov. 
Body System (n • 116) (n • 117) (n = 119) 

COSTART Tenna n (%) n (%) n ("le) 

Body 11s a Whole 

Abdominal pain 21 (18.1) 7 (6.0) 13 (10.9) 

Asthenia 51 (44.0) 29 (24.8) 32 (26.9) 

C.:hills 4 (3.4) 0 2 (1.6) 

Headachg 29 (25.0) 25 (21.4) 33 (27.7) 

Pain 9 (7.7) 8 (6.9) 3 (2.5) 

Cardiovascular 
System 

Hypertension 0 3 (2.6) 0 

Vasodilatation 15 (13.0) 19 (16.2) 3 (2.5) 

Digestive System 

Anorexia 16 (13.8) 6 (5.1) 11 (9.2) 

Diarrhea 68 (58.6) 59 (50.4) 19 (16.0) 

Dry mouth 6 (5.2) 1 (0.9) 0 

Dyspepsia 8 (6.9) 9 (7.7) 15 (12.6) 

Nausea 87 (75.0) 67 (57.3) 62 (5'..1) 

Rectal disorder 0 2 (1.7) 0 

Local throat 10 (8.6) 7 (6.0) 2 (1. 7) 
irritation 

Vomiting 47 (40.5) 24 (20.5) 25 (21.0) 

Hemic and 
Lymphatic System 

Ecchymosis 0 2 (1. 7) 0 

Lymphadenopathy I 0 1 (0.9) 3 (2.5) 

>ource: NUA vol. 8.618 pg. 187. ·-
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Table 8.26. Adverse Events Characterized as Treatment-Related (Continued) 

Combination Rlton~'!'lr zov 
Body System (n "116) (n = 117) (n = 119) 

COSTART Termst n (%) n (%) n {%) 
Nervous System 

Circumoral paresthesia 37 (31.9) 43 (36.8) 2 (1.7) 

Confusion 4 (3.4) 3 (2.6) 0 
Dizziness 14 (12.1) 9 (7.7) 8 (6.7) 

Hyperesthesic. 6 (5.2) 6 (5.1) 1 (0.8) 
Insomnia 5 (4.3) 9 (7.7) 1 (0.8) 
Paresthesia 10 (8.6) 8 (6.8) 1 (0.8) 

Peripheral paresthesia 19 (18.4) 26 (22.2) 8 (6.7) 

Reflexes decreased 0 4 (3.4) 1 (0.8) 

Tremor a 4 (3.4) 0 
Respiratory System 

Cough increased 3 (2.6) 2 (1. 7) 1 (0.8) 
Pharyngitis 3 (2.6) 5 (4.3) 0 
Rhinitis 0 1 (0.9) 1 (0.8) 

Skin and Appendages 

Dry skin 0 1 (0.9) 0 
Pruritus 3 (2.6) 4 (3.4) 1 (0.8) 
Rash 5 (4.3) 6 (5.1) 2 (1.7) 
Sweating 10 (8.6) 5 (4.3) 5 (4.2) 

Special Senses 

Taste perversion 23 (19.8) 19 (16.2) 20 (16.8) 
Urogenital System 

Dysuria 3 (2.6) 0 0 

t Adverse events expenenced murt1pre times by a patient were counted only 'JllCe in the most relate 
classification. 

Source: NOA vol. 8.018 pg. 187. 

d 

With the exception of asthenia (fatigue) listed under COSTART category, "body 
as a whole", the most frequent treatment-emergent adverse events associated 
with ritonavir treatment involved the gastrointestinal, and neurologic body 
systems. The most frequent adverse events (in descending order) that 
occurred among patients randomized to ritonavir monotherapy and were 
characterized as at least possibly related to treatment (or of unknown 
relationship) were: 

Occurring in > 10% 
nausea (57%), diarrhea (50%), circumoral paraesthesia (37%), asthenia 
(25%), peripheral paraesthesia (22%), vomiting (21%), headache (21%), 
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taste perversion (16%), vasodilatation (16%) 

Occurring in 5-10% 
Dyspepsia (8%), dizziness (8%), insomnia (8%), paraesthesia.(7%), 
general pain (7%), abdominal pain (6%), local throat irritation (6%), rash 
(5%), hyperesthesia (5%), anorexia (5%). 

Adverse events that occurred in less than 5% and occurred more frequently 
among patients randomized to a ritonavir-containing regimen were: pharyngitis 
(4%), hypertension (3%), confusion (3%), decreased reflexes (3%), trernor 
(3%), pruritus, (3%). 

The percentage of patients experiencing asthenia or gastrointestinal toxicities 
were comparable for ZDV treatment and ritonavir monothl:lrapy treatment, 
except for diarrhea which occurred more frequently among patients randomized 
to ritonavir. Toxicities of the nervous system were r ore frequently associated 
with ritonavir monotherapy than ZDV, specifically, circumoral paraesthesia, 
paraesthesia, hyperesthesia, peripheral paraesthesia, insomnia and tremor. 
Other toxicities that were seen more frequently among patients receiving 
ritonavir compared to ZDV included pharyngitis, throat irritation, vasodilatation 
and rash. 

R'tonavir in combination with ZDV appeared to increase the frequency of 
gastrointestinal toxicity, specifically: abdominal pain, anorexia, diarrhea, 
nausea and vomiting. The combination regimen was not associated with an 
increase in the neurologic toxicities observed with ritonavir monotherapy, with 
the possible exception of dizziness. 

Table 8.27 lists the percentage of patients experiencing an adverse event of at 
least moderate severity (and at least possibly related). More patients treated 
with ritonavir monotherapy compared to ZDV monotherapy experienced an 
adverse event of at least moderate severity. 
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Table 8.27. Percentzge of Patients with Treatment-Emergent 
Adverse Events of Moderate, Severe, or Life-Threatening 
Intensity Occurring In ~ 2%. 

Adverse Events RIT+'ZDV RIT mv 
N=116 N•117 N • 119 

SOdy as • Whole 
Abdominal Pain 4.3 3.4 4.2 
Asthenia 27.6 9.4 10.1 
Headache 7.8 5.1 7.6 
Malaise 4.3 1.7 3.4 

Cardiovascular 
VaSOdilation 2.6 1.7 0.8 

Ol~estlve 
Anorexia 7.8 0.9 3.4 
Constipation 2.6 0 0.8 
Diarrhea 21.6 12.8 0 
Flatulence 2.6 0.9 o.a 
Nausea 46.6 23.1 24.4 
Vomiting 22.4 12.8 12.6 

Nervous 
Circumoral Paresthesia 5.2 2.6 0 
Dizzines~ 5.2 2.6 1.7 
Insomnia 3.4 2.6 0.8 
Paresthesia 5.2 2.6 0 
Peripheral Paresthesia 0 6 0 
Somnolence 2.6 2.6 0 
Thinking Abnormal 2.6 0 0.8 

Respiratc.ry 
Pharyngitis 0.9 2.6 0 

Skin and Appendages 
Sweating 3.4 2.6 1.7 

Special Senses 
Taste Perversion 15.5 10.3 7.6 

Source Abbott, NORVIR package insert. 

Premature discontinuations due to adve~e events 
As reported in the safety update (Dec. 15, 1995 closure date), the percentages 
of patients discontinuing treatment secondary to adverse events were 42%, 
30%, and 2.3"/o for the combination, RIT, and ZDV arms, respectively. Toxicities 
involving the gastrointestinal tract were the most common reasons for treatment 
discontinuation. (See Table 8.28). 
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Table 8.28. Treatment-Emergent Adverse Events Resulting in Premature 
Discontinuation by Body System occurtirig in >1% (any traatment 
arm) 

Combination Rltor. 
Body System (n • 116) (n "" 1 

COSTART Term n 1%1 n 

Any Sign/Symptom 45 (38.8) 30 

Body as a Whole 
Abdominal pain 5 (4.3) 0 
Asthenia 12 (10.3) 

I 
4 

Headache 3 (2.6) ~ ., 
Malaise 2 (1.7) 1 

Digestive System 
Anorexia 4 (3/•) I ~~ 
Diarrhea 11 (9.5) I 2 
Nausea 24 (l:'J.7) 13 ( 

::~rzov ~-1 

·~,, t ··: ':1_ ~i 
(25.F,) 23 "1 J.3) 

. ,,. 8) I 
(3.4> ·i (~:9> I 
(4.~\ " (2.5i 
(O.S) 2 (1 .) 

"' .7). ·1 (O.P-J 
,Lii :i 
11.1) 12 (11°1 ... i 

Vomiting 17 (141) I !) 

Nervous System 

(7.7) ~ (~ 2) 

Circumcral paresthesia 4 ,3 ,, . 
. I (2 ;; 0 

Confusion 0 2 (' ."'\ ;• 
Depression 1 ('J.9) I.' ( I. 7) I' 
Dizziness 2 (1. 71 

' 
2 

Hyperesthesia 2 (1.7i ' 
, 

Paresthesia 3 (2.'3) I ., 
" 

I :Jj ~ (JJ}\ 
r, 

(~ .' } ((j d' 
Peripheral paresthesia 0 l 7. 
Somnolence :; (2.6) 1 
Thinking abnormal 1 (0.S) 0 

Respiratory System 

(l.7) :· 
(:J.9' () 

., " J' 

Ph~ryngitis l (0.9) ! 
Skin and Appendages 

Rash 2 (1.") I 1 
Special Senses ' I 

Taste loss . I 2 (1.71 I ' ' 
T"ct" l2 C10~J..~ ... 

Source: NOA 20~59 Vol. 8018, pg. 186, Table ~,3. 
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Other Safl!\y/\nafyses: Qrug-drug interactions 
The r..pph:.a.nt pertomied analyses to look for potential adverse events 
res•Jlting frrJm drug interactions. They report that t>"atients received a 
!T'ean of <.pproximately 4.5 concurrent medications while on study. From a 
:1st of al' medications takerj in this study, the applicant id&ntified the 
mec!tc<'itions that were considered to have potential for interaction with 
riton;wir and were of common use. These were: 

•:;l'.Jrithromycin 
F 1uconazofe 
Ke!oconazole 
Sulfarr1etroxazoie 
Trimethcprim 
Pseul1cephedrir«~ 

Acete>.ninopher1 
:bur;·.-ofen 
Acyclov:r 

P·.e appl".;ar.t cr.•nr;l•.Jt~·~d th::it the surJset analyses of wncurrent 
r.ied1c2:1x1 U5<: 0 d r 'Jt rC'lflal any •;;linically meaningful associations, 
howe·1.-.r th;-~; :1J1'.1bf." oi rJatien!s using each of the above concomitant 
dP19~.:. ·1 1ere rei;-.tiv _·Jly ~trial!. 

[!r~: J!::i~ 
T1·2r2 ·1.er2 nr; di:.ciths i;1 study 245 . 

.::. ~:i_i ~1~l? _f'_.t}:£~::r.s__tli.ventJ! 
r)'f De•: 1 S. 1 'd95, 15 events occurred in 8 patients taking combination 
:rnc.tr·1>,•,t /.events ocr;;urred in 2 patients taking ZDV, and 1 event 
o:;c .: · ·~!'."'. .,, a :Jatient 1f!1,ing ritonavir. Serious events occurring among 
pe.• u.:" rec•J1ving riconavir (as monotherapy or in combination) in.:luded: 
<•:·r · J .'nta! injury. alcohol ir11olerance, bone disorder, cyst. diarrhea, drug 
cr,;;.i.~2;1ce, fe·1er, gastroPnteritis, headache, !<.idney calculus, muscle 
'. ·''cll<i~'-•SS, nasal septur.1 r~isorder, nausea, rectal disorder, rhinitis, skin 
:arc,, •oma, and melanoma. The patienl who developed a kidney stone 
na.: a h1stor1 ol renal c-Jlculi. Please refer to section 10.1.2 for a 
J . .scuss10:-. of potentia:1y significant adverse events. 

L,3bor<.tol'L Atwormalities 
lri \:lFneral hematologic dianges were favorable for patient treated with 
ritcnav:r. There was a small mean decrea~E" in RBC parameters for 
ro<onavir (mear1 decrease in HGB from baseline at final visit = -0.34 
mgidl), however these decreases were larger for patients receiving ZDV. 
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There were more patients randomized to ritonavir-containing regimens 
who experienced extreme elevations in chemistry laboratory 
measurements. The pattern of chemistry laboratory abnormalities ir. study 
245 was similar to that observed in study 247, although somewhi:it less 
frequent in this population with less advanced disease. Extreme 
chemistry abnormalities occurring in at least 1 % of participants are shown 
in Table 6.29. In contrast to study 247, there were no patients in study 
245 with extreme levels of uric acid. 

Table 8.:.!9 Number (percentage) of patients with abnormal chemistry labs 
exceeding the extreme limit criteria. 
u ed., 1% ~ t t • st I > a or anv rea mem arm. 

CHEMISTRY Combination Ritonavir Zidovudine 
LAB N =102 N=107 N=115 

n 'Yo n % n •;. 

Glucose 2 2.0 0 0 1 0.9 

SGOT/AST 3 2.9 7 F.5 2 1.7 
-
SGPT/ALT 4 3.9 6 5.6 3 2.6 

GGT 2 2.0 3 2.8 1 0.9 

CPK 7 7.0 8 7.5 8 7.1 

Triglycerides 1 1.0 3 2.8 0 0 

Triglycerides# 1 2.1 1 1.4 0 0 

#Only fasting samples mcluded 
Source: NOA 20-659 vol. 8.018 pg 250. 
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8.2.1.3 Reviewe!"s Conclusion of Study Results 

Effi!'.acy 
St·Jdy 245 was conducted in HIV-infected patients with CD4 counts greater than 200 
ceils/rr.m3

. Results showed that treatment with ritonavir over a 16 week period was 
associated with larger CD4 cell increases and larger plasma RNA decreases from 
baseline compared to treatment with ZDV monotherapy. The combination Of ritonavir 
and zidovudine was also superior to ZDV alone with raspect to increases in CD4 cell 
counts and decreases in HIV-RNA from baseline values. These changes were robust 
and maintained statistical significanr-.e in conservative analyses in which missing data 
was imputed with values of zero change from baseline. 

62 

The unexpected finding from study 245 was the superior performance of ritonavir 
monotherapy compared to that of the combination treatment. Initiation of ZDV and 
;itonavir was not well tolerated based on the large percentage (approximately 50%) of 
combination tre"ltment discontinuations by week 16. Documented treatment interruptions 
and discontinuations do not appear to explain the less-than-expected surrogate marker 
changes for the ;ombir.ation re~;imen compared to monotherapy. FDA on-trei:ltment .. -
analyses, which only included patients who had no treatmant interruptions, showed that 
treatment with ritonavir compared to the combination regimen was associated with 
superior CD4 increases and RNA decreases. The differences in surrogate marker 
cha,1ges between the ritonavir and the combination regimen were actually larger for the 
on-treatment subset. After submission of the NOA, the applicant evaluated drug 
concentr;:itions in study 245 and reported in their advisory committee presentation that 
ntonavir concentrations were lower among patients taking combination thera~y than 
I.hose receiving ritonavir monotherapy. Since PK studies did not show a pharmacokinetic 
interaction in which ZDV altered ritonavir levels, the applicant concluded 'hat patients on 
combination therapy may have been less compliant with their drug regimen. This may 
have explained tile poor;.r performance of c0mbina;ion treatment in th.> study. 

Safety 
Initiation of ritonavir in this relatively asymptomatic sample of HIV-infected patients was 
less tolerated than ZDV. The gastrointestinal toxicity profiles for the two drugs were 
similar, with the ex~ption of diarrhea whicn was reported more frequently on ritonavir 
than z1dovudine. The bad taste of the liquid formulation used in this clinical trial may have 
contributed to the nausea and vomiting in sorr.· cases. 

Ritonav1r was associated with more neurologic toxicities than ZDV. ThesE' toxicities 
consisted primarily of various types of paresthesias. Circumoral p::!rasthesia, a toxicity 
that is sor.iewh3t ur?;que, was associated with ritonavir. The rnechanism for this toxicity is 
unknown. Paresthesias were mostly transient in na".;re and less often a 11~ason for 
treatment discontinuation than wNe gastroin!esunal toxicities 
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The combination regimen was not we1i tolerated possibly due to overlapping 
gastrointestinal toxicities of ZDV and ritonavir. The nausea and vomiting associated with 
the initiation of these two drugs at full doses appeared to be additive. Staggering the 
initiation of ritonavir and ZDV as was done in study 208 (see below) appeared to reduce 
the incidence of dose-limiting gastrointestinal toxicity in that study. 

Laboratory abnormalities were similar to those describ<Jd for study 247; however, the 
frequency of these abnormalitia., may have been slightly less for this group of individuals 
with less advanced disease. 



• 
NOA 20-659 
NORVIR™ 

8.3 Other Studies 
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8.3.1 Study #208: "EvaluatJ011 of the Safety and Antiviral Activity of ABT-538 
in Combination with ZDV and ddC In HIV-Setoposltlve PaUettts." 

8.3.1.1 Summary of Protocol Design/Methods 
The objectives of this study were to evaluate th9 safcity and antiviral activity of 
ritonavir in combination with ZDV and ddC in antiretroviral-naive HIV-infected 
•ndividuals. The study design was open-label, multi-center and 
noncomparative. The protocol planned to enroll 30-40 patients to receive 6 
month;; of this triple combination regimen. Patients were to receive ritonavir 
alone for the first 14 days followed by the addition of ZDV 200 mg tid and ddC 
0.75 mg tid. An extension phase was optional. 

To be eligible patients were required to meet one of the three criteria: 

1) A single CD4 cot:rt 2: 50 and s 250 celts/mm3 within four weeks prior to 
initiation of study drug. 

2) Three serial CD4 counts showing rapid decline (drop of 2: 200 cells to 
s 350 cells over a six month period). 

3) CD4 count between 250 and 350 cells/mrn3 associated with clinical 
symptoms (fever. weight loss, diarrhea). 

Comment: 
The eligibility criteria for this protocol selected for patients with HIV 
disease between that of protocol 245 and 247. To be eiigible for this 
protocol, s11bjects with a CD4 count > 250 mm3 were required to have 
symptoms. 

Virologic and immunologic activity were to be as&essed at week 2 and 4, and 
monthly thereafter. 

8.3.1.2 Results 
The study dates for this interim analysis were March 6, 1995, to August, 25, 
1995. These dates represent the first and last study drug dosing dates, 
respectively. The study enrolled patients at 6 centers in France. 

8.3.1.2.1 Patient Disposition, Demographics 
As of Aug, 25, 1995, 32 patients had been enrolled in the study. Five 
patients discontinued treatment prematurely, 4 because of adverse events 
and one due to an HIV-related illness. !:iee section 8.3 1.2.3 for the 
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number and type 'Jf specific adverse events. 

Four of the 32 patients were female, 31 were ·caucasian. Mean age was 
approximately 38. 

8.3.1.2.2 Activity endpoint outcomes 
Baseline 
Table 8.30 shows mean baseline levels of HIV-RNA (Roche-PCR), THEV, 
and CD4. 

Table 8.30 Baseline Surrogate Marker levels. 

Variable log,. HIV-RNA (pllrtlcles/ml) log,.THEV (units/ml) CD4 

Mean 4.65 3.21 -
Median - - 171 

Range 2.5-5.7 0.9-4.2 48-386 
ource: NDA ., vol. 8.082 pg s. 45-:>£. 

Activity assessments included viral RNA, total HIV-expressing cells (THEV), 
and C04 count.>. Treatment with ritor.avir in combination with ZDV and 
ddC was associated with increases in C04 from baseline and decreases in 
viral RNA and THEV from baseline. The applicant reports that statistically 
significant changes from baseline pre-treatment levels were observed for 
the three activity variables for weeks 2 through 20. 

Chal"'ges from baseline at week 20 for the three activity variables are 
shown in Table 8.31. 

Table 8.31. c; 1nge in surrogate markers from baseline at week 20 

Variable Number of patients MHn Change from baseline 
(N=32) atWGek 20 

HIV-RNA (PCR) 26 -1. 76 log particles/ml 

THEV 26 -2.19 k·;J units/ml 

Median CD4 count 25 +87 cells/mm' 

ource: NlJA L• .. VO!. 8.Utll pg 1U. 

8.3.1.2.3 Safety comparisons 
The duration of exposure to ritonavir is listed in Table 8.32. All patients = 

(32/32) experienced at least one treatment-emergent adverse event. The 
most frequent events were gastrointestinal in nature. The most frequent 
adverse events in descending order were: nausea (24 patients). diarrhea 
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( 18 patients), vomiting (nine patients), asthenia (8 patients), and 
paresthesias (nine patients). 

Table 8.32 Study 208: Duratiol" of exposure 

Days Exposure 1-30 31 .. 0 11-90 91·150 151-210 Overall 

600 mg bid 4 1 2 6 18 31 

300 mg bid 1 0 0 0 0 1 

ource: VOi OU.VO.< pg "" ::>, 

Four of the 32 patients enrolled (13%) discontinued the study due to 
treatment adverse events during the first 20 weeks. Two patients 
discontinued drug due to vomiting, one due to elevation of transaminases, 
and another due to elevation of trc.-:saminases and diarrhea. 

Deaths 
There were no patient deaths during the time frame of th~ interim analysis. 

Serious Adverse Events 
Five patients experienced a total of seven serious adverse events. All of 
the events were serious based on the fact that they required hospitalization. 
The seven serious adverse events Wdre fev~r (2 patients), anemia (2 
patients), psychosis, extrapyramidal syndrome and Herpes Zoster. The 
report <lf extrapyramidal syndrome was assessed as probc>hly not related by 
the investigator. Anemia may have been related to ZDV. One case of 
fever was considered possibly related the other not related. The case of 
psychosis was considered not related. 

Laboratory Abnormalities 
Two patients nad hematC1logy parameters that were considered to be 
extremely low, a low RBC count and a low hematocrit, respectively. These 
abnormalities were attributed to ZDV. Four patients had one· or more 
extremely high chemistry values during treatment. These are shown in 
Table 8.33 along with the criteria for extreme levels. The applicant states 
that the high amylase value may have been a lab error since this was an 
isolated value and all other values were within the normal range or only 
slightly high. 

' . 
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Table 8.33 Chemistry laboratories exceeding the criteria for extreme values. · 

Abnonna!lty Extreme Criterion Studr vJslt Value 

SGPT/ALT >215 IU/L Week2 409 

SGPT/ALT >215 IU/l Week 1 313 

Amylase >300 IU/L Week2 1071 

Triglyceride >16.5 mmoVL Week3 180.5 

:;ource: "'u" , , vol ll.uo.<, pg. 01. 

' . 
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In this small group of treatment-naive patients, treatment with thP. triple combination 
of ritonavir (600 mg bid) plus ZDV (200 mg lid) and ddC. (0.75 mg tid) was associated 
with large and sustained (20 weeks) surrogate marker responses. Results from study 
245 raised concerns about the activity of initiating ritonavir and ZDV concomitantly. 
In that study, treatment with a combination regimen of ZDV plus ritonavir was 
associated with less activity than ritonavir alone. Although comparisons across 
studies may not be valid, the degree of activity associated with triple combination 
treatment in study 208 offers some evidence that ritonavir and zidovudine 
combination regimens may be ass'lciated with greater and more sustained antiviral 
activity than ritonavir monotherapy. Those receiving triple combination therapy in 
study 208 had larger CD4 increases and larger RNA decreases from baseline than 
did patients receiving ritonavir monotherapy in study 245. Obviously, comparisons 
across studies must be interpreted with caution since differences in patient 
populations and/or study methods may account for treatment differences. For 
example, in study 208 baseline CD4 counts and RNA levels were lower than that in 
study 245. However, for these two studies, tile differe:ice between decreases in RNA 
between these two treatments was large, nearly a log (10-fold). '· 

One major difference between studies 245 and 208 was the method by which study 
drugs Y!~re initiated. In study 208, ZDV and ddC were added after 2 weeks of 
ritor.avir treatrn~nt; in study 245 ZDV and ritonavir were administered at full do:ies on 
st.;dy day 1. The applicant has reported that most discontinuations for ritonavir­
a:;scciated nausea and vomiting occurred within the first 2 weeks of treatment. 
Perhaps by initiatin~ ZDV after this time period, the study 208 investigators were able 
to drcumvent some of the additive gastrointestinal toxicities of initiating ZDV and 
ritmavir. This may have led to better tolerability, compliance, and improved activity 
of the combination regimen in this study. 

Adverse e-.:.:mts reported in this trial appeared to be similar to those reported in study 
245 and 2.!7, with gastroir.testinal intolerance among the most frequent. Fewer patients 
(13%i discontinued the ritonavir combination regimen in this study compared to those 
receiving Z[;V and ritonavir (50% treatment discontinuation) in study 245. 

8.3.2 Phase 2, Dose Ranging Studies 

Study M93-112/M94-169: A safety, pharmacokinetics and antiviral activity 
study of ABT-538 when administered orally to HIV-infected patients. Study 
169 was the open-label extersion protocol for study 112. 

Study M93-134/M94-134X: Evaluation of antiviral activity, pharmacokinetics, 
and safety cf orally-administered ABT-538 in HIV-infected patients. 134X was 
the extension phase for this protocol. 
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Study M94-229: Assessment of two orally administered dosing regimer:s of 
ABT-538 in HIV-infected patients. 

8.3.2.1. Design and M.,thods 
Study 112 and 134 were multiple dose, double-blind, randomized, placebo 
controlled, multicenter studies in HIV infected patients. Double-bl:n~ 
treatment was administered for four weeks. Both stuaies had extension 
protocols, 169 and 134X respectively. 

In study 112 patients were assigned to placebo or to one of four ritonavir 
dosing regimens: 300 mg bid, 400 mg bid, 500 mg bid, or 600 mg bid. In 
study 134 patients were assigned to placebo or ritonavir at 200 mg tid, 300 
mg tid, 200 .11g qid, or 300 mg qid. Primary endpoints were bDNA and CD4 
responses at 28 days. The protocols defined antiviral response as an 80% 
decrease in RNA from baseline. CD4 response was defined as a 20 cell or 
20% increase from baseline. After 28 days patients had the option of 
continuing ritonavir at their assigned dose in an extension protocol. Patients 
originally assigned to placebo for the first 28 days of !hese protocols were '· 
given ritonavir at one of the above doses in the extension protocols. For both 
stuJies 169 and 134X, a protocol amendment required patients to switch to 
the 600 mg bid regimen, the regimen that had shown the best activity in the 
first part of study 112. 

Study 229 was a multiple dose, open-label, multicenter study to evaluate 
ritonavir doses of 400 mg tid and 700 mg bid. 

Comment: 
Tne criteria for surrogate marker responses were arbitrarily defined by the 
applicant. For primary studies used in support of an indication, FDA has 
typically analyzed surrogate markers by comparing mean changes from 
baseline averaged over 16 weeks. These studies were not consi~ered 
primary but rather exploratory dose-ranging trials. 

8.3.2.2 Results-Activity 

Studies M93-112/169 and M93-1341134X 
In study 112, of the 84 patients randomized, 76 patients completed study (4 
weeks). Six of the eight patients that discontinued prematurely did so due to 
adverse events. In study 134, of 62 patients randomized 53, completed 28 
days of study. All nine of those who discontinued ritonavir in study 134 did so 
due to adverse events or HIV-related events. 

In g1meral, all regimens of ritonavir were associated with increases in CD4 
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counts from baseline and decreases in plasm?. ,•iremi.:: from baseline when -
compared with placebo. In study 112, treatmef!t with ritonavir 500 mg bid and 
600 mg bid regimens appeareJ to produce a larger number of RNA 
responses, as defined by the sponsor, than lower dose regimens. - In study 
112/169, although the number of patients participating was small past 16-24 
weeks, the mean decrease in RNA levels and mean increase in CD4 cell 
counts appeared to be most sustained for patien:s receiving 600 r.1g bid. 

In study 134, where doses were administered three or four times daily, a dose 
response was not as apparent with respect to increases in CD4 and 
decreases in RNA The highest daily dose studied in both study 134 and 169 
trials was 1200 mg/day. The 600 mg bid dose regimen in study 112/169 
appeared to be associated with greater mean decreases in RNA than 300 mg 
qid regimen in study 134. One explanation for this difference in response for 
regimens with equivalent daily doses is possible noncompliance with the 
higher dosing frequency of the qid regimen. 5 

Study M94-229 , · 
Thirty patients were enrolled in this study, 17 to tha 400 mg tid dosing group 
and 13 tn the 700 mg bid dosing group. Eight of 30 patients discontinued 
riton(;ivir o·iring the first 28 days, 16 (53%) discontinued drug prematurely by 
the data closure date. The frequency of ritonavir discontinuation was similar 
for the two treatment arms and approximately the same as that for the poorly 
tolerated ZDV + ritonavir regimen in study 245. 

Mean RNA decreases (bDNA) and mean CD4 increases from baseline were 
similar for the two dose groups. Surrogate marker changes associated with 
treatment with 400 mg tid and 700 mg bid appeared to be slightly greater at 
some time points than those associated with 600 mg bid treatment. However, 
in study 229, the number of patients with data past 6 weeks was small (5-10 
patients) and comparisons across studies may not be valid. 

8.3.2.3 Results-Safety 
The applicant submitted detailed safety data fo; studies 112/169 and 
134/134x up to a June 15, 1995 closure date. Safety data on deaths, 
discontinuations and serious adverse events was submitted using a closure 
date of Dec. 15, 1995. Study 112 started in •1anuary and study 134 started in 
April of 1994. A small number of patient& had received ritonavir out to 52 
weeks. 

'During the end-of-phase 2 meetng. the sponsor stated that the objectionable taste of the liquid 
formula!lon may have had an impact on patient :ompliance of a tid or q1d regimen 

= 
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Study dates for study 229 were from August 11, 1994, to April 24, 1995. A 
safety update for deaths, premature discontinuations and serious adverse 
events was also submitted. · · · 

Study M93-112/169: Safety 
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The types of adverse events occurring in this study were similar to those 
reported in phase 3 trials. For all dosing regimens combined, the most 
common adverse events were diarrhea (53%), asthenia (29%), fever (24%), 
and circumoral paraesthesia (22%). Events that appeared to be more 
frequent among patients receiving 500 mg or 600 mg bid compared to lower 
doses included nausea, vomiting, and circumoral paraesthesia. Clinical 
adverse events resulting in premature discontinuation of study drug were 
typically gastrointestinal in nature such as vomiting, diarrhea, or abdominal 
pain. One patient discontinued drug secondary to erythema multiforme. Six 
patients discontinued pramaturely due to elevation of liver function tests or 
hepatitis. According to the applicant, five of the six who withdrew because of 
elevation of hep3tic enzymes had some form of hepatic disease at baseline (3 
had chronic viral hepatitis. one alcoholic liver disease, and another cirrhosis- , · 
unspecified). The applicant concludes, "These findings suggest that hepatic 
compromise of diverse etiologies may represent an increased risk for 
trnnsaminase elevations during administration of ABT-538 (ritonavir)." 

In general changes in laboratory values were similar to those reported in 
phase 3 trials. The applicant reports that, although some patients had very 
high trigl~·ceride values, there was no instance of pancreatitis during the 
conduct of the trial. 

Four patients treated with ritonavir died. Three deaths occurred more than 
30 days following treatment discontinuation. One death occurred after 395 
days on study. Ar. :iutopsy of this treatment emergent death revealed 
pulmonary edema as cause of death with bronchopneumonia as an 
underlying cause. The patie~t had presented earlier with fever, cough, and 
purulent sputum. Antibiotics had been started on an outpatient basis. The 
patient had expired prior to his follow-up visit for pneumonia. 

Study M93-134/134x 
As for other ritonavir studies, the most common adverse events were 
gastrointestir1al. particularly diarrhea, nausea and vomiting. Events observed 
more frequently at 300 mg qid compared to lower doses included. asthenia, 
headache, vasodilatation, anorexia, dyspepsia, nausea, and circumoral 
paraesthesia, parasthesia. The most common reasons for premature 
discontinuation included diarrhea, circumoral paraesthcsia, nausea and 
dizziness. One patient discontinued secondary to severe neuropathy. This 
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individual had a baseline history of neuropathy and rheumatoid arthritis and· 
an interruption of ritonavir for Bell's palsy. 

Only one patient in study 134X, compared to i~ix in study 1121169; 
discontinued ritonavir due to liver fundion test abnormalities. Similar to other 
studies, some patients had very high levels of triglycerides. According to the 
applicant there were no instances of pancreatitis or clinically significant 
increases in amylsse. 

One patient in the 300 mg qid group died of wasting syndrome on day 268. 
He had received drug for 214 days. The event was considered not related to 
ritonavir. 

filudy M94-229 
All 30 patients in this study reported at least one adverse event. The most 
frequent adverse events were diarrhea, ciicumoral paresthesias, headache, 
nausea, vomiting and somnolence. Fourteen of the 30 patients experienced 
severe adverse events (4 experienced headaches, :2 nausea, 3 nausea and 3 , · 
CPK elevations). All severe CPK elevations occurmd among patients 
receiving 700 mg bid. In the 700 mg dose group, five patients (38%) had 
myalgias. According to the applicant two of tt1ese cases were considered 
possibly related and there were judged to be not related to ritonavir. Two 
patients had myalgias associated with CPK increases (See section 10.2, for 
additional information e1bout CPK elevations in ritonavir trials). 

Adverse events leading to premature discontinuation included nausea, 
diarrhea, circumoral paresthesia, elevated triglycerides, elevated liver function 
tests, hallucinations and "lung disorder". Other than the episode of 
hallucinations and "lung disorder'', the events leading to premature 
discontinuation are events commonly associated with ritonavir. The patient 
who discontinued secondary to hallucinations had a single episode of 
unknown duration, this individual also complained of dizziness-and vivid 
dreams. This was considered to be possibly related to drug. 

The patient with a lung disorder was withdrawn from study due to increased 
cough and pulmonary congestion. These adverse events resolved and were 
considered to be related to a viral syndrome and probably not related to 
ritonavir. 

Overall, two patients who participated in study 229 died. One patient died 
during tr.e course of the study. This was a patii:int receiving ritonavir 400 mg 
lid, who was taken to a hospital emerger.cy department for symptoms of 
shortness of breath. The patient subsequently went into arrest and died. A 
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chest X-ray nad shown cardiac enlargement and dense infiltrates bilaterally.· 
Primary C?.use of death was thought to be associated with a probable 
myocard;a1 infarction and underlying aortic stenosis. The second death, as 
re~1orterJ in the safety update, was listed a1s non-treatment emergent. The 
cause of death was intestinal c-.ryptosporia'iosis and wasting five months 
following discontinuation of ritonavir. 

Laboratory abnormalities in this study were similar to those reported in other 
studies and included transaminase, triglyceride, cholesterol, and CPK 
elevations. The applicant states that there were no cases of pancreatitis 
associated with elevation of triglycerides in this study. 

8.3.2.3 Reviewer's Conclusions of Phase 2 dose-ranging trials 
According to the applicant's analyses of studies 112/169 and 134/134X, it 
appears that the 600 mg bid dose regimen was associated with the best 
antiviral response as measured by the magnitude and duration of CD4 
increase and RNA decrease. However, the studies were not powered to 
detect these differences with statistical rigor. For equivalent daily doses, a , · 
bid regimen appeared to be superior to more frequent dosing regimens. This 
could be explained by reduced compliance with more frequent dosing. The 
objectionable taste of the liquid formulation used in these trials may have had 
an impact on the results of these trials if it influenced compliance with dosing. 

The 700 mg bid dose may have been associated with a slight111 greater 
treatment effect, however, there are too few patients to offer conclusive 
evidence. In addition the frequency of premature discontinuatiions of this 
regimen was high (greater than 50%). This dose does not appear to be well­
tolerated for chronic use. 

The clinical and laboratory adverse events reported in these trials were 
similar to those reported in the larger phase 3 trials. Due to the small 
numbers of patients receiving drug out to or beyond a year, these trials were 
not particularly helpful in assessing the long-term safety of ritonavir. 

= 
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Refer to Table 7 .1 for a listing of phase 2 and 3 clinica(studies included in this 
application. Studies 112, 134, and 229 were phase 112 dose-ranging studies from 
which the applicant identified ritonavir 600 mg bid (liquid formulations) as the 
preferred dose for study in larger phase 2 and 3 trials. Results from studies 208, 245 
and 247 showed that treatment with ritonavir 600 mg bid as monotherapy or in 
combination with nucleoside analogues was associated with antiviral activity as 
measured by changes in CD4 counw and HIV-RNA. Study 245, the phase 213 triple 
arm study in antiretroviral-naive individuals and Study 247, the two arm study in 
patients with advanced HIV disease, both evaluated changes in CD4 and RNA over 
16 weeks. Study 208 was a noncomparative open-label study in which patients were 
assigned to the triple combination, ZDV+RIT +ddC;. changes in surrogate markers over 
a 20 week period were submitted for this study. Patients randomized to ritonavir­
containing arms in these three trials had robust increases in CD4 c.ounts from 
baseline and robust decreases in HIV-RNA (PCR) from baseline. Treatment with 
ritonavir-containing regimens in studies 245 and 247 was associated with statistically 
superior mean increases in CD4 and statistically superior mean decreases in HIV- , .. 
RNA compared to treatment with a control (placebo for study 247 and zidovudine for 
stuay 245). Table 9.1 compares changes in surrogate markers among treatment 
arms for the two randomized double-blind studies and study 208. 

Table 9.1. Comparison of Changes in Surrogate Markers by Study and 
Treatment Arm. 

STUDY 245 STUDY 208 STUDY 247 
TREATMENT NAIVE TREATMENT ADVANCED DISEASE 

NAIVE (surrogate cohort) 

•·r.,atment Regimen ZDV RIT ZDV+RIT ZDV+ddC+RIT RIT+ Placebo+ 
n=121 n:118 n=116 n=32 baseline RX baseline RX 

n=2111159• n=211/159 

CD4: DAVG-16 S.2 72.6 45.2 - 33.2 .. -0.8 

median CD4. week 20 - - - 87 - -
log,0RNA: DAVG-16 -0.42 -1.03 -0.80 - -0.79 -0.01 

mean log,0RNA, - - - -1.76 - -
week 20 

1 nere were ~ 1 1 on the CU4 c:o iort and 1. " in me r<N cohort. 
Source: NOA 20-659 Vol 1 P\l 129 table 2 (annotated label) 

Demonstration of Clinical Efficacy 
In addition to producing significant increases in CD4 and significan< decreases in 
RNA. the administration o; ritonavir was also associated with clinical benefit in 

= 
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advanced patients (Study 247). This benefit was for both the combined endpoint of · 
disease progression and survival and for survival alone. The primary endpoint for 
study 247 was the clinical endpoint of time to AIDS diseli!!ie progression or death (see 
section 8.1.1 for a detailed description of this endpoint). The p~otocol spec:ified that 
an analysis of clinical endpoints would be performed after the accrual of 191 clinical 
endpoints (occurring after the fintt 28 days of treatment/. This was accomplished by 
Dec. 8, 1995; Abbott closed the clinical database on De1; 15, 1995. After a median of 
5.8 months of rollow-up, 86 of 543 (15.8%) patients randomized to ritonavir had a 
clinical endpoint compared to 181 of 547 (33.1%) patients randomized to placebo. 
This was an approximate 50% reduction in disec.se pr0<;1ression or death. Ritonavir 
was also associated with a survival benefit Thirty one of 543 (5.7%) patients 
randomized to ritonavir died compared to 52 of 547 (9.!5%) randomized to placebo. 
Both findings were statistically significant. 

The results demonstrating clinical benefit of adding ritcinavir to baseline therap~' were 
robust. AN FDA sensitivity analysis imputed an outcome of "progression" for all 
patients with incomplete follow-up. Although this conservative analysis, showed a 
smaller margin of clini..:al benefit between ritonavir an•;j placebo than the applicant's , · 
analysis, the differenet remained statistically significont. 

Combination therapy comparisons 
Study 245 produced unexpected results with respect to the antiviral ar.d immunologic 
activity of the combination regimen, ZDV + RIT. In this study, patients randomized to 
ritonavir monotherapy had statistically superior CD4 i1ncreases and RNA decreases 
from baseline compared to those randomized to the combination treatment of 
zidovudine + ritonavir. These results were not consi~tent with other data submitted in 
the NOA. For example, in study 208, a triple combination of ZDV+ddC+RIT produced 
mean increases in CD4 from baseline of 83 to 106 cells/mm3 and mean decreases in 
RNA from baseline of 1.69 to 1.92 log,0 copies/ml ov1~r the treatment period. 
Although one must be cautious when interpreting comparisons across studies and 
patient populations, the triple combination in study 208 appeared to produce greater 
changes in surrogate markers from baseline than did ri1'.onavir monotherapy in study 
245. 

In addition, surrogate marker and clinical data from study 247 do not support an 
antagonistic effect for ritonavir and nucleoside combinations. Although study 247 was 
not designed to assess the relative activity or efficacy of particular ritonavir 
combinations, the various regimens did not appear to be worse than ritonavir 
monotherapy. In study 247, ritonavir in combination with one or more nucleoside 
analogues appeared to be associated with slightly better activity and efficacy than 
ritonavir alone (see Table 9.2). None of these comparisons were statisticaliy 
significant possibly due to the relatively sma!I n•Jmber of patients (~on.pr. ~ing each 
baseline treatment category. In making such unplanned comparisons, oroe should be 
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Table 9.2. Surrogate Marker Change and clinical marker change in study 247 
by number of concomitant antlretrovirala. 

CD4 HIV-RNA (log10) Clinical endpoint 

On Rltonavlr N Mun N M_,Avwege N Huenl ratio for 
Avwege Change owr d/seue progrnalon 

Cheng• OVflT 16 wee/cs OTdeeth 
16 weeks 

Overall 108 64.2 80 -0.79 543 0.440 

no antlretrovlr&I• 17 18.4 14 -0.43 92 0.788 

one antlretrovlral 56 35.6 42 -0.85 286 0.568 --
two antlretrovirals 35 36.4 24 -0.89 165 0.442 
::;ource: "l'I 1 ::;tua re >11 vo1 l:l, 1au1e JJ, 1;l::>. liiiJte 4'4', ypo pg pg lu" 
Clinical update table 18 vol 1 pg 37. and table10 pg 23 

Possible expianations for the underperformance of the combination arm are li:>ted 
below: 

1) A pharmacokinetic interaction between zidovudine and ritonavir reduced the 
expected activity of the combination. Pharmacokinetic studies with zidovudine 
and ritonavir indicate that this is an unlikely explanation; zidovudine had no effect 
on ritonavir levels and ritonavir produces only modest decrements in zidovudine 
concentrations. A pharmacokinetic effect of this magnitude would not be expected 
to produce a clinically significant reduction in activity of the combination regimen 
compared to ritonavir monotherapy. 

2) Zidovudine and ritonavir are virologically antagonistic. This explanation is also 
unlikely. In vifro studies with zidovudine and ritonavir showed at least additive 
activity. Patients who received the triple combination of ritonavir with zidovudine 
and ddC in study 208 showed surrogate changes of a greater magnitude than has 
been observed for similar patients receiving ritonavir monotherapy in other 
studies. 

3) The poor tolerability and resulting poor compliance of initiating the ritonavir 
liquid formulation concomitantly with zidovudine was responsible for the under 
performance of this regimen. 6ased on several lines of evidence, this appears to = 
be the most plausible eicplanation for the unexpected findings. There were more 
discontinuations and drug interrupUons on the combination arm compared to the 
monotherapy arms. The frequel"1cy of dose-limiting gastrointestinal intolerance 
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was higher on the combination arm. In addition Dr. Leonard (Abbott) presented 
data to the antiviral advisory committee that showed that patients randomized to 
the combination arm had somewhat lower ritonavir ooncenttations compared to 
those randomized to the ritonavir monotherapy arm. An attitudes survey 
conducted after switch from the ritonavir liquid formulation to ritonavir capsule 
formulation indicated that patients randomized to the combination regimen were 
more likely to aHer their ritonavir dosing schedule due to taste aversion compared 
to those who were randomized to ritonavir il10notherapy. This data has not been 
reviewed by FDA; Abbott presented this data to the antiviral advisory committee 
to offer possible explanations for the unexpected findings of study 245. 

In summary, the applicant has shown that treatment with ritonavir is associated with 
antiviral activity and clinical benefit. The total duration of activity and clinical benefit 
in these trials are only known out to 6 months. The activity and clinical efficacy of 
ritonavir administered for longer periods are unknown. Mean decreases in RNA 
among ritonavir treated patients in study 247 were smaller at the end of the 16 week 
period than at earlier time points. Development of resistance may be responsible for 
this pattern of decreasing antiviral response over lime. 

From the data submitted in the application, it is unknown which ritonavir nucleoside 
combinations are associated with ti'~ greatest treatment effect. However, there is 
data to suggest that initiating both ritonavir and zidovudine at full doses in treatment­
naive individuals is not well tolen1ted. A well-tolerated and convenient antiviral 
regimen appears to be an important factor in maintaining patient compliance and 
producing optimal activity. 
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Table 10.1 shows the number of patients included in th1roriginal NOA safety data 
base and the safety update, and the respective duration ot trea~ent exposure for 
these HIV-infected patients. In the original NOA submission, the safety data base 
consisted of 1033 patients in phase 213 studies combined; 76% of all patients were 
exposed to ritonavir for 3 months or less, 5% were exposed for greater than 7 
months. This data base was updated with the submission of a clinical NOA 
amendment (2110/96) which included data on 1140 individuals in phase 2 or 3 studies 
combined. Of these, 430 individuals received ritonavir for at least 5 months. Most of 
the assessment of safety, including frequency of specific clinical adverse events and 
laboratory abnormalities for individual studies is based on the data contained in the 
original NOA (1033 individuals). Updated data for premature discontinuations due to 
treatment emergent adverse or HIV-related events, deaths, and treatment emergent 
serious adverse events were included in the safety update (1140 patients). 
According to Abbott, nearly all of the safety data reflects use of a liquid formuiation of 
ritonavir. 

Table 10.1. Duration of Exposure for Phase 2/3 Studies Combined in Original 
NOA and Safety Update. 

Time interval (Days) 

Days 1-30 31-00 61-90 91-150 151-210 >210 Overall 
n (%) n (%) n (%) n (%) n (%) 

Rltc11avlr 266 115 (11) 309 (30) 233 (23) 36 (3) 74 (7) 1033 
Original NOA (26) 

Rltonavir 312 104 (9) 83 (7) 211 (19) 286 (25) 144 (13) 1140 
Safety Update (28) 

ource: "uoott aav1so ry committee suoe p resen1<1uon. 

Table 10.2 lists the phase 213 studies included in the original NOA submission with 
their respective safety closure dates. 

.. . 
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Ongoing Studies Included In the Integrated Safety Summary 

STUD\' CUT.OFF DATE 

Phase 2 

M94-134X to June 15, 1995 

M94-169 to June 15, 1995 

M94-229 to April 24, 1995 

M94-208 through the first 5 months for all patients 

Phase 3 

M94-245 to the earlier of: 
September 28, 1995 or study week 16 

M94-247 first 16 weeks of study drug administration for those randomized by May 
25, 1995 OR 
through Sept 13, 1995 for patients randomized subsequently 

Source: Abbott 

Demographics 
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The ritonavir safety data base is predominantly comprised of male and Caucasian 
patients. Of the 1033 patients participating in phase 213 studies, 92% were male and 
88% were Caucasian. The mean age was approximately 38 years. 

10.1 Significant Events 

Clinical Adverse events 
The most frequent clinical adverse events for patients receiving ritonavir involved the 
following three COSTART defined body systems: body as a whole, gastro;ntestinal, 
and neurologic. Diarrhea, nausea, asthenia, vomiting, headache, and circumoral 
paresthesia were the most frequently reported adverse event!C: and among the most 
frequent causes of premature discontinuations. Table 10.3 lists treatment-emergent 
adverse events occurring in 10% or more of the 1033 patients receiving ritrmavir in 
either phase 2 or 3 studies. These events include those of all severity anj any 
relatior.ship to drug. Generally the onset of these events occurred within the first 2 
wee~s of treatment and for many individuals these events occurred within the first few 
days. 
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Table 10.3. Treatment-Emergent Adverse Events Occurring in 10% or More 
Patients in Phase 213 Studies Combined. 

RITONAVIR 
SOOY SvsTDilADVERSE EVENT (NS1033) 

n "' 
aooYMA_., 

Aaec PtAL PMN 172 17 - 304 29 

FEVER 117 19 

HeADACH! 244 24 

PAIN Ul6 10 

Oltla1rWSl'S1DI - 114 11 

PIAM>EA 572 55 

DYSPEPSIA 107 to 

NAUSEA 520 50 

VOMmNG 281 27 

HDMC AND L ~T1C SYSTEM 

L VMP>WJENOPATHY 130 tJ 

NlllVOUSSl'STPI 

Cl~ PARAESTl<ESIA 278 27 

OtZZINUS 179 t7 

Pe.RtPtEAAL PAA.AESnESl.A. 168 16 

RESPIRATORY SYSYEM 

F'HAAYNGlllS 107 to 

Sm AND AHENOAGES 

Rf,'IH 159 t5 

S-SINUS 

TASTE f'£AllERSION t19 t2 

ource: r<uA 21) _ _. 1;:,;:,: vol. o::>, pg . ' l ..l. 
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A regimen of ritonavir 600 mg bid was chosen for study in large phase 3 trials based 
on activity and tolerability. The applic-.ant stated that a higher dose, 700 mg bid, was 
associated with an un~cceptable amount of toxicity. Table 10.4 lists the number and 
percentage of individuals experiencing adverse events according to dosing regimen 
from all ph~se 2 dose-ranging studies. This summary is based on adverse events 
which began during the initial 28 days of ritonavir. In general the frequency of 
adverse events was greatest for regimens of 600 mg or 700 mg BID. The frequency 
of adverse events characteristically associated with ritonavir (nausea, vomiting, 
diarrhea, paresthesias) appeared to increase with dose parti:;ularty at doses above 
400 mg or 500 mg BID. 
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Table 10.4 

summary of Treatment-Emergent Adverse Events During the First 28 Days of 
Treatment for All BID Dose Regimens Across Phan 2 Placebo-Controlled and 

Uncontrolled Studies --
Body System/ 200mg 30Dmg 400mg 500mg · 600 mg 700mg 
Adverse Event BID BID BID BID BID BID 

N=12 N=30 N-28 N-29 N=58 N=13 
n 1%1 n 1%1 n 1%1 n IOLI n 1%1 n 1%1 

!;!~~/Whole 

Abel. Pain 2 (17) 3 (10) 2 (7) 0 (0) 5 (9) 5 (38) 

Asthenia 0 (0) 2 (7) 3 (11) 2 (7) 14 (24) 5 (38) 
Fever 1 (8) 1 (3) 2 (7) 2 (7) 7 (12) 1 \8) 
Headache 3 (10) 3 (10) 4 (14) 3 (10) 7 (12) 9 (62) 

Cardiovascular §ntem 
Vasodilatation 0 (0) 1 (3) 1 (4) 1 (3) 5 (9) 4 (31) 

Digestive Smem 

Anorexia 0 (0) 0 (0) 1 (4) 0 (0) 0 (0) 1 (8) 

Diarrhea 2 (17j 5 (17) 8 (29) 11 (38) 22 (38) 9 (69) 
Dry Mouth 0 (0) 0 (0) 1 (4) 1 (3) 4 (7) 2 (15) 
Dyspepsia 0 (0) 0 (0) 1 (4) 0 (0) 4 (7) 2 (15) 
Local Throat 0 (0) 0 (0) 1 (4) 2 (7) 2 (3) 6 (46) 

Irritation 

Nausea 0 (0) 3 (10) 1 (4) 2 (7) 27 (47) 8 (62) 
Vomiting 2 rr> 1 (4) 1 (4) 1 (3) 10 (17) 5 (38) 

Nervous Sntem 
Circ. Pares. 0 (0) 0 (0) 0 (0) 6 (21) 17 (29) 11 (85) 
Dizziness 0 (0) 0 (0) 1 (~) 1 (3) 9 (16) 3 (23) 
Hyperesthesia 0 (0) 0 (0) 0 (0) 0 (0) 3 (5) 5 (38) 

Hypesthesia 0 (0) 0 (0) 0 (0) 0 (0) 1 (2) 0 (0) 

Paresthesia 0 (0) 0 (0) 0 (0) 2 (7) 6 (10) 5 (38) 

Periph. Paresthesia 0 (0) 0 (0) 0 (0) 1 (3) 5 (9) 6 (46) 

Skin and A1111!!ndages 

Rash 1 (8) 0 (0) 3 (11) 2 (7) 5 (9) . 3 (23) 

Sll!!cial Senli!!:l! 
Taste Perversion 0 (0) 1 (3) 1 (4) 1 (1) 0 (0) 1 (8) 

- . •'"" ,, '""' 
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The frequency of selected adverse events according to dose are shown 
graphically in Figures 10.1 and 10.2. Figure 10.1 is a plot of the frequency of 

I • 

diarrhea, nausea and vomiting according to dose. Figure 10.2 is a similar plot = 
for circumoral and peripheral paresthesias. 
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Figure 10.1. 
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Figure 10.2. 
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The applicant explains that the tendency for some adverse events (nausea, vomiting, 
paresthesias) to occur predominantly in the first two weeks of dosing may be 
correlated with the time-dependent pharmacokinetics of ritonavir. Pooling data from 
studies M93-107 (phase 1 dose-ranging trial), M93-112, and M94-229, the applicant 
plotted mean morning ritonavir trough concentrations over 28 days of dosing, (see 
Figure 10.3). In this plot, mean ritonavir trough concentrations decrease after several 
days of ritonavir dosing. This may indicate possible auto-induction of metabolism. 
The applicant suggests that some of the early ritonavir-associated toxicities may be 
associated with higher ritonavir concentrations which occur before steady state is 
reacned. This data is used in support of the dose escalation scheme (See Dosage 
and Administration, package insert) for initiation of ritonavir. 
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Figure 10.3 
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As reported in the original NOA, 223 (21.6%) of the 1033 patients participating in 
either phase 2 or 3 studies prematurely discontinued ritonavir secondary to an 
adverse event. This percentage of premature discontinuations increased slightly to 
258/1140 (22.6%) for the patients included in the safety update. The type of adverse 
events included in the safety update were similar to that submitted in the original 
NOA. 

Table 10.5 lists the types of clinical adverse events that resulted in premature 
discontinuation of ritonavir in at least 1% of 1140 patients (safety update) participating 
in either phase 2 or 3 studies. Nausea. vomiting. diarrhea. and asthenia were the 

' . 
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most frequent events leading to premature discontinuation. Comparing tables 10.3 · 
and 10.4 offers perspective on the significance of some.clinical evtmts. For example, 
although circumoral paraesthesia was reported in 27% of patients, it was infrequently 
reported (2% of patients) as the primary reason for premature ·diso.lntinuation of 
ritonavir. 

= 
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Table 10.4. Treatment-Emergent Adverse Events Resulting in Premature 
Discontinuation for ~1"/o of Patients In .Phase 2 or 3 Studies 
Combined. 

RrToNAVIR 
BODY SYSTEM/ADVERSE EVENT (1181140) ., 

% 

BOOY.UA __, 

A800IMNAL PAJH 14 1 

As1HEHA 43 " 
FINER 8 1 

H~CIE 21 2 

tML.~SE 6 < 

DICESTIW SVSTEM 

ANOREXIA 16 1 

OIA/IRHEA 52 5 

0Y5PEP51A 12 , 
LIVER FCN TESTS ABNORMAL 11 1 

LOCAL THROAT IRRITATION 9 1 

...USEA 110 10 

VOMITING 64 ,. 
" 

Ml'T.UOUC 

HYPERLfptOEMIA 6 1 

NEAVOUS SnTEAA 

CIRCUMORAl PARAESTliESIA 20 2 

DIZZINESS 16 2 

PARAESTHESIA 9 1 

PeRIPIERAL PAAAESTHESIA 10 1 

SoMNOl.ENCe 7 1 
.. 

Stew AND A1¥ENDAGES 

RAsH 11 1 

SYIEATING 7 1 

Sl'ECW. SENUs 

T ,t.$TE PeR\.'ERSION 36 3 

ource: NUA, ·-· VOL O:>, pg Ll~. 

10.1.1 Deaths 
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According to the applicant, by December 25, 1995 (the clinical and safety update 
closure date). there were 36 deaths among the 1140 patients receiving ritonavir in 
either a phase 2 or 3 study (safety update); 15/36 deaths were "treatment 
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emergent", occurring on treatment or within 30 days of discontinuation. Most of 
the deaths (30/36)\ occurred in patients with advar:i~d disease participating in 
study 247. This study showed a survival advantage for patients ran~omized to 
ritonavir compared to placebo. In addition to the deaths among patients 
participating in study 247, there were five deaths in phase 2 uncontrolled studies 
and one death in a patient participating in a clinical pharmacology study.• 

BB 

Abbott con~idered two deaths in study 247 to he possibly related to ritonavir 
treatment. These were patients #1056, whose caus~ of de.ath was listed as 
interstitial pneumonia and #1062 whose cause of death was listed as toxic 
epidermal necrolysis. The investigator for patient 1062 considered the cause of 
death as probably not related to ritonavir. Both of the~;e cases were submitted as 
10-day safety reports. A discussion of these events r.:an be found in section 
10.1.3, ·10-ctay safety reports." 

In conclusion, causes of death among patients participating in phase 2 or 3 
studies were heterogeneous and were considered to be unrelated to ritonavir in 
most cases. Most deaths occurred more than 30 days after discontinuation of 
ritonavir and among patients with advanced P.IDS participating in :>tudy 247. It 
should be noted that after submission of the safett update, an additional 5 deaths 
were discovered among patients who were lost to follow-up on the ritonavir arm of 
study 247; Abbott had not submitted the cause of death for these 5 patients at the 
time of this review. These deaths are included in the clinical effii:acy analysis. 

10.1.2 Other Significant Events 
In the original NOA, Abbott i:ubmitted narratives and case report forms for all 
patients who had died or discontinued stuay drug due to adverse events. 
Case report form requirements (for deaths and drop-outs) were waived for the 
clinical an J safety update submitted on 2/B/96. As part of the FDA review, all 
narrative sL.mmaries from the two phase 3 trials were reviewed for clinical 
adverse events other than those most commonly reported as reasons for 
treatment discontinuation (e.g., events other than nausea, vomiting, diarrhea, 
and asthenia). For example, any even~ dealing with visual or retinal changes, 
hepatili'> or liver dysfunction were considered to te important, since animal 
toxicology stuaies showed that liver and retina (rats) were target organs of 
toxicity. Epigaslric abdominal pain, pancreatitis, or severe abdominal signs or 
symptoms were also conr"dered to be of interest, since ritonavir has been 

'These 30 deaths among patients receiving ritonavir include patients originally randomized to 
placebo who switched-over lo open-label ritonavir. 

6Five days alter discontinuing ritonavir, this individual. wtlh a history of depression. committed 
SIJICldC IJy 1ngesf/on Of Windshield Wiper nwd (meJhanoJ) 
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shown to increase triglyceride levals which could potentially increase the risk 
for pancreatitis. Since ritonavir has also been associated with neurologic 
symptoms, primarily various types of transient paresthesias and dizziness. 
severe neurologic findings, such as syncope or paralysis were of·potential 
concern. Based on these broad criteria, we reviewed case report fonns on all 
patients who had reported adverse events that were concerning or unusual. 
Table 10.5 is an alphabetical listing of potentially significant adverse event.c; 
from studies 245 and 247; case report fonns were reviewed for all of these 
events. 

Table 10.5 

Study 247 
acute brain syndrome 
allergic reaction 
amylase/ abdominal pain 
grand mal seizure 
hallucinations 
hepatic encephalopathy 
edema, face/lip 
eye pain 
flank pain 
hematuria (in a male), 
hyperglycemia 
irregular heart rhythm 
kidney stone 
neck rigidity 
pancreatitis 
palpitations 
rash 
retina, ·brown spot" noted 
tremor, persistent hand 
visual changes 
visual disturbances: 

Study 245 
blindness 
bradycardia 
colitis, bloody stools 
confusion 
duodenitis, melena 
hematuria 
edema,· tongue 
edema peripheral 
hepatitis 
melena 
muscle cramps 
oral ulcer 
pancreatitis 
paralysis, leg 
photophobia 
rash 
retinal disoraer 
syncope 
tremor 

Patient case report forms noting the above adverse events were reviewed. In 
summary, the following was found: 

Eye Disorders 
There is no clear evidence showing that ritonavir is agsociated with significant 
'lisual or retina! changes or other eye disorders, except when administered 
concomita:1t1y with rifabutin. Much of the symptomatology in patients with visual 
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disturbances were vague or transient. For example, the reported case of 
blindness (study 245) lasted less than a minute. T~!;!re was no documentation of 
follow-up for the individual reported to have a "brown spot" on the retina The 
individual in study 245 with reported "retinal disorder" had nonspecificfchanges 
possibly consistent with HIV-associated retinopathy. One individual with eye pain 
was also receiving rifab1..>tin. This may have represented rifabUtin-associated 
uveitis (see Drug-drug interactions). Another individual had photophobia that 
appeared to have a temporal relationship with ritonavir administration; this was 
also associated with nausea and vomiting. 

Allergic Reaction 
It is not clear if ritonavir is associated with a true allergic reaction per se, but 
rather may produce a set of severe symptoms (such as nausea, vomiting, 
paresthesias and dizziness) that patients interpret as constituting an allergic 
reaction. However, there we found two cases of edema involving the tongue, face 
or lips. The case report form descriptions of these findings did not appea; 
to be characteristic of classic anaphylactic reactions. 

Abdominal Pain, Colitis. Pancreatitis 
Ritonavir has been associated with symptoms of abdominal pain. Sometimes 
abdominal pain W3S described as cramping and associated with diarrhea. There 
were a few cases of possible pancreati!.is. With respect to pancreatitis, one 
patient (study 245) also had cholelithiasis and elevated amylase levels at 
baseline. Another patient (study 247) had LUQ pain and a normal amylase, 
according to the case report form. In study 247 a well documented report of 
pancreatitis occurred in a woman with conc-,omitant elevation of triglycerides (see 
section 10.2 for a more complete description). This case occurred after the 
original NOA safety data closure date and was reported in a 10 day report. 

There were also a few reported cases of colitis, melena and duodenitis. It is 
unclear if ritonavir was responsible for the signs and symptoms suggestive of 
erosive gastrointestinal disease. The patient with colitis and bloody stools (study 
245) had a baseline history of colitis. One patient with melena was also taking a 
NSAID. The other patient reported to have duodenitis and melena (study 245) 
had abdominal cramping, RLQ pain and melena that was considered to be 
possibly related to ritonavir. One patient's cause of death was listed as fatal 
gastrointestinal hemorrhage (See section 10.1.3 for a narrative). 

Hepatic Dysfunction 
Elevations of liver function tests have occurred temporally with ritonavir 
administration: the frequency of extreme elevations of transaminases is shown in 
Table 10.6. Elevations of transaminases \~ere observed in some patients in all 
phase 2 and 3 studies: liver toxicity was a'so observed in animal studies. The 

~,·. 
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case of hepatitis noted in the above listing occurred in an individual with hepatitis 
C who was also receiving INH. A report of hepatic encephalopathy (sturly 247) 
occurred in a patient who was positive for hepatitis· i3 surface antigen. Several 
weeks after receiving ritonavir this patient developed elevation of liver function 
tests, "episo1es of staring•, and increased concentraticns of serum ammonia. 
This could be an example of a drug-induced exacerbation of underlying hepatitis 
(See section 10.3.2, 'Drug-Disease Interactions') Six patients in study 112 
discontinued ritonavir due to increases in transaminases. Five of these patients 
had underlying liver disease at baseline, indicating a potential drug-disease 
interaction. 

Dysrhvthmia 
There were a few reports of rhythm disturbances. The case of bradycardia was 
noted in a patient also receiving terfenadine. Concomitant use of this drug was 
not allowed in the protocol (protocol violation) and will be contraindicated in the 
label due to a probable pharmacokinetic interaction. 

Renal calculi 
Another protease inhibitor in development, has been associated with lcidney 
stones. In ritonavir studies 245 and 247, there were a few cases of hematuria, a 
report of flank pain and a report of kidney stones. The patient diagnosed with 
kidney stones had a history of nephrolithiasis at baseline. At present, there is no 
clear evidence that ritonavir is associated with renal calculi. 

Neurologic symptoms 
Certain neurologic symptoms, such as circumoral paresthesias, and paresthesias 
were reported relatively frequently among individuals receiving ritonevlr in all 
scudies. The mechanism of action for paresthesias is not known. Dizziness, light 
headedness and incoordination have also been reported among patients receiving 
ritonavir. A few cases of syncope, some temporaily related to ritonavir 
administration, were reported. Tremors (sometimes persistent and interfering with 
daily activities), seizures, hallucinations, and confusion were also reported. For 
one individual patic;pating in study 245, confusion was described as lack of motor 
coordination, but later described as a difficulty in concentrating and accomplishing 
simple tasks. The case of leg paralysis (study 245) apparently lasted 4 hours 
and was associated with muscle cramping. It is unclear if these cases represent 
more severe manifestations of the neurologic symptoms that are more frequently 
associated with ritonavir or if they are related to underlying HIV disease. The 
report of acute brain syndrome (study 247) was attributed to possible CMV 
ventriculitis. 
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Other events reported include: rash, muscle cramps, hyperglycemia, oral ulcer, 
and peripheral edema. Rash of any severity occurred in up to 15% of individuals 
and was a reason for discontinuation in 1 %. Rash was sometimes described as 
maculopapular and was associated with other frequently associated ritonavir 
adverse effects. The report of periph.,ral edema (study 245) was associated with 
skin inflammation and swelling. The report of mouth ulceration (study 245) was 
also associated with a "skin reaction and swelling•. 

A report of hyperplycemia (study 247) refers to a case of adult onset diabetes that 
was diagnosed d1.mng treatment. The investigator judged this as an unrelated 
event. 

A discussion of muscle cramps and related symptoms is included under the 
laboratory "t>normalities section dealing with CPK elevations. 

10.1.3 10-Day Safety reports 
Serious and unexpected adverse events, submitted as 10-day safety reports, are .. ,. · 
:isted in Table 10.6. 
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Patient Study Event Relationship Relationship 
ID Investigator Abbott --
339 

3232 

1 

214 

--
2447 

-
2493 I 

-------
13!i2 

1028 

2465 

1024 

1056 

1955 

1062 

' 
1538 I 
1867 

2243 I 
2291 

1926 ~ ~ . 
ddl/ABT 1nteracuon s1uoy 

""This patient was receiving rifabutin; joint pain and hepatic abnormalities may be attributed to the 
interaction. 

The case of pancreatitis is discussed under section 10.2 "Laboratory 
Abnormalities". A few serious and unexpected events resulted in fatalities. 
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Narratives for these cases follow: 

Patient #1062, whose cause of death was listed as TEN, hE£d a past medical 
history notable for hyperuricemia and "ilk1efined kidney problems". The patient 
began ritonavir on 5113195. On 916/95, the patient developed skin "bumps" 
bilaterally over both legs, which were attributed to insect bites. On 9127195 the 
patient developed a red itchy rash which evolved into blisters. The etiology of 
the rash was thought to be possib:y related to allopurinol (which was started on 
9/1/95). Ritonavir was discontinueJ on 9126 and allopurinol on 9128. The 
patient was admitted to the hospital on 9/29/95 and expired on 10111/95; the 
cause of deeth was listed a TEN. 

Comment: 
The Zyloprim fallopurinol) package insert includes severe rashes under the 
Warning section of the label. It states, Min some instances a skin rash 
may be followed by more severe hypersensitivity reactions such as 
exfo/iative, urticaria/, purpuric lesions, as well as Stevens-Johnson 
syndrome and/or generalized vasculitis, irreversible hepatotoxicity and on ,, .. 
rare occasions death. M Under the Adverse Reactions section TEN is listed 
under the category, #Incidence less than 1 %, probably ca.; sally re/1Jted*. 

i spoke with Dr. Leonard (see telecon minute 1 ·1/.'4195) abCJut this event 
and questioned him if this could represent a PG.SS .,,e drug-drug interaction 
between ritonavir and al/opurinol. He stated that a pharmacokinetic 
interaction was unlikely as al/opurinol is primarily excretr.d by the kidneys. 
Allopurinol is not metabolized by CYP3A. 

Patient #1056, whose cause of death was interstitial pneumonitis, began 
blinded study ritonavir on 5/12195. On 7126/95, the patient began intralesional 
treatment of KS with bleomycin. Starting 8/95, the patient complained of 
fatigue, and shortness of breath. This worsened over time. On 10116/95 the 
patient was hospitalized with shortness of breath and cough. Two days after 
thoracotomy, the patient died of progressive respiratory insufficiency and 
cardiac arrhythmia. Lung biopsy showed interstitial pne1.1.nonitis with fibrosis. 
This ev~nt was considered to be possibly related to ritonavir. 

Comment: 
This is the only report of unexplained fatal interstitial pneumonitis among 
patients receiving ritonavir. The patient had received bleomycin which is 
associated with pulmonary fibrosis, however, this was given " 
intralesionally. The package insert for bleomycin stares that pulmonary 
fibrosis has been observed ar low doses. 
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11er deaths considered to be possibly related to ritonavir occurred after -
closure of the clinical data base. Patient #i 926 suffered gastrointestinal 
hemorrhaging from ar. unknown site. Gastroscopy and colonosCQpy were 
negative. The investigator attributed the hemorrhage to lymphoma but this was 
not confirmed. Abbott considered this event to be possibly related since no 
other likely cause was confirmed. Melena and hematochezia were reported in a 
few patients in study 245. Hematochezia oi.;eurred in a patient who h&.d a 
history of colitis, melena occurred in a patient who was also taking concomitant 
NSAIDS (see section 10.1.2 above). 

Patient #2291 collapsed died approximately 36 hours after taking two doses of 
ritonavir. The patient had a history of asthma and hypertension. Prior to his 
death he had been treated in an emergency room for nausea and vomiting, 
which the patient attributed to ritonavir. The patient was given IV hydration, 
ventolin and sent home. Early the next morning, he had another episode of 
asthma and collapsed several hours later. 

Comme11 •· ,,_ 
Across p11ase 3 trials, ritonavir did not appear to be associated with 
increased respiratory abnormalities except for a possible slight increase in 
the frequency of cough. A possible allergic reaction with tongue edema 
was described in one safety report, however, the description of that event 
did not appear to be compatible with anaphy/axis. Nausea and vomiting, 
sometimes severe, has definitely been associated with ritonavir. It is 
unclear from the description of this event, if the vomiting continued up to 
the point of the eventual collapse and dearh. An autopsy report is 
pending. 

10.1.4 Overdosage exposure 
There is essentially no clinical information regarding ritonavir overdosage. One 
patient took 1500 mg/day for two days. This dose is only slightly higher than 
the 1400 mg/day studied in dose-ranging study 229. This patierifreported 
paresthesias which resolved after the dose was decreased. 

10.2 Laboratory Abnormalities 
In general, ritonavir had favorable effects on hematology parameters compared to 
control arms in studies 245 and 247 {zidovudine and placebo, respectively}. 
However ritonavir was associated with several abnormalities in chemistry 
laboratories. Table 10.6 lists the percentage of patients, occurring in at least 2%, 
who experienced extreme elevations in laboratory abnormalities in phase 2 and 3 
studies combined_ The most frequent marked :al:'loratory abnormality was 
elevation of GGT_ Sometimes GGT elevations occurred without concomitant 
elevations in transaminases, which Abbott attributed to enzyme induction rather 
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than hepatic pathology. At this point it is not known what clinical effects isolated· 
GGT elevations will have over time. Elevation of transaminases have been 
temporally associated with ritonavir administration. ·These abnormalities appear to 
be reversible upon discontinuation of drug. Patients with chronic hepatitis (B or C) 
or with abnormal transaminases at baseline may be at increased risk for ritonavir 
associated hepatic toxicity. 

Table 10.6. 

Chemistry Lab 

GGT 

ALT/SGPT 

AST/SGOT 

CPK 

Triglycerides 

Uric Acid 

Amylase 

Potassium 

Percentage of Patients Experiencing Extreme Laboratory 
Abnonnalitles in Phase 2 and 3 Studies 

~·:. 

Criteria for "Extreme" Percentage of patients 

( >300 IU/L) 12% 

( >:!15 IU/L) 4% 

( >HlO IU/L) 6% 

(>1000 IU/L) 8% 

(>1500 mg/dl) 7% 

(>12 mg/dl) 2% -
(>2 XULN) :?% 

(<3 mEq/L) 2% 

:>ource: .v1" ac l<.a p g e insert 

CPK 
Table 10.7 shows the percentage of patients experiencing extreme CPK 
elevations by treatment arm in stud;es 245 and 247. In study 245, extreme CPK 
elevations occurred in approximately 7 'o 8% of individuals across all treatment 
arms. A similar number of patients rec1~iving zidovudine monotherapy and 
ritonavir monotherapy had CPK elevatkms.. In many cases the extreme CPK 
elevations were i!lolated abnormal values or abnormalities that rell,1fned to 
baseline while therapy continued. In .;tudy 245, the applicant reports 4 patients 
who had temporally related myalgias, myositis, or muscle weakness associated 
with extreme elevations of CPK. Twc of these individuals were on zidovudine 
and one each was receiving ritona11ir and combination therapy, respectively. In 
study 247, according to the applicwit, there was not an increased number of 
patients with myositis, myalgias, or muscle weaknes5 on the ritonavir arm 
compared to placebo. Two patients receiving ritonavir 700 mg bid in study M94-
229 had myalgias concomitant with CPK elevations. 
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Table 10.7. Number of patients with extreme CPK elevations in studies 245 
and 247. 

Study 245 Study 247 

97 

ZDV RIT ZDV+RIT Placebo Rlton•vir -
Number(%) with 7 (7.1) 8 (7.5) 7 (7.0) 24-(4.5) 43 (8.6) 
Extreme CPK elevation 

Number (%) with 0 0 0 18 (3.6) 1 (0.2) 
Extreme Uric Acid 
elevation 

Uric Acid 
There were no cases of extreme uric acid elevations in study 245. In study 247 
there were a greater numrer of patients with extreme elevations of uric acid for 
those randomized to ritonavir compared to placebo; 18 patients (3.6%) 
randomized to ritonavir had extreme uric acid elevations compared to 1 patient 
(0.2%) randomized to placebo (See Table 10.7). There appeared to be an 
interaction between ritonavir and the antimycobacterial d;-ugs, INH, ethambutol 
and pyrazinamide for this particular lab abnormality. Thirteen of 18 patients with 
extreme uric acid elevatbns were receiving at least one antimycobacterial 
concomitant with ritonavir. Four patients had episodes of gout in study 247, all 
were on the ritona'-1:r arm. Two of the four patients with gout also had extreme 
elevations of uric acid; one was receiving concomitant ethambutol. 

Triglycerides 
Triglyceride elevations, both fasting and nonfasting, have been observed in all 
ritonavir phase 2 and 3 studies. A higher percentage of patients participating in 
study 247 (advanced disease) had extreme elevations compared to those in study 
245 (less advanced). The concern with extreme elevations of triglycerides is the 
potential for an increased risk of pancreatitis. To assess this risk, we reviewed 
cases of triglyceride elevation to look for associated signs or symptcins 
suggestive of pancreatitis. In study 247, 54 individuals had extreme elevations of 
triglycerides (>1500 mg/di). Of these, 21 had triglyceride !evels exceeding 2000 
mg/di. None of these 21 patients had elevations in amylase levels. Of the 
remaining patients wi~h elevations between 1500 and 2000 mg/di, only small 
isolated changes in amylase were noted. In addition, abdominal pain was not 
reported more frequently among patients with extreme hypertriglyceridemia 
compared to those who did not develop extreme elevation of triglycerides. In 
study 245. only 4/233 individuals randomized to a ritonavir-containing regimen 
developed extreme elevations of triglyce;-ijo:;; none of the 4 ;: atients had 
concomitant abnormalities in amylase. 

-........ 
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For studies 229, 112/169, line listings were reviewed for patients with elevated 
triglycerides. Five patients in study 169, 5 patients in study 229 and 3 patients in 
study 112 had triglycerides >1 OOOmg/dl. None of tliese patients had evidence of 
clinical pancreatitis. Patient #239 in study 169, with a history of diabetes 
secondary to treatment with steroids for bronchospasm, had both elevated 
triglyceride and amylase levels. At baseline the patient had nonnal triglycerides 
and amylase levels. During the study, triglycerides exceeded the extreme 
criterion and was associated with hyperamylasemia and vomiting. An abdominal 
ultrasound at that time revealed "splenomegaly without signs of portal 
hypertension." The pancreas was noted to be normal. The amylase was not 
fractionated, and in the opinion of the physician the patient did not have 
pancreatitis. 

There was one case of confirmed pancreatitis in study 247. This occurred in a 
female patient with elevated screening triglycerides (1310 mg/dL). The patient 
started study treatment on 6/1/95; on 10/16/95 her triglyceride level was 1242 
mg/dl. She awoke on 10/27/95 with severe abdominal pain and vomiting and 
was subsequently hospitalized. Amylase was 500 IU/mL and an ultrasound ·,-. 
revealed pancreatitis with a small amount of peripancreatic fluid. The patient 
recovered completely and was discharged on 11/3/95. On follow-up, triglyceride 
levels decreased to normal (200 mg/dL). A later follow-up safety report revealed 
that the patient had been off study drug for 2 months prior to the onset of 
pancreatitis. 

Comments: 
The one case of confirmed pancreatitis in study 247, to date, occurred in 
an individual who was apparently off study drug for 2 months and who had 
a history of hypertriglyceridemia prior to starting ritonavir. The potential for 
pancreatitis secondary to marked elevations of triglycerides remains a 
concern. Prescribing physicians will need to be cognizant of this potential. 

Patients also had increases in cholesterol above baseline. Extreme 
elevations, defined as concentrations greater than 500 mg/dl, were 
infrequent, however, lesser degrees of hypercholesterolemia over the long 
run could potentially be associated with significant clinical adverse events. 

10.3 Drug interactions 

10.3.1 Drug-Demographic Interactions 
In the evaluation of adverse events, Abbott performed subgroup analyses for 
race, gender. and age. From the data submitted there did not appear to be 
any consistent or clinically meaningful drug interactions for safety 
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There were several statistically significant drug-demographic interactions for 
efficacy, although these results are confusing. Drug-demographic interactions 
were not consistent across trials or for surrogate·versus clinical outcome. For 
example, in study 247 the treatment effect of ritonavir compared to placebo 
for RNA response was larger for whites than for nonwhites. The opposite 
was found in this study for the clinical outcome. In study 245 the change in 
RNA from baseline for all treatment groups was larger among whites; 
however, the differences between pairs of treatment groups were similar for 
the two racical groups. 

10.3.2 Drug-Disease Interactions 
Table 10.8 displays the percentage of patients, in phase 2 and 3 studies 
combined, experiencing extreme hepatic chemistry abnormalities as a 
function of baseline viral hepatitis serologies. A slightly larger percentage of 
patients had extreme SGPT elevations if they were hepatitis B surface 
antigen positive or hepatitis C antibody positive at baseline. An association 
was not as apparent for other hepatic chemistry labs. 

Table 10.8. 

INCIDENCE OF HEPATIC CHEMISTRY ELEVATIONS AS A FUNCTION OF 
HEPATIC SEROLOGY IN PHASE 2/3 STUDIES 

Positive (n=55) 

Negative (n=698) 

Positive (n= 45) 7% 16% 0% 

Negative (n=362) 13% 5% 2% 

10.3.3 Drug-Drug Interactions 

Bilirubin 

2% 

1% 

0% 

1% 

Please refer to the review completed by members ':>f the Division of 
Biopr~rrnaceutics for details regarding ritonavir drug interactions. Ritonavir 
may inhibit the metabolism of drugs metabolized by CYP450-3A. There are 
several irr.portant pharmacokinetic interactions of interest. Table 10.9 
summarizes the effect of ritonavir on other drugs, based on data from 
ph<1rmacokinetic interaction studies completed by Abbott. Ritonavir -
significantly affects the metabolism of desipramine, rifabutin, clarithromycin. 
estrogen, didanosine, saquinavir, zidovudine, and theophylline. In addition to 
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the drugs studied, there are many other drugs with which ritonavir might 
interact based on similarities in metabolic pathways. Abbott lists these drugs 
under the CONTRAINDICATIONS or PRECAUTIONS section of the product 
label. 

Table 10.9. Ritonavir's effect on other drugs 

Drug Direction of Effect Magnitude 

clarithromycin increases concentrations moderate 
77% increase in AUC 

desipramine increases concentrations large 
145% increase in AUC 

didanosine decreases concentrati<>ns small 
13% dPcrease 

ethinyl estradiol decreases concentratiOns moderate 
40% decrease AUC 

rifabutin increases concentrations large 
4 fold, contraindicated 

Saquinavir increases concentrations large 
50 -fold 

theophylline decreases concentrations moderate 
32% decrease 

zidovudine decreases concentrations small-moderate 
25% decrease 

:source: N\.11w1" ac"" e insert p 9 

Since patients in study 247 took a mean of approximately 11 concomitant 
medications, there was opportunity to observe adverse events due to potential 
ritonavir drug interactions. Of the drugs shown to have clearance decreased by 
co-administration with ritonavir, adverse events have been reported with the 
concomitant administration of rifabutin and ritonavir. In study 247, increased 
reports of uveitis, arthralgia, leukopenia, and dyspepsia occurred among 
patients who took rifabutin and ritonavir concomitantly compared to those who 
did not. Table 10.10 tabulates the number (percentage) of patients in study 
247 who developed adverse events according to ritonavir and rifabutin use. 
Ten of 181 patients (5.5%) receiving rifabutin concomitantly with ritonavir 
reported uveitis compared to one patient receiving ritonavir without rifabutin. 
Due to the small number of patients in each grouping, Abbott did not conduct 
statistical analyses to identify an interaction; however, given the magnitude of 
the pharmacokinetic interaction, this difference in the number of cases of 
uve1hs is compelling. 
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Arthralgia was seen in 18 (10%) patients receiving both rifabutin and ritonavir 
compared to 11 (3%) on ritonavir alone. Arthralgias were reported in 
approximately 2% of patients randomized to placebo· (See Table 10.10). 

Comment: 
In general, while rifabutin concentrations have been shown to be elevated 
when administered concomitantly with ritonavir, the frequency of rifabutin­
assodated adverse events in patients receiving both drugs in study 247 was 
relatively low ( < 5%J. Uveitis is a reversible condition, as reported in studies 
of prophylaxis and treatment of Mycobacterium avium. Abnormalities in 
hepatic chemistries are also important to consider; however, in this study of 
relatively short duration there did not appear to be increased hepatotoxicity 
among patients 1eceiving ?!'le two drugs concomitantly. · Tl:e use of ritonavir 
and rifabutin may cause increased adverse events; however, there may be 
situations for which suitab!e alternatives for rifabutin are not available (e.g., 
macrolide-resistant MACJ. In those particular situations one may consider 
using the combination with caution. For the product label, Abbott requested 
that the concomitant use of rifabut.'n and ritonavir be contraindicated until ' · 
further studies are completed. 

Table 10.10. 

ADVERSE EVENTS WITH RITONAVIR AND RIFABUTIN 

WITH RIFABUTIN WITHOUT RIFABUTIN 

PLACEBO RITONAVIR PLACEBO RITONAVIR 
(N=173) (N=181) (N= 372) (N=360) 

ARTHRALGIA 5 (2.9%) 18 (9.9%) 9 (2.4%) 11 (3.1%) 

MYAlGIA 12 (6.9%) 12 (6.6'%) 20 (5.4'%) 20 (5.6'%) 

LEUKOPENIA 11 (6.4%) 9 (5.0'%) 20 (5.4'%) 22 (6. 1 '%) 

ANEMIA 8 (4.6%) 11(6.1'%) 27 (7.3'%) 10 (2.8'%) 

UVEITIS 2 (1 .2%) 10 (5.5'%) 1 (0.3'%) 1 (0.3'%) 

DYSPEPSIA 8 (4.6%) 24 (13.3'%) 26 (7.0'%) 35 (9.7'%) 

RASH 22 (12.7%) 29 (16.0'%) 55 (14.8'%) 63 (17.5'%) 

LFTs ABNL 1 (0 6%) 5 (2.8'%) e (2.2'%l 13 (3.6'%) 

SKIN 1 (0.6%) 6 (3.3'%) 7 (1.9'%) 0 (0 0%) 
DISCOLORATION 

Source: Abbott Safety Update (2/ /:m). rat>le 1u.1.... ~.1. 

In addition the adverse events observed with the co-administration of ritonavir and 
rifabutin. there were more patients with elevated uric acid levels when ritonavir was 
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administered concomitantly with some antimycobacterial drugs, specifically INH, 
ethambutol, or pyrazinamide. (See section 10.2). The mechanism for this potential 
interaction is not known. 

A phamiacokinetic study demonstrated an interaction between ritonavir and 
clarithromycin. Mean clarithromycin concentrations (AUC) were 1.78 times higher 
when clarithromycin was administered with ritonavir compared to when it was 
administered without ritonavir. Previous studies of clarithromcyin for M. avium 
prophylaxis have demonstrated an increase in mortality in patients who received 
clarithromcyin 1000mg BID compared to those who had received 500 mg bid. 
Because of this, the current clarithromycin label recommends a maximum dose of 
500 mg BID for both the treatment and prophylaxis of M. avium. Although there is 
no explanation for the increase in all-cause mortality associated with higher doses 
of clarithromycin (1000 mg bid), increased exposures to parent drug or metabolite 
may a contributing factor. Abbott reports that total clarithromycin and metabolite 
concentrations with clarithromycin 500 mg bid in the presence of ritonavir are less 
than those reported for clarithromycin at 1000 mg bid. To explore further the 
clinical implications of this interac..'tion, study 247 was reviewed regarding deaths ... 
and the concomitant administration or clarithrornycin and ritonavir. 

Table 11 below demonstrates the tabulation of study treatment and categorical 
clarithromycin usage for the outccrne death. This analysis was not pre-planned 
and is subject to bias. In general, both placebo and ritonavir had more deaths with 
the concomitant use of clarithromcyin. 

Table 10.11. 

DEATHS ACCORDING TO TREATMENT ARM AND CLARITHROMYCIN USE 

CLARITHROMYCIN NO CLARITHROMYCIN 

RITONAVIR 8.3% (131156) 4.7% (18/385) 

PLACEBO 12.3% (18/146) 8.5% (34/399) 

The reason for clarithromycin use may be associated with outcome. Treatment of 
MAC: may have a different morbidity and mortality outcome than prophylaxis of MAC 
or trea•.ment of other bacterial infections. Table 10.12 lists reasons for clarithromcyin 
administration among those who died according to study treatment arm. 
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REASONS FOR CLARITHROMYCIN USAGE A111!9NG DEATHS 
BY STUDY ARM 

RITONAVIR .PLACEBO 

MAC TREATMENT 23% (3113) 22% (4/18) 

MAC PROPHYLAXIS n% (10113) 56% (10/18) 

OTHERt 0% 22% (4/18) 

T 1nc1uaes cougn, oron.-ums, un:au.ing c1 u1ty ano oactenal propny IS 
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Among patients who had received clarithromycin, there were four deaths that were 
attributed to disseminated MAC, two on each arm. A similar percentage of 
patients for the two treatment arms were treated for MAC with clarithromycin. 
The number of patients in each cell were too small to draw any conclusions 
regarding a ritonavir/clarithromycin clinical interaction. The frequency of death 
was increased among patients receiving clarithromycin for ))oth treatment arms. 
Additional phase 4 safety data may increase understanding of a potential 
ritonavir/clarithromycin drug interat.1ion. At this time tile product label does not 
recommend dose reduction of clarithromcyin when taken concomitantly with 
ritonavir except for patients with abnormal renal function. 

Comment: 
Dosage reduction of clarithromycin is recommended in renally impaired 
patients when coadministered with ritonavir. Clarithromycin is both 
metabolized and renal/y eliminated. In the presence of ritonavir, renal 
elimination of clarithromycin is the major remaining clearance pathway. The 
applicant has modeled AUCs based on information from studies M90-494 
and M94-:007. In order to achieve a target AUC below that achieved with a 
1000 mg BID dose of clarithromycin the following recommendations were 
made: Creatinine clearance between 30 and 60 mUmin dose clarithromycin 
250 mg q 12 hours; creatinine clearance below 30 dose clarithromycin 250 
mg q day (See Labeling review). 

Abbott is in the process of completing a drug interaction study to assess the effect 
of the administration of either rifabutin or rifampin on ritonavir Preliminary data 
indicate that rifampin decreases ritonavir AUCs by 35%. Completion of this trial 
may yield data that would allow a dosage adjustment scheme for indivuduals who 
require concomitant treatment with rifampin and ritonavir. 

' . 

= 
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During the course of the ritonavir review, labeling comments we:~ conveyed to 
the applicant. The following highlights FDA suggested modifications to the label 
or changes that were prompted by feedback from the antiviral drug products 
advisory committee. 

11.1 Clinical Phannacology 
We recommended that Abbott include data for ritonavir cross resistance 
with other antiretrovirals, specifically protease inhibitors. Emphasis 
should be placed on the phenotypic susceptibility of clinical HIV isolates 
from patients who had developed resistance to ritonavir to other prolease 
inhibitors currently marketed or in development. The amount of data 
available was small and selected. Given the current amount of 
information available with respect to cross resistance, FDA recommended 
a cautionary statement in the product label regarding the potential for 
protease inhibitor cross-resistance after treatment with ritonavir (See 
Precautions section). 

11.2 Indications and Usage 
Abbott had initially proposed a single indication for traditional approval of 
ritonavir. The proposed indication extrapolated from the clinical efficacy 
results of study 247 to include a broader spectrum of HIV disease. Our 
division modified the proposed indication and added some caveats as part 
of the indication. The proposed indication presented to the advisory 
committee was as follows: 

NORVIR is indicated alone or in combination with nucleoside 
analogues for the treatment of HIV infection when therapy is 
warranted based on clinical and/or immunologic-.al status. This 
indication is based on results from a study in patients with 
advanced HIV disease that showed a reduction in both mortality 
and AIDS defining events for patients who received NORVIR. 
Median duration of treatment in this study was 6 months. The 
clinical benefit for longer periods of treatment 1s unknown. 

The antiviral advisory committee, which convened on Feb. 29, 1996, 
recommended traditional approval of ritonavir for treatment of patients 
with advanced disease and accelerated approval for less advanced HIV 
infection (see Section 12.0 Conclusions). Therefore, the indication was 
revised to reflect the duality of the approval. It now reads: 

NORVIR is indicated in combination with nucleoside analogues or 
as monotherapy for the treatment of HIV infection when therapy is 

, . 

= 



NOA 20-659, 20-680 
NORVIR™ 

105 

warranted. For patients with advanced disease this indication is 
based on the results from a study that showed a reduction in both 
mortality and AIDS defining events for patients who received 
NORVIR. Median duration of treatment in this study was 6 
months. The clinical benefit for longer periods of treatment is 
unknown. For patients with less advanced disease this indication 
is based on changes in surrogate markers in studies evaluating 
patients who received NORVIR alone or in combination with other 
antiretroviral agents. 

11.3 Contraindications 
Abbott proposad a number of medications that should be contraindicated with 
ritonavir. Ritonavir has been shown to inhibit the CYP3A metabolic pathway, 
and consequently increase concentrations of drugs which are metabolized via 
this route. Of particular concern is concomitant administration of ritonavir with 
certain nonsedating antihistamines, antiarrhythmics, or sedative hypnotics. 
Increased concentrations of these drugs could lead to serious or life­
threatening consequences including excessive sedation or dysrhythmia. 

Abbott also contraindicated the concomitant use of rifabutin with ritonavir. By 
the inhibition of CYP3A, ritonavir increases concentrations of rifabutin over 3 
fold. In study 247 there were excess cases of uveitis, arthraigia and 
leukopenia when these drugs were administered concomitantly. Although 
these toxicities were not life-threatening, Abbott stated that there were 
alternatives to rifabutin for the prop;1ylaxis or treatment of MAC. The 
magnitude of the interaction and current mg strength of rifabutin capsules does 
not allow for dosage adjustment. Generally a pharrnacoldnetic interaction of 
this degree could be included in the Precautions section of the label as 
opposed to a contraindication, however, Abbott chose to make this a 
contraindication until further studies could be completed. 

11.4 Warnings 
Since there is the potential for multiple drug interactions with ritonavir and 
similarly metabolized drugs, we recommended that a statement regarding the 
potential for serious or life-threatening drug interactions be included in a Box 
Warning. This warning reads as follows; 

Co-administration of NORVIR with certain nonsedat!ng antihistamines. 
sedative hypnotics, or antiarrhythmics may result in potentially serious 
and/or life threatening adverse events dut! to the possible effects of 
NORVIR on the hepatic metabolism of certain drugs. See 
CONTRAINDICATIONS and PRECAUTIONS sections. 
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Included in this section is a precaution for the administration of ritonavir to 
patients with impaired hepatic function. This precaution is based on the 
fact that ritonavir is hepatically metabolized. In addition, there is eviden~ 
from the clinical studies that patients with chronic viral hepatitis may be at 
risk for more perturbations in transaminases than patients without hepatitis. 

11.5.2 lnfonnation for patients 
Abbott had not included this section in the label. We recommended that 
Abbott include statements similar to those included in other antiretroviral 
labels. stating that ritonavir is not a cure for HIV infection. We also asked 
Abbott to include information on how patients should take ri~onavir. 
Specifically. patients are advised to take ritonavir with food, to avoid 
skipping doses, and not to double doses if prior doses are missed. 

11.5.3 Laboratory tests , · 
We recommended that Abbott include information regarding what laboratory 
abnormalities have been associated with ritonavir and to recommended 
appropriate labor:itory test!o1g at baseline and at periodic intervals. 

11.5.4 Drug interactions 
Since there are many potential and known drug-drug interactions with 
ritonavir and hepatically metabolized drugs, we recommended that Abbott 
list this information in a user-~riendly table format. Drug interactions will 
also be a focus of Abbott's post-marketing patient education program. 

11.5.5 Pedi:atric use 
Although ritonavir is available as a liquid solution, there is insufficient 
pediatric data to include a pediatric use statement in the label, at this time. 
A pediatric dose-ranging activity trial with ritonavir is underway at the NCI. 
Preliminary pharmacokinetic and surrogate marker data on a limited 
number of children were available and presented to the antiviral advisory 
committee. Abbott was encouraged lo submit pediatric pharmacokinetic 
and activity data as soon as possible. 

11.6 Adverse Reactions 
Abbott listed adverse reactions (at least possibly related and at least 
moderately severe) occurring with a frequency of at least 2% for studies 245 
and 247. In addition we recommended that Abbott list reactions of the same 
severity that occurred in less than 2% of individuals. 
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We made two recommendations for thi~• section of the label. Dr. Jenkins nnd 
Dr. Lazor (Division of Biopharmacsu~ic.>, FDA) stated that it is important to 
administer ritonavir capsules with ~ood. if 9ossible. Pharrnacokinetic data 
indicate that the capsule formulation is slightly less bio::wailable in the fasting 
state than for the nonfasting state. However, given the modest decrement in 
concentratiors in the fasting state and the goal to have a sustained antiviral 
effect, Abbott expressed that it woi..ld be better for an individual to take a dose 
without food tt;a:1 miss a dose if consuming a meal was not po:,;.oible. We 
concurred with this rationale, therefore the label states that ritonavir should be 
taken with food, if possible. 

Our second recommendation was to include a staggered dosing schedule for 
initiating ritonavir in combination with nucleosides. This recommendation was 
based on the results ·:>f study 245 which showed poor tolerance of initiating 
ZDV and ritonavir at full dose. 

12 Conclu&ions 
Study 247 demonstrated that ritonavir 600 mg biC: as monotherapy or in 
combination with up to two nucleoside analogues was associated with 
unambiguous clinical benefit. In patients with advanced HIV disease there was 
both a survival benefit and a delay in disease progression for those randomized 
to ritonavir compared to those randomized to placebo. Due to the advanced 
degree of immun'2suppression of the participants of this study, it was possible to 
establish clinical benefit over a reiatively short period of time, median duration of 
of follow-up was approximately 6 months. 

Other studies included in this application showed t!l:Jt ritonavir was associated 
with robust antiviral activity as measured by decreases in HIV-RNA (PCR) and 
increases in CD4 counts. Ritonavir showed antiviral activity over a wide 
spectrum of HIV infection, in patients with baseline CD4 counts ranging from 0 to 
over 700 cells/mm3

, in effect, with varying degrees of immune compromise.. In 
clinical studies ritonavir has been combined with all currently approved 
nucleosides (ZDV, ddl, ddC. d4T, 3TC7

). In study 245 the activity of ritonavir 
plus zidovudine was less than that of ritonavir atone. Abbott attributes these 
unexpected findings to poor tolerability and compliance of this combination as 
initiated in study 245. In this study patients received ritonavir liquid formulation 
and initiated both drugs at full dose. The triple combination of ritonavir with 
zidovudine and ddC appeared to have activity that was better than that of 

'Studies with ritonavir and 3TC are ongoing. Data was not formally submitted 
w1lh the NOA 

.. -
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ritonavir alone. In theory, the use of combinations of antiretrovirals may sustain 
activity by delaying the development of resistance, although this hypothesis was 
not evaluated in this NOA submission. · · 

Although the safety of ritonavir was studied in 1140 HIV infected patients in 
phase 213 studies combined, the amount of long-term safety data available for 
ritonavir is limited. Of 1140 patients in phase 213 studies combined, 430 had 
exposures to ritonavir of at least 5 months; median duration of follow-up in the 
study showing clinical lm:;afit was approximately 6 months. Frequently occurring 
acute toxic1ti~s associated with ritonavir use included fatigue, gastrointestinal and 
neurologic disturbances. Gastrointestinal intolerance was the most frequent 
cause of ritonavir discontinuation. Toxicities leading to discontinuation generally 
occurred early, within the first 1-2 we1>.ks. The most common gastrointestinal 
events were nausea, vomiting, diarrhea, taste perversion, and abdominal pain. 
The neurologic disturbances were paresthesias and hyperesthesias, involving the 
extremities and the mouth (circumoral paresthesias). The description of these 
paresthesias are not similar to the peripheral neuropP.thy associated with the use 
cf certain nuc!eoside ana•oques. Marked laboratory abnormalities occurring in 
greater than 2% of ind.viduals taking ritonav!r included elevation of triglycerides, 
transaminases, GGT, CPK, and uric acid. Mean changes in cholesterol were 
also increa:::ed among patients receiving ritonavir. The long term clinical effects 
of abnormalities of these laboratories are unknown. 

In summary, the c1inicai benefit of ritonavir was established in patients with 
advanced disease (median CD4=22 cells/mm3

) and a median follow-up of 6 
months. The antiviral activity of ritonavir was established in a wide range of HIV­
infected patients. Information regarding the long-term safety of ritonavir is 
limited; however, the benefit versus risk for ritonavir over a 6 month period in 
advanced patients is known. The spectrum of HIV disease for which the clinical 
benefit from study 247 could be applicable was !he fccus of considerable debate 
among antiviral advisory committee members. Given the short nuration of the 
clinical study, the short duration of follow up in surrogate marker changes in 
patients with less advanced disease, anc'. the limited knowledge of long-term 
safety, most committee members were of the opinion that the data was 
applicable to ;;atients with clinically or immunologically significant disease. 
However, most found it difficult to define specific CD4 counts or clinical criteria in 
t1escriting the population who may benefit from ritonavir. Factors other than 
absolute CD4 count or history of previous opportunistic infections may indicate a 
need for aggressive antiviral ther?ri·1. One may want to consider CD4 trends or 
other signs of clinical progression •. hen considering whether initiation of ritonavir 
therapy may be appropriate. 

Since the mechanism of action of this protease inhibitor is the same for all 

' . 
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stages of HIV disease, clinical benefit from ritonavir for individuals with less 
advanced disease would be likely, if the antiviral response is reasonably 
sustained and drug ~oxicity does not outweigh pcteiiti;1I for benefit. Committee 
members felt there was a need for longer term studies in less advanced patients 
to assess long term safety and duration of antiviral activity. Based on this 
reasoning, antiviral advisory committee members recommended traditional 
approval of ritonavir in patients at risk of progression and accelerated approval of 
ritonavir for the treatment of patients with less advanced disease. 

Despite the unexpected results from 245 for the combination of ritonavir with 
zidovudine, the consensus of the committee was that it was reasonable to 
indicate ritonavir for use with nucleoside analogues. The application, as a whole, 
supports the use of combination therapy with ritonavir, although additional 
studies evaluating the effect of specific combinations are needed. 
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Based on advice from the antiviral advisory committee, which convened on Feb. 
29, 1996, we re€'.ommend traditional approval of ritonavir in the treatment of HIV 
disease m patients with advanced disease and accelerated approval of ritonavir in 
the treatment of HIV disease in less advanced patients. These approvals include 
use of ritonavir as monotherapy and in combination with nucleoside analogues. 
The traditional and acce!erated approval indications will be described in the :abel 
as follows: 

NORVIR is indicated in combination with nucleoside analogues or as 
monotherapy for the treatment of HIV infection when therapy is warranted. For 
patients with advanced disease this indication is based on the results from a 
study that showed a reduction in both mortality and AIDS defining events for 
patients who received NORVIR. Median duration of treatment in this study 
was 6 months. The clinical benefit for longer periods of treatment is unknown. 
For patients with less advanced disease this indication is based on changes in .. · 
surrogate markers in studies evaluating patients who received NORVIR alone 
or in combination with other antiretroviral agents. 

13.2 Phas~ ~ Studies 
Please rPier to the correspondence from Abbott dated Feb. 27, 1996 which 
outlin!"::. phase 4 commitments. It should be noti:d that among their phase 4 
commitments, Abbott agreed to submit an analysis evaluating the relationship 
between RNA PC.-{ (and COB) and clinical outcome in study 247. 

13.3 Ac~·elerated Approval Commitments 
As part of their accelerated approval commitments, Abbott agreed to provide 
additional data on patients trflated for l'Jnger periods of time to study durability of 
response, and to conduct pediatric studies. Specifically in a letter dated Feb. 29, 
1996, Abbott committed to the following: 

1) Providing long term follow-up safety and clinical endpoint data from ongoing 
studies M94-247 and M-94-245 to assess the comparative clinical efficacy 
and safety data in patients with advanced stage diseases vs. patients with 
early stage disease. 

2) Participating in a clinical study to define the safety and clinical efficacy of 
ritonavir in pediatric patients. 

3) To provide data from a study in patients with higner C04 cell counts (>100 
cell:>/mm'} looking for durability of response by evaluating CD4 response. 
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HIV RNA response and safety from a study comparing ritonavir to ritonavir 
plus saquinavir. 

13.4 Labeli!"!g 
Please refe1 to section 11.0 for a discussion of pertinent labeling issues. 

Concurrences: 
HFD-530/Feigal ~ 6 ·II·'(;, 
HFD-530/Freeman 
HFD-530/Gitterrnan S 6 . .J.- ~{zif<i,1. 

cc: 
HFD-530/orig NOA 
11FD-530/Division File 
HFD-530/Murray 
HFD-530/Korvick 
HFD-530/Kumi 
HFD-530/Jenkins 
HFD-530/F arrelly 
HFD-530Nerma 
HFD-530/Miller, S. 
HFD-530/lacono-Connors 
HFIJ-5~0!Struble 
HFD-715/Hamm.::rstrom 
HFD -715/Kammerman 
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Appendices 

Appendix A 

• 

Conditions Included in the 1993 AIDS Surveillance 

Case DefiniUon MMWR Vol 411No RR-17 

Candidiasis of bronchi, ttachea, or lungs 
Candidiasis, esophageal 
Cervical cancer, invasive• 
Coccidioidomycosis, disseminated or extrapulmonary 
Cryptococcosis. extrapulmonary 
Cryptosporidiosis. chronic intestinal (> 1 month's duration) 
Cytomegalovirus disease (other than liver, spleen, or nodes) 
Cytomegalovirus retinitis (with loss of vision) 
Enecephalopathy, HIV-related 
Herpes simplex: chronic ulcer(s) (> 1 months duntion); or bronchitis, 
pneumonitis or esophagitis 
Histoplasmosis, disseminated or extrapulmonary 
Isoporiasis, chronic intestinal (> 1 month's duration) 
Kaposi's sarcoma 
Lymphoma, Burkitt's (or equivalent term) 
Lymphoma, immunoblastic (or equivalent term) 
Lymphoma, primary. of brain 
Mycobacterium avium complex or M. lcansasii, disseminated or 
extrapulmonary 
Mycobacterium tuberculosis, any site (pulmonary or cxtrapulmonary) 
Mycobactcrium, other species or unidentified species, disseminated or 
extrapuimonary 
Pncumocystis carinii pneumonia 
Pneumonia, rccurient • 
'.'rogrcssive multifocal leukocncephalopathy 
Salmonella 
Septicemia. recurrent 
Toxoplasmosis or brain 
Wasting syndrome due to HIV 

Added iii 1he 1991 expansion of the AIDS surveillance case definition 
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.. 
List of Events and Conditions Considered 

Known Expected Manifestations of HIV Infection 

113 

The following events should be considered known expected manifestations of HIV 

infection thatshould be handled as non-adverse events as described in Section 7 .I.I. 

All HIV related events, as described in Appendix I. that lead to a serious outcome (i.e., 

death from any cause, cancer, congenital anomaly, hospitalization, prolongation of 

hospitalization, permanent disability, overdose, or life threatening event) must be 

reported to Abbou Laboratories within 24 hours by faxing the completed HIV update 

CRF page. 

1) Definitive diagnosis by microscopy using histology or cytology for diseases 
indicative for AIDS: 
Cryptosporidiosis 
Isosporiasis 
Kaposi's sarcoma 
Lymphoma 
Pneumocystis carinii pneumonia 
Progressive multifocal leukoencephalopalhy 
Toxoplasmosis 
Cervical c;i.ncer 

2) Definitive d iag11osis by gross inspection using endoscopy or at autopsy or by 

microscopy with histology ur cytology on specimen obtained directly from 

ussues affected (not from a culture). 

Candidiasis 

3) Definitive diagnosis by microscopy with histology or cytology. culture, or 

detection of antigen in a sp~cimen obtained directly from the tissues affected 

or fluid from those tissues 

Coccid ioidorn ycosis 

llfl1_1111 
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Crypiococcosis 

Herpes simplex virus 

Histoplasmosis 

114 

4) Definitive diagnosis by culture 

M. tuberculosis 

Other mycobacteriosis 

Salmonetlosis 

5) Definitive diagnosis of HIV encephalopathy (demer.tia) 

Clinical findings of disabling cognitive and/or mmor dysfunction 

interfering with occupatio11 or activities of daily living, progressing over 

weeks lO months, in the absence of a concurrent illness or condition 

other than HIV infection that could explain the findings. Methods to 

rule out such concurrent illnesses and conditions must include CSF 

examination and either brain imaging (CT or MRI) or autopsy. 

6) Definitive diagnosis of HIV wasting syndrome 

Findings of profound involuntary weight loss > 10% of baseline body 

weight plus either chronic diarrhea (at least two loose stools per day for 

greater than or equal to 30 days) or chronic weakness and documented 

fever (for greater than or equal to 30 days, interrnit!Crit or constant) in 

the absence of a concurrent illness or condilion other than HIV infection 

that could explain the findings (e.g., cancer. tuberculosis, 

cryptosporidiosis, or other specific enteritis). 

7) Definitive diagnosis of recurrent pneumonia 

Recurn:nt pneumonia defined by more than one episode in a one y•:ar 

period and di;1l'.noscd hy cultuH: and r;uliolor,ic cvi<.lence of pne11mon1a 

' . 
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Evolving (presumptive/ .;linical diagnoses judged consistent with AIDS­

defining illness diagnosed by CDC guidelines (CDC AIDS surveillance 

case definition, 1993) 

8) Candidiasis of esophagus 

9) 

Reccm onset of retrostemal pain on swallowing; AND 

Oral candidiasis diagnosed by the gros~ appearance of white patches or 

plaques on an erythematous base or by the microscopic ippcarancc of 

fungal mycelial filaments in an uncultured specimen scraped from the 

oral mucosa 

Cytomegalovirus retinitis 

A characteristic appearance on serial ophthalmoscopic examinations 

(e.g., discrete patches of retinal whitening with distinct borders, 

spreading in a centrifugal manner, following blood vessels, progressing 

over several months, frequently associated with retinal vasculitis, 

hemorrhage, and necrosis). Resolution of active disease leaves retinal 

scarring and atrophy with retinal pigment epithcli:il mottling. 

10) Mycobacteriosis 

Microscopy of a specimen from stool or normally s"terile body fluids or 

tisstie frorn a site other than lungs, skin, or cervical or hilar lymph 

nodes, showing acid-fast bacilli or a species not identified by culture. 

11) Kaposi· s sarcorna 

/\ characu:ristic gross appearance of an crylhematous or violaccous 

plaque-like lesion on skin or mucous membrane 

'"' 1 
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Appendix C 

T•ble A 1 Extreme Limit Crlterl• for Hematology V•rl•bles 

Variable Extremely LOw Extremely High 

Hemoglobin (g/dl) <8 > 21 

Hematocrn (%) < 30 >80 
RBC (x 1012/L) <3 >8 

wee (x 1011L) < 2.5 > 25 

Platelet Count (x 109/L) < 20 NIA 

Neutrophils (x 101/L) ~0.5 > 20 
Eosinophils (x 109/L) NIA > 1.0 

Prothrombin time (sec) NIA > 1.5 x ULN 
aPTT (sec) NIA > 2.3 x ULN 

ULN = upper 11m1t or tne nonna1 ran e. g 
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Appendix D 

Table A.2 Extreme Limit Criteria for Clinical Chemistry Variables 

Chemislly Variable Extremely Low Extremely High 

Glucose (mg/dl) < 40 > 250 

Uric Acid (mg/dl) NIA > 12 

BUN (mg/dl) NIA > 120 

Creatinine (mg/dl) NIA > 3.6 

Total Prutein (g/dl) < 3.0 > 12.6 

Albumin (g/dl) <2 >6.7 

Total BUirubin (mg/dl) NIA > 3.5 

Alk. Phosphatase (IUIL) NIA > 550 

SGOTIAST (IU/L) NIA > 180 

SGPTIAL T (IU/L) NIA > 215 

GGT (IUIL) NIA > 300 

LOH (IUIL) NIA > 1170 

Amylase (IU/L) NIA > 100 

CPK (IUIL) NIA > 800 

Sodium (mEq/L) < 123 > 157 

Potassium (mEq/L) <3 >6 

Chloride (mEq/L) < 84 > 122 

Calcium. total (rr.g/dl) < 6.9 > 12.6 

Magnesium (mEq/L) < 1.0 > 2.9 

Choles!erol (mgldl) NIA > 500 

Triglyceride (mg/dl) NIA > 1500 
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3. summary of Sponsor's Conclusions 

:J.l Trial 245 

In patients at an intermediate stage of HIV disease who had 
not received prior antiretroviral agents, riconavir treatment 
resulted in substantial and sustained reductions in viral titers 
in concert with increases in CD4 cell counts. The results in the 
ritonavir monotherapy arm, and to a lesser degree in the regimen 
combining ritonavir with zidovudine, were distinctly superior to 
results using conventional treatment with zidovudina alone. 

The superiority of the ritonavir monotherapy arm to the 
combina+-ion regimen was unexpected, given previous in vitro and 
in vjvo data supporting the additive efficacy of combination 
therapy. The possibility that a higher noncompliance rate in the 
combina1;ion arm underlies this finding remains to be explored and 
holds the potential for higher efficacy in this regimen. The 
evidenca of antiviral effect and immunologic improvement provide 
compelling support for the use of ritonavir in this patient 
population. 

The safety assessment of ritonavir in this study was 
consistent with clinical experience in other clinical studies. 
The majority of adverse events associated with ritonavir were 
gastrointestinal and neurologic. There was a pronounced tendency 
for these events to occur early after the initiation of 
treatment. In the majority of patients, these events were 
tolerated and subsequently resolved, as reflected in the numbers 
of patients remaining on therapy and the median duration of 
events. Laboratory abnormalities were generally not of clinical 
consequence. Hepatic chemistry abnormalities may be partially 
dttril.iutabl<! to induction of hepati<..: n1etabolic pathways by 
ritonavi:..·; mild electrolyte abnormalities mav be related to 
gastrointestinal adverse events. The clinical and laboratory 
profile of ritonavir, described in this and other studies, 
provides guidance for the safe use of ritonavir in HIV-infected 
patients. 
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3.2 Trial 247 

Previous studies have demonstrated that ritonavir produces 
statistically significant improvements in viral burden and 
i111111unologic status. These results were evidenced by decreased 
HIV RNA levels measured by PCJ' and increased CD4 cell count in 
patients administered ritonavir compared to those adminietered 
placebo. Results from the first 16 weeks of this study confirm 
these observations. Ritonavir was generally well tolerated in 
this patient population. The most frequently occurring adverse 
events associated with ritonavir treatment included events 
involving the digestive and nervous systems. The most 
frequently observed laboratory abnormalities associated with 
ritonavir treatment were elevations in selected hepatic chemistry 
tests, CPK, uric acid, and triglycerides; however, the majority 
of cases were deemed to be of no cli~ical consequence. 

The interim study of clinical endpoints confirmed the 
efficacy of ritonavir therapy. Ritonavir was statistically 
significantly superior to standard of care both with respect to 
survival and time without disease progression. With respect to 
both clinical endpoints, the hazard ratio of ritonavir to 
standard of care was approximately constant over time and equal 
to 50%, a clinically maaningful difference. 

Page 45 



4. Statistical Reviewer's comments and Analyses 

Several issues may still be explored. The first set of FDA 
analyses all cc)ncern the surrogate !Darkers. First, there is a 
need to compare the rates of drug discontinuation between the 
arms in both trials. Second, the FDA did sensitivity analyses to 
explore effect of missing data on the reported results. Part of 
these analyses entailed imputing values to the missing 
observations. Others of these analyses entailed examining 
separately the cohorts terminating observations at successive 
visits. Ti".ird, the FDA explored the unexpected phenomenon of 
superior response with ritonavir monotherapy to that with 
combination therapy in trial 245. The FDA tested the extent to 
which differenti;.l non-compliance among arms may account for the 
inferior performance of the combination therapy. Fourth, the FDA 
supplemented the sponsor's analysis of covariate-treatment 
interactions on the DAVT variable by examining sex, race, age, 
and baseline interactions with treatment on a timepoint by 
timepoint analysis. 

The next set of FDA analyses involved the clinical 
endpoints. First, the FDA did some sensitivity analyses on the 
survival/disease progression data in trial 247 in order to 
examine the robustness of the conclusions despite the fair amount 
of loss to follow-up at the time of the interim report. second, 
the FDA elaborated on the sponsor's work in verifying the 
proportional hazards assumptions used in their Cox analyses of 
survival times. Finally, the FDA did some descriptive analyses 
to display more clearly the extent of individual variability that 
may be expected with ritonavir thei:·apy and to explore the 
strength of the associatons of the HIV l:NA and C04 surrogate 
markers with each other and with ultimate survival. 
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4.1 Examination of Drop-Out Rates 

The FDA compared the drop-out rates in all arms on both 
trials. These co:nparisons examined both the number of subjects 
who discontinued the study drug, although measurements continued 
for such subjects, and subjects lost to follow-up (or temporarily 
lost to follow-up at the time of the interim report). Figures 
4.1 A and 4.1 B show the percent of subjects who are still 
receiving treatment in each arm on trials 245 and 247, 
respectively, between o and 113 days after start of treatment. 
one should note that, in trial 245, both Ritonavir and the 
Ritonavir-AZT combination loss subjects faster than does the AZT 
arm. The combination arm loses most rapidly, being down to about 
50% of its original enrollment by the last visit, compared to a 
bit under 80% of the Ritonavir arm and a bit over 80% of the AZT 
arm. In trial 247, the Ritonavir loses subjects more rapidly 
than the placebo arm with final number still on treatment being 
about 80% of the original enrollment in the former arm and about 
90% in the latter. 

Discontinuation of drug did not coincide with loss of data 
in th~se trials. Data was collected from sutjects who had 
discontinued drug and some data was missing from subjects who 
were still on drug. Tables 4.1 A and B show the extent of 
missing data in trials 245 and 247, respectively. 
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TABLE 4.1 A 

EXTENT OF OBSERVATION IN TRIAL 245 

Number of Subjects with CD4/CD8 Observations, by Visit 

Base Visit l Visit 2 Visit 3 Visit 4 

Ritonavir 115 102 100 103 100 

Combination 111 106 94 91 86 

AZT 115 106 106 101 98 

Number of Subjects with an HIV RNA Observation, by Vh.it 

Base Visit 1 Visit 2 Visit 3 Visit 4 

Ritonavir 114 106 101 93 90 

Combination 110 102 91 71 70 

AZT 116 110 102 93 92 

TABLE 4.1 B 

EXTENT OF OBSERVATION IN TRIAL 247 

Number of Subjects with a CD4/CD8 Observations, by Visit 

Visit 5 

95 

88 

93 

Visit 5 

78 

58 

81 

Base Visit l 

96 

99 

Visit 2 

92 

Visit 3 

93 

Visit 4 Visit 5 

R).tonavir 

Placebo 

104 

103 97 93 

88 

87 

84 

78 

Number of Subjects with an HIV RNA Observation, by Visit 

Ritonavir 

.Placebo 
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Base 

77 

79 

Visit 1 

73 

77 

Visit 2 

70 

74 

Visit 3 

70 

71 

Visit 4 Visit 5 

69 

67 

69 
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4.2 Effect of Dropping Treatment or Missing Qata on Results 

Another issue raised by the 15-23\ of subjects with missing 
data shown in tables 4.1 A and Bis possible biases in the 
response curves over time and in the DAVT statistics obtained by 
integrating those curves. 

The FDA explored the extent to which this missing data might 
have affected the conclusions by interpolating data according to 
the two different algorithms. If datum for some visit is missing 
but that surrogate marker was ob~erved at a later visit, then the 
value for the visit just befcLe the missing one is carried 
forward (algorithm l) or the missing value is replaced by a 
linear interpolation r,f the two bracketing non-missing values 
(algorithm 2). If datum for some visit misssing and so are the 
data for all subsequent visits, then these missing values are 
replaced by the baseline value of the variable. ·one wo•lld be 
extremely reluctant to assume non-informative censoring in an 
AIDS trial so it is probably not unreasonable to assume that 
thing5 return to baseline or worse once follow-up ceases. 

Figures 4.2 A and B show the mean and upper and lower 
quartiles of the change from baseline in CD4 counts, using actual 
data and linearly interpolated data. There is no noticeable 
change in the means at any time point and only a slight reduction 
in the spread of the interpolated data. The last observation 
carried forward interpolation (not shown) was inc'.istinguishable 
from the linear interpolation. With one exception, all three 
surrogate markers on all arms in both trials showed no more 
change with the use of interpolated data than was shown by CD4 
count in trial 245. The one exception was for log HIV RNA in 
trial 245, where the interpolated data show a more conspicuous 
rebound for the combination rebound for the combination arm and, 
to a lesser e:.cte11t, tor the ritonavir arm, t:han do the actual 

·~ata. This is shown in figures 4.2 c and D. Given that nearly a 
quarter of the data are missing by visit 5 for thjs endpoint, 
this is expected from the extrapolation rule. (Last observation 
carried forward looks the same as linear interpolation ar;d is not 
shown.) 
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The FDA also recomputed the DAVT for all three surrogate 
markers, using the actual data and the two methods of 
interpolation. ~he results of these computations are shown in 
tables 4.2 A and B. These tables give the observed difference 
between the mean DAVT's for each pair of arms, the t-statistic 
for testing whether the expected values of the DAVT's are equal 
between those arms, and the p-values of those tests. one can see 
there is no consequential difference between the results with the 
observed and with the interpolated data. Comparison of the means 
and standard deviations of DAVT's for each arm (not shown) 
reveal that the lack of conspicuous changes in table 4.2 A and B 
is not due to larger but nearly equal changes in the results 
within each arm. 
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TABLE 4 .2 A 

DAVT's OF SURROGATE MARKERS IN TRIAL 245 

WITH ACTUAL AND INTERPOLATED DATA 

OBSERVED DATA 

COMPARISON MARKER DIFF T-STAT P-VALUE 

RIT - COMB CD4 25.2 2. 5·, 0.01 

RIT - COMB CDS 16.5 0.56 0.57 

RIT - COMB HIV RNA -0.236 -2.43 0.015 

RIT - AZT CD4 50.S 6.08 0.0001 

RIT - AZT CDS 115.2 3.99 0.0001 

RIT - AZT HIV RNA -0.632 -8.31 0.0001 

LINEARLY INTERPOLATED DATA 

RIT - COMB CD4 27.4 2.85 0.004 

RIT - COMB CDS 24.0 0.84 0.39 

RIT - COMB HIV RNA -0.282 -2.ll9 o. 004 

R!T - AZT CD4 49.4 6.04 0.0001 

RIT - AZT cos 109.5 3.83 0.0001 

RTT - AZT HIV RNA -0.595 -7.Sl 0.0001 

LAST OBSERVATION CARRIED FORWARD 

RIT - COMB CD4 26.7 2.80 0.005 

RIT - COMB CDS 23.5 0.83 o. 40 

RIT - COMB HIV RNA -0.283 -2.90 0.004 

RIT - AZT CD4 49.9 6.15 0.0001 

JUT AZT CDS 109.6 3.S4 0.0001 

\UT - AZT HIV RNA -0.596 -7.Sl 0.0001 
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TABLE 4. 2 B 

DAVT's OF SURROGATE MARKERS IN TRIAL 247 

WITH ACTUAL AND INTERPOLATED DATA 

OBSERVED DATA 

COMPARISON 

RIT - PLAC 

RIT - PLAC 

RIT - PLAC 

MARKER 

CD4 

COB 

HIV RN,• 

LINEARLY INTERPOLATED DATA 

RIT - PLAC 

RIT - PLAC 

RIT - PLAC 

C04 

COB 

HIV RNA 

DIFF 

33. 9 

210.4 

-0.777 

34.4 

212.0 

-0.BOO 

LAS'l' OBSERVACTION CARRIED FORWARD 

RIT - PLAC 

RIT - PLAC 

RIT - PLAC 
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CD4 

COB 

HIV RNA 

34.1 

20B.8 

-0.808 

T-STAT 

8.07 

6.90 

-8. 36 

B.23 

6.84 

-B.6B 

8.24 

6.76 

-8.66 

P-VALUE 

0.0001 

0.0001 

0.0001 

0.0001 

0.0001 

0 .-0001 

0 

0 
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4.3 Treatment Effects by Visit 

The FDA computed, for each subject, the last visits that a 
measurement of CD4 count, CDS count, and HIV RNA were observed. 
For each of the three measures, the trial was then divided into 5 
cohorts: those last observed at visit l or later, those last 
observed at visit 2 or later, •.. , those last observed at 
visit 5. These cohorts are thus nested and decreasing in 
numbers. Any noticeable shift in these cohorts would be 
suggestive of a treatment effect which is differential across 
length of follow-up. 

For each visit of each subject, the FDA computed the change 
from baseline of the subject's CD4, CDS, and HIV RNA. The means 
and standard errors of these changes were computed at each visit 
for each arm in each of the five cohorts. The FDA also the 
differences between the changes from baseline in each pair of 
arms at each visit in each of the five cohorts, along the 
standard errors of these differences between treatment arms. 

The upper plot in figure 4.3 A shows the differences between 
Ritonaivr and AZT in changes from baseline in CD4 count, together 
with the 95% confidence i.ntervals for the differences, for each 
of the five cohorts. The confidence intervals at each visit for 
each of the nested cohorts are jittered slightly so that they can 
be seen distinctly. In each group the right-most confidence 
interval corresponds to the cohort observed all the way to visit 
5, each successive interval to the left corresponds to the cohort 
whose observation ends one visit sooner. The lower plot in 
figure 4.3 A shows the same thing for Ritonavir minus 
Combination. 

One can seen in both these plots, that there isn't a 
noticeable difference between the cohorts. To some extent this 
is due to the fact the longest observe cohort constitutes a major 
fraction of the subjects in each other cohort. There does not 
seem to be any evidence in these plots of subjects lost to 
follow-up early having noticeably different response from those 
followed to the end of the double-blind ph~se. 
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Figures 4.3 Band Care the analagous plots for log HIV RNA 
and for COB cell count. Again, one finds no particular 
difference among the cohorts 

Finally, the FDA did a repeated measures analysis of 
variance to test for a treatment effect on the whole curve for 
each cohort and for the cohort obtained by interpolating/ 
extrapolating missing values (see section 4.2 above). This 
multivariate test supplements the sponsor's univariate tests 
performed at each separate time point. The sample sizes, F­
statistics, and p-values for a treatment difference among the 
curves is given in tables ~.3 A and B. For all three surrogate 
markers, tabl<= 4.3 A shows a statistically significant difference 
between the re;,ponse curves for ritonavir subjects and the other 
two arms in each cohort and a statistically significant 
difference in HIV RNA levels between the response curve for 
combination therapy subjects and the other two arms. 
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TABLE 4. 3 A 

RESULTS OF REPEATED MEASURES TESTS 

FOR TREATMENT EFFECT AMONG CURVES OF 

SURROGATE MARKERS OVER TIME 

CD4 CDS LOG HIV RN.\ 

TRIAL 245 

LAST 

VISIT 

1 RIT 

COMB 

N F-STAT P-Vi> - . 

314 13.3 0.0003 

4.28 C.0393 

F-STAT P-VALUE 

23.2 0.0001 

6.81 0.0095 

N F-STAT P-VALUE 

318 59.3 0.0001 

48.7 0.0001 

2 RIT 278 12.67 0.0001 

COMB 2.37 0.0952 

3 RIT 252 12.37 0.0001 

COMB 

4 RIT 231 

COMB 

5 RIT 208 

COMB 

INTER RIT 355 

COMB 
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2.28 0.0804 

8.54 0.0001 

2.40 0.0512 

7.17 0.0001 

1.87 0.101 

8.08 0.0001 

1.57 0.166"/ 

14.0 0.0001 278 

1.68 0.1888 

8.44 0.0001 229 

1.92 0.1264 

6.27 0.0001 207 

1.27 0.2808 

4.34 0.0009 180 

0.94 0.4541 

6.29 0.0001 355 

2.16 0.0586 

36.2 0.0001 

25.4 0.0001 

28.0 O.vOOl 

18.8 0.0001 

18.8 0.0001 

13.1 0.0001 

16.5 0.0001 

l::!.6 0.0001 

12.5 0.0001 

7.58 0.0001 



Table 4.J B shows a statistically significant difference 
between the response curves for ritonavir subjects and standard 
of care subJects in all cohorts w:i.th respect to all three 
surrogate markers. 

TABLE 4. 3 B 

RESULTS OF REPEATED MEASURES TESTS 

FOk TREATMENT EFFECT AMONG CURVES OF 

SURROGA'rE MARKERS OVER TIME 

TRIAL :247 

LAST CD4 CDS LOG HIV RNA 

VISIT N F-STA'!' P-VALUE F-STAT P-VALUE N F-STAT P-VALUE 

l 195 48.6 0.0001 12.5 0.0005 150 170. 3 0.0001 

2 178 29.8 0.0001 17.2 0.0001 140 84.7 0.0001 

3 166 24.4 0.0001 15.l 0.0001 130 48.7 0.0001 

4 150 16.9 0.0001 9.97 0.0001 118 29.4 0.0001 

5 131 11. 9 0.0001 7.54 0.0001 111 24.8 0.0001 

INTER 207 14.0 0.0001 10.7 0.0001 156 30.7 0.0001 
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4.4 Comparison of Compliant Subiects with All Subjects 

The sponsor's finding that subjects in trial 245, with less 
advanced disease, had better results with ritonavir monotherapy 
than with AZT-ritonavir combination was unexpected. As figure 
4.1 A above shows, the combination had noticeably higher non­
compliance. Both the sponsor and the FDA medical reviewer 
suggested that this poorer compliance may explain the reversal of 
the expected ordering of treatment effects. To explore this 
possibility, the FDA defin~d subsets of compliers and partial 
compliers in each treatment arm. The subset of compliers 
consisted of all subjects who h~d no reported interruptions of 
Jrug before scheduled end of the double-blind phase. Subjects 
who reduced dose (but not all the way to zero) were retained in 
the subset of compliers. The subset of partial compliers 
consisted of ~he compliant subjects plus all subjects who 
interrupted but later res1Jmed treatment (their dose we;it down to 
zero at some point but was not still at ?.ero at the end of the 
douhle-blind phase). One should notice th3.t these subsets were 
based on prescribed drug, not on drug actually taken. The latter 
quantity is unknown. 

The change from base,line for CD4 cell count, CDS cell count, 
and log HIV RNA were computed for each of the three arms at each 
of visits 1 to 5. Figures 4.4 A, B, and C show the 95% 
confidence intervals at each visit for difference in these 
changes from baseline between ritonavir and combination therapy 
(lower panel, each figure) and between ritonavir and AZT (upper 
panF.l each figure). The' curves labelled with 'C' show results 
using only compliant subjects in each arm; curves labelled with 
'A' show results using all subjects in each arm; the third, 
unlabelled curve shows the subset of partial compliers. one can 
e;,si ;.y se:e th3t the est irnated superiority oI ritonav ir montherapy 

.. over either AZT or combination increases when only compliant 
subjects are used. Furthermore, the difference between the arms 
remains statistically significant despite the decrease in sample 
size. However, if partial compliers are included along with the 
full complie•rs, the difference between the effects of i:itonavir 
monotherapy and those of combination therapy are smaller. This 
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analysis does not find that poorer compliance is sufficient to 
explain the poorer performance of the combination therapy. 

The FDA also did an analysis of the DAVT statistics 
discarding the subjects who prematurely terminated or interrupted 
and discarding only the subjects who prematurely terminated. The 
results of these analyses are given in tables 4.4 A and B. These 
tables give the sample difference between arms for the DAVGT for 
each of the three surrogate markers, the t-statistic for H0 : 

Expectation of the difference = o, and the p-value for the test. 

Table 4.4 A confirms the results in the graphs of response 
over time. Fully compliant subjects actually show a larger 
superiority for ritonav.ir monotherapy over combination therapy 
for both CD4 and HIV RNA markers. As might be expected, the 
estimated superiority over AZT was also increased in this subset. 
Only in the larger subset of full and partial compliers does one 
s~en evidence that non-compliance partly explains the results. 
In this suaset, the superiority of ritonavir monotherapy over 
combination therapy is diminished while its superiority over AZT 
is increased. 

In trial. 247, looking at. the compliant subsets cnly has the 
expected results: superiority of ritonavir over placebo is larger 
in the compliant and partially compliant subsets. 
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TABLE 4. 4 A 

COMPARISON OF TREATMENT DIFFERENCES FOR 

ALL, COMPLIANT, PARTIALLY COMPLIANT SUBJECT$ 

Ill TRIAL 245 (LESS ADVANCED DISEASE) 

ALL SUBJECTS TRIAL 245 

COMPARISON MARKER DIFF T-STAT P-VALUE 

RIT - COMB CD4 25.2 2.57 0.010 

RIT - COMB COB 16.5 0.56 0.57 

RIT - COMB HIV RNA -0.236 -2.43 0.015 

RIT - AZT C04 50.B 6.0B 0.0001 

RIT - AZT COB 115.2 3.99 0.0001 

RIT - AZT HIV RNA -0.632 -8.31 0.0001 

COMPLIANT SUBJECTS TRIAL 245 

RIT - COMB C04 40.2 2. l<i 0.032 * 
RIT - COMB COB 79.7 1.42 0.16 

RIT - COMB HIV RNA -0.239 -1.35 0. lB 

RIT - AZT C04 Bl. 4 6.B3 0.0001 * 
RIT - AZT COB 179.3 4.13 0.0001 * 
RIT - AZT HIV RNA -0.936 -9. 40 0.0001 * 

COMPLIANT OR INTERRUPTED SUBJ'ECTS TRIAL 24 

RIT - COMB CD4 22.1 1. B3 0.067 t 
RIT - COMB C:OB -4.9 -0.13 0.89 t 
RIT - COMB H:CV RNA -0.1B8 -1.48 0 .14 t 
RIT - AZT C04 69.9 7.52 0.0001 * 
RIT - AZT CDf• 130.2 4.04 0.0001 • 

RIT AZT HIV RNA -0.776 -9.38 0.0001 * 

* 1-al·gf.r '!ifcct: seen ti1an in all subjectf> 

t Smaller effect seen than in all subjects 
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TABLE 4 .4 B 

COMPARISON OF TREATMENT DIFFERENCES FOR 

ALL, COMPLIANT, PARTIALLY COMPLIANT SUBJECTS 

IN TRIAL 247 (MORE ADVANCED DISEASE) 

ALL SUBJECTS TRIAL 247 

COMPARISON MARKER 

RIT - PLAC CD4 

RIT - PLAC CDS 

RIT - PLAC HIV RNA 

DIFF 

34.0 

210.5 

-0.777 

COMPLIANT SUBJECTS TRIAL 247 

RIT - PLAC 

RIT - PLAC 

RIT - PLAC 

CD4 

CDS 

HIV RNA 

43.6 

295. 2 

-O.S56 

T-STAT 

S.07 

6.90 

-S.36 

6.53 

5.36 

-6.70 

COMPLIANT -INTERRUPTED SUBJECTS TRIAL 247 

RIT - PLAC 

RIT - PLAC 

RIT - PLAC 

CD4 

CDS 

HIV RNA 

39.3 

23S.3 

-O.S94 

S.16 

6.65 

-s.7S 

* Larger effect seen than in all subjects 
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P-VALUE 

o.ooo~. 

0.0001 

0.0001 

0.0001 * 
0.0001 * 
0.0001 * 

0.0001 * 
0.0001 * 
0.0001 * 



4.5 Effect of Covariates 

The sponsor did tests for interactions between treatment and 
a number of covariates, including age, sex, race, weight, and 
several baseline meas•Jres of illness. Their tests used the time­
weighted averages (DAVT's). The FDA supplemented this by 
comparing the full time course of each of the three surrogate 
markers on each arm in each trial at the two levels of each of 
four binary covariates: sex, age (above and below median), race 
(white and non-white), and baseline value of the covariate (above 
and below median). 

Figures 4.5 A-D show the 95% confidence intervals for the 
differP.nces in mean CD4 counts between the ritonavir and either 
the AZT arm (top panel of each graph) or the combination therapy 
arm (bottom panal of each graph) at each visit of trial 245 
(subjects with less advanced illness). In each panel of each 
grap~. there are two curves, showing the treatment differences at 
each level of a binary covariate. Figures 4.5 E-H show the 
analagous plots for difrerences in mean log HIV RNA. Some 
individual plots for the CD4 count show suggestiv~ but non­
significant treatment-covariate interactions. These were age in 
the AZT-ritonavir comparison and CD4 baseline level in both 
comparisons. These same comparisons do not re-occur when looking 
at log HIV RNA. The ~lots for CDS count by covariate showed 
similar patterns to those of the CD4 counts and are not 
reproduced here. 

Figures 4.5 I-Land figures 4.5 M-P give the corresponding 
plots for CD4 counts and log HIV RNA in trial 247 (subjects with 
•~ore advanced illness). In these plots there a suggests of a 
larger superiority for ritonavir over placebo for females (on 
1.ioth markers), for high CD4 baseline subjects (on CD4 counts), 

·and for whites (on log HIV RNA). 
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4.6 Sensitivity Analy3is on Survival and Disease Progression 

There is a substantial amount of missing data with respect 
to the clinical endpoint~ of surviv~l and disease progression in 
trial 247 (subjects with more advanced illness). This is partly 
because the sponsor submitted an interim analysis of the survival 
data, before data from the most recent visits could be 
incorporated into the report. These missing data fall into two 
groups, those actually lost to follow-up and those assumed to be 
on study but for whom the la~·.t report of visit was missing at the 
time that the sponsor's summa.r}' was prepared. These missing 
values are given in table 4.6 A. Some placebo subjects were lost 
to follow-up after disease progressio•. but before death so 
missing data counts vary with the choice of endpoint. 

TABLE 4.6 

MISSING DATA FOR CLINICAL 

Ritonavir 

Survival as Endpoint 

Lost to Follow-up 24 

Assumed on Study but 

Status Unknown 71 

No Progression as Endpoint 

Lost to Follow-up 24 

Assumed on Study but 

Status Unknown 71 

A 

ENDPOINT ANALYSES 

Placebo 

14 

51 

9 

42 

The FDA performed two sensitivity analyses, one time­
dependent analysis and the other time-independent. The former 
analysis was a recomputation of the Kaplan-Meier cu.i::ves for 
progression-free survival with missing subjects reclassified as 
having failed at the tir:e of their censoring. The results of 
this reclassification are shown in figure 4.6 A. One can see 
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from this plot that, even though there is more missing data in 
the ritonavir arm, reclassifying these subjects as failures does 
not cause the survival curve for either arm to decline ~uch below 
its original value until approximately day 160. The ritonavir 
curve with reclassified data does not cross the original placebo 
curve until about day 190 and does not cross the placebo curve 
with reclassified data until about day 220. 

Examination of the Greenwood non-simultaneous 95% confidence 
limits for the difference between the progression-free survival 
curves for the two arms that the ritonavir arm is statistically 
superior to the placebo arm from approximately day 50 to the end 
of the study with the original classification of the data. Even 
with the additional failures from reclassification of the missing 
data, the ritonavir arm remains statistically significantly 
superior to the placebo arm from approximately day 50 to 
approximately day 180. See figure 4.6 B. 

Kaplan-Meier plots with reclassification of missing data 
show a much more dramatic effect when the endpoint is survival. 
This is because there are more missing data than there are 
deaths. 

The time-independent analysis used a two-by-two table baed 
on subject's status at the end of 6 months of study. The 
survival sta:us of all subjects actually observed at Dec 15, 1995 
(XXX :. the end of 6 months ?) is given in table 4. 6 B and the 
actual progression status is given in table 4.6 c. 
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TABLE 4.6 B 

SURVIVAL STATUS FOR NIJN-MISSING SUBECTS 

RITONAVIR PLACEBO TOTAL 

DEAD 26 46 72 R = 

ALIVE 422 436 858 p -
TOTAL 448 482 930 R-P = 

% ALIVE 94.2% 90.5% 

DIFFERENCE IN RATES 3. 7% XA2 - 4.55 * 

TABLE 4. 6 C 

DISEASE PROGRESSION STATUS FOR NON-MISSING SUBJECTS 

PROG/D 

NO PROG 

TOTAL 

% NO PROG 

RITONAVIR 

86 

362 

448 

80.8% 

PLACEBO 

181 

315 

496 

63.5% 

DIFFERENCE IN RATE 17.3% 

TOTAL 

2E7 

677 

R = 80.8't 

p = 63.5% 

944 R-P = 17.3'' 

The sponsor's time-independent analysis counted all the 
missir.g values as surviving or progression-free. The FDA redid 
these analyses under four methods of treating the two categories 
of missing data. First, all missing data were discarded. 
Second, lost to follow-up were discarded but those assumed still 
on study were counted as alive and not progressed, in agreement 
with the sponsor's classification. Third, the lost to follow-up 
were counted as dead or progressed while the others were counted 
as still alive and not progressed. Finally, both sets of 
subjects with missing data were counted as dead or progressed. 
_Tables 4.6 D and E give, for these four methods, the ritonavir 

· and placebo survival rates, the difference between the rates and 
the chi-square statistic (on 1 degree of freedom) for testing for 
equality of the rates. Chi-squares > 3.84 show a statistically 
significant difference in the rates. 
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Table 4.6 D uses survival as the endpoint. Here the 
ritonavir superiority disappears if any of the missing subjects 
are assumed to be dead. However, not counting them at all (as 
opposed to counting them as alive as the sponsor does) results in 
statistically significant superiority of 3.7% in ritonavir arm 
survival. The non-robustness of the result is partly due to the 
small number of deaths in the six months of the study. 

TABLE 4.6 D 

SENSITIVITY ANALYSES ON SURVIVAL 

METHOD OF TREATING MISSING DATA 

1 2 3 4 

RITO SURVI\'.1\.L RATE 94.2% 95.0% 90.8% 77.7% 

PLAC SURVIVAL RATE 90.5% 91.4% 89.0% 79.7% 

DIFFERENCE IN RATES 3.7% 3.6% 1. 8.% -2.0% 

CHI-SQUARE STATISTIC 4.55 5.41 0.93 0.64 

1 = IGNORING ALL MISSING 

2 = IGNORING 'LOST TO FOLLOW-UP' BUT KEEPING 'ASSUMED ON STUDY' 
AS ALIVE 

3 = 'LOST FOLLOW-UP' = DEAD BUT 'ASSUMED ON STUDY' = ALIVE 

4 = ALL MISING = DEAD 
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Table 4.6 E uses progression-free survival as the endpoint. 
Here the finding is much more robust. This is a consequence of 
the baseline rate of progression in.both groups being large 
enough that missing subjects included as failures do not 
outnumber the actually observed failures. Any method of 
reclassifying either group of missing data preserves a 
statistically significant superiority of ritonavir over placebo. 
The estimated difference in progression-free survival rates 
ranges from 17% to 9%, depending on treatment of missing data. 

TABLE 4. 6 E 

SENSITIVITY ANALYSES ON NO PROGRESSION 

1 2 3 4 

RITO RATE NO PROG 80.8% 83.4% 79.7% 66.7% 

PLAC RATE NO PROG 63.5% 66.4% 65 •. 3% 57.6% 

DIFFERENCE IN RATES 17.3% 17.1% 14.5% 9.1% 

CHI-SQUARE STATISTIC 34.71 40.8 28.63 9.55 

1 = IGNORING ALL MISSING 

2 = IGNORING 'LOST TO FOLLOW-UP' BUT KEEPING 'ASSUMED ON STUDY' 
AS HEALTHY 

3 = 'LOST TO FOLLOW-UP' = PROGRESSED/DEAD BUT 'ASSUMED ON STUDY' 
= ALIVE AND NOT PROGRESSED 

4 = ALL MISING = PROG/DEAD 
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4.7 Additional Check on Proportional Hazards Assumptiuns for 
Analysis of Suryiyal 

cox prc,portional hazards regressions can give misleading 
results if the assumption of constant hazard rates over time is 
violated. The sponsor performed several checks on this 
assumption as descrubed in section 1.5.6 above. The FDA concurs 
in the validity of these tests but performed a more detailed 
expansion of one of them. The sponsor's first test was a 
subjective assessment of the parallelism of the log hazard 
functions, as estimated from the Kaplan-Meier plots. The FDA 
added a formal test by computing the Greenwood non-simultaneous 
confidence bounds for the difference between log hazard functions 
of the ritonavir and the placebo arms. Since a horizontal line 
can be fit between the upper and low~r confidence bands, the 
assumption of proportional haz~rds is confirmed. 

Figure 4.7 A shows the confidence bands for the difference 
of the log hazard functions in the two arms uf trial 247 with 
respect to the time to disease progression or death. There are 
two sets of confidence bands on the plot, one for North America 
and one for Europe/Australia. These two regions defined the 
randomization strata. Figure 4.7 B shows the analagous 
confidence bands with respect to time to death. 

The FDA also plotted these c;:infidence bands for difference 
in log hazard for ~trata defined by sex, age, and race. In most 
cases, the confidence bands included a horizontal line, 
confirming proportionality of the hazards and showed no 
difference in the hazard ratio between the two strata. The one 
exception was for race. Here the plots showed ~he same 
suggestion found by the sponsor of a covariate-treatment 
interaction. The non-whites showed a larger improvement with 
ritonavir than did the whites. The FDA plot adds the further 

· information that the improvement is estimated to correspond to a 
lower hazard ratio in the pe1·iod cf 120 to 200 days after start 
of treatment. 
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4.8 Subiec~-to-Subject Variability and Correlation of Endpoints 

The sponsor's analyses are performed with means and 
confidence limits and do not always give an adequate of subject 
to subject variability in response nor of the extent of overlap 
of individual responses among treatment arms. To remedy this 
deficiency, the FDA computed a number of scatter plots which show 
this information. 

Figures 4.8 A and B show plots of individual CD4 DAVGT -
Baseline, plotted against Baseline for each of the treatment arms 
in trial 245 and 247. For clarity, the responses for each 
treatment arm have displaced vertically. The horizontal lines on 
the plots correspond to zero values of DAVGT - Base.line for each 
treatment. In figure 4.8 A, one can see little evidence of 
correlation between response and baseline value, except possibly 
on the combination therapy arm. One can also see the treatment 
effect in that the zero lines run below the middle of scatter 
clouds for ritonavir and combination therapy but cut the AZT 
scatter cloud approximately in the middle. One should also 
notice many AZT responses are positive, although none are as 
lar.ge as the largest ritonavir and combination respones. Also, a 
respectable minority of ritonavir and combination subjects showed 
a negative response. 

Figure 4.8 B shows similar results for trial 247: no 
obvious correlation of response with baseline and a more 
noticeable superiority of response for ritonavir over placebo 
than was seen in trial 245. 

Figures 4.8 c and D show plots of individual DAVGT -
Baseline f~~ log HIV RNA in trials 245 and 247. Making the 
change that, on this endpoint, negative response values are 

-beneficial, the comments made above for C04 counts carry over 
without change. 
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The FDA also explored the extent of association between the 
two surrogate mar:~ers. Figures 4. 8 E and F show scatterplots of 
individual DAVGT - Baseline for log HIV HNA against CD4 cell 
counts. In these plots, clarity was most enhanced by displacing 
successive treatment arms horizontally. The vertical lines 
across the plot now correspond to the zero values of CD4 DAVGT -
Baseline for successive arms. In both these plc:ts, one can see a 
clear negative association between changes in CD·\ and changes in 
HIV RNA in the three arms that include ritonavir treatment. In 
contrast, the association is much smaller in the AZT arm of trial 
245 and the placebo arm of trial 247. One can also see that the 
ritonavir and combination arms have more su··jects with good 
responses on both markers (negative value log HIV RNA and 
positive values of CD4 count) than do the AZT and placebo arms 
and that the sizes of the largest individual improvements are 
bigger on the three arms with ritonavir. Finally, one can see 
that the overlap of the scatter cloud for AZT in· trial 245 with 
thP. ritonavir scatter cloud is much larger than is the overlap 
betw~en placebo and ritonavir in trial 247. 

Similar effacts were seen in plots of COB counts against CD4 
counts. These plots are not included. 
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Table 4.S A gives the numeric results corresponding to these 
plots. This table has the correlation coefficients among the 
three surrogate markers (using OAVGT - Baseline) for all arms 
pooled and for each arm separately in each trial. As the plots 
show, the association is much stronger in the ritonavir arms than 
in the AZT or placebo arms. 

TABLE 4.S A 

CORRELl\T!OM COEFFICIEMTS AMONG Dl\VGT' S O!. SU!rn.CCATE 1"'.A.'U<ERS 

TRIAL 245 

CD4 WITH CDS/ 

HIV CDS HIV 

ALL ARMS -0.44 0.49 -0.09 

RITONAVIR -0.54 0.49 -0.07 

COMBINAT!ON -0.30 0.50 -0.02 

AZT -0.17 0.37 0.14 

TRIAL 247 

CD4 WITH CDS/ 

HIV CDS HIV 

ALL ARMS -o. 60 0.66 -0.36 

RITONAVIR -0.4S 0.60 -0.lS 

PLACEBO -0.01 0.39 -0.03 

Page 84 



DAVGT BY TREATMENT IN TRIAL 247 
1 =RIT, 2=PLAC 

1 

0.5 

J 22i&._ 2 I 
2 

0 ti ·~ l 1 

1 ' , 11 
., 

?- ;a:- 2 
'11 1 1 1 1 1 

-0.5 1 1 
2 1 ., 11 <( 

1 1 1 1 1 z 
1 Cl:'. 

1 
?: -1 , 11 ' 1 1 
I 1 1 ' (.!) 1 g 

-1.5 

1 ' 

1 1 

' 1 I 1 -2 I- 1 1 
1 

1 
1 

-2.5 
I I 

1 1 

' L I I -3 

C04 COUNT 



Of\VGT BY TREATMENT IN TRIAL 245 

,' 

1 -RIT, 2-cot.t, 3-AZT 

~ 

2 2 

2 

(Ttio11sond s) 
CD4 COUNT 

2 2 

2 

2 

2 3 

2 

3 
33 

33~~ 
3~ 

3 

3 



DA'JGT BY TREATMENT IN TRIAL 24 7 
1 =Rlf, 2=PLACEBO 

1 2 
1 

, 1 , 
1 1 

0.9 

0.8 

0.7 1 1 , , 
0.6 

0.5 

..... "1 z 1J 
0.4 

:::> c: 
8 8 

0.3 

::l 0.2 
QJ 0 
0 .c: 
ut:, 

0, 

0 

-0.1 

1 1 , 1 , 
1 ,, 1 1 

1 a, 1 1 
, 

' 
1 1 

1 , 11 , , 
1 

~'cl: 
2 

~· 
1 

' l 
I , 1 i 1 

1 1 . 1 1 

-0.2 

-o.3 1 1 
1 

-0.4 

-0.5 -

-0.6 ~- 2 
1 

-0.7 I I ___ __._ __ _.i_ __ _J_ __ _J_ __ _L __ _L __ _j_ __ ...J__j 

CD4 COUNT 

.' 



Finally, the FDA computed some plots intended to show the 
ength of the association between surrogate markers and 

clinical endpoints in trial 247. Figure 4.8 G shows the 
difference in CD4 count, over time, between subjects who have 
experienced disease progression or death and those who have not. 
The value, at time t, of curve marked with plus signs is the CD4 
count, at time of failure, for all subjects who have failed 
(=progressed or died) by time t. T~c value of unmaarked curve, 
at time t, is the CD4 count ::1t time t. who have all subjects who 
have not failed by time t. The two curves in the lower panel of 
figure 4.8 G show results for the ritonavir arm, the two curves 
in the upper panel show results for the placebo arm. In the 
upper panel, there was no effect of treatment on the surrogate 
marker, CD4 count, and failures occur at random with respect to 
CD4 count. No difference is observed between CD4 cou~ts of 
failures and survivors. In contrast, on the ritonavir arm, the 
treatment effect on the surrogate marker was a good predictor of 
clinical response. The observed CD4 count of failures was 
consistently lower than the observed CD4 co•1nts of sruvivors. 

Figure 4.8 H is the comparable plot with clinical endpoint 
still disease progression or death and the surrogate marker being 
l()g HIV RNA. AC)ain, the surrogate marker is a good predictor of 
clinical response in ritonavir arm but not in the placebo arm. 
Failures in the ritonavir arm have higher HIV RNA levels than do 
survivors. Finally, figures 4.8 r and J show the comparable 
results using the clinical endpoint of death. Conclusions are 
approximately the same. 
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5. Statistical Reviewer's summary 

The FDA finds that the sponsor has demonstrated both 
clinical efficacy of ritonavir compared to current standard of 
care in patients with advanced disease and efficacy with respect 
to surrogate markers relative to AZT in patients with less 
advanced disease. The FDA finds that, despite substantial 
differential drop-out rates among arms in the interim analysis 
submitted by the sponsor, a statistically significant superiority 
of ritonavir over control treatments which is robust to several 
methods of imputing missing data. This robustness of the 
findings holds for both surrogate markers and clinical endpoints. 

The FDA finds that better compliance with the initially 
prescribed drug therapy is associated with a larger estimated 
superiority of ritonavir over control drugs. since good and poor 
compliers are not separated by random assignment, the FDA did not 
test this finding for statistical significance. 

The FDA is unable to explain the observed statistically 
signif i~ant superiority of ritonavir monotherapy over combination 
therapy. Differential compliance does not appear to account for 
the differential response rates. The FDA does note that even 
comLination was statistically significantly superior to AZT 
monotherapy. 

The FDA finds that there is no statistically significant 
interaction between treatment effects and covariates, with the 
possible exception of race. 

The FDA finds moderate correlation &mong the surrogate 
markers in both trials and between the surrogate markers and the 
clinical endpoints in the trial with more advanced patients. The 
strength cf the associations was greater in the ritonavir arms 
than in the control arms in all cases. This may be taken as 
additional support for a joint causal effect of ritonavir on both 
surrogate and clinical endpoints. 
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The FDA also finds that there is substantial subject to 
subject variability in the surrogate markers ar.d that there is 
considerable overlap in the range of individual responses among 
the different arms on each trial, even though means are 
statistically s~gnificantly ditferent. 
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The FDA also finds that there is substantial subject to 
subject variability in the surrogate markers and that there is 
considerable overlap in the range of individual responses among 
the different arms on each trial, even though means are 
statistically significantly different. 

Concur: Dr. Kammerman 

cc: 

Archival NOA #20-659 

HFD-530 

HFD-530/Dr. Feigal (via Team Links) 

Thomas Hammerstrom, Ph.D. 

Mathematical Statistician 

HFD-530/Dr. Freeman (via Team Lir.ks) 

HFL>-530/Dr. Murray 

HFD-530/Dr. Gitterman 

HFD-725/Dr. Kammerman 

HFD-725/Dr. Hammerstrom 

HFD-725/Dr. Harki~s 

HFD-725/Ms. Shores (Dr. Anello) 

Page 74 



CLINICAL PHARMACOLOGY /BIOPHARMACEUTICS REVIEW 

NOA: 20-659 & 20-680 
DRUG: Ritonavir oral solution 80 mg/ml 
and capsules 100 mg (NORVIR™l 

APPLICANT: Abt-ott Laboratories 
TYPE: NME 

BACKGROUND: 

REVIEWERS: Ors. K. Kumi, B. Davit, J. Lazor, 
K. Reynolds 

SUBMISSION DA TES: 12/21 /95, 2/6/96, 
2/8/96, 2/14/96 

REVIEW DRAFT: 2/19/96 
REVIEW FINAL: 4/15/96 

This review contains a summary of the studies that were reviewed from the studies 
submitted to Section 5 (Human Pharmacokinetics and Bioavailability) in support of NDAs 
20-659 and 20-680. Individual data are on file in the Division of Pharmaceutical Evaluation 
!II (HFD 880). 

The applicant is seeking approval of ritonavir (NORVIR™I oral solution (80 mg/ml) and 
capsules (100 mg). Ritonavir is a protease inhibitor which is indicated in combination with 
nucleoside analogues or as monotherapy for ths treatment of HIV infection. Inhibition of 
HIV protease renders the enzyme unable to process the gag-pol i::olyprotein precursor 
which leads to production of non-infectious immature HIV particles. 

SYNOPSIS: 

Mass Balance 

In 5 male subjects given a single 600 mg dose of ritonavir spiked with "C-ritonavir, Cmax 
was 13.6 ± i .9 µg-equivalents/ml. AUCO-t was 135 ± 20 µg-equivalents/ml, Tm•• was 
4.4±0.9 h, Ti> was 5.2± 1.5 h, and 13 was 0.145±0.045 h·'. Most of the plasma 
radioactivity was due to parcmt drug, with a very small contribution from the M-2 
metabolite. Over 6 days following dosing, 11.3 ± 2.3 and 86.4 ± 3.0% of the radioactive 
dose was recovered in urine and feces, respectively. Five metabolites wen! identified in 
urine and feces. Ritonavir contributed about 40% of the total fecal radioactivity, and M-2 
about 30%. With the limited data obtained in this study, it was not possible to accurately 
determine the percentage of an oral dose of ritonavir absorbed. The major isoforms 
involved in the metabolism of ritonavir are CYP 3A and 206. The isopropylthiazole 
oxidation product (M-2) is the major metabolite and it has antiviral activity similar tr> 
ritonavir, however, the plasma concentrations are low. 

Dose Proportionality 

Single dose administration of ritonavir (encapsulated liquid formulation! to fasting and 
nonfasting s•rbjects displayed dose-dependent pharmacokinetics. Both mean AUC- and 
Cmu increased greater than dose proportionally when doses from 100 mg to 600 mg were 
administered. Normalized mean AUC- and Cm1x values were similar across the 600 mg to 
1000 mg dose range. The dose-dependent pharmacokinetics observed at doses up to 600 

I 
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mg are consistent with saturable metabolism by CYP3A4 and CYP206. 

Multiple Dose Pharmacoklnetlcs: 

Multiple dose administration of ritonavir 300 to 600 mg q 12h to HIV+ volunteers for 28 
days also displayed dose dependent pharmacokinetics during the first 7-14 days of therapy, 
however, after about 14 days, dose independent pharmacokinetics was observed. Dose 
normalized AUC, Cmax and Cmin obt11ined on day 21 were not statistically significantly 
different between doses. Day 21 CL/f" was similar among the dose groups. The applicant is 
recommending a dose of 600 mg q12h. 

After multiple dose administration of ritonavir 600 mg q 12h for 28 days to HIV+ patients 
(baseline CD4+>50 cell counts/mm3 , N= 10), day 21 mean±SD AUC12. Cmax and Cmin 
were 77.5 ± 31.5 µg •h/ml, 11.2 ±3.6 µg/ml and 3.0 ± 2.1 µg/ml, respectively. Tmax. CL/F 
and T112 were 3.3±2.2h, 8.9±3.2 L/h and 3.2h, respectively. Trough (pre-morning dose) 
concentrations decreased with time. Day 28 mean trough concentration was 60% lower 
than day 3 mean trough concentration, but day 14 mean trough concentration was not 
significantly different from day 28. The decre1Jse in trough concentrations with time is an 
indication that ritonavir may be inducing its own metabolism. 

Summary of Ritonavir Pharmacokinetic Ch3racteristics 

Parameter Value• (Mean ::t SO) 

Cma•.SS' 11.2:t3.6 "g/ml 

Ctrougti,SS' 3.7:t2.6 •Qiml 

V'1F• 0.41 :t0.25 L/kg 

tl12 3·5h 

AUC12.ss• 77.5:t31.~ ,.g.h/mL 

CLJF' 8.8±3.2 L/h 

CLIF" 4.8 :t 1.6 L/h 

CLR <0.1 L/h 

RBCtPtasm1 Ratio 0.14 :t0.09 

L. Percent Bound• I 98 - !'9'"' 
'SS• steady state ; pat1ent1 t.ak1ng rrtona"" 600 mta 1l2h 
"Single riton1vir 600 mg dose 

N 

10 

10 

91 

10 

10 

91 

62 

•Pr1maritv bound to l'luman serum albumin and alp'la· 1 ·1c1d glycoprotein; pta .. ma pro!1in binding is constant over the 
concentration range of 0.01 · 30 ~/ml 

Bioavailability/Food Effects 

The absolute bioavailability was not determined because an intravenous formulation was 
not available. A comparison of the commercial capsule versus the commercial liquid 
formulation is not available; however, the commercial liquid (K-51 and capsule (LI 
formulations were compared to formulation A, which was used in phase I and II clinical 



studies, and found to be bioequivalent und.ir nonfasting conditions. Formulation K·5 was 
used in phase II and Ill clinical studies. 
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Following administration of a single 600 mg dose of ritonavir (encapsulated iiquid 
formulation) in the non-fasting state (968 kcal, 65% fat), AUC- was increased 79 ± 69% 
and Cmax was increased by 51 ± 70% when compared to administration of a similar dose of 
ritonavir under fasting conditions. The increase in AUC- was statistically significant. 
Variability was similar when ritonavir was administered fasting or non-fasting; %CVs for 
AUC- were 65% and 63%, respectively. Based on these results, ritonavir was administered 
with meals throughout the clinical trials. 

The bioavailability of 600 mg ritonavir liquid formulation K-5 administered under non-fasting 
conditions was not altered when administered mixed (within 1 hour of administration) in 
Advera, Ensure, or chocolate milk compared to when administered with water. 

The administration of ritonavir as Formulation K-5 after a 514 Kcal meal (406.3 Kcal 
carbohydrate, 61.7 Kcal protein, and 46.3 Kcal fat) resulted in an approximately 10% 
lower AUC (Fed:Fast ratio 0.93 ±0.14) and about a 20% lower Cmax (Fed:Fast ratio 0.79 
± 0. 17) tha;, when administered under fasting conditions. Food caused a delay of about 2 
to 2.5 hours in Cmax. 

The administration of ritonavir as Formulation L after a 770. 5 Kcal breakfast (354.4 Kcal 
fat, 285. 1 Kcal carbohydrate, and 138. 7 Kc11I protein) resulted in an increase in AUC of 
about 15% (Fed:Fast ratio 1. 18 ± 0.25) and a reduction in Cm ax of about 10% (Fed: Fast 
ratio 0.93 ± 0.23). Tmax was prolonged about 2 hours when Formulation L was 
administered after a high fat breakfast. 

Bioequivalence 

Formulation K-5 is bioequivalent to formulation A and K-4Y when administered as a single 
600 mg dose after a 514.3 Kcal meal (406.3 Kcal carbohydrate, 61.7 Kcal protein, 46.3 
Kcal fat). The 90% Cls on Ln transformed AUC and Cmax were 86.4% - 103.3% and 
85.0% · 99.1 %, respectively, for the formulation K-5 to formulation A comparison. The 
90% Cls on Ln transformed AUC and Cmax were 85.7% · 102.5% and 86.6% - 101.0%, 
respectively. for the formulation K·5 to fu~mulation K-4Y comparison. 

The bioequivalence of formulation L to formulation A was investigated in 3 studies when 
administered as single doses after low and high fat meals. Formulation L was bioequivalent 
to formulation A when administered ~s a single 600 mg dose after a 514.3 Kcal breakfast 
(406.3 Kcal carbohydrate, 61. 7 Kcal protein, 46.3 Kcal fatl. The 90% Cls for AUC and 
Cmax were 89.7% - 99.6% and 94.8% - 105.9%, respec<ively. Formulation L was 
bioequivalent to formulation A when administered as a single 500 mg dose after a 514.3 
Kcal meal (406.3 Kcal carbohydrate, 61. 7 Kcal protein, 46.3 Kcai fat). The 90% Cls for 
AUC and Cmax were 89.8% - 101.4% and 88.4% - 100.9%, respectively. 
Formulation L was also found to be bioequivalent to formulation A when administered as 11 

single 600 mg dose following a 770.5 Kcal breakfast (354.4 Kea: fat, 285.1 Kcal 



carbohydrate, 138. 7 Kcal protein). The 90% Cls for AUC and Cm•• were 82.6% - 96.6% 
and 88.9% - 108.3%, respectively. 
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As stated above, formulations K-5 and Lare bioequivelent to formulation A when the 
formulations are administered after a meal. The proposed ritonavir label states that ritonavir 
can be administered without regard to meals. The patients in the pivotal clinical trials were 
instructed to take formulation K-5 with food. Food resulted in about a 7% reduction in 
ritonavir AUC anti a 23% drop in Cm ... relative to fasting conditions. Administering 
formulation K-5 in the absence of food should slightly increase exposure. The proposed 
commercial oral solution (formuldtion K-5) could be administered without regard to meals, 
however the reviewer feels less assured of tl>is "t3tement as it applies to the proposed 
commercial capsule (formulation L). Study M9~ ·350 was dec1gned such that a comparison 
between formulation L-fasting and formulation A-fed can be made. The resulting 90% Cls 
for AUC and Cma• wer~ 71.7% - 83.9% and 98.5% - 120.0%, respectively. These results 
raise a question as to r,.-;w formulation L- fasting compares to formulation K-5 nonfasting or 
fa5ting. Because the patients were instructed to take formulation K-5 after meals in the 
clinical studies, and because the applicant feels that concentrations are important, and 
because the only link of formulation L to formulation K-5 is through a comparison to 
formulation A-fed, the labeling shou!d state that formulation L be administered with meals. 

Gender 

There were no statistically significant Qender differences in AUC, Cma•. Cmin, or P in 
healthy male and female subjects (n = 12) given 600 mg ritonavir ql 2h for 6 days, and 
there was no association between AUC and body weight or lean body mass. It is 
recommended that the label state that there were no differences in the pharmacokinetics of 
ritonavir in l'T'lales and fernales. 

Chronophermacokinetlcs 

There was significant diurnal variation in ritonavir pharmacokinetics. In the gender study, 
following the AM dose, mean Tma• was 2 h earlier, mean Cma• was 36% higher, and mean 
AUCO·t was 14% higher than respective mean parameters obtained following the PM dose. 
Similar diurnal variation was observed in multiple dose studies in HIV+ patients. The 
mechanism for the diurnal variation is not clear but it is postulated to be related to increase 
in bile secretion in the morning which may enhance the solubility of ritonavir. The small 
diurnal va;iation is not considered clinically significant. 

Genotype 

CYP206 genotype was determined in the fluoxetine-ritonavir interaction study. Subjects 
were determined as wt/wt (homozygous wild-wpe extensive debrisoquine rnetabolizers) or 
8/wt (heterozygous, with one wild-type allele and one allele for nonfunctional enzyme). 
The ritonavir p was significantly lower (by 15-20%) in Blwt individuals than in wtlwt 
individuals. This small effect is not considered clinically significant. 

CYP206 genotype was also determined in the desirramine-ritonavir interaction study. The 
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ritonavir AUC was significantly (34%) higher in B/wt individuals on the first day of dosing 
with ritonavir alone, but after 5 and 9 days of dosing, there was no significant difference in 
ritonavir AUC values of 8/wt vs wt/wt indiv!:luals. 

Drug Interactions 

EHects of coacomjtooUv admj&srered drugs on ritoa11yjr ph1an11cokinetjcs 

Clarjthrornycjn- Clarithromycin (500 mg bid) coadministration increased the AUC24 and 
Co11x of ritonavir (200 mg q8hrl by 13 ± 20% and 14 ± 24%, respectively. These ch11"".'eS 
were not clinically significant. 

Desjpramjne- Desipramine (single 100 mg dose) had no effect on ritonavir (500 mg q12h 
for 4 days) pharmacokinetics. 

Pidanosjne- Didanosine (200 mg q 12hr for 4 days) did not significantly alter the 
pha:macokinetics of ritcnavir (600 mg q12hr for 4 days). Ritonavir decreased the 
didanosine AUC24 by 11±17% and Cmax by 13 ± 17%. These changes were not clinically 
significant. 

Elyconazole- Eluconazole (single dose 400 mg on Day 1, 200 mg q24h for 4 days) 
sigmficantly increased the AUC (by 12 ± 8%1 and Cmax ( 16 ± 10%) of ri\onavir (200 mg q6h 
for 5 days). with no effects on the rates of ritonavir absorption or elimination. 

Elyoxetjne- Eluoxetine (30 mg q 12h for 8 days) significalltly incre&:;;ed the AUC (by 
22 ± 23%1 and decreased p (by 17 ± 14%) of ritonavir (single 600 mg dose). with no effect 
on the rate of ritonavir absorption. 

Zjdoyydjne- Zidovudine 1200 mg q8h for 5 days) had no effect on ritonavir (300 mg q6h for 
5 days) pharmacokinetics. 

Effects of concomjtantfv 11clrninistered ritooayjr on ph!f.macokmetjcs of other drugs 

Clanthromycjn- Ritonavir (200 mg q8hrl coadministration increased the clarithromycin 
(500 mg bid I AUC24 by 86 ± 56% and increased Cmax by 38 ± 40%. Ritonavir inhibited 14-
0H-clarithromycin formation by cytochrome P450 mediated biotransformation. The ritonavir 
label should describe the effects of ritonavir on clarithromycio pharmacokinetics. The 
current clarithromycin label states thet in the prese:ice of severe renal impairment 
decreased doses or prolongation of dosing intervals may be appropriate; a statement to this 
effect should also be included in the ritonavir label regarding the ritonavir-clarithromycin 
interaction. 

Desjoramjne- Ritonav1r (300 mg q 12h on Day 1, 400 mg q 12h on Day 2, 500 mg q 12h for 
2 days) signifi::antly increased the AUC (by 172 ± 84%), Cmax (by 28 ± 27%) and T max (by 
67 ± 68 % I of desipramine (single 100 mg dose). Ritooavir decreased the desipramine p by 
53 ± 6% in rapid debrisoquine metabolizers and by 42 ± 13% in individuals with one active 



CYP2D6 allele and one inactive allele. The active metabolite 2-0H desipramine Cmu and 13 
were significantly decreased by 66 ± 8% and 45 ± 12%, and Tmax was about 2-fold longer. 
It 1s recommended that the label state the effect of ritonavir on the AUCs of desipramine 
and 2-0H des1pramine. A reduction of the dosage of desipramine and other tricyclic 
antidepressants and monitoring of plasma concentrations and adverse events when these 
drugs are coadministered with ritonavir should be considered. 
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Ethjnyl estradjol- Ritonavir (300 mg q 12h on Day 1, 400 mg q 12h on Day 2, 500 mg q 
12h for 14 days) significantly decreased the AUC (by 38 :r 20%) and Cm1x (by 30 ± 19%) 
and significantly increased 13 (by 21±16%\ of ethinyl esttadiol (single 50 µg dose). It is 
recommended that the label state the effect of ritonavir on the AUC of ethinyl estradiol and 
mention that alternate contraceptive measures should be considered. 

Rjfabytjn- Ritonavir (300 mg q 12h on Day 1, 400 mg q 12h on Day 2, 500 mg q 12h for 8 
days) markedly increased the AUC (by 3.5-fold) and Cmax (by 5.5-fold) of rifabutin (150 mg 
q24h for 10 days). The AUC and Cmax of the active metabolite 25-0-desacetylrifabutin 
were both increased about 30-fold. It is recommended that the label state the effect of 
ritonnvir on the AUCs of rifabutin and 25-0-desacetylrifabutin and recommend that patients 
receive alternative med1cat1on for ant1mycobacterial therapy. 

Saqu1navir- The applicant has reported (not officially submitted) that ritonavir has a 
profound 1nh1b1tory effect on the metabolism of saquinavir following single and multiple 
dosing. The safety of this combination has not been established and the label will 1nd1cate 
that the two shcJld not be given concomitantly. 

Theopt~- Ritonavir i 300 mg q 1 2h on Day 1 , 400 mg q 1 2h on Day 7, 500 mg q 1 2 hr 
for 8 days! s1gn1ficantly decreased the AUC (by 43 ± 8%1. Cmax (by 31±13%\ and the 
elimination T··- (by 40-45%1 of theophyllirie 13.2 mg/kg q8hr for 10 days). It 1s 
recommended that the tabet state that plasma concentrations of theophylline should be 
monitored in patients taking both drugs and a theophylline dosage increase may be 
required. 

Trjmethoppmlsy!famethoxazqle- Trimethoprim/sulfamethoxazole ( 160 mg/800 mg) was 
administered without ritonavir and with steady-state ritonavir (500 mg ql 2hr). 
Sulf amethoxazole AUC- decreased by 20 ± 6 % and elimination rate increased by 21 ± 1 2 % . 
The increase in sulfamethoxazole systemic clearance could not be entirely attributed to 
increased N-acetyl-sulfamethoxazole formation. Trimethoprim AUC48 increased by 
20 ± 36 % . The mechanism for the change in trimethoprim pharmacokint•tics in the presence 
of stea<.iy state ritonavir concentrations was not clear. Given the magnitude of the 
0pposing changes in sulfamethoxazole and trimethoprim AUC and the wide safety margin 
o1 the synergistic combination. the noted pharmacokinetic changes generally are not 
clinically relevant. However, some patients may experience increased adverse events due 
to trimethoprim. particulluly a• •'le doses of trimethoprim/sulfilmethoxazole administerad 
for active treatment of pneumc.. ystis carinii pneumonia. 

Zjdqyydjne- Ritonavir (3(J0 mg q6h for 5 days I significantly decreased the AUC (25 ± 10%), 
and increased CLiF (by 36 ± 18%) of zidovudine (200 mg q8h for 5 days), but had no 



effect on zidovudine glucur:m._ie pharmacokinetics. 

General Comment on Drug Interaction Studies: It must be noted that in several of the drug 
interaction studies, ritonavir doses used were lower than the recommended dose of 600 
mg q12h. Therefore, it is not known if the magnitude of the changes in pharmacokinetic 
parameters would have been the same if the recommended dose was used. 

Special Populations 

Pedjatrjcs- Pharmacokinetics has not been studied in children. 

Elderly- Pharrnacokinetics has not been studied in adults over the age of 65. 

Renal lmpajrr1•;iru- No pharmacokinetics studies in renal insufficient patients were 
conducted but :ess than 2% of an administered dose is secreted in the urine; therefore. 
dosage adjustment in renal insufficient patients may not be necessary. 

Hepatic lmpajrment- Pharmacokin!!tic studies in hepatic impaired patients were not 
conducted. Ritonavir is extensively metabolized in the liver, therefore, hepatic insufficient 
p11tients should be carefully monitored and doses adjusted as needed. 

Pharmacokinetic/Pharmacodynamic Relatiom:hipa 

No analyses correlating ritonavir pharmaco~.inetic parameters with effect were conducted. 
However, in a couple of studies, exploratol'y ANCOVA analyses were conducted to 
determine whether baseline disease state (CD4+ and Viral RNA) had any effect on AUC, 
Cmax and Cmin. These analyses were evaluated by Dr. Ene Ene of the Pharmacometrics 
branch of OCPB and he determined the AMCOVA models used in the analyses were 
accurate. No clinically significant correlation between baseline CD4 +. viral RNA and the 
pharmacokinetic parameters was observed. 
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The applicant conducted a preliminary evaluation in thirteun patients (from study M93-1 1 2) 
comparing the rate of mutation and steady state ritonavir AUC12. A trend of slower 
resistance development with higher AUC was observed; however, confounding factors 
such as immune status, viral burden and the number of preexisting mutants that were less 
susceptible to protease action were not evaluated simultaneously. 

The appl.icant reported that the incidi>nce or selected adverse events lna• 1sea, vomiting and 
sensory neurologic events) was higher during the initial days of drug therapy. Ritonavir 
trough concentrations we~e also higher during the early days of ritonavir therapy and the 
concentrations declined to stable levels ahout 7 to 14 days following initiation of therapy. 
No analyse•s were conducted to directly correlate the higher incidence of adverse events 
reported with the higher concentrations observed during the initial days of drug therapy. 
Therefore, ot~oer factors, such as the bitter taste of the oral solution, cannot be ruled out as 
the cause of some of the adverse events. 
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Oi11olution 

The dissolution of ritonavir capsules significantly improves with ege. The dissolution 
~pacification proposed by the applicant wa~ based on data from lots that were at least 30 
days old. To prevent holding lots for at least 30 days prior to release, an interim 
specification was decided upon. During the interim, additional dissolution data from 
productior. lots will be collected both at the end of encapsulation and at least 30 days after 
th<? manufacture of the capsules. The data will be used to set a permanent dissolution 
specification no later than one year after approval. 

The following interim dissolution method and specification have been set for riton11vir 
{NORVIR™I capsules: 

1. If a lot fails to meet the in process dissolution specification, it may be retested after at 
least 30 days from the date of manufacture. If it then meets the specification for an aged 
lot, it may be released. 

2. The applicant was asked and agreed to generate dissolution profiles at 15, 30, 60, 90, 
120, 150 and 180 minute time points for production batches of NORVIR using the 
proposed method. The profiles will be generated within 5 days of the date of manufacture 
and again when the lots are at least 30 days old. The 150 and 180 minute time points for 
lots that are at least 30 days old may be omitted. The testing should be conducted on 12 
capsules. 

3. The applicant was asked and agreed to generate comparative dissolution profiles at 30, 
60, 90, 1 20 and 180 minutes for padd!e speeds of 50, 75 and 100 rpm using apparatus 2 
and 0. 1 N HCI for sufficient production scale lots {minimum of 3 lots) to enable evaluation 
of paddle speeds. The data will be generated within 5 days of manufacture and again after 
the lots are at least 30 days old. The 150 and 180 minute time points for lots that are at 
least 30 days old may be omitted. 

4. The requested dissolution data should come from either commercial batches produced 
within the first year of approval or the first twenty batches manufactured, whichever 
r"mes first. The dissolution method and specification will be reevaluated when the data are 
submitted. 

The above specification was discussed with the applicant in a teleconference on 2/27/96 
and the following interim specifications were agreed upon. 
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Acceptance Criteria for Ritonavir 100 mg Capsules, 1-5 Days after Manufacture 

Stage No. Tested Limits f'Mtl.A. of Riton11vir) 1t 150 minute• 

51 6 caps Each copoule NL T' 80'!1. 

52 12 caps Avlfogo of 12 c1paule1 NLT 75'!1., no c1paulo laH than 60% 

53 12 caps Average of 24 capaules NLT 75'%, no more thin 2 c1p1ula1 la11 than 60% and 
no capsule leu than 50% 

Acceptance Criteria for Ritonavir 100 mg Capsules, 30 +Days after Manufacture 

Stage No. Tested Limits (%L.A. of Ritonavir) at 90 minutes 

$1 6 caps Each capoule NL T 80% 

52 6 caps Average of 12 capsules NL T 75%, no capsule less than 60% 

53 12 caps Average of 24 capsules NLT 75%, not more than 2 capsules less then 60% and 
no capsule 1e11 thin 50% 

'Nl T: Not Less Than 

When these interim specifications were set, tho applicant informed the Agency that the 
following lots 13-789-AF. 13-790-AF, 14-803-AF, 14-804-AF, 14-805-AF, 14-806-AF, 14-
815-AF, 14-852-AF, 14-849-AF, 14-850-AF and 14-851-AF were in process and were 
older than 5 days but less than 30 days. It was decided that these lots could bt: tested 
within 6 to 29 days after manufacture and if they meet the specification for 30 + day lots, 
they may be released. 

CONCLUSIONS 

The applicant provided adequate information to enable the evaluation of the 
pharmacokinetics of ritonavir in healthy volunteers and patients with CD4-1- cell counts 
>50/mm3

• The pharmacokinetics in patients with CD4+ <50/mm3 could not be evaluated 
from the data provided. The pharmacokinetics of ritonavir appeared to be linear after about 
14 days of therapy with 600 mg q 12h. A direct bioequivalence study linking the two 
commercial formulations (oral capsules and solution) was not conducted; however, both 
the commercial oral capsule and solution formulations were found to be bioequivalent to 
the original liquid formulation used in phase I and II trials. The commercial oral solution was 
usP.d in the phase Ill clinical trials. The applicant should continue to examine the 
relationship between concentration and effect and the influence of covariates such as 
diarrhea and concomitant medications on the pharmacokinetics of ritonavir. The applicant 
has an ongoinJ study evaluating the pharmacokinetics in the pediatric population. The 
applicant should study the interaction between ritonavir and more potent CYP3A inhibitors 
such as ketoconazole. The applicant is evaluating the influence of potent inducers of 
CYP3A such as rifampin on ritonavir pharmacokinetics. 

Phase IV Commitments 

The applicant agreed to the following phase IV commitm11nts. They will submit the results 
of the drug interaction study between rifampin and ritonavir (study M95-289). 



The 11pplicant will study the effect of potent enzyme inhibitors, such as ketoconazole, 
itraconazole and erythromycin on the pharmacokinetics of Ritonavir. 

The applicant will evaluate the pharmacokiinetics of ritonavir in patients with hepatic 
insufficiency and in patients with renal impairment in ongoing studies. 

Label 

A copy of the approved label is on file in the Division of Pharmaceutical Evaluation Ill. 

RECOMMENDA Tiuni 
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The Human Pharmacokinetics and Bioavailability Section of NOA 20,659 and NOA 20,680 
has met the requirements of the Code of Federal Regulations 320 and the clinical 
pharmacology labeling requirements of the Code of Federal Regulations 201.56 thus 
supporting approval of the NDAs. 

Advisory Committee - February 29, 1996. 
Biopharr.i Day - February 22, 1996. 
Participants: Ors. N. Fleischer, L.Lesko, J. Lazor, J. Collins, M-L. Chen, P. Hepp, R. 
Baweja, J. Jenkins, K. Kumi, B. Davit, K. Reynolds, J. Murray and Ms. K. Struble 

Reviewers: 
-+-1:'1'-. _,,., ~\,i-;;"-v-\-,· - _, 1rc / r f 

~+-11~"'1'--,-=--::--~~-4 
Ko 1 A. K mi, Ph.D. 

4b44. }J..,, CSiau:.t y / ,t /C\ll 
Barbara M. Davit, Ph.D. 

J ~ 4-/1~/9/o 

~i-Viral Drug Section 
Division of Pharmaceutical Evaluation Ill 
OCPB 



PHARMA.COLQGIST'S REVIEW 

NDA: 20-659 
Date Submitted: October 4, 1995 
Date Assigned: October 6, 1995 
Date Review Completed: October 31, 1995 
Assigned Reviewer: Pritam S. Verma, Ph.D. 
Jlll'D-53 0 

SPONSOR: Abbott Laboratories 
Pharmaceutical. 
Products Division 
Abbott Park, 
Illinois 60064-3500 

DRUG: Ritonavir 
Code Names; Abbott-84538, ABT-538 
Chemical Name; 10-Hydroxy-2-methyl-5-(1-methylethyl)-1-
(2-(1-methylethyl)-4-thyiazolyl)-3,6-dioxo-8,11-
bis(phenylmethyl)-2,4,7,12-tetraazatridecan-13-oic­
acid,5-thiazolylmethyl ester, [5S-(5R*,8R*,10R*11R*)) 
Molecular Weight; 720.95 
Molecular Formula; C3,.Hi,eN~05S2 
Physical Description; white powder with some small 
lumps 
J2};.1 = pK2_;_ 2. 844 ± 0 .169 

FORMULATIONS: Ritonavir oral solution; a vial containing 10 ml 
solution of 200 mg of Abbott-84538 per ml of propylene 
glycol: ethanol;water for injection at 90:5;5 (v/v/v) 
and in t.he presence of 2 molar equivalent of 
hydrochlcric acid. This solution will be admj.nistered 
in gray capsules containing 0.5 ml of solution (ie, 100 
mg of Abbott-84538) . 

Ritonavir capsules; granulation form of 100 mg of 
Abbott-84538 in a capsule. 

DOSAGE: 600 mg, bid (approximately 20 mg/kg/day); drug exposure 
(AUC ~ 150 µg•hr/ml) 

INDICATION: Treatment of HIV infection 

RELATED IND: 
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INTRODUCTION: 

Riton&vir (Abbott-84538) is one of a aeries of novel p~ctease 
inhibitors for HIV, the causative agent of AIDS. HIV protease is 
a viral enzyme that is responsible for the processing of viral 
proteins during virus assembly. These processing steps are 
essential for the maturation of newly-formed virus particles into 
infectious virions. Thus, HIV protease is thought to represent an 
important target for intervention in AIDS. The HIV protease is a 
member of the aspartyl family of pro~~ases. Drugs that 
specif ic:illy inhibit this enzyme without interfering with the 
activity of endogenous human aspartyl protease may serve as 
effective anti-HIV agents. Abbott-84538 is an orally administered 
inhibitor of both the HIV-1 and -2 proteases. 

HIV contains the archetypal retroviral genes gag, pol and env. 
Gag and pol encode respectively the nuclear matrix proteins and 
enzymes essential for reverse transcription and integration. The 
protein products of these genes are produced together in a single 
precursor polyprotein that must undergo processing by the HIV 
protease to generate infectious virions. The activity of the 
protease is uniquely responsible and essential for the post­
translational cleavage of the viral gag and gag-pol polyproteins. 
Presently, the sponsor has submitted a NOA which describes the 
development of Abbott-84538 solution for the treatment of AIDS. 

BACKGROUND: 

The toxicology of Abbott-84538 has been assessed in mice, rats, 
dogs and rabbits in studies ranging in duration from a single 
dose to six months of oral administration. Abbott-84538 has a low 
order of acute toxicity in rodents by the oral route but is more 
toxic when administered as an iv injection. The difference is 
probably due to the fact that the acute toxicity is more related 
to plasma Cmax than AUC values, and Cmax is most likely higher 
following iv injection. Data generated from chronic studies 
identified liver as a target organ in both rodents and dogs. In 
addition, eye, kidney, stomach and thyroid, and erythrocytic 
parameters were target organs in rodents only. Light microscopic 
evidence of phospholipidosis in liver, kidney, lung, lymph nodes 
and retinal pigment epithelium was also observed only in rodents. 
The effects on stomach, thyroid, erythrocytic parameters and 
thymus appeared to be reversible, but the changes in liver and 
retina were still evident in rats that were held for a 3-mor,':.h 
recovery period. Changes in rats were dosage related and affected 
hepatocellular, biliary and phagocytic elements, and minimal to 
mild changes were observed even at dosages nea~ the clinical 
dosage. The greater sensitivity of the rat to hepatic toxicity 
may be due to the relatively faster clearance and metabolism of 
the compound by the liver; thus, exposing it to greater 
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concentrations of both Abbott-84538 and its metabolites. Thymic 
at.rophy was observed only in dogs, but the most sensiti,:e 
indication of toxicity in this species was gastrointestinal 
distress consisting of emesis and abnormal stool. 

SUMMARY: 

3 

Acuce coxicity studies: the approximately lethal single oral dose 
of Abbott-84538 was shown to be >2500 mg/kg in rats. In mice, the 
LOSO cf oral Abbott-84538 was shown to be >2500 mg/kg. The NOELS 
were showed be 250 mg/kg and 5 mg/kg in rats and mice, 
respectively. The results and Elquivalent dose in humans are 
summarized in Appendix # 2 (Table 1) . 

Multiple-dose coxicity studies~ results are summarized in 
Appendix# 2 (Table 2 to 6). ~ffects on the liver: hepatic 
changes in rodents included elevated liver enzyme activities 
(ALT, AST and GGT) and histopal~hologic lesions such as 
multinucleated hepatocytes, periportal inflammation, histiocytic 
microgranuloma, single cell necrosis, increased mitosis, 
pericholangitis, bile duct hyperplasia, hepatocyte vacuolization 
and/or Kupffer cell aggregates (1 to 6 months oral toxicity 
studies). Histopathologic alterations and increased liver enzyme 
activities had not resolved in rats during the 3-month of 
recovery period (3-month oral toxicity study). The no­
hepatotoxic-effect dosage level of Abbott-84538 in rats when 
administered by oral gavage was considered to be less than 25 
mg/kg/day, resulting in systemic plasma exposure of 14-25 
µg•hr, ml (3- & 6-month studies). Ele"•ated liver enzyme activities 
(ALT, AST, ALP, GGT) and incre,ased bile acid were evident in 
~· Histopathologic changes were in general limited to 
hepatocellular hydropic degeneration. Single cell necrosis, 
pericholangitis with biliary hyperplasia and fibrosis were noted 
in some female dogs in the 3-month oral toxicity study (100-200 
mg/kg/day; AUC=200 µg•hr/ml). Thus, the rat appeared to be more 
sensitive than the dog for liver tcxicity. Effects on the eye: 
hypertrophy of the retinal pi~rment epithelium (RPE) and retinal 
degeneration were only seen in rodents at dosages of 75 mg/kg/day 
or higher (AUC >43 µg•hr/ml). The retinal changes seen in rats 
are summarized in Appendix # 2 (Table 5). Development of the 
retinal changes in rats appeared to be dependent on both systemic 
exposure and duration of treatment. In a 3-month toxicity study, 
hypertrophy of the RPE and minimal retinal degeneration were 
present in rats, these changeE1 were still evident in rats that 
were held for a 3-month recove•ry pex:iod. Electron microscopic 
examination of hypertrophied FtPE revealed a considerable 
accumulation of phagosomes which were consistent with drug­
induced retinal phospholipido.iis. Therefore, the pigment 
epithelium hypertrophy in rats was at least partially due to the 
parent compound or it.i metabolite(s) causing a lysosomal 
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accumulation of polar lipids from rod outer segments. Effects on 
the thyroid; hypertrophy of follicular cells in the thyroid gland 
along with decreased T4 and elevated TSH were observed in ~ 
that received the drug for one or six months. All changes were 
reversible following a one-month recovery period. Morphologic 
effects were seen at dosages as low as 50 mg/kg/day iAUC > 2S 
µg•hr/ml). No effects were observed on the thyroid gland in any 
of the dog studies. E~fects qn the kisiney; no renal changes were 
observed in rat studies with durations through 3 months, but 
changes were observed in the 6-month study at all dosage levels 
down to 2S mg/kg/day (AUC = 14 µg•hr/ml) . The most consistent 
rer.al changes were tubular degeneration and hypoplasia. No renal 
changes were observed in any of the dog studies. Effects on the 
gastrointestinal tract-the stomach; changes seen in rats 
administered the drug by oral gavage for 3 months at dosages of 
7S mg/kg/day (AUC > 43 µg•hr/ml) included mild pyloric necrosis 
and gastritis. These changes in the stomach were not detected in 
the six month rat study at dosages up to 150 mg/kg/day (AUCs 83-
l 7S µg•hr/mll. The changes were reversible after a one-month 
recover/ period. The changes were not seen in dogs. Emesis. 
diarrhea and/or abnorrnal stools in dogs; were noted that received 
SO mg/kg/day or greater in all the studies. This gastrointestinal 
distress usually occurred approximately 2-3 hr after each dosing 
and the incidence was dose-related. ~ffects on the Erythron; the 
changes observed in rats treated with 12S mg/kg/day or higher 
(AUCs 86-128 µg•hr/ml) for three months were limited to slight 
decreases in erythrocytic variables (erythrocyte count, 
hematocrit, hemoglobin). Decreases in erythrccytic variables 
along with an increased incidence and/or severity of anisocytosis 
(erythrocytes of variable size) and poikilocytosis (erythrocytes 
with abnormal shapes) were detected in rats that received 2S 
mg/kg/day (AUCs 14-22 µg•hr/ml) or greater for six months. The 
changes were reversible in rats. Erythrocytic changes were not 
detected in dogs receiving dosages up to 12S mg/kg/day (AUCs = 
llS to 20S µg•hr/ml) for six months. Effects on the thymus; 
thymic atrophy was limited to dogs only. An increased incidence 
and/or severity of thymic atrophy was in the highest dosage group 
of dogs in the one-month (200 mg/kg/day) and six-month (12S 
mg,'kg/dayl studies. More severe changes appeared to be associated 
with very high plasma exposures of Abbott-84S3 ing from 200 
to 900 µg*hr/ml. n ; bilateral 
testicular degeneration was observed in two mal s (one that 
received SO and one that received 12S mg/kg/day) for six months. 
The degeneration was moderate and diffuse. The high dosage dog 
had decreased epididymal spermatozoa as a result of the diffuse 
testicular degeneration. In addition, the high dosage dog had 
moderate multifocal prostatic atrophy/hypoplasia. 

Reproductive and developmental toxicity studies; the results are 
summarized in Appendix # 2 (Table 6) . There were no effects on 
male rat reproductive capabilities at dosages up to 12S mg/kg/day 

i 
I 
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(AUC = 91 µg*hr/ml), the highest dosage level tested in the 
Segment I study. Female rats displayed some adverse clinical 
signs (emaciation, dehydration and hunched posture) following 
administration of 75 mg/kg/day (AUC = 61 µg*hr/ml) which was the 
highest dosage tested, this appeared to have no effect on female 
fertility. In the Segment II study in rats, fetal toxicity 
characterized by reduced fetal weight, delayed skeletal 
ossification, wavy ribs, enlargement of fontanelles and 
cryptorchidism was seen in rats at 75 mg/kg/day, a dosage that 
was also overtly maternally toxic as well. In the Segment II 
study in rabbits, slight developmental toxicity (reduced fetal 
size and weight) was observed only at a dosage (110 mg/kg/day) 
that was overtly maternally toxic as well. In the Segment III 
study, the drug was given during late gestation through weaning. 
No neonatal toxicity was evident at the highest dosage tested (60 
mg/kg/day) . 

Genotoxicity studies: results are summarized in Appendix # 2 
(Table 4). Abbott-84538 was found to be non-mutagenic when tested 
in several in vitro and in vivo genotoxicity assays. 

Phapnacokinetic and APME studies: results are summarized in 
Appendix # 3 (Table 1 to 4). Peak plasma concentrations (Cmax) of 
Abbott-84538 in rats, dogs, and monkeys after oral administration 
of a 5 mg/kg dose were recorded at approximately 1-2 hr. Plasma 
drug concentrations declined rapidly following termination of 
dosing in all species. The elimination half-life in all species 
was approximately 1-2 hr. Oral bioavailability following a 5 
mg/kg dose was calculated to be 70.7%, 37.4% and 29.9% for rats, 
~ogs and monkeys, respectively. Drug exposures (AUCs) were 
generally higher in female mice and rats compared with males at 
similar doses. The observed sex difference in plasma drug levels 
was due to a difference in the clearance of the drug. It has been 
reported that the rate of biliary excretion of drug was faster in 
male rats than in females. No consistent sex difference in plasma 
exposure was noted in dogs. In the 3- and 6-month studies in 
rats, increased AUC values were evident at the end of the 
treatment period when compared with those obtained during the 
first month of treatment. The elevated AUC values may be in part 
due to hepatotoxicity caused by drug, as well as to the 
saturation of metabolic processes, since drug is eliminated 
predominant 1 v by h.:patobiliary cJ.earance. Metabolic ..12rofile: 
obtained from incubation of radiolabelled drug with rat and dog 
hepatic microsomes was qualitatively similar co the corresponding 
metabolite profiles of drug in rat and dog bile (Appendix # 6 & 
7). Rat microsomal incubation samples converted Abbott-84538 
primarily to the metarolites M-1, M-2, M-9 and M-11, accompanied 
by minor u.;i\ounts of M-10 and M-5. No G-1 (the glucuronide of 
;.>"rent drug) \;as formed by rat liver microsomes. Incubation of 
Abbott-84538 with dog liver microsomes resulted in formation of 
M-1, M-2, M-11, M-5 and G-1. Human liver microsomes coPverted 
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A.bbott-84538 largely to M-1, M-2, M-11 and M-5, suggesting that 
these metabolites would likely be major products of hepatic 
biotransformation of the drug in humans. Protein binding; Abbott-
84538 extensively bound to ~l-acid glycoprotein and serum albumin 
in four species evaluated over a 3000-fold concentration range 
(0.01-30 µg/ml). Mean plasma protein binding percentages were 
97.2··99% for rats, 98.9-99.4% for dogs, 96.2-99.1% for monkeys 
and 99.3-99.5% for human. 

CONCLUSIONS: 

In the clinic, the test compound is being administered as an oral 
formulation at a dose level of 600 mg, bid or 1200 mg/day 
(approximately 20 mg/kg/day) . The proposed therapeutic dose 
produced a mean steady-state AUC value of 150 µg*hr/ml. The 
kinetic data from subchronic/chronic toxicit1• studies in rats and 
dogs showed that the mean AUC value at the therapeutic dose was 
found to be considerably higher than that achieved in the 
nonclinical toxicity st~dies at the NOELs/NOAELs. Based on either 
the body surface area ecr.iivalence factors or drug exposure (AUC 
values), the dosages used in the clini.c are higher than the 
NOELs/NOAELs identified in animal studies (Appendix # 5, Table 
1) . 

In animal studies, toxicities were seen at doses that are 
comparatively much lower than those used in the clinic (Appendix 
II 2, Table 2, 3 & 5). The therapeutic dosage of the test compound 
produces si.gnificant toxicity in the six-month oral toxicity 
studies [the longest duration studies sui.;:::i.tted at this time] in 
rats and dogs. The histopathology evaluations r-evealed that 
liver, eye, kidney, bone marrow and thyroid are the m~jor target 
organs. Therefore, the sponsor is requested to monitor the 
patient closely for the toxicities seen in animals. 

Abbott-84538 can be classified as Pregnancy Category B. Abbott-
84538 should not be used during pregnancy unless the potential 
benefits justify the risk to the fetus and mother. 

A 12-month toxicity study in dogs and, as a part of the phase 4 
commitment, t~o-year carcinogenicity studies in mice and rats are 
ongoing. 

This NDA in its present form has ~rovided adeq-~ate nonclinical 
safety information to support its approval and labeling. 
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APPENDICES: 

Seven appendices are attached. These are listed below. 

1. Non-clinical toxicology, pharmacokinetica and 
pharmacology. 

2. Tabulated a\Dal&ry of animal toxicity atudiea. 

3. Tabulated S\Dal&ry of animal pharmacokinetic studies. 

4. Tabulated summary of human pharmacokinetic atudiea. 

5. Comparison of animal do••• with the human therapeutic 
dose. 

6. Ch~'Aical atructure of ABT-538 metabolites. 

7. Proposed pathway of ABT-538 biotranaformation in rat 
and dog. 

Concurrences: , If,\~~ 

HFD-530/DFreeman~c!Y\ 1j11.l "ii,, 
HFD-530/JFarrell =r 
HFD-530/PVerma \J If 1'-11& 
Disk: 
HFD-530/JFarrelly 

cc 
HFD-530/NDA 20-~59 
HFD-340 
HFD-530/KStruble 
HFD-530/PVerma 
HFD-530/JMurray 
HFD-530/PLiu 
HFD-530/NBattula 
HFD-345/GJames 

Pritam S. Verma, Ph.D. 
Reviewing Pharmacologist 
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Appendix # 1 

Non-clinical toxicology, pharmacokinetic• and pharmacology. 

NON-CLINICAL TOXICOLOGY 

Toxicity Studies Summary: Studies marked with an asterisk were 
performed in a manner consistent with the FDA Good Laboratory 
Practice Regulations. 

Acute Toxicity Studies 

1. Acute Oral Toxicity Evaluation of Abbott-84538 in Mice, 
Lot # 240-081-AX, Abbott Lab., Abbott Park, IL, 
September 28, 1993 (TD93-311/R&D/93/554)* 

2. Acute Oral Toxicity Evaluation of Abbott-84538 in Rats, 
Lot # 240-08:..-.u, Abbott Lah., At::.>tt Park, IL, 
September 24, 1993 (TA93··309/R&D/93/552)* 

3. Acute Intravenous Toxicity Evaluation of Abbott-84538 
in Mice, Lot# 240-081-AX, Abbott Lab., Abbott Park, 
IL, September 28, 1993 (TD93-312/R&D/93/555)* 

4. Acute Intravenous Toxicity Evaluation of Abbott-84538 
in Rats, Lot # 240-081-AX, Abbott Lab., Abbott Park, 
IL, September 24, 1993 (TA93-310/R&D/93/553)* 

Repeat ~ose Toxicity Studies 

5. One-Month Oral Toxicity Study of Abbott-84538 in Rats, 
with a One-Month Recovery Period, Lot # 240-081-AX, 
Abbott Lab., Abbott Park, IL, October 7, 1993 (TA93-
193/R&D/93/519)* 

6. Three-Month Oral Toxicity Study of Ab~ott-84538 in Rats 
(with One-Month and Three-Month Recovery Periods), 
Abbott Lab., Abbott Park, IL, Lot# 77-561-AL, June 9, 
1994 (TA93-284/R&D/94/043)* 

7. Six-Month Oral Toxicity Study of Abbott-84538 in Rats, 
Abbott Lab., Abbott Park, IL, Lot# 79-594-AL, June 30, 
1994 (TA93-299/R&D/94/229)* 

8. One-Month Oral Toxicity Study of Abbott-84538 in Dogs, 
with a One-Month Recovery Period, Lot # 77-561-AL, 
Abbott Lab., Abbott Park, IL, October 13, 1993 (TB93-
192/R&D/,3/512)* 

9. Three-Month Oral Toxicity Study of Abbott-84538 in Dogs 
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(with~ Two-Month Recovery Period), Lot# 77-561-AL, 
Abbott Lab., Abbott Park, IL, June 6, 1994 (TB93-
297/R&D/94/039)* 

10. Six-month oral toxicity •tudy of Abbott-84538 in Dog•, 
Lot # 83-501-VF, Abbott Lab., Abbott Park, IL, October 
27, 1994 (Rl~/94/650)* 

SpP.cial Toxicity Studies 

11. Three-month dietary maximum-tolerated do•age •tudy of 
Abbott-84538 in mice, ~ot # e6-701-AL, Abbott Lab., 
Abbott Park, IL, November 13, 1994, (Rs.D/94/552)* 

12. Thrfta-month dietary maximum tolerated do•age •tudy of 
Abbott-84538 in rat•, Abbott Lab., Abbott Park, IL, Lot 
# 86-701-AL, September 30, 1994 (R"1l/94/166)* 

13. Evaluation of Abbott-94538 for delayed contact 
hypersensiti·V'ity in guinea pigs, Abbott Lab., Abbott 
Park, IL, Lot # 77-561-AL, August 25, 1995 (R"1l/95/514) 

Reproduction Toxicity Studies 

14. Evaluation of the effects of orally admini•tered 
Abbott-84538 on the fertility and smbryonic development 
of the rat (Segment I), Abbott Lab., Abbott Park, IL, 
Loe # 77-561-AL, June 27, 1994 (R"1l/94/293)* 

15. Evaluation of the Effect• of Orally Admini•tered 
Abbott-84538 on the Embryonic and Petal Development of 
Rats (Segment II), Abbott Lab., Abbott Park, IL, Lot# 
77-561-1.L, June 30, 1994 (TA93~314/R&D/94/024)* 

16. Evaluation of the effect• o~ orally admini•tered 
Abbott-84538 on embrvo-feta-. development in New Zealand 
White rabbits, 

. Lot # 77-561-AL, July 20, 1994 
(R&D/94/342)* 

17. Evaluation of the effect• of orally admini•tered 
Abbctt-84538 on the peri- and po•tnatal development of 
the rat (Segment III DART), Abbott Lab., Abbott Park, 
IL, Lot # 77-561-AL, November 15, 1994 (R"1l/94/651)* 

Genotoxicity Studies 

18. Bacterial Reverse Mutation A••ay (Ame• Teat plua B. 
coli) of Abbott-84538, Lot# 240081-AX, Abbott Lab., 
Abbott Park, IL, July 16, 1993 (Study Number TX93-
222/R"1l/93/399) * 
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19. Mouse ~V1111>homa study of Abbott-84538, 
June 13, 1994 

(R&.D/94/175/TX93/472)* 

Page 

20. In Vitro Cytogenetics Human Lymphocyte Culture Assay of 
Abbott-84538, Abbott Lab., Abbott Park, IL, October 7, 
1993 (Study Number TX93-223/Rl&D/93/470)* 

21. Mouse micronucleus assay of Abbott-84538, Lot # 77-561-
AL, Abbott Lab., Abbott Park, IL, January 5, 1994, 
(R&.D/93/706)* 

Preliminary Toxicity Studies 

22. Tw~-Week Oral Toxicity Evaluation of Abbott-84538 in 
Rate (Exploratory Research Report/Rl&D/93/157/Study No. 
TA93-056) 

23. Oral Dosage-Range-Finding Toxicity Study of Abbott-
84538 in Dogs (Exploratory Research 
Report/Rl&D/93/169/Study No.TB93-036) 

24. Oral palatability study of Abbott-84538 in mice, Lot # 
79-594-AL, Abbott Lab., Abbott Park, IL, April 4, 1994, 
(R&:D/93/886) 

:5. Oral palatability study of Abbott-84538 in rats, Lot # 
77-561-AL, Abbott Lah., Abbott Park, IL, May 12, 1994, 
(R&:D/93/025) 

Review of Toxicity Studies: 

Acute Toxicity Studies 

10 

1. Acute Oral Toxicity Bvaluation of Abl•".ltt-84538 in Mice, Lot # 
240-081-AX, Abbott Lab., Abbott Park, IL, September 28, 1993 
(TD93-311/R&.D/93/554)* 

Groups of male and female mice [weight: 21-29 g; age: 4-5 weeks; 
strain: VAF Crl:CD-l(ICR)BR; 5 animal/sex/group) were 
administered a single oral doses of 200, 320, 500, SOO, 1260, 
2000 or 2500 mg Abbott-845JB/kg in a vehicle of propylene glycol 
and ethyl alcohol (95:5, v/v) containing 2 molar equivalents of 
p-toluene sulfonic acid monohydrate at a dose volume of 10 ml/kg. 
All mice were observed frequently on the day of treatment and 
daily for 13 days after treatment. No overt signs of toxicity 
were observed in male and female mice treated at 200 mg/kg and in 
male mice treated at a dose of 320 mg/kg. Signs of toxicity 
observed in all other doses included decreaced activity, ataxia, 
dyspnea, squinting, prostration and trcffiors. Deaths (l,l,2 and l) 
occurred in male mice treated at doses of BOO, 1260, 2000 and 
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2SOO mg/kg, respectiveJ.y. Deaths (2, 2 and 2) occurred in female 
mice at doses of BOO, 200 and 2500 mg/kg, respectively. All signs 
of toxicity including deaths occurred in male mice on or before 
day 1 of the observation period and in female mice on or before 
day 3 of the observation period. 

COllllllents: 'I'he oral NOEL for Abbott-B453B were found to be 32C 
mg/kg in male mice and 200 mg/kg in female mice. The oral rr.edi~n 
lethal dose (LD50 ) was found to be greater than the maximum 
feasible dose (2500 mg/kg1 that could be administered to mice in 
this study. 

2. Acute Oral Toxicity Evaluation of Abbott-84538 in Rats, Lot # 
240-081-AX, Abbott Lab., Abbott Park, IL, September 24, 1993 
(TA93-309/R&D/93/552)* 

Groups of male and female rats [weight: 12S-148 g; age: 6 weeks; 
strain: VAF Crl:CD(SD)BR; 1 animal/sex/group] were administered a 
single oral doses of 2SO, SOO, 1000, lSOO, 2000 or 2SOO mg 
Abbott-84S3B/kg in a vehicle of propylene glycol and ethyl 
alcohol (9S:S, v/vl containing 2 molar equivalents of p-toluene 
sulfonic acid w.onohydrate at a dose volume of 10 ml/kg. All rats 
were observed frequently on the day of treatment and daily for 13 
days after treatment. Signs of toxicity observed in male and 
female rats t~eated at SOC mg/kg or higher included decreased 
c.ctivity, at .. xia, dyspnea, lacrimation and exophthalmos. None of 
the animals in the study died. All signs of toxicity were 
confirined on the day of treatment and the day after treatment. 

Com;nents: The oral NOEL in male and female rats was found to be 
2SO mg/kg. The approximate lethal dose values in rats were found 
to be greater than 2SOO mg/kg of the test compound in the study. 

3. Acute Intravenous Toxicity Evaluation of Abbott-84538 in Mice, 
Lot # 240-081-AX, .i\bbott Lab., Abbott Park, IL, September 28, 
199:; (TD93-312/R&D/93/555) * 

Groups of male and female mice [weight: 22-2B g; age: 4-S weeks; 
strain: VAF Crl: CD-1 ( ICR) BR; 1 ani.mal/sex/group) were 
administered a single IV doses of 5, 20, 3S, SO, 6S or BO mg 
Abbott-B4S3B/kg in a vehicle of propylene glycol and ethyl 
alcohol (9S:S, v/v) containing 2 molar equivalents of p-toluene 
sulfonic acid monohydrate at a dose volume of 1 ml/kg and at a 
rate of 2 ml/min. All mice were observed frequently on the day of 
treatment and daily for 13 days after treatment. No signs of 
toxicity were observed in male and female mice treated at doses 
of S and 20 mg/kg, and in the female mouse treated at 35 mg/kg. 
Decreased activity was observed in the male mouse treated at 3S 
mg/kg and in the female mouse treated at SO mg/kg. Clinical signs 
observed in male mice (SO mg/kg and higher) and in female mice 
(6S mg/kg and higher) included decreased activity, ataxia, 
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dyspnea and exophthalmos. In addition, clonic convulsions and 
death were noted in the male mouse treated at 6S mg/kg and in the 
male and female mice treated at 80 mg/kg. All signs of toxicity 
including death were confined to the day of treatment. 

Comments: Intravenous approximate NOEL values were found to be 20 
mg/kg in male mice and 3S mg/kg in female mice. Intravenous 
approximate lethal dose values were determined to be 65 mg/kg in 
male mice and 80 mg/kg in female mice. 

4. Acute Intravenous Toxicity Evaluation of Abbott-84538 in Rats, 
Lot # 240-081-AX, Abbott Lab., Abbott Park, IL, September 24, 
1~93 {TA93-3l0/R&D/93/553)* 

Groups of male and female rats [weight: 148-179 g; age: 6 weeks; 
strain: VAF Crl:CD (SD)BR; 1 animal/sex/group! were administered 
a single IV doses of S, 20, 3S, SO, 6S or 80 mg Abbott-84S38/kg 
in a vehicle of propylene glycol and ethyl alcohol (9S:S, v/v) 
cont~ining 2 molar equivalents of p-toluene sulfonic acid 
monohydrate at a dose volume of 1 ml/kg and at a rate of 2 
ml/min. All rats were observed frequently un the day of treatment 
and daily for 13 days ~fter treatment. Signs of toxir.ity observed 
in the animals (20 mg/kg) inc:uded decreased activity, ataxia and 
dyspnea. In addition to these signs, exophthalmos, prostration 
and death were observed in male and female rats (3S mg/kg or 
higher) . All signs of toxicity observed in rats including deaths 
were confined to the day of treatment. 

Comments: The intravenous NOEL in male and female rats was found 
to be S mg/kg. The intravenous approximate lethal dose values 
were determined to be 3S mg/kg in this study. 

Repeat Dose Toxicity Studies 

5. One-Month Oral Toxicity Study of Abbott-84S38 in Rats, with a 
One-Month Recovery Period, Lot # 240-081-AX, Abbott Lab., Abbott 
~ark, IL, October 7, 1993 (TA93-193/R&D/93/519)* 

Five groups of male and female rats [weight: 12S-22S g; age: 4-S 
weeks; strain: VAF Crl:CD (SD)BR; 10-lS animals/sex/group) were 
administered by oral gavage in a vehicle [propylene glycol and 
ethyl alcohol (95:5, v/v) containing 2 molar equivalents of p­
toluene sulfonic acid monohydrate at a dose volume (NOEL) of 2 
ml/kg] at dosages of 0 (TO), lS (Tl), SO (T2) or lS0/100 (T3) 
mg/kg/day for 28 to 33 consecutive days. As result of toxicity, 
the lSO mg/kg/day dosage was lowered in female rats to 100 
mg/kg/day on study day 8. Up to S rats/sex in the control and two 
high-dosage groups (SO and lS0/100 mg/kg/day) were designated for 
a one-month recovery period after the end of treatment. Deaths~ 
three female rats (T3) died on study day 11, 14 and 18. Clinical 
Observation: treatment-related clinical signs attributable to 
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drug treatment were observed in males {T2 and T3) or females {T3) 
included decreased activity, hunched postu~ing and weakness. 
Clinical signs (T3) which were present at low incidences included 
a red-colored discharge around the mouth and prepuce, urine 
stained abdominal hair and piloerection. Body Weights; male and 
female rats {T3) gain~d statistically significant less weights 
than the control group from day 4 to 25. Food Consumption; mean 
food consumption relative to controls was significantly decreased 
in male and female rats {T3) during the first week of the study, 
but had no significant difference in food consumption from week 2 
to the end of the treatment period. Ophthalmqlrgy; a single 
incidence of retinal scarring was observed by indirect 
examination in one male each {Tl, T2 and T3) and in a single 
female {T3) near the end of the study. In addition, one male (T2) 
had retinal folding. Plasma Drug Levels; plasma AOCs of the 
compound increased in an approximate dose proportional manner. 
Plasma drug levelo were sustained at substantial levels for 9, 12 
and 24-36 hr in the {Tl, T2 and T3) groups, respectively. AOC 
values toward the end of the treatment period in males were 3.64, 
27.61 and 63.32 µg*hr/ml at Tl, T2 and T3, respectively. AOC 
values toward the end of treatmer.t period in females {Tl, T2 and 
T3, respectively) were 5.34, 24.5 and 91.34 µg•hr/ml. Hematology; 
at the end of the treatment period, mean reticulocyte counts in 
female rats {T3) were higher than the mean values •:>f control 
female rats. Mild monocytosis was present at all the three doses. 
The majority of rats with monocytosis had periportal inflammation 
or hepatic necrosis with fibrosis. Clinical Chemistry; at the end 
of treatment, mean serum total protein values of male and female 
rats (T2 or T3) were significantly increased compared to their 
respective control values. Minimal increased in serum globulin 
values were dosage-related in males and correlated well with the 
presence of hepatic infla~mation. Mild elevations in one or more 
liver enzymes {ALT, AST, GGT or ALP) were present in individual 
rats. Statistically significant differences from control were 
pre~ent in biochemical parameters {serum creatine kinase, total 
bilirubin and glucose) of treated rats. Organ W~ighte: mean 
relative and absolute liver weights were increased in T2 and T3 
of both sexes and thyroid gland weights were increased in females 
rats {T3). The mean relative and absolute spleen weights of 
female rats {T3) were significantly increased compared to mean 
values of control female rats. There was a statistically 
significant lower mean absolute, but not relative brain weights 
in (T3) male rats. Gross and Microscopic Observations: liver, eye 
and thyroid gland were determined to have pathologic changes 
resulting from the treatment. Treatment-related changes in the 
liver {T2 and T3) rats were hepatomegaly, multinucleated 
hepatocyt:es and periportal inflammation. The hepatomegaly 
correlated with the increased liver weights. The treatment­
related change in the thyroid glands (T2 and T3) rats was 
hypertrophy of follicular epithelium. Accentuation of the hepatic 
lobular pattern was observed sporadically in individual treated 
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rats. The incidence and severity of the thyroid gland change was 
greater for males than for females. Treatment-related changes in 
the eye included hypertrophy and cytoplasmic granularity of the 
retinal pigment epithelium. Minimal, segmental or diffuse 
hypertrophy of the retinal pigment epithelium was observed in 
4/10 male and female rats (T3). 

Comments: The test compound was adequately absorbed. The NOAEL of 
Abbott-84538 following oral administration to rats for a month 
was 15 mg/kg/day and the mean systemic exposure at this dosage 
level after approximately one month was 4.5 µg*hr/ml. Based on 
body surface area, an equ~valent dose in humans would be 2.5 
mg/kg/day. Histopathological examinations revealed liver, thyroid 
gland and eye are the target organs. 

The retinal hyp,;,rtrophy or cell swelling was attributed to 
filling of the cytoplasm with numerous granules. This retinal 
pathology was similar to that observed in rats ~reated with 
another protease inhibitor, Abbott-80987. An electron microscopic 
examination of hypertrophied retinal pigment epithelium 
determined that the cytoplasmic granules were merr~rane-bounded 
lamellar inclusions consisted with drug-induced retinal 
lipidosis. The pigment epithelial hypertrophy in rats in this 
study was most likely due to involving lysosomal accumulation of 
polar lipids from rod outer segments induced by tf.e parent 
compound or its metabolite(s). 

6. Three-Month Oral Toxicity Study of Abbott-84538 in Rats (with 
One-Month and Three-Month Recovery Periods), Abbott Lab., Abbott 
?ark, IL, Lot # 77-561-AL, June 9, 1994 (TA93-284/R&D/94/043)* 

Groups of Crl:CD BR rats (25/sex/group) were administered Abbott-
84538 via oral gavage at dose levels of 0 (vehicle control), 15 
(low), 50 (mid) or i25 (high, female) or 175 (high, male) 
mg/kg/day during the first two weeks of treatment. Thereafter for 
another 105-108 days, the low- and mid- dosage levels for both 
males and females were increased to 25 and 75 mg/kg/day, 
respectively. Up to 5 rats/sex/group were designated for each of 
the one- and three-month recovery periods after the end of the 
treatment to assess the reversibility of any adverse effects. 
Blood samples collected on day 0, 29 and 84 revealed that 
increases in plasma drug levels were less than dose proportional 
and levels were greater in females compared with males. Both c •• 
and AUC values were decreased after multiple dosing. The AUC 
values toward the end of the treatment period (day 84) are given 
in Table 1. 
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Tabla 1 
The AUC Values of Abbott-84538 on Day 84 Following Three-Month 

Oral Administration to Rats 

25 75 125 (F) 175 (M) 
Sex 

AUC (ua•hr/ml) 

Males 18.0±3.l 42.8±10.4 - 97.3±20.2 

Females ,l.0±5.2 72.6t9.5 98.5 -

Five male and seven female (high) rats died during the treatment. 
Ataxia, dehydration, rough coat, hunched posture, weakness, 
tremors, cold to touch, pale and squinting eyes and urine­
staining of abdominal hair were noted in rat~ (high) . Group mean 
body weights and food consumption for rats (high) were 
significantly lower than the respective contr~ls throughout the 
treatment period. At the preterminal eye examination, pale 
choroidal vasculature and dilated retinal vessels were seen in 
rats (high) . These changes were still evident in some rats at the 
end of the one- or three-month recovery periods. 
Electroretinograms (ERGs) recorded near the end of the three­
month treatment period revealed decreases in mean values of A­
and B-wave amplitudes in rats (high) . The ERG changes were still 
evident in the rats after the one- or three-month rP.covery 
periods. 

The mean values of erythron parameters (hematocrit, hemoglobin 
and red blood cell) for the drug-treated rats were lower than the 
controls and statistical significance was achieved for high dose 
males. Treatment-related changes in clinical chemistry at the end 
of the treatment period included a mild to moderate increase in 
ALT and AST values in several rats at all doses. Elevations of 
CGT were noted in some rats (mid and high) . Increased ALP 
activities occurred in rats (high) . Mean ~erum cholesterol values 
for the treated rats were higher than the controls and the 
differences were statistically significant for the females (mid 
or high) and the males (high) . Mean TSH values for the treated 
~ats were higher than the controls and statistical significance 
was attained for female rats (mid or high) . Mean serum thyroxine 
values fa~ the treated rats were lower than the controls and the 
differences were statistically significant for the males (mid or 
high) . 

The mean values for absolute and relative liver weights at the 
end of the treatment period were increased over the controls in 
both male and female rats at all dosage levels and the 
differences were statistically significant for females at all 
dosage levels and males (mid or high) . When compared with 
controls, increased mean values of absolute and relative spleen 
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and thyroid weights were noted in the drug-treated rats and 
statistically significant differences were achieved in rats 
(high) . 

At the end of the treatment period, dose-related multinucleated 
hepat-ocytE:s, histiocytic microgranuloma, sinusoidal 
histiocytosis, single cell necrosis, subacu~e inflammation, 
increased mitosis and karyomegaly werE noted in rats at all 
dosage levels. Minimal to moderate chronic pericholangitis 
occurred in 11/20 rats (mid) and in 16/20 rats (high) . 
Histopathological changes in the eye at the end of the treatment 
period included the presence of focal/multifocal hYJ,Jertrophy of 
retinal pigment epithelium (RPE) and retinal degeneration. 
Hypertrophy of the RPE was noted in 10/20 (mid) and in 19/20 
(high) rats. Retinal degeneration was characterized by the 
presence of folds and/or rosettes, subtle vacuolation and/or loss 
of photoreceptor cells together with the accumulation of 
histiocytic-like cells between the photoreceptor cells and the 
hypertrophied RPE. Minimal to mild pyloric gastritis was noted in 
rats (mid or high) . Histiocytic microgranuloma was seen in the 
lung, spleen, thymus and lymph nodes (mid or high). Bone-marrow 
hypocellularity was noted in two males and females (high) and 
bilateral testicular degeneration were noted in four males 
(high) . 

Ultrastructural evaluation of the liver and eye revealed a 
considerable accumulation of phagosomes in the RPE of rats (mid 
or high) . Reduced or absent photoreceptor outer segment of the 
RPE occurred in rats (high). The liver (high) contained abundant 
irregular dense-staining inclusions. 

Comments: A NOEL of Abbott-84538 following oral administration to 
rats for three months could not be identified; it should b~ 
considered less than 25 mg/kg/day (AUCs = 18-21 µg*hr/ml) . 
Histopathology evaluations revealed that liver, eye, stomach and 
bone marrow were the major target organs of toxicity. 

7. Six-Month Oral Toxicity Study of Abbott-84538 in Rats, Abbott 
Lab., Abbott Paz,k, IL, Lot # 79-594-AL, June 30, 1994 (TA93-
299/Rr.D/94/229) * 

Groups of Sprague-Dawley (VAF Crl:CD BR) rats (20/sex/group) were 
administered Abbott-84538 via oral gavage at dose levels of o 
(vehicle control), 25 (low), 75 (mid) or 175 (high, female) or 
125 (high, male) mg/kg/day during study day 0-79. Thereafter, the 
high-dosage levels for both females and males were lowered to 150 
and 100 mg/kg/day, respectively. Up to 5 rats/sex/group were 
designated as satellite subgroups for plasma drug level 
determination. Blood samples were collected on days o, 14 and 
174. Deaths: drug-related deaths included one female rat (mid). 
and two males and five females (high). The drug-related deaths 
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were attributed to effects of emaciation. Clinical signs: Ataxia, 
dehydration, rough coat, hunched posture, weakness, tremors, cold 
to touch, pale and squinting eyes and urine-staining of the 
abdominal hair were noted in rats (mid, high) . Salivation and 
increased incidence of matted hair also occurred in some rats in 
the low dose group. Body weights: group mean body weights for 
males and females (high) were significantly lower than the 
respective controls throughout the entire treatment period. At 
the end of the treatment ~eriod, the group mean body weight gains 
for high dosage males and females were approximately 33\ and 20% 
less than the respective controls. Decreased group mean body 
weight gains (7-11%) were noted in males and females (mid) at the 
end of the treatment period. Drug absorption: data revealed that 
plasma levels were higher in females compared with males. Both 
CN• and AUC values increased with the dosing. The AUC values 
toward the end of the treatment period (day 174) are given in 
Table 2. 

Table 2 
The AUC Values of Abbott-84538 on Day 174 Following Six-Mont.h 

Oral Administration to Rats 

25 75 150 (M) 100 (F) 
Sex 

AUC (u ••hr/ml) 

Males 14.28 54.~9 83.38 -
Females 21.52 76.22 - 174.48 -

Food consumption: group mean food ..::onsumptions for both the males 
and females (high) were generally lower than those of the 
respective controls. Ophthalmology: pale choroidal vessels and/or 
dilated retinal vessels were noted in five of nine females (high) 
and in two of ten males (high). Hematology: treatment-related 
changes were decreased hemoglobin and hematocrit values of all 
dosage groups. There were statistically significant deceases from 
control in hemoglobin of females (mid) and decreases in 
hematocrit and hemoglobin of males (high) . Reticulocyte counts of 
males and females (high) were significantly increased fr~m the 
controls. RBC morphology changes suggested that a mild low grade 
hemolytic anemia occurred in individual rats. The mean WBC counts 
of females (mid and high) were mildly increased from the 
controls. Clinical chemistry: included a mild to marked increase 
in ALT and AST in some individual rats at all dosage levels. 
Elevation of GGT and total bilirubin werd noted in some females 
(mid and high) and males (high) . Incre~3ed ALP values were noted 
in males and females (mid and high). Compared to the controls, 
mean cholesterol values were statistically higher in females 
(low, mid or high) and in males (high). The mean triglyceride 
values of males (low, mid or high) were significantly decreased 
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compared to controls, while the values of female rats (high) were 
increased. There were statistically significant decreases from 
the controls in mean chloride values of female.;; (mid and higt.) . 
The mean TSH values or some individual serum TSH values for the 
drug-treated rats were higher than the controls. The mean serum 
thyroxine for male and female rats (mid and high) were 
significantly lower than the respective controls. Urinalysis: 
treatment-related changes included a~ increased incidence of 
proteinuria (low and mid) and bilirubinuria (mid and high) in 
both male and females rats. Organ weights: the mean values of 
absolute and relative liver weights were increased over the 
control weights in male and fel\lale rats at all dosage levels and 
the differences were statistically sfgnificant for females at all 
dosage levels and males that received mid- and high dosage 
levels. The mean spleen weights were increased over the control 
weights in females rats of all dosage groups and male rats 
receiving mid and high dosages. There was a statistically 
significant increase from the controls in mean absolute kidney 
weight of females (low). Histopatholoqy: dose-related 
multinucleated hepatocytes, pericholangitis, Kupffer cell 
aggregates, single ~ell necrosis, mononuclear infiltrates, 
increased mitosis and karyomegaly were noted in ratd at all 
dosage levels. Bile duct hyperplasia occurred in some females 
(mid and high) . Histologic changes in the eye included minimal to 
moderate hypertrophy of retinal pigment epithelium (RPE) and 
retinal d''generation. Hypertrophy of RPE was noted in 16/30 (mid) 
and in 25/JO (high) rats. Treatment-related histologic changes in 
the kid~ included mild to moderate, multifocal tubular 
degeneration occurring in male and female rats at all doses and 
mild to marked multifocal tubular hyperplasia occurring in 
females rats all doses. The incidence of proteinaceous casts was 
increased compared to the controls in male and female rats (low 
and mid) . Mild epithelial hypertrophy in the thyroid gland was 
noted in 3/30 and 5/30 rats that received mid and high doses. 
Treatment-rel3ted skin changes were diffuse atrophy of the 
epidermis, hair follicles and sebaceous glands. Treatment-related 
changes present in the lymphoid organs of selected rats were 
lymphoid depletion and lymphojd necrosis. The lymphoid depletion 
was most prominent in the thymus. Bone marrow hypercellularity 
was observed in 18/30 rats receiving high dose. Bone marrow 
cytology revealed that the hypercellularity was due to mildly to 
moderately increased erythropoiesis. 

Comments• A NOEL of Abbott-84538 following oral administration to 
rats for six months could not be identified; it should be 
considered less than 25 mg/kg/day (AUCs = 14-22 µg•hr/ml). Six­
mcnth treatment of Abbott-84538 in rats at dosage levels of 25-
150 mg/kg/day produced liver, kidney, eye, skin, thyroid and bone 
marrow toxicities. Deaths were noted in rats given 75-150 
mg/kg/day. In addition, dosage of 100-150 mg/kg/day produced 
decreases in body weight and food consumption. 
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8. one-Month Oral Toxicity S~udy of Abbott-84538 in Dogs, with a 
one-Month Recovery Period, Lot# 77-561-AL, Abbott Lab., Abbott 
Park, IL, October 13, 1993 (TB93-192/R&D/93/512)* 

Groups of male and female beagle dogs (weight: 6-12 kg; age: 7-9 
months; 3-5 animals/sex/group) were administered Abbott-84538 
orally by gavage in a vehicle (propylene glycol and ethyl alcohol 
(95:5, v/v) containing 2 molar equivalents of p-toluene sulfu~ic 
acid monohyrirate at a dose volume of 2 ml/kg) at dosages of O 
(control), 10 (low), 50 (mid) or 150/200 (high) mg/kg/day for 28 
to 30 consecutive days. Doga (high) received 150 mg/kg/day for 
study day 0-9 a:'.ld 200 mg/kg/day for study day 10-28. Two dogs in 
the high and co:.1trol groups were held without treatment for a 
one-month recovery period and then euthanized. 

Deaths: there were no mortalities in this study. Clinical Signs: 
drug-related (high) included emesis, excessive salivation and 
loose stool/diarrhea. Single incidences (high) of dehydration, 
ataxia, decreased activ:i.tv, weakness and involuntary body 
movements were observed. Sporadic episodes of emesis, excessive 
salivation and diarrhea and/or abnormal stool were noted in mid­
dose group. Body Weight; statistically significant decreases in 
mean body weights and mean body weight changes were noted in male 
and female dogs (high) when compared to control dogs. At the end 
of the recovery period, the mean body weights for male and female 
dogs (hign) were comparable to those of respective controls. Food 
Consumption: two female and one m:ile dogs (high) had marked 
decreases in food consumption and required supplemental overnight 
feed to maintain their health. Ophthalmology: no ocular 
abnormalities were noted in any of the dogs when examined near 
the end of the treatment and recovery period. 
Electrocardiography: electrocardiograms recorded near the end of 
the treatment period revealed no abnormalities. Plasma DrJ,!q 
Levels: mean plasma AUC val•1es on day 1 were increased in an 
approximate dose proportional manner being 25.9, 75.2 and 160.7 
µg*hr/ml at low, mid and high doses, respectively. After repeated 
dosing on day 27, the plasma AUC values were not dose­
proportional, being 21.l, 17.1 and 240.3 µg•hr/ml for low, mid 
and high doses, respectively. Urinalysis; treatment-related 
bilirubinuria was found in individual dogs (mid and high). 
Hematology: two drug-treated dogs (mid and high) had hematocrit 
consistent with marginal anemia (36.9 and 36.3, respectiv~lyl. 
Bone marrow smears fro~ control and treated dogs were similar. 
~linical Chemistry: mild increases in hepatic enzyme activities 
for ALP, GGT and ALT were observed in individual dogs (high). 
Organ Weight~ mean absolute and relative liver weights increased 
in all trea,ed groups relative to controls; statistical 
significance was attained only in high dose treated dogs. Male 
dogs (high) had decreased absolute and relative thymus and 
prostate weights. One dog (high) had lower testes weights. Gross 
and Microscopic Observations: hydropic degeneration was noted in 
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1/6, 3/6, 2/6 :u:d 4/6 dogs which received the drug at doses of o, 
10, 50 and 200 mg/kg/day, respectively. Thymic atrophy wa& noted 
in 2/6, 4/6, l/6 and 4/6 which received o, 10, 50 and 200 
mg/kg/day, respectively. 

co-ents: Th·~ test compound was adequately absorbed. A NOAEL of 
Abbott-84538 following oral administration to dogs for a month 
may be considered as 50 mg/kg/day in this st:udy. The 
corresponding mean systemic exposure at this dose level at the 
end of the treatment period was 17.1 µg*hr/ml. Based on body 
surface ar1~a. an equivalent dose in humans would be 25 mg/kg/day. 
The study revealed that liver, thymus and prostate were the 
primary target organ. The sponsor did not submit the data from 
i.:ecovery groups. 

9. Three-Month Oral To~icity Study of Abbotc-84538 in Dogs (with 
a Two-Mc.nth Recovery Period), Lot # 77-561-AL, Abbott Lab., 
Abbott Park, IL, June 6, 1994 (TB93-297/Rr.D/94/039)* 

Groups ot' beagle dogs were administered Abbott-84538 via oral 
gavage at dose levels of O (vehicle control), 10 (low), 50 (mid) 
or 20C (high) mg/kg/day during the first three weeks of 
treatrnent. Thereafter, for high dose animals, the dosage was 
lowered to 100 mg/kg/day due to excessive weight loss and 
morb:.di ty. Up to 2 dogs of each sex in the control and the high 
dose groups were held for a two-month recovery period following 
treatment. Blood samples collected on day 14 and 82 revealed that 
increases in plasma drug levels were less than dose proportional 
and levels ir. the high dose group were greater in females 
cornpared with males. ~sults: the AUC values on day 82 are given 
in Table 3. 

Table 3 
~:he AUC Values of Abbott-84538 on D'1y 82 Following Three-Month 

Oral Administration to Dogs 

10 so 100 
Sex 

AUC (ua•hr/ml) 

Males 25.l±ll.3 80.2+69.l 147.4±78.l 

FPmales 22.0±13.8 50.5.32.6 222.3+255.3 

One female (high, AUC 1698 µg*hr/ml on day 84) was euthanized on 
day 8:5 in moribund condition. Dose-related clinical signs (mid or 
highi included increased salivation, decreased activity, emesis 
and diarrh~a. Decreased food consumption (65\) and body weight 
loss (12\) occurred in dogs (high) during the fjrst three weeks 
of the treatment. At the end of the three-month treatment period, 
body wc~g~t loss was still evident in males (high) and the change 
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was only partially reversed at the end of two-month recovery 
period. Ophthalmoscopic examination revealed no drug-related 
ocular abnormalities and electroretinograms conducted at the end 
of treatment and recovery periods revealed no evidence of 
functional changes. No changes were seen in electrocardiograms 
conducted at the end of the treatment and recovery periods. 

Treatment-related changes in clinical patnology were limited to 
elevations of ALT, GGT, ALP and bile acid values in one male and 
three female dogs (high) on day 21. Increased bilirubin values 
were also evident in the three female dogs (high) . 

The mean value for absolute and relative live~ weights were 
significantly increased over the controls in male and female dogs 
at the end of the treatment p~riod (high) . No changes in liver 
weight were seen in dogs that were held for a two-month recovery 
period. Histopathologic changes seen were limited to the liver. 
Pericholangitis with biliary hyperplasia and fibrosis, 
hepatocellular hydropic degeneration, single cell necrosis and 
intracytoplasmic bile pigmentation were noted in two female dogs 
(high) . one male dog (high) also showed moderate hepatocellular 
hydropic degeneration. No histopathologic changes in liver were 
found in dogs that were held for the recovery. 

Three female and one male dogs (high) that had elevated liver 
enzyme activity during the first 3 weeks of the treatment and two 
female and one male dogs that exhibited hepatic lesions at the 
termination had plasma drug exposure (Au~) values which ranged 
from 219-636 µg*hr/ml on day 14. The AUC values for these 
affected dogs remained above 230 µg•hr/ml on day 84. No liver 
enzyme elevations and no hepatic lesions were seen in dogs (mid) 
which produced mean AUCs of 51-80 µg•hr/ml. One male QOg in this 
group had AUC of 131 µg•hr/ml on day 14 and 172 µg•hr/ml on day 
84. 

Comments: A dosage level of 10 mg/kg/day may ~e considered a NOEL 
in this study. Based on the equivalent body surface area, a 
dosage of 3.33 mg/kg/day in humans would have a one to one safety 
margin. Liver appeared to be the major organ of toxicity for this 
compound in dogs. These data suggest that hepatotoxicity was only 
produced in dogs in the 200/100 mg/kg/day group which achieved 
Abbott-84538 plasina exposure of >200 µg"hr/ml. Furthermore, it 
appears that upon lowering the dosage from 200 to 100 mg/kg/day 
any liver toxicity which had been produced at least partially 
recovered when the drug exposure probably fell to less than 200 
µg*hr/ml. Therefore, it appears that toxic effects on liver would 
occur when the plasma drug exposure is around 200 µg*hr/ml. 
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10. Six-month oral toxicity study of Abbott-84538 in Dogs, Lot # 
83-501-VP, Abbott Lab., Abbott Park, IL, October 27, 1994 
(R&D/94/650)* 

Groups of beagle dogs (4 animals/sex/group) were administered 
Abbott-84538 via oral gavage at dose levels of O (vehicle 
control), 10 (low), 50 (mid) or 125 (high) mg/kg/day for 176 to 
183 consecutive days. Blood samples were collected at 
approximately 0, 1, 2, 4, 6, 12 and 24 hr after dosing on days 
14, 61 and 152. Results: one male dog (high) was found dead on 
study day 25 following a gavage accident. Excessive salivation 
was observed in all animals of all treatment groups (including 
controls) during the study. Drug-related clinical signs in mid 
and high dose animals were e,o.!sis (males), abnormal stool (males) 
and diarrhea (males and females) . Additional clinical signs were 
decreased activity and a thin and/or emaciated appearance (high) . 
Group mean body weights and weight gains (high) tended to be 
lower than control over the course of the study. There were no 
significant drug-related effects on food ccnsumption following 
six months of the treatment [Body weight and food consumption 
measurements in the study were compromised because approximately 
half of the animals in the study had an additional dietary 
supplementation as a precaution against excessive body weight 
lo~s and associated debilitation] . No drug-related abnormalities 
were noted in ophthalmologic examinations or electrocardiograph 
recordings near the end of the study. Mean plasm AUC values for 
Abbott-84538 after 152 days of dosing generally increased in a 
manner that was less than proportional to dosage and plasma 
exposure was higher in females than males (Table 4). 
Statistically significant increases in serum ALP values were 
present (mid and high) on study days 90 and 174. In general, the 
increases were dosage-related and were of a greater magnitude in 
females than males. Treatment-related decreased in mean serum 
albumin were noted at various time points for males and females 
(high) . Liver toxicity was mar.ifested as increased organ weights 
(males and females) and hepatomegaly (females) in the high dose 
group. Diffuse hepatocellular hydropic degeneration was found in 
a single female (high) ; the dog was found to have highest 
individual AUC on day 152. Decreased thymic weights and thymic 
3trophy were apparent in male dogs (high) . Decreased testes 
weight and bilatP.ral testicular degenerati~n were observed for 
one dog each ( mid and high) . A single deg (high) had prostatic 
atrophy/hypoplasia. 
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Table 4 
The AUC Values of Abbott-84538 on Day 152 Following Six-Month 

Oral Administration to Dogs 

10 50 125 
Sex 

AUC,,,." (µg•hr/mll 

Males 18. 3 64.2 115. 0 

Females .25. 7 133. 6 204. 6 

23 

COJlll'lenta: A dosage level of 10 mg/kg/day may be considered a NOEL 
in this study. Based on the equivalent body surface area, a 
dosage of 3.33 mg/kg/day in humans would have a one to one safety 
margin. Target organs of toxicity were the liver and thymus. 

Special Toxicity Studies 

11. Three-month dietary maximum-tolerated dosage atudy of Abbott-
84538 in mice, Lot # 86-701-AL, Abbott Lab., Abbott Park, IL, 
November 13, 1994, (Rl&D/94/552) * 

Groups of male and female mice [weight: 15-25 g; age: 44-48 days; 
strain: VAF Crl:CTI-l(ICR)BR; 20 animals/sex/group) were 
administered Abbott-84538 in a dietary mixture at dosages of 0 
(TO), 200 (Tl), 400 (T2), 600 (T3) or 1000 (T4) mg/kg/day for 92 
to 96 consecutive days. Results: one male mouse (Tl) died on day 
86 and one mouse (T4l died on day 4. Two female mice (Tl) died 
during the treatment period (study days 56 and 68, respectively). 
The deaths of four study mice (2o/29) that died uuring the 
treatment period were not considered drug-tre. _ment i:elated since 
there was no dose-response and also no clear abnormal 
morphological changes observed in these mice. The caus~ of one 
mice was a lung abscess, but the cause of death in the o~her 
three mice could not be determined. Increased incidences of 
treatment-related clinical signs were noted at T3 and T4 grou~s 
and included hunched posturing, alopecia and urine-stnined or 
matted hair. Additionally, male mice P.xhibited low incidences of 
urine-stained hair (Tl) and alopecia, matted and urine-stained 
hair (T2) . Females exhibited alopecia at the T2 dose level. Mean 
body weights of males (T3) and mice of both sexes (r4) were 
significantly decreased (up to 20\) from controls. No drug­
related effects on food consumption were noted in the study. 
Plasma drug levels of Abbott-84538 [measured on day ~SJ increased 
in an approximately dose-proportional manner. Female mice 
experienced higher AUC' levels compared to males at correE1ponding 
doses. Mean AUC values in male mice were 57 .1 (Tl), 130. ·7 (T2), 
219.l (T3) and 381.4 (T4) µg*hr/ml and in female mice were 112.0 
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(Tl), 209.1 (T2), 320.4 (T3) and 396.7 (T4) µg•hr/ml. Treatment­
related changes. in clinical hematology were limited to platelets 
in dose groups (T2, T3 and T4). Differences from control in 
clinical chemistry parameters included increased AST (as high as 
5 fold), ALT (as high as 26 fold), cholesterol (as high as 4 
fold) and triglyc~rides (3 fold) in a dose-dependent manner in 
the treated mice. Increases in ALP (as high as 5 fold; dose­
dependentl, GGT (as high as 100 fold; dose-dependent) and total 
protein (up to :23\) were noted in mice (T2, T3 and T4), serum 
globulins were increased (up to 32\) in female mice (T2), while 
increased albumin (up to 16\) and serum calcium (up to 11\) were 
apparent in mice (T3 and '"4). Mear. relative and absolute liver 
weights were increased ir. ?ll drug-treated mice of both sexes as 
compared to the controls. Histopathology in the liver consisted 
of hepatocyte necrosis and histiocytic microgranuloma at all dose 
'-.vels, vacuolation and increased mitosis in hepatocytes of mice 
receiving 400 mg/kg/day and higher (Table 5). Ultrastructural 
evaluation of the liver from the 1000 mg/kg/day dosage group 
revealed increased in smooth endoplasmic reticulum in hepatocytes 
and inclusion bodies in hepatocytes, Kupffer and other phagocytic 
cells. Increas.:!s in intracellular lipids W<"L-e !'l·::>ted in 
hepatocytes located near the central vein. 

Table 5 
Incidences of liver lesions in mice (number of mice displaying 

lesions; 10 animals/sex/group) receiving Abbott-~4538 
in diet for three months 

Dosage <1111/kg/doy> 
Let ions 

200 400 600 1000 

Microgr1nu\c:.9 d 7 10 10 9 

• (, 10 10 10 

Single cell necrosis d 5 7 6 3 
• 3 6 10 3 

Hepetocellul1r necroti1 0 3 4 6 
d 1 3 0 7 

• 
Jncre11ed Mitosis d c 3 2 1 

• 1 1 2 2 

~~tocytQltlll4JalY d 9 10 10 9 

• 2 10 10 9 

H9P9tocyte 0 5 4 8 
vacuol i11t'an" 0 7 s 10 

• 
Note: no lesions were seen in the control mice 
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Treatment-related pathology of the mesenteric lymph nodes 
consisting of focal histiocytic microgranulomas was noted in mice 
of both sexes (T2 and T4). Focal histiocytic microgranulomas were 
noted in the lungs (T4). Treatment-related pathology of the eye 
consisted of hypertrophy of the retinal pigment epithelium (T2 
and higher). Ultrastructural evaluation of the liver (T4) 
revealed increases in smooth endoplasmic reticulum in hepatocytes 
and inclusion bodies in hepatocytes, Kupffer and other phagocytic 
cells. Increases in intracellular lipids were noted in 
hepatocytes located near the central vein. 

comments: The test compound was adequately abs~rbed. A NOAEL of 
Abbott-84!538 following oral administration in diet mixture to 
mice for a 3-month period could not be identified in this study. 
Target organs were identified as liver, mesenteric lymph nodes, 
lung and eye. 

In tj1e three-month dietary MTD study, male and female mice that 
received 400 mg/kg/day and higher exhibited moderate 
hepatotoxicity which inc~luded elevations of liver enzyme 
acti viti,es, hepatocellular necrosis, microgranuloma, 
vacuolization and increased mitosis. Fewer hepatic changes were 
seen at 200 mg/kg/day consistinq of only a low incidence of 
hepatocellular necrosis (although a high incidence of single cell 
necrosis was still observed) and microgranuloma. Therefore, a 
high-dosage level of 200 mg/kg/day was chosen for the 
carcino9enicity study which would be expected to produce a 
considerable insult to the liver during the two-year study. This 
dosage wm.:ld also be expected to produce plasma drug level 
exposure of Abbott-84538 of approximately 57-112 µg•hr/ml. 

12. Three-month dietary maximum tolerated dosage study of Abbott-
84538 i.n rats, Abbott Lab., Ak'lott Park, :IL, Lot # 86-701-AL, 
September 30, 1994 (R&D/94/166)* 

Groups of male and female rats [weight: 75-150 g; age: 4 weeks; 
strain: Crl:CD-(SD)BR; 15 animals/sex/group] received Abbott-
84538 in the diet at dose levels [O, 50, 100, 160 or 200 
mg/kg/day for males and 0, 30, 75, 125 or 175 mg/kg/day for 
females) for 90 consecutive days. Clinical Signs: emaciation, 
rough coat and hunched posture were noted in male rats (200 
mg/kg/day). Emaciation also occurred in some female rats (175 
mg/kg/day) an~ one female rat (125 mg/kg/day). Body Weights: 
group mean body weights for male and female rats (160 or 200 
mg/kg/day for males; 125 or 175 mg/kg/day for females) were 
significantly lower (p•0.05) than the respective controls during 
most of tae treatment period. Group mean body weight gains for 
male and fema·~~ rats in these two top dosage groups were also 
significantly lower (p=0.05) than the respective controls. At the 
end of three-month treatmenc period, the g~oup mean body weight 
gains for the males (200 mg/kg/day) and females (175 mg/kg/day) 
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were approximately 60% and 47% less than the respective controls. 
The male rats (160 mg/kg/day) and female rats (125 mg/kg/d3.y) had 
approximately 42% and 29% lower group mean body weight gains than 
the respective controls. Male rats (100 mg/kg/day) had slightly 
<.!~creased gro:!p mean body weight gains (approximately 6% less 
than t:he controls) at the end of the treatment period. No 
biologirally meaningful treatment-related effects on body weights 
were seen in male rats (50 mg/kg/day) or in female rats (30 or 75 
mg/kg/day). Food Consumption; group mean food consumption for 
male and female rats (200 mg/kg/day for males and 175 mg/kg/day 
for females) and male rats (160 mg/kg/day) were significantly 
lower (ps0.05) than the respective controls throughout the entire 
treatment period. Female rats (125 mg/kg/day) had significantly 
lower (ps0.05) group mean food consumption than the controls 
during most of the treatment period. During the last month of 
treatment period, group mean food consumptions for male rats (50 
or 100 mg/kg/day) were also lower than the respective controls, 
and the difference were statistically significant (ps0.05) for 
the mid-dose (100 mg/kg/day) males during days 56-83 and for low 
dose (50 mg/kg/day) males during days 70-76. Hematology: when 
compared with controls, prolonged group mean prothrombin time 
(PT) and prolonged activated partial thromboplastin time (APTT) 
were found in male rats (100, 160 or 200 mg/kg/day) and prolonged 
APTT occurred in female rats (175 mg/kg/day). flinical 
Biochemistry~ ALT and AST group mean values ware significantly 
higher (ALT: 5-9 and AS7: 2-3 fold) in each of the four drug­
treated male groups when compared to the controls. The same (ALT; 
4 and AST: 2 fold) was true for only the highest dosage group 
females (175 mg/kg/day); additionally, th~£e were individual 
examples of elevated ALT and AST values in the females down to 
the lowest dosage group [this seemed to correlate well with 
microscopic liver cell injury in that changes were mostly less 
severe in the females) . GGT group mean values were significantly 
higher than the respective controls in the two highest dosage 
groups of both sexes (80 and 120 fold for 160 and 200 mg/kg/day 
males; 13 and 44 fold ~or 125 and 175 mg/kg/day females). There 
were also some laryc individual GGT values in the lower dosage 
groups of each sex as well. [It is interesting to note the 
absence of any meaningf•1l differences between groups in the ALP 
values from these animals dS contrast to the GGT findings. ALP 
increases in response tn cholestasis in tile liver and was not 
present in these rats. GGT increases in response to irritation of 
bile duct radicles as was documented in this study] . Cholesterol 
levels significantly increased {1.4-2.0 fold in males and 1.7-2.3 
fold in females) in tile three top dosage groups of both sexes 
(100, 160 and 200 mg/kg/day for males; 75, 125 and 175 mg/kg/day 
for females), but slightly greater in the females. [The liver 
enzymes and cholesterol increases were seen as reflective of the 
liver injury which nccurred in these animals and were consistent 
with previous findings from similar studies with the test 
compound). Organ Weights: the mean ;ibsolute and r.elative liver 
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weights for males and females at the top three dosage levels were 
significantly increased (p=0.05) over the controls. Compared to 
the controls, significantly increased spleen weight occurred 
(p•0.05) in rats that received the two top dosages. Plasma Drug 
Concentrations: drug exposure (AUC) values were slightly higher 
in females compared with males at most dosage levels even though 
the dosages for females were lower than those of males (Table 6). 

Table 6 
The AUC Values of Abbott-84538 on Day 14 Following Thr.ee-Month 

Oral Administration to Rats 

SOo/309 lOOo/759 l600/12s9 2000/1759 
Sex 

AUC,.,. (µg•hr/ml) 

Males l. 9 9. ll 24.66 49.48 

Females l. l4 14.78 35.96 65.97 

Microscopic Observations: several organs were found with 
microscopic abnormalities, they included ey~s, liver, thyroid, 
spleen, lungs, various lymph nodes and thymus. The eye lesions 
centered on the retinal pigment epithelial (RPE) cell layer. This 
f:ingle-cell layer, positioned between the choroid and the 
r.euroretina, revealed cellular enlargement and individual nests 
<Jf phagocytic cells (histiocytes) scattered along its length. 
Retinal degeneration was characterized by the presence of 
histiocytic nests with adjoining injury to the neuroretina 
manifested as fragmentation and reduction of the photoreceptor 
layer and attenuation of the nuclear cell layers. Retinal 
degeneration was always present with some degree of RPE 
hypertrophy in immediately adjoining lengths of this cell layer. 
This microscopic picture was seen in 18/20 (200/175 mg/kg/day) 
and 7/20 (160/125) animals. !.J..YJU:.L scattered, multifocal somewhat 
enlarged histiocytes (macrophages) were randomly positioned in 
small groups. In addition, ea.ch involved liver reYealed a mix of 
additional reactive microsccpic changes that coLld include 
multinucleated hepatocytes, portal areas with examples of bile 
duct hyperplasia, microfoci of single cell necrosis, karyomegaly 
of hepatic cell nuclei, examples of cholangitis and/or 
pericholangitis and tiny foci of chronic inflammation. 
Microgranuloma formation and the reactive changes were generally 
greater in the male rat liver from each of the four grou~s as 
compared to the corresponding females and generally greater 
within sex groups in response to increasing dosage. The females 
at 30 mg/kg/day had the least developed expression of these 
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changes while the males at 200 mg/kg/day had the most. The 
incidences of liver lesions are summarized in Table 7. Thyroid: 
follicular epithelial cell hypertrophy was observed in all dosage 
groups including controls. The incidence of occucrence was 
convincingly greater and dose-related in the three highest dosage 
(75, 125 and 175 mg/kg/day) female groups. The incidence of 
occurrence for males was somewhat irregular with respect to a 
dosd relatio~ship. A reasonable correlation seemed to exist in 
the two highest dosage female groups between the presence of 
follicular cell hypertrophy with smaller T4 values and larger TSH 
values. Spleen. lungs. lymph nodes and thymus: scattered foci of 
histiocytic microgranulomas were found. The mesenteric lymph node 
revealed a few to several microgranulomas in all the animals from 
each of the four drug-treated groups with a somewhat greater 
emphasis in the highest dose groups. 

Table 7 
Incidences of liver lesions in rats (number of rats displaying 

lesions; 10 animals/sex/group) receiving Abbott-84538 
in diet for three months 

Oouge <11111/kg/doy) 
Lesions 

50d/309 100d/759 160d/125• ZOOd/1759 

Microgran.1\C1D1 d 8 10 10 10 

• 0 2 2 7 

Single cell ne::ro1i1 r1 10 10 9 10 

• 2 9 6 9 

Multinucleeted 10 10 10 10 
hl!patocytes d 0 7 6 9 

• 
Pericholengitia d 9 10 10 10 

• 4 10 10 10 

Bile duct hyperpl11ia d 10 10 10 9 

• 4 10 10 10 

Note: no lesions were seen in the control rats 

Comments: A NOEL of Abbott-84538 following oral administration to 
rats for three months could not be identified; it should be 
considered less than 30 mg/kg/day (AUCs = 1.2-1.9 µg*hr/ml). 
Abbott-84538 produced dose-related hepatotoxicity in all the 
treated-groups in both male and female animals. 

In a six-month oral toxicity study of Abbott-84538, groups of 
Sprague-Dawley (VAF Crl:CD BR) rats (20/sex/group) were 
administered Abbott-84538 via oral gavage at dose levels of 0 
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(vehicle control), 25 (low), 75 ·~id) or 175 (high, female) or 
125 (high, male) mg/kg/day during study day 0-79. Thereafter, the 
high-dosage levels for both females and males were lowered to 150 
anJ lCO mg/kg/day, respectively. A NOEL of Abbott-8453a f~llowing 
the oral gavage administration to rats for six months could not 
be identified; it should be considered less than 25 mg/kg/day 
(AUCs = 14-22 µg*hr/ml). Six-month treatment of Abbott-84538 in 
rats at dosage levels of 25-150 mg/kg/day produced liver, kidney, 
eye, skin, thyroid and bone marrow toxicities. 

Clinical studies in humans using bid, tid or qid dosing regimens 
of 600-1200 mg/day (10-20 mg/kg/day for a 60 kg person) of 
Abbott-84538 have projected the maximal plasma concentration to 
be approximately 6-20 µg/ml with an exposure of approximately 71-
300 µg*hr/ml. The proposed highest doses for the carcinogenicity 
studies are expected to produce plasma drug exposure level~ that 
are lower than these projected in humans. The hepatotoxici.y seen 
in rats and mice from the three-month MTD studies precludes using 
any higher doses in the carcinogenicity studies. 

When rats recP.ived Abbott-84538 in the three-month dietary MTD 
study, dosages of 75 mg/kg/day and greater produced decreases in 
body weight and food consumption as well as moderate hepatic 
changes (microgranuloma, multinucleated hepatocytes, 
pericholangitis, bile duct hyperplasia and single cell necrosis). 
Dosages of 50 mg/kg/day for males and 30 mg/kg/day for females 
produced slight hepatotoxicity (pericholangitis, bile duct 
hyperplasia and single cell necrosis in both sexes and 
microgranuloma and multinucleated hepatocytes in males) . 
Therefore, a high-dosage level of 50 mg/kg/day was chosen for the 
carcinogenicity study. This dosage is expected to produce 
considerable hepatotoxicity during the two-year treatment. Plasma 
drug exposure levels of approximately 6-11 µg*hr/ml are expected 
at this dosage after at least three months of treatment. The 
expected d~ug exposure for rat is still less than 10\ of the 
expected maximum clinical exposure. 

13. Evaluation of Abbott-84538 for delayed contact 
hypersensitivity in guinea pigs, Abbott Lab., Abbott Park, IL, 
Lot I 77-561-AL, August 25, 1995 (R&D/95/514)* 

Groups of guinea pigs were used to evaluate Abbott-84538 
potential to produce delayed contact hypersensitivity according 
to a treatment design described in Table 8. Induction treatments 
were given on days O and 7 and challenge treatments on day 21. 

-· 
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Table 8 
Treatment groups and dosages 

Conc8ntrat f ona 
THt Group No. of Tnt •terial .,,, .. ,. 1st induction 2nd incU:tian challenge topical 

intr~,,.l t-ical -
T1 10 vehicle 0.2X HPMC P•t!",;:at._. >~X & 45X Aobott· 

&4538 iii 
Petr~l•tt.m lW/W) 

12 10 . DNC~ 0.2X in BOX ETOff 0.2X in llOX ETOH O.lX in 110X £TOH 

T3 10 Abbott·84538 lX in 0.2X HPMC 45X in Petrolatw. 25X and 45~ 1n 
(W/W) Petrol1t1.111 (W/~) 

HPMC: Hydroxypropyl methylccllulose 
DNCB: l-chloro-2,4-dinitrobenzene (positive control) 

Results: except for slightly patchy erythema noted in two animals 
(T3) at the site exposed to 25% Abbott-84538 at 24 hr after patch 
removal, no irritation was observed in vehicle o~ T3 animals. In 
the positive control group, slight to moderate erythema was ncted 
in all animals. Conclusion: under the conditions of this study, 
Abbott-84538 did not induce delayed contact hypersensitivity in 
guir.c.a pigs. 

Reproduction Toxicity Studies 

14. Evaluation of the effects of orally administered Abbott-84538 
on the fertility and embryonic development of the rat (Segmen.t 
IJ, Abbott Lab., Abbot~ Park, IL, Lot# 77-561-AL, June 27, 1994 
(R&D/94/293)* 

Groups male and female rats (29 animals/sex/group; strain: 
Crl:CDBR) were administered Abbott-84538 orally by gavage at 
dosages of 0 (vehicle control), 20 (low), 40 (mid) or 75~/1250 
mg/kg/day (high) beginning 14 days prior to the initiation of 
mating trials and continued through matin9 and until gestational 
day 9 for females, and beginning 28 days prior to the initiation 
of trials and continued through mating until scheduled necropsy 
for males. Results: three animals died as a result of dosing 
accidents. The cause of death of one male (high) was unknown. 
Clinical signs: emaciation, dehydration a.nd hun ...... ad posture were 
nc~ed in a few males and females (high) . Body weighs Qnd food 
consumption: mean body weights and weight gains of males (high) 
were lower during the entire treatment period (study days 0-56). 
Females (high) had lower body weights ari weight gains during the 
pre-mating period. Male and fe~ale rats (high) and male rats 
(mid) had decreased food intake during the pre-mating period. 
Drug absorption: mean plasma AUC values for males near the end of 
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the premating period averaged 8.2 (low), 19.7 (mid) and 61.0 
(high) µg*hr/ml. The corresponding values for females were 14.6 
(low), 33.1 (mid) and 90.5 (high) µg•hr/ml. Anatomic Pathology: 
there were no treatment-~elated effects on estrous cycle, and 
male and female reproductive indices. Maternal survival and 
pregnancy status of the drug-treated groups were comparable to 
those of the controls. Uterine examination (gestational day 13) 
revealed no treatment-related effects in ~he incidence of corpora 
lutea, implantation sites, viable and nonviable embryos, and 
early resor~tions. rhere were no differences in the incidence of 
pre-implantation and post-implantation losses. Gross examination 
of males and females at the schedule~ necropsy revealed 
hepatnmegaly in males (high) and females (mid and high) . No g:oss 
abnormalities in male and female reproductive organs were noted. 

Comments: Oral administration of J~bott-84538 to male and female 
rats during the period of premating, mating and gestation 
resulted in toxicity to both male and female rats (mid and high;. 
A dose of 20 mg/kg/day may be considered the NOEL in FO 
generation male and female rats. No effects on either fertility 
or reproductive performance were seen in this study. 

15. Evaluation of the Effects of Orally Aciministered Abbott-84538 
on the Embryonic and Fetal Development of Rats (Segment II), 
Abbott Lab., Abbott Park, IL, Lot# 77-561-AL, June 30, 1994 
(TA93-314/Rr.D/94/024)* 

Groups (28 females/group) of mated ~rl:CD(SD)BR rats were 
administered Abbott-84538 orally at dosages of O (vehicle 
control), 15 (low), 35 (mid) or 75 mg/kg/day (high) between 
gestation days 6-17 to assess developmental toxicity. Results: 
one rat (mid) and three rats (high) were euthanized in moribund 
condition during the study. Clinical signs: treatment-related 
signs largely restricted to the high dosage group were decreased 
activity, o.maciation, dehydration, rough and/or matted coat, 
hunched posture, tremors and noisy respiration. Drug absorption: 
mean C~x values of the test compound on day 16 were 2.6, 2.8 and 
5.3 µg1ml at the dosage levels of low, mid and high, 
respectively. The corresponding mean AUC values were 17.3, 34.3 
and 45.2 µg*hr/ml. Body weight & food consumption: when compar~d 
to the controls, marked decreases in body weight, body weight 
gain (up to 20%) and food consumption (49-75%) were observed in 
the high dosage group. A significant reduction in food 
consumption, accompanied by a reduction in body weight gain, was 
noted in the mid dosage group between gestation days 6-9. 
Anatomic Pathology: three dams (mid) and one dam (high) were 
observed to have hydronephrosis of one or both kidneys. 
Observations at cesarean section: developmental toxicity (high) 
was characterized by increased early resorptions and post­
implantation loss, dec~ased fetal body weights, and an increased 
incidence of ossification delays, enlarged fotanelles, 
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cryptorchidism and wavy ribs. At the mid dosage, the toxicity was 
characterized by a slight increase (statistically not 
significant) in cryptorchidism. fetal observations; a 
significant, treatment-related increase iu cryptorchidism was 
observed (high) compared to the controls. Incidences of fetuses 
with unossified sternebra(e) and litters with unossified 
ve~tebra(e) and incomplete ossification of the pubis were 
significantly greater (high) than the controls. Although not 
statistically significant, the incidence of fetuses with delayed 
ossification of several other bones (ischium, long bone, 
pha~ange) tended to.be greater (high) than the controls. The 
incidence of fetuses with enlarged fontanelles and wavy ribs 
appeared to be greater (high) . Statistical evaluation of fetal 
variation data revealed a significantly increased incidence of 
total number of fetuses variations (high) relative to the 
controls. 

Comments: Oral administration of the test compound to pregnant 
rats during the period of organogenesis resulted in maternal and 
fetal toxicity at dosages of 35 and 75 mg/kg/day. Developmental 
toxicity in the high-dosage group was characterized by increased 
early resorptions and post-implantation loss, decreased fetal 
body weights and an increase in ossification delays, enlarged 
fontanelles, cryptorchidism and wavy ribs. No treatment-related 
malformations were observed in the study. The NOEL for maternal 
and developmental toxicity was 15 mg/kg/day. 

16. Evaluation of the effects of orally administered Abbott-84538 
on embryo-fetal development in New Zealand White rabbits, 

·, Lot # 
77-561-AL, July 20, 1994 (Rr.D/94/342)* 

Groups of inseminated New Zealand White rabbits (24 
animals/group) were administered Abbott-84538 via oral gavage at 
dose levels of O (vehicle control), 25 (low), 50 (mid) or 110 
mg/kg/day during the period of major organogenesis (gestation 
days 6 to 19) to evaluate r~ssible developmental toxicity of the 
test compour1d. Results: eleven maternal deaths occurred during 
the conduct of the study (1, 2 and 8 deaths at the low, mid and 
high, respectively) . Four unscheduled deaths (high) were 
considered crug-related; all other deaths in the study were due 
to confirmed or suspected intubation errors. There was an 
increased incidence of decreased defecation and soft stools in 
all treatment groups. The observation of no stool was noted (mid 
and high) ; rales and mucoid stool occurred only at the high 
dosage. Mean Cmax values of Abbott-84538 on gestation day 20 were 
0.65 (low) and 7.85 (mid) µg/ml; the AUCs values were 1.3 (low) 
and 28.35 (mid) µg*hr/ml [Cmax ~nd AUC values were not cal~ulated 
for the high dosage group because plasma samples were obt~ined 
from each surviving rabbits at onl1 two time points]. Whe11 
compared to control, markedly lower body weight, body weight gain 
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and food consumptioa were v~served at the high dosage group. Upon 
gross examination, two rabbits (high) were observed witt 
congestion or discoloration of the lungs. Developmental toxicity 
was observed at the high dosage level with four whole litter 
resorptions, decreased litter sizes and decreaaed uterine and 
fetal weights. In the mid dosage group, there were two whole 
litter resorptions [this incidence was witt.in the range of IRDC 
historical controls and was not considered a drug-related effect; 
the histarical control data were submitted] . Postimplantation 
losses, litter size and uterine and fetal weights (mid) were all 
comparable to control values. The low dosage fetuses had no 
evidence of developmental toxicity. There were no drug-related 
fetal malformation in this study. 

Comments: With respect to maternal and developmental toxicity, 
the no-observable-adverse-effect level of Abbott-84538 when 
administered orally to pregnant female rabbits was 50 mg/kg/day. 
Develonmental toxicity was observed at the 110 mg/kg/day dosage 
level ~hat was maternally toxic as well. 

17. Evaluation of the effects of orally administered Abbott-8~538 
on the peri- and ~ostnatal development of the rat (Segment III 
DART), Abbott Lab., Abbott Park, IL, Lot# 77-561-AL, N"v~er 
15, 19~4 (R&.D/94/651)• 

Groups of mated female rats (20 rats/group; strain: Crl:CDBR) 
were administered Abbott-84538 orally by gavage at dosages of O 
(vehic:.e control), 15 (low), 35 (mid) or 60 mg/kg/day (high) 
beginr.ing on gestation day (GD) 6 through postpartum day 20 to 
evaluate the potential of the test compound on fetal development, 
parturition, lactation, neonatal growth, survival and behavi.o:.:- as 
well as repr0ductive competence of the Fl generation. R~~ no 
deaths or treatment-related clinical signs were observed among 
the FO dams. Dams (high) gained less weight and consumed less 
food during GD 6 - 9 than did controls; food cor.sumption amcing dams 
(mid) was reduced during this interval as well. Gestation length, 
litter size at birth and Fl pup growth and survival were 
unaffected. No effects of drug on the time of appearance of 
developmental landmarks or learning as measured by a passive 
avoidance test were evident. The ontogeny of various reflexes was 
unaffected. The reproductive competence of the Fl generation was 
unaffected by possible in utero and galactic exposure to the test 
compound. Conclvsion: a degree of maternal toxicity, manifested 
as transient diminucions in weight gain and food consumption · 
during the first treatment interval \GD 6-9) was noted at t~e 
high dose. The NOEL for developmental toxicity was considered to 
be 60 mg/kg/day. 
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Genotoxicity Studies 

18. Ba~terial Reverae Mutation Aaaay (Ame• Te•t plu• B. coli) of 
Abbott-84538, Lot# 240081-AX, Abbott Lab., Abbott Park, IL, July 
16, 1993 (Study Number TX93-222/R&D/9)/399)* 

Abbott-84538 was evaluated for mutageni~ activity in the 
Bacterial Reverse Mutation Assay using Salmonella typhimurium 
strains TA-1535, TA-1537, TA-98 and TA-100 and Escherichia ~Qli 
strain WP2uvrA-. The assay was conducted in the presence and 
absence of a metabolic activation system using three plates per 
test compound concentration over a range of 10 concentrations (1 
to 10,000 µg per Petri plate). Abbott-84538 was non-mutagenic in 
this assay and nc toxici~.y was seen. 

19. Mouse lymphoma study of Abbott-84538, 
June 13, 1994 (R&D/94/175/TX93/472)* 

Abbott-84538 was evaluated for its p:itential to induce mutations 
at the thymidine kinase locus of the L5178Y TK +/- mouse lymphoma 
cell line. Abbott-84538 was solubilized in DMSO ~nd added 
di.rectly to a culture medium to expose the cell culture at 
concentrations ranging from 25 to 200 and 15 to 70 µg/ml without 
and with exogenous metabolic activatjon (rat liver S9), 
respectively. Results; there was no evidence of any mutagenic 
activity for the test ~ompound in this assay system. 

Comments: In a range finding test of Abbott-84538, it was 
determined that concentrations of 50 µg/ml and above were toxic 
and concentrations of 10 µg/ml and below were nontoxic. Based on 
the results of the range finding test, a mutation assay was 
conducted at concentrations ranging from 10-200 µg/ml without 
activation, and 5.0 to 50 µg/ml with S-9. However, the results of 
~his assay (Bl) were unusable because of a hi.gh incidence o: 
contamination in the cloned cultures. As a result, the study (82) 
was repeated, and the concentrations utilized in the present 
study were selected based on the results of the 82 assay. 

20. In Vitro Cytogenetics Human Lymphocyte Culturg A•say of 
Abbott-84538, Abbott Lab., Abb~tt ?ark, IL, October 7, 1993 
(Study Nwnber TX93-223/R&D/93/470)* 

The purpose of this study was to evaluate the ability of Abbott-
84538 to induce chromosome aberrations in human lymphocytes 
cultured in the absence and presence of an exogenous metabolic 
activation system. Concentrations of 0.1 to 1000 µg/ml were used 
in both the non-activation and activation tests. Abbott-84538 was 
non-genotoxic in this assay. Toxicity was seen at concentrations 
of 10 µg/ml and greater. 
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21. Mou~e micronucleua assay of Abbott-84538, Lot # 77-561-AL, 
Abbott Lab., Abbott Park, IL, January 5, 1994, (R&D/93/706)* 

3S 

Abbott-84S38 was evaluated for mutagenic activity in an in vivo 
mouse micronucleus assay. Male and female mice (S mice/sex/group) 
were treated with two successive daily oral doses o2 Abbott-84S38 
at l~vels of o (vehicle control), 125, 2SO or 3SO mg/kg. Bone 
marrows were harvested approximately 30 hr after the laat dose. 
Result~ there was no dose-related increase in the number of 
micronucleated bone marrow polychromatic erythrocytes compared to 
vehicle-treated control mice. Conclusion; Abbott-84S38 was non­
mutagenic in this assay and no toxicity was seen. 

Preliminary Toxicity Studies 

22. Two-Week Oral Toxicity Bvaluation of Abbott-84538 in Rats 
(Exploratory Research Report/R&D/93/157/Study No. TA93-056) 

The purpose of the present exploratory study was to provide 
prelimi~1ary toxicity and pharmacokinetic data for Abbott-84S38, 
and to aid in the determination of dosage levels to be used in 
subsequent toxicity study in rats. This study will not be 
reviewed. 

23. Oral Do~age-Range-Finding Toxicity Study of Abbott-84538 in 
Dogs (Exploratory Research Report/R&D/93/169/StuJy No.TB93-036) 

The purpose of the present exploratory study was to provide 
additional toxicity and pharmacokinetic data for Abbott-84S38 
that will be used in the determination of dosage levels for the 
one-month oral toxicity study in dogs. Drug was administered by 
oral gavage for 14 day& at dosages of 10, 30, 100 or 2SO 
mg/kg/day. This study will not be reviewed. 

24. Oral palatability study of Abbott-84~38 in mice, Lot # 79-
594-AL, Abbott Lab., Abbott Park, IL, April 4, 1994, (R&D/93/886) 

Groups of male and female mice [age: S weeks; strain: Crl:CD-
1 (ICR)BR; 16 animals/sex/group] received Abbott-84538 in the diet 
at dose levels of o, so, 100, 200 or ~00 mg/kg/day for 20-21 
consecutive days. Clinical Signs: dose->:elated incidences of 
rough coat and urine stain on hair were acted in some animals at 
all dose levels except the controls. Hunched posture was noted in 
sc~e mice given SOO mg/kg/day. ~y Weigtts: when co~pared with 
the baseline, oody weight loss occurred in both male and female 
mice (SOO mg/kg/day) during the first week of treatment. The 
group mean body weights for both male and female mice were 
significantly lower than those for the control throughout the 
treatment period. Food Consumption· significant decrease in food 
consumption was noted in male and female mice (SOU mg/kg/day) 
during the first week o1 treatme~t. Plasma Drug Concentrations: 
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The AUC values were .... 5, 9.8, 59.7 and 229.3 µg•hr/ml for the 
males at dose levels of 50, 100, 200 and 500 mg/kg/day, 
respectively. The AUC values of Abbott-84538 increased in a 
greater than dose proportional manner and were greater in female 
mice than those recorded for male mice in each of the dosage 
groups. 

Comments: Initial poor food consumption of Abbott-84538 at 500 
mg/kg/day dose level was suggestive of poor palatability for the 

25. Oral palatability •tudy of Abbott-84538 in rats, Lot # 77-
561-AL, Abbott Lab., Abbott Park, IL, May 12, 1994, (Rt.D/93/025) 

Groups cf male and female rats [age: 4 weeks; strain: Crl:CD­
(SD)BR; 10 animals/sex/group] received Abbott-84538 in the diet 
at dose levels of O, 100, 200, 300 or 400 mg/kg/day for 21 
consecutive days. ~linical Signs: dose-related incidences of 
rough coat and hunched posture were noted in female animals given 
400 mg/kg/day. A number of females (300 mg/kg/day) were observed 
with rough hair. Body Weights: dose-related decrease in body 
weight was observed in both male and female rats. At the end of 
the treatment period, mean body weights for male and female rats 
(400 mg/kg/day) were decreased to approximately 76t of the 
control group. Percent body weight gains over the course of the 
treatment period, as calculated from mean body weight values, 
were 108, 100, 78 and 5lt of the control group for males and 95, 
77, 49 and 30'k of the control group for females at the 100, 200, 
300 and 400 mg/kg/day dose levels, respectively. f22S1 
Consumption: on day 1, there was a dose-related decrease in food 
consumption for treated animals of both sexes. Mean food 
consumption for the 400 mg/kg/day group was markedly reduced on 
day 1; the food consumption value's were 42'k of the control group 
for males and 34t of the contr.ol group values for females. The 
food consumption for this group remained significantly lower than 
tnat of the control group at the end of the treatment period (67'k 
for males and 65'k for females). flasm9 Drug Concentrations: the 
AUC values were 3.4, 11.4, 39.2 and 72.6 µg•hr/ml for the males 
at dose levels oi 100, 200, 300 and 400 mg/kg/day, respectively. 
The AUC values of Abbott-84538 increased with increasing dose in 
a non-linear fashion. Plasma -::once:itration of Abbott-84538 in 
female mic~ we~e substantially higher than those recorded for 
male mice in eac~ of the dosage groups. 

Comments: The degree of palatability of Abbott-84538 in the diet, 
as measured by food consumption, appeared to decrease with the 
in-::rease in dose levels. The reduction in food consumption and 
body weight observed in this study may have been contributed by 
the poor palatability of the diet. 
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WON-CLINICAL PBARMACOXINETICS 

&ummary of Non-clinical Pharmacokinetics Studi•• 

l. Preclinical Pharmacokinetic SUllllll&ry of Abbott-84538 in 
Mouse, Rat, Monkey and Dog (RllD/93/667) 

2. Pharmacokinetics of Abbott-84538 in Rats During Oral 
Administration of 15, 50, 100 and 150 mg/kg Once-Daily 
Regimens for 28 Daya (Protocol TA93-193/R&D/93/621) 

3. Pharmacokinetica of Abbott-84538 in Rats During Oral 
Administration of 15, 50, 100 and 150 mg/kg Once-Daily 
Regimens for 28 Daya (Protocol TA93-193/R&D/93/621) 

4. Pharraacokinetics of Abbott-84538 in rat= during oral 
administration of 15/25, 50/75 and 125/175 mg/kg once­
daily regimens for 3 months, Lot # 77-561-AL, Abbott 
Lab., Abbott Park, IL, April 14, 1994, (R&D/93/881) 

5. Pharmacokinetics of Abbott-84538 in female and male 
rats after ingestion of 30/50, 75/100, 125/160 and 
175/200 mg/kg daily dosages mixed in the diet for 3 
months, Lot # 86-701-AL, Abbott Lab., Abbott Park, IL, 
October 21, 1994, (RftD/94/682) 

6. Pharmacokinetics of Abbott-84538 in rats during once­
daily administration of 25, 75 and 175 (150)/125 (100) 
mg/kg for 6 months, Lot # 79-594-AL, Abbott Lab., 
Abbott Park, IL, June 30, 1994, (Rr.D/94/379) 

7. Pharmacokinetics of kobott-84538 in pregnant rats 
during oral administration of 15, 25 and 75 mg/kg once­
daily rogimens for 12 days, Lot # 77-56l·AI., Abbott 
Lab., Abbott .Park, IL, June 23, 1994, (RftD/93/880) 

8. The metabolilllll and disposition of Abbott-84538- 14C in 
rats, Lot # 39226-BS-141, Abbott Lab., Abbott Park, IL, 
August 3, 1994, (RftD/94/611) 

9. Biliary excretion ~fter iv or int.raduodenal 
administration of c-:- ··o';t-84538 in chronically bile 
duct cannulated female rats, Abbott Park, IL, November 
29, 1994, (R.&D/94/878) 

10. 
14 

In Vitro Protein Binding of Abbott-84538- C in Rat, 
Dog, Monkey and HWll&D PlalUUl (Protocol V93-
014/R&D/93/243) 

11. Distribution of Radioactivity in Tiaaues of Rats after 
Oral Administration of Abbott-84538- C, Abbott Lab., 

37 
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12. 

13. 

Abbott Park, IL, Lot # 239978-AX, June 3, 1994 (Report 
# 23/R"1l/94/438) 

Distribution of radioactivity1~n tiaauea of male rats 
after oral administration of C-Abbott-84538, Abbott 
Lab., Abbott Park, IL, June 5, 1~95 (RltD/95/377) 

14 
In vitro metaboli8lll of Abbott-84538- C by rat, dog and 
human liver microaomea, Lot# 47946-SS-09, Abbott Lab., 
Abbott Park, IL, December 8, 1994, (R"1l/94/927) 

14. Hepatic drug metabolizing activity in rata after 14 
days of oral administration of Abbott-84538, Abbott 
Lab., Abbott Park, IL, September 8, 1995, (R"1l/95/552) 

15. Pha1.:nacokinetica of Abbott-84538 in Doga During Oral 
Administration of 10, 50 and 150/200 mg/kg Once-Daily 
Dosage Regimens for 28 Daya (Protocol TB93-
192/R"1l/93/632) 

16. Pharmacokinetics of Abbott-84538 in dogs during oral 
adminis~ration of 10, 50 and 200/100 mg/kg once-daily 
regimens for 3 months, Lot# 77-561-AL, Abbott Lab., 
Abbott Park, IL, April 25, 1994, (Rr.D/94/191) 

17. Pharmacokinotics of Abbott-84538 in dogs during once­
daily administration of 10, 50 and 125 mg/kg for 6 
months, L~t # 83-501-VP, Abb~tt Lab., Abbott ~ark, IL, 
Decewber 8, 1994, (R"1l/94/610) 

18. The Metaboli8lll and Disposition of Abbott-84538- 14c in 
Dogs (Protocols V93-012/V93-020/R"1l/93/62~: 

19. Revised struc~ural identification of metabolites of 
Abbot~-84538-' C in dogs and comparison to rat 
metabolites, L?t # 39226-ES-141, Abbott Lab., Abbott 
Park, IL, August 22, 1994, (R"1l/94/639) 

20. Binding of Abb:>tt-845:'.8- [14CJ to Buman al-Acid 
Glycoprotein (AAG) and Ruman Serum Albumin (BSA), D1~g 
Lot No. 39226-BS-141, Abbo~t L&boratoriea, Abbott Park, 
IL, November 3, 1993, (R"1l/93/760) 

21. Effect of selected drugs
1
4"n the in vitro protein 

binding of Abbott-84538- C in human plasma, Lot # 
39226-BS-141, Abbott Lab., Abbott Park, IL, November 
18, 1993, (R"1l/93/829) 

22. Tabulation of concentration data of Abbott-84538 in 
pregnant New Zealand White rabbits after oral 
administration o~ Abbott-84538, Lot # 79-594-AL. Abbott 

38 
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Lab., Abbott Park, IL, August 10, 1994, (R&D/94/235) 

23. Tabulation of concentration data of Abbott-84538 
Qollected during fertility and embryonic development 
evaluation in rats after oral administration of Abbott-
84538, Lot# 77-561-AL. Abbott Lab., Abbott Park, IL, 
August l, 1994, (R&D/94/290) 

24. Allcmetric Analysis of Pharmacokinetic Data of Abbott-
84538 (R&D/93/677) 

Review of Pharmacokinetic Studies: 

1. Preclinical Pharmacokinetic Summary of Abbott-84538 in Mouse, 
Rat, Monkey and Dog (R&D/93/667) 

The pharmacokinetic hehavior of Abbott-84538 was evaluated in 
mice, rats, dogs and cynomolgus monkeys. The plasma concentration 
profile of parent drug following IV administration was similar in 
the animals, characterized by a rapid distribution phase (T~ < 5 
min) followed by an apparent eliminacion Tn of 0.6-1.l hr; a 
slightly longer plasma elimlnation T~ (2.26 hr) was noted 
following IV administration in monkeys. Results of other 
pharmacokinetic parameters are summarized in Table l. 

Table 1 
Pharmacokinetic Evaluation of Abbott-84538 in Mice, Rats, Monkeys 

an d Doqs 
=· 

Specie~ Dose (mg/kg) Vd er.., c •• (µg/ml) F (t) 
& Route (l/kg) (l/hr/kq) 

' Mouse 25 IV 0.26 

I 25 PO 28.6 74.2 

Rat: 5 IV 0.95 l.O 
5 PO l. 36 70.7 

lO PO l.89 77.6 
50 PO 5.3 l4l. 6 

100 PO 8.Sl 134.6 

Monkey 5 lV 2.16 0.67 
5 PO l. 08 29.9 

lO PO 3.82 70.4 -
Dog 5 IV 0. 34 0.22 

5 PO 3.58 37.4 
10 PO 16.6 lDS.3 
30 PO 19. 31 101.3 
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2. Tabulation of concentration data of Abbott-84538 in mice 
after 200, 400, 600 and 1000 mg/kg/day dosages mixed in the diet 
tor three months, Lot# 86-701-AL, Abbott Lab., Abbott Park, IL, 
October 31, 1994, (R&D/94/734) 

Groups of male and female mice were fed Abbott-84538 mixed in 
diet at dose levels of 200, 400, 600 or 1000 mg/kg/day for three 
months to characterize the pharmacokinetics of Abbott-84538 as a 
part of the toxicity study. Blood samples were collected at 
approximately 2, 5, 12 and 24 hr after the drug administration 
towards the end of t.he study. Results: mean pharmacokinetic 
parameter estimates for Abbott-84538 are summarized in Table 2. 
The mean drug plasma concentrations general~.y increased with dose 
size. The mean dose-no.::malized Cmax and AUC values showed that 
increases in both Cmax and AUC were generally linear. 

Table 2 
Mean pharrnacokinetic parameters of Abbott-84538 in male and 

female mice after 200, 400, 600 and 1000 mg/kg/day dosages mixed 
in diet for three months 

Dose (mg/kg/doy) Clnox (p . .i/onl) TIMX (hr) C-x/D C•g/Nll) AUC/D CL/f 
<•a*hr/ml) Cl/hr/kg) 

200 5. 1 5 0.026 0.422 2.3 

400 9.4 5 0.023 0.424 2.3 

600 12.3 12 0.020 0.449 2.2 

1000 18.8 12 0.018 0.389 Z.5 

Comments: The mean dose-normalized AUC values from a 14-day 
toxicity study in mice, oral dosing via gavage were generally 2 
to 4 times higher than the AUC/D values obtained in the present 
study. 

3. Pharmacokinetics of Abbott-84538 in Rats During Oral 
Administration of 15, SO, 100 and 150 mg/kg Once-Daily Regimens 
for 28 Days (Protocol TA93-193/R&D/93/62ll 

This report characterized the pharmacokineti~s of Abbott-84538 in 
rats after an oral gavage of 15, 50, 150/100 mg/kg once daily 
regimens for 28 days as a part of Toxicology Study TA93-193. Mean 
pharmacokinetic estimates are summarized in Table 3. 
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Table 3 
Mean Pharmacokinetic Parameters of Abbott-84538 in Male and 

Fema 1 h F' D d h D Af 0 1 G e Rats Durinq t e irst ose an 27t ose ter ra avaqe 

Dosacie R...,imens, mn/kq/dav, oral 

Parameters l.5 50 100 150 

Day O Day Day 0 Day Day 0 Day Day 0 Day 
27 27 '27 27 

AUC,.,. M 4.6 3.6 52.9 27 6 na na 117. 9 63.3 
(ua*hr/ml)F 8.8 5.3 52.9 24.5 na 91.3 110.3 n .. 

~ M 0.7 0.6 4.2 3.4 na na 7.6 5.6 ~-
(eeg/ml) l.l 0.7 3.9 2 .1. na 5.5 7.9 na 

F 

T- M 5 6.2 8.4 7.2 na na 3.6 3.6 
(hr) F 5 5.2 6 2 5.2 na 7.4 4 na 

Cl/F M 4.1 4.6 0.9 l. 9 na na 1.4 2.6 
(l/hr/kq) F l. 7 3.5 0.9 2.1 na l.2 l.4 na 

na = not applicable 

Comments: In general, concentrations of the test compound 
increased roughly in proportion to the administered doses. 
However, the results of ANOVA showed that there might be a 
nonlinear element in the pharmacokinetics of the drug, with 
AUC/Dose values varied sliglitly less thau a f<:lctor of two over 
the 10-fold range in dosage. The effects on dose normalized AUC 
and peak plasma values could be due to the interplay of the 
first-pass metabolism, solubility-limited dissolution and higher 
fraction of dose that was not absorbed at higher dose levels. The 
decreases in normalized AUC values and peak plasma concentrations 
after multiple dosing could either be due to deer.ease in 
bioavailability or due ~o autoinduction of the metabolizing 
enzymes. 

4. Pharmacokinetics of Abbott-84538 in rats during oral 
administration of 15/25, 50/75 and 125/175 mg/kg once-daily 
regimens for 3 months, Lot# 77-561-AL, Abbott Lab., Abbott Park, 
IL, April 14, :;,.994, (R&D/93/881) 

Pharmacokinetics of Abbott-84538 in male and female rats during 
oral administration of 15/25 (day 0-14: 15 mg/kg/day, day 15-end 
of study: 25 mg/kg/day), 50/75 (day 0-14: 50 mg/kg/day, day 15-
end of study: 75 mg/kg/day) or 12S/175 (125 mg/kg/day for females 
and 175 mg/kg/day for males) regimens for 3 months was 
investigated. Blood samples were collected at 1, 4, 8, 12 and 24 
hr after the daily treatment on days a, 29 and 84. Results: mean 
pharmacokinetic parameter estimates for Abbott-84538 are 
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summarized in Table 4. The dose-normalized AUC (AUC/D) values 
were increased nonlinearly with dose (more than proportionally) 
during the first day of dosing. Comparison of the CL/F values on 
days 29 and 84 showed that the values were relatively similar 
among the three dose groups after multiple dosing. The Cmax/D 
values increased less than proportionally with dose size. Gender 
differences were found with females generally yielding higher AUC 
and Cmax values than m~le rats. 

Table 4 
Pharmacokinetic parameters of Abbott-84538 in rats during oral 

administration of 15/25, 50/75 and 125/175 mg/kg/day for 3 months 

Dose (1119/kg/doy) Daf r ... <hr> Clllu/D <•&l•l l A!JC/D CL/f 
<.a*hr/oal) < l/hr/kg> 

15 D 3.5 o.oa 0.51 2.37 
25 29 5 0.10 0.57 1.85 
25 84 2.9 0.10 0.78 1.34 

50 0 4.1 0.09 1.09 0.93 
15 29 7.6 0.05 0.62 1.65 
75 84 6.9 0.06 0.77 1.43 

175 d 0 1.6 0.04 0.62 1.83 
125 9 0 3.4 o.09 1.13 0.94 
175 d 29 1.6 0.03 0.49 2.28 
125 9 29 2 0.06 1.02 1.12 
175 d 84 5.5 0.04 0.55 1.85 
125 9 84 8 0.05 0.78 1.27 

Comments: The Cmax/D values were probably increased less than 
proportionally with dose size. A number of facto:::s mi·;'1t be 
responsible for the differen:es, including the confounding 
effect.a of saturable metabolism and solubility-limited 
dissolution. 

5. Pharmacokinetics of Abbott-84538 in female and male rats after 
ingestion of 30/50, 75/100, 125/160 and 175/200 mg/kg daily 
dosages mixed in the diet for 3 months, Lot # 86-701-AL, Abbott 
Lab., Abbott Park, IL, October 21, 1994, (R&D/94/682) 

Groups of male and female rats were orally gavag·~d Abbott-84538 
at dose levels of 30 (9) /50 Col (Tl), 75 C'<'l /100 (d') (T2), 
125 c<?l /160 (o) (T3) or 175 (<?) /200 Col (T4) to determine the 
pharmacokinetics of the test compound as part of the three-month 
toxicity study. Blood samples were collected at approximately 2, 
5, 12 and 24 hr after the drug adrrinistration on study days 14 
and 84. ResultG: mean pharmacokinetic par~meter estimates for 
Abbott-84538 are summarized in Table 5. The mean Cmax and AUC 
values generally increased with dose size for both male and 
female rats. The increase in Cmax and AUC with dose size waG more 
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than proportional for both male and female rats. The increase of 
emax/D and AOC/D with dose size was statistically significant 
(P=0.001) for both male and female rats. The mean Cmax/D and 

AOC/D values were higher on day 84 than on day 14 for all 
gender/dose groups and the day effect was statistically 
significant (P=0.001) for both male and female rats. 

Table 5 
Mean pharmacokinetic parameters of Abbott-84538 in rats after 

daily oral administration of 30/50, 75/100, 125/160 and 175/200 
mg/kg/day for 3 months 

Dose <mg/kg/dllyll em .. <•gt•L > TMX (hr) C..U/~ (~g/ml) AUC/D CL/F 
Day (1&g*hr/mll ( l/hr/kgl 

5tld; 14 D. 19 7.2 0.006 0.06 36.9 
84 0.46 9.2 0.016 0.20 5.20 

30•; 14 0. 12 9.5 0.002 D.023 35_ 18 
84 0.17 10.6 O.OG4 D.032 41.39 

100c:t;14 0.62 10.6 0.008 o. 121 8.3 
84 1-53 7.8 0.02Q 0.290 3.5 

759;,4 1.08 10.D 0.011 o. 148 7.3 
84 1.84 9.2 0.018 0.234 4.3 

16tld; 14 1.67 9.2 0.013 o. 197 5.2 
84 3.35 5.2 0.027 0.459 2.2 

125•;14 2.33 13.0 0.015 0.225 4.49 
84 3.70 5.2 0.023 n.419 2.40 

2Dtld;14 3.96 6.0 0.023 0.2113 3.61 
84 5. 14 12.8 0.029 0.532 2.23 

175•;14 3.113 6.0 0.019 0.330 3. 11 
84 5.90 13.4 0.030 0.527 1.91 

Comments: The results of the present study showed th~t Cmax and 
AOC values of Abbott-84538 increased with dose size and the 
increase was more than proportional to dose size, which might be 
partly due to the presence of saturable metabolism. The Cmax and 
AOC values increased at least 50% after dosing for 3 months as 
compared to the values obtained after dosing for 2 weeks, 
probably partly due to hepatotoxicities caused by the drug. Since 
metabolism of Abbott-84538 may be saturable, the lower AOC and 
Cmax values obtained in the pres~.nt study relative to that 
obtained in the 1- and 3-mouth coxicity studies might be partly 
due to higher extents of first-·pass extraction when the drug was 
ingested at a slower rate via drug-diet mixture. 
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6. Pharmacokinetics of Abbott-84538 in rats during once-daily 
administration ~f 25, 75 and 175 (150)/125 (100) mg/kg for 6 
months, Lot# 79-594-AL, Abbott Lab., Abbott Park, IL, June 30, 
1994, (R&D/94/378) 

44 

Groups of male and female rats were orally gavaged Abbott-84538 
at dose levels of 25 (low), 75 (mid) or 175 (150)/125 (100) 
(daily dose changed from 175 to 150 on day 80 for males and 125 
to 100 mg/kg/day on day 80 for females, high) to dete~-mine the 
pharmacokinetics of the test compound as part of the six-month 
toxicity study. Blood samples were collected at approximately 1, 
4, 8, 12 and 24 hr after the drug administration on study days 14 
and 174. Results: mean pharmacokinetic parameter estimates for 
Abbott-84538 are summarized in Table 6. The mean Cmax and AUC 
·.·alues generally increased with dose size. The increase in Cmax 
was dose-linear for day 174, but was less than proportional on 
day 14. For AUC, the increase was dose-linear for day 14, but was 
more than proportional on day 174, with the mLan AUC/D for female 
rats (high) statistically significantly (P=0.032) higher than 
male and female rats in other groups. 

Table 6 
MP.an pharmacokinetic parameters of Abbott-84538 in rats after 

daily oral administration of 25, 75 and 175/100 mg/kg/d3y for 6 
months 

Dose Cmg/~g/day>& °""' <•g/111) T•x (hr> Clnu/O <•g/ml) AUC/D CL/F 
Day (lf,g*hr/ml) CI/hr/kg) 

25; 14 1.9 3.2 0.07 0.47 3.6 
174 2.2 3.7 o.oa 0.71 1. 7 

75; 14 !.3 6.6 0.04 0.51 2.0 
174 7.6 2.9 0.10 0.44 1 .2 

1~ d';14 4.6 5.8 0.03 0.31 3.6 
125 9;14 5.3 5.2 0.04 0.54 1.8 

150 •; 174 6.2 5.3 0.04 0.55 , .9 
100 9:174 11 0 8.0 0.11 1.7 0.6 

Commenta: With the exception of female rats (high), the AUC/D 
values were relatively similar for dosages ranging from 25-150 
mg/kg/day for malP. rats and 25-75 mg/kg/day for female rats after 
dosing for 6 !:'.onths. The AUC and Cmax values increased about 2-
fold after doing for six months compared to the values obtained 
after dosi:1g for two weeks. 
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7. Phar.:nacold.netics of Abbott-84538 in pregnant rats during oral 
admini~tration of 15, 25 and 75 mg/kg once-daily regimens for 12 
days, Lot# 77-561-AL, Abbuct Lab., Abbott Park, IL, June 23, 
1994, (R&D/93/880) 

The pharmacokinetics of Abbott-84538 in pregnant rats during 
embryonic and fetal developme'lt after oral gavage of 15, 35 or 75 
mg/kg once daily for 12 days during gestational days 6 through 17 
was evaluated. Blood samples were collected at l, 4, 3, 12 and 24 
hr after the treatment on gestation day 16. Results; are 
summarized in Table 7. Both Cmax and AUC values in pregnant rats 
increased less than proportionally with dose size. The difference 
in the mean Cmax/D values among the three dose groups were 
statistically significant (P=0.001) while the difference in the 
mean AUC/D was marginally significant (P=0.055). No statistically 
signif icar.t dose effects were found for Tmax. 

Table 7 
The mean pharmacokinetics parameters of Abbott-84538 in pregnant 
rats after once daily dosing for 12 days 

Dose C11ox TNJC (hr) AUC <•&*hr/ml l CL/f CllllX/D AUC/D 
(mg/kg/day) C•g/ml l Cl/hr/kg) 

'5 2.6 2.5 17.3 0.9 0.17 1. 15 

35 2.8 5.5 34.3 1.1 0.08 0.98 

75 5.3 5.5 45.2 1.8 0.07 0.60 

Comments: The dose-normalized Cmax and AUC values for Abbott-
84538 apparently decreased with the increase of dose size in 
pregnant rats. The changes in Cmax and AUC values may have 
resulted by changes in metabolism activity and/or fraction of 
dose absorbed. :::t is also possible that the above differences 
simply reflected the variability in the study. 

14 B. The metabolism and disposition of Abbot~-84538- C in rats, 
Lot# 39226-BS-141, Abbott Lab., Abbott Park, IL, August 3, 1994, 
(R&D/94/611) 

The metabolism and disposition of Abbott-84538 were studied in 
male and female rats given a 20 mg/kg oral dose, a 5 mg/kg IV 
dose or a 20 mg/kg intra-ducdenal dose of the drug bearing 
carbon-14 label within the valine portion of the molecule. HPLC 
with radioactivity flow detection was use to obLain the metabolic 
profiles of ~he compound in plasma, urine, fecal ar.d bil~ 
samples. Resulti·; within three days after oral administration of 
the compound, 95.7% of the dose was recovered in the feces and 
only 2.1% was recovered in urine and cagewash. Similarly, after 
IV administration. 92.9% of the dose was recovered in the feces 
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and 1.8% was recovered in the urine and cagewash. Intra-duodenal 
dose administration resulted in only 21.6% of the dose in the 0-6 
hr bile, indicating chat about 30\ of the dose was absorbed from 
the GI tract in this rat model. 

Abbott-84538 underwent extensive hepatic biotransformation in 
rat, with only trace amounts (0.5-1.9\) of unchanged parent drug 
observed in the 0-6 hr bile collected aftefi IV or intra-duodenal 
dosin'1. Eight metabolites of Abbott-84538- C have been 
tentatively identified in rat bile based on mass spectrometry. 
All 8 metabolites were formed via oxidation reactions involving 
hydroxylation of the thiazolyl isopropyl group (M·2, M-5 and M-
12), the N-methylurea moiety (M-10) or the urea moiety followivg 
N-demethylation (M-3), oxidation of the isopropylthiazolyl Nor S 
heteroatoms (M-9), and oxidative elimination of the 
methylthiazolyl carbamate group (M-1, M-5) or the 
isopropylmethylthiazolyl group (M-11) . Unchanged parent drug and 
these metabolites together accounted for 61-62% of the total dose 
radioactivity recovered in rat bile after IV and intra-duodenal 
dosing. 

Radioactivity in rat feces consisted mainlf of unchanged parent 
drug (48%) after or~l administration. M-2 (14.2%) was the most 
abundant fecal metabolite after oral dosing. Despite its nearly 
complete absence in bile, Abbott-8453~ contributed 22.9% of the 
fec:al radioactivity after IV dosing, while the major biliary 
metabolite M-9 was not present in f~ces. Reduction of biliary M-9 
in the GI tract may be responsible for this appeara11ce of parent 
drug in feces. 

Only unchanged parent drug was det:ected in pooled plasma samples 
collected between 0.25 and 8 hr after oral administ:ration. Out to 
2 hr after IV administration, 91.5-100% of the radioactivity in 
pl.asma at any single timP. point consisted of unchanged parent 
drug. M-1 was the vnly metabolite detected in plasma, 
contributing up to 8.5% of the plasma radioactivity at any single 
timepoint. 

Comments: Abbott-84538 underwent extensive hepatic metabolism in 
rats to afford numerous metabolites which were eliminated 
predominantly via the bile. Parent drug is converted to five 
primary metabolites: the des-thiazolyl carbamat~ hydrolysis 
product, M-1, the isopropyl thiazolyl oxidation product, M-2, the 
thiazolyl heteroatom oxidation product, M-9, the N-hydroxymethyl 
urea metabolite, M-10 and the des-isopropyl thiazolyl hydrolysis 
product, M-11. Several sec~ndary metabolites are then produced by 
turther biotransformation of the primary metabolites. The route 
of administration appeared to affect the profile of metabolites 
observed in plasma, feces and bile. 
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i· Biliary excretion after iv or intraduodenal administration of 
4c-Abbott-84538 in chronically bile duct cannulated female rats, 

Abbott Park, IL, November 29, 1994, (R&D/94/878) 

The metabolism and excretion of Abbott-84538 were studied in 
female rats with chronic bile duct cannulas given a 20 mg/kg 
intraduodenal dose or a 5 mg/kg iv dose of the drug bearing a 
uniform carbon-14 radiolabel within the valine portion of the 
molecule. Results: after the iv administration, 55.67% of the 
dose was excreted in the bile of female rats within 24 hr. 
Intraduodenal administration resulted in a mean recovery of 
27.~9% of the dose within 24 hr bile. For both dosages routes, 
cnly 0.5-2.2% of the dose was excreted in th~ 24 hr urine. The 
metabolite patterns obtained in bile for female rats via both 
administration routes were similar, with both indicating 
extensive hepatic metabolism of drug. The parent drug accou~ted 
for 10-12.7% of the mean 0-24 hr biliary radioactivity after 
either dosing route, while M-1 (11.8-18.2% of biliary 
radioactivity), M-2 (15.2-22%), M-10 (11.7-14.1%) and the 
combination of M-11 and M-12 (11.7-12.3%) were the major 
metabolites present. Comparison of biliary met~~clite composition 
letween male rats (previous similar study) and female rats 
(present study) indicated that a much larger percentage of total 
biliary radioactivity in female rats coP.sisted of unchanged 
parent drug than seen in male rats (0.5-1.9%). Biliary 
percentages of M-2 and M-10 were also larger in female rat bile 
than in male bile (6.5\-12.6% M-2; 1.4%-3.6% M-10) collected 
after either dosage route. After dosing by both routes, male rats 
displayed much larger percentages (38.6-39.1%) of biliary 
radi0activity residing as many un-characterized minor metabolites 
than were seen in female bile (12.3-16%). 

Comments: The differences in bile radioar.tivity excretion rates 
and metabolite composition between male and female rats suggested 
that sex specificity in the hepatic cytochrome P450 enzymes 
involved in the oxidative metabolism of the drug (eg., the 
demonstrated absence of cytochrom2 P450 3A2 and 2Cll in female 
rats) may be ri!Bponsible for the slower clearance of Abbott-84538 
in female rat~ compared to males. 

10. In Vitro I•rotein Binding of Abbott-84538-
14

c in Rat, Dog, 
Monkey and Human Plasma (Protocol V93-014/R&D/93/243) 

The in vitro plasma protein binding of Abbott-8453S-
14c was 

determinf!d via an equilibrium dialysis technique in rat, dog, 
monkey and human plasma at five different initial drug 
concentrations: 0.01, 0.1, 1.0, 10 or 30 µg/ml. Binding was 
extensive in all four species over the entire 3000-fold 
concentration range. Mean plasma protein binding percentages of 
97.2-99.2t for rat, 98.9-99.4% for dog, 96.2-99.2% for monkey and 
99.3-99.5~ for human were obtained. No significant sex 
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differences in the degree of protein ;,inding were observed for 
any of the four species at any concentration. 

48 

11. Distribution of Radioactivihl:: in Tissues of Rats after Oral 
Administration of Abbott-94538- C, Abbott Lab., Abbott Park, IL, 
Lot # 239978-AX, June 3, 1994 (Report # 23/R&:D/94/438) 

The distribution of radioactivity in Fi.issues of female rats given 
a SO mg/kg oral dose of Abbott-84538- C was exa.nined at 1, 3, .,, 
9, 12, 24 and 48 hr after administration. Tissue levels: the 
radioactivity in the liver was 133 µg equivalent/g of tissue at 3 
hr, which was 12.4 times greater than the corresponding plasma 
concentration of 11.2 µg equivalent/g. The next highest drug 
concentrations at 3 hr were found in the adrenals (72 µg eq/g) , 
pancreas (41.1 µg e~/g), kidneys (37 µg eq/g) and thyroid (27.4 
µg eq/g) . Maximum radioactivity concentration in all other 
tissues except eyes and brain were roughly similar to the 3 hr 
plasma concentration. The majority of the 48-hr tissue 
radioactivity was contained in the liver (2.7 µg eq/g) 
corresponded to 0.24% of the dose. Plasma levels: the levels of 
radioactiv:'.ty in plasll'3. and most tissues declined over the first 
12 hr after dosing. The plasma levels decJ.ined slowly, from a 
peak concentration of 11.2 µg eq/g at 3 hr to S.84 µg eq/g at 9 
hr. At 12 hr, plasma radioactivity concentrations declined 
p~ecipitously to 0.07 µg eq/ml, accompanied by similarly large 
decreases in tissue radioactivity levels. 

Fecal excretion accounted fo:: 99.2% of the dose within 48 hr, 
while 3.13%% of the dose was recovered in the urine and cagewash. 
The overall recovery of radioactivity was 101%. 

12. Distribution of radhoactivity in tiesues of malo cats after 
o•al •dministration of C-Abbott-84538, Abbott Lab., Abbott 
Pari.., IL, June 5, l.995 (R&:D/95/377) 

The distribution of radioactivity in testes, prostate and other 
selected tissues of male rats given a SO mg/kg dose of C­
Abbott-84S38 was examined at l, 3, 6 and 48 hr after 
administration. Results: concentrations ot radioactivity were 
highest in all cissues and plasma at 3 and 6 hr after dosing. At 
6 nr, radioactivity levels in the testes and prostrate were 1.52 
and 8.64 µg eq/g, respectively, each corresponding to 0.03% of 
the total dose radioactivity The Jargest amount of radioactivity 
resided in the ~iver. the major organ of eliminati0n of Abbott-
84538, which contained a mean concentration of 136 µg eq/g at 3 
hr and 123 l'CI eq/g at 6 hr. The adrenals, kidneys, lungs, muscle 
and spleen posGessed mean maximum concentrations ranging from 
6.48 to 43.3 µg eq/g at 6 hr. At 24 ~nd 48 hr after dosing, the 
levels of radioactivity in tissues and plasma had declined 
significartly from the C.-hr levels. Cell to plasma ratios ranged 
from 0.48-0.51 at ~-6 hr after dosing, indicating that the 
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majority of the radioactivity in the whole blood remained in the 
extracellular fraction. These ratios are higher than the 0.11-
0.29 ratios obtained tor female rats between 1 and 9 hr, 
indicating a gender difference in the extent of red blood cell 
uptake of Abbott-84538 in rats. 

Comments: Radioactivity concentrations in tissues, blood and 
plasma were almost uniformly lower in male rats compared to 
values obtained from female rats (pr~vious study) . This finding 
is consistent with the more rapid clearance of Abbott-84538 in 
male rats seen in other studies. Liver, being the primary organ 
of dose radioactivity elimination, was the only tissue displaying 
nearly equal concentrations of radioactivity in male and female 
rats. The more rapid plasma clearance of drug in males also 
resulted in a T/P (tissue/plasma) ratio in male rat liver at 3 hr 
that was roughly twice that of female rats and 24-hr T/P ratios 
that were generally higher in female rats. 

13. In vitro metabolism of Ahbott-84538- 14C by rat, dog and hUl!Vlll 
liver microsomea, Lot# 47946-SS-09, Abbott Lab., Abbott Park, 
IL, December 8, 1994, (R&D/94/927) 

The metabolism of Abbott-84538- 14C by rat, dog and human hepatic 
microsomes was examined with the objective of determining the 
likely product of in vivo hepatic metabolism of the drug in man. 
Microsomal incubations of radiolabelled Abbott-84538 were 
conducted at a concentration of 0.5 and 3.0 µM in rat, dog and 
human hepatic microsomes with NADPH as the only cofactor added to 
assess the metabolism of the drug by cytochrome P-4.SO. 
Incuba~ions using UDPGA as the only cofactor were also perf0rmed 
to assess the propensity for glucuronidation of the drug by each 
species. Results: the metabolite profiles obtained from both rat 
and dog hepatic microsomes were qualitatively quite similar to 
the corresponding metabolite profiles of the drug in rat and dog 
bile. Rat microsomal incubation samples converted Abbott-84538 
primarily to metabolites M-1, M-2 and M-11, accompanied by minor 
amounts cf M-9, M-10 and M-5. Incubation of Abbott-84538 with dog 
liver microsomes resulted in formation of M-1, M-2, M-11, M-5 and 
G-1. Human liver microsomes converted Abbott-84538 largely to M­
l, M-2, M-11 and M-5. ~'lusion: the in vitro microsomal system 
use~ in this study appeared to accurately predict the in vivo 
hepatic metabolites of Abbott-84538 in rats and dogs. 

Comments: Human liver m.i.crosomes converted Abbott-84538 largely 
to M-1, M-2, M-11 and M-5, suggesting that these metabolites 
would likely be major product of hepatic biotransformation of the 
drug in humans, just as they are in rats and dogs. However, human 
liver microsomes fajled to convert Abbott-84538 to G-1, a major 
do9 bile metabolite, indicating that human metabolism would also 
likely have i:nportant differences from dog metabolism. 
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14. Hepatic ~g metabolizing activity in rats after 14 days of 
oral administration of Abbott-84538, Abbott Lab., Abbott Park, 
IL, September 8, 19~5, (Rr.D/95/552) 

50 

Groups of male and female rats (4/sex/group) were administered 
Abbott-84538 administered orally via gavage at dose levels of 0, 
15 (low) or 50 mg/kg/day (high) for 14 days to evaluate the 
potential of the test compound to induce rat hepatic drug 
metabolizing enzymes. Phenobarbital (50 mg/kg), used as a 
positive control, was administered ip for four day to male and 
female rats (4/sex) . The liver microsomes obtained were 
characterized for total microsomal protein yield, total 
cytochrome P450 (CYP) content and several isoform-specif ic CYP 
activities. Results: as expected, phenobarbital treatment 
produced increased levels of CYP as well as isoform-specif ic CYP 
activities including ethoxyresorufin 0-dealkylation (CYPlA) and 
pento~yresorufin 0-dealkylation iCYP2B) . In the male and female 
rats (high), the microsomal protein content of the liver was 
higher compared to che vehicle control group. The male and female 
rats (low) did not SPOW altered levels of either total CYP or any 
of isoform-specific CYP activities compare~ to the vehicle 
control group. Conclusion: the results of this study indicated 
that Abbott-64538 did not induce CYP in rats on prolonged oral 
administration. 

15. Pharmacokinetics of .Abbott-84538 in Dogs During Oral 
Admiuiatration of 10, 50 i.ud 150/200 mg/kg Once-Daily Dosage 
Regimens for 28 Days (Protocol TB93-192/Rr.D/93/632) 

The primary objective of this study was to characterize the 
pharmacokinetics of Abbott-84538 in dogs during an oral 
administratlon of 10, 50 or 150/200 mg/kg once daily dosage 
· ~gimens for 28 days as a part of Toxicology Study TA93-l92. Mean 

armacokinetic parameter estimates for Abbott-84538 in dogs are 
~.mmarized in Table B. 

,-
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Tabla 8 
Mean Pharmacokinetic Parameters of Abbott-84538 i11 Male and 

Female Dogs During the First Dose and 27th Dose After Oral 
Administration 

oosa e R..nimena, ""'/ka/da • aral 

Parameters 10 so 150/200 

Day Day :27 Day Day 27 Day 0 Day 27 
0 0 

AUC.,24 M 15.56 19.53 104.3 15.95 116 lll 
( un•hr /ml) F 32.85 22.58 46 18.3 205 369 

c_ M 4.7 5.4 18.2 4.4 13.3 12.2 
(ua/ml) F 10.4 7.8 l4. 8 5.9 21.3 28.8 

T_ M l. 5 2 1.7 2 6 3.8 
(hr) F 1.3 1.7 1.3 2 3.e 7.6 

Cl/F M 0.68 0. 73 0.59 3.8 2.5 8.2 
(l/hr/kq) F 0. 31 o.58 1.2 3.2 1.9 1.3 

Comments: Both AUC and Cai< increased with increasing dose size, 
but less than proportiona1ly. The dose-normalized AUC and C x 
decreas~d with increasing dose size, probably due to solubi!ity­
limited dissolution and higher fraction of dose that was not 
absorbed at the higher dose levels. The significantly longer TN• 
at the highest dose level was probably due to prolonged 
absorption. 

16. Pharmacokinetics of Abbot.t-84538 in dogs c'l•1ring oral 
administration of 10, 50 and 200/100 mg/kg once-daily regimens 
for 3 months, Lot# 77-561-AL, Abbott Lab., Abbo~t Park, IL, 
April ;-- , 19'i4, (R&D/94/191) 

I 

Pharmacokinetics of Abbott-84538 in :t .. •le and female dogs during 
oral administration of 10, 50 or 200/100 (male dogs received 200 
mg/kg/day during days 0-20 and 100 mg/kg/day starting en day 21, 
and the female dogs received 200 mg/kg/day during days 0-20, no 
drug during days 21-33, and 100 mg/kg/day starti1:.g day 34) dose 
regimens for 3 months were investigated. Blood samples were 
collected at 0, 1, 2, 4, 6, 9, 12 and 24 hr after the daily 
treatment on days 14 and 82. Results: mean pharmacokinetic 
parameter estimates for Abbott-84538 are summarized in Table 9. 
The dose-normalized AUC (AUC/D) values fer the high dose group 
averaged approximately two times lower than the low dose group 
while the mean Cmax/D values were approximately four times 
different. The mean AUC/D and Cmax/D values on day 82 were higher 
than those on day 14 and the differences were statistically 
significant (P=0.0002). 
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Table 9 
Pharmacokinetic parameters of Abbott-84538 in dogs during oral 

administration of 10, 50 and 200/100 mg/kg/day for 3 months 

Dose (11g/kg/dlly) Dey r .. <hr> C..xiD <•91•1 ) Nx./D CL/f 
<•g•hr/•l> (I/hr/kg) 

10 14 1.6 0.60 1.85 3.44 
82 1.5 0.87 2.64 0.45 

50 14 2 0.27 0.93 2.16 
82 2.3 0.29 1.30 1.26 

200/100 14 3.5 0.12 1.34 2.61 
82 3. 1 0.24 1.81 0.82 

COJ11111ents: Both AUC and Cmax in.-reased with increasing dose, but 
les!: than proportionally. The dose-normalized Cmax decreased with 
increasing dose size, probably due to solubility-limited 
dissolution and higher fraction of dose that was not absorbed at 
the higher dose levels. The statistically significantly longer 
Tmax ac the high dose level was probably due to prolonged­
absorption. 

17. Pharmacokinetics of Abbott-84533 in dogs during once-daily 
administration of 10, 50 and 12~ mg/kg for 6 months, Lot # 83-
501-VF, Abbott Lab., Abbott Park, IL, Decemb•~ 8, 1994, 
(R&D/94/610) 

Groups of male and female dogs were orally gavaged Abbott-84538 
at dose levels of 10 (low), 50 (mid) or 125 mg/kg/day (hiqh) to 
determine the pharmacokinetics of the test compound as part of 
the six-month toxicity study. Blood samples were collected at 
approximately 1, 2, 4, 6, 9, 12 and 24 hr after the drug 
administration on study days 14, 61 and 152. Results; mean 
pharmacokinetic parameter estimates for Abbott-84538 are 
summarized in Table 10. The mean Cmax and AUC values generally 
increased with dose size. The normalized Cmax and AUC values were 
significantly decreased (P=0.05) with dose size. Tmax values were 
increased in the high dose group animals. Statistically 
significant day effects were found in the dose-normalized Cmax 
and AUC values, with day 14 and day 152 values statistically 
significantly or marginally higher than the day 61 values. No 
statistically si<Jnif i.cant gend!!r differences were found in Tmax, 
Cmax/D and AUC/D values. 
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Table 10 
Mean pharmacokinetic parameters of Abbott-8453b in dogs after 

daily oral administration of 10, 50 and 125 mg/kg/day for 6 
months 

. 
Dose (111!1/kg/day)& cmax <•al•l > T- (hr) C.U/D ( 1Lg/11l ) AUCtO CL/F 

Day (1Lg*hr/ml) ll/hr/kg) 

10; 14 1.n 1.6 o.n 2.63 0.42 
61 4.27 1.8 0.42 1.39 1.50 
152 5.35 2.0 0.53 2.20 0.59 

50; 14 12.J2 1.9 0.24 0.93 1.92 
61 8.20 1.9 0.16 o.n 4.62 

152 15.68 2.8 0.31 1.97 0.74 

125; 14 17.13 2.5 0.13 o.n 2.71 
61 11.78 2.7 0.09 0.58 2.51 
15? 20.93 5. 1 0.16 1.32 , .65 

Comments: The longer Tmax (high) was probably due to prolonged­
absorption. Comparison of the results of the one-, three-, and 
six-month toxicity studies in dogs suggested that the low dose 
group generally had the highest AUC/D and Cmax/D relative to the 
higher dose groups probably due to reduced fraction ~f dose that 
was absorbed at higher dose levels. From the toxicity studies, 
exploratory investigation of the change of serum ALP levels in 
dogs suggested that female dogs were more senditive to Abbott-
84538. But the mechanism for the correlation are not clear at 
present time. 

18. The Metabolism and Disposition of Abhott-8453B- 14c in Dogs 
(Pr~tocols V93-012/V93-020/R&D/93/629) 

The metabolism and disposition of Abbott-84538 were studied in 
male and female beagle dogs given 20 mg/kg oral dose. a 5 mg/kg 
IV dose or a 20 mg/kg intra-duodenal dose of the drug bearing 
c~cbon-14 label within the valine portion of the molecule. HPLC 
with radioactivity flow detection was use to obtain the metabolic 
profiles of the compound in plasma, urine, fecal and bile 
samples. 

Within five days after oral administration of the compound, 93.2% 
of the dose was recovered in the feces and only 3.8% was 
recovered in urine and cagewash. Similarly, after IV 
administration, 98.4% of the dose was recovered in the feces and 
4% was recovered in the urine and cagewash. Intra-duodenal dose 
administration resulted in only 10% of the dose in the 0-6 hr 
bile. 

Abbott-84538 underwent extensive hepatic biotransformation in 
dog, with orily trace amounts of unchanged parent drug observed in 
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the 0-6 hr bile. Three primary metabolites of Abbott-84538- 14C 
have been tentatively identified in bile: Ml (3.6-4.4%), the des­
thiazolyl carbamate hydrolysis product; M2 (6.0-i.9%), the 
isopropyl thiazole oxidation product; and Gl (9.6% IV route and 
18.1% intraduodenal route), the glucuronic acid conjugate of 
parent drug. Unchanged parent drug and these metabolites together 
accounted for 64% and 70% of th& total dos~ radi0activity 
recovered in dog bile after IV and intraduodenai dosing, 
respectively. 

Radioactivity in dog feces consisted predominantly of unchanged 
parent drug (66%) after O%al administration. After IV 
administration, an unknown metabolite, MB (32.5%), the major 
component and unchanged parent drug (13.2%) were present in 
feces. The levels of radioactivity in the whole blood of dogs 
afforded cell to plasma ratios that ranged from 0.03-0.3. These 
results suggested that the majority of the radioactivity in whole 
blood remained in the extracellular fraction. 

Unchanged parent drug was the major circulating radioactive 
component, constituting 92-98% and 72-98% of the mean total 
plasma radioactivity at any single time-point to 6 hr after oral 
dosing and to 3 hr after IV dosing, respectively. Three of the 
metabolites found in bile were also present systemically after 
dosing by both routes. 

Cownents: Abbott-84538 underwent extensive hepatic metabolism in 
dog to afford three major metabolites which were eliminated 
predominantly via the bile. The route of administration appeared 
to affect the profile of metabolites observed in plasma, feces 
and bile. IV administration produced higher plasma levels of Ml 
relative to Abbott-84538 than were seen after oral dosing. Higher 
plasma levels of metabolites would typically be expected aft.er 
oral dosing due to first pass metabolism in the liver. The higher 
Ml levels observed after IV dosing may be due to the existence of 
a secondary site of Abbot.t-84538 metabolism such as kidneys, 
lung~ or other tissues. 

The large percentage of total dose radioactivity recovered as 
parent drug in the feces collected after dosing indicated 
incomplete absorption of Abbott-84538 as formulated in the stuGy. 
Interestingly, Abbott-84538 was also present in feces collecced 
after IV administration, despite the absence of parent drug in 
bile collected after dosing by this route. Therefore, it would 
appear that Abbott-84538 is being formed in the GI tract from a 
bile constituent(s), presumably via hydrolysis of Gl, the 
glucuronide of parent drug. This liberation of parent drug in the 
GI tract raised the possibility of enterohepatic cycling, which 
may play a role in the occurrence of the secondary maximum in the 
plasma radioactivity concentration vs time profiles. 
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19. Ref4ised structural identification of metabolites of Abbott-
84538- C in dogs and comparison to rat metabolites, Lot # 39226-
BS-141, Abbott Lab., Abbott Park, IL, August 22, 1994, 
(R&D/94/639) 

The chemical structures previously assigned to tour dog bile 
metabolites of Abbott-84538, namely M-2, M-3, M·-4 and M-7, were 
reanalyzed in light of the recent structural identification of 
several rat bile metabolites. Comparison of HPLC retention times 
and mass spectral (MS) data of these dog metabolites to the 
corresponding rat metabolites resulted in new tentative 
structural assignments for these four metabolites in dog_ 
Results: the metabolite designated M-4 in dog was found to 
consist of two major components, M-11 and M-13, along with one 
minor component, M-12. The structure of M-2, previously shown to 
be hydroxylated in dog at an unknown position within the 
isopropyl moiety, was refined to indi~ate hydroxylation solely on 
the methene carbon to afford tertiary alcohol. The structure of 
M-3 was consistent with the hydroxylamine metabolite of Abbott· 
84538, resulting from N-demethylation of parent drug followed by 
N-hydroxylation- No informative MS data could be obtained for M-
7. 

20. Binding of Abbott-84538-[14C] to Human al-Acid Glycoprotein 
(AAG) and Human Se:nmi Albumin (RSA), Drug Lot No. 39226-BS-141, 
Abbott Laboratories, Abbott Park, IL, November 3, 1993, 
(R&D/93/760) 

Abbott-84538-[ 14C] at concentrations of 0.1, 0.5, 1, 2_6, 7, 10, 
17.<, SO and 100 µg/ml, AAG at a concentration of 0.8 mg/ml or 
HSA at a concentration of 40 mg/ml were studied separately to 
determine the in vitro binding of the drug to the proteins. The 
mean drug binding to AAG at concentrations between 0.1 and 2.6 
µg/ml was high and nearly constant, ranging from 96.2% to 97.5\ 
drug bound. The percentage of bound drug decreased significantly 
at concentration of 7 µg/ml to 91.5% and continued to decrease to 
89.8%, 77.8% and 59.2-63% drug bound to AAG at concentrations of 
10, 17.4 and 50-100 µg/ml, respectively. The mean binding of drug 
to HSA was also high, with 98.2% and 97.8% of the drug bound at 
concentrations of l and 10 µg/ml, respectively_ Unlike AAG, the 
binding of drug to HSA remained relatively high as concentration 
increased, with 97% and 96% of the drug bound at concentrations 
of 50 and 100 µg/ml, respectively. 

Comments: Both AAG and HSA appeared to contribute significantly 
to the extensive (>99%) in vitro protein binding of Abbott-84538. 
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~bo~~~:~~3~~ 14~e~~c~~!.~~i:S:, t~~ti~ ~~~~~-~~~i:i~ ~~~~~g of 

Lab., Abbott Park, IL, November 18, 1993, (R&:D/93/829) 

The effect of selected drugs [Salicylate Sodium salt, Warfarin, 
Ibuprofen, Naproxen, Clanithromycin and Ketoconazole) on in vitro 
binding of Abbott-84538- C [at a concentration of 20 µg/ml) to 
human plasma proteins was determined via an equilibrium dialysis 
technique. Results: none of the drugs examined had an effect on 
the percentage of the test compound bound to plasma proteins. 
Conclusion: the results suggested that clinical plasma protein 
binding interactions between Abbott-84538 and the drugs-tested 
were unlikely to occur. 

22. Tr.bulation of concentration data of Abbott-84538 in pregnant 
New Zealand White rabbits after oral administration of Abbott-
84538, Lot # 79-594-AL, Abbott Lab., Abbott Park, IL, August 10, 
1994, (R&:D/94/235) 

Groups of New Zealand White rabbits were orally gavaged Abbott-
84538 at dose levels of 25 (low) , 50 (mid) or 110 mg/kg/day 
(high) for 14 days to determine the exposure of the test compound 
during gestational days 6-19. Blood samples were collected from 
the ear ve;.n a': approximately 1. 5, 3, 6, 9, 14 and 24 hr after 
the druy administration on gestational day 19. Results: the 
plasma concentration and Cmax val11es increased with dose size. 
The mean AUC value (28.5 µg*hr/ml) for the 50 mg/kg/day group was 
more than 22 times higher than that of the 25 mg/kg/day group 
(l.29 µg•hr/ml). The mean Cmax values were 0.65, 7.8 and 11.6 
µg/ml for low, mid and high dose groups, respectively. 

23. Tabulation of concentration data of Abbott-84538 collected 
during fertility and embryonic development evaluation in rats 
after oral administration of Abbott-84538, Lot # 77-561-AL, 
Abbott Lab., Abbott Park, IL, August 1, 1994, (R&:D/94/290) 

Groups of male and female rats were orally gavaged Abbott-84538 
at dose levels of 20 (low), 40 (mid) or 75/125 mg/kg/day (75 for 
female and 125 for male, high) to determine the exposure of the 
test compound during fertility and embryonic development. Males 
were treated daily for at least 28 day6 prior to mating. 
Treatment continued during mating and post mating until they were 
euthanized. Females were treated for at least 2 weeks prior to 
mating. Treatment continued until gestational day 7. Blood 
samples were collected at approximately 1, 4, 8, 12 and 24 hr 
after the drug administration on Atudy days 15 (females) and 28 
(males) .Res~_;_ mean pharmacokinetic parameter estimates for 
Abbott-84538 are su~marized i~ able 11. The mean drug plasma 
concentrations for female rats w~re higher than those for male 
rats for all dose groups (data not shown) . Tmax values increased 
with the increased dose size. 
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Table ll 
Mean pharmacokinetic parameters of Abbott-84538 in rats after 

daily oral administration of 12, 40 and 125/75 mg/kg/day 

DOH (11111/kg/dlly) c..x <•at•ll T•x (hr) C..X/D <•at•l > AUC/D CL/f 
<•a*hr/•l > (I/hr/kg) 

20 2.1 2.4 0.10 0.56 2.4 

40 3.3 3.3 o.oa 0.66 1.8 

125/7S 5.6 6.4 0.06 0.84 1.5 

24. Allometric Analysis of Pharmacokinetic Data of AJ:>bott-84538 
(R&D/93/677) 

57 

An allometric analysis was performed to predict the 
pharmacokinetic b~havior of Abbott-84538 in humans based on the 
pharmacokinetics of the drug in rats, dogs and monkeys. The 
plasma clearance (CLp) of total drug ranged from 0.22 l/hr/kg for 
dog to 1.04 l/hr/kg for rat after a 5 mg/kg IV dose. The 
metabolism and disposition studies in dogs showed that 
biotransfcrmation of Abbott-84538 was extensive while urinary 
excretion of Abbott-84538 was minimal. Assuming the RBC/plasma 
ratio is 0.2 and the biotransformation was mainly hepatic, the 
extraction ratiu {ER = fb*CL1/ (Qh+fb*CL1)} was estimated to be 
approximately 0.39 for rat, 0.36 for monkey and 0.10 for dog, 
suggesting that Abbott-84538 may not be a highly extracted drug. 
The 30-80% bioavailability in animals appeared to support the 
above analysis. 

The hepatic clearance of drugs with llmited blood cell 
distribution my be dependent on three factors: 1) hepatic plasma 
flow (Q~ P), 2) the unbound fraction in plasma. (fu), and 3) the 
intrinsJ'c clearance (CL1",) of • .. he hepatic enzyme responsible for 
the metabolism. The math!?matical relationship between these 
factors is: CLP= Qhp*f~*CL 1 /(Qhp+fu*CL 1 ). Since Abbott-84538 
appeared tc be not a highly ext.racted drug' its hepatic clearance 
probably is not hepatic plasma flow-dependent. 

The CLi/Ohp ratio in the three species examined ranged from 0.12 
to 0.4~. and as a first app~oximation, a similar ratio in man 
would result in a projected CL~ of 5.9 to 22.3 l/hr/70 kg. If the 
CLP for man ranges from 6-22 lthr and if the metabolism is mainly 
hepatic, then it would be expected that approximately 10-30% of 
the absorbed dose will be ~liminated by first pass metabolism, 
and the apparent clearance af~er oral administration (CL/F) would 
be approximately 6.7 to 31 l/hr/70 kg if the absorption is 
quantitative. From this calculation, a daily dose of 150-750 mg 
would be cequired to mci.intain ar. average steady-state 
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concentration of 1 eeg/ml (the predicted EC90 ) • A NOEL of Abbott-
8453A following the oral administration to dogs for a month may 
be considered as SO mg/kg/day. Based on equivalent body surface 
area dosage conversion factor, the NOEL for human is 1750 mg/day. 
Thus, the proposed dosage of 600 mg/day in human has an 
approximate 3-fold safety margin. 

GENERAL PHARMACOLOGY 

Summary of G9neral Pharmacology Studies 

1. Central Nervous System Bffects of Ahbott-84538 
Following Oral Administration in Rats and Mice and 
Smooth Muscle Pharmacology in Guinea ~ig Ileum 
(R&D/93/587) 

2. Cardiovascular Effects of Ahbott-84538 Following Oral 
Administration in Normotensive Rats (R&D/93/~76) 

3. Cardiovascular Bffects of Ahbott-84538 Following 
Intravenous Administration in Anesthetized Dogs 
(R&D/93/486) 

Review of General Pharmacology Studies: 

1. Central Nervous System Bffects of Ahbott-84538 Following Oral 
Administration in Rats and Mice and Smooth Muscle Pharmacology in 
Guinea Pig Ileum (R&D/93/587) 

Abbott-84530 was evaluated at doses of 5, 25 or 50 mg/kg, p.o. in 
propylene glycol:ethanol plus toluene. The oral administration of 
Abbott-84530 in the above dose range did not potentiace the 
effect of ethanol. No pharmacologically meaningful CNS effects 
were observed in tests of motor coordination, seizure t~reshold, 
nociception and body temperature. Abbott-04538 (1.39*10 Ml did 
not have smooth muscle pharmacology in the guinea pig ileum 
assay. 

2. Cardiovascular Effects of Ahbott-84538 Following Oral 
Administration in Normotensive Rats (R&D/S3/576) 

Abbott-84530 administered orally male rats at doses of 20 or 50 
mg/kg caused no pharmacologically significant effects on BP, HR 
or gross behavior. 

J. Cardiovascular Effects of Abbott-84538 Following Intravenous 
Administration in Anesthetized Dogs (R&D/93/486) 

The objective of this study was to determine the cardiovascular 
effects of Abbott-84538 following IV administration in 
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anesthetized dogs. Test compound or vehicle was administered by 
three IV infusions, beginning with the lowest dose and ending 
with the highest dose (ie, cumulative dose response). The dos<ige 
rates of Abbott-84536 were 1, 3 o~ 10 mg/kg infused over 180 min. 
Hemodynamic effects (cardiac depression) were observed following 
the IV infusions. 

Comments: While the proposed clinical studies do not involve the 
IV route of administration, the study suggested that the effect 
of Abbott-84538 on cardiac performance merits attention. 
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Appendix # 2 

Tabulated a'l.IJlllll&ry of animal toxicity studies. 

Table l 
Summary of acute toxicity studies 

Spec in Route & do•e level LD,. Approx. LD llOfl Body 1urf.ce equiv•lent doae in 
11111/kg) (Ilg/kg) (1111/kg) 11111/kg) h-... 11111/kg) 

or1l: lOO, 320, 
sno, aoo, 1260, >2500 . 320 26.66 

Mice 2000 or 2500 

iv: S, 50, 35, 50, . .,. 65 .,. 25 .,. 2.08 
65 or 8ll 9• llO q.. 35 .,. 2.91 

orol:250, 500, . >2500 250 35.7 
1000, 1500, 2000 

R1t1 or 2500 

; \·: 5, zo, 35, 50, . 35 5 0.71 
65 or 80 

LO • lethal dose 
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Table 2 
Summary of subchronic/chronic toxicity studies 

Study & Dos• \wel Llboratory flndlnt• ra....,t IKlEL/NOAEL 
l'"OUte <1111/kllfdoy) or.- (1111/kg/dlly) 

3-mnth mice 200' 400' 600 all doles: Hlatloc:ytlc •lcrogr.,,.,1111111 Liver and not 
diet or \000 (liver), hep9tocellul•r nec:roai1, ..,. identified 

hopetoc:yt-ly; 400 and -· 
h-rtr...,,y of RP£ <200 

1-mnth rats 15, 50, •id & hlgll: Increased liver & thyroid Ltver, eye & \5 
pvage 15C<'/\00• wighta; liver· perlportal thyroid 

infl-tion, 11.1lttru:le•ted 
hopetocytn; _, hypertrophy of the 

IPE; thvro!d: follicular hvn.rtr!mhv 

3·1K11'1th r•ts 25, 75, ill doaes: Coae·r•leted Liver, eye & not 
Sl8Y8ge 175ct/125• hepatotoxicity·dense inclusions; eye: 1t..-c't identified 

hypertrophy of RP£, retin11l 
d9gener1tion; 1tClll9Ch: pyloric <25 

necrosis llrld t1•1trf ti1 <•id & ht;h) 

6·....,,,th rats 25, 75 or all dosn: dole related L Iver, eye, not 
gavage \75(\50cr & h~tot01.icity•n1.1\tirMCl~•ted thyroid, ;dentified 

\25/\00• hes-tocytH, single eel l necrosis; ~lctwiy & 
eye: hypertrophy of RPE, retinal erythron <25 

degeneration <high); kl'*>ey: tibular 
degener1t ion 

3-llDnth rats cr-50, 100, 160, all ~.osea: dO•e·related Liver, • ., .. & not 
diet 200; 9•30, 75, hepatotOJlioity; eye <•id & high): thyroid ident;fied 

125, 175 hypertro.~Y r,f RPE, retiNl 
degeneration; thyroid <•id & high) <30 9 

follfcul1r enithel;al cei.l hvn.rtr.w.iv <50 " 

1 ·...,th dogs 10, 50, \50/200 hfgh: ;ncre1aed ALT, ALP, GGT, bile Lfver, 50 
ga'tage acid & liver weights & decr .. aed thynis & GI 

th.,_,. wei gltt di1tr-e1s 

3·-th dogs 10, 50, 200/100 hig/I: llOrta\ lty, decreased ~ Liv..r & GI NOEL: 10 
gavage W'~gh~s; if"Crea1ed AST, ALT, ALP, GGT; dfatress llOAEL: so 

liver toxi:lty·sinole eel l necr0$il, 
h-tocel lular hydr~ic det..meratfon 

6·month dOgs 10, 50, \25 •id & high: increased ALP. l ;ver Liver 1 llOAE~: 10 
gavage weight; liver: hepmtocelluloi11r h~ropic thYllJO & GI 

degeneration, thymic atroll'r· (high) distress 
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Table 3 

Summary of toxicities in target organs and plasma drug exposure 
values (AUCs) in animals treated with Abbott-84538 

•· 

Organ Toxicity Durotlon of otudy 

hepatocel lul•r 1-mnth r•t• 
Hepatocellul•r, TALT, AST, GGT 1--th dol• 

Liver Hepatucellular, Hes-tobilf1ry 3-...,.th rats 
fALT, AST, GGT 3·-th ..... 

H-tocellulor, h-tabil iory 6-mnth r1t1 
TALT, AST, GGT 

H-tocel lular. TALP 6·-th ....... 

Retin1l Mini .. l hypertrophy of RP£ 1--th rat• 
Hypertrophy of RP£, rotinol degonorotion 3--th r1t1 

!A·&a-... ve °""lltude1 
H~rt,.tmhv of RPE, retinml ~rattan 6·11onth rat• 

Ki.iney Tubular defeneratton, hype.-pla1f1, 6--th rats 
"""otet,..,ria 

Thyroid Hypertrophy of folliculor cello 1·-th r1t1 
H~rtrorihv of follicular cells. tT4. ITSH 6--th rats 

St much Pyloric necrosis M1d ga1tritf 1 3·-th rats 

Th-s Atrophy 1--th ....... 

G enotoxici :v s u ies 
Table 4 

"t t d" summarv 

Test sy1te11 EndDolnt Concentration or dosage 

Bacteria (A111e1 test) Reverse 11Jt1tion 1·10,000 -0/Dllte (+/·$9) 

M .... lian cells L5478Y moose Forwerd -.itation 25-200 _,, .. 1 (+$9) 
l-..mhocytes (in vitro) 15· 70 -g/111 ( ·$9) 

M ..... lian cells hu.an chrClllOSOlll M>err1tton 3·30 -9/111 (+/-$9) 
l~ocytes (in vitro) 

Moua• bone •rro.. (in vivo! •icronuclei 125,250,350 -g/kg 

AIJC (-g•hr/111) 

63·91 
206 

18·21 
>200 
14·22 

w (19) 

63·91 
43·99 

61·175 

14·22 

25·91 
61·175 

43-99 

206 

Re1ul t 

Negative 

Negative 

N991tive 

N991tive 
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Table 5 
Summary of retinal changes from the rat oral gavage studies 

Doae l .. /kll/doy) & No of .,1.11 1ffocted 
Study Toxicity 

llal• ,_,. 
"50 •100 •200 "500 -SD •100 •200 "500 

z- Hypertrophy of RPE• - 1/5 3/5 4/5 - ~!~ Z/3 - -
Retin11l roaettn - 1/5 - 1/5 - - - -

AUC <•g*hr/Oll) 35.6 1'9.4 IZ0.2 306.4 50.4 116.4 2~2 2!7 .3 

1- K-rtrl'lnhy of RP£ - - 4/ID . . 4/ID 
llanth 

Retin11l degener•tion . - - - - . 
.WC <•g*hr/1111 3.6 27.6 63.3 5.3 Z4.5 91_3 

3- HYDertroahv of RPE . 3/10 10/10 . 7110 10/10 
llanth 

' RetiNl degeneretion - 1/10 7110 - 1/10 9110 

AUC <•g*hr/•l) IS 42-S 97.3 20.9 n.6 98.5 

3- Hypertroahy of RPE - . 2/10 1/10 - - 2110 0/10 
llanth 
diet Retir\ll ..-.......r•tion - - 4/1~ S/10 - - 3110 10/10 

AUC <•g*hr/•l) 6.2 21.7 57.3 93_2 1.6 23_4 67.1 105.4 

6- Hvoertrochy ~f RPE - 5115 13/15 - 11115 12115 
Month 

Retin.l de9en1-r•tion - 2/15 11/15 - 9115 12/15 

AUC ("g•hr/•l) 14.3 60.7 83.4 21-5 76.2 174.5 

RP£• ~ retinal pig119nt epith1lt1.11 
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Table 6 
Reproductive toxicity oral Abbott-84538 in rats and rabbits 

Study Doae level AllC1 Finding1 llOIEL/llOAEL & lady M:C ~iv1l.nt 
<""1kg/day) l't*hr/•l 1ur1ece ..-1v1lent dosn in h....,.. 

do&• fn h-.-. •t 20 IOll/kg/doy 
(IOll/k"'drf> (150 •a*hr/•l> 

s_,t I 20 a.2 .. docre11ed body fO • 20 FO • 0.05<t 
(r1t1) 14.6• ... ighu & food (-•2.115) 0.099 

cona....,tion <•id & Forttl tty & 
40 19. 7., highl; h-t-ly _.,.,,, .. Ferttl tty & 

33.1• <•Id & high) -•-t: 75 9 & -yonic 
12Sd (huoons•10.7~ -1-t: 

125". 75• 61<f '17.115 d) 0.4" 
90.59 0.69 

s_,t 15 17.3 FO: docrHud "-lternol & M•t•rnal & 
II activity, ...ci1tion -.1-tel: 15 

_,_ .. ,, 
(pr-t <hillh>; incre .. od (h.-ns•Z.141 0.12 

r1t1> ••rly r .. orptton 

35 1"•.3 
(high; dewl-tol no drug-related 

v1ri1tfons: fetol .. 110 ... tiona 
crvptorchtdt .. 

<•id>, incre1ted 
os1ific1tfon del•Y9, 

75' 45.Z enlarged 
fontenel ln, wavy 

r!b&, cryptorchidisa 
(hi""> 

S-t 25 1.3 FO: rtlM:od body llOAEL for •ternol M1ternal & 
II weight" & pine, & deotel-tol: 50 develop11nt1l: 

(pr-t food Con&LllPt ton; (h.-ns•16.12) 0.2 
rabbits) llall dt1coloration 

50 28.5 (higil); no drua·related _,_ .. , 
fet1l .. tfon19ttons 

toxicity (rK\.Ced 
litter size, 

110" 
incr1119d who~• . 

litter r.-orpttons> 
at •ternotoxic do•• 

(hi""l 

5._.,, 15 . 1 11 ight degrff of llOAEL: 60 
I II tr.,,.ient .. terna\ (h--"8.57) 

(r1t1) 35 . toxicity (di•infahed 
body weight goin & no -l-tll 

60 . food COl"ISl.JIPt 1 on) •t toxicity 
h'-'- _.. ___ 

• • ... tern11lly toxic doae 
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Appendix # 3 

Tabulated •wamary of animal ph&rmacokinetic •tudie•. 

Table 1 
Pharmacok~netic evaluation of Abbott-84538 in mice, rats, monkeys 

and dogs 

Species Dose (mg/kg) Vd a., c_ (µg/"'1) p (t) 

" Route (l/ltg) (l/hr/ka) 

Mouse 25 IV - o.u 
25 PO 28.6 74.2 

Rat 5 IV 0.95 1.0 
5 PO 1.36 70.7 

10 PO 1. 89 77.6 
SO PO 5.3 141. 61 

100 PO 8.51 134.6 

Monkey S IV 2.16 0.67 
S PO 1.08 29.9 

10 PO 3.82 70.4 

Dog 5 IV 0.34 0.22 
5 PO 3.58 37.4 

10 PO 16.6 185.3 
30 PO 19.31 101.3 

a • the relative high F's may be due to saturation of metabolism 
at higher doses. 
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Table 2 
Single dose pharmacokinetics of Abbott-84538 in nonclinical 

studies 

Spocin ! DOH (Ilg/kg) lout• c.. T..x (hr> Alli: TYt (hr) 
(Q/•1) (N"llrt•l) 

r.tc• 25cr - 28.6 0.7 10.01 . 

25cr Iv . . 94.4 1. 1 .. ,. 5cr - 1 .36 1 3.53 0.87 

1ocr - 1.119 2 7.75 1.Z2 

5cr { ':• . . 5 0.66 

15" "" 0.74 4·5 4.65 . 

15• "" 1.44 3·5 9.76 . 

Dogs 5 "" 3.58 1 8 0.86 

5 iv . . Z3.7 , .07 

10 "" 8.1 1.4 25.94 . 

50 "" 16.54 1.5 75. 1 . 
150 "" 17.32 4.9 160.7 . 

Monkeys 5 "" 1.0& 2 2.H 1.59 

10 "" 3.8Z 2. 1 10.38 1.37 

5 iv . - &.S2 2.26 

66 
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Table 3 
Repeated oral dose pharmacokinetics of Abbott-84538 in 

nonclinical studies 

Species Dose 11111/kg> Period (week) c_ <•91•1> TMX (hr) MIC Cl/R 
<•v•hr/mll 

25 ,__ 4 2.5 5 14.3 1.8 

"5 12 2.5 2.9 19.49 1 .3 

Rats 75 4 4.2 7.6 48. 14 1 .6 

75 12 •.6 6.9 57.7 1 .4 

175 4 6.5 1 .6 86.08 2.2 

175 12 7 5.5 97.3 j 1.8 

10 2 6 1 .6 18.5 3.4 

Dogs 10 12 8.7 1.5 26.4 0.5 

so 2 13.7 2 46.8 2. 1 

50 12 14.8 2.3 65.3 1.2 

200 14 25 3.5 269 2.6 

--

--

Summary of metabolism 
single 5 mg/kg iv, 20 
dose in rats and dogs 

Table 4 
14 and excretion of C-Abbott-84538 after a 

mg/kg intra-duodenal (id) or 20 mg/kg oral 

P1r.neters R1t1 Oogs 

X of tot1l dose r9di011ctivitv X of total dose radioactivitv 

iv po or id iv nn or id 

Urine 1.8 2. 1 4 3.8 

feces 92.8 95.7 98.4 93.2 

Bile n.1 21.6 39.8 10 

Metabolite:bile M·11 (15.2Xl M·11 C17.7Xl M·5 (10X) M·6 ( 15%) 
feces M·2 (22.9") M·2 (14.2Xl ·•·8 (32.5l:) M-8 (9") 
urine M·9 (34.8") M· 1 <30. 1Xl ~·2 (57.5%) M·2 (48X) 
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Appendix # 4 

Tabulated summary of human pharmacokinetic studies. 

F: 61% for 100 mg dose 
85% for 1000 mg dose 

Based on an average from a series of clinical studies, the plasma 
drug exposure (24 hr AUC) in humans is 150 µg*hr/ml at a dose of 
600 mg, bid or 1200 mg/day (approximately 20 mg/kg/day). 

Table 1 
Mean pharmacokinetic parameters of Abbott-84538 after single oral 
doses in healthy HIV-positive male volunteers 

Dose <11111/dllv 
Parameters 

Fasting Nonf11ting 

600 1000 600 1ZDO 

emex <ag/01ll 9.34 1.:.7 12.5 Z4 .. Z 

AUC~. C•g•hr/ml) 81 .1 1Zl 13Z 29S 

TIMX (hr) Z.8 3.1 4.4 3.8 

Cl, Cl/hr) 0.077 0.103 0. 1 0.094 ... 
Cl/F 10.7 8.61 b.16 4.4Z 

T'"' 8 Chr) Z.9 3.5 Z.7 3.Z 

CX> 1..1'1C'h1nged drug in urine 0.91 1.zz 1.84 Z.29 
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Table 2 
Single dose pharmacokinetics of oral Abbott-84538 in HIV-positive 
male volunteers 

Dose C1111/kg) Tll Chr) c.ax <•91•1) c.oxtdoo• Tmu <hr~ MIC AUC/da&e 
(l'g"hr/.,ll 

1.4 6.4 D.41 0.3 3.8 3.92 2.8 

?..9 5. 1 2.1 on 2.2 15.4 5.31 

5.7 4.9 5.J 0.93 3.4 36.J 6.37 

8.6 2.9 9.Y. 1.09 2.8 81.1 9.•l 

11.4 3.3 12.6 1. 11 3.0 111 9.74 

14.3 3.5 12.7 0.89 3.1 123 8.6 
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Appendix # 5 

Comparison of animal doses with the human therapeutic dose. 

Table 1 
Comoarison of kinetic data from subchronic/cr.~Jnic rat and dog 

toxicity studies with the human therapeutic dose of 20 mg/kg/day 
AUC0•24 = 150 µg*hr/ml 

Dose litYel c.x AUC NOEL/ ISA: AUC: 
Study (119/kg/ct.y· <W•l> (,.g•hr/•l) NOAEL Equlv1lont Equlv1lent 

dose in Mn doae in .,, 

Rat 1 ·.,,,th 15 0.62d 3.64d 15 ?. 14 0.48d 
0.779 5.349 0.719 

50 3.4d 27.64 
2. 12• 24.59 

150ct/100• 5.66ct 63.2d 
5.519 91.39 

R1t l·month 25 2.62d 111d not <2e4d 
2.419 219 identifi <2.89 

ed 
75 3.5]d 42.7d 

5.n9 n.69 <25 <3.57 

175d/1259 7.0]d 97.]d 
6.499 98.49 

Rat 6-month 25 2. 1d 14.]d not <1.9d 
2.39 21.59 identifi <2.89 

ed 
75 6.9d 61J. 7d 

8.59 76.29 <25 <3.57 

175/150ct 6.2d 83.4d 
125/1009 119 1749 

Dog 1·-th 10 6.6 21. 1 50 25 2.28 

50 5.2 17. 1 

150/200 20.6 240.3 

Dog 3·-th 10 8.7d 25. 1.- 50 15 10.64 
8.99 27. 7• 6.79 

50 18.]d 80.Z<t 11 
11.49 50.59 

200/100 23.20" 147. 1d 
26.29 222.39 

Dog b-montl'\ 10 4.4d 18.ld 10 5 2.44d 
6.39 25.79 3.42• 

50 12.64 64.2d 
18.79 134• 

125 17.2d 115d 
23.79 2049 
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BACKGROUND 

The human immunodeficiency virus CHIV) is assigned to the 
lentivirus genus within the virus family Retrovirid~e. In the 
early 1980's HIV-1 emerged as the etiologic agent of acquired 
imlilune deficiency syndrome (AIDS) in humans. Certain 
characteristics common to HIV infection include long incubation 
periods, hematopoietic and immune suppression, and central 
nervous system involvement. The HIV mode of transmission is 
primarily through direct contact with bodily fluids, and is 
influenced by the virus concentration and the extent of the 
physical contact. The routes of virus transmission are 
predominantly through intimate sexual contact, contaminated blood 
and blood products, and vertical transmission from mothers to 
their newborn infants. 

HIV has been detected in a variety of human tissues, and can 
infect an even greater variety of ht:man cells in culture 
(reviewed in Levy, 1993). In particular, CD,(+) helper·T 
lymphocytes appear to be a major target for HIV infection and are 
most efficient at viral replication. The major cell surface 
receptor for HIV is the CD, molecule. The following is a· sum.~ary 
of the steps in the life-cycle of an HIV infection in a competent 
cell (reviewed in Levy, 1993) . The virus surface glycoprotein 
(gpl20) attaches to a host-cell surface receptor and likely 
undergoes a conformational shift and subsequent displacement 
and/or proteolytic cleavage of gpl20 such that a second HIV 
structural protein, the transmembrane glycoprotein (gp41), 
facilitates the fusion of the HIV envelope with the plasma cell 
membrane in a pH independent fashion. The HIV core particle 
enters the cell cytoplasm and cDNA is directly synthesized by 
reverse transcriptase (RT) using the genomic viral P.NA as 
template. Viral cDNA is then transported into the nuclei'"· ~nd 
integrated into chromosomal DNA material. Viral messenger ano 
genomic RNAs are transcribed from the integrated proviral DNA and 
shuttled back to the cytoplasm where virus-specific translation, 
virus packaging, budding of the viral capsid through the cell 
membrane and viral protease (PR)-depende~t virus maturation 
completes the cycle. 

Clinical treatment of HIV is designed to target certain 
critical events in the virus infection life-cycle. Therapies 
under investigation include approaches employing antivir.al agents 
(i.e.; RT inhibitors, viral ~rotease inhibitors (PRis), and viral 
integrase inhibitors), virus entry inhibitors (i.e.; neutralizing 
polyclonal and/monoclonal antibodies), and a broad spectrum of 
immune-based therapies. Determination of treatment efficacy is 
assessed primarily by clinical status of the patient and CD,(+) 
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cell counts, followed by any one of a number of virologic assays 
aimed at quantifying viral load through the relative measurement 
of HIV virion, HIV genomic RNA, HIV pr;iviral DNP., HIV-infected 
peripheral blood mononuclear cells (PBMCs), and the HIV antigen 
p24. 

The nucleoside analogue, zidovudine (ZDV), was the first 
compound demonstrated to have HIV RT inhibiting properties. ZDV 
has significant anti-HIV activity in vitro. The agent was 
evaluated in clinical trials and reported to have anti-HIV 
activity in vivo as well. One c~veat in nucleoside analogue 
antiviral therapy has been the emergence of drug-resistant HIV 
strains. The phenomena of nucleoside analogue-resistant HIV 
development in vitro and in vivo has been most thoroughly 
characterized for ZDV. Currently there are two hypotheses which 
describe the mechanism for the development of resistant HIV under 
drug pressure. It is thought that a treatment naive HIV!+) 
individual has a heteroger.ous popi..lation ot circulating HIV. 
Once treatment is initiated de novo virus-replication cycles &re 
down modulated, due at least ir. part to RT inhibition. Over 
time, genetically altered HIV emerges as a result of low fidelity 
HIV-RT replication, and/or the selection pressure and passive 
expansion of agent-resistant HIV present in the heterogenous 
virus population. The rate at which this occurs clinically is 
likely to be dependent upon a variety of factors, including the 
therapeutic agent, dose and schedule, length of therapy, disease 
stage at treatment initiation, viral load over time, and 
phenotypic/genotypic HIV characteristics present before and 
during therapy. 

EIV PRis have been developed in an effort to provide an 
alternative subsequent or con~urrent anti-viral therapy which 
would not be affected by an existing RT resistant phenotype er 
genotype. The mechanism of action of HIV PRis is thought 
primarily to be via direct or indirect interaction with the 
active site of the PR. Therefore, autoproteolytic activity (gag­
pol polyprotein processir.g) required for development of a 
mature/infectious virus particle is lost·or rendered inefficient. 
The HIV PR is a member of the aspartic proteinase class (enzyme 
characteristic cleavage motif: Asp-Th~-Gly) .. Unlike mammalian 
counterpart proteinases, which function as monomers with two 
cleavage motifs in cis, the viral enzyme functions as a homodimer 
with each "subunit" containing one of the Asp-Thr-Gly c!eavage 
motifs. These motifs form a symmetrical arrangement to create 
the active HIV PR. Design of HIV PRis has focused on exploiting 
the unique structural arrangement of the HIV PR and its active 
site such that PRis should not detectably alter the activity of 
mammalian aspartic proteinases. 
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Antiviral activity has been demonstrated in vitro for a 
number of PR!s under development which include but are not 
limited to; A-77003, A-75925, A-80987, ABT-538, BILA 1906 BS, BMS 
186316, MK-639, P9941, Ro 31-8959, RPI-312, SC-52151, SC-55389A, 
SC-52151, VB 1Ll28, XM323, AG 1343, and VX-478. As a result of 
PRI pressure in vitro HIV variants emerge which have decreased 
sensitivity to the homologous drug. Efforts to define the 
genotypic changes which are at least partially responsible for 
decreased drug sensitivity as a result of drug pressure and 
selection have produced data which demonstrate an extremely 
complex genetic o~ganization within the primary sequence of the 
PR. Fir~t, analysis of PR sequence polymorphisms from PRI-naive 
HIV (clade Bl clinical isolates reveals that the PR gene is 
highly variable with approximately 37% and 50% of the nucleotide 
and amino acid positions varying, respectively. Second, many of 
these "hypervariable" amino acid positions have been previously 
identified as hotspots for genotypic changes which subsequently 
confer PRI resistance in vitro; depending upon the selective 
drug. Finally, certain mutations in combination have oeen 
reported to confer multi-drug resistance to certain PR-s in 
vitro, but conversely, certain mutations in combination have also 
produced a synergistic effect with respect to increased agent 
susceptibility. Due to the large number of variable amino acid 
positions a comprehensive in vitro analysis of mutations, in all 
feasible combinations, tested for susceptibility against a panel 
of c2ndidate P~is is not complete. 

Antiviral activity o!: certajn PRis is currently under 
investigation in clinical trials. HIV isolates generated during 
clinical therapy have been found to phenotypically possess 
decreased sensitivity to the treatment drug in vitro. Similar to 
in vitro-gePerated PRI-resistant isolates certain PRI-resistant 
clinical isolates have also been found to express phenotypic 
cross-resistance to other PRis for which the patient is naive. 
For these reasons the task of sorting out genotypic changes in 
the PR gene and their phenctypic ramifications, with respect to 
the safety and efficacy of conc~rrent/suhsequent alternate PRI 
therapy for HIV is complex with perhaps ~n evasive resolution. 
Nonetheless the scientific community continues to identify each 
PR amino acid change and its biological relevance in order to 
eventually provide clinicians with a tool to better manage anti­
HIV therapies based on HIV drug-resistant phenotypes. 

It is like.y that in the near future clinicians and their 
AIDS patients may have a wider variety of flrst line therapeutic 
options (monotherap~, or combination therapy), as well as an 
alternative for use when therapy changes are indicated (i.e., 
drug intolerance or disease progression) . Therefore, the 
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phenomenon of drug-resistance should be rigorously defined since 
the genotype/phenotype of an :-!IV isolate may be the only 
indicator of the need to change a therapeutic prior to the 
expression of overt clinical manifestations. 

S~Y 

The data contained in NOA #20-659 are intended to support a 
full approval for ritonavir (ABT-538) for the treatment of HIV 
infection in adults. The submitted ~DA sugqests that ritonavir 
is indicated as monotherapy or in com.oination with zidovudine 
(ZDV) for the treatment of patients with HIV infection, and in 
combination with nucleoside analogues for patients with advanced 
HIV infection who have previously received a nucleoside analogue. 
Abbott Laboratories, ~he sponsor, has provided preclinical 
information and data from antiviral activity studies to include; 
mechanism of action, in vitro antiretroviral activity, in vitro 
antiretroviral activity in combinatio~ with reverse transcriptase 
inhibitors ZDV or didanosine (ddT), an analysis of the impact of 
protein binding (human plasma proteins) on ritonavir activity in 
vitro, and finally an analysis of HIV-1 susceptibility to 
ritonavir and resultant drug-induced changes in susceptibility in 
vitro. 

The clinical efficacy of ritonavir has been evaluated in a 
series of phase II/III clinical trials which are either completed 
or are currently in progress but with significant interim data 
provided for support of the application. The clinical program 
includes a total of nine studies (enclosure 1). Two controlled 
phase II studies, M93-112 and M93-134 were initially designed to 
evaluate s~~ety and efficacy. ~ach of these studies, once 
completed, rolled participants into uncontrolled extension phase 
studies M94-169 and M93-134x, respectively. Three additional 
uncontrolled phase II study results (M94-251, M94-229 and M94-
208) have also been submitted for review. Finally, two pivotal 
phase III controlled studies ~~4-245 and M94-247 evaluated 
comparative activity and safety of ritonavir alone versus 
zidovudine alone versus the combination,·and ritonavir alone 
versus an alternate antiretroviral therapy, respectively. In all 
clinical studies two surrogate markers for drug activity were 
measured prior to and during treatment; HIV RNA levels (antiviral 
activity), and CD, counts (immunologic activity). In addition to 
the above surrogate markers the study design of M94-208 .i!J.cluded 
measuring the total number of HIV-expressing peripheral blood 
mononuclear cells (THEV) . Finally, studies M94-245 and M94-247 
measured CD8 counts on all specimens collected. 
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To address the issue of ritonavir-resistant HIV development 
in vivo a subset of study participants from studies M93-112, M94-
169, and M93-134, totalling 49 patient5 (Enclosure 2), were 
evaluated. Virus isolates from an additional 3 trial 
participants were analyzed similarly. Forty four of a possible 
52 participants were evaluable. Genotypic changes in the PR gene 
sequence of clinical isolates were determined over time. 
Finally, 18 participants had their HIV-1 clinical isolates 
evaluated for ritonavir susceptibility changes in vitro compared 
to match~d pair baseline values. A sul°'set of those "ritonavir­
resistant" isolates were tested for susceptibility in vitro to 
other PRis under development; saquinavir (approved for human 
use), indinavir, VX-478, and AG 1343. 

a. MechaniSJD of Action. 

The HIV PR is a member of the aspartyl proteinase class with 
the characteristic catalytic site motif: Asp-Thr-Gly (Pearl and 
Taylor, 1987; Kohl et al., 1988). Unlike mammalian counterpart 
proteinases, which function as monomeric polypeptides with two 
catalytic site motifs in cis (each providing an aspartic acid 
residue), the HIV PR functions as a C2-synunetric homodimer with 
two subunits. Each subunit contain3 one motif sequence which 
together form a synunetrical peptide arrangement to create the 
active site of the HIV PR (P&arl and Taylor, 1987; Erickson et 
al., 1990) . 

The desiqn strategy for HIV PRis focuses on exploiting the 
unique structural arrangement of the HIV PR active site without 
detectably altering the activity of mammalian counterpart 
aspartic proteinases. Previous studies have shown that site 
directed mutagenesis of the active site of HIV PR renders the 
enzyme inactive (Stuart et al., 1988), and that an active HIV PR 
is required for the production of mature, infectious HIV viricns 
(Kohl et al., 1988; Roberts et al., 1992; Kaplan et al., 19931. 
Ritonavir is a synthetic compound which specifically interacts 
with the C2-·symmetr ic active site of the HIV PR (Kempf et al., 
l99S). Ritonavir has a high specificity. ( >10') for HIV-1 PR over 
the human aspartic proteinases pepsin, renln, and gastrin 
(enclosure 3). Biochemical assays with ritonavir and the HIV-1 
PR demonstrated that ritonavir exhibits a Ki value of 15 pM 
(Kempf et al., 1995). 

The sponsor proposes that the heavily skewed degree of 
biochemical selectivity that ritonavir has for the HIV PR in 
vitro should exploit its antiviral activity through direct HIV PR 
inhibition and not through an indirect mechani~m resulting from 
anti-host cell aspartic protease activity. In support of this 
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hypothesis, in vitro cytotoxicity studies measured the 
concentration of ritonavir required to inhibit cell growth in 
uninfected cells by 50% (CCIC,0 ) by the method of Pauwels et 
al. (1988). Their results demonstrated that the CCIC,0 was 
roughly 1000-fold higher in concentration than the drug 
concentrations required to inhibit HIV growth by 50% (EC~) in 
those same cell lines, thereby demonstrating a therapeutic index 
of at least 1000. 

It is reasonable to conclude, based on these data, that the 
ritonavir primary mechanism of action is through direct 
interaction with the HIV PR. Although alternate mechanisms of 
action are not profoundly obvious secondary mechanisms of action 
may exist, therefore, the sponsor can't definitively state that 
the mechanism proposed is the only relevant activity of 
ritonavir. 

b. In vitro antiviral activity against laboratory strains of HIV. 

Antiretroviral activity of ritonavir has been demonstrated 
using four HIV-1 strains (IIIB, MN, RF, and TR17) and one HIV-2 
(MS) laboratory strain (Vol 54, Pre-NDA submission; Kemp' et al., 
1995) using a standardized method to measure the percent 
inhibition of HIV-induced cytopathic effect (CPE) in MT4 cells 
(Vol 54, Pre-NOA submission; Pauwels et al., 1908; Chou, 1991; 
Kempf et al., 1991; Kempf et al., 1995). MT-i r.ells were infected 
with the selected HIV strains at a multiplicity of infection 
(MO!) of 0.001 and 0.0032 infectious particles per cell. One 
hour post-infection cell cultures were treated with serial half­
log dilutions of ritonavir ranging from 0.003 µM to 10 µM in 
triplicate. Cells were incubated for an additional 4 days at 
which time the cell viability was determined using an MTT assay. 
Uninfected cell cultures treated with ritonavir (0 to 100 µM) 
were assessed in parallel as drug toxicity controls. Infected 
but untreated cell cultures were assessed as virus cytopathicity 
controls. Percent CPE inhibition was determined by the following 
formula: 

[(average OD-virus control OD)/(cell control OD-virus control OD)]xlOO = EC 50 

Data found in Enclosure 4 show that the EC,0 , for HIV-1 strains 
used at an MO! of 0.0032, ranged from 0.014 µM to 0.109 µM (Vol 
54, Pre-NOA submission). Similar results were reported by Kempf 
and coworkers (1995), as shown in Enclosure 5. Their ' 
experimental design also included a parallel analysis of ZDV's 
EC,0 measurements within the assay system. The data demonstrated 
a ZDV EC,0 range whi-::h is comparable to that of ri tonavir. In 
addition, both studies demon~trated that ritonavir is less activ€, 
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against HIV-2"· than it is against the HIV-1 strains tested. ZDV 
anti-HIV-2 activity appears to be superior to that of ritonavir 
!enclosure 5). To further demonstrate the antiviral activity of 
ritonavir in v1tro, EC,0 analyses were performed as described 
above using ritonavir, zalcitabine (ddCl, ddI, and ZDV in 
parallel using the same five HIV-1 and HIV-2 lab stra~ns 
(enclosure i). These data further emphasize the comparable 
antiviral activity of ritonavir and ZDV against HIV-1 virus 
strains. J',lso, ritonavir appears to be more active than ddC or 
ddI against ~IV ~n these assays. 

The EC,0 and EC 90 data in Enclosure 4 may support a trend 
toward a r.itonavir antiviral dose response requirement in vitro. 
When the MOI is increased 3.2-fold from 0.001 to 0.0032 the ECy 
and ECN appear to increase concordantly. To further explore 
this observation MT4 cells were infected with HIV-1 11 rn using 
half-log dilutions of virus; MOI ranged from 0.032 to 0.00032 
(enclosure 7). The data demonstrates that a 100-fold increase in 

MOI only increased the ECy by 4-fold, and the EC 90 by ~4.2-fold, 
indicating a non-linear dose-response relationship in vitro 
between agent dose and the target substrate; under these assay 
conditions and selected variable parameters. 

These data adequately demonstrate the antiviral activity of 
ritonavir against laboratory stains of HIV-1 in acutely infected 
MT4 cells. The ECy of ritonavir measured using an MO! of 0.0032 
with HIV-1 is comparable to that of ZDV, but when using HIV-2~ 
as the target virus ZDV is more active. If ritonavir is being 
considere~ for treatment against HIV-2 infections it should be 
recommendea to the sponsor that a thorough analysis of t:1e 
antiviral activity of the drug against HIV-2 laboratory strains, 
and low passage clinical isolates should be considered for future 
in v1tro studies. None of the activity data nresented included 
standard error measurements, therefore, individual assay 
variability cannot be assessed. 

c. In vitro antiviral activity: function of time of post­
infection drug exposure. 

The EC,0 of ritonavir was determined as a function of time 
(days) of agent addition to or removal from an acute MT4 cell 
inf-:ction with HIV-1 1118 (MOI=0.0032). Using the standard assay 
described above (section b) when ritonavir was added on.t_he same 
day or 1 day post-infection the EC,0 was comparable t,, activity 
measurements reported previously (0.04 µMl. However, when drug 
was added two days or more post-infection the EC,0 increased 
dramatically (enclosure 8). Conversely, if ritonavir was present 
at infection and then removed prior to day 2 post-infection the 
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EC~ was again dramatically higher than that measured when drug 
was removed on day 2 through 4 (enclosure 8). 

These data demonstrate that under Lhese in vitro conditions 
the antiviral activity of ritonavir is predominantly realized as 
a post-integration event. According to Barbosa et al. (1994) the 
HIV infection process from coculture initiation to proviral 
integration is estimated to be slO hours in vitro. 

d. In vitro antivirai activity against ZDV-sensitive or 
-resistant ciinicai isoiates. 

MT4 cells were acutely infected with either a ZDV-sens.tive 
(HIV1-A018Hll2-2) or a ZDV-resistant (HIV1-A018G910-6) clinical 
isolate. Using the MTT/CPE reduction assay (section b) EC,0 and 
EC,0 were determined for both ritonavir and ZDV (enclosure 9). 

The data provided demonst1~te that for the clinical 
specimens tested under these assay conditions the ZDV-r"esistant 
isolate (HIV-1A018G910-6) retained sensitivity to ritonavir. 
Since these antiviral agents have divergent mechanisms of action 
this result is not surprising. However, the data provided only 
one 7DV-resistant clinical isolate with no information given 
regarding genetic changes typically found in the HIV-1 reverse 
transcriptase gene sequence. Thus, it is an extremely limited 
treatment of the subject. If ritonavir is to be approved for use 
in combination with or subsequent to therapy with ZDV perhaps the 
sponsor should consider a more thorough analysis of ZDV-resistant 
HIV isolates for susceptibility to ritonavir; which includes more 
than one unique specimen. 

e. In vitro antivirai activity against a pane.1 of Iov passage 
HIV-1 ciinicaI isoiates. 

Baseline antiviral activity (EC~ and EC~) measurements were 
determined for 13 clinical isolates provided by participants 
enrolled in study M93-112 and M93-134. The assay method employed 
here is different than the assays described above. In this study 
ritonavir activity wa~ assessed using a well established p24 
antigen inhibition assay (Japouer et al., 1993). Patient dP~ived 
HIV-1 isolates were Utied to acutely infect seronegative donor 
PBMCs. The EC,0 range is 0.0038 µM to 0.04 µM with mean value of 
0.022 µM (Enclosure 10). These susceptibility values alo~g with 
the PBMC cytopathicity profile (CCIC,0 ) for ritonavir (enclosure 
11) estimates a therapeutic index of ~1000. These EC~ and CCIC~ 
data are consistent with that previously determined tor HIV-1 
laboratory strains in MT4 cells. 
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Hr 
> antivir3l activity against a panel of patient derived 
~ted PBMCs. 

The ritonav1r susceptibility of HIV-1 isolates, harvested in 
the form of HIV-1-infected PBMCs, was determined. HIV-1 i~fected 
PBMCs from 6 study participants were used to infect seronegative 
donor PBMCs by coculture in the presence of serially diluted 
ri tonavir. EC,0 and EC90 values were estimated by inhibition of 
p24 antigen production using the med~an dose effect equation 
{Chou, 1991). Results are presented in Enclosure 12. The EC 50 
ranged from 0.015 µM to 0.153 µM w~.th a mean value of 0.09 µM. 
The EC 90 values ranged from 0. 071 µM to O. 574 µM with a mean 
value of 0.392 µM. 

g. In vitro antiviral activity in combination vith ZDV or ddI. 

Limited studies on the combined antiviral effect of 
ritonavir wi~h other antiviral agents have been reporte~. MT4 
cells acutely infected with HIV-lme were treated with ritonavir 
and ZDV, or ritonavir and dd!. Activity was assessed by the 
MTT/CPE reduction assay (section b). Ritonavir concentrations 
tested were serial 0.25 log dilutions ranging from 0 to 0.20 µM, 
ZDV and ddI concentrations were 0.25 log dilutions ranging from 0 
to 0.20 µM and 0 to 42.34 µM, respectively. The combination 
index (CI) was calculated by the method of Chou (19~1). Values 
ranging from 0.91-1.1 were measured for the ritonavir/ZDV 
combination, and 0.95-1.1 for the ritonavir/dd! combination. 
Therefore, both drug interaction results indicate an addit~ve 
effect between these antiviral agents under these assay 
conditions. 

There is a proposal from the sponsor to evaluate the safety 
and efficacy of ritonav!.r in combination with an approved PR!, 
saquinavir, in clinical trial participants. No studies have been 
submitted by the sponso!: '"hich directly assess multiple !:-RI 
activity interactions in vitro. Since PR! therapy and its 
possible effect on subsequent or concurrent alternate PR! therapy 
has not been established the sponsor should be encouraged to 
evaluate ritonavir drug interaction~ with other PRis in vitro. 
Results from these studies would c:.itribute to an expanding 
database of the activity interactions between candidate PRI 
therapies and their impact on heterologous concordant anQjor 
subsequePt PRI therapies. 
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h. In vitro activity in the presence of excess human plasma 
proteins. 

In vitro protein binding of radiolabelled ritonavir in rat, 
dog, non-human primate, and human plasma has been reported to be 
99% (Denisson and Johnson, Abbott Laboratories unpublished report 
1993). In order to determine the effect of protein binding on 
the antiviral activity of ritonavir in vitro excess serum was 
added to the MT4 cell growth media to a final concentration of 
60% by volume (lOi fetal bovine serum, and 50% human serum). 
Under these conditions the standard MTT/CPE reduction assay 
(section b) was performed. MT4 cells were acutely infected with 
HIV-1 1118 (MO! 0.0032) in the presence of ritonavir. EC,0 rerults 
indicate that ritonavir antiviral activity was reduced 10-20-fold 
(enclosure 20). These data demonstrate a decrease in antiviral 
activity due to the presencP of plasma proteins in vitro, and 
suggest that ritonavir ant.viral activity will likely be effected 
in vivo. However, the degre~ to which this may occur and the 
clinical ramifications of such events are not predictaole. 

i. Development and analysis of ritonavir-resistant HIV-1 variants 
in vitro. 

An HIV-1 laboratory strain (HIV-l•L•- 3 ) was propagated in MT4 
cells in the presence of ritonavir at subinhibitory 
concentrations ranging, in a stepwise fashion, up to 2.0 µM. A 
change in HIV-1 ritonavir-susceptibility was first noted in the 
passage 19 (pl9) viral population. Ritonavir concentration at 
pl9 was up to 0.8 µM. By p22 the ritonavir concentration was up 
to 2.0 µM. A standard p24 HIV-antigen production analysis was 
performed on the pl9 and p22 virus populations. The EC,0 of 
these virus populations had increased 6-fold and 27-fold in pl9 
anct p22, respectively (enclosure 13). These data demonstrate 
that it is biologically possible for HIV-l•u- 3 to develop a 
measurable degree of rito11avir resistance. The clinical 
ramifications of these data is not predictable at this time. 

Genotypic analysis of tt . ., PR genes tif representative virus 
clones from p:9 (13 clones) and p22 (10 clones) revealed certain 
specific nucleotide substitution mutations which should alter the 
dPduced amino acid sequence at positions 84, 82, 71, 63, 46, and 
34 (enclosure 14). Double mutations at amino acids 84 (Ile to 
Val) and 46 (Met to Ile) were the predominant mutations -in clones 
from pl9 (12/13). By p22 the amino acid 34 mutation was no 
longer d~tectable, but amino acid mutations in at least 4 of the 
5 remaining positions were detected in all p22 clones tested 
(10/10). Thus, amino acid 84 and 46 mutations appear first and 

may be interpreted as "dominant" mutations in the in vitro 
,. 
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system. The amino acid 82 and 71 mutations emerge later and may 
be construed as "secondary" mutations in vitro. These data 
demonstrate that HIV-l•u-J variant populations (pl9 and p22) 
contain amino acid mutations in the PR gene sequence which may or 
may not contribute to the phenotypic decrease in ritonavir 
susceptibility. 

To address t~e question of whether a causative relationship 
exists between these genetic mutations and the phenotypically 
expressed ritonavir resistance in vitro site-directed mutagenesis 
was used to construct HIV-l•c•-l variants. These c.ioned virus 
variants should only contain the mutations shown in Enclosure 15 
against a parent HIV-l•u-• genetic background. Susceptibility 
testing was performed on these virus constructs using the p24 
inhibition assay in acutely infected MT4 cells. Of the single 
mutations evaluated only posit.ions 84 (Ile to Val) and 82 (Val to 
Phel produced a shift in ritonavir susceptibility; 10-fold and 5-
fold, respectively. The double mutant 84 (Ile to Val)/46 (Met to 
Ile) produced a 9-fold decrease in susceptibility, thus- the 46 
mutation in this clone provided no detectable resistance 
advantage. Of the ott~r mutations analyzed, (enclosure 15) they 
either failed to result in ~usceptibility changes or were not 
measurable due to apparent growth kinetics impairment in cell 
culture. 

These data demonstrate that certain point mutations in the 
HIV-1 PR can cause a shift in ritonavir susceptibility and that 
these changes are likely involved, the degree of which is 
unknown, \n the changes in susceptibility observed in the pl9 and 
p22 "r i tonavir- resistci.nt" isolates produced in vitro. 

j. Phenotypic and genotypic analysis uf HIV isolates from 
patients during therapy vith ritonavir. 

HIV PR gene sequences were monitored during ritonavir 
therapy for a sample of 44 trial participants (M93-ll2, M94-169, 
and M93-1341 with evaluable viral isolates from both baseline and 
ongoing therapy timepoints (3 to 32 weeks) . As would be expected 
the baseline HIV PR gene sequences from patient isolates were 
highly variable. When studies of baseline PR sequences were 
compared to the HIV-1 clade B prototype sequenr::e appLuximatel~ 
37% and 50% of the nucleotide sequence and deduced amino acid 
sequence were fou~d to be naturally polymorphic, respectively. 
Once ritonavir therapy was introduced to patients their ·H'JV-1 
populations, evaluated as a whole, developed 9 specific PR amino 
acid sequence mutations which are thought to be directly related 
to the presence of ritonavir; 90. 84, 82, 71, 54, 46, 36, 33, and 
20 (enclosure 16). 
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To examine whether a preferential PR gene mutation p~thway 
existed in this system a comparison/analysis of the total number 
of mutations relative to their qualitative site was performed on 
41/44 participants. The results of this analysis is shown in 
Enclosure 17. These data suggest that ritonavir-induced PR 
mutations occur most frequently in the following cumulative 
order: 82 (Val to Ala/Thr/Phe), 54 (Ile to Val), 71 (Ala to Val), 
36 (Met to Ile), followed by combinations of mutations at 20 (Lys 
to Arg), 46 (Met to Ile), 84 (Ile to Val), 90 (Leu to Met), and 
33 (Leu to Phe). The predominant mutation occurred at position 
82. According to the sponsor the absence of an 82 mutation, 
regardless of the combinations and accumulations of the other 8 
possible mutations, always yields a ritonavir-susceptible isolate 
when tested ex vivo. The sponsor states that when a decrease in 
ritonavir susceptibility was noted (18 tested for phenotypic 
changes in susceptibility out of a total of 44) a mutation at 
position 82 was always present. However, there were incidences 
where an 82 mutation was detected but the isolate still retained 
full ritonavir-suscept1.bility. These observations support a 
hypothesis that the 82 mutation may be necessary but not 
sufficient for decreased susceptibility to ritonavir. Upon 
closer examination of the data submitted in the NDA we found 
caveats to this "82-mutation" rule. Patient #306 showed, on day 
57 of therapy, a 7-fold decrease in ritonavir susceptibility but 
lacked the 82 mutation, and patient #311, on day 85 of therapy, 
showed a 20-fold decrease in drug susceptibility but lacked the 
82 mutation. 

When queried on their conclusions about "the 82 mutation 
rule" Abbott responded with additional data not submitted with 
the original NDA package. The sponsor stated that the NDA data 
package included "some" sequence data which was derived from 
proviral DNA; these data included the day 57 and day 85 virus 
specimens in question. Included in the new data package 
(Abbott/Jeanne Fox, faxed Feb 5, 1996) are additional PR sequence 
data on patients #306 and #311 which confirm the presence of the 
82-mutation in cell-free HIV-1 isolated from those individuals 
prio~ to the day 57 (#306) and day 85 (#~11) proviral specimens. 
We requested, received, and will only consider the sequence data 
generated from cell-free clinical isolates when defining the "82-
mutation rule". We find that when sequence analysis is performed 
on viral RNA extracted from plasma derived cell-free virus 
particles the rule stands, but if proviral DNA isolated from 
patients PBMCs at the same time point is the sequence source we 
find exceptions to the rule. 

It has been well established that HIV-1 genetic sequence 
mutations are detected initially in a patients cell-free plasma 
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associated HIV-1 population. At a later timepoint the proviral 
DNA specimen from HIV-1 infected PBMCs from the same individual 
will present detectable HIV-1 mutations which are identical to 
those seen earlier in the cell-free HIV-1 specimen (Kaye et al., 
1995). The lag time between detectable mutations in viral RNA 
and p1·oviral DNA is thought to be highly variable but estimated 
in one study to be approximately 25 days (Kaye et al., 1995). 
Another report suggests that proviral DNA in infected PBMCs has a 
high degree of sequence complexity (excessive HIV sequence 
variability) and that many of those may be replication-defective 
(Coffin, 1995) . Thus, the sequence information generated from 
proviral DNA clones may not best represent the rapidly­
replicating HIV population found in plasma. At this time and for 
these reasons, the "82 mutation rule" should only be considered 
when dealing with cell-free HIV particles isolated from plasma 
and not proviral HIV from infected PBMCs. In order to establish 
statistical relevance between the "82 mutation rule" and 
resistance development in HIV populations A!::lbott Laboratories 
should be encouraged to continue to study genotypic and. 
phenotypic resistance in clinical isolates. The goal being to 
produce data which may establish an early detection method for 
evolving "pre-resistant" HIV-1 subpopulations prior to p1:enotypic 
expression of st!SCeptibili ty changes when tested in vitro. 

Selected patients treated with ritonavir have been shown to 
develop HIV-1 isolates with reduced susceptibility to the drug 
(12/18 tested); ranging from a 6-fold to a 250-fold decrease from 

matched pair baseline values (enclosure 18). Although these 
genotypic and phenotypic susceptibility data suggest that 
genetic-based resistance development is biologically possible the 
clinical relevance of these changes has not been well studied, 
therefore, not established. 

Certain HIV isolates generated during ritonavir therapy 
which were found to phenotypically possess decreased 3ensitivity 
to the treatment drug were evaluated in vitro for their 
susceptibility changes to other PRis compared to matched pair 
baseline values; including saquinavir, indinavir, VX-478 and AG 
1343 (enclosure 19). Six of these isolates did not have a 
decrease in in vitro susceptibility compared to matched pair 
baseline values. However, two of these isolates demonstrated 
decreased susceptibility to indinavir in vitro (8-fold). Four of 
the 6 were also tested for cross-resistance to VX-478 and AG 
1343. Only one isolate had a decrease in susceptibility· ·to AG 
1343 (12-fold), and none tv VX-478. T~ese cross-resistance data 
suggest, as has been previously discussed, that there is some 
overlap of genotypic and phenotypic resistance development 
between the treatment drug (ritonavir) and other PRis for which a 
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patient is naive. The potentia1 for HIV cross-resistance between 
PRis has not been fully explored. Therefore, it is unknown what 
effect ritonav1r therapy ~ill have on the accivity of 
concordantly or subsequently administered PRis. The impac'::: of 
PRI-resistance development in the target HIV population on the 
clinical progression of AIDS in PRI recipients has not been 
thoroughly explored, therefore the impact on patients is unknown. 
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CONCLUSIONS 

Abbott Laboratories has submitted an NDA #20-659 to support 
a full approval for ritonavir for the treatment of HIV infection 
in adults. The sponsor provided preclinical information and data 
which includes: defining the mechanism of action, in vitro 
activity, limited in vitro activity in combination with RT 
inhibitors (ZDV and ddI), the impact of excess plasma proteins 
on activity in vitro, and evaluation of HIV ritonavir-resistance 
development in vitro. With respect to microbiology, this NDA is 
approved pending acceptance of final draft labeling. 

Ritonavir is a peptidominctic inhibitor of HIV-1 and HIV-2 
PR (more activity associated with HIV-1 PR) which renders the 
enzyme essentially inactive. Therefore, the gaq-pol polyprotein 
precursor cannot be processed correctly. This leads to the 
production of immature/noninfectious HIV particles. In vitro, 
ritonavir has substantial antiviral activity against HIV-1 
laboratory strains and low passage clinical isolates, and EC50 
and CCIC50 data reveal a therapeutic index of ~1000 in vitro. 
Ritonavir activity in vitro is comparable to that of ZDV. Anti­
HIV-2 activity is less prominent but only limited studies have 
been performed on this issue (activity data for one HIV-2 
laboratory strain was provided with the NDAl. Therefore, if the 
sponsor intends to promote ritonavir for the treatment of HIV-2 
infections a thorough preclinical analysis of in vitro activity 
should be performed on luw passage clinical isolates. Ritonavir 
and either ZDV or ddI exhibited an additive antiviral effe~t in 
vitro. The sponsor has already initiated a safety study of the 
combination of ritonavir and saquinavir in HIV-1 infected 
patients. The sponsor does not appear to have performed 
ritonavir and saquinavir combination studies in vitro. To rule 
ouc the possibility of an antagonistic relationship between 
ritonavir and any other antiviral agents in vitro combination 
studies should be perfor~ed prior to use in clinical trials. 

HIV-1 isolates with reduced susceptjbility to ritonavir (27-
foldl have been selected in vitro. Genotypic analysis of these 
isolates showed predominant mutations in the HIV protease gene at 
amino acid positions 84, 82, 71, and 46; 84 being the dominant 
muL~"ion. These data showed that the development of ritonavir­
resistant HIV-1 isolates is biologically possible. Site directed 
mutagenesis studies demonstrated that point mutations at·'position 
84 and 82 could each decrease ritonavir-susceptibility of the 
HIV-1 clone by 10-fold and 5-fold, respectively. The the 84 and 
the 82 mutation did not express additive ritonavir-resistance 
when present as u double mutation. 
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In order to address the question of ritonavir resistance 
development in vivo 44 participants with evaluable viral isolates 
from baseline were monitored during therapy for PR gene 
mutations. Once r1tonavir therapy was introduced to patients the 
H!V-1 population developed 9 specific PR amino acid mutations at 
position 90, 84, 82, 71, 54, 46, 36, 33, and 20. A pathway for 
the development of these mutations were examined in 41 pdtients. 
These data suggest that ritonavir-induced PR mutations occur most 
frequently in the following cumulative order: 82, 54, 71, and 36, 
followed by combinations of mutations at the additional 5 
specific amino acid positions. The predcrr.inant mutation siti;, in 
in vivo developed specimens is at position 82, different from 
what is seen in vitro. Phenotypic susceptibility changes we:e 
evaluated in 18 of the above 44 participants. Twelve of 18 had 
isolates with reduced susceptibility to ritonavir ranging from 6-
fold to 250-fold compared to matched pair baseline values. Re­
evaluation of the 12 "resistant" isolates revealed tl1at if a ~5-

fold resistance shift was detected the 82 mutation was always 
present. With the limited data available to date there are no 
exceptions to this observation. Serial HIV-1 isolates obtained 
from 6 patients which showed a decrease in ritonavir 
susceptibility in vitro did not demonstrate~ concordant·decrease 
in susceptibility to saquinavir in vitro when compared to matched 
baseline isolates. However, two isolates demonstrated decreased 
susceptibility to indinavir (9-fold). and of 4 tested in vitro 
against VX-478 and AG 1343 only one isolate had a decrease in 
susceptibility to AG 1343 (12-fold). The potential for cross­
resistance between PRis has not been fully explored. Therefore, 
it is unknown what effect ritonavir therapy will have on the 
activity of concordantly or subsequently administered PRis. 

A review of the surrogate marker data, virologic and 
immunologic, from the 9 r.linical trials, will be attached to 
this review document as an addendum at a later date. 
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PHASE IV RECOMMENDATIONS 

The sponsor should address the recorrunendations made for 
preclinical follow up in ongoing and future phase IV clinical 
studies. 

l. Please consider performing a thorough analysis of the 
antiviral activity in vitro of othe1 PRis against paired clinical 
isolates pre·· and post-ritonavir therapy. In addition, if 
ritonavir is to be approved for use in combination with ZDV or as 
a post-ZDV therapy alternative a more thorough analysis of ZDV­
resistant HIV isolates for susceptibility to ritonavir shpuld be 
considered; which includes more than one unique specimen. 

2. In order to establish statistical relevance between the 82 
mutation and resi~tance development in HIV populations you are 
encouraged to continue to study genotypic and phenotypic 
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resistance in clinical isolates. These data may help to 
establish an early detection method for evolving "pre-resistant" 
HIV-1 subpopulations prior to phenotypic expression of 
susceptibility changes. 

3. If ritunavir is intended for the treatment of HIV-2 you 
should consider conducting a more extensive preclinical analysis 
of drug activity using HIV-2 laboratory strains and clinical 
isolates. The information on the HIV-2 antiviral effects of 
ritonavir provided in the NDA is inadequate. 

4. Since it is clear that ritonavir may be used in combination 
with other PRls , such as saquinavir, it is strongly recommended 
that in vitro combination studies be performed on the potential 
PRI combinations. It is poss1ble that PRis in combination could 
have an antagoni~tic relationship with respect to activity in 
vitro and perhaps manifest that relc.tionship in vivo. Therefore, 
an activity analysis in vitro would be prudent. 

auren Iacono-Connors, 
Microbiologist 
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'fable t • 
Clinical Study Summary 

Scudy Duip Treatment Group 

Adequate and Well-Controlled Phase ID Studies 

M94-245 Phase: W Ritonavir 600 mg BID = 
Diies: 2195- De:ign: Double-blind, randomized, three-arm, 118 
ongoing parallel group, mu Iii center, international Zidovudine 200 mg no = 

No. of centcn: 34 121 
Randomization Riionavir 600 mg BID plus 
Ratio: Equal group sizes (ritonavir 600 mg BID; Zidovudine 200 mg TIO = 

Interim summary zidovudir.e 200 mg no. ri1onavir 600 mg 117 
forNDA BID plus zidovudine 200 mg TIO) 
submission cutoff Study length: 28-day screening period. 7-day lead-in, Total Rando!"iwl = 356 
:late: Earlier of 16 double-blind treatment period (interim -
weeks and 9128195 analysis afier 16-U), unlimited open-

label treatment period . 
Dose selection: Randomized 10 fixed dose . 

M94-247 Phase: W Ritonavir 600 mg llJO = 
Oates: 4/95. Design: Double-blind, randomized, 1wo-arm, 543 
~ngoing parallel group, multicenter, intemllional Placebo= 547 

No. of ccnten: 67 
Randomization Total Randomized= 1090 

Interim >ummary Ratio: Equal group sizes (ritonavir 600 mg BID; 
forNDA placebo) 
submission cutoff Study length: 28-day screening period, 7-<lay IUl.l-in, 
:late: Earlier or 16 double-blind uealment period c:nterim 
weeks and 9/13195 analysis after 16 -U), unlimited open-

label treatmem period 
Dose select.ion: Randomized 10 fixed dose 

NDA Vol 196/399 p 4-7 
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Table i • 
Clinical Study Summary (Continued) 

Study Desicn Tratmenc Group 

Ad-uate and Well-Coatrulled Phase D Studies 
M93-l 12 Phase: II Dosing Group I: 
Dates: 1194-1195 Design: Multiple-dose, double-blind, randomized, ililODavir 300 mg q I 2h c 

placebo-controlled, mulliccnter 13 
(Europe/Australia) RilODavir 400 mg q I 2h = 

No. of centers: 9 13 
Randomization Placeboql2h = 13 
Ratio: Equal group sizes (Group I: ritonavir 

300 mg ql2h. ritonavir 400 mg ql2h, Dosing Group II: 
placebo; Grau;> II: ritonavir SOO mg q I 2h. Ritonavi; SOO mg q I 2h = 
ritonavir 600 mg q I 2h, placebo) IS -

Study length: Scn:ening Period, 2-wcek washout, 28 Ritonavir 600 mg q I 2h = 
days treatment, optional extension IS 

Dose selection: Randomized to fixed dose; subjects in Plicebo ql2h =IS 
Group II assigned after safety of tl.e dose . 
in Group I was established Tocal Randomized "' 84 

M93-134 Phase: II Dosing Group I: 
Daies: 1194-9194 Design: Multiple-dose, double-blind, randomized, Ritonavir 200 mg q8h = 10 

placcbo-cor.trolled, mullicenter (US) Ritonavir 300 mg q8h = IO 
No. of centers: 6 Placebo qSh = 11 
Ran·:lomiution 
Ratio: Equal group sizes (Group I: ritonavir Dosing Group II: 

200 mg q8h, ritonavir 300 mg q8h, Ritonavir 200 mg q6h = 11 
placebo; Group II: ritonavir 200 mg q6h, Ritonavir 300 mg q6h = 10 
ritonavir 300 mg q6h, placebo) Placebo q6h = I 0 

Study longth: Screening Period, 2-weck washout (I week 
for paticnu with no previous antiviral Total Randomized= 62 
therapy), 28 days acute lreatment phase. 8-
week extension phase, optional 
continuation in Study M93-134x 

Dose selection: Randomized to fixed dose; subjecu in 
Group II 11SSigncd after safety of the dose 
in Grouo I was established 
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Table I 
Clinical Studv Summacv (Continued) 

Uncontrolled Phase II Extension Studies 

M94·169 Phase: II Study M93-1 l 2 Dosing 
Oates: 1194· Design: Continuation of the 4 week. double-blind, Groups: 
ongoing randomiud, placebo-controlled, Dosing Group I: 

multiccnier study M93- 112 Ritonavir )()()mg ql2h = 17 
(Europe/Australia) Ritonavir400 mg q12h = 17 

No. of centers: 6 

Interim summary 
Randomization Dosing Group 11: 
Ratio: Equal group sizes; •~bjccts continued Ritonavir SOO mg ql2h = 21 for 1'-;~/· ritonavir therapy assigned in Study R.itonavir 600 mg q l 2h = 21 

submiss~on cutoff 
date: 6115195 

M93-l 12 (Group I: riionavir 300 mg ql2h, 
ritonavir 400 mg ql2h; Group ll: rilonavir Total Randomized= 76 
500 mg q I 2h, riionavir 600 mg q l 2h); 
subjects assigned placebo in Study . 
M93- l 12 were randomly assigned to -
received one of the two ritonavir regimens 
in their dosing group . 

Study length: unlimited . 
Dose selection: Randomiud to fixed dose; patients who 

discontinued from Study M93· 1 I 2 could 
be rcchallcngcd with open-label ritonavir 
300 mg q l 2h liquid formulation. All 
patients were elevated to ritonavir 600 mg 
q l 2h (or lower dose if not tolerated) after 
efficacy results established from Study 
M93-l 12. --M93-134X Phase: 11 Patients from Study 

Dates: 4194- Design: Continuation of Studies M\13-134 M93-134: 
ongoing (multiple-dose, double-blind, :'U1domized, Dosing Group I: 

placcbo-<-ontrolled, multiccntcr) and Ritonavir 200 mg q8h = 16 
M94-251 (open-label, single-<:entcr. 8 Ritonavir 300 mg q8h = 15 
wm study) (US) 

Interim summary 
No. of centers: s Dosing Group II: 

for NOA 
Randomization Ritonavir 200 mg q6h = 15 

submission cutoff Ratio: Equal group sizes; subjects continued Ritonavir 300 mg q6h = 15 

da1e: 6115195 ritonavir therapy assigned in Study 
M94-251(ritonavir600 mg BID) or Study Patients from Study 
M93- I 34 (Group I: ritonavir 200 mg q8h. M94-251: 
ritonavir 300 mg q8h; Group II: ritonavir Ritonavir 600 mg BID= 6 
200 rr.g q6h. rimnavi.- ~00 mg q~h); 
subjccu assigned placebo in Study Total Treated = 67 
M93- l l4 were randomly assigned to 
receive one of the two ritonavir regimens .. , 
in their dosing group 

Study leng1h: unlimited treatment 
Dose sclcc1ion: Continued dose level fro"' Study M93-134 

or M94-251 
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Table 1 
Clinical Study Summary (Continued) 

Other Uncontrolled Studies 

M94-251 Phase: II Ooen-label Ritonavir 
Dates: 11194-3195 Design: Open-label, single-<:cntcr (US) 6<iomgBID=6 

No. or centers: I 
Randomization Total Enrolled = 6 
Ratio: Not applicable 
Study length: 8 weeks, optional extension in Study 

M93-134X 
Dose selection: Fixed dose 

M94-229 Phase: I/II Dosing Group I: 
Dates: 11194-4195 Design: Multiple-dose, open-label, multiuntcr Ritonavir 400 mg no = 17 

(US) -
No. or centers: s Dosing Group II: 
Randomization Ritonavir 700 mg BID = 
Ratio: Equal group sizes (Group I: ritonavir 400 13 . 

mg TID; Group II: ritonavir 700 mg BID) 
Study length: Scn:ening Period. 2-wcck washout, 28 Total Randomized = 30 

days treatment. optional open-label 
extension 

Dose selection: Fixed dose; subjects in Group Il assigned 
after safety or the dose in Group I was 
established 

M94·208 Phase: Il Phase I (14 days): 
Daies: 3195. Design: Open-label, multiccntcr (France) Open-label Ritonavir 
ongomg No. or centm: 6 600 mg BID = 32 

r .. l<lomization 
Ratio: Not applicable Phase II (up lo six 
Study length: 14 days ritonavir alone. combination drug months): 

Interim surrunary phase (total duration 6 months: ritonavir, Open-label Ritonavir 

forNDA zidovudine. and zalcitabine), optional 600 mg BID, Zidovudine 

submission cutoff maintenance f>hase 200 mg no. and 

date: 8125195 
Dose selection: Fixed dose Zalcitabine 0.75 mg no= 

32 

Total Enrolled= 32 

•. 
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Table 13. Disaibution Of Patient Subset EvaluatcdforGcnotypic 
Variation In HIV Protease Purini~ Therapy with ABT-538 

Study Protocol Dosing Regimen No. of Patients Total No. ol HIV Protease 
Evaluaicd in Dosing ~ Oblaincd in Dosing 

Group Group 

!Yl93-il2:M94-169 300 mg ql2h s 19 

!Yl93-!12:1'd94-169 400 mgql2h 8 45 -

M93-!12: l'd94-169 500 mg q12h 8 35 

M93-112; M94-169 600 mg ql2h 8 '37 

M93-134 200mgq8h 8 19 

l'd93-134 300mgq8h g 18 

M93-134 200 mg q6h 3 9 

M93-134 300mg 96h 5 

Tow 49 187 

Vol 54, p 11 (Pre-NOA Submissiou} 
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Table 1. Biochemical Spcrific:i.ty of ABT-538 Toward HIV-1 
Protease; RcJatiyc to Hurmo Aumrrlc Acid Proreascs 

HIV-I procease 

HWllllll gaslricin 

Humao pepsin 

Human C!lbepsin D 

Hwnan cathepsin E 

Hwnanrcnin 

IC50CnM> 

<I {Kj = 15 pM) 

>100,000 

10.000 

24 

8 

53.000 

Vol 54, p 2 (Pre-NDA Submission) 
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Table 3. In Vitro Anriyiral Actiyjty of ABT-538 Apinst Laboratory Sua,ins of IDV 

V"U11$ EC50(µM) EC90(J.IM) 

MOl=0.001 MOl=0.0031 MOla0.001 MOl•0.0032 

HIV-1DIB O.G2S 0.039 0.0SI 0.183 

HIV-lMN . 0.006 0.014 0.IS6 0.20S 

HIV-1RF O.OS7 0.108 0.27 o.ss -
HIV-1TR17 0.041 0.046 0.297 0.476 

HIV-2~ 0.113 0.242 0.834 2.809 

Vol 54, p 4 (Pre-NDA Submission) 
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.-

Enclcsure 5 



Table 6. Comparison of Antiviral Activity of ABT-538 and Reverse Tra."lSCriplaSe 
JohibjJors ;n Acutely Infected MT4 Cells <MITICPE Reduction As.gyl 

Vitus ECSO(µM} 

ABT-538 DOC DOI AZr 

HIV-lDIB 0.039 1.68 19.2 0.02 

HIV-I MN 0.014 1.19 11.3 0.026 . 
HIV-IRF O.toe 0.615 6.94 0.018 

HIV-ITIU7 0.046 0.906 18.6 0.119 

HIV-2MS 0.242 0.675 S.50 0.005 

Vol 54, p 5 (Pre-NDA Submission) 
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Table 4: Effect of Increasing MOI on Antiviral. Ac:dvity of ABT-538 
Apjn~t HIV- I ITTB in MT4 Cells <MTJ'/CPE Rqiucrioo Assay) 

MOI 

ECSQ 

EC90 

0.00032 

0.02 

0.065 

0.001 

0.016 

0.074 

0.0032 

0.025 

0.118 

0.01 

0.046 

0.272 

Vol 54, p 4 (Pre-NDA Submission) 
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Table S. Effect of Tune of Addition or Removal of ABT-S38 on In 
v;uo Antiyjra! Actiyjry jn MT4 <:ells Acuipy Infected with HIY-lUIR 

Day ot Drug Addition 

or RClllOVll 

0 

I 

2 

3 

4 

0.04 

0.06 

2.82 

>10 

>10 

Removal 

1.83 

0.44 

0.15 

0.05 

Vol 54, p 5 (Pre-NDA Submission) 
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Table 7. /n Vitro Antiviral Activity of ABT-538 in MT2 Ccll.s Aa11cl.y lnfcct.cd with P~ 
AZT Sensjtiye or AZT Rcsjsram Patient lsg!arm <MTf/CPE Reduction Assayt 

................. .._. ...................... ______________ ......................... _..,.. 
Virus I ABT-538 

EC.so(µM) EC9()(µ1¥0 

HIV-IAOIB HI 12-2 (pre-AZl) 0.013 0.118 0.()76 0.4S4 

HIV-IAOIB 991().§<e·AZII 0.018 0.061 >10 >10 = 
I Virus obtained through the AIDS Research and RcC=ncc Reagent Prognm. AIDS Program. NIA.ID. 
NIH: Contributed by Dr. Douglas Richman. -

Vol 54, p 6 (Pre-NDA Submission) 
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• 
Table 8. /n Vitro Susceptibility of Low Passage HlV Clinical Isolates 

l!! 6BI-53!1 in Acuf&lx lllfrci"1i eSMC (122~ ADliPen f:lia A~Silxl 

P11ien1 No. Study No. l..ocalion EC.50(µM) EC90(JIM) 

108 M93-112 MDil 

116 M93-112 Bala:kxla 

123 M93-ll2" Sydney 

118 M93-ll2 Amslmlam 

129 M93-i12 Amsleidam 

131 M93-112 Amsleidam 

'.!IO M93-112 Madrid 

'l23 M93-112 AlllSll:ldam 

226 M93-112 Sydney 

302 M93-134 New York 

309 M93-l34 New York 

334 M93-134 Alabama 

4()3 M93-134 New York ...... __ 

vol 54, p 7 (Pre·NDA Submission} 
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Table 2. Ill Virro CytotoxicttY of ABI-538 

Cell 

MT4 

MT2 

PBMC 

CCIC50 (JIM) 

SS 

22 

47 

Vol 54, p 2 (Pre-NDA Submission) • 
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Table 9. In Vitro Susceptibiliry to ABT-538 of Patient Derived, 
HIV Infected PBMC Cocul!jva1cd wjcb'f'BMC from Nounal Donors 

Pa ti cm Lcx:atioft EC~!! (µM) FC~(µM) 

CN Olicago 0.139 0.573 

MR Olicago 0.14 O.S14 

WM Olicago 0.153 O.S62 

WL Olicago 0.046 0.410 

AM· i (47284) Nnsu:nlam 0.044 0.166 

AM·2 !48897! Amsterdam 0.0IS 0.071 

Vol 54, p 7 (Pre-NDA SubmissioD) 
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Table 10. Drug Susceptibility ofHIV-1 Variants 
Selected In Yitro by Incrcasjng Copcenqations of ABT-518. 

Concenlralioo or ABT-S38 Sensitivity to ABT-538 (IL\{) 
used in scleaion (JIM) 

EC.50 EC9<) 

Hrv-lNIA-3 0.03 0.2 

P19 0.80 0.18 

P22 2.0 0.8 2 

Vol 54, p 9 (Pre-NDA Submission) 
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Iit!li: I I, Vilti!!.!i2n in l:ilY Pro!~S R~ativi: 112 lbg ?aremill Strain i:lIV-lNU-3 

Virus Amino Acid Residue No.or 
clones 

HIV-INU-3 E34 M46 1..6) A71 V82 ;34 

P19 v 10 
Pl9 Q v I 
Pl9 Q v l_ 
Pl9 F v l 

Pn p v F v 4 
P22 p F v 3 
P22 v F v 3 

Vol 54, p 9 (Pre-NDA Submission) 

.. 
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V'uus 

HIV-INIA-3 

184V 

V82F 

184V/M461 

L63P 

M461 

A71V 

V82F/184V 

• 
Table 12. Susccplibility to ABT-538 of HIV-I 
Mutants Created b,y Site-directed Muta.genesis 

Sensitivi1y to ABT·S38 (jlM) 

EC50 EC9() 

0.03 0.1 

0.2 I 

O.IS 0.4 

0.2 0.8 

0.03 0.1 

0.02 0.07 

0.0?. 0.07 

NDI NOi 

Sensitivity Rcbtive 10 
HIV-lNIA-3 

l 

8-10 

4-S 

8-9 . 
I 

L63P/V82F/184 V NDI NOi 

Susceptibility testing precluded b)I ilnllaircd.,gr.<>\Ylh ~etics 

Vol S~, p 10 (Pre-NDA SubmissioD) 
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Figure I. rrequency of Variation from the HIV-I Protease Consensus B Sequence in Patients Undergoing 
Therap)' with ABT-538 (Ultimate scouence only for each patient in Appendix A: StudjCs M93-112. M94-169. M93- I 34) 

>-
(.J 

m 
:J 
0 w 
0: 
u. 

\ 

36 

34 ~ • POST-AITONAVIR 
321 0 PRE AND POST-RITONAVIR 
30 

28 

26 

24 

22 

20 

18 

16 .. - - I I -. 
14 

12 

10 

a 

4 

2 

0 -~ 'V 'J ~· ' IJ '• 
w1~~~·••wruwwo1rnuu~ru~rorouurn~w~~oomw~«r~mmrnmru~~1"m 

AMINO ACID RESIDUE 

Vol 54, p 13 (Pre·NDA Submission} 



TABLE l An<1.lysis of plasma HIV protease scquenci;s during rit->navir treatment. 

Number of Number of 

Mutations ~ucnces V82Aff/F 154V A71Vff M361/L 184V K20R M461/UV 1..33F l..90M 

21 20 0 I 0 0 0 0 0 0 

2 17 16 7 3 4 2 0 2 0 0 

3 17 17 10 7 7 2 3 2 2 

4 15 15 13 6 i 6 4 4 3 2 

5 9 9 9 8 6 3 s 3 

6 2 2 2 _I 2 2 2 0 0 

Total 81 79 41 26 26 14 13 i:; 6 s 
No. of 43 42 25 14 13 7 9 II s 4 

i 
Patients• I 

Sequences from each patient were analyzed for the presence of consensus mutations selected by I 
ritonavir, as defined in FIG I. Sites showing a mixture of the consensus amino acid and mutant I 
amino acid were recorded as mutants. Multiple occurrences of the same set of mutations in 

individual patients were recorded only in the first instance. Single mutations which were observed 

both during and prior to the initiation of ritonavir therapy were not recorded. 

*Total number of patients represented for each sequence. 

Preprint (Draft} p 1, Holla, et al, 1996 

.. 
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Effect of Human Serum on the Anti-HIV-1 llIB Activity of HIV Protease Inhibitors in MT4 
Cells 

ECso(JtM) 

Inhibitor 0% Human Serum 50% HlllIWl Serum 

Ritonavir 0.058 ± 0.014 1.044 ± 0.306 

Saquiaavir 0.011 ± 0.003 0.182 ± 0.060 

Ind.inavir 0.038 ± 0.008 0.059 ± 0.012 

VX-478 0.066 ± 0.003 0.287 ± 0.008 

AG 1343 0.011±0.004 0.317 ± 0.1D7 

b 96 Poe Jeanne ~ox Abbott Fax, 22 Fe • 
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DIVISION OF ANTIVIRAL DRUG PRODUCTS 
Review cf Chemistry, Manufacturing and Controls 

NDA#: 20-659 

CHEMISTRY REYIEW #: DATE REVIEWED: 27-Feb-96 

SUBMISSION TYPE 
Original 
Amendment (BC) 
Amendment (BC) 
Amendment (BC) 
Amendment (BC) 

DOCUMENT DATE 
20-Dec-95 
25-Jan-96 
2-Feb-Y6 

19-Feb-96 
27-Feb-96 

CDERDATE 
21-Dec-95 
26-Jan-96 
5-Feb-96 

20-Feb-96 
28-Feb-96 

ASSIGNED DATE 
26-Dec-95 
27-Jan-96 
6-Feb-96 

27-Feb-96 
28-Feb-96 

NAME I ADDRF.SS OF APPLICANT: Abbott Laboratories 
Dept 491, Bldg. AP6B-l 
100 Abbott Park Rd. 
Abbott Park, 1160064-3500 

DRUG PRODUCT NAME 
Proprietary: NORVIR™ 
Nonproprietary: Ritonavir 
Code Name/#: ABT-538 or A-84538.0 

PHARMACOLOGICAL CATEGORY: 
INDICATION: 
DOSAGE FORM/STRENGTH: 
ROUTE OF ADMINISTRATION: 

Antiviral 
Anti-HIV 
Oral Solution, 80 mg/mL, 90- and 240-mL bottles 
Oral 

CHEMICAL NAME I STRUCTURAL FORMULA: 

I 0-H ydroxy-2-methyl-5-( l-methylethyl)-
1-(2-( l-methylethyl)-4-thiazolyl]-3,6-
dioxo-8. l l-bis(phenylmethyl)-2,4,7, 12-
tetraazatddecan·· l 3-oic acid, 5-
thiazulylmethyl ester, [5S-(5R •, 8R *, 
IOR•. l IR*))-

Registry Number [155213-67-5] 

C37H4sN60sS2 Formula Weight: 720.95 
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Chemistry Review of NOA 20-659 

RELATED DOCUMENTS; 
NC dated 17-Nov-95 (Response to labeling recommendation on earlier tradename) 
NC dated l 9-Dec-95 (Response to Environmental Assessment deficiencies) 
Record of CMC questions which were raised during 5-Jan-96 meeting with Applicant. 
18-Dec·96 Teleconference (Request for DMF# and LOA for artificial flavor, and schedule of 

stability updates) 
Facsimile of29-Jan-96 (CMC questions regarding intermediate from Archimica S.p.A.) 
Facsimile of l-Feb-96 (Response describing Archimica intermediate) 
Facsimile of7-Feb-96 (Response to CMC questions on methods validation samples) 
Desk copy dated 15-Feb-96 (Stability update on oral solution) 
Facsimile of 20-Feb-96 (CMC comments on canon/container labels) 
Facsimile of 21-Feb-96 (CMC questions regarding drug substanc.e and oral soll.!tion) 
Facsimile of 23-Feb-96 (Respon.~e to CMC questions on enantiomeric purity and batch sizes) 
NC dated 23-Jan-96 (Response to CMC questions of 18-Dec-95, and container/canon labels) 
Facsimile of 24-Feb-96 (CMC comments regardiag limits and expiry for the oral solution) 
Facsimile of 26-f.::b-96 (Response •o proposed limits and expiry for oral solution) 
Facsimile of 26-Feb-96 (CMC recommendations on limits and retest period for the drug 

substance) 
26-Feb-96 Teleconference (Negotiation of limits and expiry for oral liquid) 
27-Feb-96 Teleconference (Negotiation of limits and retest period for drug substance) 
Facsimile of 27-Feb-96 (Final agreement on limits and expiry for OS and DP) 
Facsimile of 28-Feb-96 (CMC recommendation for bulk drug storage statement) 
Facsimile of 29-Feb-96 (Final a1ueement on bulk drug storage statement) 
Chemistry Reviews of IND 
Chemistry R.::view of NOA 20-680 (ritonavir capsule.<: 100 mg) 

CONSULT BEVJEWS; 
Trade name reviews by CDER Labeling and Nomenclature Committee. 
Environmental Assessment reviewed by HFD-005. 
Product specific inspection of four manufacturing and quality control sites. 
Evaluation of stability data, impurity limits and expriry period using statistical methodology 

by Daphne Lin, Ph.D., Office of Biometrics. 
Data search on 3-Jan-96, by Kyung Kim, Div. Drug Information Resources, for C!\rrent use in 

human drugs of Aorasynth's Creamy Caramel Aavor (WL-23,669). 
Data search on 15-Feb-96, by Kyrung Kim, Div. Drug Information Resources, for current use 

in human drugs of polyoxyl 35 castor oil. 
Clarification of status of FDC Yellow #6 dye with Drs. Sandra Bell (HFS-126) and Aydin 

Orstan (HFS-217) on 14115-Feb-96. 
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Chemistry Review or NDA 20-659 

REMARKS I COMMENTS: 

DRUG SUBSTANCE: Satisfactory 
R1tonav1r is an inhibitor (Ki= 0.02nM) of the HIV-en<.:oded aspartyl proteas.; that is required 
for the cleavage of the gag-pol polyprotein into its constituent proteins. Rnonavir is a highly 
modified substrate analog which inhibits replication of HIV- I clinical isolates with EC50 
values m the range of 4-40 nM. In plasma ritonavir is highly protein bound (99% ). with 
moderate distribution into erythrocytes (14% relauve to plasma) and low levels in 
cerebrospinal fluid. In clinical trials, doses of 600 mg BID have resulted in elevation of CD4 
counts (+80 cells at 16 weeks). reduction of plasma levels of viral RNA (<!:0.8 Iog10 at 16 
weeks) and early evidence of clinic.al ~nefit. 

Ritonavir is a white to tan solid with a molecular weight of 721 and a melting point of I 22°C 
(clarified in facsimile of 23-Feb-96). It is practically insoluble in water (<0.001 mg/mL) but 
very soluble (>400 mg/mL) ;,n methanol, THI:', methylene chloride and DMF. 

e. 

Batch analyses were provide·j on 27 lots of d1Jg substance in the original submission. 
Additional data on assay and total impurities covering 15 commercial lots were provided 
during the negotiations on limits (facsimile 27-Feb-96). 

~. 

Ritonavir is highly stable in the solid state. Stability studies showed no significant time­
dependent changes in appearance, assay or total impurities. Data were presented in the NDA 
covenng IO validation lots (73-139 kg batch size), covering each of the 4 manufacturing 
sites. out to 6 months at 30°C/60%RH and 40°C/75%RH. Data out to 12 months at 30°C 
(with 6 months at 40°C) are presented on 14 development lots (4-145 kg). This data was also 
collected using lots from the four manufacturers. F:nally, supportive data on two 6 kg lots 
extends out to 24 months at 30°C (6 months at 40°C). A 24-month retest period had been 
requested in the NDA, but it was recommended that the retest period be 18 months for bulk 
ntonav1r. The Applicrnt agreed to this during the teleconference of 27·Feb-96. A 
recommended storage statement for bulk drug containers, including a 5°-30°C temperature 
range. was provided to the Applici.nt by facsimile on 28-Feb-96. After a counter proposal of 
"store he low 40°C". the Applicant agreed to the Agency's temperature range and to include 
the retest date on storage and shipping containers (facsimile of 29-Feb-96). 
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Chemistry Review of NDA 20-659 

DRUG PRODUCT: Satisfaclory 
Extensive fonnulauon studies were necessary to develop oral dosage forms with acceptable 
stability and bioavailabil11y. To date. no sa.usfactory solid om! dosage fonn has been 
reported. 

The drug oroduct is an 80 ml!lmL solution of ritonavir in 

e 

Batch analyses are provided on IO production-like (700 L) Jou. The commerc!i>! process will 
use the same equipment at the 2000 L scale. These lots are representative of manufacture 
using drug substance from all 4 suppliers. 

The oral solution is packaged in amber . bottles (90- and 240-mL) which are capped witli 
polypropylene child-resistant closures. A polypropylene dosing cup, marked at 7.5 mL, is 
included. The 90-mL bottles are packaged in boxes of 5 (I month supply), and the 240-mL 
bottles are packaged individually (2-week supply). Citations to DMFs are provided for all 
packaging components 

The primary stability data consist of 12 months (2 lots), 9 months (3 lots) and :!>6 months(~ 
Jots) at 5°C (each lot packaged in both containers). These data were provided in an update to 
the NDA on 15-Feb-96. Accelerated stability studies were conducted at 25°rJ60%Ril (out to 
6 months if available) and 30°C/60%RH (I month). All qata are for 700 L batches, 
manufactured on production equipment, and packaged in the i.DA container/closures. There 
is adequ:i.te representation from all drug substance suppliers. Additional studies support the 
proposed storage of refrigeration until dispensed to patient, followed by up to I month at 
25°C The supportive data include 9 and P munth time points at 5,C on the previous 
formulation of oral solution (K-4Y). An expiry perioa of 18 months is granted (24 months 
was requested) on the basis of the primary real time data supported by the lack ofsignificant 
change under accelerated conditions. The Applicant agreed to an 18 month expiry period 
during the teleconference of 26-Feb-96. 

ENVIRONMENTAL ASSESSMENT: Satisfactory 
The EA review was completed, and the deficiencies were communicated to the Applicant, 
prior to submission of the NDA. The responses were judged to be adequate, and the EA , 
review (with FC'NSI) was completed on 8-Feb-96. 
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Chemistry Review of NDA 20-659 

METHODS VALIDATION: Pending 
The analyucal methodology is adequately described including the relevant validatton. The 
Methods Validation package, covering both drug substance and oral solution. was submitted 
to the Chicago Disuict and to the Division of Drug Analysis. As of 28-Feb-96, validation of 
the analytical metho<!ology is not yet complete. 

LABELING: Satisfactory 
The onginal proprietary names, Proteact, Proteact-PI and Proteact-PA, were judged by both 
the CDER Labeling and Nomenclature Committee (L&NC) and the Division to be a source 
of potential prescription error. The Applicant's second choice, Norvir, was judged to be 
acceptable by both the L&NC and the Division. We requested (facsimile of 20-Feb-96) that 
the term "Liquid" be removed from the Applicant's proposed product nan1e "Norvir Liquid 
(ntonavir oral solution)", and recomm~nded three possible choices. The Applicant choose 
"Norvir (ritonavir oral solution)". On the basis of the stability data which show much higher 
rates of decomposition at 25°C relative to 5°C, we requested the following changes in the 
storage statements: 

Bottle Labels: 
"Store in refrigerator 36°-46°F (2°-8°C) until dispensed. Refrigeration by patient is 
recommended but not required if used within 30 days and stored below 77°F 
(25°C)." 

Box Labels: . 
" Refrigeration by patient is recommended but not required if used within 30 days 
and stored below 77°F (25°C)." 

Amended labeling. complying with these recommendations, were agreed upon 2 l-Feb-96. 

ESTABLISHMENT INSPECTION: SaJisfactory 
An EER was submitted on 30-Nov-95 which covered the single product manufacturing site, 
the 4 drug substance manufacturing sites and 5 additional manufac••1rers of synthetic 
intermediates. The Abbott North Chicago bulk drug and oral solution manufacturing site was 

. All inspectors recommended approval, and the 
completed EER was received on 28-Feb-96. Acceptable PAI status was indicated for eight of 
the nine sites. The ninth facility was judged by CDER Office of Compliance to not require 
evaluation because it was a site which only manufactured synthetic intermediates. 

• 
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Chemistry Review of NOA 20-659 

CONCLUSIONS & RECOMMENDATIONS: 

The NDA submission and accompanying amendments provide adequate information on the 
chemistry, manufacturing and controls for Norvir (ritonavir oral solution). The 
Environmental Impact Assessment is complete, and the manufacturing facilities have 
accepiable cGMP s•atus. The NDA, as amended, is therefore recommended for approval 
from the chemistry persnective. 

Concurrence: . ..:
1
-;..1..lf /tiy 

HFD-530/DFreeman'i'.,1 71 
HFD-530/CChen ~ ~?/ftf 

cc: 
Orig. NDA 20-659 
Orig. NDA 20-680 
HFD-530/Div. File 
HFD-830/Div. File 
HFD-830/ESheinin 

HFD-530/DFeigal 
HFD-530/CChen 
HFD-530/SMJller 
HFD-530/JMurray 
HFD-530/Micro 

~%:r.~ :z_/2'1/'l(c 

Review Chemist 

HFD-530/PVerma 
HFD-102/KStruble 
HFD-530/KKumi 

File: N 20-659\000CNROl.59i 
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ENVIRONMENTAL ASSESSMENT 

AND 

FI:IDING OF NO SIGNIFICANT IMPACT 

FOR 

Ri tonav·ir 

Liquid 

NDA 20-659 

FOOD AND DRUG ADMINISTRATION 

CENTER FOR DRUG EVALUATION AND RESEARCH 

DIVISION OF ANTIVIRAL DRUG PRODUCTS 
(HFD-530} 



FINDING OF NO SIGNIFICANT IMPACT 

NDA 20-659 

Ritonavir 

Liquid 

The National Envir<Jnmental Policy Act of 1969 (NEPA) requires all 
Federal agencies to assess the envirc~mental impact of their 
actions. FDA is required under NEP~ :o consider the 
environmental impact of approving certain drug product 
applications as an integral part of its regulatory precess. 

The - Jd and Drug Administration, Center for Drug Evaluation and 
Research has carefully considered the potential environmental 
impact of this action and has concluded that this action will not 
have a significant effect 0n the quality of the human environment 
and that an environmental impact statement ther~fore will not be 
prepared. 

In support of their new drug application for Ritonavir Liquid, 
Abbott Laboratories has conducted a number of environmental 
studies and prepared an environmental assessment in ar.cordance 
with 21 CFR 25.3la(a) (attached) which evaluates the potential 
environmental impacts of the manufacture, use and disposal of the 
product. 

Ritonavir is a sy:itheti<: drug which is administered or.ally in the 
treatment of Acquired Immunodeficiency Syndrome (AIDS) and AIDS­
Related Complex (ARC) . The drug substance will be manufactured 
at 4 different facilities identified in the environmental 
assessment. The drug product will be manufactured by Abbott 
Laboratories, North Chicago, IL. The finished drug product will 
be us<>d in hospitals, clin.:.cs and by patients i)1 their homes. 

1.Utonavir may enter the environment from excretion by patients, 
from disposal of pharmaceutical waste or from emissions from 
manufacturing sites. 



Chemical and physical test results indicate that the drug 
entering the environment will exist predominantly in the aquatic 
environment. Ritonavir is expected to be eliminated from t~e 
environment by photodegradation and biodegradation. As ritonavir 
may persist in the environment for some time, the toxicity of the 
substance to organisms was characterized. Studies were conducted 
to assess the acute toxicity to water fleas (Daphnia magna), 
bluegill fish (Lepomis macrochirus), Hyalella azteca and the 
inhibitory effect on microbial growth. These studies indicate 
that there are no expected adverse environmental effects at the 
expected environmental concentrations. 

Disposal may result from production waste such as out of 
specification lots, returned goods a;1d user disposal of empty or 
partly used product and packaging. Pharmaceutical waste will be 
disposed cf by the manufacturer at a licensed landfill or 
inci.neration facility. At U.S. hospitals and clinics, empty or 
partially empty packages will be disposed according to 
hospital/clinic procedures. From home use, empty or partially 
empty containers will typically be disposed of by a community's 
solid waste management system which may include landfills, 
incineration and recycling, while minimal quantities of unused 
drug may be disposed of in the sewer system. 

Precautions taken at the sites of manufacture of the bulk product 
and its final formulation are expected to minimize occupational 
exposures and environmental release. 

The Center for Drug Evaluation and Research has concluded that 
the product can be manufactured, used and disposed of without any 
expected ad·,erse e:ivironmental effects. Adverse effects are not 
anticipated upon endangered or threatened species or upon 
property listed in or eligible for listing in the National 
Register of Historic Places. 
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DATE 

CONCURRED 
Regar L. Williams, M.D. 
Deputy Center Director for Pharmaceutical Science 
Center for Drug Evaluation and Research 

Attachment: Environmer.tal Asse:ssment 
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NDA SUBSECTION 3.6 

ENVIRONMENTAL ASSESSMENT 

Ritonavir Liquid 

Abbott Laboratories 
One Hundred Abbott Parle Road 

Abbott Parle, Illinois 60064 

The National Environmental Policy Act requires Environmental Assessments (EAs) to be publiC 

documents. Subsections 3.6.1 through 3.6.15 (i.e., Items 1 through 15 of this EA) and 

accompanying Appendix A and Appenilix B (from Subsection 3.6.15) are suitable for public 

disclosure. These nonconfidential sui>sections and appendices are complete with the exception of 

proprietary infonni.tion. The proprietary information, which is contained in Appendices C and 

D could be beneficial to competitors a.'ld therefore, must remain confidential. The text of the 

pubic document (Subsections 3.6.1 through 3.6.15 and Appendices A and B) is based on the text 

of Appendix C. Appendix C is intended for review as the confidential version of EA Items I 

through 15. Appendix A contains one page summaries of the environmental fate and effects 

study repons. Appendix D, which is a confidential appendix, contains the full study repons on 

environmental fate and effects. 
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3.6.1 DATE 

December 15. 1995 

3.6.2 NA1tfE OF APPLICANT 

Abbott Laboratories 

3.6.3 ADDRESS 

One Hundred Abbott Park 

Abbott Park, Illinois 60064 

3.6.4 DESCRIPTION OF THE PROPOSED ACTION 

3.6.4.1 REQUESTED APPROVAL 

Approval of NOA 20-659 is sought for the manufacturing of ritonavir (also 

referred to in the Environmental Assessment repon and its attachments as ABT-538) bulk drug 

substance, and the manufacture, packaging, distribution and use of the product designated in the 

Environmental Assessment (EA) as Ritonavir Liquid, 80 mg/mL, a liquid for oral administration. 

Abbott Laboratories filed an NOA pursuant to Section 505(b) of the Food, Drug, and Cosmetic 

Act for Ritonavir Liquid packaged in amber polyethylene terephthalate (PET) bottles. This EA 

has been prepared and submitted in accordance with 21 CFR § 25.3 la(a). All Items (I through 

15) that arc presented in this document arc also discussed in the confidential Appendicts C and 

D. 

3.6.4.2 NEE.1> FOR ACTION 

Ritonavir is an inhibitor of the protease of HIV-I. HIV protease is a constituitive 

enzyme of HIV virus that processes viral proteins essential for the maturation of infectious 

virions Thus, HT.V prote.ise plays a vital role in the viral life cycle and may represent a key 

target for intervention in the development of novel therapeutic agents for AIDS (Acquired 

Immunodeficiency Syndrome). 

Once approved, Ri!unavir Liquid will be used i!l the treatment of tHY infection 

in patients with AIDS and AIDS relmed complel\. 
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3.6.4.3 LOCATIONS OF MANUFACTURE 

Four major locations are involved in the manufacture of ritonav1r (Figure 3.6.4-1 ). 

Abbott. Nonh Chicago will be the major supplier of the bulk drug. ritonavir. The facilities listed 

below will manufacture the bulk drug using the same chemical synthesis. Approval is sought to 

m'illufacture the bulk drug substance at the following four locations: 

I. Abbott Laboratories. 1401 Sheridan Road, Nonh Chicai;o. lllinois 60064. 

The bulk drug from the overseas locations will be shipped to Abbott, Nonh Chicago. Both the 

bulk drug from overseas and that mannfactured at Abbott, Nonh Chicago will be used to make 

the drug product, Ritonavir Liquid. Approval is also sought to manufacture, package. and 

distribute the drug product at Abbott Laboratories. 1401 Sheridan Road, Nonh Chicago, Illinois 

60064. All packaging operations are carried out at the Abbott Laboratories, Nonh Chicago 

location. 

Information on environmental settings of the facilities is described in Section 3.6.4.5. 

Information concerning introduction of substances into the environment for all sites is provided 

in Section 3.6.6. 

3.6.4.4 LOCATIONS OF USE AND DISPOSAL 

As medication prescribed to alleviate the symptoms of AIDS and AIDS related 

complex, the liquid formulauon in which ntonavir is present will be ingested by ,atients 

throughout the United States. The drug substance and its metabolites rre excreted by pati.!nts 

which will enter municipal treatment systems through domestic sewage. 

Off specification lots of bulk dn•g substance from Abbott's Nonh Chicago facility or 

any unused drug product that is rcti;med to Aubott (beym.d expiration date) will be sent to one 

of a number of alternative CClnlractors for incineration which are: Aptus, Inc., Argonite. Uta]) 

84029 and Coffeyville, Kansas 67337; Continental Cement, Hannibal. MO; Rhone Poulenc Basic 

Chem. Co., Hammond, IN and Baton Rouge, LA; Rineco, Benton. AR; Safety Kleen, Smithfield, 

KY: and Safety Kleen Envirosystems, Dolton. IL. The USEPA permit numbers and c.omplete 

addresses are provided in Appendix C. There are no expiration dates on the licenses for these 

solids incineration facilities. 
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3.6.4.5 ENVIRONMENTAL SETIING OF FACILITIES 

3.6.4.5. l A.bl2!m Lalx>ratoues. Noah Chica,10 

The propenies of the Abbott Laboratories are located within Lake County, Illinois. 

The Noah Chicago propeny lies 600 to 1000 feet west of Lake Michigan at an elevation ten 10 

fifteen feel above the average 580 foot mean sea level elevation of the lake. There are no other 

significant geograpruc features, such as mountains, lakes (aside from Laite Michigan) or rivers 

in proximity 10 the manufacturing site. The area is topographically flat and slopes very gently 

10 the east, toward Lake 1'Aichigan. Drainage is dominantly to the east-southeast, again :oward 

the lake. The climate of noaheastem Illinois is characterized by warm summers (74 10 94 °F) and 

cold winters (20 to 32°F). The average annual rainfall is 32 inches; wind directions are highly 

variable. 

Most industries and residences near the Abbott North Chicago facilit'} are served by 

the City of Noah Chicago municipal water supply. The source of the municipal water supply 

is Lake Michigan. The Abbott "1onh Chicago facility currently uses municipal water._ . 

W as1ewa1er is sewc:red to the treatment facility of the Noah Shore Sanitary District. Land use 

(zoning) near the Noah Chicago facility is primarily residential and industrial. The portion of 

Lake County in which it is located is pan of the Chicago metropolitan area. 

The physiographic features and near surface deposits of nonheastem Illinois are the 

result of the late Pleistocene Wisconsonian glaciation, the most recent of four episodes of 

continental glaciation. Glacial deposits of the Lake Country area consist of lake sediments (clay, 

silt and sand) of the Equality Formation, and clayey to silty glacial till of the Lake Border 

Morainic System. From 50 to 200 feet of Pleistocene glacial sediments unconforrnably overlie 

Silurian dolomite in this area. The Paleozoic stratigraphic section in this area from top to bottom 

includes Silurian dolomite, Ordovician shale, dolomite, and sandstone, and Cambrian sandstone. 

The Paleozoic section l!nconformably ovcdies Precambriai. c;ystallinc rocks. 

J 
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Three dominant aquifier systems. the Basal Bedrock, Midwest Bedrock. and Upper 

Bedrock, underlie northeastern Illinois. Principal water producing zones include sandstone of the 

Eau Claire anJ Mount Simon Formations for the Basal Bedrock system, the Ironton-Galesville 

ant! Glenwood-St. Peter (Ancell aquifer) sandstones for the Midwest Bedrock System, and the 

Silurian Dolomite aquifer for the Upper Bedrock system. Locally. Pleistocene deposits may yield 

large quantities of water (greater than 1000 gpm); however, development of this aquifer is 

limited. Municipal and industrial water wells in the Chicago region tap the deeper aquifier 

systems. 

L. '' ._ 
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resin. 

3.6.5 IDENTIFICATION OF SUBSTANCES THAT ARE THE SUBJECT OF THE 

PROPOSED ACTION 

The drug substance wiJJ be manufactured at various sites worldwide. The drug 

product is a liquid fonnulalion manufactured from the dn::: substance at the Abbott, North 

Chicago facility. The molecular structure of ritonavir is shown in Figure 3.6.5-1. The drug 

protluct, ritonavir, will be prepared and administered as liquid. 

3.S.5.1 NOMENCLATURE 

3.6.5.1.1 Cbemjcal Name 

1 O-Hydroxy-2-methyl-5-( l-methylethyl)-1-[2-( l-methyletl~yl)-4-thiazolyl]-3,6-dioxo-

8, I l-bis(phcnylmethyl)-2,4, 7 ,12-tetraazatridccan-13-oic acid, 5-thiuolylmethyl 

ester, [5S-(5R• ,8R•. IOR•. l IR•)]-

6 
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3.6.5.1.2 

3.6.5.1.3 

3.6.5.1.4 

3.6.5.1.5 

Unjted States Adopted Name CUSANl 

Ritonavir 

CAS Regjstzy Number 

155213-67-5 

LaboratQO' Codes 

ABT-53&, Abbott-&453&.0, A-S453g 

Molecular Fgnnula and Weizbt 

Cn H .. N,0551; 720.95 

Figure 3.6.S-1 

Structure of Rltonavir 
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3.6.5.2 ffil'.,')ICAL DESCRIPTION 

In aj:'pcl!l"anC1', the bulk drug, ritonavir is a white to light tan powder with no 

detectable odor. Its chemical and physical properties are listed in Table 3.6.5-1. Most of the 

data, including infonnation concerning water solubility, dissociation constants, and log octanol­

water partition coefficient, in this table are taken from chemical and physical properties of 

ritonavir (NOA Subsection 3.3). The sediment-water distribution coefficients and Henry's Law 

Constant however, are from Appendix 0 of NOA Subsection 3.6. 

Table 3.6.5-1 

Chemical and Physical Properties of Rltonavir 

Molecular fom1ula 

Molecular weight 

Solubility in water 

Henry's Law Constant 

Leg octanol-watcr partition coeff.< .. "-> 

Sediment-water distribution coefficient (K,,.) 

Bentonite 

Des Plaines River Sediment 

Skokie Lagoon Sediment 

Municipal Sewage Sludge 

Lake Bluff Beach Sand 

Acidic dissociation (proton loss) (pl{.) 

Electromagnetic absorption 

C.5.3 IMPURITIES AND ADDITIVES 

C37 H41N60,S2 

720.95 

<0.001 mg/mL 

Non-Determinable 

log (4.7 x 10') 

>10,000 

>2,483 

>10,000 

>250 

439 

2.844 ± 0.169 

197.5 and 240 nm 

The impurities that have been identified in bulk lots of ritonavir are discussed in the 

NOA Subsection 3.3. All individual impurities are present at a level of less than 0.1 percent. The 

implirities are not discussed individually in the present EA, because their structural similarity to 

ritonavir will direct them to a similar environmental fate. The excipients of Ritonavir Liquid are 

presented in Table 3.6.5-2. As seen from the table, most of the excipients (except nitrogen and 

the active ingredient) are readily biodegradable. 



Table 3.6.5-2 

Excipients of Ritonavir Liquid 

lngredient 

Purified Water, USP 

Alcohol (Ethanol), USP, 190 Proof 

Acid, Citric, USP, Anhydrous, Powder 

Saccharin Sodium, USP, Powder 

Propylene Glycol, USP 

Ritonavir 

Dye, Yellow, FD&C No. 6 

Peppermint Oil 

Flavor, Creamy Caramel 

Polyoxyl 35, Castor Oil, NF 

Nitrogen, NF 

3.6.6 INTRODUCTION OF SUBSTANCES INTO THE ENVIRONMENT 

The manufacturing schematic for the synthesis of ritonavir is described in Appendix 

C. A mass balance for the manufacturing process of ritonavir is provided in Appendix C. 

3.6.6.l SYNTHESIS OF RITONAV~R AT ABBOTT. NORTll CHICAGO 

3.6.6.1.1 Substances Emitted Durio& Maoufacturin' ..Qf Bulk Dru& 

Atmospheric Emissions 

The Abbott facility at North Chicago is equipped with air pollution controls, but it 

must be assumed that some volatile materials from the synthesis (Appendix C) and the 

wastestreams (Appendix C) are emitted. An examination of these waste streams indicate that the 

major components that could be emitted to the atmosphere are: ethyl acetate, heptane, ethyl 

alcohol, isopropyl alcohol, water, methanol, acetone, tetrahydrofuran, toluene, dimethyl acetamide, 

dimethoxy ethane, isopropyl acetate. Other volatile emissions present in trace quantities are listed 

in Appendix C. Total emission of volatile organic material (VOM) cannot exceed 43.38 tons per 

year from the chemical manufacturing area (Appendix C). 
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Wastestreams 

The compositions of resulting wastcstrcams arc tabulated in Appcndiit C. The aqueous 

wastcstre:ams will be sewered from manufacturing to Abbott's Nonh Chicago wastewater 

treatment plant (WfP; wastewater permit No. 95-SA). The effluent from the Abbott, Nonh 

Chicago WfP goes to the Gumcc Wastewater Treatment Plant of the N'Jnh Shore Sanitary 

District (Gurnee, Illinois 60031 ). The total estimate of ritonavir in aqueous waste that is sewered 

is estimated to be 23.3 Kg. The wastcstrcams that are not sewered (Appendiit C) will be sent 

offsitc for incineration or reclamation by a waste contractor (Appendix C). Specific organic 

solvents from the assembly process may be directly reused back ir. the process. Non-hazardous 

and special wastes generated from the production of ritonavir will be collected and transponed 

to Pheasant Run Landfill, Bristol, Wisconsin (Illinois Transportation ID #0123, Illinois Generator 

ID #0971250004). 

3.6.6. l.2 Con\[Qls Excrcjscd on Rcsjdua)s and Emjssjons 

Safety precautions for handling the chemicals listed m the material balance ar~. 

described in Appendix C. The corresponding Material Safety Data Sheets are provided in 

Appendix B. Air emissions will be controlled as required by the Operating Permits from the 

Illinois Environmental Protection Agency (Append.ix C). In the Nonh Chicago facilities used for 

the production of ritonavir cuik drug substance, the air emission controls utilized involve the use 

of condensers, vent condensers, water scrubbers, and dilute c2.ustic scrubbers. Records of 

emissions are maintained and inspected. Aqueous wastestreams will be sewered while the 

o.•ganic wastestrcams will be incinerated or reclaimed. The company names, complete addresses 

and permit numbers of contractors for offsite waste disposal (both those which can incinerate the 

waste as fuels and those that can reclaim the wastes) are listed in Appendiit C. This listing is 

not all inclusive and is dynamic in the fact that companies are added and subtracted for V'1Cious 

reasons (e.g. service and cost, etc.). The sewered aqueous wastestreams are treated in Abbott's . 
onsite wastewater treatment facility before being discharged to t!-e Nonh Shore Sanitary District. 

The non-hazardous solid waste is transponed .:'J Pheasant Run Landfill, Bristol, Wisconsin 

(Illinois Transportation #0123, Illinois Generator I~ #097125004). 
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3.6.6.1.3 Compliance of Proposed Action wjth Applicable Emjssjon Regujrements 

Equipment in which ritonavir will be manufactured is properly permitted for air 

emissions (Appendix C). The permit for release of effluent from Abbott's wastewater treatmem 

plant to the North Shore Sanitary District is also provided in Appendix C. Wastewater from 

manufacturing must meet the General Pretreatment Standards in 40 CFR Pan 403 and the 

Effluent Guidelines and Standards for Pharmaceutical Manufacturing in 40 CFR Pan 439. 

Landfilling of solid waste by Waste Management of Wisconsin is permitted by the State of 

Wisconsin, Department of Natural Resources (Permit No. 3062). 

Certification of compliance with applicable emission requirements for the manufacture 

of drug substance at Abbott, North Chicago is provided in Appendix B-3. 

3.6.6.1.4 Effc;ct of Pmpowl Actjon op Compliance wjth Cuqent Emissjon Regpirements 

Emissions and releases from the manufacture of · itonavir bulk drug substance arc not 

expected to exceed the limitations of current permits. If modifications of current air permits arc 

required, they will be processed with sufficient time to allow production to proceed. The facili1¥ 

permit for release of treated effluent to the North Shore Sanitary District will not be exceeded 

by the synthesis of riton&vir. Similarly, the generation of solid waste will not affect the permit 

for landfilling. 



3.6.6.5 PREPARATION OF RITONAYIR LIQUID AT ABBOTI. NORTH 

.cll!CAGO 

3.6.6.5. l Substaoces Emitted Duripp: Maoufacturipg 

Atmospheric Emissions 

The only air emissions of regulated pollutants would be paniculatt and Volatile 

Organic Materials (VOM's). Since this material is mixed in a closed tank, all emissions arc 

minimal. The on~y time th1: tank is open is while the ingredients arc being charged into the tank. 

The amount of particulate aud VOM emissions arc within air permit specifications. 

Aqueous Wastes 

The liquid formulation of ritonavir is mixed in a closed tank and the final formulation 

is a flammable liquid (flashpoint of approximately 76°F), thus, any waste product must be 

disposed of as an RCRA Hazardous Waste (Appendix C). Wastewater from equipment and room 

cleaning is directed to the chemical sewer which goes to the Abbcrt North Chicago Wastewater 

Treatment Plant. After pre-treatment at Abbott, North Chicago, the wastewater is discharged 

[Abbott Waste.vo.ter Discharge Control Document (Permit) No. IJ5-5A] to the sewer system of 

the North Shore Sanitary District and from there to Garnce Wastewater Treatment Plant of the 

NSSD. 
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Solid Wastes 

Solid wastes from manufacturing arc expected to be zero as the final formulation is 

conducted in. a clo<.ed mixing tank. Packaging rejects and protective clothing worn by employees 

will be collected in drums and rolloff boxes for landfilling. These solid wastes will be 

transponed to Waste Management of Wisconsin. Bristol, Wisconsin (Permit No. 3062, expiration 

date 9/30/95). Unused packages of Ritonavir Liquid (past the labeled expiration date)' will be 

returned to Abbott Laboratories where they will be accumulated, classified (as appropriate) and 

sent offsitc for incineration as a hazardous waste. 

3.6.6.5.2 CoO[rols Exercjsed on Resjdua!s and Emjssjons 

No volatile organic emissions will be generated during production of the liquid 

formulation. No emission controls are required for manufacturing of the final formulation. Solid 

wastes are disposed of at permitted waste facilities. 

3.6.6.5.3 Comoliauce of Propo~ed Actjon wjtb Applicar.1e Emjssjon Requirements 

Since particulate and VOM emissions are insignificant (IEPA Definition: less than 

0. l lb.flu. and 0.44 tons per year), manufacturing the final product will be in compliance with 

bo,h USEPA and IEPA requirements. 

Only tank residuals and fill line residuals will be sewered. In the event a large 

amount of drug product is left in the process tanks for disposal, it will be drummed up ar.d 

disposed of as described earlier. Particulate emissions from the liquid manufacturing facility at 

Abbott, North Chicago is regulated under a permit issued by the Illinois Environmental Protection 

Agency (Appendix C). Wastewater from manufacturing must meet the General Pretreatment 

Standards in 40 CFR Pan 403 and the Effluent Guidelines and standard5 for Pbarmaceuticai 

Manufacturing in 40 CFR Pan 439. The prohibitions and limitations for discharge into the sewer 

system of the North Shore Sanitary District are listed in Appendix C. Solid wastes will be 

landfilled by Waste Management of Wisconsin under Permit No. 3062 from the State of 

Wisconsin, Depanment oi Natural Resources. 

Cenification of compliance with applicable emission requirements for the manufacture 

of drug product at Abbc.,t, No".th Chicago is provided in Appendix B-3. 
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3.6.6.5.4 Effect of the Proooscc! Action on Cgmp!iaocc wjtb Current Emjssjgn Re9ujremems 

Emissions and releases from the manufacture of drug subs1ance or drug product will 

nol exceed the limitations of current permits. Manufacturing of this product will be scheduled 

to fu within the existing framework of activities for which current emission requirements are 

applicat-le. 

3.6.6.6 OCCUPATIONAL SAFETY. 

Chemicals used in manufacture of the drug product are regulated by the Occupational 

Safety and Health Administration. Empioyees are trained in the proper operation of equipment 

in order to minimize potential safety, health and environmental risks. Extensive safety trainhg 

is mandated, and Material Safety Data Sheets (Appendix B) are available to personnel for 

chemicals handled in the manufacturing area. Employee training is conducted on the chemical 

hazards associated with manufacruring. 

Specified personal protective equipment (e.g., gloves, safety shoes, eye protection, etc.) 

and erigiueering controls designed for the equipment (e.g., exha.1sts to remove dust) are adequate --
to protect the employees. 

The safe transport of all drug-related material~ is ensured by following protocols which 

include formal qrialification of vendors, training of pe•1mnnel, and rigid specification of containers 

and materials. Access to drug substances and products is restricted to authorized personnel. 

3.6.6.7 AMOUNT OF SUBSTANCES ENTERING THE ENVIRONMENT 

Human drugs find their way into the environmental compartments (eg. soil, air, water) 

through manufacture, use, disposal and accidental spills. The two major sources of envircnmental 

exposure of the drug are: I) the patients who use the drug product; the drug product and/or its 

metabolites are discharged into the domestic sewer through excreta of tile patients; and 2) 

release of the drug or its precursors or by-products through wastewater from the manufacturing 

plruits. In either case the municipal sewage in the wastewater treatment plant c0uld be the main 

re;.'.ipienl of these contaminant sources. The concentrations and releases in the subsections below 

are estimated without taking into consic.eration any degradation of th.: drug or its products at the 

manuf.lc~uring plants or during transport in the municipal sewagr. to the wastewater treatment 
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plant (WTP), and, therefore, arc worst case scen?rios The fate of emitted drug substances in the 

environment is discussed in Section 3.6.7 and the effects of these substances arc discussed in 

Section 3.6.8, with a summary provided in Table 3.6. 7-1. Amount of solid wastes from the 

manufacture of the drug product arc discussed in Appendix C. These subsections also provide 

information on packaging rejects and protective clothing la.11dfilled or incinerated at both the sites. 

3.6.6.7.1 Human Elimjnatjon 

lbe drug substance is introduced to sewage systems primarily as the parent ritonavir, 

as show:i from the metabolism studies (NOA Subsection 5.3). Metl!bolism and dispositi,'>n 

studies in r:at showed that 48% of fecal radioactivity consisted of ;::iarcnt drug followed by !4% 

of metabolite M2 and 9.9% of metabolite Ml. Metabolites Ml and M2 arc also present in 

human microsomal preparations. Because ritonavir constituted the major component in rat feces 

and bcca.use the major metabolites formed (M 1 ar.d M2) were structurally similar to ritonavir, 

releases via human elimination arc calculated in this subsection as if ritonavir was the only 

substance being released. 

The estimated concentration, i.e., Maximum Expected Emitted Concentration (MEEC), 

of ritonavir at a typical wastewater treatment plant (in the fifth year following approval) ;s 2 ppb. 

This concentration is, of course, a worst-case estimate. because: 1) t.'ie total global production of 

ritonavir is included instead of the U.S. production alone, 2) it is assumed that the amount of !he 

drug manufactured will all be ingested and eliminated by the U.S. population, 3) metabolism and 

the removal of the drug in the human body was not taken into consiieration and it was assumed 

that ntonavir is thr. only substance being excreted by patients into domestic sewage, and 4) it is 

assumed that the excreted ritonavir would reach the WTP without undergoing any degradation 

in the domestic sewag: from the time of excretion to the time it enters the WTP, even though 

degradation during that time is possible. The calculation for the estimated concentration is 

provided in Appendix C. 
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3 .6.6.7 .2 ~IDier from Manufac!yrini: 

North Chicago 

During !he synthesis of ritonavir, approximaiely 23.3 Kg of the ritonavir may be 

released into Abbott's wastewater treatment plant where effluents arc treated and the treated 

effluents arc discharged to the North Shore Sanitary District's (NSSD} Gurnee Wastewater 

Treatmt"nt Plant (WTP). The MEEC of ritonavir at the facility of the North Shore Sanitary 

District can be calculated as stated below. The Gurnee WTP of the North Shore Sanitary District 

operates at a fiow rate of 19 million gal/day (NSSD, 1992) . 

.A.mount released in lqJ x 10' JllJl}qJ X 0.264 gal/L 
.365 days/year x flow rate 

23.3 q x 10' JllJ/}qJ x 0.264 galf L = 6151 = o.9JllJ/L 
365 % 19 x la6 6935 

Thus, the calculated concentration of ritonavir by-products at NSSD that could result 

from releases at North Chicago (under the proposed action) wo:lld be 0.9 ppb or 900 pp!. This-· 

is a worst-case estimate, because degradation and adsorption to sludge ~t Abbott's North Chicago 

on site treatment plant were not considered. 

3.6.7 FATE OF EMITTED SUliSTA ~CES IN mE ENVIRONMENT. 

Information is presented that is relevant to the environmental transpon and fate of 

ritonavir. Assessment of transpo11 and fate of ritonavir is a.ccomplishcd by ar1 evaluation of 

processes affecting transpon (between air, water. and soil} and processes 4ifecting chemical and 

biological degradation. The methodology involved in this evaluation and its application to 

specific chemicals is discussed in Water-Related Environmentdl Fate of 129 Priority Pollutants 

(USEPA, 1979; Howard, et al .. 1990). 

Ritonavir is a protease inhibitor -leveloped for the treatment of human 

immunodeficiency virus. the causative organism of Acquired Immune Deficiency Syndrome. 

(AIDS). Aftt:r the drug product is ingested in the human body, it is absorbed from the intestinal 

tract and eiiminated in urine and feces primarily dS ritonavir. The proc..:dures outlined in the 

Envirunmental Assessment Technical Assistance Handbook (FDA, 1987) were followen to study 

the environmental fate of ritonavir. 



3 6.7.1 A.IR 

Minimal or no emissions of aitonavir arc expected to be released into the atmosphere 

during man~facture or use of the product by patients. Ritonavir is a white to light tan powder 

practically insoluble in water. It was ~tahlc at 80°C for 13 weeks with 100.1 % of ritonavir 

remaining (Abbott Report R&D/951216; NOA Subsection 3.3.1.5). ritonavir's relative stability 

in solid form suggests that volatilization in air is an unlikely phenomenon. Therefore, air 

emissions in its solid form arc unlikely. Dust from the manufacturing of bulk drug (Abbott's 

North Chicago facility) will be trapped by vent filters that arc collected and disposed of by 

landfilling or incineration. If an} buik drug should e~ the dust collection system, it will 

either precipitate with rain or become photolyzed in the condensing moisture as discussed in 

Sub~tion 3.6.7.2.3 or biodegradcd as stated in 3.6.7.2.4. The drug product is a liquid 

formulation imd no air emissions arc expected during manufacture because of the containment 

measures that arc in place. Volatilization of ABT-538 from the liquid fonnulation is unlikely 

since Henry's Law constant study demonstrated that very little ritonavir in solution was trapped 

ai. vapor over a 21-day period when nitrogen was bubbled through the solution. The Henry's Law 

constant value could not be determined because of insignificant volatile production, whicl}.. 

suggests very little potential for ritonavir to volatilize. In the event of accidental release of 

aerosols. ritonavir likely to photodegrade extensively in aqueous solutions. 

The component!; of the drug product (Appendix C) arc trapped by vent filters during 

manufacturi!lg which will be disposed of by landfilling or incineration as stated above. All the 

equipment washes arc also contained, collected and disposed of as liquid chemical w&te by 

incineration. Based on this infonnation, ritonavir should have no impact in tl.e "Air" 

environmental compartment. 

3.6.7.2 

Ritonavir will be introduced to the aqueous environment via elimination by patients 

and via n:leases from manufacturing. Minimal release of the drug substance is expected to sewer 

and no release from manufacturing of drug product to aqueous environment (sewer) is expected 

due to contained handling of the wastes resulting from equipment cleaning and other operations 

during formulation. Relr.ascs from the synthesis of ritonavir arc anticipated to be 23.3 Kg. 

Biodegradation and photodegradation in the aeration and settling tanks of WTP are expected to 

decrease its concentration signifiu1.ntly before the sewage effluent is released to surface water 

(Subsecuons 3.6.7.2.3 and 3.6 7.2.4). 



As slated in Subsecuon 3.6.6.7.1. the maximum concr.ntrauon (MEEC) of nconav1r 1n 

the year 2000 at a typical wastewater treatment plalll that would be due to patient usage " 

estimated to be 2 µg/L (2 ppb). Because of variations in plant capacity and in rates of surface 

,vater flow, dilution factors for effluent can vary (depending on geographic location) from about 

10-7 to essentially no dilution (Metcalf & Eddy, Inc., 1979; Lir.sley. et al .. 1975). A typical 

dilution factor for many rivers of the United States is 10·J and, thus, the corresponding worst-case 

concentration in surface waters that receive sewage plant effluent could be 0.002 ppb (~ x 10·'). 

It should be noted, however, that this concentration does not account for the degradative 

processes in the WTP or the dilution downstream from the effluent outfall; the impacts of the 

degradauon processes in the WTP are provided in Table 3.6.11-1. 

The worst-case releases from Abbott's North Chicago facility based on the ritonavir 

release to the Des Plaines River arc estimated to be 0.9 ppb or 900 ppt [Des Plaines River 

receives effluent from the North Shore Sanitary District (NSSD)) as seen in Subsection 3.6.6.6.2. 

The effluem from this wastewater facility is discharged to the !:>es Plaines River which (near 

NSSD in Gurnee, Illinois) has a mean annual flow rate of 189 ft'lsec or 122 million gal/day 

(ISWS, 1992). Therefore, the dilution factor from the NSSD facility to the river is 10·3
, and 

based on this dilution. the worst-case MEEC cor.centration is expected to be 0.9 ppt. The impact 

on the degradation !lrocesses in the WTP on this value are provided in Table 3.6.11-2. Therefore, 

the MEEC of ritonavir in WTP due to manufacturing (0.9 ppb) is lower than the MEEC through 

human use (2 ppb) 

In the water of a sewage treatment facility. or in the surface water that dilutes the 

'-·-·- .11. ritonavir (or it; by-products) would be affected by environmental processes that include 

photolysis. oxidation, hydrolysis. volatilization, absorption, bioaccumulation, and biodegradation. 

These processes are evaluated individually (in this subsection) before a concluding statement is 

made on the prollable fate and concentration of relea.<;ed substances m the aqueous environment. 

3.6.7 .2.1 Volallhzapon 

Ritonavar dad nol volal11ize from a deionized water solullon with nitrogen flow for 21 

days, suggest1r.g no v•Jlatilizat1on potential under such conditions. A one page summary of the 

Henry's Law Constant results 1s provided in Appendix A- I and the complete report is provided 

1r. Appendix D- I 



3.6.7.2.2 So01t1on/Desor:p(!on 

The adsorption coefficient, (l<oc) fpr ntonav1r with Bentonite, Skokie lagoon mud. 

Milwaukee metropolitan sewage, Lake Bluff Beach sand, D,.s Plaines River sediment. and 

Nonhshore Sanitary District sludge was determined. This study represents two environrurntal 

substrates (Milwaukee Sewage and Des Plaines River S::aimenl) that !he drug may partition llH(' 

after human use and manufacturmg operacions. 

Anempted extraction of ritonavir from the adsorbencs with methanol:water (50:50) in 

which !he drug is very soluble, demonstrated that approximately 23, 7, 72, 39, 6 and 61% of the 

drug was irreversibiy bound to Bentonite, Skokie lagoon mud, Northshore Sanitary Districc 

processed sludge, Milwaukee metropolitan sewage, Des Plaines river mud and Lake Bluff Beach 

sand, respectively. The sewage and Des Plaines river mud are two of the above matrices that the 

drug is likely to be exposed to in the WTP and after ils release from \\ITP. The percer.t of 

ritonavir irreversibly adsorbed to these two matriceM constituted 39 and 6%, respectivelv. Based 

on these estimates the majority of ritonavir is likely to partition into aqueous companments. A 

one page summary of Sorption/Desorption results is provided in Appendix A-2 arid the complete 

ceport is provided in Appendix D-2. 

3.6.7.2.3 Photodeeradatjon jn Water 

The ultraviolet/visible light absorption spectrum of ritonavir exhibits absorption 

maxima at 197.5 nm and 240 nm wich a shoulder apparent at 210 nm (Abbon Report 

R&D/95/220; NOA Subsection 3.3.1.5). Compounds with absorbance in the range of 290-800 

nm are know: to phor.xtegrade upon exposure to sunlight (direct photolysis). Rit<:>navir was ::ot 

susceptible to direct photodegradation when aqueous solutioos were subjected to sirr.•tlatrd 

sunlight (Xenon Arc Lamp). However, the same solutions of Ritonavir in the presence of a 

sens1uzer, photodegraded extensively. The hah"-lives were 5.92, 2.23, and 1.43 at pH 5, 7 and 

9, respectively. During the residence time in the WTP, especially in the activated sludge and 

secondary effluent tanks where the contenrs are exposed to natural sunlight, the drug substance. 

ntonav1r, 1s likely to be removed completely. Ii is quue likely that photolysis may transform all 

of ntonavir into its degradate components, thus eliminating the drug product itself from the 

environment. A one page summary of Photodegradat1on results ts provided in Appenoix A-3 and 

ihc c:omplc1c rcpon i:. provided in Appendix D-J 
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3.6.7.2.4 B!Odei:radal!on jn Water 

The aerobic biodegradation of the lest chemical, n!onavir, wa.'. tested IO water usmt: 

activated sludge and secondary effluent from the wastewater treatment plant (WTP) as inocula. 

Greater than 90% of !he ritonavir was removed from the test medium within 28 days and trapped 

a~ "C-activity in a foam plug used as a volatile trap. Only 6.1 % of the applied activity remamed 

in !he test medium. Thus, biodegradation appears lo be a potential removal pathway for ritonavir 

in water. Ritonavir may be completely removed in !he WTP through a combination of 

photodegradation (half-life of less than 4 hours) and biod.~gradation suggesting very liule rele.1se 

into the wastewater effluent or panitioning into the sludge. A one page summary of 

Biodegradation in Water results is provided in Appendix A-4 and the complete report is provided 

in Appendix D-4. 

3.6. 7 .2.5 Bjoaccymulatjon/Bjoconcentration 

qioaccumulation of chemicals generally refers to their introduction into animals by 

ingestion. while the bioconcentration of chemicals refers to their absorption fr0m waler by aquatic 

organisms (Trabalka and Ganen, 1982). Bioaccumulation of rilonavir in aquatic animals is 

unlikely, because as shawn in the preceding sections, ritonavir is likdy 10 be eliminated in the 

WTP. However, in order to assess the rmpac! of any residual drug e1o!~ring into the aquauc 

compartment, !r..!'ee aquatic toxicity tests (Daphnja acute toxicity, Hyalella acute toxicity and fresh 

water fish acute toxicity) have been conducted as reported in Section 3.6.8. 

3.6.7.2.6 Probable Fr.te of Rjtona~ir in AQua1jc Systems 

Pho!oclegrada!ion, and biodegradation in the WTP will diminish or eliminate !he 

amount of drug substance likely to be released 10 the natural aquatic compartment. Therefore, 

the actual concentrations that will be present near an eflluen! outfall of the WTP c::.n be expected 

lo be much smaller than that entering WTP and would continue to diminish in natural waters with 

dilution and with the passage of ume due 10 biodegradation and photodegradation in natural 

surface waters. Downstream front !he effluent outfall, !he expected environmental concer.tration 

(EEC) of ritonavir or 11s by-products is expected to be essentially zero. However, wors! case 

es!1ma11ons of EEC arc presented 1n Tables 3.6.11-1 and 3.6.11-2. 
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3.6.7.3 SOIL 

As seen from the fate in the WTP aqua~1c matrix. the majority of rironavir in rhe WTP 

is expected to be eliminaied by photodegradation and to a smaller degree, biodegradation. Since 

ritonavir has not been demonstrated to bind to sewage and river sediments, ritonavir is likely to 

partition into the aqueous phase within the WTP and be released in Des Plaines River through 

wastewater effluent from WTP. Thus, the most likely environmental compartment to which the 

residual drug from the WTP may be exposed is 1he aquatic compartment For !his reason, the 

environmen!al effec1s 1es1ing is focused on aquatic 1oxici1y testing. However, a microbial grow1h 

inhibition test was also conducted where a number of soil bacieria, fungi and an alga Iha! could 

prevail in soil were iested againsl various concentraiions of rilonavir 10 assess !he effect of 

2dsorbed drug on soil microbial activi1y. 

3.6.8 ENVIRONMENTAL EFFECTS OF RELEASED SUBSTANCES 

Four environmen!al effects siudies have been conducted wilh ritcmavir: ( l) Microbial 

Growih Inhibition; (2) Daphnia Acute Toxicity; 3) Hyalella Acute Toxicity; and 4) Fresh Waler 

Fish Ac'..lle Toxicily. The procedures outlined in the Environmenial Assessment Technical 

Assisiance Handbook (FDA. 1987) were followed to study the environmental effects of riionavir. 

3.6.8.l Microbial Grow!h Inhjbi1jon 

The microbial growth inhibition lest was conduc!ed at a highest concentration of 5 

mgfL using a solvent (<1%) to solubilize ritonavir. Soil bacteria, Pseudomonas fluorescens, 

Bacillus megaterium and Azotobacrer chroococcum, a blue green alga, Anabaena flos-aquae and 

three soil fungi, Aspergillus clavatus, Penicillium canescens and Chaetomium g/obosum were 

tesied. Azotobacter and Anabaena are known to fix aimospheric nitrogen, thus enriching soil 

nitrogen. Pseudomonas, Bacillus, Aspergillus and Penicillium are known to degrade a variety 

of chemicals. Chaetomium is known to decompose cellulose. Thus, these microorganisms 

represen1ed a broad spectrum of beneficial species in soil. No growth inhibiuon was noticed in 

any cf these microorganisms at the highest conce.1tration tested (5 mg/L). The no observed effect 

concentraiion (NOEC), therefore is S ppm for all the microorganisms tested. The NOEC 
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15,000,000 pp!J 1s several orders of magmtude higher than the EEC (O.O.t5 pp!) estimated for soil. 

and therefore ritonavir has no impact on the ten-estrial microorgIDisms. A one page summar\ 

of Microbial Growth Inhibition results is provided in Appendix A-5 and the complete report 1s 

provided in Appendix D-5. 

3.6.8.2 Daphnia Acute Toxjcjty 

The 48-hour EC,0 value was > 1.50 mg/L which was approximately the water solubility 

of the test chemical. The rP-sults indicated a 48-hour no-observed effect concentration (N0EC 

of 1.50 mg/L based on the lack of immobility and abnormal effects at this concentration. Since 

the NOEC (l,500,000 ppt) is several orders of magnitude higher than the EEC (0.08 ppt), 

ritonavir should not have any impact on the Daphnja in the aquatic environment. A one page 

summary of Daphnja Acute Toxicity results is provided in Appendix A-6 and the complete report 

is provided in Appendix D-6. 

3.6.8.3 Hyalella Acute Ioxjcjtv 

There was no significant mortality or adverse effects on Hyale!!a azteca during a 96-

hour exposure period at '! ritonavir concentration of 1.59 mg/L, which is also the approximate 

solubility limit of the test substa,pce. Thus a NOEC of 1.59 mg/L is assigned. Since the NOEC 

( 1.590,000 ppt) is several orders of magnitude higher than the EEC (0.08 ppt), ritonavir should 

not have any impact on Hyalella in the aquatic environment. A one page summary of Hyalella 

Acute Toxicity results is provided ;n Appendix A-7 and the complete report is provided in 

Appendix D-7. 

3.6.8.4 Fresh Water Fish Acute Toxicity 

The 96-hour LC,0 was determined to be > 1.63 mg.IL which was approximately the 

water solubility limit of the test chemical in dilution water. The 96-hour NOEC is determined 

'o be 1.63 mg/L, which was based on the lack of mortality and abnormal effects at thi, 

concentration. Since the NOEC ( 1,630,000 ppt) is several orders of magnitude higher .han the 

EEC (0.08 ppt). ritonavir should not have any impact on fresh water fish in the aquatic 

environment. A one page summary of Fresh Water Fish Acute Toxicny results is provided in 

Aprcndix A-8 and the comrlcte rcrort " provided in Aprendix D-8. 
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TABLE 3.6.7-1 

Fate and Efrects Studies for Environmental Assessment of Rilonavir 

Type of Study Result Significance 

-
Henry's law Cons1ant/ The Henry's Law const;~!1t coi:ld not be deter- Ritonavir does not appear to volalilize 
Vapor Pressure mined due lo insignificant vola1iliza1ion significan1ly in deionized waler solutions undc1 

suggesling 1ha1 ritonavir has very liule n;1rogen now. 
volatilization potemial. 

Sorp1io11 and Irreversibly bound rilonavir varied significanlly The binding to melropolilan sewage (39%) and 
Desorption with rnatri~: Milwaukee Sewage - 39%; Des Des Plaines River Mud (sediment). two malrices 

Plaines River Mud - 6%; Nonh Shore ~anilary lhat have a polenlial lo be exposed lo the drug 
Sludge - 72%; Skokie Lagoon Mud - ;%; suggests that the majorily of ritonavir is likely to 
Benionile - 23%; La e Bluff Beach Sand - 61 %; partition into the aqueous phase of WTP. 
Koc values are: Milwaukee Sewage - >250; Des 
Plaines River Mud ->2483; Nonh Shore Sanitary 
Districl Sludge ->250; Skokie Lagoon Mud -
> 1000; Bentonite - > 1000; Lake Bluff Beach sand 
- 439 

Photodegradation in The half-life of ritonavir determined experi- Photodegradation is the major removal palhway 
Wa1er mentally was S.92, 2.23 and 1.43 hours at pH S, for ritonavir in WTP. The worsl case half-life for 

7. and 9, respectively. photodegrada1ion is laken as 4 hours. 

Aerobic Biodegrada- "C-activity trapped in foam plugs accounted fer The removal of >90% of ritonavir from aqu~ous 
lion in Waler 91% of the applied activity after 28 days. medium containing activated sludge and secondary 

Majority of the "C-activity in foam plugs was efnuent inocula from the WTP sugges1s ~P•::ibic 
accounted for by ritonavir wilh a minor polar biodegradacion as a po1en1ial removal palhway for 
component. ritonavir in the WTP. 

Microbial Growth The no observed effect conce111ra1io11 (NOEC) for The NOEC (5,000,000 ppt) for bacteria fungi and 
Inhibition microorganisms is 5 mg/L (5 ppm!, lhe highest alga are several orders of magnicude higher lhan 

concenlracion tes•.ed, which is also above !he the worst case concenlralion of EEC (0.08 ppl), 
waler solubility limit. and, therefore, no impact of ritonavir on micro-

organisms is expeclcd. 
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4.08 Daphnja 
Acute Toxicity 

4.10 l::h:alella A~teca 
Acute Toxicity 

4.11 Fresh Water Fish 
Acute Toxicity 

TABLE 3.6.7-1 (CONTINUED) 

Re5ult Signincance 

The no-observed effect concentration (NOEC) The NOEC for Daphnia, 1,500,000 ppt, is 
was determined to be ! .50 mg/L, which is several orders of magnitude higher than worst 
also the highest measurd concentration tested case EEC of ritonavir (0.08 ppt) and, 
and is near the upper limit of solubility for therefore, no impact of ritonavir on the 
ritonavir. aquatic species [:!allbOi!l is expected. 

The no-observed effect concentration (NOEC) The NOEC for Hyalella, l ,590,000 ppt, is 
was determin~d to be 1.59 mg/L, which is several orders of magnitude higher than worst 
also the highest measured concentration tested case EEC of ritonavir (0.08 ppt) and, 
and is near the upper limit of solubility for therefore, no impact of ritonavir on the 
ritonavir. amphipod Hyal!:IJ;i is expec1ed. 

The no-observed effect concentration (NOEC) The NOEC for fresh water fish, l ,600,000 
was determined to be l .6 mg/L, which is also pp!, is several orders of magnitude higher than 
the highest measured concentration tested and worst case EEC of rilonavir (0.08 ppt) and, 
is near the upper limit of solubility for therefore, no impact of ritonavir on the fre.>h 
ritonavir. water fish is expected. 



3.6.9 USE OF RESOURCES AND ENERGY 

The proposed action require~ a moderate commitment of company resources. 

Howe·.>er, chemicals that will be used are common commodities of commerce. Moreover, no 

irreversible or irretrievable commitment of limited national resources wiil be involved. The 

estimated use of energy for the synthesis of ritonavir drug substance at North Chicago is 1.2 x 

Io• kwh/yr of electricity and 2.1 x I 0 10 btu/yr of thermal energy. These amounts represent 0.5% 

and 0.7%, respectively, of the total energy consumption at the North Chicago facility. 

The estimated use of energy for the preparation of a 2000 L batch of ritonavir Liquid 

at North Chicago is 1,957 kwh of electricity. No steam or fuel ga~ is used. 

As discussed in Subsection 3.6.8, the environmental impact of releases from 

manufacturing and use of the product is negligible. Therefore, it is unlikely that threatened or 

endangered species could be affected. 

The State of Illinois does not regard property in the vicinity of the Abbott North 

Chicago facility to have historical or archaeological importance (Appendix C). 

3.6.10 MITIGATION MEASURES 

Controls ex,.rcised on emissions at Abbott North Chicago facility are described in 

Appendix C. Compliance of the proposed action with applicable emission requirements is 

provided in Appendix B-3. 

Material Safoty Data Sheets (MSDS) are provided in Appendix B. Unused drugs (past 

the labeled expiration date) are returned to Abbott Laboratories for disposal by landfilling or 

incineration (Subsection 3 .6.4.4 ). 

Waste minimization studies are an ongoing acuvity at Abbott facilities. As their 

results becomi: available, practical measures to increase control of wastes are incorporated into 

manufacturing procedures. 
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3 6.11 ~LTERNATIVES TO THE PROPOSED ACTION 

No potencial adverse environmental impacts have been identified for the propos<:d 

action. Li!tle or no release of ritonavir to the aquatic environment is expected (Subsccuon 

3.6.6.6) due to extensive photodegradation and biodegradation in WTP. The no·observed effect 

concentrations of aquatic species and terrestrial microorganisms are several orders of magnitude 

higher than the EEC for ritonavir, hence no environmental impact is anticipated (Tables 3.6. l 1-1 

to 3.6. l l-2). Because no adverse environmental impact is expected, alternatives to th~ proposed 

action are not being considered. If this product were not manufactured (as a no-action 

alternative), ritonavir would not become available as medication to treat HIV-Infection. 

3.6.12 

The preparers' resumes are provided in Appendix C. 
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TABLE 3.6.11-1 

Summary or Enviornmental Impact or Rltonavlr Through 
Human Use (Year 2000 Production Forecast) 

Maximum Expected Emi!led Concentration (MEEC) in WTP as a Result of Human Use* = 

Potential Degradation (Removal) of the Test Chemical in WTP Due to Biodegradation** = 

93.9 x 2 days = 6.7% of 2000 ppt -
28 

Potential Degradation (Removal) of the Test Chemical in WTP Due to Photolysis Half-life of 4 
hours · 2000 ppc x 3 half-lives = 1750 ppt***; Worst Case 3 Half-Lives= 12 hours 

EX?f'.C!ed Environmental Concentration (EEC) in WTP 
MEEC - Photodegradation and Hydrolysis= 2000 • (134 + 1750)::: 116 

Rjtonavir Adsorbed to Metropolitan Sewage Sludge = 
-· 
Ritonavir Remaining in Aqueous Phase = 
EEC of Ritonavir in WTP Wastewater Effluent 

116 ppt x 0.61(61%)=70.76 ppt 

EEC of Ritonavir in Surface Water after the Release of Wastewater Effluent from WTP 
Assuming a Thousand Fold Dilution**** in the Des Plaines River= 70.76 ppt x w·3 dilution 
= 0.0?6 ppl 

EEC of Ritonavir in the Sludge 
116 pp! x 0.39 (39%) = 45.24 pp! 

EEC of ABT in Soil if 1he Sludge Was Applied to Soil***** = 45.24 ppt x w·3 = 

I 2 µg/L [2 parts per billion 
(ppb)) or 2000 parts per trillion 
(ppt) 

134.!4 pp! 

I 

I 
1750 ppt 

116 ppt 

39% 

61% 

70.76 pp! 

0.076 ppt 

45.24 pp! 

0.045 ppt 
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TABl,E 3.6.11-1 (CONTINUED) 

Summary or Enviornmenlal lmpacl of Rilonavlr Through 
Human Use (Vear 2000 Produclion Forecast) 

Ritc-navir Irreversibly Bound to Des Plains River Sediment = 6% of 0.076 

Ritona•ir Rem~ining in the Aqueous Phase of Des Plaines River = 0.076-0.00456 

NOEC for Soil Bacteria, Fungi, and Alga = 
NOEC fo1 Daphnia = 
l-<OEC for lh:i!IS::llil -
NOEC for Fresh Water Fish = 

0.00456 ppt 

0.0714 ppl 

5,000,000 ppt 

l ,500,000 pp! 

1,590,000 ppt 

I ,630,000 ppt 

CONCtUSION: No environmental impacts due to ritonavir are anticipated since NOEC for aquatic species or terrestrial 
microorganisms is several orders of magnitude higher than EEC for that environmental compartment. 

•Appendix C. Section 6.7 I: MEEC eslimation through human use. 

• 'Biodegradalion cslimale lakes into consideralion removal of 93.9% rilonavir in the biodegradalion in water study. A ,esidcnce lime of 2 days in 
\\'Tl' is assumed . 

•••Assumes a very conscrvativ~ csriinatc based on an average of 4 hour photodcgradation half-life and rate constar.1 of 0.17}] n1in 1 for rilona ... ir and 
six hours of sunlighl during 1he day and 2 days of residenl lime in WfP (3 half-lives). Experimentally measured photodegradation half-life for 
ritonavir is approxima1ely 2 hours. Under a best case pholodegradalion scenario. ritonav1r should loc completely elimina1ed in WfP by 

pho1odcgradation. 

""Me1calf & Eddy. 1979 (Appendix C. Section 7.2). 

''"'Based on application 3.000 lbs of dry sludge lo an acre of agricultural land (Operation of Wastewa1ec Treatment Plants. a Manual of Practice. 
Wa1er Pollution Conlrol Federa1ion, 1976); and 2,500,000 lbs of soil in the 5-7" surface layer (Brady. N.3 6. 1974. The Nature aad Propenies of Soil, 
MacMillan Publishing Co .. Inc. New York), a dilution faclor of approximately 1000 (10.'J is applied. 
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TABLE 3.6.11-2 

Summary of Environmental Impact Through Releases from the Manufacture of 
Rilonavir Liquid (Year 2000 Production) From the Abbott, North Chicago 

Manufacturing Faclllty 

Maximum Expected Emi!led Conceniralion (MEEC) in North Shore Sani1~ry Dislrict WTP as a 0.9 µgfL (0.9 ppb) = 900 pp! 
Result "f ile!e:iscs from Rilonavir al Abbon North Chicago Facility• = 
Remo, al Due r0 i'ho1odegrada1ion (787.5 ppl) and Biodegradalion (60.3 ppl) al the WTP•• = 847.8 ;ipl 
847 8 

fapecled EMironmental Concenlralion in WTP = MEEC - Removal due 10 Pholodcgradalion 52.2 ppl 
and Biodegradarior. = 900 - 847.8 = 52.2 

Ri!onavir Reversibly Bound to Sewage = 39% of 52.2 ppt 20.358 ppr 

Rironavir Concen1ra1ion in Soil of All the Sewage Sludge Solids are Applied lo Soil x 10-' 0.0204 r.,1 

Ri1cnavir Remaining in the Aqueous phase in WTP 52.2 - 20.358 = 31.84 ppt 

Rironavir Released Thrcugh Wastewater Effluent 10 Des Plaines River 31.84 pp! 

Expecred Environmental Ccncentrntim1 !EEC) of Rilonavir in Surface Waler = 0.106 x IO.i .. 0.0318 pp! 

NOEC for Soil l:!acteria. Fungi. Alga = 5.000.{)I)() ppl 

NOEC for b!~li!bDil = 1,500.000 ppt 

NOEC for !:l:tal~llD = 1,590,000 ppl 

NOEC for Fresh Water Fish = 1.630.000 pp! 

CONCLUSION: No environmenlal impacts due 10 rilonavir ar~ antic'.paled since NOEC for aqualic species or 1erres1rial 
microorganisms is several orders of magni:ude higher than EEC for this environmental compartmenl. 

•AppendiJl C. Section 6 7 2. MEEC for manufacluring facility. 

••Calc1Jla1ion of temoval dut: 10 pholodegradarion is calculared as follows: Using C {amount remaining aher rime t) =Coe"; where C0 ::: 900ppl.r=01733, and 1 
= 12 hrs; C = 112.5 ppr remaining. Therefore. amount removed is 900 - 112.5 = 787.5 ppr. Esrimation for r is frc.1.• Table 3 6 11-1 

•••Calcula1ion of removal due lo biodegradarion is c31culaled as follows· Biodegrada1ion of J.35% per day Thus. fur 24 hrs (2 d<1)"'i) nf exposure. :he arnnunl 

1cmovcd would be 2 x 3 35% x 900 ppr = 60.3 ppr. 

• •Q1her assump1ions for pholodegradarion and biodegradation C'f ritonavic arc similar le 1ha1 used for estimating the environrncutal impacl through hutu'u\ u..,..._. 
(Table 36I1-1) 



3.6.13 CERTIF I CA.I!ill! 

Preoarers 

The undersigned certify that the information presented 1s true. accurate, and as 

complete for preparation in accordance with 21 CFR (25.31(al. 

Signature --'-~---..4---<-:::.')_~---~_,_· _______ .....J;late IZ-1.>- cr.J 

Title Director. Environmental Fate & Assessment 

" 

Title Proi:ram Mana&er. Environmental Fate & Assessment 

Sponsor 

The undersigned certifies that the information presented is true. accurate, and as 

complece as provided to Ra:nga Valagaleti for preparation !n accordance with 21 CFR 

(25.31 (a). 

Signacure 

Title 
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Section 3.6 

Environmental Assessment 

Rererences 

Enclosed arc references cited in the rnvironmcntal assessment for ritonavir. These 

references are provided to facilitate the review of the environmental assessment. Please 

note thal the following references arc not enclosed because they are readily available to 

the FDA reviewer: 

Re(erence 7 

Pharmaceutical Manufacturers Association (PMA), 1991. Interim Guidance 10 the 

Phaanaceutjcal Industry for Environmental Assessment Coa;pliance Requirements for the 

EQA. Washington, D.C., July 1991. 

Reference 10 

U.S. Food and Drug Administration (USFDA), 1987. Envjronmental Assessment 

Technjcul Assistance Handbook. Center for Food Safety and Applied Nutrition. U.S. 

Food and Drug Administra1ion. Washington, D.C.. FDNCFSAN-87/30. (NTIS PB87-

175345). 
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MATERIAL SAFETY DATA SHEET PAGE 1 
Ritonavir Liquid ISSUED 09/22/95 
-----------------------------------------------------------------------
1. CHEMICAL PRODUCT AND COMPANY IDENTIFICATION 

Material Name: Ritonavir Liquid 
List 1940 

MANUFACTURER: Abbott Laboratories 
Pharmaceutical Products Division 
200 Abbott Park Road 
Abbott Park, Illinois 60064-3537 

EMERGENCY TELEPHONE NUMBER: 1-800-441-4987 
CHEMTREC TELEPHONE NUMBER: 1-800-424-9300 

2. COMPOSITION/INFORMATION ON INGREDIENTS 
------------------------------------------

INGREDIENT NAME: Sodium Saccharin* 
CAS/RTECS NUMBERS: 128-44-9 / DE4550000 
OSHA-PEL BHR TWA: N/L 

S'l'EL: N/L 
CEILING: N/L 

ACGIH-TLV BHR TWA: N/L 
STEL: N/L 

CEILING: N/L 
OTHER BHR TWA: N/A 
LIMITS STEL: N/A 

CEILING: N/A 
•Hazardous per OSHA criteria 

INGREDIENT NAME: Propylene Glycol* 
CAS/RTECS NUMBERS: 57-55-6 / TY2000000 
OSHA-PEL BHR TWA: N/L 

STEL: N/L 
CEILING: N/L 

ACGIH-TLV BHR TWA: N/L 
STEL: N/L 

CEILING: N/L 
OTHER BHR TWA: 50 ppm, total vapor and aerosol; 10 mg/m3, aerosol 

alone (AIHA WEEL) . 
LIMITS STEL: N/A 

CEILING: N/A 
•Hazardous per OSHA criteria 
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2. COMPOSITION/INFORMATION ON INGREDIENTS, continued 
------------------------------------------

INGREDIENT NAME: Ethyl Alcohol* 
CAS/RTECS NUMBERS: 64-17-5 / KQ6300000 
OSHA-PEL 8HR TWA: 1000 ppm 

STEL: N/L 
CEILING: N/L 

ACGIH-TLV 8HR TWA: 1000 ppm 
STEL: N/L 

CEILING: N/L 
OTHER 8HR TWA: N/A 
LIMITS STEL: N/A 

CEILING: N/A 
•Hazardous per OSHA criteria. 

INGREDIENT NAME: Ritonavir * 
CAS/RTECS NUMBERS: N/A / N/A 
OSHA-PEL 8HR TWA: N/L 

STEL: N/L 
CEILING: N/L 

ACGIH-TLV 8nR TWA: N/L 
STEL: N/L 

CEILING: N/L 
OTHER 8HR TWA: l mq/m3 (Abbott Laboratories} 
LIMITS STEL: N/A 

CEILING: N/A 
* Hazardous per OSHA criteria 

3. HAZARDS INFORMATION 

EMERGENCY OVERVIEW: This product is for use in the treatment of 
patients with AIDS. It is an eye irritant. Available data suggest 
that target organs include the eyes, liver, thyroid, 
gastrointestinal tract, fetus, and urinary system. 

ROUTE(S) OF ENTRY: Skin: Unlikely 
Inhalation: Unlikely 

Ingestion: Clinical Route 

INGESTION RATING: None 

SKIN ABSORPTION RATING: None 

INHALATION RATING: N/D 

CORROSIVENESS RATING: None 

SKIN CONTACT RATING: None 
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3. HAZARDS INFORMATION, continued 

-----------------------
SKIN SENSITIZATION RATING: N/D 

EYE CONTACT RATING: Irritant 

TARGET ORGANS: Eyes, liver, thyroid, gaF.trointestinal tract, fetus, 
urinary system; possibly skin. 

CARCINOGENICITY RATING: NTP: N/L IARC: N/L OSHA: N/L 
ACGIH: N/L 
Sodium saccharin is a minor component of this mixture. Saccharin is 
listed by NTP as "reasonably anticipated to be a carcinogen" and by 
IARC as Group 2B "possibly carcinogenic to humans". Saccharin is on 
the California Prop 65 carcinogen list but no significant risk value 
has been set. Foods that contain.saccharin must carry the FDA label 
"Use of this produce may be hazardous to your health. This product 
contains saccharin which has been determined to cause cancer in 
laboratory animals". Beverages containing ethyl alcohol have been 
classified by IARC as Group I human carcinogens. 

SIGNS AND SYMPTOMS: N/D. In early clinical trials, possible 
side-effects have included gastrointestinal upset (nausea, ~iarrhea) 
and headaches. Contact with the eyes or skin could result in 
ir.t:'i tat ion responses. Data from pre-clinical studies suggest 
alterations in liver function, in vision and in thyroid function. 

MEDICAL CONDITIONS AGGRAVATED BY EXPOSURE: N/D. Available information 
suggests pre-existing liver, ocular, gastrointestinal, urinary, skin 
or thyroid ailments. 

4. FIRST AID MEASURES 

EYES: Remove from source of exposure. Flush with copious amounts of 
water. If irritation persists or signs of toxicity occur, seek 
medical attention. No known antidote. Provide symptomatic/supportive 
care as necessary. 

SKIN: Remove from source of exposure. Flush with copious amounts of 
water. If irritation persists or signs of toxicity occur, seek 
medical attention. No known antidote. Provide symptomatic/supportive 
care as necessary. 

INGESTION: Remove from source of exposure. If signs of toxicity occur, 
seek medical attention. No known antidote. Provide 
symptomatic/supportive care as necessary. 
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4. FIRST AID MEASURES, continued 

INHALATION: Remove from source of exposure. If signs of toxicity occur, 
seek medical attention. No known antidote. P~ovide 
symptomatic/supportive care as necessary. 

5. FIRE FIGHTING PROCEDURES 

FLASH POINT: 76 degree F 
FLASH POINT METHOD: Tagliabue closed tester/tag closed. tested 

LOWER EXPLOSIVE LIMIT(t): N/D 
UPPER EXPLOSIVE LIMIT(t): N/D 
AUTOIGNITION TEMPERATURE: N/D 

FIRE & EXPLOSION HAZARDS: N/D 

EXTINGUISHING MEDIA: Use C02 or ABC dry chemical extinguisher. 

FIRE FIGHTING INSTRUCTIONS: None known. 

6. ACCIDENTAL RELEASE MEASURES 

SPILL OR RELEASE PROCEDURES: Small Spills: Flush with large quantities 
of water and discharge into an approved sewer. Large Spills: 
Contain and collect spill. Dispose as directed in Section 13. Wash 
surface containing residue with large quantities of water. Remove 
all jJnition/ heat sources from spill area. 

7. HANDLING AND STORAGE 

HANDLING: None required under normal use. 

STORAGE: Flammable. Store in cool place away from heat or flame. 

SPECIAL PRECAUTIONS: No special precautions required under normal use. 

8. EXPOSURE CONTROLS/PERSONAL PROTECTION 

ENGINEERING CONTROLS: N/A 

R2S'I'{ATORY PROTECTION: N/A 
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a. EXPOSURE CONTROLS/PERSONAL PROTECTION, continued 

SKIN PROTECTION: N/A 

EYE PROTECTION: N/A 

OTHER PROTECTION: N/A. Use good clinical and hygienic practices. 

9. PHYSICAL AND CHEMICAL PROPERTIES 
------------------------------------
APPEARANCE/PHYS!CAL STATE: Practically clear orange liquid. 

ODOR: Peppermint and caramel odor; slight 
sulphurous odor 111ay also be present. 

BOILING POINT: N/D 
MELTING/FREEZING POINT: N/D 
VAPOR PRESSURE (mm Hg): N/D 

VAPOR DENSITY (Air=l): N/D 
EVAPORATION RATE: N/D 

BULK DENSITY: N/D 
SPECIFIC GRAVITY: N/D 

SOLUBILITY: N/D 
pH: N/D 

VISCOSITY: N/D 

10. STABILITY AND REACTIVITY 

CHEMICAL STABILITY: Stable 

INCOMPATIBILITIES: None known 

HAZARDOUS DECOMPOSITION PRODUCTS: None known 

HAZARDOUS POLYMERIZATION: Will not occur. 

11. TOXICOLOGICAL INFORMATION 

ORAL TOXICITY: N/D. LOSO > 1650 to > 2500 mg/kg in animals for the 
components of this product. 

DERMAL TOXICITY: N/D. None expected from normal clinical use of this 
product. LOSO > 2000 mg/kg in animals for components of this 
product. 

'........ • ... - - <') •• ,.... ... ..... ..... 
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11. TOXICOLOGICAL INFORMATION, continued 
--··--------------------------
INHALATION TOXICITY: N/D. None expected from the normal clinical use of 

this product. LC50 = 20,000 ppm/10 hours in rats for ethyl alcohol. 

CORROSIVENESS: N/D. 

DERMAL IRRITATION: N/O. None expected from the normal clinical use of 
this product. Ritonavir, the active ingredient, and other 
ingredients have produced mild to severe skin irritation in studies 
in animals or humans. 

OCULAR IRRITATION: N/D. None expected from the normal clinical use of 
this product. Ritonavir, the active ingredient, produced mild to 
moderate conjunctival redness with swelling in an eye irritation 
test in :r:abbits. The irritation vas mainly reversible in 72 hours. 
Ethyl alcohol is a moderate to severe eye irritant in rabbits. 
Propylene glycol produced mild eye irritation in rabbits and mild 
transient eye redness in humans. 

DERMAL. SENSITIZATION: N/D. None expected from the normal clinical use 
of this product. Ritonavir, the active ingredient, was negative in 
the maximization assay in guinea pigs at challenge concentrations of 
25 and 45t in petrolatum. Propylene glycol has exhibited some 
potent.ial to pre-duce skin sensitization in studies in humans. 

SPECIAL TARGET ORGAN EFFECTS: N/O. In pre-clinical studies in rats and 
dogs, Ritonavir has produced changes in the liver, retina, thyroid -
and stomach at dosages of 30 mg/kg/day or more. In reproduction 
studies in rats and rabbits, Ritonavir has produced fetal toxicity 
at maternally toxic dosages of 35 mg/kg/day or more. Ethyl alcohol 
is known to produce liver injury, is reported to be a mutagen, and 
i5 a teratogen in humans (fetal alcohol syndrome). Heinz body 
formation or erythrocyte destruction has been reported in animals 
following repeated dosages of 500 mg/kg or more of propylene glycol. 
Ge'leralized irritation and other den.atological effects have been 
associated with consumption of saccharin sweetened beverages. 
Photosensiti~ation reactions and notalgia paresthetica have also 
been reported. The sodium salt has been reported to produce liver 
and kidney injury and extramedularry heraatopoeisis in rats. Adverse 
reproductive effects have also been reported in animals. 

CJ>.RCINOG'ENlCITY INFORMATION; Il/D. Sodium saccharin, a minor component 
of this mixture, has produced bladder tumors in studies in rats; the 
no-effect dosage was equivalent to 500 mg/kg/day in this study. 
Saccharin has produced bladdar carcinomas and thyroid tumors in 
studies in mice. 
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12. ECOLOGICAL INFORMATION 

ECOLOGICAL INFORMATION: N/D 

lJ. DISPOSAL CONSIDERATIONS 
---------------------------
WASTE DISPOSAL METHODS: All waste m~st be packa9ed, labeled, 

· transported, and disposed of in confromance with applicable local, 
state and federal laws and requlations and in conformance with 9ood 
en9ineerin9 practices. This material would be classified as a RCRA 
hazardous waste. 

14. TRANSPORTATION INFORMATION 
------------------------------
DOT STATUS: Requlated 
PROPER SHIPPIN~ NAME: Ethanol solution (final product can be shipped as 

consumer co111111odity~ ORM-D) 
HAZARD CLASS: J 

UN NUMBER: UN1170 
PACKING GROUP: II 

REPORTABLE QUANTITY: N/A 

IATA/ICAO STATUS: Requlated 
PROPER SHIPPING NAME: Ethanol Solution (final product can be shipped as 

Consumer Co111111odity UNBOOO Class 9) 
HAZARD CLASS: J 

UN NUMBER: UN1170 
PACKING CROUP: II 

REPORTABLE QUANTITY: N/A 

IMO srATUS: Re9ulated 
PROPER SHIPPING NAME: Ethanol Solution 

HAZARD CLASS: J 
UN NUMBER: UN1170 

PACKING GROUP: II 
REPORTABLE Q~ANTITY: N/h 

FLASH POINT: 76 degree F 

15. REGULATORY INFORMATION 

TSCA STATUS: FDA regulated material is exempt from TSCA. 

CERCLA STATUS: N/A 

NDA 20-~=o VOL 22 Pq :! 7 3 
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15. REGULATORY INFORMATION, con ti "l•JeJ 
--------------------------
SARA STATUS: N/A 

RCRA STATUS: Hazardous waste by ignitability. 

PROP 65 (CA): N/D 

16. OTHER INFORMATION 
---------------------

LEGEND: N/A • Not Applicable 
N/D • Not Determined 
N/L • Not Listed 

L • Listed 
c .. Ceiling 
s = Short-term 

(R) • Registered Trademark Of Abbott Laboratories 
(TM) • Registered Trademark Cf Abbott Laboratories 

The information and reco1111Dendations contained herein are based upon 
tests believed to be reliable. However, Abbott Laboratories does not 
guarantee their accuracy or completeness NOR SHALL ANY OF THIS 
INFORMATION CONSITUTE A WARRANTY, WHETHER EXPRESSED OR IMPLIED, AS TO 
THE SAFETY OF THE GOODS, THE MERCHAN'l'ABILITY OF THE GOODS, OR THE 
FITNESS OF THE GOODS FOR A PARTICULAR PURPOSE. Adjustment to conform 
w~th actual conditions of usage may be required. Abbott Laboratories 
assumes no responsibility for results obtained or for incidental or 
consequential damages arising from the use of these data. No freedom 
from infringement of any patent, copyright or trademark is to be 
inferred. 

APPROVED BY: jsk 
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a ABBOTT 

Pharmaceutical Products Division _..__.... 
100 ...... ,..,._ -----·l500 

ABB01T UBORA TOR.IFS 
CHEMICAL AND ACRICULTIJRAL PRODUCIS DIVISION 

NOkTH CIDCACO 

GENERAL ENVIRONMENTAL COMPLIANCE STATEMENT 

Abboa Laboratories states that it is. in material compliance wilh. or on an 
enforceable schedule to be in comrliance with, applicable emission n:quireme1.ts 
set fonh in permits, consent decrees and administrative onlen re1ating to the 
production of Ritonavir at ii. facilities in North Chicago, Illinois. as well as 
applicable emission requirernents set fonh in fedcnd, state and local statutes and 
regulations relating to lhe production of Ritonavir. 

?2 ) ~/ OS' :z, , .. 
Daniel Wozniak 

Environmental Coordinator 
Chemical and Agricuhural Producu Division 



2J ABBOTT 

i'harmaceutleal Products Division -·l.4.-100 M1C1C1tt P;.« ~ _...,._ ___ 1500 

ABBO"rr LA BORA TORIES 
J>HARMAC£l1TICAL PRODUCTS DIVISION 

NORTH CHICAGO 

GENERAL ENVIRONMENTAL COMPLIANCE STATEMENT 

Abbott i...aboniories states lh&t it is- in material compliance wicll, or on an 
enforceable schedule to be in compliance wilh, applicable emiwon requiremenl$ 
set forth in pennies. consent decrees and administrative orders relalinc to the 
prodll!:tion of Ritonavir at its facilities in Nonh Chic:ago. Illinois. as well as 
applicable emission Rquirements set fonh in federal. state and loc:&! staNtes and 
regulations relatins to rhe produc:tion of Rit011o1.vir. 

Michael J. Wamu.ith 
Director 

Nonh Chicago Operations 
Pharmaceutical Products Division 
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