
 
These records are from CDER’s historical file of information 
previously disclosed under the Freedom of Information Act (FOIA) 
for this drug approval and are being posted as is.  They have not 
been previously posted on Drugs@FDA because of the quality 
(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.   
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NOA 20-869 

NORVIR (AITONAVIR) LIQUID 80 MG/ML 

FOR THE TREATMENT OF HIV INFECTION 

Regul1tory M1n1gm1nt Offtc•r: Klmbt ·•v A, IJttuble, A.Ph. C301) 827-2336 
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NOA 20-880 

NORVIR (RITONAVIR) CAPSULES 100 MG 

FOR THE TREATMENT OF HIV INFECTION 

A1g~•latory Managmana: Officer: Kimberly A. Struble, R.Ph. (301) 827·233& 

Votume 1 



DEPARTMENT OF HEAL TH &. HUMAN SERVICES 

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: 

Public lieal1h Sri1w;11 

Food ind Drug Adm1m1tr1t1on 
Rockville MD 20857 

""' '• 

Please refer to your December 21, 1996, nJw drug applications nubmltted under 
50~(b) of the Federal Food, Drug, and Coametlc A::t for NORVIR (rltonavir oral 
solution) 80 mg/ml and NOAVIR (rltonavlr capsules) 100 mg. 

We acknowledge receipt of your amendments datAd: 

February 1 , 1 996 
FAbruary 2, 1996 
February 8, 1 996 
February 10, 1996 
February 1 5, 1996 
February 19, 1996 
February 23, 1996 

These new drug oppllcatlons provide for the use of NORVIR In combination with 
nucleoslde analogs or as monotherapy for the treatment of HIV Infection when 
therapy is warranted. As discussed In our meeting of February 29, 1998, and 
indicated in your letter of t'1at date, the Indications and usage section of the 
hthAling for these products reflects a combined Indication for traditional approval 
for treatment of patients with advanced HIV dl11aaa and accelerated approval for 
treatment of patientn with less advanced disease. This combined indication is 
reproduced below: 

• NORVIR Is Indicated In combination with nucleoslde analogues or as monothernpy 
for the treatment of HIV infection when therapy is warranted. For patients witt, 
advanced HIV disease, this indication is based on the reaults from a study that 
showed a reduction In both mortality and AIDS-defining clinical events for patients 
who received NORVIA. 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, thl• Indication Is based on 
changes In 1urrog1ta markers In studies evaluating patients who received NORVIR 
alone or in combination with other antlretrovlral 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 os 
rer:ommAnded 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 !o this draft labeling 
may render the products misbranded and unapproved new drugs. 

Please submit fifteen copies ot the FPL as soon as it Is available, In no case more 
then 30 days after it is printed. Ptease 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 labellng 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 acknowledge your commitment to comply with the conditions of Accelerated 
Approval as stated In your February 29, 1996, letter for patients with loss 
advanced disease. Addltlon1lly, 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 beir1g 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(a)(1 )(8)(11) 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 havo any further questions please contact Kimberly Struble, A.Ph., 
Regulatory Management Officer, at 301-827-2336. 

Sincerely yours, 

'Qpdc,ll 
David W. Fe~.P.H~ 
Director 
Division of Antiviral Drug Products 
Office of Drug Evaluation 1V 
Center for Drug Evaluatlc. 1 and Research 
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EXCLUSIVITY' SUMMARY FOR NDA t 20-659 and 20-..68D 

SUPPL IOQO and 000 respectively 

Trade Name/Generic Name: NORVIR~(~itona~[ oral solutiQDl and 
NORVIR ( rj tonavjr c1psuh1s) 

Applicant Name Abbott I,,cboratories HFD * .5..lQ 

Approval Date If Known E'ebruary , 1926. 

PART I IS AN UCLUB:IVI'l'Y J:>l:TEJltKXNATXON Nl!J:DBD? 

1. An exclusivity determination will be made for all original 
applications. but only for certain supplements. Complete Pl\F.1'.S II 
and Ill of this Exclusivity Summary only if you answer "yes" to one 
or mort· of the following question about the submission. 

ill ts it an original ND.\'? 
YES I X I NO I I 

b) Is it an effecr.iveness supplement? 

YES /_/ NO /X I 

If yes, what type 7 ( SEl, SE2, et.c. ) 

cl Did it require the nwiew of clinical data other than to 
S\1pport a safety cl tim or change in labeling adilt.ed to 
~afacy? (If it reuuired review only of bioavailab1lity or 
l>ioequivalence data, .mswer "no.") 

YES I X I NO /_/ 

If your answer is "no" because you believe the study is a 
bioavailabllity study and, therefore, not eliqible for 
exclusivity, &X:~LAIN why it is a bioavailability study, 
includin\J your reasons for disagre•ing with any arguments made 
by the applicant that the study was not simply a 
bioavailability st.udy. 

If it i• a aupplamant r9(1Uiring the review of clinical data 
but it ia not an effectiven••• auppl-.nt. d4acribe the change 
or claim that i• supported by the clinical data: 

. 
I . 

t 

' 
I 



( 

d) Did the applicant request exclusivity? 

YES I X I NO I_! 

If the answer to (d) is •yes." how many years of exclusivity 
did the applicant re<JU~St? 

If YOU HAVE ANSWERED "NO" TO AJ.J.i 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, 
stnmgth, tmll~ ut a.dministration, and dosing schedule, previously 
been appr, 1ved by FDA for the same use"? 

'!ES I I NO 1._I 

l t Y•~:.;, NDA # ___ _ Drug Name 

If THE ANSWER TO QUESTION 2 IS "YES," GO DIRECTLY TO THE SIGNATURE 
ALOCKS ON PAGE 8. 

3. Is this drug product or indication a DESI upgrade? 

YES l_I NO I I 

IF 'I'HF. ANSWER 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 l'IVE-YEU EXCLUS:IVXTY J'O~ NJCW CREMICAL l:N'l'ITIES 

(Answer either #1 or #2 as appropriate) 

1. Single ~c;iye inared1ent produc~. 

Has FDA previously approved undcir section 505 of the Act any drug 
product containiug the aame active moiety as the drug under 
consideration? Answer "Y••" if the active moiety (including other 
asterified forms, salts, complexes, chelate& or clathratas) has 
been previously approved, but this particular form of the active 
moiety, e.g., this particular eater or salt (including •alt• with 
hydrogen or coordination bonding) or other non-covalent derivative 
(auch as a complex, chelate, or clathrate) has not been approved. 
Answer 11 no• if the compound require• metabolic conversion (other 
than d•••t•rification of an ••terifi41d form of the drug) to produce 
an already approved active moiety. 

YU !_I NO l_I 
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If •yes,• identify the approved drug product(&) contailing the 
active moiety, and, if known, the NOA t(s). 

NOA# 20-659 ritanavir oral solution 

NDA# 20-680 ritanavir capsules 

If the product contains more than on@ active moiety(as defined in 
Part II. #1), has FDA previously approved an application under 
section SOS containing ~Y. one. of the a.etive moieties in the drug 
product') If. for ·exam1lle. th~ combination contains one never~ 
betore-approved active moiety and one previously approved active 
moiety. dn!>Wt::!r "yes.'' (An active moiety that is marketed under an 
OTC m:rnograph, but that was never approved und@r an ND/\, is 
C'nn~; i rlPrPrl not previously approved.) 

YES I_/ NO IX I 

If "yes," idenufy the approved drug product(s) containing the 
activP moiety, and, if known, th~ NDA l(s). 

NDA# 

NDAlt 

NDAi. 

I' ';'HE ANSWER TO QUE~'\'ION 1 OR 2 UNDER PART II IS "NO," GO DIRECTLY 
THE SIGNATURE BLOLl\S ON PAGE 8 . IF "YES" GO TO PART II I . 

To qualify for three years of exclusivity, an application or 
supplement must contain •reports of new clinical investigations 
(other than bioavailabili ty studies) 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, Question 
1 or 2 was •yes.• 

Page 4 
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l. Does the application contain x:eports 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 
invest i.gations in another application, answer "yes," then skip to 
question 3(a). If the answe:r.· to 3(a) is "yes" for any 
investigation rPterred to in another- application, do not complete~ 
remainder of ~umnwry for that investigation. 

YES I I NO I I 

IF "NO," no DIRE\'1'LY TO 'r'HE SIGNATURE BLOCI<S ON PAGE 8. 

2. A cl i rnca 1 i nve~; tigat.ion is "essential to the npprova 1" if thP 
Aguncy could not. have approved the applicatiun or supplement 
without n-dyinq nn that investigation. Thus. the investiyoLion is 
nor PSSf>nt'inl rri the approval if 1) no clinical i11v~st.iya.tion is 
rk'Ct:~:Jcir y to support the supplement. er apr>l ir.at 1 nn in light of 
previously ,ipprnved applications (i.e., informution other than 
clinical trials, such as bioavailability data, would be sufficient 
to provide a basis fur approval as an ANDA or 505(b) (2) application 
becaust- o t whil r 1 s 1' l ready known about c.1 previous 1 y aLJproved 
prociurt l. nr 2 I there are published reports ot studies (other than 
t hos~ conduc t.ed ur sponsored by the a.ppl leant) or other publicly 
availa~l~ datd that independently would have been sufficient to 
suppur t apprnva 1 of the appli.c.,.tion, without reference to the 
clini~i'il in•1estigation submitted in the application. 

(a) In 1 ight of previc11;:,;ly approved applications, is a 
clinical invi:~stigation (either conducted by the applicant o:r 
av<..1dao1~ tlflm some other source, inciuding the published 
literr.Hun-!) nf!cessary to support approved of the application 
or supµlement ·,, 

YES I __ _I 

If "no," state the basis for your conclusion 
trial is not necessary for approval AND 
SIGNATURE BLOCK ON PAGE 8; 

NO /_/ 

that- " t:"linical 
GO DIRECTLY TO 

(b) Did t°l'\e applicant 11\lhnit a list of published st· ·dies 
relevant to the safety and effectiveness of this drug product 
and a statement that the publicly availa.l)le data would not 
independently aupport approval of the application? 

YBS l_I NO I __ ! 

Page 5 



'l) If the answer to 2(b) is "yes," do you personally 
know of any reason to disagree with the applicant's 
Gonclusion? If not applicable, answer NO. 

YES !_/ NO / __ / 

If yE1s. explain: ---·--------· 

(2) If the answer to 2(b) is "no." are you aware of 
published studies not conducted ar sponsored by the 
applicant 'or other publicly avai labh~ data that could 
independ.ently demonstrate Lhe safety dnd effectivern~ss of 
rhis dr~g product? 

Yl::.S I I NO / I 

If yt!s, explain: 

\c) Jf the answars to (b)(l) and (b)(2) were both "no," 
identify the clinical investigations submitted in the 
ctpplication that are essential to the approval: 

StudiL!S ('r1mpcning 
considered tu be 
Sf!Ctiou. 

----·~ 

two products with the same ingredient(s) 
bioavllilability studies for the purpose of 

are 
this 

3. In addition to being essential, investigations must be "new" to 
support exclusivity. 'l'he agency intarprats •new clinical 
investigation" to mean an investigation that 1) has not been relied 
on by the agency to demonstrate the effectiveness of a previously 
approved dru1;1 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 previou•ly approved drug 
product, i.e., does not :.;edemonstrata something the agency 
considers to have bean demonstrated in an ali:·eady approved 
application. 

Paga 6 



a) Por ~ach investigation identified as •essenliPl to th@ 
approval, " has the investigation been relied on b;r· the uyency 
to demonstrate the effectiveness of a previously app1oved drug 
product? (If the investigation was relied on only Lo support 
the safety of a previously approved drug, answer "no.") 

Investigation ID YES I I NO I I 

Inves tigatlon 112 YES I I NO I_ I 

If you have an~wered •yes" for one or more investigations, 
id~ntify each such investigation and the NOA in which each was 
reUed upon 

bl F'or 1!ach inves Ligation identi £ i ed as "es sent ia I to the 
approval•, cL)es t.he investigation duplicate the results of 
another inve3tigation that was relied on by the ~gency to 
support the ef fectivAness of a previously approved drug 
product? 

Investigation •l 

Investigation •2 

It you 
identify 
un: 

have answered "yes" 
the NDA in whic~1 a 

-----· ~· ·- -----~---.. -~ 

YES /_/ NO I I 

YES I I NO I I 

for one or more inves~igation, 
similar investigation was relied 

cl If the answers to 3(a) and 3(b) are no, identify edch •new• 
investigation in thf\ application or supplement that is 
es£antial to the approval (i.e., the investigations 1 isted in 
#2(c), less any that are not •new•): 

Page 7 



4. To be eligible for exclusivity. a new investigation that ia 
essential to approval must also have been conducted or aponsorad by 
tba applicant. An investigation was •conducted or sponsored by" 
the •PPlicant if, before or during the conduct ot the 
investigation, 1) the appli.cant was the sponsor of the IND named in 
the form FDA 1571 filed with the Agency, or 2) the applicant (or 
its 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 investig~tion identified in response to question 
3 (cl: if the investigation was carried out under an IND, was 
the applicant id.en ti Hed on the FDA 1571 as the sponsor? 

Investigation #1 

YES I I NO 1_1 ~xplain: ____ _ 

lnvestigatiun #2 

YES /_/ NO I_! Explain: 

(b) For each investigation not carried out under an IND or for 
which the applicant was not identified as the sponsor, did the 
applicant certify that it or the a~plicant•a predecessor in 
interest provided substantial support for tha study? 

Investigation U 

YES I __ I Explain NO /~/ Explain 

Investigation 12 

YES /~/ Explain NO /~/ Explain 

Paga 8 
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' 

(c) Notwithstanding an an•w•r of •yea• to (a) or (b), are 
there other reasons to beli•v• thllt the applicant should not 
be cr•di ted with having •conducted or aponaor•d" th• study? 
(Purchased studies may not be used as the basis for 
exclusivity. However, if all rights to the drug are purchased 
(not just studies on the drua) . the applicant mc.y hM 
considered to have sponsored or conducted the studi~~ 
sponsored or conducted by its predecessor in interest.) 

If yes, uxplain: 

Stanature 
Title:~~~~~~~~~ 

Signature of otticu/ 
Division Director 

CC: Original NOA 

YES l_I NO l_I 

Oat• 

Date 

Di vision Fil• HF0-85 Mary Ann Holova~ 
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DEBARMENT STATEMENT 

ID complianoe with the o.a.;c Dna1 BAforoemenc Aec of 1 m, Section 306(1')( l) of the aot 

(21 USC 335a(k)(l), we, Abbott Laboratori•, CC1ify the followma with 1.apeet to this new 

" dNI application: 

The applicant dld not and wW not Ute ln any capacity the services of any person 
debarred under sublediona (a) or (b) (NCtiODI 306(1) or (b) of die Peden.I Paad, 
Drua, and Cosmetic Act), in connection with this application for approval of a 
dru& product. 

Jeanne M. Fox 
Director, PPO Replatory Affain 
Pharmaceutical Productl Division 
Abbott l.&bormories 
Abbott Park. Illlnoil 

• 

Date 



PEDIATRIC PAGE 
(Compla11 for aU 0119inil 1ppltc11ions Ind Ill tflicac:y '""'*""nUI 

NDA/PLA # L~ ic$9 / ZO-~-- Supplement # C00/000 Circle one: SE 1 SE2 SE3 SE4 SE5 SE6 
- .... ·I CAP!->'1.~ 

HF[) S]p Trade (ganaricl name/dosage form: W.lPJ.n\tnt.ufJQ'll\A,&>\ldJU'l(.U-Action:@ AE NA 

App~cant f\b\:xil.f fDtX(~ Therapeutic Clm ... finb ....... U&.t.l1r~l\t...-_____ _ 

lndicationlsl previously 1pproved --1:JLA__~-------------------· 
Pediatric labeling of 1appro111d lndication(s) is 1dtqu1te _ in1d1qu1t1 _ 

~12. ~ 1na1co.w(d<)ne or in Ctwb111uftn u.JtilinucJ.tos.fd..t.ilr~Aqj~~ 
Indication in dlil 1pP1ic1tlon :tfU:tn'w al :HIV .. IV!trhln ajyn- '" llJ1b'9Jls7i ~1~aml In, 

(for supplements. answer the following queations in relation to the propolld indication.) ~k%1 l)(1ii 

- _ 1. PfDIATRIC LABELING IS ADEQUATE. Approprlllt lnfonn1tlon hu bna submitted In this or previous 
1ppHcc...1ons and has blln ad1qunt1ly 1ummarlz1d In th• labeling to ptnnit 11tiaf1ctory l1b1Ung far au pediatric 
1uboroup1. Further Inf onnatlan I• not r1qulred. 

'i. 2. PEDIATRIC STUDIES ARE NEEDED. Thlrt is po11ntlal for u11 In chldrtn, ind funh11 informallon is required to 
pennil 1d1qu1t1 labeling for this use. 

_ 1. A new dosing f ormatlon is n11ded, and appficant hu 1grud to provtdt the appropriate f armulation. 

'::/... h. Tht 1ppticant has committed to doing such 11udit1 11 wl bt requied. 
~ 'iH Studlts are ongoing, 
_ (2) Pratoc:oll were 1ubml1t1d and approved. 
_ •31 Protocols w1r1 submitted and art under 11vltw. 
_ (4) If no protocol ha b11n 1ubmi1ted, explain the 1t1tu1 of dlacu•na on tht back of this form. 

__ c. If th1 1pon1or is not willing ta do pediatric studies, 11t1ch copla& of FDA'• written requtst that such 
1u.di11 be done and of the 1pansar'1 written r11pon11 to thlt request. 

_ 3. PEDIATRIC STUDIES A Rf NOT NEEDED. The druglbiatoglc product hu IUll potential for u11 in chldrtn • 
• Explain. on the back of this farm, why pediatric 1tudll1 ire not needed. 

4. EXPL\~N. If non• of the 1bav1 apply, explain. as n1c1111ry, on the back 1f this form. 

EXPLAIN, AS r.IECESSAAY, ANY OF TKE FOREGOING ITEMS ON THE BACK OF THIS FORM. 

cc: Ofig NDAIPLA 'zomlio~ L> 
Hf[) -S ~o JDiv Alt 
NDA/PLA Action P1ehg1 

Oate 

Hf0·510/GTrotndtt (plus, for CDER APs and AEs, copy of 1ction htter Ind labtfingt 

NOTE: A now Pediatric Page must be completed at the tima of Heh action evan though one wu 
propared It tho time of thu l11t action. 
5115 
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rD ze •• 1112&Ff1 R[t.il.,LATORV AFTAIRS 
EJ ABBOTT 

Pharm•ceutic•I Praducta Dlvlelon 
Ailbott L~n.. 
100 AboOCt Paf'tl R09d 

"'*°" "•"'· uunoi. toae4-MCO 

Fcbnwy 28, 1996 

Ma. Kimberly Struble 
Divilion of ADd·Viral Drua Producu, Hl'D-'30 
Center for Drui lvaluation IDd R.uurcb 
Food and Drua Adminiatntion 
4th Ploor, Room 4355 
9201 Corporar.e Blvd. 
Rockville, Maryland 20850 

Re: NORVIR (rltoaa\'lr oral IOludoD) 
NDAJMI' 

Dear Sir ,,r Madam: 

GENEIU.L CORllSPONDENCE 

This letter provida excluaiYi&y infonmdoa Nludinl our pandin1 new dnal application NDA 
20~6S9 for NOR.Vlll (rit0naw oral aoluliOD). 1ubmiat.! Declmber 20, 1995 fot II» iodication., 
trea1men1 of HIV infection. 

This infomwion is provided pertinent to Sec:tion 505 of the Pcdcra1 Pood, Drq, and Coamctic 
Act and is co111i111nt with As•ncy pidance ltlWD.Mtl, in particular PDA • 1 pidlnce llttor of 
April 28, 1988 OD excluaivity. 

Abbott Laboratories raquuts Chat NORVDl for tbe tll"JIWDt of IDV 1Dfectlon bo aocordtd 1 five 
year excluaivity for tbia lndtcauon. IA support of tbil ieqwt. Abbott Labantoriu relies upon 
the followlna information and ceniftcltlom: 

A. The active iapedleat m NOJlVIR ii ritoDIYir. No drul procluct 
cont•inin1 tlm active iqredlnt bu belll approved in tbs United SW.1 
for the iDdica&ion of "trv"nnt of HIV iafecdon", or uy otbar 
•adicatton. 



a 

Diviaion of Anti-Viral Dru1 Producu, HfD...530 
February 28. 1996 
Pa1c2 

B. In support of itl applicadon for NOR.VIR in tba cr.erment of HIV 
infection, Abbott Labonlorie.l su'bmieted to PDA reporu c:cw:emiDI 
clinical invati1adom (otbmr tban bloavailabWty and btolquivalence 
1tudie1). Tbal8 mV11tlpdoa1 bav1 not fonmd part of tbe buia of a 
findin1 of subttantial evideDce of effectiveneaa for a previously 
approved new dru1 applicadon or 1upplulent. TM appUganc believu 
that lbue clinical inv.,U,ltiom, 1pomored by AbboU. m 111ential to 
approval oftbil NDA. A l.tadn1 of these clinical inVOltlptlOlll ll 
provicW in Attachment L 

C. Tbe. applicaat ccrdu that. tn ill opinion, tbme are DOC IUfllcient 
publilhld 1tuctiea or publicly availlbll repona of cUntcal tnvutt1ation 
to support tbe approval of tbe refermced applicadoa. 

If you have any funbct quations or C\JIJUDentl, please contact me at Ibo Dumber lilted 
below. 

Sincerely, ;)Ly 
Jeanne M. Pox 
Di.rector, PPD Reaulatory Attain 
(847) 937.5533 



rEB 28 '96 11 : Z6AM REGLLATORY WF'FURS 

Study M94-245 

Study M94-247 

StUClY M94-208 

A Pbaae lII, Comparative Trial of ABT-538 
Alone, ZDV Alon• or the C~iD&tion oi ABT· 
!JB and Zr:JV in H%V-ln!eeted Patient• 
witbo~t 'rior Anti~•trovira1 Tber&»Y 

A Safety and Efficacy Study of ABT-538 Plu• 
CU~rent Tllerapy v•. Plac.bo Plua current 
'l'herapy in HlV-lA~ected Patient•. 

Evaluation of Safety and ADtivi~al Activity 
of ABT-538 in Combination with AZT and ddc 
in HIV•Seropo•itive Patiant1 



NOA 20-659, 20-680 

Drug: 
Sponsor: 
Date Completed: 

Group Leaders Memorandum of NOA Submission 

Ritonavir (Norvir®) 
Abbott Laboratories 
May 28, 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 ch~llenge~ well 
documented by Dr. Murray. The clinical results for the pivotal study for 1.his submission, 
M94-247, appttar 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 rafractory to any antlretrovlral Intervention. As 
noted by Or. Murray (and statistical reviewer Or. 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 high incidence of gastrointestinal adverse affects, 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 ' arly nausea or 
intolerance from short-term use would be relatively less likely to lead to cross 
resistance to other protease inhibitors. Despite the hi~h 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 cholesterol and 
triglycerides are less an immediate concem but may be of Importance if there is very = 
prolonged use of Ritonavir in certain populations. 



Another clinical concern with Ritoravir 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 mortidity 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 interaetions.) Th,~ 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 poteritial 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 aystemic saquinavir exposure, currently limited by 
poor bioav•ailabiltiy of saqu1navir.) 

Dr. Murray dis1:usses 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 atone. This result was both wholly unexpected and inconsistent with 
almost all other similar combinations studied. Despite substantial c'"lncerns regarding 
this, as well described by Dr. 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. Murray 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 Antivir.1! Advisory Committee. Following communication with FDA, the sponsor 
has committed to do additional studies in less advanced patients in support of 
traditional approval for less-advanced patients. 

I fully concur with Dr. Murray's recommendations, recognizing that additional studies 
will refine the use of Ritoriavir 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. 

~~,14~ 
Ste"en Gitterman, MD, Ph.D. 
Medical Team Leader 
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NOA/PLA # .i..,C 1c$'l J Z0=4oJ.Q Supplement # .cQOj_o_oo_ Circle one: SE 1 Sl2 SE3 SE4 SE5 SES 
_Al·J~U.~ 

HFDs:-¥1 Trade (generic) name/dosage form: ~l~IQ.tv1hnwJCi.aJA.lSOluhtn 01 """Action: ~AE NA 

Applicant f\bWi Wh,~ Therapeutic Class ..... t\ni"l""*"""'"""~ ,.._.rM~-----
lnditation(s) previously approved N/ A 

Pediatric labeling of approved indication(s' is adequate _ inadequate . _ 
AJ)e..u10.. \5 1~1(.0j:lla a.l9ne 11r 1n Q'fY\b1rJ(if11n "'"'''t"'lnu~1lil~'C(J~fl-.... +h.c.. 

Indication in this appftcation 1ti4lhlU\; o£ff1V-lV!tcr.h4'1ieMP!2fftA4-!> u..~rtf'!b:ii 'tlbJ,/<YJ d1JJ1Col ~ /f ... 
(For supplements, answer the following questions in relation ,,, the p~oposed indication.) l'Wih711AJ~ 1""'-T~».::S 

1. PEDIATRIC LABELING IS ADEQUATE. Appropriate infonnati:.:11 hns beer submitted in this or previous 
1pp6c1tlons ind has been adequately summarized in the labeling to permit satisf ectory labeling for 111 pediatric 
subgroups. further information is not requited. 

i, 2. PEDIATRIC STUDIES ARE NEEDED. There is potential for use tn children, and further information is required to 
permit adequate labe~ng for this use. 

1. A new dosing formation is needed, and applicant hH aglitd to orovide the appropriate formulation. 

~ b. The app6cant has committed to doing such studies as will be ntquirad. 
-~ (1) Studies are ongoing, 
_ (2) Protocols were submitted and approved. 
-· (3) Protocols ware submitted and are under review. 
_ (4) If no protocol has been submitted, explain the status of discussions on the back of this form. 

c. If the sponsor is not willing to do pediatric studies, attach ca~ill of FDA's written request that such 
studies be done and of the :;ponsor's written response to that requnt. 

3. PEDIATRIC STUDIES ARE NOT NEEDED. The drug/biologic product has little potential for use in chDdren. 
, Explain, on the back of this form, why pediatric itudies are not ""dad. 

4. EXPLAIN. II 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 fOtlM. 

cc: Orig NDA/PLA 14L?1'i$Slz.oic'6u 
HF\) -':> 3° /Div File 
NDA/PLA Action Package 

Date 

HFD·510/GTroendle (plus, for CDER APs and AEs. copy of action le"tr and labeling) 

NOTE: A new Pediatric Page must be completed at the time of uch action even though one was 
prepared at the time of the last action. 
5/95 
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OEICRIPTION 
NOllVDl (ritonavir) ii - inhibitor or HIV ,.., ... with ICtivity ....... Bumm 
Immunodaficimcy Vims (BlV). 

lUtonavir ii chemically Ulipa&td u 10.Hydroxy-2-mldlyl .. 5·(1·metb)'lllbyl)-1· 
[2-(l-m1thylttbyl)-4wdaluolyl]·l.6-clioxo·l,ll-bia(pblnylmethyl)-2,4,7,12......arid1C1D .. 1J .. 
oic acid, ~-thiuolylmethyl uter, ['S-(51.•,o• .1oa•,11a.•)J. Its molloul11 formula i• 
c,,H.,N,OJ~• and itl molecular weilht ii 720.95. litoaavir llu die toJlowi111 llnlaNl'll 
fonnula: 

Ritonavir is • whi•t.o·lisht·ID powder. llitonavir hu a bitter metallic tllt& It ia f'Nlly 
t0lubl1 in m8'hlnol Incl Mhlnol, t0bml1 ill itopropuol met prudcally iuolultl• in watar. 

NOit VDl ClplU111 an availlble tor oral ldmiailtration ill a ltrlnslb of l 00 ma ricoaavir 
with th• foHowina inlcdv. iqncll•tl: CIPIYHcluprio trislYo.tdll. polyoxJl :u __. oil, 
ciaic Kid, 1tlllia. llh1nol, polyalYcolyaed .. ,art.._ polytorb ... 10, mcl propyl .. slYooL 

NOJlVDl oral IDluaioa it &Ylilable for oral adaainillnlioa u 10 mWmL of ritonavir in a 
peppermin1 llld canmel flavored vehicle. 1!ICb 3· aad 1-ounca lnml• sgptejp• ""'" ..... 
7.2 and 19.2 lfllDI of ritoa&Yir, t'llpM'tively. NOllVDl onl •lution Ibo coatains ethanol, 



( 
39 
40 
41 
42 
•U 
-44 
45 
46 
47 
41 
49 
50 
51 
,2 
Sl 
s• 
5S 
S6 
57 
SS 
59 
60 
61 
62 
63 
64 
65 
66 
61 
68 
69 
70 
71 
72 
73 

~ 01 "96 01:59PM REQ.l..ATORY Ffi"AIRS P.3r21 

DN02'2 vs Pap 2 ar 20 
C1U7.516 ..... 1')' %9, '"' 

wa&et, polyoxyl 3' cutor oil. pnpylm• slYGOl. mbydrom citric acid ID ~Ult PS. "Cdlarin 
aodiwn, peppermint oil, i:rnmy wamtl ftporina. ad ~ .. C EPIC Yellow No. 6. 

C.UNICAL 'HARMACOLOGY 
MICllOBIOLOGY 
ldlcbanjon Af l'tlQD; lliCDnavir it & ptptidomimldc inhibilOr of both Ibo RIV"l llld IDV.,2 
protwtl. Inhibilioaa of IDV protwe ..._. die ..,._.. iltGlplble of proc•lin1 the 1111-pol 
polyprottin prKunor .tUch lads to procluo&ioD ol llOll·iafea&lo111 immatun HIV paniol•. 

Antiyiral actbjty jn yUro: 'l'he activity of ritOUvir W11 •1•1d ill wlrO in IC1IMly ilafoct9d 
lymphoblanoid cell linel and in periphlhl blood ~ n. OGDctat:rllioa of dNa 
thu inhibits 50% (EC.J af vinl replicadon napcl hm 3.1 to UJ nM dtpmdlbl U10ft th• 
HIV-1 iwlac. md th1 c.111 employed. Tb1 &ftl'll9 BC.. for low PWlll clbUcal ilolliel WU 
22 nM (n=l3). la MT4 cals. ritonavir demonltllted additive .&'eCll ap&mt BIV·l ia 
~mbination with eitbw zidowdiD• (ZDV) or dldllloliu (dell). Studi• which mNIUl'9CI 
cycotoxicliy of ritonavir on levara1 cell Jirau llhowad dW >20 ~ wu rwquirecl to inhibit 
cellular powth by '°" ruultin1 in an m Yitro tbmplUti' index of at leut 1000. 

&11i1t1nc1: HIV-I ilolatu with reduced l\llelptibility to ri10navir have be-. 111.cted 'ht Yilro. 
Oenotypic anllyli1 of th ... iaola&e1 lh0Wld m\ltadoas in the BIV protlUI 1en• at amtno acid 
positions 14 (II• to Val), 12 (Val to Phe). 71 (Ala to Vil), and 4' (Met to De). Pheaosypic 
(n•lB) 1nd aenotypic (n-44) c:b111111 in JUV ilol9lll trurn Nlocttcl Plli•u crllled with 
ritonavir were monitored in phue 1111 triU. ovw 1 ptrio4 of 3 to 12 wtekl. Mutllion1 
usociat~ with the HlV viral proteue in ilol&'• obt:ainecl t'tom 41 pati•tl appeartcl to oocur 
in a 1tepwise md ordtnd fashion; fn MQ\MD'='" lb• mutations wttt potitiOll 12 (Val tO 
Ala/Ph•), S4 (lie to Val). 71 (Ala to V.itnu). 1nd 36 (D• to Leu), tollowecl by combilWiont 
of mutations at an additional 5 specific amino acid positions. Of 11 pali1nt1 for which both 
phonotypic and a•otypic analysis ww• pllfonn9d on free vinas ieolatecl from pluma. 12 
showed reduced l\&IC8ptibility to ritonavir In Yill'O. All 11 patients ,,oaeued one or more 
mutaciont in tho Y1ral protaue atn•· Th• 12 mutation IPPund to be ntc•tl)' but not 
au.ftlcicnt to ~er phenoaypia NliMIDoa. "'-owypic nlittmoe Wll defined u a ~s .. fold 
CS.Creue in viral 1enlitivity in Vitro from bu.ain1. The cUnical Nl'llDGe of ph1110tyJ1ic ad 
scnotypic c:hanaes usociatad with ritonavir dwapy hu not bun lltlblilbtd. 



' ( 
74 
7S 
16 
77 
71 
79 
10 
11 
82 
83 
14 
l.S 
16 
87 
88 
19 
90 
91 
92 
93 
94 
93 
96 
97 
98 
99 

100 
101 
102 
103 
1()4 

lOS 
106 
107 
108 
109 
110 
111 
112 
113 
114 
us 
116 

DtJ03'2 VS Pip J ot 20 
CR1?516 Febnaaty 19, IMG 

C•QP·tniaw>a JP olhm gtjratnwinl.t: 11ae po•tial for BlV crou-~ ~ 
proieue iU.ihlton hu not HID fully aploNd. "l'berlfore, it ii ualma• Ma& d'Mt ritmaavir 
therapy will have on the acti¥itY of oonaordmtly or ~dy ldaWailtwld prot.ue 
inhibiton. Serial RIV ilol.., obtaintd trom n pl&icts dwiQa rimaavir tbenpy lbowtd • 
decreue in ritonavir t111ceptibility bl 'Wll'O btJt did DO' ......._ a cmcordat deer .... in 
1uaceptibilicy to uquiuvir;,, Yill'O whlft COlllPlf9d to matcW blMltnt ilolata II.owner. 
isolatM from rwo of ... pltienta ~ ___. IUIOlp6ility to iadlavir m wwo 
(1-fuld). llolata ftom 5patieduwerel1lo1lltld for crot1-Nli-co to VX"'4'71 Ind 
nclfinavir; iml .... from 2 patimtl hacl ...... ill _,awu..,.., nelft•IYir (12· l+.lold), 
and nono to VX~7&. Crou-19li.ltla" bGl'W9m rilonmr llld l'IWlll tnnlCriptUe inl'llbiton i1 
unlikely bee.am• of 1he difr••t enzyme tlll'IMI iawlwcl. On• 'ZDV-,.;ltlftt HIV iloW. 
testad tit vitro retain9d ftall IUICepdbility m ritouvir. 

Pbannacoldoetiea . 
Tbe phtrm1COkin1tiu of ri-.vir •~• bMl naditcl in btlltb)' voama11111 and IDV ·inf"11d 
patients (CD4 a: so ctll9''°""). s .. Tabl• l lot ritOAa\'ir phumMOJdnf:~ . ., thuac1tritdu. 

Tho absolutt bioavailabiJity of ritonavir bu not b• dMmllial4 Atflrt a 600 m1 doH of 
oral solm!on. pule conc:eatration1 of ritonavir were ldliewd ..,,rox1...ir 2 laoun Ind 4 
hours after dosinJ under futina and non·fatift& (514 K.Cal; 9% fat, 12% pMlin, and 79'A 
carbohydrate) eo11ditiOD1. respectively. When the oral 10lulion wu f;it'tD uad# non .. flllina 
condltion1. pule ritonavir concentratioa1UCll9IHd23%111d the .... , of lbaorplion 
decreastd '7% relativt to futia.1 conditiona. Dilvcion of tb• oral tolldien. wilbin oat hour of 
adminimation, with 2•0 mL ot chot.ellhl 11\ilk. Advera• or 1n1urt• did not alpifloandy 
aft'ect the extc:.: and rate of ritoaavir lblorption. After• liaal• '°°ma doll ..... non· 
futin1 condition1, in two 1epuace studlcas, th• ct1tsul• (n•ll) and oral 10ludon (ft-I•) Cp•l I\ 
t'ormularions yielded moan :t: SD areu under 1bt pluma concenuation·tim• curv• (AUCt) of 
129.5 ± 47.1 and Ha.e • 4a,1 122 Q g ~IJ J&1·h/mL. nspectivcly. Jlol&tivo to luting 
conditions., chc extent of absorption of rito1'avir from che e1p1w1 formulation wu 15% hither 
when admininertd with a meal (771 KCal; 46% fat. ll% protein. and 37'A carbohydrate). 

Ntarly all of tho plasma radioaccivity aftM' a linal• oral 600 ma doll ot HC·ritonavir oral 
solution (n•5) wu aari.butld to unchanatd ritonavir. Five ritr:mavir metlbolilll have bMft 
idontified in hwnan urin• and foee1. Th• isopropyhhiuol• oxidation metabolite (M·2) iJ th• 
major metabolise and hu antiviral ldivity similar to that of panat dna&; however. the 
concentraaons ot this metabolite in pluma are low. SNdi• miliaiq bwnan Hvu micrvsom• 
have demonstrated dW cytachrome P450 JA (CYl'lA) i• th• major itoform involved in 
ritonavir metabolism, lltbauah CYP2D6 also cor.zributll to th• formation ot M-2. 

In a mady of five 1Ubjtc11 receivina a 600 ms do1t or 1'C·ritonavir ol'll tolution. 11.3 ::e 
l.1% of the dote wu •creted ht.to the win•, with 3,S • 1.&'Y. of th• do• acretod u 
unchanaed PIP" .t dna1. In 1hat study. 16 . .C • 2.r1. of the do• wu ~in th• fecet with 
33.1 ± 10.1% of ihe do11 exertttd u unchapd parent drua. Upon mwtiple dolina. ritonaVir 
accumulation ii le11 lh.n predicwcl from a linal• doll pouibty clue 10 a time •d do1Hela&ed 
increase in dea.raace. 
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Spec._ Pes:aladear. 
Qtndu ''£1 'Dd Ap; No.,......._.~...._ ll&w lawn-* ia 
adult pa01nt1 (11 '° a y11r1). 1.itoa&Vir ~a laavt aot blm ll1Mlild m o1• 
patimtl. A ll1ICly of ritoaavir ................ ia IMllday ml• aad flmllu lbowld no 
swisti.Wly lipift .. t cWrertnMI in the~- ot ri•avir. ~Mtic 
differenGet due to l'IA have not._ idllltifted. 

lllnal Imumcjgc,y: IUiouvlr pbumuoldnltiu have aot "- ttucliecl ia plfi12111 with rmll 
inauffieiency, hoWYlr liDCI naal cl1KUC1 ii nt1liaibl1, a -.... in tlDtll boc1J cl••• ii 
not expected in palima wHh nul ial\dlllimoy. 

Houle Ingftlslmc;.r: litoaavir phanwoldaltia llave aot Hla _. .. ia aabJICtl Wim 
hepatic insufllcieMY (111 PRICAtmONI). 

pnag .. Q011 lptowtioo1: Table 2 summ.V. tb1 etrecu oa AUC md C.... whb tS% 
confidence intttvll.I (95 CI), of co-adminlla'adon of ritDA&Vir with a 'flriely ot drurJ. Por 
information about clinical ncomlMlldaliou w PRSCAtJTIONl-Dn1 lat1ncdea1. 
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im•••l•tilll Ws 1'M rm RliM 'lit "'mud llY *-ts dda iluliGllioa ii bued 
on thl nsultl A'oaa a ltudr 4a •••• • ....... ~ .., •11111 llaoWld 1 rtlludol ia 
•• motlllitf .. AJDl.delaia, ollni..a .... tot .............. woavra. MMilD 
duntion of follow-up in dUI llady wu f ......, 'IH lliaiul -.dt hm NOi.via. lllenpy 
tor lon1• periocla of trManmt u mlmown. 

mJ:;itn:::rvv::=:::s:r1ru1l=:t:in:it:::: 
Pthll' mUrstreyirel t•M l!n ppedgttp pC QlpiHI IDUfigl, 

O..crtpd•• ef nl•lcll ••• 
n. IGdvity of N01Vla u .... ......, or in ........ wida IWllllli• _...., haa 
Hin naluated in 14'44 pali•tl mnalled m "'9 ....a .. Wiad. ... ml.t .W.. NOaVDL 
therapy in combination with Jiclowdiae acl alcitlbiaa WM allo 9VliuMN iD ID optD•llbel. 
non-compuatiw ltWly of 32 pati1nt1. th• clinical 1Nd.i11 nponed. lase wen Ill oonductecl 
uain1 ritonavir ol'll aolulion. 

Advanced Padaaa wlda Prier._ ............... Tlleran 
Study 241 wu a rllldomilad. doubl•bliDcl aill OODductecl iD JDV-iDtected pad•11 wi&b at 
lout nine montba of prior •tirttroviral dlenpy llMI bueHu CD, Mil ao•ll G 100 ulll/t£L. 
NOJlVIll 600 ma b.i.4 or pllGlbo wu ldcW to wh peli•t• Miiiin• IBiNlovinl thtnrpy 
repmen. which could have comimd of up to ""° tppr0wd anail'lll'OVin1 11ma. Tu ltUcly 
acAruecl I 090 patienta, with mun bueline CD. cell oowat • ttu4Y •tty of J2 oeHll~. 
Moclian dun&:ion of follow-up wu 6 mondll. 

no aix month GUlftulUive iacidlllce of lllaiw di111M pro...-f• or death wu 17% for 
patients ranclomizad to NOllVII. compared to 34% for plli•tl nndomiaed ., pla;ebo. This 
diffar-.ce in rasu wu lt&tiadcally lipiliunt ( ... Fipre 1). 

""-.._ 
~ ............ 

.... - ...... ] . .._ ____ _.... __ __.._..__. ...... ..._ ______ __ 
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'Dae aix-maada ._ui.aw mon.lhy w 5.1" Alir pltillltl ... miNd to NOllVll. wl 
10.1% tor pad•• rac1omiac1 • placebo. 'lWI ....... 1a ...... .,.. •••111ir 
lipificm. 

Ia ldditioa, aaiJw of ... CD4 Olll ..,.. ....... hm ••ftlia• ..,_ tlat lirtt 1' 
wkl or...., tor a. ftnt 211 ,__....aw (w ., ...... CD. o111 .,., • 
:it c:ellaltaJ..) .-... u Ncava wu _._.wt• .......... 1a co4 .u ••• 
dalD WU plwbo ( ... l'iaun 2). 
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Figure 3 1ummarizu th• man chanaas from buelint in lo1 RIV ltNA lr1tl1 tor Study 141. 
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Padea&I Wldaout Prior .Aadntrniral 1'llenpJ 
In oqoiq Study 24S, 35' llllirMrDYinl41iw JDV-iafeallcl patitntl (w blltline 
a>. • 364 calllla&L) wen ~to nceive • ._ NOaVll. .oo ma 'b.i.d., •~ 
200 ms t.i.d., or a combinatian of th• clrup. In •aly• of awnp CD. oeU ooum ._,., 
from bualin• OVll' th• ftnt 16 Wiiks of ssudy. both NOJ.VD. moaodalrlP)' llld oombinasion 
therapy productcl areater mem mCl'lllll ia CD. clll count tlllD did Jiclowdiu moaothlrlpy 
(•• Fisur• 4). Th• CD, cell count ia ..... tor NOavm ~ ..,. 1upr tlllD •• 
iDCl'Ulll for comltinadGD daenpy. 
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CombiDati• T1a•APJ wida NOKVlll. Zldendia1, •• ZaldaaltlM la Alltintrntnl­
Naive Padatl 
In Study 201, Ill open-labol •c:mtrollld trill. 32 atiretrovml-naivt RIV..ud'tctecl S*imU 

. initially received Noa.VD. 600 11a1 'b.i.cl. IDDllOdaenpy. Zidowdiu 200 ma t.i.cl aad 
Zl.lcitabine 0.75 mg t.i.cl. wwe added aft.- 14 clay1 of N'OllVD. maaothlnpy. Jlalults of 
combination lhenpy for da• Iba 20 weeb of dail llUdy lhow medim in...,.. in CD4 coll 
counts from bueline 1.,,.q ol ll to lN ullll..i, over the cromn•t period. Mem clacreaw 
from bueliDe in RIV :RNA pardcl1 l1vtl1 nnaed from Ult to 1.t2 lop. 

CONTRAINDICA TIONI 
NOl.VIll is conuaindicatld in patiGI wida lmoWD 1'ypwumitivity to ritouvir or Mlf Of itl 
in1ndi1ntt. 

Ritov.rir i1 apectcd to produce larp iaoreull in the plalm& oowtrUiou ot the 
following drup: amiodaron•. utemi11Dl1, bepridil, bupropion. ciuprida. olo11pine, eoaiaide, 
tlecainidt, meperidine, piroxicam. propaflDODa, propoxyph...., quinidine. rifabudn. 1nd 
terfll'l&dine. These ipfttl haw recopiHCI rilb of anhy1bmiu, hllDllOlolie abnormaliti.., 
seizures. or other po111nially urious ldvuM lft'tctL 'nlOll drvp lilould aot be 
co-administered with ritcmavir. Jlitonavir ;o.adminiltrllion is likely to produce lar1e 
increues in 1hae hishlY mltlbolizad udativt1 1nd hypnotics: alpruolam, cloraupate, 
diuepam. estazolam. tlwaupun, midazol~ triuolam. ad .mlpiclem. J>\11 io the potmlial 
for cxtrtmt stdation Ind l'llpiralOry depl'Mlion from ... aamts. they lhould not bt 
co-&dministered with ritonavir. 

PRECAUTIONS 
General 
Ritonavir is principally metabolized by .... liver. nunfore, caution lboulcl be eurciMd 
whm administerina this dru110 patimts with impair.\d hepatic function. 

Rubtance/Crou•rulltaace 
The potential for IUV Cl'OU-retistance between protease inhibitors hu DOI Nia f'ully 
explored. Themore. it is walcnown what effect ritonavir thenpy will have on the activity of 
subsequent protease inhibiton ( ... MICROBIOLOGY). 

IDformatioa Jor Padletl 
Pllients should be informlcl that NOJlVDl i1 not a cun for IDV infection aad dw Ibey may 
continue to acquire illneaes auociatod with adv1ncecl BIV infection, inchacliq opponunillic 
infections. 

Patients should be told that th• lon1·tann elf'em of NOR.VIit. are unknown at thi• time. 
They should be informed that NOkVDl 1hll'lp)' hu not been shown to reduce the rilk of 
truumining JUV t0 othm thro\llh llXual contact or blood conwninalion. 

Patima should be adYiNCI to take NOllVDt whb food. if pouible. 
Patima lhould bl informed IO take NOi.Vll. IVllY day u pracribld. Pllimtl lhould not 

al11r the don or dilCOl'ltinue NOltVDl widKHat co111uhin1 their clootor. If a doN ii milled. 
patients should tak• •• next close u IOOn u poaible. Rowwver. if a do• ii mpped. the 
puient should not double the next doH. 
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Since NOlt.VII. interacts with 101P dlUp wb• taken to .... Plli•ll lbo\&ld bo advised 
tO report to their doctor dal UM of 1111 ... mldicadona, iAoludiq prllGl'iptioa md 
nonprescrip1iot1 dnlp. 

Laborato17 T•tl 
IUtonavir hu bem WDmlled witb uWldou la trislYaeridel. IGOT. IOPT. GOT. CPK. md 
uric acid. ApplopriMt lllMn'ltory tlldq lhoalcl bl PllfDnwl prior • Aaltilliq Noavm. 
therapy llld at pciodic mt.rv.11 or if any diaiul ...., • .,....,.... ooow ..,.. lbll'tpy. 
For compnhmaiw lDfonnation conCllftiaa llborllOIJ *I 11.....aiw Ulaeiatad .Wtla 
nudeo1ide maloaues. ph)'liciuul mould 1* IO die oompllte product iafonulion for M.:h o£ 
these clrup. 

Dru1 lateracdou 
Asenss which incnue CYP3A activity <•·I-• ph1DObubit11. carbunwpiu, da•metbypp•, 
phenyioin. rifampin, ad ri&b\llin) would be _,.... ID incnue the clunnae of ritonavir 
mulPps W dsgeged riWtyjr plgmp smsmmripp• Tobacco Ult ii lllOCiated wills an 
l 8% clecr•ue in the A'UC ot ritonavir. 

llitonavir can produce lar11 incrtUU in plasma CODctntratiou of C«lain hi&hly 
metabolized dnap. IJtonavir hu a hip affinity for llYll'll cytOcbrome P4'0 (CYP) isofonu 
with tbe followina rank 0rdor: CYPlA > CY'P2D6 > CYP2C9, CYP2Clt >> CYP2A,, 
CYP1A2, cYP2Bl. lbn ......... iwii1lli1M ii 'All Md•g ... ritoaavir - iacr ... , 
the a;tivity of ,iuCW'Ollol)'l ll'llllferue1; thut, loaa ot therlpeudc ..._ trom clil'Mll1 
alucuronidated 11111t1 durin1 ritonavir thenpy Ina)' lilftifl tla• MM for ._,. .. _... of 
these agents. A syamuic review of over 200 medicaliom pnaeribed ID lflV ·iftfectecl 
patients was pedonned to identify potential dru1 intlrletions with ritonavir. Table 3 
swnmariz.es 10me commonly prescribed drup, 11parlled by th• type of mltlboli.sm ad 
expected mqnimde of inreracuon when co.adminiltel'ed with ritonavir. It i1 advised that 
concomitant use of any of these .. ents wilh ritonavir should be accompanied by therapeutic 
drug concentration monitorina 11ul/or inCl'lllld monitorina of daWlplUdc lftd advene eftlcts. 
upecially for 11ent1 with nUTOw therapt\dic nwain• (e. ... onl .adeoaplanu, 
immunosuppreuants). Larae doup reduc:tiou (>.50% reduction) may be required tor thou 
aaents extenlively metabolized by CYP3A 

The followina list provides infonnllion bued "' l&Wli11 of tho co-adminiltntion of 
ri&onavir on th• phannacokinldc er , .. ...,.. .. , ·-~ pn»peni• of M\Wll collllllOllly 
prescribed medications. 
Claritbmmycin: l'be mUA increue in the AOC of daridaromycia in tb• pr .. ce of ritoaavir 
wu 779.4. Cluitbromycin may be ldminilter8CI without clo111• acU111tment to pltimtl with 
nonnal renal function. However. for patients witb renal impainnmt th• followina doaae 
adjustments lhould be considered. For palients with Cl.ca ~Oto 60 mllnain the do• of 
cluithromycin should be r9duced by 50-.4. For paa:imts with ~ < 30 mt/min the doH of 
claritbromyGin should bt clecraued by 75%. 
Dnjpramine; Co-adminiltntion of ritoD&vir nlUltlcl in a l tf5ti mw inCl'llll in tbe A.UC of 
desiprunine. Doai• nduction ot dnipramine lbould bl oomidwed in pllimta takin1 dae 
combination. 



l 439 
440 
.Wt 
442 
44J 
444 
445 
446 
447 
448 
449 
4SO 
451 
452 
4~3 
4S4 

~ 01 '96 0Z:02PM REGU..ATORY 11-TAIRS P.13/21 

DN026l vs ,... 12 of 20 
CJU7516 ,..._.,. 29, 1996 

QjwlftqmlMepppjdNOJ•· :aitonavir formulariaa1..-.lloohol,1"hicla ca praduce 
reaciiou wb• oo 1dmi11iMnCI '1Hth clilul&lm or ...._ dr\111 that plVCbacl dlluUlranhlike 
reactions (e.J,. metrolliduole) • 
Oral Cgntwtatim: 1111 llllll AUC of edaiayl -.dial, a '10IDplll•t la onl ooatnetptiwa. 
WU nchMMNI 40% clurilll ciam:omitmt ... with ri..-rir 500 .... ql2b; dolq1 incnuo or 
alternate comnceptiY9 Ill .... lhouW b6 couidlncl. 
Sag}linlYir: litauvir ...,lively inlulftg die mttaNJltm ol ~ hNltiq in lflltly 
inc:reued MqUina\V pluma ccmcentrl&ioa1 tu llfaty ot dlil mmbinuioa bu not bem 
utablish..t. 
Deqphyllino: Tho umu AUC of daeaphyllilla w reduced by 4i% whlD co-edmini-...CS 
wilh ritonavir. k;eaaecl clo1111 or lbeopbyllin• may ... Nquirod. 

T.W.J 
..... war..••Dl'9pC. h'zt ..... w• ...... ..,. 

~ ........ ~· ... ., '•!" ............... .. 

.. ,, .............. '1 ....... .. ..-....... Cl~~---------
............ 1' AUC' ............ t., .. U tllie 1' A.Ve' 
(CYPJDI) i A.UC' 

(CYftCtllt) 

,_.W.'-AllCi 
(allilau1MI••..._, 

4W.a11dlu, •arcet&c A11eat111U 
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~ y,__.. 

..... ~ .. 

46iadWotlc. 
46aacnlid1 
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Alli .. P'rffl• ca..,,... ... 
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Norwlptyllae 
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....... illl 
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c., ................... .. 
Lona-term carciaoaenicity studi.• of ritonavir in IDimal l)'llell\I haw not been oompltllld. 
However, ritonavir wu DOC mutqmic or clutoatnio iD • bl&Wly of *' ~ and '" Ylw> 
ways inchadiq baalrial l'IVllll mutalion (Amil) llliq S. IJIJl/d•.,,,,,., ead E. ooll, moUM 
l)'lllphoma, mou. mlcron.acleua, 111cl chromoeomt lbtrrati.on1 in huratn lyaapho.,_, 

Prepancy, F1rdll17, ud aepreclllcde• 
Pregnancy Cateaory B: JUtonavir produced no tft'ICtl oa fertility ia nta at drq IXpOIUf• 
1pproxima11ly 40-~ (mal•) •d 60% (ftmalo) of thar achiewd witb tba propOIN 1hmpeudc 
dose. Bish• doHiu _.. aot fluibl• clue ID hepatic toxicity. 

No trHtmtDt·relased malformations wen obtervld wllen risonmr wu ldminiltMM to 
pregnant rall or rabbits. Developm•tll toxicity obamcl in ntl (•ly morption.s. 
dccr1u1d fetal body weiabt ad ollification clelay1 llld dtvllol»memal Ylrilliou) oc:cumd 
at a maternally toxic doua• at Ill exposure equivalmt &o appR*imasely JO% of that 
Khieved with the propoMd th...,emic dote. A alipt inc:nae in th• ind.t..ce of 
cryptorchidiam wu also noted in rats 11 an exposure tpproximllely 22% of that achieved 
with the proposed tia-.peutic doH. · 

Developmmtal toxicity obHrvtcl iG nbbits (nsorptiou, dlCl'eued liU. ._ ad 
dcc:r1u1d fetal wtipts) allo ocournd It a matnally toxic doAp equival•t to I .I dm• 
the p1·oposed thnapemic dole baaed on a body aurfau ana coovtllioa flclor. 

Thtr• art, bowtY•, ao ldlqllltl and well•controlled ltUcHu in PfllDIDI womm. 
llcuuac animal reproduction ICUdiu are not llwayt predictive of human mpoue. tbil dnaa 
should be used durin1 prepmcy only if clurly needed. 

Nunia1 Modaen: It i1 aot known whether dUa clnll is llXCNt8d ia bum111 n:illc. BeclUll 
many cltup me excreted in bumm milk. caudon should be _.... wlaell ri-.vir ii 
adminil!etsd to a nuniq woman. BoW9YS, die U.S. Public Bulth Stmce C.W. for 
DiHUO Control mad Prweadon ldviw JDV·ila&aecl WOllllft not • brlul-feed to awaid 
post·utal trWIDillion of HIV to a child who may not be _inflGted. 
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1edlatrtc 1111 
Th• aaf1ty Ind dlctiV1D111 of ritonavir hi ohildrm below tbe IP of 12 have aot been 
tmblilh1cL 

ADVl!Rll UACTION8 
The 11111)' of N01VD. alone ad in comlHDadon with audlOlitle ......... w maditd in 
11..0 palimtl. Table 4 littl trelllnr..nt......-& ..._ 9YIDtl (It leut pouibly relasad 11ad 
of at lust moclln.ta intlmity) tht! occurred ia 2" or ........ 11/.palimtl nceiviq NOl.VDL 
alone or in combi"llCiOD 'Wida aucleolid91 in Stud,y 245 or Study 247. Ai 1be time of tlais 
safety UHlllUDt. tba media duration of..__. in luacl,y 245 wl l&udy 247 wu J.7 111d 
2.4 mondu. rapecdvely. HpWWf MOO dm 0 mll1'F!!d AD Mdm ftar pew !hp A 
mgJba ar "'ttm•'· Tbt IWt frtqUllldJ ..................... 0 .... .. 
uthenia. asnon1 pati•tl rtaiYiq N01VDL "*9 IULoiatlldul llMI ._.101ical 
dimarbancaa includiq n&UHa, diarrha. vom1tiq. lllOl'Mia, lbclomiDll pain. tute pel'Ytflion. 
111d circwnoral ud peripheral p•trdauiu. Similtr ldvene ewnt prolll• were nponecl iD 
padants recaivinl ri10Da¥ir in other trills. 

T .. le4 
Peraa&ap .,...._., wlda T._, ............. A...._ l._11 _,,.._ ...... er a.. ... 

1a-..., 0..ntq .. ? 2~ ., ............... JfGa'Vlll 

kud7 2•5 lludy 247 
Naiw Patimta MvaM4 Patiata 

NORVIR MC>RVJR mv NOJlVDl Plu.bo 
+ZDV 

Advar• Ewnta D • 116 D • 117 a• IJt a-541 ...,,, 
Body u • Whole 

Abdomia&l Pain 4.) :J.4 4.2 1.0 J.1 

AltMni• 27.6 t.4 10.1 .,.2 s.i 
P1vcr t.7 0.9 1.7 '"' 2.2 
HMd&obe 7.1 .5. l 7.6 6.J 4.0 
MalaiM 4.3 1.7 J.4 0.7 0..2 

Cudiovucular 
Vuodilacion 2.6 1.7 0.1 1.3 0.0 

Di1•ltivt 
AAorftia 7.1 0.9 ,,, 1.1 2.0 
Coutipalioa Z.6 0.0 0.1 o.o 0.4 
Diant. 21.6 12.1 0.0 11.J 6.1 
Dy.,.,.. J.7 0.0 1.7 4.1 0.7 

Flaluleaoe Z.6 o.t 0.1 O.t 0.6 
LOClll Throal lrrilAUOD J.7 1.7 o.a 2.6 0.2 

NaUlll "'·' 2J.l 2'.4 2'.2 5.7 
Vomiiiltc 22.• 12.1 12.6 15.2 2.6 
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i:=a~...,w--· l.7 

llyplrlipid •i• 1.1 
MlleOuloml..U 

Mraltia l.7 
NtlYOUI 

CW-1 ........ S.2 
Dizzill•• J.2 
La .,. J.4 

Plnllbelia .5.1 
hripbanJ PaftlCbtlia 0.0 ,,,...,, ... u 

. Thbtlda1 A•armal 2., 
Ropidtory 

Pla.u7qilil o.t 
Skinaod~ 

Ralll 0.9 

Swnbni ?• 
SpHialltDMI 

1 .... ,.,. ...... U.5 

,_, J.4 

1.1 o.o 

1.1 0.1 

:u 0.0 
aA l.'7 

2.6 0.1 
u 0.0 
6.0 0.0 

u 0.0 

o.o 0.1 

2-' o.o 

o.o 0.1 
1., 1.7 

10.S '·' . 
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o.t O.J 
4.l o.o 

u O.f 

s.t 0.2 
J.I 1.1 
l.l 0.6 

2.0 0.2 

s.o 0.7 

2.0 0.2 
0.1 0.J 

0.4 o .• 

2.1 0.9 
l.J 0.6 

1.1 

' Ja.ludt• Ibo• UWll9 tv9Mt t& Jeut~ relarM • lblcly .._or.,...._ 
nlatioubip ud mladu caau:rtat V ..-..... 

Adverse events occurrin1 ln 1 ... than 2% of pmmu roceivin1 NOaVIll ill all phue 
D/phan m saulit1 Ind considend u ... poaibly nilled or of...__ nlaliOlllhip '° 
treatment and. of It lout moct.aca intlftl.\ty 111 lilled bllow by bocly tyltlm. 

Body as a Wlrol•: Abdomm mlar11Cl. accidmlll iDjwy, alleqic reacdoa, back pain. · 
c:achexia, chest pain, dailla. facial ldoml. flcill pain. ftu l)'lldromt, hormone JIYll alMred. 
hypothermia. kidney pain, neck pain. neck rilidlay, pain (U111Ptciflld), ...._11 chlll pain, 
and photo1euicivity raction. 

C11nllowut111ltv Sy1m•: Hemontutp, hypotantion, mipn' palpitldoa. periphml 
vucuJar disord•, potturll hypotlUion, IJlloope. ud taehywdi& 

Dl111t1v1 Sy1111Jt: Abnormal noolt.. bloody cliarrb• chliliU. Clbolaalda. colitil, dly 
mouth, dyspbqia. .-uctation, llOPhqitia, pllritit, pa1rOIDteritia, patroiatlltiul dilcmltr, 
auiroinl91tiul h1morrhqe, ainsivitis, hepatitis. hepatom11aly, illitil, livs dam111, livtr 
function tuts abnormal, mouth ulcer, oral moniliui1, pancr..UU.. periodontal Ible.a, nctaJ 
disorder. tm•mu, ud thil'll. 

Entlocrin• Syst••: Diabetes m.alitus. 
H•Mic "1UI Ly.p/tllllc b11ne: Anmnia. tcehymoais, leukopmia. lympbadmopltby, 

lyrnpboc;ytosis, ud thrombocytopeniL 
ll•IObollc tUUI N11tnllt#llil Dllortlln: Avitamiaoli1, clehydrl&iaa. .._.. JlyCIOIUria, 

aoui. hypercholawtm.ia. peripbtnl lclelna. 1114 Wlisht lou. 
M1111:11Jc1bl1UJ/ Sy11n1: Anhral,ia. anhrotis. joint diaorcler, mUlde cnmps. mUld1 

weaknus. myositis, •d twitchin1. 
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N•nou Syilat: Abnormal drums, lllDoriul plt, llhaDcm. llDR• axilt)', lphu:iil, 
a&&xia. COllfulim, convulsion, clapswaiOD, dlplapia. .aodaul IUilil)'. nphoria. pmd mal 
convullion. ballucinatiOl\I, ~I, iuooNiulioe. UWdo -...... a--'Oua.a-. 
nouralaia. uuropathy, panlylil. peripheral.........,, ,.n,benl IWDIY .-opamy, 
peno~ity dilanllr. tremor, uriMry ........_ llMI wrdp, 

bqlndO~ .s)1,..: Adam•, ..,.,..,.. ... ...,, w-., b,puwntll&lion. incnued 
cough, intentitill pneumonia. luna clilorder, .ul daiaitis. 
, Skin tl1lll AJl,."""i•r. Ame, con11et clenmtitit. dry lkiD. ...., folliculiti1, 
mlCUlopapulU' rub, mollUIGUID oonlqionm. pnari1111, plOriuil. MbonhM. urtiOlri .. IDd 
vetieulobullo111 l'Mh. 

Spu:iaJ S..11: Abeonul electlQ~ alullllll ~ abnonnal 
vision, amblyopillblurnd vilion. blepharilil. • plill. If• pain. btadq bnpainnet. 
increucd cenunen. irid&, parounia. pbolOpb.obil.. .._ lo-. tUuUtul, 8Yllitia. mcl viaual fttld 
defect. 

Vro11nlllll Sy11nt: Dysuria. beat~ i111potmce, kidney calculus. ldcluy flih111, 
noctmia, pmi1 disorder, polyuria. pyeloaephtici1, Ulldaricil, llMI urinary ftwq\aM.cy. 

Laboralo'1 Alta•rmalldet 
Table S shows the perc•taa• of patients who developed marked laboraaory almormalitin. 

T .... t 
......... ef P...._ta, ., .....,. -4 Tr ·••t GfMp. w16 ...... Cll_._, ... 

........ 11 L*,...11 v .............. 
Study 24J SIUdy 247 

N'"9Padau MWllMCI Patfelatl 

NOJtVIR NOIVll ZDV 'NOR.VDl ..... 
Vuiablt Limit •'UJV 

Cl:IElldlSII~ H1mi 
GlucoM (>lSO aaaldL) l.O 0.9 0.4 1.1 
Uric Acid (>12 ma/dl.) 1.6 0.l 

Creaunine (>3.6 lllldl.) 0.2 O.l 
Pocanium (>6.0 dq/L) o.• 0.2 

Cbloridc (>122 mBqlL) 0,9 
Tocal BiUNbin (>J.6 mi/clL) l.2 0.2 

AlkaliM Pbolphawe e>sso ru1t..> • O.t l.4 1.7 
SGOT (AST) (>1IO IUJI..) 2.9 '·' 1.7 J.1 4.J 

SOPT (ALT) (>:US IUIL) J.9 '·' 2.6 6.1 2., 
QOT (>JOO rulL) 2.0 2.1 0.9 14.7 ,,., 
LOH ()' 11 '70 RJIL) 1.0 0.2 
Trillyoeridos (>1SOOlftl"dL) 1.0 " 10.I 0.2 

Tri111oeridu Fuliaa (> l 500 -.14J..) 2.\ l.4 • '·' 0.4 

CPK (>I 000 IUJL) 1.0 7.5 7.1 •. , 4 • .5 
NA1lue (>1 X ULN'> O.t 0.2 
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CHEMllftX 

Alhwnin 
Sodium .... ._ 
CWeriM 
Mar•-
Clllium 
HllMttTQLOOY 

a...,a.w. 
HmatilOrit 
UC 
WIC 
PIM9let Co\lllt 

N.uuopbill 
HIM.\Ttn.Qa% 
WBC 
Neuuopbilt 
loliaopbill 
Plodu'ombiaTlme 

um 
(<2.0 Wdl.) 
(<Ill ..a.'1-) 
(Cl.0...,_) 
(41 mJi,qll.) 

(Cl.0..a.L) 
(~.•~> 
um 
(Cl.Oaf&) 
(CJOH) 

(CJ.O t 101*4.) 
(<2.5 x 10-4.) 
(CJO .X JO'IL) 
c.l).J X U>'4.) 
lllQB 
(>25 x lO'll.) 
(>20 x lo'A..) 
(>l.O X lo'IL) 
(>l.S x tJLN') 

673 
614 
675 

' ULN • ..,.,. llmii of die llOIDl1 ...... 
• lzldicatn llO n.11 npoNd. 

676 OVffltDOIAGI 
677 Acute Ow1rclo1Qt 

• 

10 
1.0 

• 

!.0 

P.19.1'21 

IH>262 Y5 "'911af20 
CU7516 ,......,2,, t"' 

o.2 fU 
0..2 

O.t • 1.0 l.l 
o.t • OA 

0.4 0.4 
• 1.2 O.t 

u IA 
11.7 1'-0 

J.'7 14.t lf.7 
J.J 25.I Sl.4 

o,, o.• 
4.0 '·' 

• t• 0.7 
• l.I o.t 

1.t O.t I.I 2.6 
1.0 l.J 

471 HIUIUln Owrtlol• E:q#riaa: Humm acp9ri•c:e of .u ovvdole witb NOaVDl i1 
679 limited. One patilftt in cbaical 1rilb took NOl.VDl 1500 fAl/day tor two clap. Th• patimt 
610 reported paresthlliu which r110lved aftll' tbe doll wu cltcnuld. 
611 The approxhnltl ledlll dote wu found tO bl lflltlr lblD 20 tilMI tb1 nlatad llllllllll 
61.2 dose in racs md 1 o tim• th• rtlated hum• doM ia mice. 
613 
614 Muqemeat ef Ovenl••I• 
61.S Truament of overdote with NOllVJR. conlitll ot .-on1 supponiw IDnlurtl includiq 
616 monitorin1 of 'Vital lip •d obtlMtion of tht oliAioal ..., of .. pllimt. 1'hln ia • 
617 sptoific 1nddoce tor OWlhloM with Ncavm. It lndAoateel. lllmtadto o1..-.rN1 *"I 
611 should b• adlimd by _.., or auulc l&~qe; \llUll P*M&ti• lhoWd be ~ • 
619 maintain th• airway. AdD~atiOft ot acti-.d charcoal may allo be med to aid in 
690 removal of unabsorbed drua. Since ri•avir is atmlively mltUou.cl by tlae livs •d it 
691 hipiy prorain bound, dialysis is mlikely to b bmlficial in lianiftamt NlllOval ot tlae drua. 
691 A Certified PoilOn Con11'ol C•W aoulcl be wuulted for up-to-elate infonnltioa OD tbo 
6S>J mlftqemmt of~ with NOa:YIR.. 
6M 
6'5 DOSAGE AND ADlllNllTRA nGN 
696 NOl.VDl i1 admiDilttnd onlly. 1t1•1Ulla •• .... el 111• • •• ,....111WllliM II 
617 lit••""• '9 limite .. it J& ii ,,...,.,, zmw4111 1bll it Npgm bl -- with 1W11 if 
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poaible. htilfttl may improw th• tMta of N<D.VJa onl IOJudoD by mixin1 with 
choool11a milk, J!aaure•, or A.dvera• wi11Wa CllDI llow of ••111. n. tftem of antuicll on 
the abmrptioa of ritonavir Uw DOt Hm IQUlied. 

1h• NCOmm•dad cloui• of ritDll&Vir ii dOO ., twice cWly by moudL Some pati.u 
aperi•oe Dll'- upoll iaisilrion of 600 1D1 bJ.d. ~ doll -.lliOD IDI)' pnMcle IOIDI . 
relief; 300 1111 b.i.cL for 1 clay, '°°ma t.J.cl. lar 2 llaya, 500 ma b.Ld. for l day. llMl *• 
600 ma b.i.cL tbenafter. In addition, ,.._ laitlldlla ..-.... ,..._ '1rith NOi.VIi. 
md nvdeolidel may improve autrointlltiul tll..,. by iabiaDq NCDVDt alone llld 
subsaquently 1ddiq nucleolidal before complldaa twa w11b of NOi.Vii. manoth.rapy. 

HOW SUPl'UBD 
NO&VD. (rilOU\'ir upaui•) U'e whita Olpl\llll illlpdat.cl with .. GOiporallt lop 0 • 
100 ma. md tho Abbo-Code PL NO&VDL it ..U11911 u 100 ma CIP'UI• in lht followtq 
pacU,e aim· 

Pack11• of 4 boal11 of 14 capault1 elCh 
••..••••••••••••••.•••••••••••• , •••••••• s. 

Pacbau of 1 botd• of 14 CIPIUI .. uch 
• • • • • • • • ti • • • • • • • • • • • • • • ' • • • • • • • • • • • • • • • " • • (NDC 0074-9'92"°2). 

Packqu of 4 boxes, 3 boxes of 14 capsulu IUh ID4 1 box with A ClplUl11 in unic-cloN 
bliltll'I . . . . . . . . . . . . . . . . . . . . . . . . • . • • . . . . . . • • . • • . (NDC 0014-t492-t9). 
Packqn ot 4 bout of 14 cap1ul• uch in uniMoal ltll.._. . . (NDC 0074-kf2·'5). 

l.ecomm1ncltcl norq1: Store capsules in th• nlriprum bllwwlt JMn (2-1•c). hnlci 
from liaht 

NOR.VD. (ritona~r oral solution) ii an onnp-coiortd liquid, aupplied in ambtr-coloNCI. 
multi-dose boulu conwnin1 600 ma ritonavir ptr 7.S mL marked doua• cup (10 ma/mL) 
in the followin1 sizes. 

Padcqes or' botd•, 90 mL each .......••.••........ (NDC 0074 .. 1940-90). 
240 mL bottles ........................• , .. : •.... (NDC 0074-1940-63). 

R.ecommanded nora,e: Store NORVIll oral tolutioa in die reftiprator bltww 36-447 
(2·•·c) until it ii diapensecl. 

Illfri1eruioa of NOR.VDl oral solution by th• padm1 ii ~ but not required if 
used within 30 clays tnd at0rtcl below 17 'f (!Sec). Prod.act lllould bl ltOnd in tht oriaW1 
container. Avoid exposure to ecceaiw heat. x.., oap tipdy clolld. 

kevilld: NEW 
TM - Trademark 

Caution - Fec19ral (U.S.A.) Law prohibi11 di .. •na without prucriptioa. 
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The following patents for Ritonavir have been submitted and are pending 
approval. 

Ritonavlr and It's Use for Inhibiting IIlV Infection: 

U.S. Patent Application No. 08/423,387, filed April 25, 1995. 

Oml, Liquid Fonnulation of Rltonavir 

U.S. Patent Application No. 08/440,277, filed May 12, 1995 

Oml, Encapsulated, Semi-Solid Fonnulation of Ritonavlr 

U.S. Patent Application No. 08/402,690, filed March 13, 1995 

RITONAVIR IO>A 20-659 SOIDCARY Vol 2.001 Pg 430 
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Medical Officer's Review of NOA 20-859 and 20-880 

Medical Officer: 
Subml••ion date: 
Review completed: 

Applicant: 
Drug name (generic): 
Proposed trade name: 

Chemical Structure: 

Proposed Indication: 

Dosage Forms: 
Route of Administration: 
NOA Drug Claaslflcatlon: 

Important Related Drugs: 

Jeffrey S. Murray 
Dec. 21, 1995 

Abbott Laboratories 
Ritonavir 
NORVIR 

NORVIR i~ 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. 



NOA 20-659, 20-880 2 
NORVIRTM 

2 Table of Contents ............................................ 2 

3 Materials Reviewed: ........................................... 3 

4 Chemistry/Manufacturing Controls: •••••••••••••••••••••••••••••.. 3 

5 Animal PharmacologyfToxlcology: .•••.••..•...•.•..•..•...•.••.•. 3 

8 Human Pharmacology, Phannacoklnetica, Phannacodynamlca: ••••••••• 3 

7 Description of Clinical Data Sources .•..•.••.••••••••••••••••••••. 3 

8 Clinical Studies: .............................................. 8 
8.1 Indication # 1 (Advanced HIV) ••••••..••...••.•..•...••.••.. 8 

8.1.1 Study M94-247 ........................................ 6 
8.1.1.1 Study 247: Protocol •••••••••••••••••.•••••.••••••• 6 

8.1.1.1.1 Objectives . . . . . . . . . . . . . . . . ................... 6 
8. 1.1. 1.2 Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . tS 
8. 1.1.1.4 Procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
8.1.1.1.5 Endpoints ..................................... 8 
8.1.1.1.6 Statistical Considerations .......................... 9 

8.1.1.2 Study 247: Results .•.•.••••.•••••••••.••••••.•.. 10 
8.1.1.2.1 Patient Disposition ............................. 10 
8.1.1.4.2 Activity ...................................... 14 
8.1.1.4.3 Efficacy ..................................... 21 
8.1.1.4.3 Safety Comparisons ............................ 27 

8.1.1.5 Study 247: Medical Officer's Conclusions •.•••••.•.••• 33 
8.2 Indication # 2 (HIV Infection) .•••••••••••••••••••.•••••••••••• 34 

8.2.1 Study M94-245 ........................................ 34 
8.2.1.1 Study 245: Protocol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 

8.2.1.1.1 Objectives ................................... 34 
8.2.1.1.2 Design ...................................... 34 
8.2.1.1.3 Population ................................... 35 
8.2.1.1.4 Procedures ................................... 35 
8.2.1.1.5 Endpoints .................................... 35 
8.2.1.1.6 Statistical considerations ......................... 36 

8.2.1.2 Study 245: R•ulta . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 
8.2.1.2.1 Patient Disposition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 
8.2.1.2.2 Patient Demographics . . . . . . . . . . . . . . . . . . . . . . . . . . . ·•O 
8.2.1.2.3 Activity endpoint outMmes . . . . . . . . . . . . . . . . . . . . ... 41 
8.2.1.2.4 Safety comparisons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 

8.2.1.3 Study 241: Medical Officer's Conclualona • • • • • • • • • • • • 81 
8.3 Other Studl• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82 



NOA 20-859, 20-680 
NORVIR™ 

3 

8.3.1 Study M94-208: ..................................... 62 
8.3.1.1 Study 208: Protocol Design/Methods .•.............. 62 
8.3.1.2 Study 208: Reaulta: .••..•..........•..••......•.. 63 

8.3.1.2.1 Patient Disposition, Demographics .................. 6~ 
8.3.1.2.2 Activity endpoint outcomes ....................... 63 
8.3.1.2.3 Safety comparisons ............................. 64 

8.3.1.5 Study 208: Medical Officer's Conclualona .......•..... 67 
8.3.2 Ph••• 2, Doae-R•ns1lng Studies .•.......•..........•..... 67 

study M93-112/M94--~ u9 . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . 67 
Study M93-134/M94-134X •.•••••.............•............ 67 
Study M94-229 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88 
8.3.2.1. 
8.3.2.2 
8.3.2.3 
8.3.2.3 

Design and Methods . . . . . • . . . . . . . . . . . . . . • . . . . . . . . . . . 68 
Phase 2 Studies: Activity Results ......••.••...•.•..••• 
Phase 2 Studies: Safety Results .....•.•....•.......... 
Phase 2 Studies: Medial Officer's Conclualona ......•.•. 

9 Overview of Efficacy ............................................. . 

68 
89 
72 
72 

10 Overview of Safety . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78 
10.1 Significant Events . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77 

10.1.1 Deaths ............................................... 85 
10.1.2 Other Significant Events . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86 
10.1.3 10-Day Safety reports ................................... 90 
10.1.4 Overdosage exposure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93 

10.2 Laboratory Abnormalities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93 
10.3 Drug interactions ............................................ 96 

10.3.1 Drug-Demographic Interactions ............................ 96 
10.3.2 Drug-Disease Interactions ................................ 97 
10.3.3 Drug-Drug Interactions .................................. 97 

11 Labeling Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102 

11.1 Clinical Pharmacology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102 
11.2 Indications and Usage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102 
11 . 3 Contraindications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103 
11.5 Warnings ................................................. 103 
11 . 6 Precautions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104 

11.6.1 General ............................................. 104 
11.6.2 Information for patients ................................. 104 
11.6.3 Laboratory tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104 
11.6.4 Drug interactions ................................... 104 
11.6.9 Pediatric use ....................................... 104 

11. 7 Adverse Reactions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104 
11.8 Dosage and Administration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105 



NOA 20-659, 20-680 
NORVIR™ 

4 

11. 7 Dosage and Administration 105 

12 Conclusions ............................. "' .................. . 105 

13 Recommendations . . . . . . . . . . . . . . . . .. . . . . . . . . ... . . . . . . . . . . . . . . . . . . 108 
13.1 Approval . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108 
13.2 Phase 4 Studies ............................................ 108 
13.3 Accelerated Approval Commitments . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108 
13.4 Labeling ................................................... 109 

Appendices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110 
Appendix A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111 
Appendix B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111 
Appendix C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . 116 
Appendix D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117 

... 



NOA 20-659, 20-680 
NORVIR"" 

3 Materials Reviewed: 
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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 vol•Jme 1, 
NOA 20-659, Clinical and Safety Update, Volumes 1-16. 

4 Chemistry/Manufacturing Controls: 
Please refer to the Dr. Steve Miller's review of chemistry and manufacturing. Dr. 
Miller's review raised no issues that would preclude approval of NORVIR. Dr. 
Miller's comments have been incorporated in a revision of the applicant's 
proposed labeling. 

5 Animal Pharmacology/Toxicology: 
Please refer to Dr. Pritam Verma's review of pharmacology/toxicology. Dr. 
Verma's review raised rio issues that would preclude approval of NORVIR. Dr. 
Verma's comments have been incorporaced in a revision of the applicant's 
proposed labeling. 

6 Human Pharmacology, Pharmacoklnetlcs, Pharmacodynamics: 
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 OveNiew 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 applicant'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 trials were conducted, 
protocol design, number of patients enrolled, and primary clinical endpoints. 
Studies 245, 247, and 208 are the primary trials submitted in support of the 
indication. The first two studies were double-blind and randomized, 'the ~atter was 
a noncomparative, open-label trial. 

Studies 112, 134 and 229 were dose-ranging studies that evaluated 
pharmacokinetics and changes in surrogate markers. The first two studies were 
double-blind, randomized, and placebo-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 ooen-label study which 
evaluated ritonavir at dosing regimens of 400 mg tid and 700 mg hid. Based on 

, . 
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the results from this study, Abbott concluded that the 700 mg bid dose was 
associated with an unacceptable amount of gastrointestinal intolerance. 
Therefore, for the 'liquid formulation, the 600 mg bid'·ttose of rltonavir appeared to 
be the most active and convenient regimen with an "accepq.ble" amount of 
toxicity. 

6 
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Table 7 .1. Listing of Cllnlcal Trials used to support Safety and/or efficacy 

STUDY DATES DESIGN P.OPULA TIONI ENDPOINTS 

CONDUCTED SAMPLE SIZE 

MM-245 2114/95 randomized double blind C04: 200-500 Change In CD4 
HIV RNA: > 15,000 Change In RNA 

to 'ZDV 200 mg tid vs. 
RIT 600 mg bid vs. 356 enrolled 

9/28195 ZDV 200 mg tld + RIT 600 mg 
bid 

MM-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 

12/15/95 (randomized Rx was added to 1090 enrolled 3) Change in 
baseline Rx, of up to 2 CD4 and 
nucleoside analogues) RNA 

M94-208 3/6/95 noncomparative, open-label; CD4: 50-250, up to Change in CD4, 
Single ann: 350 If progressing RNA 

to 
RIT 600 mg bid + ZDV + ddC 32 enrolled 

8/25/95 
~ 

M93-112 1/20/94 Dose-ranging, randomized, 76 Change In CD4, 
double blind, placebo controlled RNA 

and to RIT 300 mg bid 
RIT 400 mg bid 

M94-169* 2/15/95 RIT 500 mg bid 
RIT 600 mg bid 

M93-134 4/26/94 Dose-ranging, randomized, 61 Change in CD4, 
double blind, placebo controlled RNA 

and to RIT 200 mg tid 
RIT 300 mg tid 

M94-134X* 2115/95 RIT 200 mg qid .. 
RIT 300 mg qld 

M94-229 8/11/94 Dose ranging, open..fabel ~04: 50-500 Change in C04. 
to RIT 400 mg tid I 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 lnc:ilcatlon # 1 . 

8 

Ritonavir alon~ or in combination with nucleoside analogµes is indicated for the 
treatment of advanced HIV infection. 

8.1.1 Study M94-247 
A Phase 3 Safety and Efficacy Trial of Rltonavir 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-olind, randomized, two-armed, parallel, 
multicenter (international) study comparing ritonavir vs. placebo when 
added to pre-existing antiviral treatment in HIV-infected individuals 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., ZOV, 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 10 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 

1Concomitant use of 3-TC wH not permitted since this was an investlgational agent at the 
initiation of study 247 Participants from countries outside the U.S. were permitted to use ZOV, ddl. 
ddC or d4T. as available. Concomitant use of other protease inhibitors was prohibited. 
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The protocol specified that nucleoaide analogue regimens were not to 
be changed during the first four months of study drug treatment: 
however, any drug could be discontinued for intole~nce. 

Randomization and stratification 
The date on which a patient received study medication was considered 
to be their date of randomization. Patients were random~ed in blocks 
of four within two geographic strata (North America and 
Europe/Australia} uaing a central randomization system. 

8.1.1. ~ .3 Population 
A summary of pertinent eligibility criteria for participation in this study 
were as follows: 

• At least one CD4 count < 100 cells/mm3 during screening 
• At least 9 months of previous antiretroviral therapy with one or more 

approved nucleoside analogues. 
• No change 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 pancreatitis during the past 
two years, concurrent treatment 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. Blood 
specimens to measure surrogate markers of interest, CD4 and RNA, 
were drawn at days -7 and -1 to establish bsseline. 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. 

t • 
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In the toxicity management section the protocol outlined conditions for 
which the dose of ritonavir could be adjusted. In summary, patients who 
experienettd nausea and/or vomiting during the first three days of atudy 
drug administration were allowed to fellow an adjusted dose schedule of 
300 mg bid fCJr one day, 400 mg bid for two days, 500 mg bid for one 
day and 800 mg bid thereafter. Patients who experienced a grade 3 or 
4 toxlC"Jty were allowed to dose reduce to 300 mg tld after resolution of 
the toxicity. 

Stu~y Drug QiaCQD.tinuatjon 
Pationt• 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 r.~t receive open-label ritoriavlr were to be followed 
monthly for evaluation" and labs. 

8.1.1.1.5 Endpoints 
This study was both a clinical endpoint and surrogate marker study. 
The primary clinical efficacy endpoint wa~ time to the combined 
endpoint of AIDS disease progression or death. A secondary clinical 
endpoint was survival. Disease progression was defined as the 
occurrence of a new AIDS-defining event (aC<".ording to the CDC 1993 
definition for clinical AIDS deflninp events) or death. Recurrence of 
Pneumocystis carlnii 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 endµoint criteria. 

Primary activity endpoints were changes in CD4 ,,.nd log,0 RNA from 
baseline. 

8.1.1.1.6 Statistical conalderatfona 
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 analy~is was 
to be conducted after all patients had received 16 weeks of drug. For 
~hose who discontinued 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. 

, . 
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The applicant's primary intent.to-treat (ITT) 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 !lnly factor .. 

Activity 
The applicant's primary ITT analyses for surrogate markers were 
comparisons of the time-normalized area under the cuNe through week 
16 for the change in baseline for both CD4 cell counts and log­
transfonned HIV-RNA. Baseline was defined as the mean of 1111 values 
within ten days prior to randomization excluding any acreening 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 me.asurement 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. 

Comment: 
Assigning values of no change from baseline for patients with no 
post-baseline measurements is a conservative approach which may 
have the effect of reducing tlJe apparent drug activity. This 
stringent approach has been used in prior sntiretroviral approvals. 

, . 

... 
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8.1.1.2 Study 247: Results 

8.1.1.2.1 Patient Dlapoaltlon 

12 

In this International a•udy, 1090 patients were randomized to treatment, 54 7 
to placebo and 543 to ritonavir. Eleven countries enrolled patiants In this 
study. The majority of patients were enrolled in the U.S. 

Table 8.1. shows the disposition of patlenta by treatment arm at the time of 
the surrogate analysis closure date (the ear1k-i' '>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 the 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 ann did RO 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 analysi~ closure 
date, more deaths occurred among patients randomized to placebo than to 
ritonavir. r • 

= 
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Table 8.1. Disposition of patients for the aurrogatu analysis and clinical 
endpoint analysis closure dates (shaded rows). 

Placebo Rltonavlr 

Total Randomized 547 ·543 

Never took drug 2 2 

Entered Joublt·bllnd treatment 545 541 

Dl1cont1nued double-blind treatment 68 114 
HIV-related event 9 5 
Advene event 23 89 
Concurrent condition 3 0 
Admission criteria 1 0 
Required prohibited medication 3 0 
Personal reasons 6 7 
Lost ro follow-up 3 3 
De1Jth 14 5 
Other 2 4 
Entered open label 4 1 

Drug Interruption at time of closure 30 33 
for surrogate analyala 

Total Deaths at surrogate analysis 21 10 
cloaure date 

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.on 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 into the database at this time, it 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 De lost to follow-up but 
did not have serum samples processed through the central laboratory in the 
month prior to the Dec. 15, 1995 closure date. Patient accountability for the 
clinical endpoint data 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 se1 um sample", there was a larger 
number of patients randomized to ritonavir compared to placebo. 

Table 8.3 Patient accountablllty for the combined clinical •ndpolnt and for 
endpoint of survival. · 

Placebo Rltonavh· 

Patients Included In analyala 547 543 

Patients with dl•HH progreulon or death 181 (33. ''Mt) 86 (15.8%) 
Deaths 48 (8.4%) 26 (4.8%) 

Patients counted aa having no dlaHH progreaslon 366 (66.9%) 457 (84.2%) 
Known to be lost to follow-up 9 (1.6%) 24 (4.4%) 
Known to be on study 315 (57.6%) 362 (66.7%) 
Assumed to be on study but no recent StJrum samplf. 42 (7.7%) 71 (13.1%) 

Patients counted •• aurvlvlng 501 (91.5%) 517 (95.2%) 
Known to be lost ~o follow-up 14 (2.6%) 24 (4.4%) 
Known to 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%) 

source: l.#11n1ca1 upaate Vol. 1, pg. uw, Table 16 and pg. ao Table 10 

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 fallow-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 riton11vir 
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 additions/ 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 awarB 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 

Patients ro1ndomlzed 547 

15 

Rltonavir 

- 543 

Clinlcal 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%) 

~ource: NOA iu-ts~~ 

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 Table 
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 participar.ts were Caucasian males. 

Taole 8.5. Selected demographic characteristics for participants In study 247 
(all patients). 

PLACEBO RITONAVIR 

N=547 N=543 

Gender 
Male 500 91% 499 92% 
Female 47 9% 44 8% 

Race 
.. 

Asian 9 2% 4 1% 
Hispanic 31 6% 29 5% 
Black 39 7% 29 5% 
'Mlite 463 85% 476 88% 
Other 5 1% 5 1% 

Age (yrs.) 
Mean 39 39 
(Range) (15-72) (19·70) 
,ource: llt1n1ca1 upaate Vol. u1, pg ut.l. 
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Concurrent antiretroviral megjcation 
Table 8.6 summarizes concurrent antiretroviral therapy immediately prior to 
randomization by treatment group. According to··protocol, patients were 
required to maintain their antiretroviral drug regimen for .at least 16 weeks after 
randomization. There were slight differences in the percentage of patients on 
specific regimens, but the overall distribution was similar. 

Table 8.6. Concurrent antiretroviral therapy immediately prior to 
randomization. 

PLACEBO RrrONAVIR 

N•547 N•543 

N c·~> N (~•) 

None 106 (19%) 92 (17%) 

Zidovudlne (ZOV) monotherapy 125 (23%) 109 (20%) 

Stavudlne (d4T) monotherapy 92 (17%) 115 (21%) 

Dldanoslne (ddl) monotherapy 50 (9%) 31 (6%) 

Zalcltablne (ddC) monotherapy 30 (5%) 31 (6%) 

ZDV + d4T 18 (3%) 23 (4%) 

ZDV + ddl 47 (9%) 41 (8%) 

ZDV + ddC 62 (11%) 78 (14%) 

Other 17 (3%) 23 (4%) 

1ource: l,;ltrncal update Vol. 01, pg c B1, I able 8. 

8.1.1.2.2 Activity 

Baseline CD4. CDS, RNA 
Table 8. 7 shows mean and median baseline CD4, COB and HIV-RNA (10910) 

for patients in the surrogate marker cohorts. The protocol spocified that the 
first 150 patients enrolled (75 per arm) with a screening HIV-RNA greater 
than 15,000 copies/ml would comprise the surrogate analysis cohort for this 
activity endpoint. A total of 159 patients were included in the RNA cohort2

. 

day. 

All 215 patients enrolled by this time, regardless of screening RNA level, were 
included in the analyses of CD4 and COB manges. 

iAlthough the target was 150 patients. patient numbers 150-159 were all r<l!Cruited on the same 

t • 

= 
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Table 8.6. Summary of Baseline CD4, CDS and log10RNA for Su~oqate Coh~rt -
(n=159). 

Placebo Rltona.vir 

HIV..ftNA (log11 equivalents/ml) 
N 79 80 
Mean 5.24 'l.42 
Median 5.24 ;,29 
Range 3.9-6.3 4.2-6.3 

CD4 
N 107 108 
Mean 26 31 
Median 18 21 
Range 0-92 0-116 

CDS 
N 107 108 
Mean 458 505 
Median 410 447 
Range 32-1130 43-1355 

iource: IND VOi. 012, pg s. ' :1-86. 

The baseline mean 10910 RNA levels for all patients participating in the clinical 
trial ( n= 1090) were 5 .13 and 5 .25 log equivalents/ml for placebo and ritonavir 
treatment groups, respectively. The baseline mean CD4 counts for all patients 
were 35 and 30 for the placebo and ritonavir treatment groups, respectively. In 
summary, baseline surrogate marker values for the clinical cohort were similar 
to that of the surrogate cohort, showing enrollment of immunologically 
advanced patients. 

Change in surrogate markers 
The applicant's methods for analyzing changes in surrogate markers were 
reviewed by members of the antiviral division prior to the NOA submission. 
The primary surrogate marker analyses compares mean DAVG .. 16 values 
(mean change in CD4 count or log10 RNA from 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 value of zero 
change from baseline. For patients whose final value was prior to day 113 
(week 16), the applicilnt calculated an AUC up to the time of the fin~' available 
measurement. The AUC was then normalized by dividing by the time of the 
last measurement. For example, for some patients, a ·oAVG-16 value" may 
actually represent a DAVG-8 or DAVG-12 calculation. These values are used 
to calculate mean DAVG-16 for the cohort. These 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 6.1 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 weak 16 among patients randomized to ritonavir. 
For study 247, the amount of missing CD4 data was bal~mced 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 IIT analysis methods (left) and FDA sensitivity analysis methods 
(right). Figure 8.4 shows mean change in log,0RNA for 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 
arm. 

RITONAVIR 
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Source: FDA statistician, Tom Hammerstrom Ph.D. 

Figure 8.2. Study 247, RNA cohort: Percentage missing RNA data by treatment 
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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 arm 
using Abbott ITT (left) and FDA sensitivity (right) analyses. 

ABBOIT ITT ANALYSIS FDA SENSITIVITY ANALYSIS 
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Source: FDA statistician, Tom Hammerstrom Ph.D. 
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Figure 8.4. Mean change in log10 RNA from baseline over 16 weeks by 
treatment ann using Abbott ITT (left) and FDA sensitivity (right) 
analyses. ·· , 
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Source: FDA statistician, Tom Hammerstrom Ph.Ci, 
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Tables S.7 and 8.8 compare the differences in change (OAVG-16) in <.;04 and RNA -
between the ritonavir and placebo treatment arms. These treatment differenr:o$ 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 RNA data for the ZDV arm. 

Table 8.7. Comparison of Abbott's ITT analysis and FDA sensitivity analysis for 
evaluating differences In Mean DAVG-16 for CD4. 

Comparison Difference T-Stat P-value 
-

Abbott's ITT analysis 
RIT vs. Placebo 33.9 8.07 0.0001 - ·-

FDA Sensitivity analyslst 
8.24 RIT vs. Placebo 34.1 <0.0001 

• missing data occurnng after discontinuation was imputed with values of no change from b~-;eline. 
Missing values between two collected values 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 DAVG-16 for HIV-RNA. 

l 

Comparison Difference T..Stat P-value 

Abbott'& ITT analysis 
RIT vs. Placebo -0.777 8.36 0.0001 

FDA Sensitivity analyslst 
RIT vs. Placebo -0.808 8.66 <0.0001 

missing data occurring after discontinuation was imputed with values of no change frqm tasellne. 
Missing values between 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 antiretroviral trials but have 
not served as a basis for prior accelerated approvals. CDS cnanges in response 
to treatment with nucleoside analogues have been variable. In this study, ritonavir 
treatment was associated with statistically significant increases in CD8 cells in 
both phase 3 studies. Table 8.9 shows the mean change in CDS cell counts from 
baseline over 16 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. 

f • 
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Table 8.9. Mean change in CDS from baseline over 16 weeks (DAVG-16) 
Mean Mean of Mean of Average Between-

Group N Baseline Average• Over Change from Baaellne Group 
16WHka Over 16 Weeks (SE~ p.value 

Rltonavlr 107 505.8 671.9 166.2 (21.63) <0.001 

Placebo 103 457.9 413.6 -44.1 (22.04) 

Source: IN[ 43,71ll; VOi. U12 pg . 189. 

8.1.1.2.3 Efficacy 
Duration of follow-u12 
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Because of the rapid enrollment of patients with very advanced HIV disease, 
clinical endpoints were otJtained 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 time intervals. 

Table 8.8. Duration of follow-up by treatment group for clinical endpoints. 

PLACEBO RITONAVIR 

N•547 N•543 

N •;. N (9/e) 

Mean (days) 177 1n 
Median (days) 178 178 

:s 4 Weeks 3 (1%) 6 (1%) 

S-8 Weeks 11 (2%) 8 (1%) 

9·12 Weeks 9 (2%) 9 (2%) 

13-16 Weeks 10 (2%) 9 (2%) 

17-20 Weeks 10 (2%) t3 (1%) 

21-24 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%) 

.30urce: l,.;11nica1 upaate Vol. 01. pg 082, Table 9, moomed by r-DA meaical reviewer. 

Methods for assessing clinical endpoints 
The applicant described their methods for assessing clini~al endpoints in the 
clinical update. In summary, when a patient experienced an HIV-related event, 
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the investigator 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 bUnded external reviewer •. Each event·was 
reviewed according to pre-defined protocol-specified criteria. The blinded 
reviewer categorized the event1 outcome grading, and assigned a confidence 
grading according to the scales listed below: 

Outcome Grading 
O= Not HIV related 
1= HIV related but not AIDS-defining. nr progression of an Alus.deflning 

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 

H( , , r esophageal candidiasis. 

24 

Events with an outcome grading of 3 $8fisfied 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 appenuices A and B. 

The applicant conducted two clinical 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 system may have allowed for greater precision In the 
assessment of this difficult heterogenous 'lndpoint of AIDS cllnical 
progression. In the clinical update, the applicant included a secondary 
analysit which included events with confidence grading of both 2 and 3. 
The results of both tmsl1,ses were similar. 

In a review of the ss3essment of clinical endpoints, it was apparent that a 
few events for esr.h 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 example, a patient may 
have developed cryptococcal me11ingitis several weeks after 

I •· 
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randomization. If this individual had the onset of chronic hssdach11s pre._ 
dating randomization, then the cryptococcal meningitis event was not 
counted as an endpoint since it was consldii;sd 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 case8 fitting into this pattern. These few cases would 
not impact noticeably on the overall results. 

Overall, after a review of the monitor's notes accompany/119 the 
tabulation of clinical endpoints, it is apparent that the applicant was 
meticulous in assessing clinical endpoints. 

Figure 8.5 displays 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 were still being followed / · · 
for disease progretsion 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) represents an FDA sensitivity analysis for 
the time to disease progr1Jssion or deAth. In t~is analysis, all patients on both 
treatment arms who were either lost to follow-up or who did not have a serum 
sample in the month prior to closure ("assumed on study") were considered to 
be treatment failures. (Refer to Table 8.4 for the breakdown of patient 
accountability for the combined clinical endpoint.) 

There were 96 and 65 patients randomized to rltonavir and placebo, 
respectively, who were eithef' 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 the 
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 
groups are present from day 50 to the end of the study for the applicant's 
analysis and from day 50 to approximately day 180 for the ~nservative 
sens·,,ivity 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 aenaltivlty analyala**. ... . 
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Dr. Hammerstrom also conducted several time-independent analyses for the primary 
clinical endpoint of disease progression or death. The most conservative of these 
time-independent analyses reclassified all patients with unknown disease progression 
status as failures. The results 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 24 7 clinical results are robust. 

I •· 
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Table 8.9. Time-Independent analyses for the primary cllnlcal endpoint. 

Combined Cllnlcal Endpoint 
(disease progression or death) 

Progntnlon or death 

No progreulon or death 

Dllf.,.,,ce In no ptOgrUaJon rate • f 7. 1'6 
Chi Squ.,. • 34. 11 • ••t11tl•tlo#IV .,,,,,,llc.,,t 

Rltonavlr ... , 

86 

362 

Placebo 

181 

315 
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',L~;;/-~:~~·j'(·,_'·}> ~'.,'-_ ... ( ~ • • •• • ~i 
~ ,,.,"'..., .v-....., ""·"',(,.,. {. , ~ • , • • ~ '• A ' • • .... '• • 

'l.~:-!',:,,_."lf~n,--_->:-<-. __ •• •• • •• • •• • ""' • •-'•• .,- • .,., .. 'Y~•.-.f>i 

Progression or death 181 (33%) 232 (42%) 

No progression or death 362 (67%) 315 (58%) 

Dllf1111111ce In no /NOgra&slon 1•t• • 9. 1 % 
Chi Squa1• • 9. 66 • ••t•tl•tlalllly 6/gnlflcent. 

For the endpoint uf survival alone there were 31 deaths (5.8%) among patients 
randomized to ritonavir compared to 52 deaths (10.8%) among patients 
randomized to placebo. According to the applicant's tjme-dependent analysis 
the hazard ratio was 0.60 in favor of ritonavlr. 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 rltonavlr and placebo arms, 
respectively. If one assumed that all those lost 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. 

Exploratorv Analyses 
For the clinical and virologic outcomes, the applicant assessed the treatment 
effects using demographic And baseline status subgroups as cofactors, 
including: race, gender, age, baseline weight, and screening CD4 ccunts and 
RNA le'1els. 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 response 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 

, . 

= 



NOA 20-659, 20-680 
NORVIR™ 

28 

placebo for females (for both CD4 and RNA response), and larger superiority -
for ritonavir vs. placebo for higher baseline C04 counts (for CD4 responese). 

8.1.1.2.4 Study 247: Safety Comparisons . 
All patients exposed to drug were evalu&ted for safety, 541 in the ritonavir 
group and 545 in the placebo group. The original NOA submission included 
analyses on all safety 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 after this time the closure date was September 13, 1995. In the 
original NOA submission, 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 additional safety data to a common closure date of Dec. 15, 
1995. Safety data In 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 s~.own in Table 
8.10. A larger percentage of patients randomized to ritonavlr compared to 
placebo had adverse events that were considered to be treatment related. The 
most frequent adverse events were those under 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, neuropathios 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. 

t • 
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Table 8.10. Number (percentage) of patients with drug related*, treatment­
emergent adverse events of any severity. 

Body System 
COSTART Tenn 

Body •• a Whole 
Abdomen enlarged 
Abdominal Pain 
Asthenia 
Fever 
Headache 
Pain 

Digestive System 
Anorexia 
Diarrhea 
Dry mouth 
Dyspepsia 
Local throat irritation 
Nausea 
Stomatitis 
Vomiting 

Nervous System 
Clrcumoral Paraesthasia 
Dizziness 
Hyperesthesia 
lncoordination 
Insomnia 
Paraesthesia 
Peripheral Paraesthesia 
Somnolence 

Cardiovascular System 
Vasodilatation 

Hemic and Lymphatic System 
Lymphadenopathy 

Musculoskeletal 
Arthralgia 
Joint disorder 

Respiratory System 
Cough increased 
Upper respiratory disorder 

n 

0 
37 
54 
23 
52 
22 

25 
85 
4 
22 
5 

106 
2 
25 

13 
23 
0 
0 
8 
8 
28 
7 

12 

12 

5 
0 

7 
0 

Placebo 
(n•545) 

0 
6.8 
9.9 
4.2 
9.5 
4.0 

4.6 
15.6 
0.7 
4.0 
0.9 
19.4 
0.4 
4.4 

2.4 
4.2 
0 
0 

1.5 
1.5 
5.1 
1.3 

2.2 

2.2 

0.9 
0 

1.3 
0 

,ource: study 247 report, vol. 012, pg <i!10, I able:"· moaniea. 

n 

4 
67 
118 
40 
67 
22 

60 
217 
15 
54 
34 

257 
0 

133 

136 
53 
28 
2 

24 
28 
90 
21 

35 

12 

12 
6 

14 
1 

Rltonavlr 
(n•541} 

I 

% 

0.7 
12.4 
21.8 
7.4 
12.4 
4.1 

11.1 
40.1 
2.8 
10.0 
6.3 

47.5 
0 

24.6 

25.1 
9.8 
5.2 

4.4 
5.2 
16.6 
3.9 

6.5 

2.2 

2.2 
1.1 

2.6 
0.2 

•Related events were possibly. probably or of unknown relc.tlonship as judged by the investigators. 
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Table 8.10. Continued 

Placebo Rltonavlr 

" % n •,4 

Skin and Appendage• 
Acne 1 0.2 6 1.1 
Rash 19 3.5 45 8.3 

Special Senses 
Taste perversion 16 2.9 52 9.6 
Uv~itis 1 0.2 3 0.6 

Adverse Events Leadjng to Premature Djscontjouation of Study Drug 
In the original NOA tre 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 adven:;e 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%), diarrhec (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 dis.continuing drug c.!i.Je to an adverse event 
increased to 108 (20%) for ~he ritonavir grouJJ and 38 (7%) for the placebo 
group. 

Other Safety analyses 
Abbott performed subgroup analyses of adverse events for gender, race, 
age, and geographical location. In summary, some comparisons reached 
statistical significance, but these differences did not appear to be clinically 
meaningful. For example, the two events with a significant gender and 
treatment interc.1ction were lymphadenopathy and folliculitis. The incidence 
of lymphadenopathy was lower in ritonavir treated females compared to 
placebo treated females; the incidence of folliculitis was higher in ritonavir­
treated females compared to placebo-treated females. These differences 
were not observed for both genders combined or for males. Sometimes the 
difference in adverse events between treatments for specific subgroups 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~d.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 

31 

week. Fig.8.6 below shows the &?plicant'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 adverse events among patients receiving 
ritonavir. The larger number of serious adverse events among patients 
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 ,1 = 
summary of case report forms reviewed from study 247. 
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Laboratory ~bnormalities 
The applicant reports that the overall hematologic profile was favorable for 
patients receiving ritonavir compared to placebo. A significantly larger 
percentage of patients receiving placebo compared to ritonavir. had 
extremely low values for some hematology parameters. Table 8.11 shows 
the number (percentage) of individuals with extremely low hematology 
values. 09nominators 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 

Hemoglobin 

Hematocrlt 

RBC 

wee 

Platelets 

Neutrophlls 
• 1ource: INL al 01i pg 
*Indicates significance at p<0.05 

2ts8 . 

Placebo 

n % 

13/539 2.4 

86/539 16.0* 

106/539 19.7* 

277/539 51.4* 

3/539 0.6 

37/539 6.9* 

Rltonavlr 

n % 

14/505 2.6 

59/505 11.7 

76/505 14.9 

129/505 25.1 

2/505 0.4 

20/505 4.0 

In contrast to hematology labs, more patients on ritcnavir compared to placebo 
had extreme chemistry abnormalities. The definition for extreme values for 
chemistry labs are listed in Appendix 0. 

A significantly higher percentage of individuals receiving ritonavir 11s compared 
to placebo experienced extremely high values of the following chemistry labs: 
uric acid, SGPT(AL n. GGT, CPK, triglycerides. The number (percentage) of 
individuals with extremely high cherriistry 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 lirnit criteria 
for selected (listed If> 1%) chemistry v~riables. 

Chemistry Lab Placebo Rltonavlr 
I 

n % n % 

Glucose 61539 1.1 21503 0.4 

Uric Acid 1/539 0.2 18/505 3.6 .. 

Total blllrubln 1/539 0.2 6/505 1.2 

LOH 1/539 0.2 5/504 1.0 

Alkaline Phosphatase 9/539 1.7 7/505 1.4 

SGOl' (AST) 23/539 4.3 19/505 3.8 

SGPT(ALn 14/539 2.6 31/505 6.1 .. 

GGT 36/539 6.7 74/504 14. 7** 

CPK 24/535 4.5 43/499 8.6** 

Triglycerides 1/539 0.2 51/505 10.1·· 

Triglycerides (fasting) 11256 0.4 181228 7.9** 

• source: INL. VOi. U12 pg ~·tu. . 
-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 baseline 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. 

t • 

= 



NOA 20 .. 659, 20-680 
NORVIR™ 

8.1.1.3 Study 247: Medical Officer's Conclusions 

Efficacy 

34 

Study 247 compared the addition of ritonavir vs. placebo to b21ckground 
antiretroviral therapy in patients with advanced AIDS. Mean b.11:.\eline CD4 
count was 16~s than 30 cells/mm', indicating enrollment of patients with severe 
immunologic progression of HIV disease. The study showed that 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 W€1ek 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 24 7 also showed that treatment with ritonavir compared to placebo 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 1 

reduction in deaths when compared to placebo. These results were 
statistically significant. 

The median duration of follow-up in this study w,s 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. 

§afetv 
The predominant clinical adverse events associated with administration of 
ritonavir were gastrointestinal and neurologic disturbances including nausea, 
vomiting, diarrhea, abdominal pain, peripheral paresthesias and circumoral 
paresthesias. These toxicities frequently 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. 

Treatment with ritonavir was also associated with laboratory abnormalities. 

r •. 

'!"he most frequent dose-limiting laboratory toxicities were elevation of = 
transaminases. and triglycerides. Other significant laboratory abnormalities 
included elevations in GGT, uric acid, and CPK. Elevation of triglycerides did 
not appear to be 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 r'itonavir 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 tolerate ritonavir probably receive benefit; however, from study 
24 7 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. 

t • 
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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 
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The study was entitled, "A Phase 3 Comparative Trial of Ritonavir Alone, 
Zidovudine Alone, or the Combination of RitC'navir 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 activity1 

and immunologic response of ritonavir 600 mg bid. ZDV 200 mg tid 
monotherapy, and the combination of rltonavlr and ZDV in 111V-infacted 
patients, and to study emergence of resistance to ritonavir. 

8.2.1.1.2 Design .~ · 
The protocol was a double-blind, ra.,domized, 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 protoco~. patients wu~ to be followed for 12 months. An 
interim surrogate analysis was scheduled for 16 weeks after the first 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 a·fter 16 weeks eligibl~ for open-label 
ritonavir immediately. The protocol perrnitted 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 ba.:;eline criteria were eligible: 

a) No previous antiretroviral treatment 
b) Roche PCR HIV RNA C:15,000 particles/ml 
c) Karnofsky scorec:70 
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d) CD4 count i!: 200 cells/mm3 

8.2.1.1.4 Procedures 
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Due to poor tolerance of initiation of study drugs the .protocol was amended 
to ad;ust 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 s._i iedule: 300 mg bid 
for one day; 41JO mg bid for two days: 500 mg bid for one day and then 600 
mg bid thereafter. 

The screenil"g 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 msasurements. 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 ever1 4 weeks ther(~after. 

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 analyzed 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 
Ti1e methods used for the analysis of surrogate markers in study ~45 were 
the same as those used for study 24 7. The primary Irr analyses for 
surrogate markers were comparisons of the time-normalized area under the 
curve (AUC) through week 16 for the change in baselir,e for both CD4 cell 
counts and log-transformed HIV-RNA. Baseline was defined as the mean 
of all values within ten days prior to randomization excluding 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 W3S on treatment. The AUC was 
then normalized by dividing by the time of the last measurement. Patients 
for whom no post-baJeline measurements were available were regarded ~s 
having no change from baseline. 

8.2.1.2 Study 245: Results 
Antiviral activity anaiyses for this stud)/ includes data from ~eb. 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, comparablllty 
356 patients were randomized; 266 of these were U.S. patients. Table 
8.13 shows ~he disposition of patients at cloa&.i"re of the 16 week surrogate 
analysis period. The 16 week surrogate mark~r analysis closure -date was 
the week 16 visit or 113 days following the date when double-blind 
treatment was first dispensed for patiants who had no week 16 visit. 
Overall, 63% of patients were on treatment at the study period closure; 
however, this percentage excludes those who were on a treatment 
interruption 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. 
Approximately half of the patients randomized to combination therapy had 
d1scuiitinued treatment by the end of the study pericd. Only one patient 
who discontinued study treatment had no study follow-up. 

Table 8.1Z. Patient disposition at closure of the 16 week surrogate analysts 
period. 

Disposition RIT+ZOV RIT ZDV I Total 

Randomized 117 118 121 356 
-

Randomlnd but never received treatment 1 1 2 4 
-

Ol1contlnued treatment (with flu) 53 30 23 ~06 

Discontinued truatment (no flu) 1 0 n 1 

Dl1contlnued treatment ef\ttred 1 2 2 5 
open-lab¥1 treatment .. . 
On treatment, but with Interruption 4 5 4 13 

Total remaining on treatment at closure 57 (49%) 80 (68%) 90 (75%) 227 (6:\%) 
»OUl'CI!'!: NLJA 01.6.053, io, ex~ m:ta rrom stat. mo1\t "tJ.P. pg rp 

, . 

• 
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Table 8.14 lists the primary reasons for discontinuation of double-blind 
treatment. More patients randomized to ritonavir-containing arms 
disoontinued study treatment due to an adverae event. Forty~four patients 
(38%) in the combination group, 28 patients (24%) In. the rttonaVir group 
and 19 patients (16%) In the ZDV group discontinued double-blind 
treatment due to an adverse event. 

Table 8.14. Number of patlenta dl•contlnulng double-bll~1d treatment according 
to primary reason for discontinuation. 

Patient Dl1poaltlon Comblnatl<>n Rltonavlr ZDV 

Patients Who Dl1contlnued UM Doubl..Sllnd 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 o~n-label 1 2 2 

Patients Who Discontinued FCillow-up 
Adverse e•,ent 1 0 0 

P1tlenta Who Dl1contlnued Or.An-label Tre11tment 
Adverse Event , 1 0 

:;urce: NDX t'ol 8.o1Jf pg Ho. fa619 6. 

8.2.1.2.2 Patient Demographics 
Table 8.15 shows demographic characteristics tabulated by treatment group 
for st~•dy participants. The sturl~' population 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 beiween 
treatment groups for age and years since diagnosis. Patients randomized to 
ritonavir-containing treatment ~m·1s were slightly older 911d patients 
randomized to the combination arm had a slightly longar tl.na since HIV 
diagnosis. These statistically significant differences were unlikely to be 
clinically significant. 

f • 
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Table 8.15. Demographic Characteristics 
Combination 

(11"117) 
Variable n (%) 

Gender 
Female 12 (10) 
Male 105 (90) 

Race 
Black 7 (6) 
Caucasian 102 (87) 
Other 8 (7) 

Age (years) 
Mean:tS.O. 37.9t8.1 
Range 23-69 

Weight (lb) 

Male 
Mean:tS.D. 176.3:t27.1 
Range 114-260 
Female 
Mean:tS.0. 154.6:t28.4 
Range 131-222 

Years Since HIV Diagnosis 
(MHntS.D.) 4.1:1:3.0 

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) 

;l"at1ents may nave more tnan one nsl< acto 
Source: NOA Vol 8.018 pg 113 

RltQf'.'•Ylr zov 
(a.•118) (n•121) 

n (%) n (%) 

11 (9) 8 (7) 
107 (91) 113 (93) 

12 (10) 7 (6) 
94 (80) 100 (83) 
12 (10) 14 (12) 

35.7:t8.1 34.6±8.1 
19-64 18-82 

170.7:t27.1 168.9:t27.1 
116-240 114-284 

145.2t28.4 147.1~28.4 

108-233 116-196 

3.2:1:3.0 3.0:t3.0 

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 mea&urements 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 prior to randomization. Twenty-on~ patients (6%) 
had baseline HIV RNA leve1s lesa than the lower Hm&t of the entry critenon 
specified in the protocol (15,000 p&rt!cles/ml; 4.18 log,0 particles/ml). 
However, a!! of these patients had screening values greater than 15,000 
particles/ml, allowing study eligibility. One patient(# 143, ZDV + RIT) did not 

40 

, . 



NOA 20-659, 20-6&0 
NORVIR™ 

41 

have a baseline level; however, this patient had a screening value that met the 
entry criterion. The mean baaeline log10RNA levels were similar for the three 
treatment groups. ... · 

Table 8.16. Baaellne HIV-RNA Levels 

HIV RNA Level Combination Rltonavlr ZDV 
(log,0 particles/ml) (n • 117) (n • 118) (n • 121) 

Mean 4.92 4.91 4.88 
Standard Deviation 0.45 0.45 0.46 
Minimum 3.7 3.7 3.9 
Maximum 6.1 5.9 6.0 

Source: NOA vol. 8.018, pg. 115, excerpted from table 8. 

Table 8.17 shows the distribution of baseline CD4 counts, including mean, 
median, and ran~e. tabulated by t1eatment group. Approximately 75% of the 
particirants had baseline CD4 counts between 200 and 500 calls/µL, 18% (63) 
had b&. ;eline levels of 500 cells/µL or greater and 7% (26) had baseline levels 
.Jelow the protocol-specified lower limit (200 cells/µL). However, 24/26 patients 
had screening values greater than 200 cells/µL, making them eligible to 
participate. Two patients did not have screening values greater than 200 
cells/µL; however, ttleir CD4 cell "'~unt at the Day -7 visit was greater than 200 
cells/µL. Mean baseline CD4 count was similar for all trec.~ment arms. 
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Table 8.17. Baseline CD4 Cell Count (cellalµL) 

Combination Rltonavl.r. . 
C04 Cell Count en. 117) (n • 118) 

(cells/~l) 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 Dfl'viationi 133.3 133.3 

Minimum 139.5 159.5 

Maximum 767.5 743.0 

Source: NOA vol. 8.018 pg 116 table 9. 
tRoot mean sqt,ared error from the analysis of variance model 

8.2.1.2.3 Activity 

ZDV 
(n • 121) 

n '(%) 

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 
treatmflnt group. 

VISIT CD4 RNA 

Comb. RIT zov Total Comb. RIT ZDV . . Tot~/ 

· 'Jasellne 117 118 120 355 116 118 121 355 

Day 15 106 102 106 102 106 110 

Day 29 94 100 106 91 101 102 

Week8 9~ 10::, 101 71 g3 93 

Week12 86 100 98 70 90 92 

Week16 88 S5 93 276 (78%) 58 78 81 217 (61%) 

source: NUJ, :!'2 ~~~; vot. ts.053, stat1st1ca1 tables l r A and 28A. 
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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 had 
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 missing RNA data by treatment group for 
each visit over the 16 week period. For all treatment anns there were more 
missing RNA than CD4 data. The applica~t 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 earlier 
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 r • 

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 ~xplained 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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Figure 8.8 Study 245 Missing HIV·RNA Data by Treatment Group. 
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Figures 8.9 an~ 8.10 are plots of mean change from baseline in CD4 and· 
log10RNA. 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 valu~ -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 
conservative approach for handling missing data produced a slight attenuation 
of mean CD4 response for later visits. The attenuation of changes in RNA 
using the conservative approach for handling missing data was more 
conspicuous particularly for the combination treatment group. 

Both analyses showed that ritonavir monotherapy and ritonavir in combination 
with ZDV, as compared to ZOV monotherapy, was associated with greater 
increases from baselir.e 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 treabnent arm 
using Abbott ITT analysis and FDA aemaltlvlty analysis. 
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Figure 8.10. Study 245: Mean Change in log10RNA by treatment arm using · 
Abbott ITT analysis and FDA sensitivity analysis. 
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For several antiretroviral drug applications FDA has used the DAVG-t (where t 
= the number of weeks) summary metric to compare and analyze surrogate 
marker change from baseline. Abbott's proposed methodtt for calculating this 
metric were reviewed prior to submission of the NOA a'l~ were ~aaistent with 
previous applicants' methods. As previously statad for study 247, patients for 
whom no post-baseline measuremenh; were available were assigned to have 
zero change from baseline. 3 For patitmt~ whose final value was prior to day 
113 (week 16), the AUC was ca~culattd up 'o the time of the final available 
measurement (without reqar«:: ~c ·.~'h~ther the patient was on treatment or not). 
The AUC was then norm·J.4, , .. ) C!' divia.ng by the time of the last 
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measuremont. J:or exl"1rr ·. '.:l, for some patients, a "DAVG-16 value• may 
actually reµn:,~ent a DA\;0' .:.; or DAVG-12 r..alculation. The'e values are used 
to calculate mean DAVG-16 for t:r. ;"· ... 9atment cohort. These methods have 
b~en ge=-:eta!t/ reg.-aE~c?C as useftii depending on the .amount and distribution of 
mi4'~ing data across treatment arms. For study 245 there was a sizeable 
amount of missing data, particularly for patients randomized to the combination 
treatment; because of this we performed sensitivity analyses to evaluate the 
robustness of the surrogate data. 

Table 8.19 lists differences in CD4 cell count change, DAVG-16 values, for 
three treatment comparisons. Values using br•h Abbott's methods and FDA 
sensitivity analyses are included. Table 8.20 lists the same analyses for RNA. 
Both Abbott's ITT analyses and FDA's conservative sensltivil'/ analyses 
showed that ritonavir and ritonavir plus zidovudine, as compared to ZDV 
monotherapy, were associated with statistically significant changes in CD4 and 
RNA. 

3There were 13 (4%) patients (four on combination therapy, four on ritonavir, and five on ZOV) for 
whom no post-baseline measurements were available. These patients were assigned values of zero 
(no change) in the activity analyses. 
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Table 8.19. Cumpariaon of Abbott's ITT analysis and FDA sensitivity analysis · 
for evaluating differences In Mean DAVG-16 for CD4. 

Compart•on Difference T ..Statistic P-value 

Abbott'• ITT analyala 
RIT vs. ZOV 50.8 6.08 0.0001 
ZOV+RIT vs. ZOV 25.7 3.05 0.0023 
RIT vs. ZOV+RIT 25.2 2.57 0.01 

FOA Sensitivity analyal•t 
RIT vs. ZOV 49.9 6.15 0.0001 
ZDV+RIT vs. ZDV 23.2 2.84 0.005 
RIT vs. ZDV+RIT 26.7 2.80 0.005 

t missing data occurring after discontinuation was substituted with values of no-..~iiange from baseline. 
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Missing values between two collected values was substituted with the last value pre:..,ent ~cany-forward). 
Source: FDA statistical review. 

Table 8.20. Comparison of Abbott's ITT analysis and FDA sensitivity analysis 
fnr p·"aluating differences in Mean DAVG-16 for RNA. --- Comparison Difference 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. ZOV -0.313 4.13 0.0001 
RIT vs. ZDV+RIT -0.283 2.90 0.004 

t m!ssing data occurring after discontinuation was imputed with values of no change from baseline. 
Missing values between two collected values was imputed with the last valu& 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 number 
(percentage) of patients who had plasma viremia reduced to below the limit of 
detection for the Roche RNA-PCR test (200 particles/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. Thirty-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 C04 
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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 ZDV 

Interruptions (no dose change) 38 39 28 

Interruptions (followed by dose reduction) 30 21 9 

Interruptions (followed by dose lncrea11) 9 5 1 

Dote 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 wHk 16 
:source: NIJA :!~59, Vol. a.u1a pg 10 Tat>le 14; as ater rev1sea Dy app 1cant. 
•Note: some patients had multiple dose interruptions or dose changes 

To inver:;tigate 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 Or. Hammerstrom's statistical raview tt1:· details regarding these 
analyses. 
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'\ · ole 8.22. Comparison of Mean change In CD4 and RNA from baselinn 
(DAVG-16) for All Patients and for Patients without Doae 
Interruptions. ... · 

Variable Treatmernt N Meal1' 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 
Excluding those with interruptions 33 51.9 20.6 

·-
RNA Rltonavlr 

All patients 118 ·1.0 -1.1 
Excluding those with inrerruptions 51 ·1.4 ·1.6 . 

Combination 
All patients 117 .0.8 -0.9 
Excluding those with interruption$ 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 
frorr. baseline were greater for pa!ients without drug interruptions compared to 
all patients. The superiority of ritonavir monotrerapy over combination therapy 
remained apparent for CD4 change. 

Table 6.23 shows the difference in CD4 and RNA DAVG-16 vatues between 
combination treatment and ritonavir monotherapy for all patierits 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 &tatistically 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 chan~ s is reduced based on srry~ller sample 
size. 
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Tabla 8.23. Comparison of all patients with tho•• without doae lnterruptlona for 
difference• In Mean RNA and CD.t DAvo .. 1e. 

'jomptrt1on • ComblnaUon va. RIT Dlff1renc1 T-ltatl1tla P-Yatu• 
RIT mln11• ZDV + RIT ... 

CD4 
All P•rlenU 28.2 2.58 o o~ 
E11oludlng thoH with lntertuption• 40.3 2.14 0.03 

RNA 
All paWnt• .0.238 2.-43 0.015 
E11oludln1 thoH with lntwruptlon• ..0.23Q 1.36 0.176 

Therefore, drug dl1contlnuatlon1 or Interruption• do not explain the 1uperlorlty 
of rltonavlr monotherapy compared to ritonavir plus zldovudlne combination 
therapy. The appli!lllnt conducted further analy1e1 to· e.xpl1ln this phenomenon. 
These analyses were Included In their adviaory committee pre1entetlon (See 
section 9. Overview of Efficacy). 

Change in CD8 
Changes In CDS cells have often been mC\nltored In AIDS trial• but have not 
served as a basis for accelerated approvals. The cllnlcal algnlflcanco of changes 
in CDS cells In response to treatment la not known. COS change1 In response to 
treatment with nucleo1lde analogues have been variable; however, treatm•nt with 
rltonavlr was associated with statlstlcally significant Increases In COS cells In both 
phase 3 studies. 

Table 8.24 shows the mean, median and range of baaellno C08 counts for each of 
the treatment arma of study 245. Mean b11ellne COB cella were almllar for each 
of the three treatment groups. 

Tablo 8.24. Baaallna COB Cell Count (cella/~L) 
--

COB Cell Count Cambln1tton Rttonavlr mv 
cellll L n • 117 n • 118 n • 121 
Median 835.0 US0.5 847.5 
Mean 1024.5 1125.1 1114.20 
Standard Deviation 481.87 481.87 481.87 
Minimum 198.5 238.0 334,0 

2710.0 3020.0 3041.5 

Figure 8.11 is a plot of mean ~hange In coa from baaellne over 16 week•. 
Rltonavlr treatment wa1 associated with a transient lncre11e In COB from baseline 
while treatment wtth ZDV was 111oci1ted with a C08 decrea11; th• combination 
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regimen was associated with a variable re1ponae. Both rftonltvir ~herapy and 
combination therapy produced atatlatlcally superior COB lncre1ae1 (DAVG-16) 
compared to ZDV treatment. The cUntoal atgntflcam:e of theae change• Is 
unknown. The decrease In COS count• observed with ZDV therapy m.y 
reprttaent ZDV-a11octatad lymphooyotoj(lctty. · · 

Figure 8.11 
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8.2.1.2.3 Safety comp1rlaon• 
I re1tm1nt Duratlon 
The duration of treatment for the 18 wak 1tudy·-period, as reported In the 
original NOA 1ubml11lon, la ahown In Table 25. For all patlenta, 69% had 
received study tre1tment for more than 80 d1y1 by th• time of the 11fety 
closure date end 63% of patient• had received atudy drug for at lea1t SO 
days. The duration of blinded treatment ranged from 1 day to 127 daya. A 
longer duration of atudy treatment waa observed for both monotherapy arms 
compared to the combination arm. 

T1ble 25. Number of patients expoaed to Study Regimen 
--

Tr11tm1nt R1g1m1ri 1-14 11-30 31 .. 0 11-10 I0-127 R•ndomlztd 
D1y1 Daye Daya D•Y• Day• 

Combination 28 13 13 8 !M 116 
Rlton1vtr 18 2 9 7 80 117 
Zldovudln1 7 1 7 87 119 --

Clinical AdYICll IVIOtl 
Only treatment-emergent eventa wore included In th• 1naly1l1 of uafety. 
Adverse drug events wor• defined •• treatment-emergent when th• •v•nt 
began during treatmer1t or within 30 day1 after the ce11atJon of treatment. For 
events that occurred during treatment lnterruptlon1, the 1ppllcant applled the 
aamf.> 30-day rule. 

T11ble 8.26 ll1t1 the moat frequent (occurring In at le11t 2'M» on any tr11tm1nt 
arm) adverae eventa of any ••verity. Thfite event• were conaldered to be at 
least poaslbly related to treatment or of unknown relatlon1hlp to treatment. 
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Table 8.28. Adverae events Characterized 11 Treatment-Related (Poaalbly, 
Probably, or of \Jn known Relatlonahlp) occurring In greater than 2°/e of 
Individual• on any treatment. · · · 

Combln1tlon Rltonavlr ZDV · 
Body ly1tem (n • 111) (n • 117) (n • 111) 

COSTART Term• n (%) " (%) n (%) 
Body HI Who .. 

Abdominal pain 21 {18.1) 7 (8.0) 13 (10.9) 

As then la 51 {44.0) 20 (24.8) 32 (28.9) 

Chills 4 (3.4f) 0 2 (1.6) 

Headache 29 (26 0) 25 (21.4) 33 (27. 7) 
Pain 9 (7.7) 8 (6.9) 3 (2. !5) 

C1rdlovHcul1r 
Sy1ttm 

Hypert1n11on 0 3 (2.8) 0 
Va1odU1tatlon 15 (13.0) 19 (16.2) 3 (2. 5) 

OlgHtlYt Sy1t1m 
Anore)(ia 18 (13.8) e (5.1) 11 (9.2) 

Diarrhea ee (58.6) 59 (50.4) 19 (16.0) 

Ory mouth e (5.2) 1 (0.9) 0 
Oy1pep111 6 ce.9) 9 (7.7) 15 (12.5) 

N11u1H 87 (75.0) e1 (57.3) 82 (52.1) 

Rectal dls'lrder 0 2 (1. 7) 0 
Local throat 10 (8.tJ) 7 (8.0) 2 ( 1. 7) 

initat1on 
Vomiting 47 (40.5) 24 (20.8) 25 (21.0) 

Htmlc and 
Lymphatic Sy1t1m 

Eccnymosts 0 2 (1. 7) 0 

L ymphadenopathy 0 1 (0.9) 3 (2.5) 

Source. NOA VOi. 8.U18 . 1 ti(. 

55 

: 
I 

' . 



NOA 20"659, 20·680 
NORVIRTM 

Table 8.26. Adv•ra• Events Characterized aa Treatment-Related (Contln&.·ad) 

Combination Rlton1~~lr ZDV 
Body Sy•ttm (n • 111) (n • 117) (n • 119) 

COSTART T1nn1t n (%) n (%) n (%) 
N1rvou1 Sy1t1m 

Circumoral paresthesla 37 (31.Q) 43 (36.8) 2 (1.7) 
Confuaion 4 (3 ... ) :\ (2.ft) 0 
OlzzineH 1'4 (12.1) 9 (7.7) 8 (8.7) 
Hyperestheala 8 (5.2) 6 (5.1) 1 (0.8) 

Insomnia ~ (4.3) g (7.7) 1 (0.8) 
Paresthosia 10 (8.6) 8 (8.8) 1 (0.8) 

Ptrlph•r•I P•rHthHit1 19 (18.4) 26 (22.2) 8 (8.7) 
Reflexes decreased 0 4 (3.4) 1 (0.8) 

Tremor a 4 (3.'4) 0 
Retplratory S) stein 

Cough increased 3 (2.6) 2 (1. 7) 1 (0.8) 

Phtuyng11is 3 (2.6) 5 (4.3) 0 

Rhlnit11 0 1 (O.Q) 1 (0.8) 

Skin and App1nd1gea 
Ory 1k1 0 1 (0.Q) 0 
Pruritu& 3 (2.6) 4 (3.4) 1 (0.8) 
R11h 5 (4.3) 8 (5.1) 2 (1. 7) 

SwHtmg 10 (8.6) 5 (4.3) 5 (4.2) 

Sp1el1I Sen111 

T11te perver11on 23 (19.8) 19 (16.2) 20 (16.8) 

Uroganltal Sy1t1m 

Oysurta 3 (2.6) 0 0 
T Adverae events axpenenced mumple times oy a j)I :lent were counted only once In the most re1a1 

cla991ficatton. 
!:lource. NDA vul. 6.0i8 pg. 18i. 

ad 

With the exception of asthenla (fatigue) listed under COSTART category, "body 
as a whole", the moat frequent treatment..emergent adverse events associated 
with rttonavir treatment involved the gastrolnteatlnat, and neurotoglc body 
systema. The most frequ•nt adverae events (in descending order) that 
occurred among patlenta randomized tc rltonavlr monotherepy and were 
characterized as at least poaa!bly related to treatment (or of unknown 
relationship) w•re: 

Occurring In > 10% 
nausea (57%), diarrhea (50%), clrcumoral par1esthe1la (37%), 11thenia 
(25%), peripheral paraeathesla (22%). vomitiog (21%), hesdache (21%), 
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taste perversion (16%), vasodllatation (16%) 

Occurring in 5~ 10% 
Dyspepsia (8%), dizzlneaa (8%), Insomnia (8%), paraeathesla. (7%), 
general pain (7%), abdominal pain (6%), local throat Irritation (6%), rash 
(5%), hyperesthe5la (5%), anorexia (5%). 

Adverse events that occurred in less than So/o and occurred more frequently 
among patients randomized to a ritonavlr-contalnlng regimen were: pharyngitis 
(4%), hypertension (3%), confusion (3%), decreased reflexes (3%), tremor 
(3%), pruritus, (3%). 

The percentage of patlenta experiencing aathenia or gaatrolntestlnal toxicities 
were comparable for ZDV treatment and ritonavir monotherapy treatment, 
except for diarrhea which occurred more frequently among patients randomized 
to rltonavir. Toxicities of the nervous system were more frequently associated 
with rltonavlr monotherapy than ZDV, apecltlcally, clrcumoral paraesthesia, 
paraesthesia, hyperestheaia, peripheral parae1theala, Insomnia and tremor. 
Other toxicities that were seen more frequently among patients receiving 
ritonavir compared t,l ZDV included pharyngitis, throat Irritation, 'Jasodilatation 
and rash. 

Ritonavir In combinat!on with ZDV appeared to increase the frequency of 
gastrointestinal toxlcitv, specifically: abdominal pain, anorexia, diarrhea, 
nausea and vomiting. T'he combination regimen was not associated with an 
increase In the neurologic toxicities observed with rltonavlr monotherapy, with 
the possible el'. :eption of dizzine&s. 

Table 8.27 list~ the ~srcentage of patients experiencing an adverse event of at 
lfllast moderate severity (and at least possibly related). More patients treated 
with ritonavir monotharapy co111pau:nJ tu ZDV monotherapy experienced an 
adverse event cf at lttast moderate severity. 
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Table 8.27. Percentage of Patients with Treatment-Emergent 
Adverse Events of Moderate, Severe, or Life-Threatening 
Intensity Occu1nng In ?. 2%. 

Adverae !venta RIT + ZDV RIT ZDV 
N • 118 N • 117 N • 111 

eOdy ... Whole 
Abdominal Pain 4.3 3.4 4.2 
Aathenla 27.6 9.4 10.1 
Headache 7.8 5. 1 7.6 
Malaise 4.3 1.7 3.4 

C1rdlov11oular 
Vaaodllatlon 2.6 1. 7 0.8 

Dlgeatlve 
Anore>eia 7.8 0.9 3.4 
Con1tip1tion 2.B 0 0.8 
Diarrhea 21.B 12.8 0 
Flatulence 2.6 0.9 0.8 
Nausea 48.6 23.1 24.4 
Vomiting 22.4 12.8 12.6 

Nervou1 
Circum:>ral Pareathe1la 3.2 2.6 0 
Dizziness 5.2 2.6 1.7 
ln1omnia 3.4 2.6 0.8 
ParHthesla 5.2 2.8 0 
Peripheral Parestheaill 0 6 0 
Somnolence 2.6 2.6 0 
Thinking Al:inormal 2.6 0 0.8 

R••plratory 
Pharyngitis 0.9 2.6 0 

Skin a11d Append1gea 
Sweating 3.4 2.6 1.7 

Spacial Senses 
Taste Perversion 15.5 10.3 7.8 

Source: Abbott. NORVIR package lnHrt. 

P~mature discontinuation• due to adverse events 
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As reported In the a•fety update (Dec. 15, 1995 closure date), the percentages 
of patients discontinuing treatment secondary to adverse events ~vue 420/o, 
30%, and 23% for the combination, RIT, and ZDV arms, respectively. Toxicities 
involving the gastrointestinal tract were the most common reas:i="s for treatment 
discontinuation. (See Table 8.28). 

• 



NOA 20-659, 20-680 
NORVIR™ 

Table 8.28. Treatment-Emergent Adverae Eventa Resulting In Premature 
Dlacontlnuatlon by Body System occurring In >1% (any treatment 
arm) 

Combination Rltonavlr ZDV 
Body Sy1tem (n • 111) (n • 117) (n IB 111) 

COSTART Tenn n (%) n '""' n (%) 

Any Sign/Symptom 45 (38.8) 30 (25.6) 21 (19.3) 

8odyaaaWhol• 
Abdominal pain 5 (4.3) r 1 (0.8) 
Asthenla 12 (10.3) 4 (3.4) 7 (5.9) 
Headache 3 (2.8) 5 (4.3) 3 (2.5) 
Malaise 2 (1.7) 1 (0.9) 2 (1.7) 

Digestive System . 
Anorexlil 4 (3.4) 2 (1.7) 1 (0.8) 
Diarrhea 11 {9.5) 2 (1.7) 0 
Nausea 24 (20.7) 13 (11.1) 12 (10.1) 
Vomiting 17 (14.7) 9 {7.7) 5 (4.2) 

Nervous System 
Clrcumoral parHthelia 4 (3.4) 3 (2.8) 0 
Confusion 0 2 (1.7) 0 
Depression 1 (0.9) 2 (1.7) 0 
Dizziness 2 (1.7) 2 {1.7) 1 (0.8) 
Hyperusthesia 2 (1.7) 0 0 
Paresthesia 3 (2.6) 2 (1.7) 1 (0.8) 
Peripheral pareathelia 0 2 (1.7) 0 
Somnolence 3 (2.6) 1 (O,Q) 0 
Thinking abnormal 1 (0.9) 0 1 (0.8) 

Reapiratory System 
Pharyngitis 1 (0.9) 2 {1.7) 0 

Skin and Appendages 
Raah 2 (1.7) 1 (0.9) 0 

Special Sen•es .. 
Taatelou 2 (1.7) 1 (0.9) 0 
To.et .. 1 'l un '\\ A II\ 'I\ ~ , ... ?\ 

Source: NOA 20-859 Vol. 8018, pg. 188, T1ble 53. 
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OthecSafety Analyses: Drug::Urug interactions 
The applicant performed analy&es ~o look for potential adverse eVf~nts 
resulting from drug intc;actions. 'fhey report that patients received a 
mean of approximately 4.5 concurrent medications while Qn study. From a 
list of all medications taken in this study, the applicant identified the 
medications that were considered to have potential for interaction with 
ritonavir and were of common use. These were: 

Clarithromycin 
Fluconazole 
Ketoconazn!c 
Sulfamethoxazole 
Trimethoprim 
Pseudoephedrine 
Acetaminophen 
Ibuprofen 
Acyclovir 

The applicant concluded that the subset analyses of concurrent 
medication use did not reveal any clinically meaningful associations, 
however the number of patients using each of the above concomitant 
drugs were relatively small. 

Death..s 
lhere were no deaths in shJdy 245. 

£erious Adverse Ev.ID.ti 
By Dec. 15, 1995, 15 events occurred in 8 patients taking combination 
treatment, 2 events occurred in 2 patients taking ZOV, and 1 event 
occurred in a patient taking ritonavir. Serious events occurring among 
patients receiving ritonttvir (a5 monotherapy or in combination) incluOed: 
accidental injul), alcohol intolerance, bone disorder, cyst, diarrhea, drug 
dependence, fever, gastroenteritis, headache, kidney calculus, muscle 
weakness, nasal septum disorder, nausea, rectal disorder, rhinitis, skin 
carcinoma, and melanoma. The patient who developed a kidney stone 
had a history of renal calculi. Please refer to section 10.1.2 for a 
discussion of potentially significant adverse events. 

Laboratorv Abnormalities 
In general hematologic changes were favorable for J: Aient treated with 
ritonavir. There was a small mean decrease ir. RBC parameters for 
ritonavir (mean decrease in HGB from baseline at final visit= -0.34 
mg/dL), however these decreasvs were larger for patients receiving ZOV. 
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There were more patients randomized to ritonavir-containing regimens 
who experiencad extremt' elevations in chemistry laboratory 
measurements. The pattern of chemistry laborato'fy abnormalities in study 
245 was similar to that observed in study 247, although somewhat less 
frequent in this population with less advanced disease. E:<treme 
chemistry abnormalities occurring in at least 1 % of participants are shown 
in Table 8.29. In contrast to study 247, there were no patients in study 
245 with extreme levels of uric acid. 

Table 8.29 Number (percentage) of patients with abnonnal chemistry labs 
exceeding the extreme limit criteria. 
u fed ., 1 % fo t t t s I > r any res n, ,,, arm. 

CHEMISTRY Combination Rltonavlr Zldovudlne 
LAD N •102 NN107 N•115 

n % n % n •1. 
Glucose 2 2.0 0 0 1 0.9 

SGOT/AST 3 2.9 7 8.5 2 1.7 

SGPT/ALT .. 3.9 6 5.8 3 2.8 

GGT 2 2.0 3 2.8 1 0.9 

CPK 7 7.0 8 7.5 8 7.1 

Trlgiycerfdes 1 1.0 3 2.8 0 0 

Trlalvcerldcs# 1 2.1 1 1.4 0 0 

#Only fasting 11mples included 
Source: NOA 20-esg vol. 8.018 pg 250. 
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8.2.1.3 Reviewer's Conclusion of Study Results 

Efficacy 
Study 245 was conducted In HIV-infeded patients with CD4 counts greater than 200 
cells/mm3

. Results showed that treatment with ritonavir ever 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 respect to increases in CD4 call 
couti~s and decreases in HIV-RNA from baseline values. These changes were robust 
3nd maintained statistical significance in conservative analyses in which missing data 
was imputed with values of zero change from baseline. 
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The unexpected finding from study 245 was the superior perlormance of ritonavir 
monotherapy compared to that of the combination treatment. Initiation of ZDV and 
ritonavir was not well tolerated based on the large percentRge (approximately 50%) of 
combination treatment discontinuations by week 16. Documented treatment interruptions 
and discontinuations do not appear to explain the less-than"'9xpected surrogate marker 
changes for the combir.ation regimen compared to monotherapy. FDA on·treatment , · 
analyses, which only included patients who had no treatment interruptions, showed that 
treatment with ritonavii compared to the combination regimen was associated with 
superior C04 increases and RNA decreases. The differences in surrogate marker 
changes between the rltonavir and the combination regimen were actually larger for the 
on~treatment subset. Aft&r submission of the NOA, the applicant evaluated drug 
concentrations in study 245 and reported in their advisory committee presentation that 
ritonavir concentrations were lower among patients taking combination therapy than 
those receiving ritor .. ,,ir monotherapy. Since PK studies did not show a pharmacokinetic 
interaction in which ZDV altered ritonavir levels, the applicant ccncluded that patients on 
combination therapy may have been le~s compliant with their drug regimen. This may 
have explained the poorer performance of combination treatment in this 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 exception of diarrhea which was reported more froquently on ritonavir 
than zidovudine. The bad taste of the liquid formulation used in this clinical trial may have 
contributed to the nausea and vomiting in some cases. 

Ritonavir was associated with more neurologic toxicities than ZDV. These toxicities 
consisted primarily of various types of paresthesias. Circumoral paresthesia, a toxicity 
that is somewhat unique, was as3ociated with ritonavir. The mechanism for this toxicity is 
unknown. Paresthesias were mostly transient in nature and less often a reason for 
treatment discontinuation than were gastrointestinal toxicities. 
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The combination regimen was not well 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 beJow) appeared to reduce 
the incidence of dose-limiting gastrointestinal toxicity in that study. 

Laboratory abnormalities were similar to those described for study 247; hcwever, the 
frequency of these abnormalities may have been slightly less for this group \lf individuals 
with less advanced disease. 
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8.3 Other Studies 
.. 

8.3.1 Study #208: "Evaluation of the Safety and Antiviral Activity of ABT-638 
In Combination with ZDV and ddC In HIV-Seroposltlve Patients." 

8.3.1.1 Summary of Protocol Dealgn/Methoda 
The objectives of this study were to evaluate the safety and antiviral activity of 
ritonavir in combination with ZDV and ddC in antiretroviral-naive HIV-Infected 
Individuals. The study design was open-label, multi-center and 
noncomparative. The protocol planned to enroll 30-40 patients to receive 6 
months of this triple combination regimen. Patients were to receive rttonavlr 
alone for the first 14 days followed by the addition of ZDV 200 mg tld and ddC 
0.75 mg tld. An extension phase was optional. 

To be eligible patients were required to meet one of the three criteria: 

1) A single CD4 count 2: 50 and s 250 cellslmm3 within four weeks prior to 
initiation of study drug. 

2) Three serial CD4 counts showing rapid decline (drop of~ 200 cells to 
s 350 cells over a six month period). 

3) C04 count betwer:n 250 and 350 cells/mm3 associated with clinical 
symptoms (fever, weight loss, diarrhea). 

Commsnt: 
The eligiblllty crlt11r/a for this protocol selected for patients with HIV 
disease between that of protocol 245 and 24 7. To be ellglble for this 
protocol, subjects withs CD4 count > 260 mm' were required to have 
symptoms. 

Virologic and immunologic activity were to be assessed at week' 2 and 4, and 
monthly thereaf'ter. 

8.3.1.2 Reaulta 
The study dates for this lnte:·im 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 Dlapoaltion, Demographic• 
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 HIVwrelated Illness. See section 8.3.1.2.3 for the 
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number and type of specific advr~rse events. 

Four of the 32 patients were female, 31 were 'Caucasian. Mean age was 
approximately 38. 

8.3.1.2.2 Activity endpoint outcomes 
aaaelio.t 
Table 8.30 shows mean baseline levels of HIV-RNA (Roche-PCR), THEV, 
and CD4. 

Table 8.30 Baseline Surrogate Marker levels. 

V1rt1ble log11 HIV-RNA (partlclee/ml) log,0THl!V (unlt./ml) CD4 

Mean 4.65 3.21 ---
Median . . 171 

Range 2.5·5.7 0.9-4.2 48-386 
ource: NOA 20-655 vol. ts.utsi pgs. 45-52. 

Activity assessments included viral RNA, total HIV-expressing cells (THEV), 
and CD4 counts. Treatment with rltonavlr 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 variabll!!s foi w"eks 2 ~hrough 20. 

Changes from baselin.q at week 20 for the three activity variables are 
shown in Table 8.31. 

Tabla 8.31. t;h111nge in surrogate markera from baseline at week 20 -Vart•ble Number of patlenta Mean Ch1nge from b11elln t 
(N•32) It W.ek 20 

HIV-RNA (PCR) 26 -1. 76 log particles/ml 

THEV 26 -2. 19 log unitllml. 

Median C04 count 25 +A7 cells/mm3 

iource: NOA ;.!!... e:~ vo1. B.082 pg 1U. 

8.3.1.2.3 Safety comparison• 
The duration of exposure to rltonavlr Is listed in Table 8.32. All patients !; 

(32/32) experienced at l~ast one treatment"emer~ent adverse event. The 
most frequent eventn 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 patient&), a1thenl1 (8 patients), and 
paresthealas (nine patients). 

Table 8.32 Study 208: Duration of expoeure 
Daya l!Jcpoaure 1-30 31 .. 0 11-IO •1·1~ r 1•1-210 overall 

eoo ma bid 4' 1 2 e 18 31 

300 mg bid 1 0 0 0 0 1 
1ourct: Vot au.ua4' PO 42 1111n1 a, " . 

Four of the 32 patient& enrolled (13%) di1contlnued the study due to 
treatment adverse events during the tirat 20 week•. Two patient• 
discontinued drug due to vomiting, one due to elevation of ~ran1amlna111, 
and another due to elevation of tran1amlnaAe1 and diarrhea. 

Qeatha 
There were no patient deaths during the time frame of the Interim analyala. 

Sorjoua Aciverae Eyentl 
Five patients experienced a total of nven 1erlou1 adverse events. All of 
the event• were 1ertou1 baaed on th• t.ot that they required ho1pltallz1tlon. 
The seven aerloua adverse events were fever (2 patient•), anemia (2 
patients), paychoala, extrapyramldal 1yndrome and Herpe1 Zoater. The 
report of extrapyramldal syndrome waa 111e11ed aa probably not related by 
the investigator. Anemia may have been related to ZOV. One caae of 
fever was considered poaslbly related the other not related. The caae of 
psychosis was considered not related. 

Laboratorv Abnormalltl11 
Two patients had hematology parameters that were considered to be 
extremely low, a low RBC count and a low hematocrlt, reapectlvely. These 
abnormalities were attributed to ZDV. Four patlenta had one ·or more 
extremely high chemistry values during treatment. Theae are ahown In 
Table 8.33 along with the criteria for extreme levels. The applicant 1tate1 
that the high amylase vaJue may have been a lab error since th!• wa1 an 
isolated value and aH other values were within the normal range or only 
slightly high. 
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Table 8.33 Chemlatry laboratort•• excHdlng the criteria for extreme values. · -

Abnorm1Uty l!xtrem• Criterion ltudy vl1lt Value 

SOPT/ALT >218 IU/L W..k2 409 

SOPT/ALT >215 IU/L 'NHk 1 313 

Amyl••• >300 IUJL W..k2 1071 

Triglyceride >18.5 mmolll Wffk3 1ao.e 
source: NDA :: .... _ , v01 a.ua,, pg • QT. 
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8.3.1.5 Reviewer'• Commenta/Conalualon of Study Reaulta 

68 

In this small group of treatment-naive patients, treatment with the triple combination 
of ritonavir (6-00 mg bid) plus ZDV (200 mg tld) and ddC. (0.75 mg tld) was associated 
with large and 1u1tained (20 weeks~ surrogate marker re1pon1ea. Re1ult1t from study 
245 raised concerns about the activity of Initiating rltonavlr and ZDV concomitantly. 
In that study, treatment with a combination regimen of ZDV plus rltonavlr was 
a11oct1ted with le11 activity than rttonavlr alone. Although compartaona acro11 
1tudl•• may not be valid, the degree of activity aaaoclated with triple combination 
treatment in study 208 offera some evidence th1t ritonavlr and ztdovudlne 
comblnetlon regimens m1y be aaaoctated with greater and more 1u1tafned antiviral 
activity than titonavir monotherapy. Those receiving triple combination therapy In 
study 208 had larger CD4 Iner••••• and larger RNA deoreeaea from baseline than 
did patients receiving rttonavlr monotherapy In atudy 245. Obvloualy, comparlaona 
acroa1 1tudle1 muat be Interpreted with caution elnr.e difference• In patient 
popul1tlona and/or atudy method• may account for treatment difference•. For 
example, In 1tudy 208 baseline C04 counta and RNA levels were lower than that In 
study 245. However, for th••• two 1tudlea, the difference between decreases In RNA 
between these two treatments waa large, nearly• log (10-fold). '· 

One major difference between 1tudle1 245 and 208 was the ~ethod by which study 
druga were Initiated. In study 208, ZDV and ddC were •dded •ft•r 2 weeks of 
rltonavlr treatmsnt; In study 245 ZDV and rttonavlr were administered at full doses on 
atudy day 1. The applicant haa reported that moat dlacontlnuatlona for rltonavlr .. 
a11ociated nausea and vomiting occurred within the fir1t 2 weeks of treatment. 
Perhaps by Initiating ZDV after this time period, the study 208 tnvestlgators were able 
to circumvent some of the additive ga1trolnte1tln1I toxicities of Initiating ZDV and 
ritonavlr. This may have led to better tolerability, compliance, and Improved activity 
of the combination regimen In this atudy. 

Adverse events reported in this trial appeared to be similar to those reported hi study 
245 and 247, with gastrolnte1tlnal Intolerance among the most frequent. Fewer patients 
( 13%) discontinued the ritonavlr combination regimen In this study compired to those 
receiving ZDV and ritonavir (50% treatment discontinuation) in study 245. 

8.3.2 Phaae 2, Do•• Ranging Studies 

Study M93-112/Ml4·189: A safety, pharmacoklnetlcs and antivlrai activity 
study of ABTb538 when administered orally to HIV-infected patients. Study 
169 was the open·label exten1lon protocol for study 112. 

Study M93-134/M94-134X: Evaluation of antiviral activity, pharmacokinetics, 
and safety of orally-adminiatered ABT-538 in HIV-infected patients. 134X was 
the extension phase for this protocol. 

• 
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Study M&4-229: Assessment of two orally administered dosing regimens of 
ABT-538 in HIV..jnfeded patients. 

8.3.2. 1. Design and Methods 
Study 112 and 134 were multiple doae, do1Jble-bllnd, randomized, placebo 
controlled, multlcenter atudlea In HIV infected petlent1. Double-bllnd 
treatment was administered for four weeks. Both atudlea had extension 
protocola, 189 and 134X respectively. 

In study 112 patients were e11igned to placebo or to one of four rttonavir 
dosing regimens: 300 mg bid, 400 mg bid, 500 mg bid, or 800 mg bid. In 
~tudy 134 patients were assigned to placebo or ntonavlr at 200 mg tld, 300 
mg tid, 200 mg qld, or 300 mg qld. Primary endpoint• were bDNA and CD4 
responses at 28 ddya. The protocols defined antiviral response as an 80% 
decre•se In RNA from baseline. CD4 reaponae waa defined aa a 20 cell or 
20% increase from baseline. After 28 daya ratient1 hid the option of 
corit.inuing ritonavir at their assigned dose In an extension protocol. Patients 
originally assigned to placebo for the first 28 days of these protocols were , · 
given ritonavlr at one of the above doses In the extension protocols. For both 
studies 169 and 134X, a protocol amendment required p•tlenta 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 do1e1 of 400 mg tld and 700 mg bid. 

Comment: 
The 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 18 weeks. These studies were not considered 
primary but rather exploratory dos•rsnglng trials. 

8.3.2.2 Reeulte-Activlty 

StydlJa M93-112/189 and M93-134/134X 
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 82 patients randomized 53, completed 28 
days of atudy. All nine of those who 'discontinued ritonavir In study 134 did so 
due to adverse events or HIV-related events. 

In general. all regimens of rltonavir were associated with increases in CD4 
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counts from baseline and decreases In plasma viremia from baseline when · 
compared with placebo. In study 112, treatment with rltonavlr 500 mg bid and 
600 mg bid regimens appeared to produce a larger number of RNA 
responses, as defined by the sponsor. than lower dose regimens:· In study 
11 _'/169, although the number of patients participating was small past 16-24 
weeks, the mean jecrease in RNA levels and mean Increase In CD4 cell 
counts appeared to be most 1u1talned for patients receiving 600 r.ig bid. 

In study 134, where doses were administered three or four times dally, a dose 
response was not as apparent with respect to increases in C04 and 
decreases In RNA. The highe~t dally dose studied in both study 134 and 169 
trials was 1200 mg/day. The 600 mg bid dose regimen in study 1121169 
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 I• possible noncompliance with the 
higher dosing frequency of the qld regimen.5 

Study M94·229 , · 
Thirty patients were enrolled in this study, 17 to the 400 mg tid dosing group 
and 13 to the 700 mg bid dosing group. Eight of 30 patients discontinued 
ritonavir during the first 28 days, 16 (53%) discontinued drug prematurely by 
the data closure date. The frequency of rltonavlr discontinuation was similar 
for the two treatment arms and approximately the same as that for the poorly 
tolerated ZDV + rltonavlr 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 tld 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 for studies 112/169 and 
134/134>< 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 January and study 134 started In 
April of 1994. A small number of patients had r~ceived ritonavir out to 52 
weeks. 

'During the end-of-phase 2 meeting, the aponsar stated that the objectionable tHt• of the liquid 
formulation may have had an impact on patient compliance of a tld or qid regimen. 

• 
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safety update for der1ths, premature discontinuations and serious advttrse 
events was also submitted. · · 

Study M93-112/169: Safet~ 
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The types of adverse events occurring in this study were similar to those 
reportea in phase 3 trials. For all dosing regimens combined, the most 
common adverse events were diarrhea (53%), aathenla (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 iower 
doses included nausea, vomiting, and cirr-.umoral 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 prematurely due to elevation of liver function tests or 
hepatitis. According to the applicant, five of the six who withdrew because of 
elevation of hepatic 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 
transaminase elevations during administration of ABT-538 (ritonavir)." 

In general changes in laboratory values were similar to ~hose reported in 
phase 3 trials. The applicant reports that, although some patients had very 
high triglyceride 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. An autopsy of this treatment emergent death revealed 
pulmonary edema as cause of death with bronchopneumonia as an 
underlying cause. The patient 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. 

Stydy M93-134/134x 
As for other ritonavir studies, the most common adverse events were 
gastrointestinal, 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 
para~sthesia, paresthesia. The most common reasons for premature 
discontinuation included diarrhea, circumoral paraesthesia, 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 six in study 1121169; 
discontinued ritonavir due to liver function test abnormalities. Similar to other 
studies, somg patients had very high levels of triglycerides. According to the 
applicant there were no instances of pancreatitis or clinically significant 
increases in amylase. 

One patient in the 300 mg qid group died of wasting syndrome on day 268. 
He had received drug tor 214 days. The event was considered not related to 
ritonavir. 

Study M94-229 
All 30 patients in this study r1Jportad at least one adverse event. The most 
frequent adverse events were diarrhea, circumoral 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 occurred among patients 
receiving 700 mg bid. In the 700 mg dose group, five patients (38%) had 
myalgias. According to the applicant two of these 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 about 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 the course of the study. This was a patient receiving ritonavir 400 mg 
tid, who was taken to a hospital emergency department for symptoms of 
shortness of breath. The patient subsequently went into arrest and died. A 

, . 
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chest X-ray had shown cardiac enlargement and dense infiltrates bilaterally.· 
Primary cause of death was thought to be associated with a probable 
myocardial infarction and underlying aortic steiiosis. The second death, as 
reported in the safety update, was listed as non-treatment emergent. The 
cause of death was Intestinal cryptosporidiosis 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-rang~ng trials 
According to the applicant's analyses of studies 1121169 ~nd 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 appt:tared 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 slightly greater 
treatment effect, however, there are too few patients to offer conclusive 
evidence. In addition the frequency of premature discontinuations 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 clinical 'studies included in this 
application. Studies 112, 134, and 229 were phase 112 dose-ranging studies from 
which the applicant identified ritonavlr 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 nucleoslde analogues was Associated with antiviral activity as 
measured by changes in CD4 counts and HIV-RNA. Study 245, the phase 213 triple 
arm study in antiretroviral-nalve Individuals and Study 247, the two arm study In 
patients with advanced HIV disease. both evaluated changes in CD4 and RN/\ over 
15 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 cubmltted for this study. Patients randomized to rltonavlr­
containing arms in these three trials had robust increases in CD4 counts from 
baseline and robust decreases in HIV-RNA (PCR) from baseline. Treatment with 
ritonavir-containing regimens in studies 24f' and 247 was associated with statistically 
superior mean increases in CD4 and statistically superior mean decreases in HIV- r --

RNA compared to treatment with a control (placebo for study 247 and zidovudine for 
study 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 (•urrogate cohort) 

Treatment Regimen ZDV RIT 2'.DV+RIT ZOV+ddC+RIT RIT + Placebo+ 
n•121 n=118 nm116 n=32 baseline RX bHelln• RX 

n•211/159* n•211/159 

C04: DAVG·16 9.2 72.6 45.2 - 33.2 .. -0.8 

median CD4. week 20 - - - 87 - -
log 10RNA: OAVG-16 -0.42 -1.03 -0.80 - -0.79 -0.01 

mean log'°RNA, - - - -1.76 - -
week 20 

• 1 nere w~re 'l. i i 1n tne c.;u4 conon ana 1 '~ m tne KNJ, cohon. 
Source: NOA 20-659 Vol 1 pg 129 table 2 (annotated label) 

Demonstration of Clinical Efficacy 
In addition to producing significant increases in CD4 and significant decreases in 
RNA, the administration of 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 AltS disease progression or death (see 
section 8.1.1 for a detailed description of this endpoii1t). The p~otocal specified that 
an analysis of clinical endpoints would be performed after the accrual of 191 clinical 
endpoints (occurring after the first 28 days of treatrnent). This was accomplished by 
Dec. 8, 1995; Abbott closed the clinical database on Dec 15, 1995. After a meJian of 
5.8 months of follow-up, ae of 543 (15.8%) patients randomized to ritonavlr had a 
clinical endpoint compared to 181 of 547 (33.1%) pati6nts randomized to placebo. 
This was an approximate 50% reduction in 'iiseaae prrgresslon or death. R!tonavir 
was also associated with a survival benefit. Thirty one vf 543 (S.7%) patients 
randomized to rltonavir died compared to 52 of ~47 (9.5c~) randomized to placebo. 
Both findings were statistically significant. 

The results demonstrating clinical benefit of adding ritonavir to baseline therapy 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 clinical benefit between ritonavir and placebo than the applicant's ' · 
atialysis, the difference remained statistically significant. 

CQ.111binatjoo therapy QQD]parjso.ni 
Study 245 produced unexpected results with respect to the antiviral and imm1mologic 
activity of the coml:ination regimen, ZDV + RIT. In this stcdy, patients randomized to 
ritonavir monotherapy had statistically superior CD4 increases and RNA decreases 
from baseline compared to those randomized to the ~omblnatlon treatment of 
zidovudine + ritonavir. These results were not consif.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 10910 copies/ml o\ler 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 rltonavir 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 statistically 
significant possibly due to the relatively small numbC!r of patients comprising each 
baseline treatment category. In making such unplanned comparisons, one should be 
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T11ble 9.2. Surrogat• Marker Change and cllnlcal marker change In study 247 
by number of concomitant antlretrovirala. 

CD4 HIV-RNA (log :o) Cllnlcal endpoint -
On Rlton1vir N MeM N MNll Aver11g• N H•~•rd r•t/o for 

AWl'-0- ChMlgo OWi' dl•eo• prog,.aalon 
Cheng• OVtN 111 WHlt• orduth 

1tJ wHlt• 

Ove111ll 108 64.2 80 -0.79 543 0.440 

no 1ntlretrovl111I• 17 18.4 14 -0.43 92 0.788 

one 1ntlretrovl,..I 56 35.6 42 -0.85 286 0.568 

two antlretrovlral• 35 ~R4 2·1 --0.89 165 0.442 
source: 247 Study report vol 12, tat>le JJ, pg 125. taDle 24, pg iu~ 
Clinical update table 18 vol 1 P£ 37. and table10 pg 23 

Possible explanations for the underperformance of the combination arm are listed 
below: 

1) A phsrmscoklnetic Interaction bstwsen zidovudine and ritonavir reduced the 
expected activity of ths 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 zldovudlne 
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 vlrologically antagonistic. This explanation is also 
unlikely. In vitro studies with zidovudine 1:1nd 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. Based on several lines of evidence, this appears to 
be the most plausible explanation for the unexpected findings. There were more 
discontinuations and drug interruptions on the combination arm compared to the 
monotherapy arms. The frequency of dose-limiting gastrointestinal intolerance 
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was higher an the combination arm. In addition Dr. Leonard (Abbott) presented 
data to th9 antiviral advisory committee that showed that patients randomized to 
the combination arm had somevthat tower rftonavlr cancentrations compared to 
those randomized to the ritonav .r monotherapy arm. An attJtu~es survey 
conducted after switch from the ritonavlr liquid formulation to rttonavlr capsule 
formulation Indicated that patients randomized to the combination regimen were 
more likely to alter their rltonavlr dosing schedule due to taste aversion compared 
to those who were randomized to ritonavlr monotherapy. Thia data has not been 
reviewed by FDA; Abbott presented this date 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 rltonavlr 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 admin!stered for longer periods are unknown. Mean decreases in RNA 
among ritonavlr 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 time. 

From the data submitted in the application, it is unknown which rttonavir nucleoside 
combinations are associated with the greatest treatment effect. However, there is 
data to suggest that initiating both ritonavir and zldovudlne at full doses in treatment­
naive individuals Is not well tolerated. 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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·rable 10.1 ahows the number of patients Included in the' original NOA safety data 
base and the safety update, and the respective duration of trea~ent exposure for 
these HIV·lnfected 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 ritonavii for 3 months or lea~. 5% were exposed for greater than 7 
months. This data base was updated with the aubmlsslon of a clinical NOA 
amendment (2110/96) which lncluued data"'" 1140 Individuals In phase 2 or 3 studies 
cornblned. Of these, 430 Individuals received ritonavir for at least 5 months. Most of 
the assf' .. ssment 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 formulation of 
ritonavir. 

Table 10.1. Duration of Exposure for Phase 213 Studies Combined in Original 
NOA and Safety Update. 

Tlrne Interval (Daya) 

01ya 1-30 31-80 61-fiO 91-150 151·210 >210 Overall 
n (%) n (%) n ('Yt) n (%) n (%) 

Rltonavlr 266 115 (11) 309 (30) 233 (23) 36 (3) 74 (7) 1033 
Ortglnal NOA (26) 

Rlton1vlr 312 104 (9) 83 (7) 211 (19) 286 (25) 144 (13) 1140 
Safety Update (28) 

iource: AbbOtt aav110 ry committee anoe p resemauon. 

Table 10.2 lists the phase 2/3 studies included in the original NOA submission with 
their respective safety closure dates. 
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Table 10.2. 

Ongoing Studies Included In the lntagrnted S•fety Summary 

STUDY CUT -OFF DA TE 

Phase 2 

M94-134X to June 16, 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 eartler 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 

DemoqraphiQs 
The rltonavir &afoty data base is predominantly comprised of male and Caucasian 
patients. Of the 1033 patients participating in phase 2/3 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 pa•ients receiving ritonavir Involved the 
following three COSTART defined body systems: body as a whole, gastrointestinal, 
and neurologic. Diarrhea, nausea, asthenia, vomiting, headache, and circumoral 
paresthesia were the most frequently reported adverse events and among the most 
frequent causes of premature discontinuatioris. Table 10.3 lists treatment-emergent 
adverse events occurring in 10% or more of the 1033 patients receiving ritonavir in 
either phase 2 or 3 studies. These events include those of all severity and any 
relationship tr drug. Generally the onset of these events occurred within the first 2 
weeks 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 Occuning II' 10% or More 
Patient. In Ph••• 213 Studlaa Combined. 

RITONAVIR 
llODY 8YITDllADVIMI !VINT (N81033) 

n % 

•ool' .U A KMMI' 

AloollNA&. PAIN '72 17 

Al1HINA 304 21 

FMR 117 " HIMW:HI 241 24 

PAIN 108 10 

0..rNllSrnl!W 

ANoMxlA 114 ,, 
DwwEA 1172 5!5 

OVIPIPllA 107 10 

NAUll!A 120 50 

VOMITING 211 27 

HIMIC ANO L .......... nc !Ylml 

L'fWl'tW)INOPATHV 130 13 

NllfVOUJ B.-SJ'l'M 

CIRCUMOML PAAAHTHlllA 271 27 

OIZZlNH& 171 17 

PUIPHllW. PAAAllTHEllA use 19 

RllPIRATOAY SVITIM 

PtMYNOITll 107 10 

S«w A.NO Al'N'IWIAOff 

RAaH 169 15 ,,...,._. 
TAIT! PEIM!RSION ,,, 12 

>ource: NDA ~~ !-~. ISS: VOi. a::>, pg . ':1J. 
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A regimen of ritonavlr 800 mg bid was chosen for study In large phan 3 tri1l1 based 
on activity and tolerability. The applicant stated that a higher do1e, 700 mg bid, was 
associated with an unacceptable amount of toxicity. Table 10.4 lista the number and 
percentage of Individual• experiencing adverae eventa according to doting regimen 
from all phase 2 doa•ranglng 1tudle1. Thi• summary la based on adverse events 
which began during the lnltlal 28 days of rttonavlr. In general the frequency of 
adverse event• waa greatest for regimens of 800 mg or 700 mg BID. The frequency 
of adverse eventa characterf1tlcat,· a11oci1ted with rttonavlr (nauHa, vomiting, 
diarrhea, paresthaalaa) appeared to Increase with doae particularly at doaea above 
400 mg or 500 mg BID. 

I • 

• 
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Table 10.4 
Summary of Treatment-Eme1'9ent Advern Evet?ts Durt"g the First 28 Days of 
Treatme"t for All BIQ Don Regimens Acron Phase 2·Placabo..Controlled and 

Uncontrolled ltudie• 
Body lytateml ZOO mg JOO mg 400mg IOOmg . IOOmg 700mg 
Adveru Event BID BID BID BID 110 BID 

Nn12 N•30 N-11 N-ZI N•U N•13 
n 1%' n 1%) n '~' n 1%) n 1%• 

n '""' llodv1Whgl1 
Abet Pain 2 (11) 3 (10) 2 (7) 0 (0) 5 (8) 5 (38) 
Althenl1 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) 

<i1mtova1sai1l1[ Svat•m 
V1aodllat1tion 0 (0) 1 (3) 1 (4) 1 (3) 5 (8) 4 (31) 

C21a11t1v1 a:a.11m 
Anorexia 0 (0) 0 (0) 1 (4) 0 (0) 0 (0) 1 (8) 
DllrrhH 2 (17) 5 (17) e (28) 11 (31) 22 (38) 9 (99) 
Ory Mouth 0 (0) 0 (0) 1 (4) 1 (3) • (7) 2 (15) 
DyspeP91a 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 (48) 

Irritation 
NIUIH 0 (0) 3 (10) 1 (4) 2 (7) 27 (47) 8 (82) 
Vomiting 2 (7) 1 (4) 1 (4) 1 (3) 10 (17) 5 (38) 

f!j1oou111 §ntlm 
Clrc. Paraa. 0 (0) 0 (0) 0 (0) 8 (21) 17 (29) 11 (85) 
Dlzzln111 0 (0) 0 (0) 1 (4) 1 (3) 8 (18) 3 (23) 
Hypere1th1lla 0 (0) 0 (0) 0 (0) 0 (0) 3 (5) 5 (38) 
Hype1thnJ1 0 (0) 0 (0) 0 (0) 0 (0) 1 (2) 0 (0) 
Pareathelia 0 (0) 0 (0) 0 (0) 2 (7) 8 (10) 5 (38) 
Pertph. P1r11thtll1 0 (0) 0 (0) 0 (0) 1 (3) 5 (Q) 8 {~8) 

§~la 1ad aumu1a1g11 
Ra ah 1 (8) 0 (0) 3 (11) 2 (T) 5 (9) 3 (23) 

E111mQJ1I §10111 
Taste Pttverlion 0 (0) 1 (3) 1 (4) 1 (3) 0 (0) 1 (8) 

""-.. ·--· NnA -- --.. 1i::i:: 
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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 

' .. 

diarrhea, nausea and vomiting according to dose. Figure 10.2 is a similar plot • 
for clrcumoral and peripheral pareathesias. 
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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-asaociated toxicities may be 
associated with higher ritonavir concentrations which occur before steady state is 
reached. This data ia used in support of the dose escalation scheme (See Dosage 
and Administration, package insert) for initiation of ritonavir. 

t •. 
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Figure 10.3 
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As reported in the original NOA, 223 (21.6%) of the 1033 patients particfpat:. ·:1 in 
either phase 2 or 3 studies prematurely discontinued ritonavlr 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 events. For example, 
although circumoral paraesthesla was reported in 27% of patients, It was Jnfrequently 
reported (2% of patients) as the primary reason for premature ·discontinuation of 
ritonavir. 
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Tabltt 10.4. Treatment-Emergent Adverse Events Resulting In Premature 
Discontinuation for !!1% of Patients In .Phase 2 or 3 Studies 
Combined. 

RIToNAVIR 
BODY SYSTEM/ADVERSE EVENT (N81140) 

N % 

aoav u A WHau 

A1DOww.. PAIN 1'4 1 

AsTHl'NIA 43 .. 
FEVEH 8 1 

H~CHE 21 2 

MAl.AISI! 6 , 
DIOESTIVI! SYSnM 

AHoRExlA 16 , 
DIARRHEA 52 5 

DYSPEPSIA 12 1 

llvt:R FCN ~STS AINORMAL 11 1 

LOCAL THROAT 1MlfAT10N 9 1 

NAUSEA 110 10 

VOMITING 64 6 

Mrr.uouc 

HYPERLIPIOEMIA 6 1 

NEllVOC/$ $YS1Pf 

CIRC\JMC>RAL PAAAJ:SlliESIA 20 2 

DIZZINESS 16 2 

PARAESTlESIA 9 1 

PERIPHERAL. PAR.AESTHESIA 10 1 

SOMHOLEHCE 1 , 
.. 

SKN AND Alf¥NOAOES 

RAsH 11 1 

SWU.11NG 1 1 

SHCIAI. SENRS 

TASTE PERV!RSION 36 3 

:>ource: NOA ~v~~9: Vol. 85, pg. 215. 

10.1.1 Deaths 

87 

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 

,,., ' 

= 



NOA 20-659, 20-680 
NORVIR™ 

emergent". occurring on treatment or within 30 days of discontinuation. Most of 
the deaths (30/36)5

, occurred in patients with adv&Q9ed disease participating in 
study 247. This study showed a survival advantage for patients rand,9mlzed 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 partJcipatlng in a clinical pharmacology study.' 

88 

Abbott considered two deaths In study 247 to be possibly related to rftonavir 
treatment. ~~se were patients #1056, whose cause of death 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 these cases were submitted as 
10-day safety reports. A discussion of these events can be found in section 
10.1.3, "10..cfay 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 AIDS participating in study 247. It 
should be noted that after submission of the safety 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 efficacy analysis. 

10.1.2 Other Significant Events 
In the original NOA Abbott submitted narratives and case report forms for all 
patients who had dlL discontinued study drug due to adverse events. 
Case report form reqw. 0; j 1cnts (for deaths and drop-outs) w3re waived for the 
clinical and safety update submitted on 218/96. As part of the FDA review, all 
narrative summaries 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 event dealing with visual or retinal changes, 
hepatitis or liver dysfunction were considered to be important, since animal 
toxicology studies showed that liver and retina (rats) were target organs of 
toxicity. Epigastric abdominal pain, pancreatitis, or S<!Vere abdominal signs or 
symptoms were also considered to be of interest. since ritonavir has been 

sThese 30 deaths among patients receiving ritonaVir include patients originally randomized to 
placebo who switched-over lo open-label ritonavir. 

"Five days after discontinuing ritonavir. this individual, with a history of depression, committed 
su1c1dc l>y ingestion of windshield wiper fluid (methanol). 
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shown to increase triglyceride levels 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 ileurologic findings, such as syncope or paralysis wure of ·potential 
concern. Based on these broad criteria, we reviewed case report forms on all 
patients who had reported adverse events that wore concerning or unusual. 
Table 10.5 is an alphabetical listing of potentially significant adverse events 
fror.i studies 245 and 247; case report forms 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/tip 
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 
bradycardla 
colitis, bloody stools 
confusion 
duodenltls, melena 
hematuria 
edema,· tongue 
edema peripheral 
hepatitis 
melena 
muscle cramps 
oral ulcer 
pancreatltls 
paralysis, leg 
photophobia 
rash 
retinal disorder 
syncope 
tremor 

Patient case report forms noting the above adverse avents were reviewed. In 
summary, the following was found: 

Eye Disorders 

-

There is no clear evidence showing that ritonavir is as~ociated with significant 
visual or retinal changes or other eye disorders, except when administered 
concomitantly 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. Tt:i~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 nonspeclfhrchanges 
possibly consistent with HIVwassociated retlnopathy. One individual with eye pain 
was also receiving rifabutin. This may have represented rifabutin-associated 
uveitis (see Drug-drug interactions). Another Individual had photophobla that 
appeared to have a temporal relatlonshlp with ritonavlr admlnlstrdtion; 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 appear 
to be characteristic of classic anaphylactic reactions. 

Abdominal Pain .. Colitis. Pjncreatiti§ 
Ritonavir has been associated with symptoms of abdominal pain. Sometimes 
abdominal pain was described as cramping and associated with dia1-rhea. There 
were a few cases of possible pancreatitis. With respect to pancreatltis, one 
patient (study 245) also had cholelithlasis and elevated amylase levels at 
baseline. Another patient (study 247) had LUO 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 concomitant 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 1 O 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 su99estive 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 caL;se 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 elevaiic;ns of transaminases is shown in 
Table 10.6. Elevations of transaminases were observed in some patients in all 
phase 2 and 3 studies; liver toxicity was also 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 (study 247) 
occurred in a patient who was positive for hepatitis· B surface antigen. Several 
weeks after receiving rttonavlr this patient developed elevation of liver function 
tests, •episodes of startng 11

, and increased concentrations of serum ammonia. 
This could be an example of a drug-induced exacerbi1tlon of underlying hepatitis 
(See section 10.3.2, 'Drug-Disease Interactions'). Six patients In study 112 
discontinued ritonavlr due to increases in transamlnases. Five of these patients 
had underlying liver disease at basef;ne, Indicating a potential drug-disease 
interaction. 

Oysrhvthmia 
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 kidney 
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 ritonavir in all 
studies. The mechanism of action for parasthesias is not known. Dizziness, light 
headedness and incoordination have also been reported among patients receiving 
ritonavir. A few cases of syncope, some temporally related to ritonavir 
administration, were reported. Tremors (sometimes persistent and interfering with 
daily activities), seizures, hallucinations, and confusion were also reported. For 
one individual paticipating in study 245, confusion was described as lack of motor 
coordination, but leter 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 cr11mps, hyperglycemia, oral ulcer, 
and peripher&I 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 frequenUy associated ritonavir 
adverse effects. The report of peripheral edema (atudy 245) was associated with 
skin inflammation and swelling. The report of mouth ulceration (study 245) was 
also associated with a •akin reaction and a veiling•. 

A report of hyperglycemia (study 247) refers to a case of adult onset dla~etes that 
was diagnosed during treatment. The Investigator judged this as an unrelated 
event. 

A discussion of muscle cramps and related symptoms is included under the 
laboratory abnormalities section dealing with CPK elevations. 

10.1.3 10-0ay Safety repo:1s 
Serious and unexpected adverse events, submitted as 10-day safety reports, are ..... · 
listed in Table 10.6. 
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Patient Study Event Rel1tlon1hlp Relatlonahlp 
ID lnveetlg•tor Abbott 

339 
-

3232 

1 

214 

-
2447 

-
2493 I .... ----- --- ~=-~~------~ .. . . 
1352 

1028 

2465 

-~--

1024 

1056 

1955 I 

1062 

I 

1538 I 
1867 

2243 I 
2291 

1926 ! ! 
• ddl/ABT mteracuon stuay 

"'•This patient was receiving rifabutin; joint pain and hepatic ab11ormalitles 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. 

-
-
-
-
-

1 
" 

I 
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Patient #1062, whose cause of death was Hated as TEN, had a past medical 
history notable for hyperuricemia and ·111-cteflned kidney problems". The patient 
began ritonavir on 5/13195. On 9/6/95, the patient developed akin •bumpa" 
bilaterally over both legs, which were attributed to lnaect bites. On 9127195 the 
patient developed a red itchy rash which evolved Into bllatera. The etiology of 
the rash waa thought to be ponlb!y related to allopurtnol (which was started on 
9/1/95). Rltonavir was discontinued on 9128 and allopunnol on 9128. The 
patient waa admitted to the hospital on 9/29/95 and expired on 10/11/95; the 
cause of death was Hated a TEN. 

Comment: 
The Zyloprim (11/opurino/J package insen Includes severe rashes under the 
Warning section of the label. It states, "'In some lnatances 11 skin rash 
may be followed by more severe hypersensitivity reactions such ss 
exfoliative, unicarial, purpurlc lesions, ll$ well 11s Stevens-Johnson 
syndrome and/or generalized vasculitis, lrreverslbl• hepatotoxlcity and on ,, .. 
rare occasions dtMth. "' Under the Adverse Reactions section TEN is llstsd 
under tha category, 11lncldsnce less than 7 96, probably causally related". 

I spoke with Dr. Leonard (see ta/econ minutes 71114196) about this event 
and qu11stionsd him If this could r•pr11s11nt a possible drug-drug interaction 
between ritom1vir and 111/opurinol. H11 stated that a pharmacokinetic 
interaction was unlikely as 111/opurinol is primarily excreted by the kidneys. 
Allopurinol is not metabolized by CYP3A. 

Patient #1056, whose cause of death was interstitial pneumonitls, began 
blinded study ritonavir on 5112195. On 7126/95, the patient began intraleslonal 
treatment of KS with bteomycin. Starting 8/95, the patient complained of 
fatigue, and shortness of breath. This worsened over time. On 10/16/95 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 pneumonitis with fibrosis. 
This event was considered to be posslbiy related to ritonavir. 

Commant: 
This is the only report of unexp,ained fats/ interstitial pnsumonitis among 
patients receiving ritonavir. The patient had received bleomycin which is 
associated with pulmonary fibrosis, however, this wa.s given 
intr11/11sionally. The package insert for bleomycin states that pulmonary 
fibrosis has been observed at low doses. 
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Two other deaths considered to be possibly related to ritonavir occurred after ·­
closure of the clinical data base. Patient #1926 suffered gastrointestina! 
hemorrhaging from an unknown site. Gastroscopy and colonoscopy were 
negative. The investigator attributed the hemorrhage to lymphoma· but this was 
not confirmed. Abbott considered this event to be poMlbly related einoe no 
other likely cause was confirmed. Melena and hematoche:tla were reported In a 
few patients in study 245. Hematochezla occurred In a patient who had a 
history of colitis, melana 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 tvvo doaea of 
ritonavir. The patient had a history of asthma and hypertension. Prior to his 
death he he.id been treated In an emergency room for nausea and vomiting, 
which the patient attributed to rttonavlr. The patient was given IV hydration, 
ventolin and sent home. Early the next morning, ha had another episode of 
asthma and collal)sed several hours later. 

-~. 

Comment: ,,h 
Across phase 3 trials, ritonavir did not appear to bs associated with 
increased respiratory abnormalities except for a possible sllght increase in 
the frequency of cough. A possible allergic reaction with tongue edema 
was described in one safety report, howeve.·, the description of that event 
did not appear to be compatible with anaph~laxis. Nausea and vomiting, 
sometimes severe, has dsflnltely been assoclated with ritonavir. It is 
unclear from the description of this event, If t.'1e vomiting continued up to 
the point of the ewmtual collapse and death. 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 tho.n 
the 1400 mg/day studied in dose-ranging study 229. This patient'repurted 
paresthesias which resolved after the dose was decreased. 

10.2 Laboratory Abnonnalltlea 
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 ?. and 3 
studies combined. The most frequent marked laboratory abnormality was 
e!eva(ion of GGT. Sometimes GGT elevations occurred without concomitant 
elevations in transaminases, which Abb\ltt 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 rltonavir administration. 'These abnonnallties 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 Patlenta Experiencing Extreme Laboratory 
Abnonnalltlea In Ph••• 2 and 3 Studies 

Criteria for "Extr8mt" Percentage of pA!ienta 

( >300 IU/l) 12% 

( >215 IU/L) 4% 

( >180 IU/L) 8% 

(>1000 IU/L) 8% 

(>1500 mg/dl) 7% 

(>12 mg/dl) 2% 

(>2 XULN) 2% 

(<3 mEq/L) 2% 

Source: NUKV'R ac Ka e insert p g 

CPK 
Table 10.7 shows the percentage of patients experiencing extreme CPK 
elevations by treatment arm in studies 245 ond 247. In study 245, extreme CPK 
elevations occurred in approximately 7 to 8% of Individuals across all treatment 
arms. A similar number of patients receiving zidovudine monotherapy and 
ritonavir monotherapy had CPK elevations. In many cases the extreme CPK 
elevations were isolated abnormal values or abnormalities that returned to 
baseline while therapy continued. In study 245. the applicant reports 4 patients 
who had temporally related myalgias, myositis, or muscle weakness associated 
with extreme elevations of CPK. Two of these individuals were on zidovudine 
and one each was receiving ritonavir and combination therapy, respectively. In 
study 24 7, according to the applicant, there was not an increased number of 
patients with myositis, myalgias, or muscle weakness on the ritonavir arm 
compared to placebo. Two patients receiving ritonavir 700 mg bid in study M94-
229 had myalgias concomitant with CPK elevations. 

rr· 
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and 247. 

study 2•s Study 247 
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ZDV RIT ZDV+RIT Placebo Rltonavlr 

Number (%) with 7 (7.1) 8 (7.5) 7 (7.0) 24·(4.5) 43 (8.8) 
Extreme CPK elev1tlon 

Number(%) with 0 0 0 18 (3.6) 1 (0.2) 
Extreme Urie Acid 
elevation 

Uric Acid 
There were no cases of extreme uric acid elevations in study 245. In study 247 
there were a greater number 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 antlmycobacterial drugs, INH, ethambutol 
and pyrazinamide for this particular lab abnormality. Thirteen of 18 patients with 
extreme uric acid elevations were receiving at least one antimycobacterial 
concomitant with ritonavir. Four patients had episodes of gout In study 247, all 
were on the ritonavir arm. Two of the four patients with gout also had extreme 
elevations of uric acid; one was receiving concomitant ethambutol. 

Trig!.Ycerides 
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 took for associated signs or symptoms 
suggestive of pancreatitis. In study 247, 54 individuals had extreme elevations of 
triglycerides (>1500 mg/di). Of these, 21 had triglyceride levels exceeding 2000 
mg/di. None of these 21 patients had elevations in amylase levels. Of the 
remaining patients with 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 41233 individuals randomized to a ritonavir-containing regimen 
developed extreme e'8vations of triglycerides; none of the 4 patients had 
concomitant abnormalH!es in amylase. 

,,. 
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For studies 229, 1121169, line listings were reviewed for patients with elevated 
triglyr.erides. Five patients in study 169, 5 patients in study 229 and 3 patients in 
study 112 had triglycerides >1000mgldl. None of ttiese 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 normal 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 24 7. This occurred in a 
female patient with elevated screening triglycerides (1310 mgldl). The patient 
started study treatment on 611195; on 10116195 her triglyceride level was 1242 
mgldl. She awoke on 10127/95 with severe abdominal pain and vomiting and 
was subsequently hospitalized. Amylase was 500 IUlml and an ultrasound .,.. 
revealed pancreatitis with a small amount of peripancreatic fluid. The patient 
recovered completely and was discharged on 1113195. On follow-up, triglyceride 
levels decreased to normal (200 mgldL). 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 24 7, 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 gre~ter than 500 mg/dl, were 
infrequent, however, lesser degrees of hypercholesterolemia over the Jong 
run could potentially be associated with significant clinical adverse events. 

10.3 Drug interactions 

10.3.1 Drug-Dam'>graphic 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 th6n 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 /4. FUNCTION OF 

HEPA TIC SEROLOGY IN PHASE 213 STUDIES 

:;;~Bm1Il~ltlll11:4:1:, ... 
Positive (n=SS) 

Positive (n• 45) 7% 16% 0% 

Negative (n=362) 13% 5% 2% 

10.3.3 Drug-Drug Interactions 

0% 

Please refer to the review completed by members of the Division of 
Biopharmaceutics for details regarding ritonavir drug interactions. Ritonavir 
may inhibit the metabolism of drugs metabolized by CYP450-3A. There are 
several important pharmacokinetic interactions of interest. Table 10.9 
summarizes the effect of ritonavir on other drugs, based on data from 
pharmacokinetic interaction studies completed by Abbott. Ritonavir 
significantly affects the metabolism of desipramine, rifabutin, clarithromycin, 
estrogen, didanosine, saquinavir, zidovudine, and theophylline. In addition to 

1: 
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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. Rltonavir'a 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 concentrations small 
13% decrease 

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: NOR 'IK acka e insert p g 

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, arthra!gia, 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 :n 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 
uve1tis 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
associated adverse evef"i:S in patients receiving both drugs in study 247 was 
relatively low(< 596i. 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 receiving the two drugs concomitantly. ·The use of ritonavir 
and rlfsbutin may cause increased adverse events; however, there may be 
situations for which suitable alternatives for rifabutin are not available (e.g., 
macrolide-resistant MAC). In those particular situations one may consider 
using the combination with caution. For the product Isbel, Abbott requested 
that the concomitant use of rifabutin and ritonavir be contraindicated until r • 

further studies are completed. 

Table 10.10. 

ADVERSE EVENTS WITH RITONAVIR AND RIFABUTIN 
-

WITH RIFABUTIN WlTHOUT RIFABUTIN 

PLACEBO RITONAVIR PLACEBO RITOtlAVIR 
(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 (8.6%) 20 (:i.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%) '° (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 (18.0%) 55 (14.8%) 63 (17.5%) 

LFTs ABNL 1 (0.8%) 5 (2.8%) 8 (2.2%) 13 (3.6%) 

SKIN 1 (0.6%) 6 (3.3%) 7 (1.9%) 0 (0.0%) 
DISCOLORATION 

Source: Abbott Safety Update (21• 1'1\.1); Table ru.\.,;.! 9.1. 

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 pharmacokinetic 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 1 OOOmg 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 pruph}'laxis 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 interaction, study 247 was reviewed regarding deaths 
and the concomitant administration or clarithromycin and ritonavir. 

Table 11 below demonstrates the tabulation of study treatment and categorical 
clarithromycin usage for the outcome 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 ANO CLARITHROMYCIN USE 

CLARITHROMYCIN NO CLARITHROMYCIN 

RITONAVIR 8.3% (13/156) 4.7% (181385) 

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 treatment of other bacterial infections. Table 10.12 lists reasons for clarithromcyin 
administration among those who died according to study treatment arm. 

f. 
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REASONS FOR CLARITHROMYCIN USAGE A,.,pNG DEATHS 
BY STUDY ARM 

RITONAVIR "PLACEBO 

MAC TREATMENT 23% (3/13) 22% (4/18) 

MAC PROPHYLAXIS 77% (10/13) 56% (10/18) 

OTHERt 0% 22% (4/18) 

r mciuaes cough, broncmus, oreathmg a1mculty ana 1:>actena1 prophyiax1s 
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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 wore too small to draw any conclusions 
regarding a ritonavirlclarithromycin clinical interaction. The frequency of death 
was increased among patients receiving clarithromycin for both treatment arms. 
Additional phase 4 safety data may increase understanding of a potential 
ritonavir/clarithromycin drug interaction. At this time the product label does not 
recommend dose reduction of clarithromcyin when taka~ concomitantly with 
ritonavir except for patients with abnormal renal function. 

Comment: 
Dosage reduction of clarithromycin is recommended in renally impRired 
patients when coadministered with ritonavir. Clarithromycin is both 
metabolized and renally eliminated. In the presence of ritonavir, renal 
elimination of clarithromycin is the major remaining clearance pathway. The 
applicant has modeled A UCs based on information from studies M90-494 
and M94-207. 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 ml/min dose clarithromycin 
250 mg q 12 hours; creatinine clearance below 30 dose clarlth;omycin 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 b~· 35%. Co1"'1pletion of this trial 
may yield data that would allow a dosage adjustment scheme for indivuduals who 
require concomitant treatment with rifampin and ritonavir. 

f • 
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During the course of the ritonavir review, labeling comments were 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 Pharmacology 
We recommended that Abbott include data for ritonavir cross resistance 
with other antiretrovirals, specifically protease Inhibitors. Emphasis 
should be placed on the phenotypic suscept!hility of clinical HIV isolates 
from patients Who had developed resiStFAnce to ritonavir to other protease 
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 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. 

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 Conclusioils). 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 tt_lis study was 6 
months. The clinical benefit for longer periods uf 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 proposPd 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, arthralgia 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 prophylaxis or treatment of MAC. The 
magnitude of the interaction and current mg strength of rifabutin capsules does 
not allow for dosage adjustment. Generally a pharmacokinetic 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-administiation of NORVIR with certain nonsedating antihistamines, 
sedative hypnotial, or antiarrhythmics may result in potentially serious 
and/or life threateriing adverse events due 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 addl'Jon, there is evidence 
from the clinical studies that patients with chronic viral hepatitis may be at 
risk for more perturbations In transaminases than patients without hepatitis. 

11.6.2 Information 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 rltonavir. 
Specifically, patients are advised to take ritonavlr 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 laboratory testing 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-friendly table format. Drug interactions will 
also be a focus of Abbott's post-marketing patient education program. 

11.5.5 Pediatric 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 rltonavir 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 to 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 recommendationc; for this section of the label. Dr. Jenkins and 
Dr. Lazor (Division of Biopharmaceutics, FDA) stated that it is important to 
administer ritonavir capsules with food, if possible. Pharmacokinetic data 
indicate that the capsule formulation is slightly less bioavailable in the fasting 
state than for the nonfastlng state. However, given the modest decrement in 
concentrations In the fasting state and the goal to have a sustained antiviral 
effect, Abbott expressed that it would be better for an Individual to take a dose 
without food than miss a dose if consuming a meat was not possible. 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 of study 245 which showed poor tolerance of initiating 
ZDV and ritonavir at full dose. 

12 Conclusions 
Study 247 demonstn:.ted that ritonavir 600 mg bid 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 be' Jit and a delay in disease progression for those randomized 
to ritonavir compared to those randomized to placebo. Due to the advanced 
degree of immunosuppression of the participants of this study, it was possible to 
establish clinical benefit over a relatively short period of time, median duration of 
of follow-up was approximately 6 months. 

Other studies included in this application showed th~t ritonavir was associated 
with robust antiviral activity as measured by decreases in HIV-RNA (PCR) and 
increases in C04 counts. Ritonavir showed antiviral activity over a wide 
spectrum of HIV infection, in patients with baseline C04 counts ranging from Oto 
over 700 cells/mm3

, in effect, with varying degrees of immune compromise. In 
clinical studies ritonavir has been combined with all currently approved 
nucleosides (ZOV, ddl, ddC, d4T, 3TC7

). In study 245 the activity of rltonavir 
plus zidovudine was less than that of ritonavir alone. 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 

7Studies with ritonavir and 3TC are ongoing. Data was not formally submitted 
with the NOA. 

,. . 



NOA 21)-659, 20-680 
NORVIR™ 

108 

ritonavir alone. In theory, the use of combinations of entlretrovirals 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 availabfe for 
rttonavlr 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 clinir.al benefit was approximately 6 months. Freauently occurring 
acute toxicitiec associated with rttonavir use included fatigue, g&strointestinal and 
neurologlc disturbances. Gastrointestinal intolerance waa the most frequent 
cause of ritonavir dis:ont!nuation. Toxicities leading to discontinuation generally 
occurred early, within the first 1 ~2 weeks. The most common gastrointestinal 
events were nausea, vomiting, diarrhea, taste perversion, and abdominal pain. 
The neurologic disturbances ~·ere paresthesias and hyperesthesias, involving the 
extremities and the mouth (circumoral paresthosias). The description of these 
paresthesias are not similar to Ule peripheral neuropathy associated with the use 
of certain nucleoside analogues. Marked laboratory abnormalities occurring in 
greater than 2% of individuals taking ritonavir included elevation of triglycerides, 
transaminases, GGT, CPK, and uric acid. Mean changes in cholesterol were 
als,o increased among patients receiving ritonavir. The long term clinical effects 
of abnormalities of these laboratories are unknown. 

In summary, the clinical benefit of rltonavir 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 '1ersus 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 24 7 could be applicable was the focus of considerable debate 
among antiviral advisory committee members. Given the short duration of the 
clinical study, the short duration of follow up in surrogate marker changes in 
patients with less advanced disease, a11d the limited knowledge of long-term 
safety, most committee members were of the opinion that the data was 
3pplicable to patients with clinically or immunologically significant disease. 
How~ver, most found it difficult to define specific CD4 counts or clinical criteria in 
describing 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 therapy. One may want to consider CD4 trends or 
other signs of clinical progression when 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 rltonavir for individuals with less 
advanced disease would be likely. if the antiviral response is reasonably 
sustained and drug toxicity does not outweigh poten'tial 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 
rltonavlr for the treatment of patients with less advanced disease. 

Despite the unexpected results from 245 for the combination of rltonavir with 
zk:Jovudine, 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 rltonavir, although additional 
studies evaluatins 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 recommend traditional approval of rttonavir in the treatment of HIV 
disease in 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 nucleoslde analogues. 
The traditional and accelerated approval indications will be described in the label 
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 baaed 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 ar.iiretroviral agents. 

13.2 Phase 4 Studies 
Please refer to the correspondence from Abbott dated Feb. 27, 1996 which 
outlines phase 4 commitments. It should be noted that among their phase 4 
commitments, Abbott agreed to submit an analysis evaluating the relationship 
between RNA PCR (and CDS) and clinical outcome in study 247. 

13.3 Accelerated Approval Commitments 
As part of their accelerated approval commitments, Abb, ,tt agreed to provide 
additional data on patients treated for longer period~. of time to study durabil!ty of 
response, ar · ~o conduct pediatric studies. SpF :if :ally in a letter dated Feb. 29, 
1996, Abbot\ nmitted 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 higher CD4 cell counts (>100 
cells/mm3

) looking for durability of response by evaluating CD4 response, 

r • 
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HN RNA response and safety from a study comparing ritonavir to ritonavir 
plus saquinavir. 

13.4 Labeling 
Please refer to section 11.0 for a discussion of pertinent labeling issues. 

Concurrences: ~ 
HFD-530/Feigal --ri{-- 6 ·lt·fl-
HFD-530/Freeman 

1 
HFD-530/Gitterman 'S 6,..ij.._ ~/2°'/~c.. 

cc: 
HFD-530/orig NOA 
HF0-530/0ivision File 
HFD-530/Murray 
HF0-530/Korvick 
HF0-530/Kumi 
HFD-530/Jenkins 
HF0-530/F arrelly 
HFD-530Nerma 
HFD-530/Mlller, S. 
HFD-530/lacono-Connors 
HF0-530/Struble 
HFD-715/Hammerstrom 
HFD-715/Kammerman 
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Conditions Included In tha 1993 AIDS Surveillance 

Case Definition MMWR Vol 41/No RR-17 

Candidiasis of bronchi. trachea, or lungs 
Candidiasis, esophageal 
Cervical cancer. invasive• 
Coccidioidomycosis, dissemin~ or extrapulmonnry 
Cryptococcosis, cxtrapulmonary 
Cryptosporidiosis, chronic intestinal(> 1 month's duration) 
Cytomegalovirus disease {other than liver, spleen. or nodes) 
Cytomegalovirus retinitis {with loss of vision) 
Enecephalopnthy, HIV-related 
Herpes simplex: chronic ulccr(s) (> 1 months duration); or bronchitis, 
pneumonitis or csophngitis 
Histoplasmosis, disseminated or extrapulmonary 
Isoporiasis, chronic intestinal (> l month's duration) 
Kaposi's sarcoma 
Lymphoma, Burkiu's (or equivalent term) 
Lymphoma, immunoblastic (or equivalent term) 
Lymphoma, primary, of brain 
Mycobacterium nvium complex or M. kansasii, disseminated or 
extrapulmonary 
Mycobacterium tuberculosis, any she (pulmonary or cxtrapulmonary) 
Mycobacterium, other species or unidentified species, disseminated or 
cxtrapulmonnry 
Pneumocystis carinii pneumonia 
Pneumonia, recurrent• 
Progressive mullifocal leukoencephalopathy 
Salmonella 
Sepliccmi~. recurrent 
Toxoplasmosis of brain 
Wasting syndrome due to HIV 

Added in 1hc l 991 cxpunsioi1 of lhc AIDS surveillance case definition 

112 

f •• 

-

"".. .. .. .., 



) 

NOA 20-659, 20-680 
NORVIRTM 

Appendix B 

.. 
List of Events and Conditions Considered 

Known Expected Manifestations or HIV Infection 

113 

The following events should be considettd known expected manifestations of HIV 

infection that should be handl~ as non-adverse events as described in Section 7 .1.1. 

All HIV related events, as described in Appendix I. that lead 10 a serious outcome (i.e.. 

death from any cause, cancer, congenital anomaly. hospitalization. prolongation of 

hoapitalization. permanent disability, overdose, or life threatening event) must be 

reported to Abbott Laboratories within 24 hours by (axing the completed HIV update 

CRF page. 

1) Definitive diagnosis by microscopy using histology or cytology for diseases 
indicative for AIDS: 
Cryptosporidiosis 
lsosporiasis 
Kaposi's sarcoma 
Lymphoma 
Pne~mocyslis carinii pneumonia 
Progressive multifocal leukocncephalopathy 
Toxoplasmosis 
Cervical cancer 

2) Definitive diagnosis by gross inspection using endoscopy or at autopsy or by 

microscopy wil.'1 histology or cytology on specimen obtained directly from 

tissues affected (not from a culture). 

Candidiasis 

3) ..:efinitivc diagnosis by microscopy with histology or cytology. culture, or 

detection of antigen in a specimen obtained directly from the tissues affected 

or Ouid from those tissues 

Coccidioidom ycosis 



) 

NOA 20-659, 20·680 
NORVIR™ 

CryplOCOCCOS is 

Herpes simplex virus 

Histoplasmosis 

114 

4) Definitive diagnosis by culture 

M. tuberculosis . 

Other mycobactcriosis 

Salmonellosis 

5) Definitive diagnosis of Hrv encephalopathy (dementia) 

Clinical findings of disabling cognitive and/or motor dysfWlction 

interfering with occupation or activities of daily living, progressing over 

weeks to months. in the absence of a concurrent iUnCS$ or condition 

other Lian 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. intcrmiucrit or constant) in 

the absence of a concurrent illness or condition other than HIV infection 

that could explain the findings (e.g.. cancer, tuberculosis. 

cryptospondiosis, or other specific enreritis). 

7) Definitive diagnosis of recurrent pneumonia 

Rccum~nt pneumonia <..lcfincd by more lhan one episode in a one year 

period anti diagnosc<l lly culture and rndiologic evidence or pneumonia. 

t . 

= 
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Evolving (presumptive) clinical diagnoses judr~ed consisLcnL with AlDS­

deii.ning illness diagnosed by CDC guidelinf.::S (CDC AIDS surveillance 

case definition, 1993) 

8) Candidiasis of esophagus 

9) 

Recent onset of retrostcmnl pain on swallowing; AND 

Oral candidiasis diagnosed by the gross appearance of white patches or 

plaques on an erylhemntous base or by the microscopic appearance of 

fungal mycelinl filnments in an uncultured specimen scraped from the 

oral mucosa 

Cytomcgalov irus retinitis 

A characteristic appearance on serinl ophthalmoscopic examinations 

(e.g., discrete patches of retinal whitening with distinct borders, 

spreading in n ccntrifugnl manner, following blood vessels, progressing 

over several months, frequently associated with retinal va.~culitis, 

hemorrhage, and necrosis). Resolution of active disease leaves ~tinal 

scarring and atrophy with retinal pigment epithelial mottling. 

10) Mycobacteriosis 

Microscopy of a specimen from stool or normally sterile body fluids or 

tissue from a site other than lungs, skin, or ccNical or hilar lymph 

node.c;, showing ncid-fast bacilli or a species not identified by culture. 

l l) Kaposi's s<1rcoma 

A characteristic.: gross appearance of an crythcmatous or violaccous 

pl;iq;1c·likc lesion on skin or mucous membrane 

... 
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Appendix C 

Table A.1 Extreme Limit Criteria for Hematology Variables 

Variabte Extremely Low Extremely High 

Hemoglobin (g/dl) <8 > 21 
Hematoerit (%) < 30 > 60 
RBC (x 1012/L) <3 >8 

wee ex 10'1L) < 2.5 > 25 
Platelet Count (x 109/L) < 20 NIA 
Neutrophils (x 10'/L) .5 0.5 > 20 
Eosinophils (>< 10'/L) NIA > 1.0 
Prothrombin time ($eC) NIA > 1.5 ll. ULN 
aPTI (sec) NIA > 2.3 x ULN 

ULN:::: U pp er 11m1t of tne normal ran e. g 
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Table A.2 Extreme Limit Criteria for Clinical Chemistry Variables 

Chemistry Variable Extremely Low Extremely High 

Glucose (mg/dl) < 40 > 250 
Uric Acid (mg/dl) NiA > 12 
BUN (mg/dl) N/A > 120 
Creatinine (mg/dl) N/A > 3.6 
Total Protein (g/dl) < 3.0 > 12.6 
Albumin (g/dl) <2 >6.7 
Total BUirubin (mgldl) NIA > 3.6 
Alk. Phosphatase (IU/L) N/A > 550 
SGOT/AST (IU/L) NIA > 180 
SGPT/AL T (IU/L) NIA > 215 
GGT (IU/l) NIA > 300 
LOH (IU/L) N/A > 1170 
Amylase (IU/L) NIA > 100 
CPK (IU/l) NIA > 800 
Sodium (mEq/L) < 123 > 157 
Potassium (mEq/L) <3 >6 
Chloride (mEq/L) < 84 > 122 
Calcium, total (mg/dL) < 6.9 > 12.6 
Magnesium (mEqlL) <: 1.0 > 2.9 
Cholesterol (mg/dL) NIA > 500 
TriglyCP.ride (mg/dl) NIA > 1500 
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3. summary of Sponsor's Conclusions 

3.1 Trial 245 

In patients at an intermediate stage of HIV disease who had 
not received prior antiretroviral agents, ritonavir treatment 
cesulted 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 rit.onavir with zidovudine, were distinctly superior to 
results using conventiona~ treatment with zidovudine alone. 

The superiority of the ritonavir monotherapy arm to the 
combination regimen was unexpected, given previous in vitro and 
in vivo data supporting the additive efficacy of combination 
therapy. The possibility that a higher noncompliance rate in the 
combination arm underlies this finding remains to be explored and 
holds the potential for higher efficacy in this regimen. The 
evidence of antiviral effect and immunologic improvement provide 
compelling support for the use of ritonnvir 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 t.endancy 
fo~ these events to occur early after the initiation of 
treatment. In the majority of patients, these events were 
tolerated and subs&quently resolved, as reflected in the numbers 
of patients remain'ing on therapy and the median duration ot 
events. Laboratory abno:r.malities were generally not of clinical 
consequence. Hepatic chemistry abnormalities may be partially 
cit.tributablt! tCJ induction of he .... 'itic metabolic pathways by 
ritonavir; mild electrolyte abnormalities may be related to 
gastrointestinal adverse events. The clinical and laboratory 
profile of ritonavir, described in this and other studies, 
provides guidance for ~~he 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 
immunologic status. These results were evidenced by decreased 
HIV RNA levels measur~d by PCR and increased C04 cell count in 
patients administered ritonavir compared to those administered 
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 clinical 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 witho~t 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 meaningful difference. 
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4. s..ta.tistical Beviewer'a comments and Anal~ 

Several issues may still be explored. The first set of FDA 
analyses all concern the surrogate markers. First, there is a 
need to compare the rates of drug discontinuation between the 
arms in both trials. Second, the FDA did sensitlvity analyses to 
explore ~ffect 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 
visit~.. Third, the FDA explored the unexpected phenc 1menon of 
superior response with ritonavir monotherapy to that with 
combination therapy in trial 245. The FDA tested the extent to 
which differential non-compliance ~mong arms may account for the 
inferior performance of the combination therapy. Fourth, the FDA 
supplement£ . ' le sponsor's analysis of covariate-treatmr ,. -:. 
interactic on the DAVT variable by examining sex, race, age, 
and baseline interactions with tre~tment 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 pro9resslo1i data in trial 247 in order to 
examine the robuAtness of the conclusions despite the fair amount 
of loss to follow-up at the ti~e of the interim report. second, 
the FDA elaborated on the sponsor's work in verifyi.1({ 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 
m,/ be expected with ritonavir. therapy and to explore the 
strength of the associatons of the HIV RNA and CD4 surrogate 
markers with eac11 other and with ultimate sut-vival. 



4.1 Examination of Drop-out Rates 

The FDA compared the drop-out rates in all arms on both 
trials. These comparisons 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 ar •. , cm 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 so' of thP 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 ~rug did not coincide with loss of data 
~.n th12se trials. Data was collected from subjects 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 IH TRIAL 245 

Number of Subjects with CD4/CDB Observations, by Visit 

Base Visit 1 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 Visi.t 

Base Visit l 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 C04/CD8 Observations, by Visit 

Visit 5 

95 

88 

93 

Visit 5 

78 

58 

81 

Base Visit l Visit 2 Visit 3 visit 4 Visit 5 

Ritonavir 

Placebo 

104 

103 

96 

99 

92 

97 

93 

93 

88 

87 

84 

78 

Number of Subjects with an HIV RNA Observation, by Visit 

Ritonavir 

.Placebo 

Page 62 

Base 

77 

79 

Visit 1 

73 
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70 
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Visit 4 Visit 5 

69 

67 
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4.2 Effect of Dropping Treatment or Mi.§§ing Data on Results 

Another issue raised by the 15-23\ of subjects with missing 
data shown in tables 4.1 A and B is possible biases in the 
response curves over time and in the DAVT statistics obtained by 
integra~ing those curves. 

The FDA explored the extent to which this missing data might 
have affected the conclusions by interpolating ·'iata according to 
the two different algorithms. If datum for some visit is missing 
but that surrogate marker was observed at a later visit, then the 
value for the visit just before the missing one is carried 
forward (algorithm 1) or the missing value is replaced by a 
linear interpolation of 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 would be 
extremely reluctant to assume non-informative censoring in an 
AIDS trial so it is probably not unreasonable to assume th~t 
things 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 basAlin~ 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 rectuction 
in the spread of the interpolated data. The last observc:1t ion 
carried forward interpolation (not shown) was indistingui.shable 
from the linear interpolation. With one exception, all three 
surrogate markers on all arms in both trials showed no m1~re 

change with the use of interpolated data than was shown by C04 
count in trial 245. The one exception was for log HIV RN~. in 
trial 245, where the interpolated data show a more conspicuous 
rebound for the combination rebound for the combination aJ:m and, 
to a lesse:r exte!1t, fur thta ritonavir arm, 't.han do the •actual 

·data. This is shown in figures 4.2 c and D. Given that nearly a 
quarter of the data are missing by visit 5 for this endpoint, 
this is expected from the extrapolation rule. (Last otiservation 
carried forward looks the same as linear interpolation and is not 
shown.) 
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HIV R~·~A CHANGE FROM BASE IN TRIAL 245 
MEANS, QUARTILES BY ARM AND VISIT 
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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. The 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-value, of those tests. One can see 
tt~re is no car.sequential differenc~ betwe~n the results with the 
oJzerved and with the inte.cpolated ;'. ta. Comparison of the means 
and standard deviations of OAVT's t~r each arm (not Ghown) 
reveal that the lack of conspicuou& · 'hanges in table 4. 2 A and B 
is not due to larger but nearly gqual 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 so.a 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 COB 24.0 0.84 0.39 

RIT - COMB Hrv RNA -0.282 -2.89 0.004 

RIT - AZT CD4 49.4 6.(14 0.0001 

RIT - AZT CDS 109.5 3.83 0.0001 

RIT - AZT HIV RNA -0.595 -7.81 0.0001 

LAST OBSERVATION CARRI~D FORWARD 

RIT - COMB CD4 26.7 2.80 0.005 

RIT - COMB CDS 23.5 0.83 0.40 

RIT - COMB HIV RNA -0.283 -2.90 0.004 -· 
RIT - AZT C04 49.9 6.15 0.0001 . -. 

)UT AZT CDS 109.6 3.84 0.0001 

RIT - AZT HIV RNA -0.596 -7.81 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 - PI.AC 

RIT - PLAC 

MARKER 

CD4 

CDS 

HIV RNA 

LINEARLY INTERPOLATED DATA 

RIT - PLAC 

RIT - PLAC 

RIT - PLAC 

co .. 

cos 
HIV RNA 

DIFF 

33.9 

210.4 

-0.777 

34.4 

212.0 

-0.800 

LAST OBSERVACTION CARRIED FORWARD 

RIT - PL.AC 

RIT - PLAC 

RIT - PLAC 

Pr..qe 66 

CD4 

CDS 

HIV RNA 

34.l 

2os.s 
-0.808 

T-STAT 

8.07 

6.90 

-8.36 

8.23 

6.84 

-8.68 

8.24 

6.76 

-8.66 

P-VALUE 

0.0001 

0.0001 

O.OOCl 

0.0001 

0.0001 

0 .-0001 

0 

0 

0 

-. 



4.3 Treatment Effects by Visit 

The FDA computed, for each subje...:t, 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~ trose last observed at visit 1 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 
sugge~tive of a treatment effect which is djfferential acro~s 
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 1,1eans 
and standard errors of these changes were computed at each visit 
for each arm in each of the five cohorts. The FDA also the 
diffe1ences 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 intervals for the differences, for each 
of the fiv~ 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 plotsf that there isn't a 
-hoticeable difference.between the cohorts. To some ext~nt thiR 
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 phase. 
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Figures 4.3 Band c are the analagous plots for log HIV RNA 
and for CDS 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 aach separat~ time point. The sample sizes, F­
statistics, and p-values for a treatment difference among the 
curves is given in tables 4.3 A and B. For all three surrogate 
markers, tabl~ 4.3 h shows a statistically significant difference 
between the response curves for ritonavir subjects and the other 
two arms in each cohort and a statistically significant 
difference in HIV RNA levels batween the response curve for 
combination therapy subjects and the other two arms. 
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TABLE 4. 3 A 

RP.SULTS OF REPEATED MEASURES TESTS 

FOR TREATMENT EFFECT AMONG CURVES OF 

SURROGATE MARKERS OVER TIME 

CD4 COB LOG HIV RNA 

TRIAL 245 

LAST 

VISIT 

l RIT 

COMB 

N F-STAT P-VALUE F-STAT P-VALUE 

314 13.3 0.0003 23.2 0.0001 

4.28 0.0393 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 

0.0952 COMB 2.37 

3 RIT 252 12.37 0.0001 

C')MB 

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 

8.08 

1.57 

0.101 

0.0001 

0.1667 

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 

2.16 0.0586 

355 

36.2 0.0001 

25.4 0.0001 

28.0 0.0001 

18.8 0.0001 

18.8 0.0001 

13.1 0.0001 

16.5 O.OOCl 

12.6 0.0001 

12.5 0.0001 

7.58 0.0001 



Table 4.3 B shows a statistically significant difference 
between the response curves for ritonavir subjects and standard 
of care subjects in all cohorts with respect to all three 
surrogate markers. 

TRIAL 247 

LAST 

VISIT 

1 

2 

4 

5 

INTER 
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TABLE 4. 3 B 

RESULTS OF REPEATED MEASURES TESTS 

FOR TREATMENT EFFECT AMONG CURVES OF 

SURROGATE MARKERS OVER TIME 

CD4 cos LOG HIV RNA 

N F-STAT P-VALUE F-STAT ~-VALUE N F-STAT P-VALUE 

195 

178 

166 

150 

131 

207 

48.6 

29.8 

24.4 

16.9 

11. 9 

14.0 

0.0001 

0.0001 

0.0001 

0.0001 

0.0001 

0.0001 

12.5 0.0005 150 170.1 0.0001 

17.2 0.0001 140 84.7 ~.0001 

15.1 0.0001 130 48 7 0.0001 

9.97 0.0001 118 29.4 0.0001 

7.54 n.0001 111 24.s 0.0001 

10.7 0.0001 156 30.7 0.0001 



4.4 Comparison of Compliant Subjects with All subjects 

The sponsor's finding that subjects in trial 245, with less 
advanced disease, h~d better results with ritonavir monotherapy 
th~n with AZT-ritonavir combination was unexpected. As figure 
t..l 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 
po~sibility, the FDA defined subsets of compliers and partial 
compliers in each treatment arm. The subset of compliers 
consisted of all subjects who had no reported interruptions of 
drug before scheduled end of the double-blind phase. Subjects 
who reduced dose (but not all the way to zero) weie retain~d in 
the subset of compliers. The subset of partial compliers 
consisted of the compliant subjects plus all subjects who 
interrupted but later resumed treatment (their dose went down to 
zero at some point but was not still at zero at the end of the 
double-blind phase). One should notice that these subsets were 
based on prescribed drug, not on drug actually taken. The latter 
quantity is unknown. 

The change from baseline for CD4 cell count, cos 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 
panel 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, 
unlabellea curve shows the subset of partial compliers. one can 
e~sily see that the estimated superiority of ri~~navir montherapy 

.. over either AZT or combination increases when only complJ.ant 
subjects are used. Furthermore, the difference between the arms 
remains statistically s~gnif icant despite the decrease in sample 
size. However, if partial compliers are included along with the 
full compliers, the difference between the effects of ritonavir 
monotherapy and those of combination therapy are smaller. This 
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analysis doe~ not find that poorer compliance i~ autricient to 
explain the poorer perforrnllnce of the combination t~erapy. 

The FDA also did an analysis of the DAVT stati3tics 
discarding the subjects who pr•matur•ly tarminat•d ~r interrupted 
and discarding only the subject• who prematurely terminated. The 
results of these analyses are given in table• 4.4 A and B. These 
tables give the •ample differerce between arm• tor the OAVGT for 
each of the three surrogate markera, the t-•tati•tio for H0 : 

Expectation of the difference - o, and the p-value for the test. 

Table 4.4 A confirms the results in the qrapha of raaponae 
over time. Fully compliant •ubjecta actually •how a larger 
superiority for ritonavir monotherapy over combination therapy 
for both CD4 ftnd HIV RNA markers. A• might be expect•d, the 
estimatect auperiority over AZT waa alao incr••••d in thia subset. 
only in the larqer subset ot full and partial compli•r• does one 
seen evidence that non-compliance partly explain• th• results, 
In this subset, the superiority of ritonavir monotharapy over 
combination therapy i~ diminished while its superiority over AZT 
is increased. 

In trial ~47, looking at the ~ompliant aubaeta only has tha 
expected results: superiority of ritonavir over placebo ia larg•r 
in the compliant and partially compliant aubaeta. 
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TABLE t&. 4 A 

COMPARISON OF TREA~MENT DIFFERENCES FOR 
ALL, COMPLIANT, PART I ALLY COMl1LIAN'l' StlB.1ErTS 

IN TRIAL 245 (LESS ADVANCED OISEASt) 

ALL SUBJ'ECTS TRIAL 245 
COMPAltISON 
RIT - COMB 
RIT - COMB 
RIT - COMB 
RIT AZT 
RIT - AZT 
RIT ... AZT 

MARKER 
CD4 

COB 

HIV RNA 
C04 

COB 

HIV RNA 

DlFF 

25.2 

16.~ 

-0.236 

50.8 

115.2 
-0.632 

COMPLIANT SUBJECTS TRIAL 245 
RIT - COMB CD4 

RIT - COMB 
RIT COMB 
RIT - AZT 
RIT AZT 
RIT - AZT 

coo 
HIV RNA 
C04 

COB 

HIV RNA 

40.2 

79.7 

-0.239 

Bl. 4 

179.1 

-0.936 

T-STAT 

2. !57 

0.56 

-2.43 
6.08 

l.99 

-8.Jl 

2.14 
1. 42 

-1. 35 

6.83 

4.lJ 

-9.40 

COMPL·IANT OR INTERRUPTED SUBJECTS TRIAL 24 

RIT - COMB CD4 22.1 1.83 

RIT - COMB COO •4.9 -0.13 
RIT - COMB 
RIT - AZT 
RIT AZT 
RI'r - AZT 

HIV RNA 
CD4 

CDS 

HIV RNA 

-0.188 

69.9 

130.2 

-0.776 

-1. 48 

7.52 

4.04 

-9.38 

" J~:n·g"r • t tllct •••n than in al 1 eaubj octo 
t smaller ettect •••n than in all subject• 
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P-VALUE 

0.010 

0.!)7 

O.Ol!S 
0.0001 

0.0001 

0.0001 

0 .. 032 • 

0 .16 

0.18 

0.0001 • 

0.0001 • 

0.0001 • 

0.067 t 
o. 89 t 
0 .14 t 
0.0001 * 
0.0001 • 

0.0001 • 



TABLE 4. 4 B 

COMPARISON Of TREATM!NT OIFF~RENCES FOR 

ALL, COMPLIANT, PARTIALI .. Y COMPLIANT SUBJECTS 

IN TRIAL 247 (MORE AOVANCEO DISEASE) 

ALL SUBJECTS TRIAL 247 

COMPARISON MARKER 

RIT - Pt.AC C04 

RIT PL.AC CDS 

RIT - Pt.AC HIV RNA 

DIFP' 

14.0 

210.5 

-0.777 

COMPLIANT SUBJECTS TRIAL 247 

RIT - Pt.AC CD4 43.6 

RIT - Pt.AC COB 295.2 

RIT - l'LAC HIV RNA -0.856 

T-STAT 

8.tl7 

6.90 

-8.36 

6.53 

!L 36 

... 6. 70 

COMPLIANT -INTERRUPTED SUBJECTS TRIAL 247 

RIT - PLAC C04 39.3 8.16 

IUT - PLAC 

JUT - PLAC 

cos 
HIV RNA 

238.J 

-0.894 

6. 6!5 

-8.78 

• Larger •ttect •••n than in all subjects 
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p ... vALUE 

0.0001 

0.0001 

0.0001 

0.0001 • 

0.0001 * 
0.0001 • 

0,0001 • 

0.0001 • 

0.0001 * 



4. 5 ~ttec;t W: ~C,QvorJ.A.te..:s 

The sponsor did tests tor interactions between treatment ~nd 
a number or covariate:, including age, aax, race, weight, and 
several baseline meaaurem of illnasa. Their teat• u•ed the tima­
weiqhtad averaq•• (DAVT'a). Th• FDA ~upplemented thia by 
comparing the tull time cour•• of ••ch of the three surrogate 
markers on aaoh ~rm in ••ch trial at the two levels of each of 
tour binary covariate•: aax, a;• (above and below median)# race 
(white and non-white), and baseline value or the covariate (above 
and below median). 

Figureii 4.5 A-D show the 95' COlltidenca intervals tor the 
ditterenceu in mean C04 count• b•tw••n the ritonavir and either 
the AZT arm (top panel ot each ;rapl1) or the combination therapy 
arm (bottom panal of each graph) at •aoh vi•it ot tribl 245 
(subjects with leas advanced illness). In each panel or each 
graph, there are two curvea, ~hewing the treatment differences at 
each level of a binary covaria~e. Fi9ur•• 4.5 E-H •how the 
analagous plots tfJr ditfer11nee11 in mean log HIV RNA. Some 
individual plots tor the C04 count ahow augqestiva but non­
signiticant treatment-covariate interaction•. Th••• were age in 
the AZT-ritonavir compariaon and C04 baseline level in both 
comparison•. These same compariaona do not re-occur when looking 
at log HIV RNA. Th• plot• for CDS count by covariate •how•d 
similar patterns to those of the C~4 count• and are not 
reproduced here. 

Figures 4.5 I-Land tigures ~.5 M-P give the corresponding 
plots for CD4 count& and log HIV ~NA in trial 247 (aubjecta with 
more advanced illness). In thes6 p~ota there a sug9aats of a 
larq•r superiority ror ritonavir o~er placebo tor tamales (o~ 

both mark•r•), tor hiqh CD4 ba••lin• •Ubjeot• (on C04 count•), 
··and tor whites (on 109 HIV RNA). 
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4.6 S101itivity Analysi1 on ~uryiyol and Dioeose Proareasioc 

There ia a substantial amount of missing data with respect 
to the clinical endpoint• ot aurvival and dia•a•• proqression in 
trial ~47 (aubjecta with more advanced illne••>· Thia i• partly 
because the aponaor aubmittad an interim analysis ot the survival 
data, before data from the most recent viait• could be 
incorpor.atad into tha report. These mis•in9 dftta tall into two 
groups, those actually loat to tollow-up and those aasumod to be 
on study but tor whom the last report ot visit was missin9 at the 
time that th• sponsor•• aummary waa praparad. Th••• missing 
values are 9iven in table 4.6 A. Some placebo aubjacts wara lost 
to follow-up attar di••••• progreaaion but before death so 
mi••in9 data count• vary with the choice of endpoint. 

TABLE 4. 6 A 

MISSING DATA FOR CLINICAL ENDPOINT ANALYSES 

Ritonavir 

Survival as En~point 

Loat to Follow-up 

Assumed on Study but 

Status Unknown 

No Progression as Endpoint 

Lost to Follow-up 

Aamum•d on Study but 

Status Unknown 

24 

7l 

24 

71 

Placebo 

14 

51 

9 

42 

The FDA performed two sensitivity analyse•, on~ time­
depandent analyai• and the other time-independent. The former 
analysis was a recomputation of th• Kaplan-Meier cu:v•• for 
proqre•sion-fr•• •urvival with mi•aing •ubjecta r.eclaaaitiad aa 
having failed at the time of their cen•orin9. The results of 
thi• reclaa•ifioation are ahown in ti9ure 4.6 A. one can ••• 
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from this plot that, even though there is more missing data in 
the r.itonavir arm, reclaosifying 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 •:urvP. 
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 rltonavir 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 trom reclassification of the missing 
data, the ritonavir ann remains statistically significantly 
superior to the placebo arm from apprJximately 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 status 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 NON-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% X"2 • 4.55 * 

TABLE 4. 6 C 

DISEASE PROGRESSION STATUS FOR NON-MISSING SUBJ'ECTS 

PROG/D 

NO PROG 

TOTAL 

\ NO PROG 

RITONAVIR 

86 

362 

448 

80.8\ 

PLACEBO 

181 

315 

496 

63.5i 

DIFFERENCE IN RATE 17.3% 

'l'O'rAL 

267 

677 

R • 80.8, 

p = 63.5, 

944 R-P ... 17.3\ 

X"'2 .,. 34.71 * 

The sponsor's time-independent analysis counted all tho 
missing values as surviving or progression-tree. The FDA redid 
these analy~es under four methods ot treating the two categories 
of missing data. First, all miasing 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 miRsing data were counted as dead or progressed . 
. Tables 4. 6 D and E give, tor these fonr method•, 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 sponaor 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 or deaths in the six months of the study. 

TABLE 4 .6 D 

SENSITIVITY ANALYSES ON SURVIVAL 

METHOD OF TREATING MISSING DATA 

1 2 J 4 

RITO SURVIVAL RATE 94.2% 95.0% 90.8\ 77.7% 

PLAC SURVIVAL RATE 90.5% 91.4% 89.0% 79" 7% 

DIFFErtENCE IN RATES 3.7\ 3.6% l. 8;\ -2.0% 

CHI-SQUARE STATIS'.CIC 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 

J • 'LOST FOLLOW-UP' = DEAD HUT '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 includf d as failur9s do not 
outnumber the actually observed fnilur~s. Any method of 
reclassifying either group of missing data preserves a 
statistically significant superiority of ritonavir over placebo. 
The estimated diffenmce in progression-free survival rate~ 
ranges from 17% tc.i 9f;, depending on treatment of misaing data. 

TABLE 4.6 E 

SENSITIVITY ANALYSES ON NO f ROGRESSION 
l 2 3 4 

RITO RATE NO PROG 80.8% a3.4!tl 79.7\ 66.7\ 

PL.AC RATE NO PkOG 6J.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 

l ""' IGNORING ALL MISSING 
2 a• IGNORING 'LOST TO FOI.J,,,OW-UP' BlJT 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 ~heck on Proportional Haza~ds Assumptions for 
Analysi~ q(_Su~vival 

Cox proportional hazards regressions can give mislendi~g 
results if the assumption of constant hazard rates over ti~e is 
violated. The sponsor performed several checks on this 
assumption as descrubed in s~ction 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 ~ounds for the difference between log hazard functions 
of tPe ritonavir and the placebo arms. Since a horizontal line 
can be fit between the upper and lower confid~nce bands, the 
assumption of proportional hazards is confirmed. 

Figure 4.7 A shows the confidenc• bands for the difference 
of the log hazard functions in the two arms of 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 Americ~ 
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 FOA also plotted these confidence bands tor difference 
in log hazard for strata defined by sex, age, and race. In most 
casos, 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 the same 
suggestion foui1d by the sponsor of a covariate-treatment 
interaction. ~t1~ non-whites showed a larger improvement with ~ 

ritonavir than did the whites. The FDA plot adds the further 
· information that the imprcvement is estimated to correspond to a 

lower hazard ratio in the period of 120 to 200 days after start 
of treatment. 
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4.8 §ubiect-to-Subiect Variability and Correlation ot 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 thia 
deficiency, the FDA computed a number of scatter plots which show 
this information. 

Fiqures 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 - Baseline 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 ot scatter 
clouds for ritonavir and combination therapy but cut the AZT 
scatter cloud approximately in the middle. One should alsc1 
notice many AZT responses are positive, although none are as 
large as the largest ritonavir and combination respones. Also, a 
respectabla 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 tor ritonavir over placebo 
than was seen in trial 245. 

Figures 4.8 C and D show plots of individual DAVGT -
Baseline for 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 CD4 counts carry over 
without change. 
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The FDA also explored the extent of association between the 
two surrogate markers. Figures 4.8 E and F show scatterplots of 
individual DAVGT - Baseline for log HIV RNA 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 ot CD4 DAVGT -
Baseline for successive arms. In both these plots, one can see a 
clear negative association between changes in CD4 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 subjects with good 
responses on both markers (negative value of 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 i1t trial 245 with 
the ritonavir scatter cloud is much larger than is the overlap 
between placebo and ritonavir in trial 247. 

Similar effects were seen in plots of CDS counts against CD4 
counts. These plots are not included. 
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T~ble. 4.8 A gives the numeric results corresponding to these 
plots. This table has the correlation coefficients among the 
chree surrogate markers (using DAVGT - Baseline) for all arms 
pooled and tor 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. 8 A 

CORREI..1\T!ON COEFFICIENTS AMONG 01\VCiT'S OF SUnRCCATE MARKERS 

TRIAL 245 

CD4 WITH COB/ 

HIV CDS HIV 

ALL ARMS -0.44 0.49 -0.09 

RITONAVIR -0.54 0.49 -0.07 

COMBINATION -o. 30 0.50 -0.02 

AZT -0.17 0.37 0.14 

TRIAL 247 

CD4 WITH CD~/ 

HIV cos HIV 

ALL ARMS -0.60 0.66 -0.36 

RITONAVIR -0.48 0.60 -0.lS 

PLACEBO -0.01 0.39 -0.03 
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Finally, the FDA computed some plots intended to show the 
strength of the association between surrogate markers and 
clinical endpoints in trial 247. Figura 4.8 G shows the 
difference in CD4 count, over time, between subjects who have 
experienced disease progression or death and tho•• 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 hav• failed 
(=progressed or died) by time t. The value of unmaarked curve, 
at time t, is the CD4 count at 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 ~n the surr~gate 
marker, CD4 count, and failures occur at ra1.dom with respect to 
CD4 count. No difference is observed between CD4 counts 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 tha observed CD4 counts of sruvivors. 

Figure 4.8 H is the comparable plot with clinical endpoint 
still disease progression or death and the surrogate marker being 
log HIV RNA. Again, 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 I and J show the comparable 
results uaJ.ng 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 o~ 
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 arirs in the interim analysis 
submitted by the sr~nsor, 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 wi~h 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 
significant superiority of ritonavir monotherapy over combination 
therapy. Differential c~mpli~nce does not appear to account for 
the differential response rates. The FDA does note that even 
combination waD statistically significantly supe~ior to AZT 
monotherapy. 

The FDA finds that there is no statistically sig11~ficant 
interaction between treatment effects and covariates, with the 
possible exception of race. 

The FDA finds moderata correlation C:&mon9 the su:crogatf::l 
markers in both trials and between the surrogate markers and the 
clinical endpoints in the trial with more advanced patients. The 
strength of the associations was greater in the ritanavir 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 s 1_irrogate 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. 
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NOA: 20-659 
Date Submitted: October 4, 1995 
Date Assigned: October 6, 1995 
Date Review Completeda October 31, 1995 
Aa•igned Reviewers Prita.m s. Verma, Ph.D. 
SPD-530 

SPONSOR: Abbott Laboratories 
Pharmaceutical. 
Products Division 
Abbott Park, 
Illinois 60064-3500 

DRUG: Ritonavir 
QQde N9IJ1es; Abbott-84538, ABT-538 
Chemical Name; 10-Hydroxy-2-methyl-5- (l-methylethyl)-l·· 
[2-(l-methylethyl)-4-thyiazolyl]-3,6-dioxo-8,ll­
bis(phenylmethyl)-2,4,7,12-tetraazatridecan-13-oic-
acid,5-thiazolylmethyl ester, [SS-(SR*,8R*,lOR*llR*)] 
Molecular Weight; 720.95 
MQlecular FQrmula...a, C3rH40N~05S2 
PhysiQal Description; white powder with some small 
lumps 
~, • -PKz..i.. 2. 844 ± o .169 

FORMULATIONS: Ritonayir 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 the presence of 2 molar equivalent of 
hydrochloric acid. This solution will be administered 
in gray capsules containing o.s 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) 

IHDXCATION: Treatment of HIV infection 

ULATED IND: 
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INTRODUCTION: 

Ritor..avir (Abbott-84538) is one of a series of novel protease 
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-formad 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 proteases. Drugs that 
specifically 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 hac submitted a NDA which describes the 
development of Abbott-84538 solution for the treatment of AIDS. 

BACJCGROUND: 

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 bt•.t 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 rrtinal 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 liv~r and 
retina were still evident in rats that were held for a J-month 
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 near 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 
atrophy was observed only in dogs, but the most sensitive 
indication of toxicity in this species was gastrointestinal 
distress consisting of emesis and abnormal stool. 

SUMMARY: 

3 

Acute toxicity studies: the approximately lethal single oral dose 
of Abbott-84538 was shown to be >2500 mg/kg in rats. In mice, the 
LOSO of 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 equivalent dose in humans are 
summarized in Appendix # 2 (Table 1). 

Multiple-dose toxicity studies; results are summarized in 
Appendix # 2 (Table 2 to 6). Effects on the liyer; hepatic 
changes in rodents included elevated liver enzyme activities 
(ALT, AST and GGT) and histopathologic 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 ~lterations and increased liver enzyme 
activiti~s had not resolveu in rats during the 3-month of 
recovery perio'' ( 3-month oral toxicity study) . The no­
hepatotoxic-ef tect 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). Elevated liver enzyme activities 
(ALT, AST, ALP, GGT) and increased 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 toxicity. Effects on the eye; 
hypertrophy of the retinal pigment 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 rate, these changes were still evident in rats that 
were held for a 3-month recovery period. Electron microscopic 
examination of hypertrophied RPE revealed a considerable 
accumulation of phagosomes which were consistent with drug­
induced retinal phospholipidosis. Therefore, the pigment 
epithelium hypertrophy in rats was at least partially due to the 
parent compound or its metabolite(s) causing a lysosomal 

--
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accumulation of polar lipids from rod outer segments. Effects on 
the thyroidi 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 (AUC > 25 
µg*hr/ml) . No effects were observed on the thyroid gland in any 
of the dog st'ldies. Effects on the kiciney; 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 25 mg/kg/day (AUC • 14 µg•hr/ml) . The most consistent 
renal 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 
75 mg/kg/day (AUC > 43 µg•hr/ml) included mild pyloric necrosis 
and gastritis. These c~anges in the stomach were not detected in 
the six month rat study at dosages up to 150 mg/kg/day (AUCs 83-
175 µg*hr/ml). The changes were reversible after n one-month 
recovery period. The changes were not aeen in dogs. emesis. 
diarrhea and/or abnormal stools in dogs; were noted thnt received 
so mg/kg/day or greater in all the studies. This gastrointestinal 
distreas usually occurred approximately 2-3 hr after each dosing 
and the incidence was dose-related. Effects on the Erythron; the 
changes observed in rats treated with 125 mg/kg/day or higher 
(AUCs 86-128 µg•hr./ml) for three montha were limited to slight 
decreases in erythrocytic variables (erythrocyte count, 
hematocrit, hemoglobin). Decreases in erythrocytic 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 25 
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 125 mg/kg/day (AUCs • 
115 to 205 µg*hr/ml) for six months. Effects on the thymus; 
thymic atrophy was limited to doga 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 (125 
mg/kg/day) studies. More severe changes appeared to be associated 
with very high plauma exposures of Abbott-8453 ing from 200 
to ?00 µg•hr/ml. · bilateral 
testicular degeneration was observed in two mal a (one that 
received so and one that received 125 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. 

Re,rod~ctiye and deyelopmental toxipity studies; the results are 
summarized in Appendix # 2 (Table 6). There were no effects on 
maJe rat reproductive capabilities at dosages up to 125 mg/kg/day 

--
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(AUC = 91 µg*hr/ml), the highest dosage level tested in the 
Segment I study. Female rats displayed some adve~se 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 
eize 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. 

Pharmaco~inetic and ADME studies; results are summarized in 
Appendix # 3 (Table l 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 l-2 hr. Plasma 
drug concentrations declined rapidly following termination of 
dosing in all species. The elimination half-life in all species 
was approximately l-2 hr. Oral bioavailability following a 5 
mg/kg dose was calculated to be 70.7t, 37.4t and 29.9% for rats, 
dogs and monkeys, respectively. Drug exposures (AUCs) were 
generally higher in female mice and rats compared with males at 
similar doses. The observed sex differen~e 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 
predominantly by hepatobiliary clearance. Metabplic profile; 
obtained from incubation of radiolabelled drug with rat and dog 
hepatic microsomes was qualitatively similar to the corresponding 
metabolite profiles of drug in rat and dog bile (Appendix # 6 & 
7). Rat microsomal incubation samples converted Abbott-84538 
primarily to the metabolites M-1, M-2, M-9 and M-11, accompanied 
by minor amounts of M-10 and M-5. No G-1 (the glucuronide of 
parent drug) was 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-l. Human liver microsomes converted 
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Abbott-84538 largely to M-1, M-2, M-ll 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 al-acid glycoprotein and serum albumin 
in four species evaluated over a 3000-fold concentration range 
(O.Ol-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 monkeya 
and 99.3-99.St for human. 

CONCL'O'SIONS1 

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 toxicity studies in rats and 
dogs showed that the mean AUC value at the therapeu~ic dose wa~ 
found to be considerably higher than that achieved in the 
nonclinical toxicity studiP.s at the NOELs/NOAELs. Based on either 
the body surface area equivalence factors or drug exposure (AUC 
values), the dosages used in the clinic are higher than the 
NOELs/NOAELs identified in animal studies (Appendix # 5, Table 
1) • 

!n animal studies, toxicities were seen at doses that are 
comparatively much lower than those used in the clinic (Appendix 
# 2, Table 2, 3 & 5). The therapeutic dosage of the test compound 
produces significant toxicity in the six-month oral toxicity 
studies [the longest duration studies submitted at this time] in 
rats and dogs. The histopathology evaluations revealed that 
liver, eye, kidney, bone marrow and thyroid are the major target 
organs. Therefore, the sponsor is requested to monitor the 
patient closely for the toxicities see11 .n animals. 

Abbott-e·i;3s can be classified as Jr~:mancy Category B. A!:>bott-
84538 sL ld not be used during pr. .ncy unless the potential 
benefits ;ustify the risk to the fetus and mother. 

A 12-month toxicity study in dogs and, as a part of the phase 4 
commitment, two-year carcinogenicity studies in mice and rats are 
ongoing. 

This ND~ in its present form has provided adequate nonclinical 
safety information to support its approval and labeling. 
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APPBNDICBS: 

seven appendices are attached. These are listed below. 

1. Non-clinical toxicology, pharmacokinetica and 
pharmacology. 

2. Tabulated aummary of animal toxicity atudiea. 

3. Tabulated aummary of animal pharmacokinetic atudi••· 

4. Tabulated aummary of human pha:cmacokinatic atudi••· 

5. Compariaon of auimal do••• with th• human therapeutic 
doae. 

6. Chemical atructure of ABT-538 metabolit••· 

7. Propoaed pathway of ABT-538 biotranaformation in rat 
and dog. 

Concurrence•: , \f~\~~ 

HFD-530/DFreeman,~ 1 {i c,1.c,i,, 
HFD-530/JFarrell 1"' \ 
HFD-530/PVerma \I 'f lLtl 1' 
Disk: 
HFD-530/JFarrelly 

cc 
HFD-530/NDA 20-659 
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.0/93/554)* 

l. Acute Oral Toxicity Svaluation of Abbott-84538 in Rats, 
Lot# 240-081-AX, Abbott Lab., Abbott Park, IL, 
September 24, 1993 (TA93-309/RrcD/93/S52)* 

3. Acute Intravenous Toxicity Bvaluat~on of Abbott-84538 
in Mice, Lot# 240-081-AX, Abbott Lab., Abbott Park, 
IL, September 28, 1993 (TD93-312/Rld>/93/555)* 

4. Acute Intravenous Toxicity Evaluation of Abbott-84538 
in Rats, Lot # 240-081-AX, Abbott Lab., Abbott Park, 
IL, SMptember 24, 1993 (TA93-310/R&D/93/553J* 

Repeat.Dose Toxicity Studiei 

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-
l93/Rf&D/93/519)* 

6. Three-Month Oral Toxicity Study of Ahbott-84538 in Rat• 
(with one-Month and Three-Month Recovery Periods), 
Abbott Lab., Abbott Park, IL, Lot# 77-561-AL, June 9, 
1994 (TA9J-284/RfJ>/94/043)* 

7. Six-Month Oral Toxicity Study ~f Abbott~84538 in Rat•, 
Abbott Lab., Abbott Park, IL, Lot # 79-594-AL, June 30, 
1994 (TA93-299/R&D/94/229)* 

8. One-Month Oral Toxicity Study nf Abbott-84538 in Doga, 
with a Oce-Month Recovery Period, Lot # 77-561-AL, 
Abbott Lab., Abbott Park, IL, October 13, 1993 (TB93-
192/Rf&D/93/512)* 

9. Three-Month.Oral Toxicity Study of Abbott-84538 in Dogs 

a 
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(with a 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 o~al toxicity study of Abbott-84538 in Doga, 
Lot# 83-501-VP, Abbott Lab., Abbott Park, IL, October 
27, 1994 (R&D/94/650)* 

Special Toxicity Studies 

11. Three-month dietary maximum-tolerated dosage study of 
Abbott-84538 in mice, Lot # 86-701-AL, Abbott Lab., 
Abbott Park, IL, November 13, 1994, (RrcD/94/552)• 

12. Three-month dietary maximum tolerated dosage study of 
Abbott-84538 in rats, Abbott Lab., Abbott Park, IL, Lot 
# 86-701-AL, September 30, 1994 (Rf&D/94/166)* 

13. Evaluation of Abbott-84538 for delayed contact 
hypersensitivity in guinea pigs, Abbott Lab., Abbott 
Park, IL, Lot # 77-561-AL, August 25, 1995 (R&:D/95/514) 

Reproduction Toxicity Studies 

14. Evaluation of the effect• of orally •dminiater•d 
Abbott-84538 on the fertility and embryonic development 
of the rat (Segment I), Abbott Lab., Abbott Park, IL, 
Lot # 77-561-AL, June 27, 1994 (Rrd>/94/293)* 

15. Evaluation of the Bffecta of Orally Admini•t•red 
Abbott-84538 on tbe Bmbryonic and Petal Development of 
Rats (Segment II), Abbott Lab., Abbott Park, IL, Lot# 
77-561-AL, June 30, 1994 (TA9~-314/RrJ>/94/024)* 

16. Evaluation of the e~fect• of orally admini•tered 
Abbott-84538 on umrvo-fetal development in New Zealand 
White rabbits, 

. Lot # 7?-561-AL, July 20, 1994 
(R&D/94/342)* 

17. Evaluation of the effect• of orally administered 
Abbott-84538 on the peri- and po•tnatal development of 
the rat (Segment III DART), Abbott Lab., Abbott Park, 
r, Lot # 77-561-AL, November 15, 1994 (RU>/94/651) * 

Genotoxicity Studies 

18. Bacterial Reverse Mutation Aa•ay (Am•• Teat plua B. 
coli) of Abbott-84538, Lot# 240081-AX, Abbott Lab., 
Abbott Park, IL, July 16, 1993 (Study Number TX93-
222/RrJ>/93/399) * 
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19. Mouse lvmohoma study of Abbott-84538, 
June 13, 1994 

(R&D/94/175/TX93/472)* 

Page 

20. In Vitro Cytogenetica Buman Lymphocyte CUlture Aasay of 
Abbott-84538, Abbott Lab., Abbott Park, IL, October 7, 
1993 (Study NUmber TX93-223/R&D/93/470)* 

21. Mouse Ddcronucleua ••••Y of Abbott-84538, Lot # 77-561-
AL, Abbott Lab., AJ:>bott Park, IL, J&nuary S, 1994, 
(R&D/93/706)* 

Preliminaryj'oxicity Studies 

22. Two-Week Oral Toxicity Bvaluation of Abbott-84538 in 
Rats (Exploratory Reaearch Report/R&D/93/157/Study No. 
TA93-056) 

23. Oral Dosage-RL'lge-Finding Toxicity Study of Abbott-
84538 in Doga (Bxploratory R•••arch 
Report/R&D/93/169/Study No.TB93-036) 

24. Oral palatability study of Abbott-84538 in Ddce, Lot # 
79-594-AL, Abbott Lab., Abbott Park, IL, April 4, 1994, 
(R&D/93/886) 

25. Oral palatability •tudy of Abbott-84538 in rata, Lot # 
77-561-AL, Abbott Lab., Abbott Park, IL, May 12, 1994, 
(R&D/9'3/025) 

Review of Toxicity Studies: 

Acute Toxicity Studies 

10 

1. Acute Oral Toxicity Svaluation of Al>bott-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, 800, 1260, 
2000 or 2500 mg Abbott-84538/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 decreased activity, ataxia, 
dyspnea, squinting, prostration and tremors. Deaths (l,l,2 and 1) 
occurred in male mice treated at doses of 800, 1260, 2000 and 
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2500 mg/kg, respectively. Deaths (2,2 and 2) ~~~urrPd i~ female 
mice at doses of 800, 200 and 2500 mg/kg, re"spectively. All si9ns 
of toxicity including deaths occurred in male mice on or before 
day 1 of the observation period and in fem~le mice on or before 
day 3 of the observation period. 

Comments: The oral NOEL for Abbott-84538 were found to be 320 
mg/kg in male mice and 200 mg/kg in female mice The oral median 
lethal dose (LD50 ) was found to be greater than ~ne maximum 
feasible dose (2500 mg/kg) 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: 125-148 g; age: 6 weeks; 
strain: VAF Crl:CD(SD)BR; 1 animal/sex/group] were administered a 
single oral doses of 250, 500, 1000, 1500, 2000 or 2500 mg 
Abbott-84538/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 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 treated at 500 mg/kg or higher included decreased 
activity, ataxia, dyspnea, lacrimation and exophthalmos. None of 
the animals in the study died. All signs of toxicity were 
confirmed on the day of treatment and the day after treatment. 

Comments: The oral N~EL in male and female rats was found to be 
250 mg/kg. The approximate lethal dose values in rats were found 
to be greater than 2500 mg/kg of the test compound in t.he study. 

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)* 

Groups of rnale and female mice [weight: 22-28 g; age: 4-5 weeks; 
strain: VAF Crl:CD-l(ICR)BR; 1 animal/sex/group] were 
administered a single IV doses of 5, 20, 35, 50, 65 or 80 mg 
Abbott-84538/kg in a vehicle of propylene glycol and ethyl 
alcohol (95:5, v/v) containing 2 molar equivalents of p-toluene 
sulf onic 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 5 and 20 mg/kg, and in the female mouse treated at 35 mg/kg. 
Decreased activity was observed in the male mouse treated at 35 
mg/kg and in the female mouse treated at so mg/kg. Clinical signs 
observed in male mice (50 mg/kg and higher) and in female mice 
(65 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 65 mg/kg and in the 
male and female mice treated at 60 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 35 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 Bvaluation of Abbott-84538 in Rats, 
Lot # 240-081-AX, Abbott Lab., Abbott Park, IL, September 24, 
1993 (TA93-310/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 5, 20, 35, SO, 65 or 80 mg Abbott-84538/kg 
in a vehicle of propylene glycol and ethyl alcohol (95:5, v/v) 
coiltaining 2 molar equivalents of p-toluene sulfonic acid 
monohydrate at a dos~ volume of 1 ml/kg and at a rate of 2 
ml/min. All rats wer~ observed frequently on the day of treatment 
and daily for 13 days after treatment. Signs of toxicity observed 
in the animals (20 mg/kg) included decreased activity, ataxia and 
dyspnea. In addition to these signs, exophthalmos, prostration 
and death were observed in male and female rats (35 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 5 mg/kg. The intravenous approximate lethal dose values 
were determined to be 35 mg/kg in this study. 

&~eat Dose Toxicity Studies 

5. One-Month Oral Toxicity Study of Abbott-84538 in Rata, with a 
One-Month Racove>~ Period, Lot i 240-081-AX, Abbott Lab., Abbott 
Park, IL, October 7, 1993 (TA93-193/Rfr.D/93/519)* 

Five groups of male and female rats [weight: 125-225 g; age: 4-5 
weeks; strain: VAF Crl:CD (SD)BR; 10-15 animals/sex/group) were 
administered by oral ga,rage 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 O (TO), 15 (Tl), 50 (T2) or 150/100 (T3) 
mg/kg/day for 28 to 33 consecutive days. As result of toxicity, 
the 150 mg/kg/day dosage was lowered in female rats to 100 
mg/kg/day on study day 8. Up to 5 rats/sex in the control and two 
high-dosage groups (SO and 150/100 mg/kg/day) were designated for. 
a one-month recovery period after the end of treatment. Qeaths: 
three female rats (T3) died on study day 11, 14 and 18. Clinical 
Obs~rvation: treatment-related clinical signs at:ributable to 
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drug treatment were observed in males (T2 and T3) or females (T3) 
included decreased activity, hunched posturing and weakness. 
Clinical signs (T3) which were present at low incidences included 
a red-colored discharge around the mouth 2nd prepuce, urine 
stained, abdominal hair and piloerection. ~Weights; male and 
female }ats (T3) gained statistically significant less weights 
than the control group from day 4 to 25. Food ConsumptiQn; 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. Qphtbalmology; 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 ~~v~l~; plasma AUCs of the 
compound increased in an approximate dose proportional manner. 
Plasma drug levels were sustained at substantial levels for 9, 12 
and 24-36 hr in the (Tl, T2 and T3) groups, respectively. AUC 
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. AUC 
values toward the end of treatment 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 of 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 inflammation. Mild elevations in one or more 
liver enzymes (ALT, AST, GGT or ALP) were present in individual 
rats. Statistically significant differences from control were 
present in biochemical parameters (serum creatine kinase, total 
bilirubin and glucose) of treated rats. Organ Weights; mean 
relative and absolute liver weights were increased in T2 and T3 
of both sexes and thyroid gland weights were increased in females 
rats ("f3). 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 Micros,gpic Obseryationsi liver, eye 
and thyroid gland were determined to have pathologic changes 
resulting from the treatment. Treatment-related changes in the 
liv~r (T2 and T3) rats were hepatomegaly, multinucleated 
hepatocytes and periportal inflammation. The hepatomegaly 
correlated with the increased liver weights. The treatment­
related change in the thyroid glangg (T2 and T3) rats was 
hypertrophy of follicular epithelium. Accentuation of the hepatic 
lobular pattern was observed sporadically in individual treated 



NDA # 20-659 PBARMACOLOGIST'S REVIBW Page 14 
•m•••===:=======•==••=•••=•••••••••••••••••=••====••=••==•••••••• 

rats. The incidence and severity of the thyroid gland change was 
greater for males than for females. Treatment-related changes in 
the ~ 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 equivalent dos': in humans would be 2.5 
mg/kg/day. Histopathological examinations revealed liver, thyroid 
gland and eye are the target organs. 

The retinal hypertrophy or cell swelling was attributed to 
filling of the cytoplasm with numerous granules. This retinal 
pathology was similar to that observed in rats treated with 
another protease inhibitor, Abbott-80987. An electron microscopic 
examination of hypertrophied retinal pigment epithelium 
determined that the cytoplasmic granules were membrane-bounded 
lamellar inclusions consist~1 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 the parent 
compound or its metabolite(s). 

6. Three-Month Oral Toxicity Study of Abbott-84538 in Rats (with 
One-Month and Thr••-Month Recovery Periods), Abbott Lab., Abbott 
Park, IL, Lot # 77-561-AL, June 9, 1994 (TA93-284/RrJ>/94/043)* 

Groups of Crl:CD BR rats (25/sex/group) were administered Abbott-
84538 via oral gavage at dose levels of O (vehicle control), 15 
(low), SO (mid) or 125 (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 O, 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 l. 
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Table 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 (µg•hr/ml) 

Males 18.0:t:J.l 42.8-tl0.4 - 97.3±20.2 

Females 21.0-tS.2 72.6±9.S 99.5 -

15 

Five male and seven female (high) rats died during the treatment. 
Ataxia, dehydration, rough coat, hur..ched posture, weakness, 
tremors, cold to touch, pale and squinting eyes and urine­
staining of abdominal hair were noted in rats (high) . Group mean 
body weights and food consumption for rats (high) were 
significantly lower than the respective controls throug~out the 
treatment period. At the preterminal eye examination, pale 
choroidal vasculature and dilated retinal vessels were s~en i~ 
rats (high) . These changes wera 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 recovery 
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 
GGT were noted in some rats (mid and high) . Increased ALP 
activitjes occurred in rats (high). Mean serum cholesterol values 
for the treat~~ 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 
rats were higher than the controls and statistical significance 
was attained for female rats (mid or high) . Mean serum thyroxine 
values for 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 ~elative liver weights at the 
end of the treatment period were increaseri over the controls in 
both ma~e 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 weight~ were noted in the drug-treated rats and 
statistically significant differences were achieved ir1 rats 
(high) . 

16 

At the end of the treatment period, dose-related multinucleated 
hepatocytes, histiocytic microgranulcma. sinusoidal 
histiocytosis, single cell necrosis, subacute 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 ch nges in the eye at the end of the treatm~nt 
period included the presence of focal/multifocal hypertrophy of 
retinal pigment epithelium (RPE) and retinal degeneration. 
Hypertrophy of the F.PE was noted in 10/20 (mid) and in 19/~0 
(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 cell~ 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 lyrr1ph 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 followinq oral administration to 
rats for three months could not be identif~ed; it should be 
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, Abb~tt 
Lab., Abbott Park, IL, Lot# 79-594-AL, June 30, 1994 (TA93-
299/R&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 levela fvr 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 ~or 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. ~linical 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 
incLeased 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 period, 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 
CNx 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 Ahbott-84538 on Day 174 Following Six-Month 

Oral Administ:cation to Rats 

25 75 150 (M) 100 (F) 
Sex 

AUC (µ J*hr/ml) 

Males 14.28 54.99 83.38 -

Females 21. 52 76.22 - 174.48 

fQod consumption; group mean food consumptions for both the males 
anci females (high) wer-·.! 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 s!._;3'Ilificant deceases from 
control in hemoglobin of femaies (mid) and decreases in 
hematocrit and hemcglobin of males (high) . Reticulocyte counts of 
males and females (high) were significantly increased from the 
controls. RBC morphology chanyso sugg~et:ed that a mild low grade 
hemolytic anemia occurred in individual :rat.~. The mean WBC counts 
of females (mid and high) were mildly increased from the 
controls. Clioical chemistry; included a mile to marked increase 
in AlJT and AST in some individual rats at all dosage levels. 
Elevation of GGT and total bilirubin were noted in some females 
(mid and high) and males (high) . Increased ALP values were noted 
in males and females (mid and high). Compared to the controls, 
mean cholesterol value-s were statistically higher in females 
(low, mid or high) and in males (high). The mean triglyceride 
values of malefl (low, mid or high) w~r.e 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 females (mid and high) . 
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. Urinalysig~ 
treatment-related changes included an increased incidence of 
proteinuria (low and mid) and bilirubinuria (mid and high) in 
both male and females rate. O~gan weights; the mean values of 
a~solute and r~lative liver weights were increased over the 
control weights in male and female rats at all o sage levels and 
the differences were statistic.illy significant for females at all 
dosage levels and males that received mid- and high dosage 
levels. The mean spleen weig·hts were increased over the control 
weights in females rats of all dosage groups and male rats 
recei v · ''" mid and high dosages. There was a st.atist -: "'!ally 
signi~ Ant increase from the controls in mean abs~.~te kidney 
weight of females (low). Histopathology; dose-related 
multinucleated hepato~ytes, pericholangitis, Kupffer cell 
aggregates, single cell necrosis, mononuclear infiltrates, 
increased mitosis ~nd karyomegaly were noted in rats at all 
dosage levels. Bile duct hyperplasia occurred in some females 
(mid and high) . Histologic changes in the ey~ included minimal to 
moderate hypertrophy of retinal pigment epithelium (RPE) and 
retinal degeneration. Hypertrophy of RPE was noted in 16/30 (mid) 
and in 25/30 (high) rats. Treatment-related histologic changes in 
the kidney included mild to moderate, multifocal tubular 
degeneration occurring in male and female rats at all doses and 
mild to marked multifocal tubular hyperplasia ~ccurring 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-related skin chanags were diffuse atrophy of the 
epidermis, hair follicles and sebaceous glands. Treatment-re!ated 
changes pre3ent in the lymphoid organs of selected rats were 
lymphoid depletion and lymphoid necrosis. The lymphoid depletion 
was most prominent in the thymus. Bone marrow hypercellularity 
was observed in 18/30 rats receiving high dose. Bone marrow 
cytul.i:>gy revealed that the hyperc-:ellularity was due to mildly to 
moderatt.:ly increased erythropoiesis. 

Commanta: A NOEL of Abbott-8~538 ~~llowing oral administration to 
rats for six montha could not be identified; it should be 
considered less than 25 mg/kg/day (AUCa • 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. 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 Toxieity Study of Abbott-84538 in Doge, with a 
One-Month Recovery Period, Lot I 77-561-AL, Abbott Lab., Abbott 
Park, IL, October 13, 1993 (TB93-192/RlsD/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-tolut!ne sulfonic 
acid monohydrate at a dose volume of 2 ml/kg] at dosages of a 
(control), 10 (low), SO 'mi.d) or 150/200 (high) mg/kg/day for 28 
to 30 consecutive days. Dogs (high) received 150 mg/kg/day for 
study day 0-9 and 200 mg/kg/day for study day 10-28. Two dogs in 
the high and control groups were held without treatment for a 
one-month recovery period and then euthanized. 

Deaths; there were no mortalities in thi3 study. Clinical Signs; 
drug-related (high) included emesis, excessive salivation and 
loose stool/diarrhea. Single incidences (high) of dehydration, 
ataxia, decreased activity, weakness and involuntary body 
movements were observed. Sporadic episodes of emebis, excessive 
salivation and diarrhea and/or abnormal stool were noted in mid­
dose group. Bydy Weight; statistically significant decreases in 
mean body weights and mean body weight changes wer'! n~ted in male 
and female dogs (high) when compared to control do·3s. ~\t the end 
of the recovery per. iod, the mean bc-dy weights for male and female 
dogs (high) were comparable to those of respective controls. ~ 
C,,onsum'L)ti9n; two female and one male dogs (high) had marked 
decreases in food consumption and required supplemental overnight 
feed to maintain their health. Qphtbalmology; 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 prug 
~evels: mean plasma AUC values 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 en day 27, the plasma AUC values were not dose­
proportional, being 21.1, 17.1 and 240.3 µg•hr/ml for low, mid 
and high doses, respectively. Urinalysis; tre3tment-related 
bilirubinuria was found in individual dogs (mid and high) . 
Hematology; two drug-treated dogs (mid and high) had hematocrit 
consistenc with marginal anemia (36.9 and 36.3, respectively). 
Bonf" marrow smears from control and treated dogs were similar. 
Cli!.ical Chemist;:y; mild increases in hepatic enzyme activities 
for AL?, GGT and ALT were observed in individual dogs (high). 
Qrgan Weightsi mean absolute and relative liver weights incre~sed 
in all treated groups relative to controls; statistical 
sign if ica11ce 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. Qross 
and Microscopic Observotions; hydropic deqeneration was noted in 
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1/6, 3/6, 2/6 and 4/6 dogs which received the drug at doses of o, 
10, so and 200 mg/kg/day, respectively. Thymic atrophy was noted 
in 2/6, 4/6, 1/6 and 4/6 which received o, 10, 50 and 200 
mg/kg/day, respectively. 

Comment•: The test compound was adequately absorbed. A NOAEL of 
Abbott-84538 followinq oral administration to dogs for a month 
may be considered as 50 mg/kg/day in this study. The 
corresponding mean systemic exposure at this dose level at the 
end of the treatment period was 17.l µg*hr/ml. Baaed on body 
surface area, an equivalent dose in humans would be 25 m~/kg/day. 
The study revealed that liver, thymus and prostate were the 
primary target organ. The aponsor did not submit the dat3 from 
recovery groups. 

9. Three-Month Oral Toxicity Study of Abbott-84538 in Dogs (with 
a Two-Month Recovery Period), Lot# 77-561-AL, Abbott Lab., 
Abbott Park, IL, June 6, 1994 (TB93-297/Rr.D/94/039)* 

Groups of beagle dogs were administered Abbott-84538 via oral 
gavage at dose levels of O (vehicle control), 10 (low), 50 (mid) 
or 200 (high) mg/kg/day during the first three weeks of 
treatment. Thereafter, for high dose animals, the dosage was 
lowered to 100 mg/kg/day due to excersive weight loss and 
morbidity. 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 in the high dose group were greater in females 
compared with males. Results; the AUC values on day 82 are given 
in Table 3. 

Table 3 
The AUC Values of Abbott-84538 on Day 82 Following Three-Month 

Oral Administration to Dogs 

10 so 100 
sex 

AUC (ua•hr/ml) 

Males 25. l:t:ll. 3 80.2-t69.l 147.4±78.l 

Females 22.0:t:ll.8 50.5.32.6 222.lt2SS.3 

One female (high, AUC 1698 µg*hr/ml on day 84) was euthanized on 
day 86 in moribund condi.tion. Dose-related clinical signs (mid or 
high) included increased salivation, decreased activity, emesis 
and diarrhea. Decreased food consumption (65\) and body weight 
loss (12%) occurred in dogs (high) during the first three weeks 
of the treatment. At the end of tl~ three-month treatment period, 
body weight 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 pathology 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 liver weights were 
significantly increased over the controls in male and female dogs 
at. the end of the treatment period (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 (AUC) 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 P.levations and no hepatic lesions were seen in dogs (mid) 
~hich produced mean AUCs of 51-80 µg•hr/ml. One male dog 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 be considered a NOEL 
in this study. Based on the equivalent body surface area, a 
dosage of 3.33 mg/ky/day in humans would have a one to one safery 
margin. Liver appeared to be the major organ of toxicity for this 
compound in dogs. These data su3gest that hepatotoxicity was only 
produced in dogs in the 200/100 mg/kg/day group which achieved 
Abbott-84538 plasma 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-VF, 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), so (mid) or 125 (high} mg/kg/day for 176 to 
183 consecutive days. Blood samples were collected at 
approximately o, l, 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 emesis (males), abnormal stool (males) 
and diarrh~a (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 concrol over the course of the study. There were no 
significant drug-relat~d effects on food consumption following 
six months of the treatment [Body weight and food consumption 
measurements in the stu~y were compromised because approximately 
half of the animals in the study had an additional dietary 
supplementation as a precaution against excessive body weight 
loss 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 manifested 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 
atrophy were apparent in male dogs (high) . Decreased testes 
weight and bilateral testic1llar degeneration were observed for 
one dog each ( mid and high) . A single dog (high) had prostatic 
atrc1phy/hypoplaaia. 

--
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Table 4 
The AUC Values of Abbott-84538 on Day 152 Following Six-Month 

Oral Administtation to Dogs 

10 50 125 
Sex 

AUCo,:14 11r (µg•hr/ml) 

Males 18.3 64.2 115.0 

Females .25. 7 133.6 204.6 

Comments: 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 do&age study of Abbott-
84538 in mice, Lot# 86-701-AL, Abbott Lab., Abbott Park, IL, 
November 13, 1994, {R&D/94/552)* 

Groups of male and female mice [weight: 15-25 g; age: 44-48 days; 
strain: VAF Crl:CD-l(ICR)BR; 20 animals/sex/group) were 
administered Abbott-84538 in a dietary mixture at dosages of o 
{TO), 200 (Tl), 400 (T2), 600 (T3) or 1000 (T4) mg/kg/day for 92 
to 96 coHsecutive days. Results; one male mouse (Tl) dird on day 
86 and one mouse (T4) died on day 4. Two female mice ('fl) died 
d~ring th~ treatment period (study Jays 56 and 68, respectively). 
The deaths of four study mice (2o/29) that died during the 
treatment period were not considered drug-treatment related since 
there was no dose-response and also no clear abnormal 
morphological changes observed in these mice. The cause of one 
mice was a lung abscess, but the cause of death in the other 
three mice could not be determined. Increased incidences of 
treatment-related clinical signs were noted at T3 and T4 groups 
and included hunched posturing; alopecia and urine-stained or 
matted hair. Additionally, male mice exhibited 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 (T4) 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 88] increased 
in an approximately dose-proportional manner. Female mice 
experienced higher AUC levels compared to males at corresponding 
doses. Mean AUC VAlue.s in male mice were 57.1 (Tl), 130.7 (T2), 
219.1 (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) , AIJT (as high as 26 fold) , cholesterol (as high as 4 
fold) and triglycerides (3 fold) in a dose-dependent manner in 
the treated mice. Increases in ALP (as high as 5 fold; dose­
dependent), 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 T4). Mean relative and absolute liver 
weights were increased in all drug-treated mice of both sexeR as 
compared to the controls. Histopathology in the liver consisted 
of hepatocyte necrosis and histiocytic microgranuloma at all dose 
levels, 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, ~1pffer and other phagocytic 
cells. Increases in intracellular lipids were noted in 
hepatocytes locatad near the central vein. 

Table 5 
Incidences of liver lesiono in mice {number of mice displaying 

lesions; lO animals/sex/group) receiving Abbott-84538 
in diet for three months 

Dosage (M11/k1/day) 
Le1ion1 

200 400 600 1000 

MlcrogranulOlllll d 7 10 10 9 
9 6 10 10 10 

Single cell necro1l1 d 5 7 6 3 
9 3 6 10 3 

Hepetocellular necrosis 0 3 4 6 
d 1 3 0 7 

9 

lncreaatd mito1i1 d 0 3 2 1 
9 1 1 z 2 

HepatocvtCllllll•lv d 9 10 10 9 
~ 2 10 10 9 

Hepatocvte 0 5 4 8 
vacuolization d 0 7 8 10 

9 

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 absorbed. A NOAEL of 
Abbott-84538 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 the three-month dietary MTD study, male and female mice that 
received 400 mg/kg/day and higher exhibited moderate 
hepatotoxicity which included elevations of liver enzyme 
activities, hepatocellular necroeis, microgranuloma, 
vacuolization and increased mitosis. Fewer hepatic changes were 
seen at 200 ~g/kg/day consisting of only a low incidence of 
hepatocellular necrosis (although a high incidence of single cell 
necrosis was still observed) and microgtanuloma. Therefore, a 
high-dosage level of 200 mg/kg/day was chosen for the 
carcinogenicity study which would be expected to produce a 
considerable insult to the liver during the two-year study. This 
dosage would 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 doaage atudy of Abbott-
84538 in rats, Abbott Lab., Abbott Park, IL, L·r.·t # 86-701-AL, 
September 30, 1994 (Rf&D/94/166)* 

Groups of male Qnd female rats [weight: 75-150 g; age: 4 weeks; 
strain: Crl:CD-(SD)BP.; 15 animals/sex/group] received Abbott-
84538 in the diet at dose levels (0, 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, 
rcugh coat and hunched posture were noted in male rats (200 
mg/kg/day). Emaciation also occurred in some female rats (175 
mg/kg/day) and 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 cont~ols during 
most of the treatment period. Group mean body weight g~jns fnr 
male and female rats in these two top dosage groups were also 
siynificantly lower (p•0.05) than the respective controls. At the 
end of thr~e-month treatment period, the group 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 conLrols. 
The male rats (160 mg/kg/day) and female rats (125 mg/kg/day) haG 
approximately 42\ and 29% lower group mean body weight gains than 
the respective controls. Male rats (100 mg/kg/day) had slightly 
decreased group mean body weight gains (approximately 6% less 
than the controls) at the end of the treatment period. No 
biologically 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 Consumptiont group mean food consumption for 
male and female rats (200 mg/kg/day for males and 175 mg/kg/day 
fur females) and male rats (160 mg/kg/day) were significantly 
lower (p•0.05) than the respective controls throughout the entire 
treatment period. Female rats (125 mg/kg/day) had significantly 
lower (p•0.05) 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 (p•0.05) for 
the mid-dose (100 mg/kg/day) males during days 56-83 and for low 
dose (SO 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). Clinical 
a_iochemistry: ALT and AST group mean values were significantly 
higher (ALT: 5-9 and AST: 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, there 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 leos 
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 for 125 and 175 mg/kg/day females). There 
were also some large individual GGT values in the lower dosage 
groups of each sex as well. [It is interesting to note the 
absence of any meaningful differences between groups in the ALP 
values from these animals as contrast to the GGT findings. ALP 
increases in response to chulestasis in the 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 male~ and 1.7-2.3 
fold in females) in the 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 occurred in these animals and were consistent 
with previous findings from similar studies with the test 
compound]. Organ Weights: the mean absolute and relative 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. LJmpared to 
the controls, significantly increased spleen weight occurred 
(p=O. OS) 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-8453L on Day 14 Following Three-Month 

Oral Administration to Rats 

soo/3o9 1000/759 1600/1259 2000/1759 
Sex 

AUCo.u (JJ.:J*hr/ml) 

Males l. 9 9. ll 24.66 49.48 

Females 1.14 14. 78 35. 96 6S.97 

Microscopic Observations; several organs were found with 
microscopic abnormalities, they included eyes, liver, thyroid, 
spleen, lungs, various lymph nodes and thymus. The eye lesions 
centered on the retinal pigment epithelial (RPE) cell layer. This 
single-cell layer, positioned between the choroid and the 
neuroretina, revealed cellular enlargement and individual nests 
of phagocytic cells (histiocytes) scattered along its length. 
Retinal degen~rati.Qn 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. ~iv~L.i. scattered, multifocal somewhat 
enlarged histiocytes {macrophages) were rand·Jmly positioned in 
small groups. In addition, each involved liver revealed a mix of 
additional reactive microscopic changes that could include 
multinucleated hepatocytes, portal areas with examples of bi.le 
duct hyperplasia, microfoci of single cell necrosis, karyomegaly 
of hepatic cell nuclei, examples of cholangitis and/or 
pericholangitis and tiny foci of chronic inflam~ation. 
Microgranuloma formation and the reactive changes were generally 
greater in the male rat liver from each of the four groups 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 



NDA # :l0-659 PHARMACOLOGIST'S REVIEW Page 28 

changes while the males at 200 mg/kg/day had the most. The 
.incidences of liver lesions are summarized in Table 7. Thyroidi 
follicular epithelial cell hypertrophy was observed in all dosage 
groups including controls. The incidence of occurrence was 
convincingly greater and dose-r~lated in the three highest dosage 
(75, 125 and 175 mg/kg/day) fem·1P. groups. The incidence of 
occurrencP for males was somewt, irregular with respect to a 
dose relationship. A reasonabie ~0rrelation seemed to exist in 
the two highest dosage female gr-oups 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 display:lng 

lesions; 10 animals/sex/group) receiving Abbott-84538 
in diet for three months 

0011199 <• /kg/day) 
LHions 

50ct/309 100ct/759 160cr/1259 ZOOd/1759 

MlcroeranulOlllll d a 10 10 10 
9 0 z 2 7 

Single cell necrosis d 10 10 9 10 
9 2 9 6 9 

Multinucleated 10 10 10 10 
h~tocyte• d 0 7 6 9 

9 

Perichol1ngitl1 d 9 10 10 10 
9 4 10 10 10 -

Bile duct hyperpl11i• d 10 10 I 10 9 
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 
t~eated-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 o 
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(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. A NOEL of Abbott-84538 following 
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 ~tudies 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 levels that 
are lower than those projected in humans. The hepatotoxicity seen 
in rats and mice from the three-month MTD studies precludes using 
any hig~er doses in the carcinogenicity studies. 

When rats received 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 (rnicrogranuloma, multinucleated hepatocy·es, 
pericholangitis, bile duct hyperplasia and single cell necrosis). 
Dosages of so 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 sehes and 
microgranuloma and multinucleated hepatocytes in males) . 
Therefore, a high-dosage level of SO mg/kg/day was chosen for the 
carcinogenicity study, This dosage is expected to produce 
considerable hepatotoxicity during the two-year treatment. Pl' ;roa 
drug exposure lev~ls of approximately 6-11 µg•hr/ml are expect~d 
at this dosage after at least three months of treatment. The 
expected drug 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 piga, Abbott Lab., Abbott Park, IL, 
Lot # 77-561-AL, August 25, 1995 (R&D/~5/514)* 

Groups of guinea pigs were used to evaluate Abbott-84538 
potentia~ 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 

Concentrations 
Tnt Group No. of Test Material 

ani•l• 1 It f l"llb: t I on 2nd inciuction chal lenp topical 
lntradenMl toPic•l 

T1 10 vehicle 0.2X HPMC Petrolat1.11 25X & 45X Abbott· 
14538 in 

Petrolat1.11 (w/w) 

TZ 10 . DNCB 0.2X In 8CX ETOH O.ZI In 80X ETOH o.1x In aox ETOH 

T3 10 Abbott·84538 1X In 0.2X HPMC 45l In P1crolat1.11 251 and 45X In 
(W/W) PetrolatUlll Cw/w) 

HPMC: Hydroxypropyl methylcellulose 
DNCB: l-chloro-2,4-~initrobenzene (positive control) 

Result.s..;__ 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 or T3 animals. In 
the positive control group, slight to moderate erythema was noted 
in all animals. Conclysion: under the conditions of this study, 
Abbott-84538 did not induce delayed contact hyperse11·iiLivity in 
guinea pigs. 

Reproduction Toxicity Studies 

14. Evaluation of the effects of orally ~dminiatered Abbott-84538 
on the fertility and embryonic developMont of the rat (Segment 
I), Abbott Lab., Abbott Park, I~. 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 O (vehicle control), 20 (low), 40 (mid) or 759/1250 
mg/kg/day (high) beginning 14 days prior to the initiation of 
mating trials and continued through mating and until gest~tional 
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 si~. emaciation, dehydration and hunched posture were 
noted in a few males and females (high) . Body weighs and food 
~onsumption;. 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 and weight gains during the 
pre-mating period. Male and female rats {high) and male rats 
{mid) had decreased food intake during the pre-mating period. 
Ql:_ug 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 
(hjgh) µg*hr/ml. The corresponding values for females were 14.6 
(low), 33.l (mid) and 90.5 (high) µg•hr/ml. Anatomig Pathology: 
there were no treatment-related effects on estrous cycle, and 
male and female reproductive indices. Maternal survival and 
pregnar.~y status of the drJg-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 resorptions. There were no difterences in the incidence of 
pre-implantation and post-implantation .oases. Gross examina~ion 
of males and females at the scheduled necropsy revealed 
hepatomegaly in males (high) and females (mid and high) . No gross 
abnormalitie~ in male and female reproductive organs were noted. 

Comments: Oral administration of Abbott-84538 to male and female 
rats during the period of premating, mating and gestation 
re~ulted 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 
g.:!neration male and female rats. No effects on either fertility 
or reproductive performance were seen in this study. 

15. Bvaluation 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-AL, June 30, 1994 
(TA93-314/R&D/94/024)* 

Groups (28 females/group) of mated Crl: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-rel~ted 
signs largely restricted to the high dosage group were d~creased 
activity, emaciation, dehydration, rough and/or matted c~at, 
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 mea.1 AUC values were 17. 3, 34. 3 
and 45.2 µg*hr/ml. Body ~eight & food consumption: when compared 
to the controls, marked decreases in body weight, body weight 
gain (up to 20\) and food consumption (49-75\') were observr!d 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, deceased fetal body weights, and ~n increased 
incidence of ossification delays, enlarged fotanell~s, 
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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 obseryations1 a 
9ignificant, treatment-related increase in cryptorchidism was 
obsP.rved (high) compared to the controls. Incidences of fet~ses 
with unoesified sternebra(e) and litters with unossified 
vertebra(e) and incomplete ossification of the pubis were 
significantly greater (high) than the controls. Although not 
statistically significant, the incidence of fetuses wilh delayed 
ossification of several other bones (ischium, long bone, 
phalange) 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 
v~riation data r~vealed a significantly increased incidence of 
total numb~r ut fetuses variations (high) relative to the 
controls. 

Comment•: 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 ii. ossification delay~, enlarged 
fontanelles, cryptorchidism and wavy ribs. No treatment-related 
maltvrmations were observed in the study. The NCEL fo~ maternal 
and developmental toxicity was 15 mg/kg/day. 

16. Evaluation of the effect• of orally adminiat,red Abbott-q4538 
on embryo-fet•l development in New Zealand Whit• rabbita, 

. , Lot t 
77-561-AL, July 20, 1994 (R&cD/94/342)* 

Groups of inseminated New Zealand White rabbits (24 
animals/group) were adtninietered Abbott-84538 via vral gav·age at 
dose levels of O (vehicle controJ.), 25 (lo~), 50 (mid) or 110 
mg/kg/day during the period of major orgauogenesis (gestation 
days 6 to 19) to evaluate possible developmental toxicity of the 
test compound. Results; eleven maternal deaths occurred during 
the conduct of the study (l, 2 and 8 deaths at the low, mid and 
high, reapecl".l.vely) . Four unscheduled deaths (high) were 
considered drug-related; all other deaths in the study we1·0 due 
to confirmed or suspected intuba~ion errors. There was an 
increaseci ~ncidence of decr~ased defecation and s~ft stools in 
all treatment groupa. The 001tervation of no stool was noted (mid 
and high); rales and mucoid stool occurred only at the high 
dosage. Mean cmax v11lues of Abbott· 84538 on gastation day 20 were 
0.&5 (low) and 7.85 (mid) µg/ml; the AUCs values were 1.3 (low) 
and 28.55 (mid) µg•hr/ml [Cmax and AUC values were not calculated 
for the hi~h dosage group because plasma samples were obtained 
from each surviving rabbits at only two time points) .·when 
compared to C1")ntrol, markedly lower body weight, body weight gain 
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and food consumption were observed at the high dosage group. Upon 
gross examination, two rabbits (high) were observed with 
congestion or discoloration of the lungs. Developmental toxicity 
was observed at the high dosage level with four whole litter 
resorptions, decreased litter sizes and decreased uterine and 
fetal weights. In the mid dosage group, there were two whole 
litcer resorptions [this incidence was within the range of IRDC 
historical controls and was not considered a drug-related effect; 
the historical control data were submitteu] . 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. 

C01111Dent•: With respect to maternal and developmental toxicity, 
the no-observable-ad~erse-effdct level of Abbott-84538 when 
administered orally to pregnant female rabbits was so mg/kgiday. 
Developmental toxicity was observed at the 110 mg/kg/day dosage 
level that was maternally toxic at well. 

17. Bvaluation of U1a effect• of orally adminiatered Abbott-84538 
on the pari- anJ po•tnatal development c.f the rat (Segment Ill 
DART), Abbott Lab., Abbott Park, XL, Lot# 77-561-AL, November 
15, 1994 (R&D/94/651)* 

Groups of mat~J female rats (20 ~ats/grouc; strain: Crl:CDBR) 
.:ere admin.:.stered Abbot.t-84538 orally b:· ~avage at dosages of O 
\vehicle c~ntrol), 15 (low), 35 (mid) or 60 mg/kg/day (high) 
beginning 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 behavior as 
well as reproductive competence ~! the Fl generation. Results; no 
deaths or treatment-relatea 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 consumption among 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 ot appearance of 
developmental landmarks or learning as measuz·ed by a passive 
avoidance test were evident. The ontog~ny 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. ~'~lu.sion; a degree of maternal toxi~ity, manifested 
as transient diminutions in weight gain and food consumption · 
during the first treatment interval (GD 6-9) was noted at the 
high dJ•~. ~ne NOEL for developmental toxicity was considered to 
be ,;o mg/kg/day. 
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Genoto1icity Studieq 

18. Bacterial Raver•• Nutation A•••Y (Am•• T••t plu• B. coli) of 
Abbott-84538, Lot I 240081-AX, Abbott Lab., Abbott Park, IL, July 
16, 1993 (Study Humber TX93-222/R&D/93/399)* 

Abbott-84530 was evaluated for mutagenic activity in the 
Bacterial Reverse Mutation Assay using Salmonella typhimurium 
strains TA-1535, TA-1537, TA-98 and TA-100 and Escherichia ~ 
strain WP2uvrA-. The assay was conducted in the presence and 
absence of a metabolic activation system using three plates per 
test c~mpound concentration over a range of 10 concentrationR (1 
to 10,000 µg per Petri plate~. Abbott-84538 was non-mutagenic in 
this ass~y and no toxicity was seen. 

19. Mouse lymphoma atudy of Abbott-84538, 
Juue 13, 1994 (R&D/9,/175/TX93/472)* 

Abbott-84538 was evaluated for its potential to induce mutations 
at the thymidine kinase locus of the L5178Y TK +/- mouse lymphoma 
cell line. Abbott-84538 ~as solubilized in DMSO and added 
directly to a culture medium to expose the cell culture a~ 
concentrations ranging from 25 to 200 and 15 to 70 µg/ml without 
and with exogenous metabolic activation (rat liver 39), 
respectively. Re1ult1; there was no evidence of any mutagenic 
activity for the test compound in this assay system. 

Comment•1 In a ~ange finding test of Abbott-84538, it was 
determined trit concentrations of so µg/ml and above were toxic 
and conc~ntrations 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 
this assay (Bl) were unusable because of a high incidence of 
contamination in the cloned cultures. As a reBult, the study (82) 
was repeated, and the concentrations utilized in the present 
study were selected based on the results of th~ R2 as~ay. 

20. In Vitro Cytogenetio• Buman Lymphocyte CUlture A•••Y of 
Abbott-84538, Abbott ~ab., Abbott Park, IL, Oatoher 7, 1993 
(Study Number TX93-223/RiD/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 eYogenoue metabolic 
activation system. Concentrations of O.l to 1000 ~g/ml were ~Bed 
in both the non-activation ~nd activation tests. Abbott-84538 was 
non-genotoxic in thi~ assay. Toxicity was seen ~t =oncentrations 
of 10 µg/ml and greater. 

--
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21. Moua• mi~ronucleua ••••Y nf Abbutt-84538, Lot # 77-561-AL, 
Abbott Lab., Abbott Park, IL, January 5, 1994, (Rl&D/93/706)* 

Abbott-84538 was evaluated for mutagenic activity in an in vivo 
mouse microm1cleus assay. Male and female mice ( 5 mice/sex/group) 
were treated with two successive daily oral doses of Abbott-84538 
at levels of o (vehicle control), 125, 250 or 350 mg/kg. Bone 
marrows were harvested approximately 30 hr after the last dose. 
R§sulta: there was no dose-related increase in the number of 
micronucleated bone marrow polychromatic erythrocytes compared to 
vehicle-treated control mice. Cgnglueion; Abbott-84538 was non­
mutagenic in this assay and no toxicity was seen. 

Preliminary Toxicity Studies 

22. Two-Week Oral Toxicity Bvaluatiou of Abbott-84538 in Rat• 
(Bxploratory R••••rch Report/Rld>/93/157/Study No. TA93-056) 

The purpose of the present exploratory study was to provide 
pre."dminacy toxicity and pharmacokinetic data for Abbott-84538, 
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 Doaagf';l·Ra.'1ge-l'inding Toxici.t:y Study of Abbott-84538 in 
Dog• (Bxplorator)• Reae~rch Repo~t/Rl&D/93/169/Study No.TB93-036) 

The purpose of the present exploratory study was to provide 
additional toxicity and pharmacokinetic data for Abbott-84538 
that will be used in the determination of dosage levels for the 
one-month oral toxicity study in dogs. Drug wQs administered by 
oral gavage fo~ 14 days at dosages of 10, 30, 100 or 250 
mg/kg/day. This study will not be reviewed. 

24. Oral palatability •tudy of Ahbott-84538 in mice, Lot # 79-
594-AL, Abbott Lab., Abbott Park, IL, April 4, 1994, (R~/93/886) 

Groups of male and female mice [age: 5 weeks; strain: Crl:CD­
l(ICR)BR; 16 animals/sex/group) received Abbott-84538 in the diet 
at dose levels of o, SO, 100, 200 or 500 mg/kg/day for 20-21 
consecutive days . .c.l...i.Iiical Signs: dose-related incidences of 
rough coat aad urine dtain on hair were noted in some animals at 
all dose levels except the controls. Hunched postur.e was noted in 
soml· mice given 500 mg/kg/day. Body Weights; when compared wit11 
the .:..iaseline, body weight lose occurred in both .nale and female 
mice (500 mg/kg/day) during the first week of treatmenc. The 
group mean body weighto for both male and female mice were 
significantly lower than those for the control throughout the 
treatment period. Fogd Cgnsumption:. significant decrease in food 
consumption was n~.>ted in male and female mice ( 500 mg/kg/day) 
during the firet week of treatment. ~lasma Drug Concentrations: 
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The At1C values were l.5, 9.8, 59.7 and 229.3 µg•hr/ml for the 
males at dose levels of SO, 100, 200 and 500 mg/kg/day, 
respectively. The AUC values of Abbott-84538 increased in a 
greater than dose proport~onal manner and were greater in female 
mice than thos~ recorded for male mice in each of the dosage 
groups. 

Comment•: 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 rat•, Lot # 77-
561-AL, Abbott Lab., Abbott Park, IL, May 12, 1994, (R&:D/93/025) 

Groups of 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. Clinical 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 !eights; dose-related decrease in body 
weight was observed in both male and female rats At the end of 
the treat~ent period, mean body weights for male and female rats 
(400 mg/kg/day) were decreased to approximately 76% of the 
control group. Percent body weight gains over the course of the 
treatment period, as calculated from mean body weight values, 
were 198, 100, 78 and 51% of the control group for males and 95, 
77, 49 and 30% of the control group for females at the 100, 200, 
300 and 400 mg/kg/day dose levels, respectively. E.Qgg 
Coniumption; on day 1, there was a doae-related decrease in food 
cons~mption for treated animals of both sexes. M~an food 
consumption for the 400 mg/kg/day group was markedly reduced on 
day l; the food consumption values were 42% of the control group 
fo~ males and 34% of the control group values for females. The 
food consumption for this group remained significantly lower than 
that cf the control group at the end of the treatment period (67% 
for males and 65% for females) . Plasma Drug Concentrations; ttle 
AUC values were 3.4, 11.4, 39.2 and 72.6 µg•hr/ml for the males 
at dose levels of 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 concentration of Abbott-84538 in 
female mice were substantially higher than those recorded for 
male mice ih each of the dosage groups. 

Comm•nta: The degree of palatability of Abbott-84538 in the diet, 
as measured by food consumption, appear,ed to decrease with the 
increase in dose level•. 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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NON-CLINICAL PHAR.MACOKINBTICS 

Summary of Non-clinical Pharmacokinetic• Studi•• 

1. Preclinical Pharmacokinetic Summary of Abbott-84538 in 
Mouae, Rat, Monkey and Dog (R&D/93/667) 

2. Pharmacokin•tic• of Abbott-84538 in Rat• During Oral 
Admini•tration of 15, SO, 100 and 150 mg/kg Once-Daily 
Regimen• for 28 Daya (Protcaol TA93-193/R"1>/93/621) 

3. Pharmacokinetic• of Abbott-84538 in Rat• During Oral 
Admini•tration ~f 15, SO, 100 and 150 mg/kg Once-Daily 
Regimen• for 28 Day• (ll"rotocol TA93-193/R&D/93/621) 

4. Pharmacokinetics of Abbott-84538 in rat• during oral 
admini•tration of 15/25, 50/75 and 125/175 DlSJ/kg once­
daily regimen• for 3 :montha, L• ~ # 77-561-AL, Abbott 
Lab., Abbott Park, IL, A~ril 14, 1994, (R~D/93/881) 

s. 

6. 

7. 

o. 

9. 

10. 

11. 

Pharmacokinetic• of Abbott-84538 in female and male 
rat• after ingeation of 30/50, 75/100, 125/160 and 
175/200 mg/kg daily doaage• mixed in the diet for 3 
month•, Lot # 86-701-AL, Abbott Lab., A?bott Park, IL, 
October 21, 1994, (R&D/94/682) 

Pha.rmacokinetica of Abbott-845~8 in rata during once­
d.aily aciminiatration of 25, 75 and 175 (150) /125 (100) 
mg/kg for 6 montha, Lot# 79-594-AL, Abbott Lab., 
Abbott Park, IL, June 30, 1994, (Rf&D/94/378) 

Pharmacokinetica of Abbott-84538 in pregnant rat• 
during oral adminiatration of 15, 25 and 75 mg/kg once­
daily regimen• fo~ 12 days, Lot # 77-561-AL, Ab~ott 
Lab., Abbott Park, IL, June 23, 1994, (R6icD/93/880) 

The metabolism and diapo•ition of Abbott-84538- 14C in 
rats, Lot # 39226-BS-141, Abbott Lab., Abbott Park, IL, 
Auguat 3, 1994, (R~/94/611) 

Biliary excretion ~fter iv or intraduodenal 
adminiatration of C-Abbott-84538 in ohronieally bile 
duct cannulated female rata, Abbott Park, IL, November 
29 I 1994 I (Rl&D/94/878) 

In Vitro Prot1o.._.n Binding of Abbott.-84538- 14c in Rat, 
Dog. Monkey and Human Plaama (Protocol V93-
014/RtJ>/93/24l) 

Di•tribution of Radioactivity in Ti•lue• of Rat• after 
oral Admini•tration of Abbott-84538- C, Abbott Lab., 
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Abbott Park, IL, Lot # 239978-AX, June 3, 1994 (Report 
# 23/Rl&D/94/438) 

12. Distribution of radioactivity1~n ti••ues of male rats 
after oral administration of C-Abbott-84538, Abbott 
Lab., Abbott Park, IL, June 5, 1995 (R&D/95/377) 

13. In vitro mataboliam of Abbott-84538- 14c by rat, dog and 
human liver microaomea, Lot I 4794~-SS-09, Abbott Lab., 
Abbott Park, IL, December 8, 1994, (Rf&D/94/927) 

14. Hepatic drug metabolizing activity in rat• after 14 
dayc of oral administration of Abbott-84538, Abbott 
Lab .• Abbott Park, IL, September 8, 1995, (R&D/95/552) 

15. Pharmacokinetica of Abbott-84538 in Dogs During Oral 
Administration of 10, 50 and 150/200 mg/kg Once-Daily 
Doaagti Regimens for 28 Daya (Protocol TB93-
192/R&D/93/632) 

16. ~harmacokinetica of Abbott-84538 in doga during oral 
adminietration of 10, 50 and 200/100 mg/kg once-daily 
regimen• for 3 month•, Lot# 77-561-AL, Abbott Lab., 
Abbott Park, IL, April 25, 1994, (R&D/94/191) 

17. Pharmacokinetica of Abbott-84538 in dogs during once­
daily admiAiatratio~ of 10, 50 and 125 mg/kg for 6 
montha, Lot# 83-501-VP', Abbott Lab., Ab~~tt Park, IL, 
DQCember 8, 1994, (R&D/94/610) 

18. The Met~~oliam aud Diapoeition of Abbo~t-84538- 14c in 
Dogs (Protocol• V93-012/V93-020/R&D/93/629) 

19. Revised atruc~ural identifica~ion of metabolites of 
Abbott-84538- C in dogs and aompariaon to rat 
metabolites, Lot# 39226-BS-141, Abbott Lab., Abbott 
Park, IL, Auguat 22, 1994, (R&D/94/639) 

20. Binding of Abbott-84538-[14cJ to Human al-Acid 
Glycoprotein (AAG) and Human Serum Albumin (BSA), Drug 
Lot No. 39226-BS-141, Abbott Laboratories, Abbott Park, 
IL, November 3, 1993, (Rl&l>/93/760) 

21. Effect of •elected drug•
14

on the iu vitro protein 
binding of Abbott-84538- C in human pla•ma, Lot # 
39226-BS-141, Abbott Lab., Abbott Park, IL, November 
18, 1993, (Rl&D/93/829) 

22. Tabulation of conoentr~ti~n data of Abbott-84538 in 
pregnant New Zealand Whit• rabbit• after oral 
adm.inietration of Abbott-84538, Lot # 79-594-AL, Abbott 
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Lab., ~bott Park, IL, August 10, 1994, (R&D/94/235) 

23. Tabulation of concentration data of Abbott-84538 
collected during fertility and embryoni~ development 
evaluation in rat• after oral admini•tration of Abbott-
84538, Lot# 77-561-AL, Abbott Lah., Abbott Park, IL, 
Augu•t 1, 1994, (RQD/94/290) 

24. Allometric Analysis of Pharmacokinetic Data of Abbott-
84538 (R&D/93/67~) 

Review of Pharmacokinetic Studiea: 

1. Preclinical Pharmacokinetic Summary of Abbott-84538 in Mou••· 
Rat, Monkey and Dog (RllD/93/667) 

The pharmacokinetic behavior 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~ < s 
mini followed by an apparent elimination T~ of 0.6-1.1 hr; a 
slightly longer plasma elimination T~ (2.26 hr) was noted 
fol:owing IV administration in monkeys. Results of other 
pharmacokinetic parameters are summarized in Table 1. 

Table l 
Pharmacokinetic Evaluation of Abbott-84538 in Mice, Rats, Monkeys 

an d Dogs 

Species Doae (1119/kg) Vd CL, c:_ (µg/ml) p (\) 
" Route (l/kg) (l/hr/kg) 

Mouse 25 IV 0.26 
25 PO 28.6 74.2 

Rat 5 IV 0.95 1.0 
5 PO 1.36 70.7 

10 PO 1. 89 77.5 
50 PO 5.3 141.6 

100 PO 8.51 134.6 

Monkey 5 IV 2.16 0.67 
5 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 
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l. Tabulation of concentration data of Abbott-84538 in mice 
after 200, 400, 600 and 1000 mg/kg/day dosages mixed in the diet 
for three months, Lot# 86-701-AL, Abbott Lab., Abbott Park, IL, 
October 31, 1994, (R&D/94/734) 

Groups of male .:ind 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 the study. kepults; mean pharmacokinetic 
parameter estimates for Abbott-84538 are summarized in Table 2. 
The mean drug plasma concentrations generally increased with dose 
size. The mean dose-normalized Cmax ana AUC values show~d that 
increases in both Cmax and AUC were generally linear. 

Table 2 
Mean pharmacokinetic parameters of Abbott-84538 tn male and 

female mice after 200, 400, 600 and 1000 mg/kg/day . ],")gages mixed 
in diet for three months 

Dose (119/k1/dliy) c.x (l&ll•l) TMX (hr) C.x/D <1&1/111l ) AUC/O Cl/F 
(f1.g•hr/111l) Cl/hr/kg) 

200 5.1 5 0.026 0.4Z2 2.3 --
400 9.4 5 0.023 0.424 2.J 

600 12.l 12 0.020 0.449 2.2 

1000 18.8 12 0.018 0.389 2.~ 

Comments: The mean dose-normalized AUC values from a 14-day 
toxicity study in mice, oral dosing vla gavage were generally 2 
to 4 times higher than the AUC/D values obtained in the present 
study. 

3. Pharuacokinetics of Abbott-84538 in Rats During Oral 
Admini•tration of 15, SO, 100 and 150 mg/kg Onc~-Daily Regimens 
for 28 Daya (Protocol TA93-193/Rf&D/93/621) 

ll 

This report characterized the pharmacokinetics of Abbott-84538 in 
rats after an oral gavage of 15, SO, 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 

Fe ma l R D th F' t D d 27th D Aft 0 1 G e ats uring e irs ose an ose er ra avage 

I Do•age Reciimens, ma/kcr/day, oral 

Purameters lS 50 100 150 

Day 0 Day Day 0 Day Day 0 D11y Day 0 Day 
37 27 27 27 

AUCc,.34 M 4.6 3.6 52.9 27.6 na na 117. 9 63.3 
(ua*hr/ml)F 8.8 S.3 52.9 24.S na 91. 3 110.3 na 

c .... 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 s.s 7.9 na 

F 

Tnu M 5 ti . 2 8.4 7.2 na :ua 3.6 3.6 
(hr) F 5 5.2 6.2 5.2 na 1. 4 .. na 

Cl/F M 4.l 4.6 0.9 1.9 na na 1.4 2.6 
(l/hr/kg) F l. 7 3.S 0.9 2.1 na l.2 1.4 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 slightly less than a factor 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 
decrenses in normalized AUC values and peak plasma concentrations 
after multiple dosing could either be due to decrease in 
bioavailability or due to autoinduction of the metabolizing 
enzymes. 

4. Pha~cokinetic• of Abbott-84538 in rat• during oral 
administration of 15/25, 50/75 and 125/175 mq/kg once-daily 
regimen• for 3 month•, Lot# 77-561-AL, Abbott Lab., Abbott Park, 
IL, April 14, 1994, (R.i>/93/881) 

Pharmacokinetics of .\bbott-84538 in male and female rats during 
oral admini~r.ration of 15/25 (day 0-14: 15 mg/kg/day, day 15-end 
of study: 25 mg/kg/day), 50/7~ (day 0-14: 50 mg/kg/day, day l~­
end of study: 75 mg/kg/day) or 125/175 (125 mg/kg/day for females 
and 175 mg/kg/day for males) regimens for. 3 months was 
investigc-red.. Blood samples were collected at 1, 4, 8, 12 and 24 
hr aftez · daily treatment on days O, 29 and 84. Results; mean 
pharma .,, .. c 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 p~opcrtionally) 
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 multipl~ 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 male rar.s 

:.able 4 
Pharmacokinetic }:'. , ,,net~rs of Abbott-84538 in rats during oral 

administr..~~tio:ri o~ ... '15, 50/75 and 125/175 mg/kg/day for 3 months 

~o 
75 
75 

175 cl 

125 9 
175 cl 

125 9 
175 cl 

125 9 

0 
29 
84 

0 
29 
84 

0 
0 
29 
29 
84 
84 

C.U/D (~g/1111 ) AIJC/D C~/F 
C~g*hr/1111> Cl/hr/kg) ------- .. __ .,._......;.:;..._ ______ +-_.....-.... ....... ..._ .... fl 

3.5 
5 

2.9 

4. 1 
7.6 
6.9 

1.6 
3.4 
1.6 
2 

5.5 
a 

o.oa 
0. 10 
o. 10 

0.09 
0.05 
0.06 

0.04 
0.09 
0.03 
0.06 
0.04 
0.05 

0.51 
0.57 
0.78 

1 .09 
0.62 
0.17 

0.62 
1.13 
0.49 
1.02 
0.55 
0.78 

2.37 
1.85 
1.34 

0.93 
1 ,65 
1.43 

1.83 
0.94 
2.28 
1.12 
1 .85 
1.27 

Comments: The Cmax/D values were probably increased less than 
proportionally with dose size. A number of factors might be 
respo~sible for the differences, including the confounding 
effects of satur~ble metabolism and solubility-limited 
dissolution. 

S. Pharmacokinetica 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 gavaged Abbott-84538 
at dose levelti of 30 (9) /SO (o) (Tl), 75 \9) /100 (o) (T2), 
125(9)/160(0) (T3) or 175(9)/200(0) (T4) to determine the 
pharmacokinetics of the test compound as part of the three-month 
toxicity study. Blood eamples were collected at approximately 2, 
5, 12 and 24 hr after the drug administrati•:m on study days 14 
and 84. R~sults; mean pharmacokinetic parG1neter 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 was more 
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than proportional for both male and female rats. The increase of 
cmax/D and AUC/D with dose size was statistically significant 
(P~0.001) for both male and female rats. The mean Crnax/D and 

AUC/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 S 
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 <11111/kg/day>& CaJI (Jg/•l) TMU (hr) C.X/0 (ll/lll) AUC/D CL/f 
Day (,.~/llll) (l/hr/kg) 

50ct; 14 0. 19 7.2 0.006 Cl Ot 36.9 
84 0.46 9.2 0.016 0 --r ,c.J 5.20 

309; 14 0. 12 9.5 0.002 0.023 35.18 
84 0.17 10.6 0.004 0.032 41.39 

100d; 14 0.62 10.6 0.008 0.121 8.l 
84 1.53 7.8 0.020 0.290 3.5 

759;14 1 .08 10.0 0.011 0.148 7.3 
84 1.84 9.2 0.018 0.234 4.3 

160d;14 1.67 9.2 0.013 0.197 5.2 
84 3.35 5.2 0.027 0.459 2.2 

1259; 14 2.33 13.0 0.015 0.225 4.49 
84 3.70 5.2 0.023 0.419 2.40 

Z00ct;14 3.96 6.0 0.023 0.283 3.61 
84 5. 14 12.8 O.J29 0.532 2.23 

1759; 14 3.83 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 that Cmax and 
AUC values of Abbott-84538 increased with dose size and the 
increase was more than proportional to dose size, which miqht be 
partly due to the presence of saturable metabolism. The Crnax and 
AUC values increased at least sot 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 loweI' AUC and 
Cmax values obtained in the present study relative to that 
~btained in the 1- and 3-month toxicity 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. Phara:.acokinetica 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, ZL, June 30, 
1994 I (R&D/94/378) 

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 determine the 
pharmacokinetics of the test compound as part of the six-month 
toxicity study. Blood samples were cvllected at approximately 1, 
4, 8, 12 and 24 hr after the drug administration on study days 14 
and 174. Resultfk mean pharmacokinetic parameter estimates for 
Abbott-84538 are summarized in Table 6. The mean Cmax and AUC 
values 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 mean AUC/D for female 
rats (high) statistically significantly (P•0.032) higher than 
male and female rats in other groups. 

Table 6 
Mec-.n pharmacokinetic parameters of Abbott· 84538 in rats after 

daily oral administration of 25, 75 and 175/100 mg/kg/day for 6 
months 

OOH (mg/kg/day)& Clllalt (I'll/Ill ) T•x (hr> C.x/D <•11/•ll AUC/O Cl/F 
D•Y <•a*hr/mll (l/hr/ka> 

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 3.3 6.6 0.04 0.51 2.0 
174 7.6 2.9 0.10 0.44 1.2 

175 d; 14 4.6 5.a O.Ol 0.31 3.6 
125 9;14 5.3 5.2 0.04 0.54 1 .8 

150 d;174 6.2 5.3 0.04 0.55 1.9 
100 9;174 11.0 a.o 0.11 1. 7 0.6 

Comments: With the exception of female rats (high), the AUC/0 
values were relatively similar for dosages ranging from 25-150 
mg/kg/day for male rats and 25-75 mg/kg 'day for fema.le rats after 
dosing for 6 months. The AUC and Cmax values increased about 2-
fold after doing for six months compared to the values obtained 
after dosing for two weeks. 
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7. Pharmacokinetica of Abbott-84538 in pregnant rats during oral 
administration of 15, 25 and 75 mg/kg once-daily regimen• for 12 
days, Lot# 77-561-AL, Abbott Lab., Abbott Park, IL, June 23, 
1994, (R&D/93/880) 

The pharmacokinetics of Abbott-84538 in pregnant rats during 
embryonic and fetal development 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 1, 4, 8, 12 and 24 
hr af~er the treatment on gestation day 16. Results; are 
summarized in Table .7. Both Cmax and AUC values in pregnant rats 
increased lesa 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 
sionif icant dose effects were found for Tmax. 

Table 7 
The mean pharmacokinetics parameters of Abbott-84538 in pregnant 
rats after once dally dosing for 12 days 

----Dose cmex TlllP !ti: ) AOC <•t*hr/111l> CL/F C.x/D AUC/D 
(1119/kg/diy) <•"/ml> < l/hr/kll) 

15 2.6 2.5 17.3 0.9 D.17 1.15 

35 2.a !'" .5 34,:, 1., o.oa 0.98 

T5 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. It is also possible that the above differences 
simply reflected the variability in the study. 

14 8. The metabolism and dispo•ition of Abbott-84538- C in rats, 
Lot# 39226-BS-141, Abbott Lab., Abbott Park, IL, Augu•t 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-duodenal dose of the drug bearing 
carbon-14 label within the valine portion of the molecule. HPLC 
with radioactivity flow detection was use to obtain the metabolic 
profil~s of the compound in plasma, urine, fecal and bile 
samples. Results; 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, 92.8' of the dose was recovered in the feces 
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and l.B\ was recovered in the urine and cagewaah. Intra-duodenal 
dose administration resulted in only 21.6t of the dose in the o-6 
hr bile, indicating that about 30\ of the dose was Absorbed from 
the GI tract in thi• rat model. 

Abbott-84538 underwent extensive hepstic biotranaformation in 
rat, with only trace amount• (0.5-l.9t) of unchanged parent drug 
observed in the 0-6 hr b~le collected atten IV or intra-duodenal 
dosing. Eight metabolite• of Abbott-84538- C have been 
tentatively identified in rat bile baaed on maaa apectrometry. 
All 8 metabolites were formed via oxidation reaction• involving 
hydroxylation of the thiazolyl iaopropyl group (M-2, M-5 and M-
12), the N-rn~thylurea moiety (M-10) or the urea moiety following 
N-demethylation (M-3), oxidation of the iaopropylthiazolyl N or s 
heteroatom• (M~9), and oxidative elimination of th• 
methylthiazolyl carbamate group (M~l, M~S) or the 
iaopropylmethylthtazolyl group (M 11) . Uncha~ged parent drug and 
theae metabolitea together aeeounted for 6l-62t of the total do•e 
radioactivity recovered in rat bile after IV and intra-duodenal 
dosing. 

Radioactivity in rat feces consisted mainly of unchanged parent 
drug (46\) attar oral admini•tration. M=2 (14.2') was the mo•t 
abundant fecal metabolite after oral doaing. D••Pite it• nearly 
complete absence in bile, Abbott-84538 contributed 22.9' of the 
fecal radioactivity after IV dosing, while the major biliary 
metabolite M-9 was not present in feces. Reduction of biliary MR9 
in the GI tract may be responsible for thio app•arance of parent 
drug in feces. 

Only unchanged parent drug waa detected in pooled plaama sample• 
collected between 0.25 and 8 hr after oral administration. Out to 
2 hr after IV administration, 91.s-100• of the radioactivity in 
plasma at any single time point consisted ot unchanged parent 
drug. M-1 was the only metabolite detected in plaama: 
contributing up to 8.5, of the plaama radioactivity at any single 
timepoint. · 

Comment•• Abbott-84538 underwent extenaive hepatic metabolism in 
rats to afford numeroua metabolites which were eliminated 
predominantly via the bile. Par•nt drug is converted to five 
primary metabolites; the dea-thiaaolyl carbamate hydrolyaia 
product, M-1, the iaopropyl thiazolyl oxidation product, M-2, the 
thiazolyl heteroatom oxidation product, M-9, the N-hydroxymethyl 
urea metabolite, M-10 and the des~iaopropyl thiazolyl hydrolysis 
product, M-11. Several secondary metabolite• are then produced by 
further biotransformation of the primary metabolites. The route 
of administration appeared to affect the protile of metabolite• 
observed in pla•ma, feces and bile. 
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'•' Biliary excr•tion aft•r iv oi- intraduo6•n•l admj,_ni•t,ration of 
c .. Abbott-84538 in ahroniaally bile duct cannulat•d female rate, 

Abbott Park, IL, Novtmber 29, 1994, (ac.D/94/171) 

The metaboliam and excretion of A.bbott-~4539 w•r• studied in 
female rats with chronic bile durr cannula& given a 20 mg/kg 
intr•duodenal doae or a s mg/kg iv do•~ of the drug bearing a 
uniform carbon-14 radiolabel within the valine portion ot the 
molecule. Ropulta; after the iv admir.iatration, 55.67t of the 
do•e waa excr~ted in the bile ot temale rata withih 34 hr. 
Ineraduodenal a<lminiatration resulted in a mean racovery of 
27.59' or the doae within 24 hr bil•. For both do••9•• route•, 
only o.5-~.2' of the do•• waa excreted in the 24 hr urine. The 
metabolite pattern• obtained in bile for female rats via both 
admini1tration routea were similar, with both indicating 
extenaive hepatic metaboli•m of drug. The parent dru~ accounted 
for 10·12.7' of the mean 0 .. 24 hr bili•rY r•dioActivity after 
eithar dosing rout'.e, while M-1 ( lL 8 .. 19. 2• of biliary 
radioactivity), M-2 (15.2~22t) 1 M-10 (11.7-14.lt) and th• 
combination of M-11 and M-12 (ll.7-12.l'l ware the major 
metabolitea pre•ent. Compari•on of biliary m~tabolite compo•ition 
b@tween male rats (previous aimilar •t~dy) and female rats 
(present study) indicated that a much larg•r p•rc•ntage of total 
biliary radioa~tivity in female rat• conai•ted of unchang•d 
parent drug than seen in male rat• (O.S-1.9t). Biliary 
percentages of M-2 ~nd M-10 were alao larger in temale rat bil@ 
than in male bile (6.S•-12.6t M~21 l.4tsJ,6t M-10) collected 
after either dosage rout•. Aft•r doaing by both rout••, male rat~ 
displayed much larger percentages (J8.6&J9.l\) ot biliary 
radioactivity re•iding •• many un-characterized minor metabolit•• 
than w~r~ ~een in female bile (12.3-l6t). 

Comment•• The difference• in bile radioactivity •xcr•tion rates 
~nd metabolite composition betwean male and tamale rat• •uggeatad 
th~t aex apecif icity in the hepatic cytochrome P450 enzyme• 
involved in the oxidative metaboli•m ot the drug (eg., th• 
demonstrated absence of cytochrome P450 3A2 and 2Cll in female 
rate) may be responsible for the •low•r clearance ot Abbott-84538 
in female rata compared to malea. 

10. Xn Vitro Protsin Binding of Abbott-8453B= 14C in Rat, Dog, 
Monkey and Hwaan Pla•ma (Protoaol Vtl-014/R•D/ll/243) 

The in vitro pla•ma protein binding of Abbott-8453B- 14C was 
determined via •n equilibrium dialy•i11 technique in rat, doi, 
monkey and human pla•ma at tive different initial drug 
concentration•: 0.01, 0.1, 1.0, 10 or 30 µg/ml. Binding wa• 
exten~ive in all four apecie• over th• entire 3000-fold 
concentration range. Mean plaama protein binding percentages ot 
97.~·99.2\ tor rat, 99,g.99,4t tor dog, 96.2~99.2' tor monkey and 
99.J-99.5t for human w•r• obtained. No •ignificant ••x 
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differances in the degree of protein binding were observed for 
any of the four specie• ~t ~ny concentration. 

ll. Di•tribution of Radioaativi~ in T11•u•• of Rat• after Oral 
Admini•tration of Abbott-84538- c, Abbott Lab., Abbott Park, IL, 
Lot I ~39978-AX, June l, 1994 (Report I '3/R•D/94/438) 

The diutribution of radioactivity ~~ ni1111ue1 of fema_le rats given 
a SO mg/kg oral dose of Abbott-14538- c waa examined at 1, 3, 6 1 

9, 12, 24 and 48 hr after adminiatration. IJ,11u1 11y1l1; the 
radioactivity in the liver waa 133 µ.g equivalent/g of ti••u• at 3 
hr, which was li.4 tim~• greater than th& corre1pondin9 plaema 
concentration of 11.~ µ.g equivalent/g. Th• next highe•t drug 
concentration• at ] hr were round in the adrenals (72 µg eq/9), 
pancreas (41.l µg eq/g), kidneys (37 µg eq/g) and thyroid (47.4 
~g eq/g) . Mmximum radioactivity concentration in all other 
tiaauea except eye• and brain were toughly aimilar to the 3 hr 
pla•ma concentration. The majority of the 48hhr tiaaue 
radioactivity waa eontained in the liver (~.7 µg aq/g) 
correaponded to 0.24' of the doae. Pl••m• l1Y..ll•i the l•v•l• of 
radioactivity in plaama and moat tia1uea declined over the first 
12 hr a!ter do11in'J. The plaan1a level• declined •lowly 1 from • 
peak conc~ntration of 11.2 µg eq/g at 3 hr to 5.84 µ~ eq/g at S 
hr. At 12 hr, plasma radioactivity concentration• declined 
preeipitoualy to 0.07 µg eq/ml, accompanied by •imilarly large 
deer••••• in tia•u~ radioactivity level•. 

Fecal axcretion accounted tor 99.2' of th• do•• within 48 hr, 
while J.lJ\• of the dose wa• recovered in the urin~ and ca~ewash. 
Th• overall recovery of radioactivity wa• 101~. 

13. Diatribution of radft~aativity in tia•u•• of male rat• after 
oral adminiatration of c-AJ:aoott-14131, Al:mott Lab., Abbott 
Park, IL, Jun• 5, 1915 (Rl&t>/95/377) 

Th• distribution at radioactivity in te•tea, proatate and other 
aelectnd tiaauea ot male rat11 given a 50 mg/kg dose of c~ 
Abbott-84538 waa examined at l, 3, 6 and 48 hr after 
administration. 811ult1..1 concentration• of radioactivity wer• 
higheat in all tiuwue~ and plaama •t l and 6 hr atter doaing. At 
6 hr, radioactivity level• in the teatea and proatrate were 1.52 
and 8.&4 ~g eq/g, respectively, each corresponding to O.Olt of 
the total do•• radioactivity. The large•t amount of radioactivity 
reuided in the liver, th• major organ of elimination of Abbott-
84530, which contained a mean concentration of 136 µg eq/g at l 
hr and 123 ~g eq/9 at 6 hr. The adrenal•, kidney•, lung•, mu•cl• 
and apleen po••~•••d mean maximum concentration• ranging from 
6.48 to ~3.3 µg eq/g at 6 hr. At 24 and 48 hr after do1ing 1 the 
level• or. rad~oactivity in ti••u•• and pla•m• had declined 
aignificantly from the 6-hr levels. Cell to pla•ma ratio& ranged 
!rom 0.48··0.51 at l-6 hr ~ftar doaing, indicating that the 
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m•jority of the radioactivity in the whole blood remained in the 
extracellular traction. These ratios are higher than the 0.11-
0.29 ratio• obtAined for female rats between l and 9 hr, 
indicating a gender difference in the extent of red blood cell 
uptake of Abbott-84538 in rats. 

Commentaa Radioactivity concentration• in tissue•, blood and 
plasma were almoat unit.ormly lower in male rats compared to 
value• obtained from temale rats (previau• atudy) . Thi• finding 
ia conMiatent. with th• more rapid clearance of Abbott~84538 in 
male rats aeen in other •tudi••· Liver, being the primary organ 
of dose radioactivity elimination, wa• the only ti••ue dlsplaying 
nearly equal concentration• of radioactivity in male and f•m•l• 
rats. The more rapid plaama clearance ot drug in males also 
reault@d in a T/P (ti••ue/plaama) ratio in male rat liver at 3 hr 
that was roughly twic8 that of female rats and 2~-hr T/P ration 
that were g&ner&lly hi9her in femal• rat1. 

ll. In vitro ••taboliam of Abbott-14~31- 14c by rat, dog and human 
liver mioroaomea, Lott 47941-11·09, Abbott Lab.; Abbott Park, 
IL, D•c-=ber 8, 1994, (R.r>/94/937) 

The metaboliam of Abbott-8453d- 14c by rat, dog and human hepatic 
micro•omea waa examined with the objective of deternlining the 
likely product of in vivo hep~tic metabolism of the drug in man. 
Microeomal incubation• of radiolabelled Abbott-84538 were 
conducted at a concentration of o.s and l.O ~Min rat, dog and 
human hepatic micro•omea with NADPH •• the only cofactor added to 
•••ess the metaboli•m ot the drug by cytochrome P-4SO. 
Incubation• u•ing UDPGA •• th• only cofactor ware alao performed 
to amnes~ the propen•ity for glucuronidation of the drug by each 
ap•cies. Re1ult1: the metabolit• ~rotile• obtained from both rat 
and dog hepatic micrcaomea were qualitatively quite •imilar to 
the corresponding metabolite prof ilea of the drug in rat and dog 
bile. Rat microsomal inC\1bation aamplea converted Abbott-84'338 
primat·ily to metabol1teo M-1, M~A and M-11, accompanied by minor 
amounts of M~9, M-10 and M-S. ~ncubat~on of Abbott-84538 with dog 
liver microaom•• re•ulted in to1 '~tio~ ot M-1, M~2~ M~ll, M-5 and 
Ggl. Human liver microaome• con'\,u·c.ed Abbott··84538 largely to M­
l, M-,, M-11 and M-5. Cgnglu•iWl.i.. th• in vitro miQroeomal •Y•t.em 
uaed in thia study app•ared to accurately predict the in vivo 
hepatic mfttabolitea of Abbotl,~4~38 in rats and dogs. 

Comment• a Human liver microaC"Jlf"'B convertf.ld Abbott - 84 538 larcJft l.y 
to M-1, M-2, M-11 and M-5, au~~~~t1ng tn.~t th••• metabol1t~s 
would likely be major prcJuct of hepati~ biotranatormation of the 
drug in human•, jua_ a11 t.·•y lH"l't ln rat& and dogs. However, human 
liver microsomea fail•d ~u conv~rt A.bbott-84518 to U·l, a major 
dog bile metabolite, :~-L~ating that human metaboliam would also 
likely h•V• importa~t q_~(~rencee trom dog metabolism. 
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l~. Hepatic drug metabolising activity in rat• after 14 day• of 
oral admini•tration of Abbott~84538, Abbott Lab., Abbott Park, 
IL, September 8, 1995, (Rf&D/95/552) 

Group• of male and female rats (4/sex/group) were administered 
Abbott-84538 administered orally via gavage at doae levels of o, 
15 (low) or so mg/kg/day (high) for 14 days to evaluate the 
potential of the te•t compound to induce rat hepatic drug 
metabolizing enzyme•. Phenobarbital (50 mg/kg), used as a 
poaitive control, wa• adminiecerftd ip for four day to male and 
temale rat• (4/••x) . Th• liver micro•omea obtained were 
characterized for total microsomal protein yield, total 
cytochrome P450 (CYP) content and aeveral isotorm-apecif ic CYP 
activitie•. R11ult1: •• expected, phenobarbital treatment 
produced inc..r·ea•ed havel• of CYP a11 well aa isoform-specific CYP 
activities including ethoxyrasorufin 0-dealkylation (CYPlA) and 
pentoxyreaorutin 0-dealkylation (CYP2B) . In the male and female 
rata (high) , the microaomal protein content of the liver waa 
higher compared to the vehicle control group. The male and female 
rata <low) did not &how alt@r•d levels ot either total CYP or any 
of iaotorm-apecitic CYP activitiea compared to the vehicle 
control group. Con~lu1igu~ the reeulta of this study indicated 
that Abbott-84538 did not induc@ CYP in rats on prolonged oral 
adr.-; ni•t!:'at~ion. 

15. Pbarmaaokinetia• o! Abbott-84531 in Doga During Oral 
Admini•tration of 10, 50 and 150/200 mg/kg once-Daily Do••g• 
Regimen~ for 21 Day• (Protocol TBll-192/R.0/93/832) 

The primary objective of thi• •tudy waa to characterize the 
pharmact.,kinetics ot Abbott-84538 in dag11 during an oral 
administration ot 10, so or 150/200 mg/kg once daily dosage 
regimenw for 28 d•ys as a part of Toxicology Study TA93=192. Mean 
pharmacokinetlc parameter entim•tea for Abbott-84538 in dogfij are 
AUmmarized in Table 8. 



NDA # •0-659 PHARMACOLOGIST'S RBVIEW Page 

Table 8 
Mean Pharmacokinetic Parameters of Abbott-8453H in MAle and 

Female Dogs During the First Dose and 27th Dose After Oral 
Administration 

Do•ai e Reqimen11, mcr/kg/da 1, oial 

Param•t•r• ir• so lSOl:ZOO , 
Day I 

'"oty :n Day D•y 27 Day 0 Day 27 
0 0 

51 

.... 

.-~ 

AUCo.u M 15.!>6 19. SJ 104.l 15.95 lU lll 
(ua•hr/ml)F J:.;J.85 22.SI 4& 18.] 205 J69 

c,_ M 4 . ., 5.4 18.l 4.4 ll. J 12.2 
(ua/ml l F 10.4 7.8 14.8 5,<t 21. :i n. e -·-- ---· 
T- M 1. s :.1 1.7 2 6 J.B 
(hr) P' 1.3 l. 7 1.3 :a 3.8 '7. 6 

Cl/F M 0.68 0. 7J I). !HI J.8 :z . 5 B.2 
\l/hr/\tq) F 0. 31 0.58 l.2 3.2 l . !I l.3 

Comm•nt•• Both AUC and c., increased with incz:eaaing dos~ size, 
but loss than p~oportionaJly. The dose-normalized AUC and c • 
decreesed with increaeing dose size, probably due to solubi'rity­
limited dipsolution and higher fraction of doae that was not 
ab~orbed at the higher doae levels. The significantly longer T1111K 

at the higheat dcae level was probably due to prolonged 
absorption. 

16. Pharmacokin•tio• of Abbott-84538 in dog• during oral 
administration ot 10, 50 and 200/100 mg/kg once-daily regisen• 
for 3 montha, Lot# 77-5Gl-AL, Abbott Lab~. Abbott Park, IL, 
April 25, 1994, (Rl&D/94/191) . 

Pharmacokinetics of A.bbott-84538 in male 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 on day 21, 
and the female doge re~eived 200 mg/kg/day during days 0-20, no 
drug during days 21-33, and 100 mg/kg/day starting day 34) dcae 
regimen~ for 3 months were investigated. Blood samples wer~ 
collected at a, 1, 2, 4, 6, 9, 12 and 24 hr after the daily 
tr"atment on days 14 and 82. ~?Ults; mean pharmacokinetic 
parameter emtimatea for Abbott-84538 are summarized in Table 9. 
The dose-normalized AUC (AUC/D) value• for the high doae group 
averaged approximately two timee lower than the low doae group 
while the mean Cmax/D values were approximately tour time• 
different. The mean AUC/D and Cmax/D values on day 82 w~r• higher 
than those on day 14 and the differences were atatiatically 
significant ( P•O. 0002) . 
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Table 9 
Pharmacok.i.netic parameters of Abbott-84538 in dogs during oral 

~dministration of 10, 50 and 200/100 mg/kg/day for 3 months 

no•• <11111/kt/day) Day T•11 <hr) CNIC/D <•tl!ll) AUCiO CL/F 
<•1*hr/111l) (l/hr/kg) 

10 14 1.6 0.60 1.8' J.44 
12 ,,, 0.17 Z.64 0.45 

50 14 2 0.27 a.9:s Z.16 
12 2.l O.Z9 1.:SO 1.26 ·-· 

200/100 14 J.~ O. 1Z 1.S. 2.61 
12 J., 0.24 1.81 O.llZ 

comment•1 Both AUC and Cmax increased with increasing dose, but 
less 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 at he high dose level waa probably due to prolonged­
absorption. 

17. PharmaQQkin•tio• of Abbott-84538 in dog• during onoe-daily 
admini•tration of 10, 50 and 125 mg/kg for 6 month•, Lot # 83-
501-VF, Abbott Lab., Abbott Park, IL, December 8, 1994, 
OU1D I 9 4 / 61 o ) 

Groups of male and female dogs were orally gavaged Abbott-84538 
at doae levels of 10 (low), SO (mid) or 125 mg/kg/day (high) to 
determine the pharmacokinetics of the teat compound as part of 
the six-month toxicity study. Blood samples were collected at 
approximately 1, 2, ~. 6, 9, 12 and 24 hr after the drug 
adminiat1·ation on study days 14, bl and 152. Ro1ults: mean 
pharmacokinetic parameter estimates for Abbott-84539 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. Statiatically 
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 ~ulues. No 
statiRtically significant gender differencas were found in Tmax, 
Cmax/D and AUC/D values. 
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Table 10 
Mean pharmacokinetic parameters ot Abbott-84538 in dogs after 

daily oral administration of 10, SO and 125 mg/kg/day for 6 
months 

Doae (1119/kg/dtly)& CJlllX (jlg/llll) T•x (hr) CMx/D (JV/1111 > AUC/O CL/f 
01y ,.....__ (aa•hr/111!) < l/hr/klU 

10; 14 1.n 1.6 o.n 2.61 0.42 
61 4.27 1.8 0.42 1.JO 1.50 
1'!i2 5.35 2.0 0.'5J 2.20 0.59 

50; 14 12.32 1 .\l 0.24 0.91 , .92 
61 a.20 1.9 o. 16 o.n 4.62 

1'S2 15.68 z.a 0.11 1.Y7 0.74 

125; 14 17. ,, z.s n 1J o.n z.n 
61 ,, • 78 l.7 .09 0.58 2.51 
152 20.9] 5.1 tJ. 16 1.32 1.65 

Commenta1 The longer Tmax (high) was probably due to prolonged­
abeorption. 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 doee groups probably due to reduced fraction of dose that 
was absorbed at higher dose levels. From the toxicity studies, 
exploratory investigatiotl of the change of serum ALP levels in 
dogs suggested that female dogs were more sensitive to Abbott .. 
84538. But the mechanism for the correlation are not clear at 
present time. 

18. The Metal:>oli•m and Di•po•ition of Abbott-84538- 14C in Dog• 
(Protocol• V93 ·· 012/V93-020/RllD/9l/629) 

The metaboli5m 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 ~ 20 mg/kg intra-duodenal dose of the drug bearing 
carbon-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, !ecal and bile 
samples. 

Within five days after oral administration of the compound, 93.2\ 
of the do~e was recovered in the feces ard only 3.B\ was 
recovered in urine and cagewash. Similarly, after IV 
admini~tration, 98.4\ of the dose was recovered in the fecea and 
4' was recovered in the urine and cagewaah. Intra-duodenal do•e 
administration resulted in only 10\ of the dose in the 0-6 hr 
bile. 

Abbott-84538 underwent extensive hepatic biotransformation in 
dog, with only trace amounts of unchanged parent drug observed in 
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the 0-6 hr bil@. Three primary metabolites of Abbott-8453B-,4c 
have been tentatively identified in bile: Ml (3.6-4.4%), the des­
thiazolyl carbamate hydrolysis product; M2 (6.0-7.9\), the 
isopropyl thiazol~ oxidation product; and Gl (9.6t IV route and 
18.1% lntraduodenal route), the glucuronic acid conjugate of 
parent drug. Unchanged parent drug and these metabolites together 
accounted for 64t and 7o\ of the total dose radioactivity 
recovered in dog bile atter IV and intraduodenal dosing, 
reapf!ctively. 

Radioactivity in dog teces consisted predominantly of unchanged 
parent drug (66t) after oral administration. After IV 
administrat'lc~, au unknown metabolite, M8 (32.5\), the major 
componenc and unchanged parent drug (13.2\) were present in 
feces. The levels of radioactivity in the whole blood cf dogs 
afforded cell to plasma ratios that ranged from 0.03-0.3. These 
results suggested that the majority of the r~dioactivity in whole 
blood remained in the extracellular fraction. 

Unchanged parent drug was the major circulating radioactive 
component, constituting 92-98% and 72-9Bt 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. 

Commentss Abbott-84538 underwent extensive hepatic metabolism in 
dog to afford three major m~tabolites which were eliminated 
predominantly via th~ bile. The route of adminiatration appe~red 
to affect the prafil~ of metabolites observed in pla~ma, feces 
and bile. rv adminir.tration produced higher plasma levels of Ml 
relative to Abhott-114538 than were sf.!len after oral dosing. Higher 
plasma levels of met.abolites would typically be expected after 
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 Abbott-84538 metabolism such as kidneyfl, 
lunge or othe~ 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 study. 
Interestingly, Abbott-84538 was Blso pre•ent in feces collected 
after IV administration, despite the absence of parent drug in 
bi le co!,lected after dosing by this route. Therefore, .i..t would 
appear that Abbott-84538 is being formed in the GI tract from a 
bile constituent(•), presumably via hydrolysis of 01, the 
glucuronide of parent drug. This liberat~on of parent drug in the 
GI tract raised the possibility of enterohep~tic cycling, which 
may play a role in the occurrence of the secondary maximum in the 
plasma radioactivity concentration vs time profiles. 

J 
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19. Ref4i••d atructural identification of metabolite• of Abbott-
84538- C in dog• and compari•on to rat metabolitea, Lot # 39226-
BB-141, Abbott Lab., Abbott Park, IL, ~uguat ll, 1994, 
(RILD/94/639) 

The chemical structures previously assigned to four dog bile 
metabolites of Abbott-84538, namely M-2, M-3, M-4 and M-7, werft 
reanalyzed in light of the recent st~uctural identification of 
several rat bile metabolites. Comparison of HPLC retention times 
and mass spectral (MS) data of these dog metabolitee to the 
corresponding rat metabolites resulted in new tentative 
structural daaignmenta for these four metabolites in dog. 
R.!tiiults~ the metabolite designated M-4 in dog was found to 
consist of two major compoc~nts, M-11 and M-13, along with on~ 
minor component, M-12. The •~ructure of M-2, previously shown to 
be hydroxylated in dog at an unknown position within the 
isopropyl moiety, was refined to indicate hydroxylation solely on 
the methene carbon to afford tertiary alcohol. The atructure of 
M-3 was consistent with the hydroxylamine metabolite of Abbott-
84538, resulting from N-demethylation of parent drug followed by 
N-hydroxylation. No info'.".'Tilative MS data could be obtained for iYt-
7. 

20. Binding of Abbott-84538-[ 14c] to Human al-Acid Glycoprotein 
(AAO) and Human Serum Albumin (BIA), Drug Lot No. 39225-BS-141, 
Abbott Laboratori••· Abbott Park, IL, Novmnb•r 3, 1993, 
(RCd>/93/760) 

Abbott.··84538- [ 14CJ at concentrations of 0.1, o.s, 1, 2.6, 7, 10, 
17.4, 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 O.l and 2.6 
µg/ml was high and nearly constant, ranging from 96.2\ to 97.5% 
druq t)ound. The percentage of bound drug decreased significantly 
at Luncentration of 7 µg/ml to 91.S\ and continued to decrease to 
89.Bt, 77.Bt and 59.2-63\ drug bound to AAG at concentrations of 
10, 17.4 and 50-100 µg/ml, respactively. The mean binding of drug 
to HSA was also high, with 98.2t and 97.8\ of the drug bound at 
concentrations of 1 and 10 µg/ml, respectively. Unlike AAG, the 
binding of drug to HSA remained relatively high as concentration 
increased, with 97t and 96\ of the drug bound at concentrationR 
of so and 100 µg/ml, respectively. 

Comment•s Both AAG and HSA appeared to contribute significantly 
to the extensive (>99\) in vitro protein binding of Abbott-84538. 
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21. Bffect of 1~eleoted dru~• on the in vitro protein binding of 
Abbott-84538- c in human plaama, Lot # 39226-88-141, Abbott 
Lab., Abbott Park, IL, November 18, 1993, (R&D/93/829) 

The effect of selected drugs [Salicylate Sodium salt, Warfarin, 
I~up:oren, Naproxen, Clanithromycin and Yetoconazole] on in vitro 
binding of A.bbott-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. 
~oocluaion: the results suggested that clinical plasma protein 
binding interactions between Abbott-84538 and the drugs-teated 
were unlikely to occur. 

2~. Tabulation of concentration data of Abbott-84538 in pregnant 
New Zealand Whit• rabbits after oral admini•tration of Abbott-
84538, Lot # 79-594-AL, Abbott Lab .• Abbott Park, IL, Augu•t 10, 
1994 I (Rf&D/94 /23 5) 

Groups of New Zealand White rabbits were orally gavaged Abbott-
84538 at dose l~vels of 25 (low), SO (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 vein at approximately 1.5, 3, 6, 9, 14 and 24 hr after 
t.hf!' drug administration on gestational day 19. ReaµltJH the 
plasma conrentration and Cmax values increased with dose size. 
The mean AUC value (28.5 µg•hr/ml) for the 50 mg/kg/day group was 
more th~n 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.B 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 ~•t• 
after oral adJDini•tration of Abbott-84538, Lot # 77-561-AL, 
Abbott Lab., Abbott Park, IL, Auguat 1, 1994, (RMD/94/290) 

GroupR of male and female rats were orally gavaged Abbott··B4538 
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 tre~ted daily for at leaat 28 da~s 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 
aamplea were collected at approximately 1, 4, 8, 12 and 24 hr 
after the drug administration on study days 15 (femal~s) and 28 
(males) .Results; mean pharmacokinetic parameter estimates for 
Abbott~8453B Are summarized in Table ll. The mean drug plasma 
concentration~ for female rats were 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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'l'able 11 
Me1rn pharmacokinet ic pararneters of Abbott-84538 in 1 ilts after 

daily oral administration of 12, 40 and 125/75 mg/kg/day 

DOH (1119/it.9/day) CMit (llV/Ml) l11111t (hr) C.U/D <•t/Ml) AlJC/0 C:L.lf 
(H*hr/1111) <I/hr/kg' 

20 2. 1 2.4 o. 10 0.56 Z.4 

40 ],J 3.3 o.oa 0.66 1.11 

125/75 5.6 6.4 0.06 0.84 1. 5 

~4. Allometric Analy•i• of Pharmaookinetic Data ot AObott-84538 
(R&D/93/677) 

57 

An allometric analysis was performed to predict the 
pharmacokinetic behavior 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 
biot.ransformation of Abbott-84538 was extensive while urinary 
excretion of Abbott-84538 waa minimal. Assuming the RBC/plasma 
ratio is 0.2 and the biotransformation waa mainly hepatic, the 
extrac~ion ratio {ER • fb*CL 1/ (O.,+fJ>*CL1)} was estimated to be 
approximately 0.39 for rat, a.Jo for monkey and 0.10 for dog, 
suggP.sting that Abbott-84538 may not be a highly extracted drug. 
The JO~SO\ bioavailability in animals appeared to support the 
above analysis. 

The hepatic clearance of drugs with limited blood cell 
distribution my be dependent on three factors: 1) hepatic plasma 
~low. (Ql\,p), 2) the unbound fraction in ~lasma (ful, and 3.l the 
intr1ns1c clearance (CLJntl of the hepatic e~zyme r~spnnf.llhle for 
the metabolism. The mathematical relationship between these 
factors ia: CLP • Qh,p*f *CL/ (0h,p+fu*CL1) • Sin~e Abbott-.84538 
appeared to be not a highly extracted drug, its hepatic clearance 
probably is not hepatic plasma flow-dependent. 

The CL~/Qhp ratio in the three species examined ranged from 0.12 
to 0.45, 'nd ae a firat approximation, a similar ra~~~ i~ man 
would resu~t in a projected CL of 5.9 to 22.J l/hr/70 k~. If the 
CLP for man rang~s from 6-22 lfhr and if the metabolism is mainly 
hepatic, then it would be expected that approximately 10-30\ of 
the absorbed dose will be eliminated by first pass metabolism, 
and the apparent clearance after oral administration (CL/F) would 
be approximately 6.7 to 3J l/hr/70 kg if the absorption is 
quantitative. From this calculation, a daily dose of 150-750 mg 
would be r.equired to maintain an average steady-state 
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concentration ·>f 1 eeg/ml (the predicted EC90 ). A NOEL of Abbott· 
84538 following the oral administration to dogs for a month may 
be considered as SO mg/kg/day. Based on equivalent body surface 
arQa dosage conversion factor, the NOEL for human is 1750 mg/day. 
Thus, the proposed dosage of 600 mg/day in huma1· has an 
~pproximate 3-fold safety margin. 

GllNBRAL PHUMACOLOGY 

Summary of General Pharmacology Studi•• 

1. Central N•rvou• Sy•ttUD Bff•ct• of Ahbott-84538 
Pollowing oral Admini•tration in Rat.• and Mic• and 
Smooth Mu•cle Pharmacology in <Juinea Pig Ileum 
(R&D/93/587) 

2. Cardiova•cular lffeat• of Abbott-84538 Pollowing Oral 
Admini•tration in Normot•n•ive Rat• (R&D/93/576) 

3. Cardiova•oular lffe~t• of Abbott~8453B Pollowin~ 
Intravenou• Admin:l.•tration in An••thetized Dog• 
(R•D/93/486) 

Review of General Pharmacology Studi••2 

l. Central Nervou• Sy•tem Bffaota of Abbott-84538 Vollowing Oral 
Adminiatration in Rat• and Mice and Smooth Mu•ole Pharmacology in 
Guinea Vig Ileum (R~D/93/587) 

Abbott-84538 was evaluated at closes of 5, 2~ or 50 mg/kg, p.o. in 
propylene glycol:ethanol plus toluene. The oral administration of 
Abbott-~4536 in the above dose range did not potentiate the 
effect of t~thd.nol. No pharmacolo1;1ically meaningful CNS effects 
wer~ obs~rved in teats of motor coordination, seizure t~reeho~d, 
uuL:J.ception and body temperature. Abbott-84538 (l..39*10 Ml did 
not have Rmooth muscle pharmacology in the guinea pig ileum 
assay. 

2. Cardiova•cular Bfl•ot• of Abbott·8453B Pollowiug Oral 
Admini•tration in Normoten•iv• R•t• (Rfdl/93/576) 

Abbott~8453B administereu orally male rats at doses of 20 or SO 
mg/kg caused no pharmacologically significant effectM on BP, HR 
or gross behavior. 

3. Cardiovaacular lffeot• of Abbott-84538 Pollowing Intravenou• 
AdJnini~tration in An••thetized Doga (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 
thr6e IV infusions, beginning with the lowest dose and ending 
with the highest dose (ie, cumulative dose responRQ) . The dosage 
rates of Abbott~84538 were 1, 3 or 10 mg/kg infused over 180 min. 
Hemodynamic effects (cardiac depression) were observed following 
the IV infuaion6. 

Comm•ntar While the proposed clinical studies do not involve the 
IV route of adminigtration, the study suggested that the effect 
of Abbott-84538 on cardiac performance merits attention. 

,' 
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Appendix # 2 

Tabulated •wamary of animal toxicity •tudi••· 

Table 1 
Summary of acute toxicity •tudie• 

Spectn Rout• & dott lt'ltl LD'° AllPr•· LO MOIL lodv 1urf11e ..,t¥alent ... tn 
(Ill/let) lmile•> (Ill/let) Clll/llt) m..n. c .. 1111> 

oral: ZOO, J20, 
500, 800, ,26C, >HOO . :uo 16.66 

Mice 2000 or HOO 

IYI 5, so, J5, so, . ,,. 61 ,,. al n l,OI 
65 or ao 9• IO .. J5 .. 1.91 

or•l 12SO, 900, . >ZSOO no Jl.7 
,000, 1500, 2000 ,;' .. ,. or ZSOO 

""' 
tv1 5, zo, JS, 50, . JS I 0.11 

65 or IO 

LD • l•thal do1e 
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Table 2 

Summary of subchronic/chronic toxicity studies 

u~& DOii lewl Llltor•tory find•,..• Tlf'fft NOIL/MOAEL 
route U•/111/dw) WllN l•/111/dly) 

S·1111nth t11lc:1 zoo, 400, 600 •It doe .. 1 Nl1ttocv1tc •fcrotr1nUlllMI Llvtrlnd not 
dl•t or 1000 Cllvtr>, hlflltOC1llul1r necroslt, ..... Identified 

h•tocvt-.•lvr 400 end ebowt 
h-rtrillllllfnt of IH «ZOO 

l •llDnfh rlU 15, IO •Id I hllh1 lncr111.a liver I thyroid Llwr, eve & ,, 
llVlll 1tCWl100t weltttt1; lt¥tr· ,.,.1,.rt•l thvr•td 

tnfl-tlon, -.ittlnuclHttld 
h1P1tocvt111 eye1 h~rtrophv of th• 

•Hz thyroldt tolltcul1r hw.rtraahv 

J•llDnth ratl H, n, Ill doltll dot1•rtl1ttd Liver, ev• & not 
PVlll t1k/tllt hltlatttutetty·dlna• IMIUllOMJ fYel 11.Uh ldtnttfltd 

h.,,.rtrophy of RPI, retinal 
.. tn1r1tfon: 1t-h1 {:Lorie c.H 

necro1l1 and H1trltl1 <• d I hlth) 

6·111of\tll ran 25, 7' or •H dHH1 .... r1l1ttd Lt v.r, IY1, not 
llVll• 111/ HOtr I htp1toto,11lclty·1111ltlnuGlttttd thyroid, Identified 

12'/tODt htp1tocvtn, 11,..11 ctll nteroatt; lctny I 
eves hypercropiy of llH, r1ctnal •rvthron .. 25 

-...ritton Chtlh>; lctny1 tl.ilultr 
._.,.tetlon 

J•Ml'lth r1t1 "'°· 100, ''°· Ill Htlll .. t•rtlttld Llwr, lfV9 I not 
dl•t 2001 ••lo. n, h.,.tatuh1ttv1 ..,. <•id • Mlh>• thyrohl l!Mf\tHttd 

us, 1n hypertrophy of IPI, rtttntl 
detlntr•ttonr thyroid <•Id I hi"'> dO' 

foll laul1r t0lthtll1l ceU hvaertrolllw dO -a 

, ·111ontll do11 10, 10, 150/200 hllht lncr1111d All, ALP, GOT, bll• Liver, 10 
l•Vll• ecld 6 liver wtllhta I dtcr .. 1.0 thYll'I I QI 

th~ lftlllflt dl1tr•11 

J •fllOntll do;1 10, !O, 200/100 hlth1 11Drt1llty, cltcre11td bodv Llv1r & QI NOILI 10 , . ..,.,. wtlthtlJ lncr111td AIT, ALT, ALP, GGT1 dt1trn1 NQAIL1 ID 
llvtr to•lcltY·•lntl• cell necro1l1, 
htmtocellular hYdnoic dltlMratfon 

6•1W1th °"'' 10, !10, 1H •Id I hlth1 lncr111td ALP, liver L lwr, NGAIL1 10 , . .., ... wtltht; I Ivers h.,.toc1l lul1r hydroptc th~ I QI 
dnentretton. ttwatc atrualw Chlth) dl1trn1 
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1'abl• 3 

Summary of toxicitiee in carg•t organs and plasma drug expoeure 
values (AUCs) in animals treated with Abbott-84538 

Orall'I To11tcltY Puratlon of etudll 

Nipltoctllular 1·Mnth rltl 
M .. tacellular, fAL T, AIT, GOT 1·MOnth dot• 

Liver Hapetocellul•r, Mepltoblllary J•.nth ratt 
fALT, AIT, CIGT J·Mnth ... 

Napetocellular, hep1toblllary 6·111nth rau 
TALT, AIT, GIT 

Nmatocetlular m.P '""""'" ... 
••tlnal Nlnl•l h~rtrae:if!Y Of .,. , • ..,,h rltl 

Mypertroplly of IPI. rttlrwl dlftMrallon J•.,,th r1t1 
iA·&l·wavt ~lltudea 

iw-rtrMlftv •f 11111 rttfrwl dlHMntton , • .,," rif.I 

ICldntV Tl.ilul•r dettntr•tton, hyperpla1ta, 6·-.nth rltl 
Drottlnurla 

Thyroid Hypertrophy of follteular call• 1 ·lllOnth ran 
HVD9rtraanv of follicular c•'''· lT4 '"" 6·110n'h rate 

ltONch Pvlorla NGr01l1 and 1aatrltt1 J•11111nth r1t1 

Thwui AC!'od\Y '·t111nth ... 

Ge not ox c tv atu 
'?able 4 

i i di 011 aummarv 

Ttlt l\'lt• lrmotnc ~tMtntratl., or ..... 

ltcttt It (AlllH tfft) •tvttr•• 111t1tlon 1·10,000 aa/nl1et (+/·19) 

M-ll 1n ct ll 1 LS4 71Y _,.. forwerd ... cation 25•200 •ll•l (+If) 
lwmtlocvet1 <In vitro> \S•7Q &a/Ill\ (•19) 

Mtlllllll Ian Hlt• tl..-n ctlrOllOICilll IDtrretlan J•JO •tl•l (+/·If) 
lwmtlocvtt1 (In vlcro) 

Moult bone Nl'row <In vivo) •lcronuclel tzt,zso.;sso aa/kl 

AUC (H•hr/111l) 

6J·91 
206 

11·21 ,.zoo 
14·12 

~ S"> -
6J•91 
41·99 .,.,.,, 
14·H 

Z9·91 .,.,.,, 
43·99 

106 

...ult 

NH1tl111 

N ... ttve 

Nq1tlvt 

Nu1tl11t 
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Table 5 
Summary 01 retinal changes from the rat oral gavage studies 

Oot• <•lkl/dly) I NO of 1nl•l• •ffectlld 
ltudy To11lelty 

Mal• ,..,. 
.,0 •100 •lOO •100 .,0 •100 •100 .,00 

2· Hypercropnv of .,.. . ,,, J/S 4/!i . . J/9 Z/J 
Wttk 

••tlnal r°'ett .. . 115 . ,,, . . . . 
AUC (H-t\r/Ml) JS.6 79.4 110,2 J06.4 I0.4 1'6.4 252 U1.l 

, . HYtMf'lf'odW of IH . . 4/10 . . 4/10 
liltnlh 

ht t n.l 1Jetener1t I on . . . . . . 
AUC C•11•hr/11l > J.6 27.6 6J,J S.J 24.S 91.J --

l· HVDtrtrOPttv of ltPI . J/10 10110 . 1110 10110 
Mot-th 

ltttlMI dttentratton . 1/10 7/10 . 1110 9/10 

AUC (H 111hr/11l) ,. 42.1 97.J 20.9 n.• "·' 
l• HYDertrophy of RPI . . mo 1/10 . . 2/10 0/10 

Monti\ 
dl•t lletlnt1I dtMneratton . . 4/10 1110 . . J/10 10/10 

AUC (H*hr/MI) 6.2 21.7 57.J 9J.2 1 .6 ZJ.4 67., 105.4 

6· H~rtrOGhv o~ l'I . '"' 1J/,, . 11115 1.UH 
140nth 

llet • na l daffnerat f on . 1111 11119 . _!/15 ,,,,, 
AUC (1&a•hr/•I) 14.l 60.7 IJ.4 Z1.I 76.2 174.5 

i"' • retinal pl91'11"t .,tthelf1.t1 
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Table 6 
Reproductive toxicity oral Abbott-84538 in rats and rabbits 

HUdY OoH level MICI Flndlnt• NOIL/NOAIL I locfy AUC equlv1lent 
~-e/ktldev> llt•hr/•I 1urf11e1 *"lv1lent doH1 In hYMnl 

i 
dolt In h\llllnt •t 20 1111111/dav 
C•lkt/dav> (150 ••*hrl•l > 

1....-nt I zo 8.ld dtcrHHd bod\I ,0 • zo FO • 0,05ct 
<r1tl) 14.6• weltfit1 I food C"'-'t•Z.8') 0.099 

cant'-tlon (•Id I Ferttl lty I 
40 19.Td hlth); hepetCIRllfaly .wyon1c Pertll lty & 

JJ.19 (Mid I hlghJ dewtop11nt1 n ' & llJIDryontc: 
1Zld (hullane•10.7t dive l oplllnt l 

12'tt' 7'59 61ct 1 11.n "'> 0.4cr 

'°·'' 0.69 

•..-nt 15 17.l P01 dlc:rlHM Mlttrnal I M1t1rnal & 
II ectlvlty, 1111el1tl0t\ devc:lo..-rtt•l1 ,, dlv•lot:mntal 1 

(pretnant <hlth>r lnar1111d Ch~•Z.14> 0.1? 
reu> 11rly r11orptton 

JS 14.] (tilth: dlVllaplllntll no drut·r1l1ttd 
var I at t ona 1 t1t1l .. 1tor111tlon1 

cryptorc:hldl .. 
CMhO, tncr11aad 

oe1lflc1tlon dtt1y1, ,,. t.S.2 tnl1r91d 
fantMelln, wavy 

rlbt. cryptorchldl .. 
Chhth> 

,.....,, ZS 1.l F01 rlCMed bodv MOUL for •ternel M1t1rn11I I 
II welthU & 11lne, & dev1lop111nt1t; 50 dev1lopMnt1l1 

(prqnant food cona\lllptlon; (h....,,.•16. 12) 0.2 
rMiblU) \unt dl1color1t4on 

50 Zl.5 (htlh>1 no df'Ul·r•l1ttd 
dive I a,aent 1 l f1t1I .. lfort111tlan11 

toxtcttv (r"*"c~ 
liner tht, ,,ga lncrt11td whole . litter re1orptlont) 

et 1111ternotoxlc dot-
Chfatl) 

Sftlltt\t 15 . • 1l laht detirff of NOAIL1 60 
111 tr1n1ltnt .. ttrnal Ch~ .. l.U> 

C r•tt> ]!J toxicity (dt~tnl1htd 
body weight a1tn I no dtvel~t1l 

60 . food contui.,tlon) tt ...... _. ___ toxicity 

• = 1111ternally toxic do11 
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Appendix # 3 

Tabulated •wnmaly cf animal pharmaaokinetia •tudi••· 

Table 1 
Pharmacokinetic evaluation of Abbott-84538 in mice, rats, monkeys 

and dogs 

Specie• Do•• (mg/:;g) Vd CL, c_ (µg/ml) p (t) 
' Route (l/kg) (l/hr/kq) 

Mou•• lS IV - 0.21 
25 PO 28. fj 74.2 

Rat 5 IV 0.95 1.0 
S PO l. U 70.7 

10 PO l.U 77.5 
50 PO S.l 141. 6' 

100 PO 8.51 134.6 

Monkey s IV 2.16 0.67 
!J PO l. 08 :u.9 

10 PO 1.82 70.4 

Dog 5 IV 0.3' 0.22 
5 PO l.58 3'7.4 

10 PO 16 .6 115. l 
JO PO 19.31 101.3 

a • the relative high F'a may be due to •aturation of metabolism 
at higher doses. 
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Table 2 
Single dose pharmacokinetics of Ahbott-84538 in nonclinical 

studies 

ipec:let DOH ( .. /lr.g) Route C.• r .. x <hr> AUC l 'ft <hr) 
<••l•l) (aa*hr/•l) 

"Ice 25d DO 21.6 0.7 70.07 . 
25ct iv . - 94.4 ,,, 

Rate ,. DO 1.]6 1 3.53 0.87 

10<t DO 1.89 2 7 • .,, 1.22 

Sd Iv . . • 0.66 

15d DO 0.74 4·5 4.65 . 
159 DO 1.44 J-5 9.76 . -

Dott 5 DO 3.51 , a 0.86 
~~ 

5 Iv . . ZJ.7 1.07 -
10 DO a.1 1.4 25,94 . 
50 DO 16.54 1.5 75.1 . 
150 DO 17.JZ 4.9 160.7 . 

Monkeys 5 DO 1.08 2 2.57 1.59 

10 po J.az 2. 1 10.JI 1.37 

5 Iv . . a.52 2.26 

66 
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Table 3 
Repeated oral dose pharmacokinetics of Ahbott-84538 in 

nonclinical studies 

$peel ti OOH (flll/kll) Period (Mttk) C.,., (j&g/•I > TIMI! (hr) MIC Cl/R 
<•1*hr/•l > 

25 4 2.5 5 14.3 1.a 

25 12 2.!i 2.9 19.49 1 .] 

Ratl 75 4 4.2 7.6 48. 14 1.6 

75 12 4.6 6.9 57.7 1.4 

175 4 6.5 1.6 116.08 2.2 

175 12 7 5,5 97.l 1.a 

10 2 6 1.6 18.5 J.4 

Oog1 10 12 a.1 1.5 26.4 0.5 

50 2 1J.7 2 46.1 2.1 

50 12 14.1 2.l 65.l 1 .2 

200 14 25 J.5 269 2.6 

Table 4 
Summary of metabolism and excretion of 14C-Abbott-84538 after a 
single 5 mg/kg iv, 20 mg/kg intra-duodenal (id) or 20 mg/kg oral 
dose in rats and dogs 

Par .. ter1 Rita Doti 

i of total dot• r9dlo.ctlvltv X of total do1• radioactivity 

lv Po or Id Iv DO or Id 

Urine 1.8 2., 4 3.8 

'ec:H 92.I 9'.7 91.4 9J.2 

11 l• 77.7 21.6 J9.a 10 

Netlbol I te:bl le ,..,, (15.21) IM1 (17.71) M•S C 10X) M·6 ( 15') 
fecH M·Z (22.9'1) M·2 (14.21) M·I (JZ.51> M·I (91) 
urine M·9 (34.IX> M·1 (J0.1'0 M·Z (57.51> M·2 (48') 
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Appendix # 4 

Tabulated summary of human pharmacokinetic atudiea. 

F: 61\ for 100 mg dose 
85t 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 l 
Mean pharmacokinetic parameters of Abbott·-84538 after single oral 
doses in healthy HIV-positive male volunteers 

oo .. <•t•v 
P1r-ur1 

,11ttna NonfHtll"ll 

600 1000 600 1ZOO 

C1111t11 C,11/flll) 9.34 1Z.7 12.5 Z4.2 

AUC~~ <•1•hr/111l) 81., 1Zl 13Z 298 

T1111t11 (hr) l.I 3.1 4.4 J.a 
Ct, (l/hr) tl.017 o. 101 0.1 0.094 

Cl/f 10.7 1.61 6.16 4.42 -· 
T" I (hr) 2.9 J.5 2.7 l.Z 

on 1.R:hant9d drut tn urine 0.91 1.2Z 1.84 Z.29 
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Tabla 2 
Single dose pharmacokinetics of oral Abbott-84538 in HIV-positive 
male volunteers 

OOH (lllQ/ltt) t'lf (hr> C..A (1il/•l ) C.0/doa• TMA (hr) Allt AUC/doH 
(H*hr/1111) 

1.4 6.4 0.41 0.3 3.8 3.9Z z.e 
2.9 5.1 2.1 on z.2 15.4 5.31 

5.7 4.9 5.l 0.9] l.4 36.] 6.31 

1.6 2.9 9.34 1. QIJ z.a 11.1 9,41 -
11.4 3.3 12.6 1.11 3.0 111 9.14 

14.l 3.5 12.7 0.19 J.1 12l 1.6 
·-
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Appendix # 5 

Comparison of animal do••• with the human therap•utic doae. 

Table 1 
Comparison of kinetic data from subchronic/chronic rat ~nd dog 

toxicity studies with the human therapeutic dose of 20 mg/kg/day 
AUC0-24 - 1 so µg•hr /ml 

lloH level CMx AUC NOil/ llAt AUC1 
Study <1111/k1/day <111/•l) <111•hr/11l) llOf.!L E"'fvelent l"'lvelent 

doH In 1111n dote In Mn 

ltet , 0 1111>nth 15 0.6211 ].64d 15 2. 14 0.48d 
o.n9 5.349 0.719 

50 3,4d 27.6'1 
2. 129 24.59 

150ct/1009 5.t!M 63.211 
5.519 91.]9 

ltet l·month 25 2.6211 111d not c2.4d 
2.419 219 ldentlff c2.89 

ed 
T5 l.5Jcr 42.711 

5.729 72.69 <r25 <r].57 

17'5d/1259 7.0Jcr 97.Jd 
6.499 911.49 

lilt 6•month 25 2.1d 14.Jd not <r1.9ct 
2.39 21.5t fdentHI <rZ.89 

ed 
T5 6.9d 60.Td 

ll.59 76.29 cz5 c],57 

175/150d 6.Zct 13.4d 
125/1009 , 19 1749 

Dog 1 ·month 10 6.6 21.1 50 25 2.28 -
50 5.2 17. 1 --

150/200 20,6 240.J 

DOI l·month 10 l.1d 25.111 50 25 10.6d 
8.99 27. 79 6.79 -·-· 

'\O 111.Jd 80.Zct 
,, .49 50.59 

200/100 2l.z .. · 147.1d 
26.29 222.39 

Du,, 1)•month 10 4.4ct 111. Jd 10 5 2.44ct 
6.39 25.79 J.429 

50 12.6d 64.ld 
11.79 1J49 

125 17.Zct 115ct 
23.79 2049 
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CLINICAL PHARMACOLOGY /BIOPtiARMACEUTICS LABELING COMMENTS 

NOA: 20-659 and 20-680 
Drug: Ritonavir Liquid and Capsules 
Applie.;ant: Abbott Labs 

Reviewers: Ors. K Kumi, B.Davit, K. Reynolds 
Date: 1 /19/96 

The following comments are provided after Initial review of the draft proposed label. The 
recommendations as to the format and content of the label are intended to aid in the 
ravision of the pharmacokinetic section of the proposed label. Additional comments will be 
forwarded es they become available. The Applicant should submit a revised label 
incorporating the following recommendations. 

CLINICAL PHARMACOLOGY: 

Phacmacokjoot~ 

-Delete the first paragraph of this section 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 base; such 111 numrers of healthy volunteers, 
numbers of patients, range of doses and formulations studied. 

Abs or pt).pc.: 
-Define non-fasting conditions (kcals, % fat, % protein, % carbohydrate). 
-Delete the statement regarding the bioequivalence of the capsule and liquid formulations. 
A statement comparing the AUC of the 2 formulations can be incorporated. 
-Delete the stu.ainent reg11rding absolute bioavailabillty being greater than 80 t,, 80%. 

Distrjbutjon; 
-Delete animal information. 

Metabolism: 
-Delete the first sentence. 
-Information on the elimination of metabolites should be moved to the excretion section. 

Excretjon; 
-The first sentence refers to reaulta from different studies and should be divided into at 
least 2 separate sentences which dHcribe the individual studies. 

-Results which come from radlolallelled 1tudi11 should be clearly identified. 
·The section on the pharmacokinetics of rltonavir in renal Insufficient patients should be 
moved to special populations. 

Qrug-Drug lot9. octi.Qoa~ 
-This section should contain the results from drug interaction studies submitted in the NOA 
(see general comments). 
-Recommendations as to what precautions should b• taken for particular drug1 1hould be 
included in the PRECAUTIONS section. 



Table 1: 
-If appropriate, pool data for the clinically relevant dosing regimen and mclude n values. 

PRECAUTIONS: 

Drug lntoractjona i 
-This section should provide precautions tn be taken against potential Interactions when 
there is coadministration of drugs baaed on the drug lnter1ctlon 1tudie1 and general 
knowledge of the pharm1coklne!ic1 1nd metabolism of rltonavlr. 

GENERAL COMMENTS 

-Define abbreviations the first time they are used. 
-Provide sample size, dose, meana and 1t1ndard deviations for reported parameters and 
parameter changea. 

Kofi A. Kumi, Ph.D. 
Reviewer 
Antiviral Drug Section 
Office of Clinical Pharmacology and Biopharm1ceutlc1 
Division of Pharmaceutical Evaluation Ill 

:Jen Ina, Ph.D. 
Actin eem leader 
Antiviral Drug Section 
Office of Clinical Pharm1cology 1nd Blopharmaceutlc• 
Division of Pharmaceutical Ev1lu1tlon Ill 



CLINICAL PHARMACOLOGY /llOPHARMACEUTICS REVIEW 

NOA: 20·659 & 20·680 
DRUG: Rltonavir oral solution 80 mg/ml 
and capsules 100 mg INORVIR™) 

APPLICANT: Abbott L1bor1tories 
TYPI: NME 

IACKGROUNDi 

R!Vl!WIRS: Ora. K. Kumi, B. Devit, J. Lazor, 
K. Reynolds 

SUBMISSION DATES: 1 2/21 /96, 2/6/98, 
218198, 2/14/96 

REVIEW DRAFT: 2/19/98 
REVIEW FINAL: 4/15/98 

Thia review contain• 1 summary of the studies that were reviewed from the studies 
submitted to Section 8 (Human Ph1rmacokinetic1 and Blo1v1i11bility) in support of NDAs 
20·869 and 20-680. Individual data are on file in the Division of Pharmaceutical Evaluation 
Ill IHFO 880). 

The applicant is aeeklng approval of ritonavir (NORVIRTM) oral solution (80 mg/ml) and 
capsules (100 mg). Rltonavir 11 a proteaae inhibitor which is indicated In combination with 
nuclaoaide analoguH or 11 monoth1r1py for the treatment of HIV Infection. Inhibition of 
HIV prot111e rendera the enzyme unable to proc111 the gag·pol polyproteln precursor 
which leads to production of non·infectlou1 Immature HIV particles. 

SYNOPI~ 

M111 lelence 

In 5 male subjects given 1 1ingl1 800 mg doH of rlton1vlr spiked with 14C-rltonavir, Cmax 
w11 13.6 ± 1.9 µg-equlvalenta/mL, AUCO·t w11 13& :t 20 µg·equlv1lent1/ml, Tm1x w11 
4.4±0.9 h, T'-\ waa 6.2~ 1.6 h, ind P wea 0.146~0.045 h·1

• Moat of the pl11ma 
radioactivity waa due to parent drug, with a very 1m1ll contribution from the M-2 
metabolite. Over 6 d1y1 following e101lng, 11.3 ::t 2.3 and 88.4 ::t 3.0% of the radioactive 
doH was recovered In urine end fec11, respectively. Five metabolltea were ld1ntlfi1d in 
urine and fecea. Rltonavlr contributed about 40% of tho total fecal radioar:tivity, and M-2 
about 30%. With the limited data obtained In thl11tudy, It w11 not po11lbl1 to accurately 
determine tha percentage of an oral dose of rltonavir abeorbed. The major l1oform1 
involved In the met1bot11m of rltonavlr are CYP 3A and 208. The laopropylthlezole 
oxidation product (M·2) 11 the major metabolite and it h11 antiviral activity similar to 
ritonavir, however, the pl11ma concentration• ere low. 

Do1e P.-oportlon1lltv 

Single doae 1dmlnl1tration of ritor11vir (encapsulated liquid formulation) to f11dng and 
nonfHting 1ubj1ct1 dlaplayed do1e·dep1nd1nt phermacokln1tlc1. Both me1n ALIC· and 
Cm1x incr11Hd greeter than do11 propo"lonally when do111 from 100 mg to 800 mg were 
edmini1t1red Normalized mean AUC. end Cm11e valu11 were 1lmll1r acro11 the 800 mg to 
1000 mg dou r1ng1. The do11·d1pendent pharmacoklnetlc1 ob1erved 1t dt>HI up to 800 
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mg are conalatent with aetureble met1boli1m by CYP3A4 ind CYP206. 

Multiple 0011 Pharmacokinetla1: 

Multiple doH adminiatrat,on of rlton1vir 300 to 600 mg q 12h to HIV + volunteers for 28 
d1y11110 dl1pl1yed doll dependent pharmacokinetlc1 during the flrat 7·14 d1y1 of therapy, 
however, after about 14 day1, do11 independent pharmacoklnettcs wea obHrved. 0011 
normalized AUC, Cma• and Cmln obt1lned on day 21 were not 1t1tl1tlc11lly 1lgniflc11ntly 
different between doses. Day 21 CL/F w11 almilar among the doae groups. The 1ppllc1nt is 
recommending 1 do11 of 800 mg q 12h. 

After multiple doae admlnl1tratlon of rlton1vlr 800 mg q 1 2h for 28 days to HIV+ p1ti1nt1 
(baaellne CD4 + • 60 cell counta/mm3 , N • 10), day 21 mean ± SD AUC 12. Cmax and Cmin 

were 77.5 ± 31 .& µg•h/ml, 11.2 :t 3.8 ~g/ml and 3.0 ± 2.1 1o4g/;nl, re1p1ctlvely. Tmax. CL/F 
and T112 were 3.3 ± 2.2h, 8.9 :t 3.2 L/h and 3.2h, r11pectively. Trough (pre-morning doH, 
conc1ntration1 decreaHd with time. Day 28 m11n trough con,:entratlon WH 80% lower 
than d1y 3 mean trough concentration, but day 14 mean trough concentration waa not 
significantly different from day 28. The decre11e in trough conct:.ntration1 with time i1 an 
indication that ritonavlr may be Inducing it1 own m1t1boli1m. 

Summarv o f R I p lton~v r k' harmaco inetic Ch aracteri1t ca 

Par•m•t•r v.iu.1 IMHn *IOI N 

c ...... ss• 11.2 :t 3.1 ,..g/mL 10 

c ''°""'' s s, 3.7*2.l ,..aJmL 10 

Vf/F" 0.41 :t0.21 Ukg 11 

1111 3. 5 h 

AUC1a.SS' 77, 5 * 31. t 119.h/mL 10 

CUF' 1.lt3.2 L/h 10 

CL/I'' 4.8 * 1.1 Uh ., 
CL11 <0. 1 L/h 92 

lllBC/Pt11m1 ft11lo 0.14 a:0.01 

Parc1nt Bound• 11·11,. 
'H • 1t111dv •t•ll ; patient• t•klno rttonavlf GUU 11\9 q 12h 
'Sl119le rtton•Ylf 800 "'9 dolt 
.,.,lmarily bound to hum1n HrUm albumin ind als>h•· 1 ·•cld glycoprotaln; plum• protein bfndlnt 11 aon111nt ov9f the 
canc•nt11tian ranp of 0.01 • 30 "'91mL 

81CN1vallabillty/Food Eff•ct• 

·-

The absolute bio1vailability wa1 not determined bec1u1e an lntravenoua formulation was 
not 1v1i11ble. A aompari1on of th• commarclal c1p1ute ver1u1 the commerclal llquld 
formulation i1not1v1il1ble; however, the commercial Hquid (K·5, end capsule (L, 
f ormul1tion1 were compared to formul1tion A, which w11 u1ed In phaae I and II ctinlcel 



studies, and found to be bloequivalent under nonfasting conditions. FormulRtion K-5 was 
used in phase II and Ill clinical studies. 
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Following administrwtion of a single 600 mg do1e of ritonavir (encapsulated liquid 
formul1~ionl in the non·fHting tt1t1 (988 kcal, 85% fatl, AUC= w11 lncre11ed 79 ± 69% 
and Cm1x was increased by 51 :t 70% when compared to administrdtion of a similar dose of 
ritonavlr under faatlng conditions. The increa11 in AUC. was statistically significant. 
Variability was similar when rltonavlr was administered feating or non·faating; %CVs for 
AUC. were 65% and 83%, r11pectlvely. Based on these results, rltonavir w11 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 chonolate milk compared to when admini1tered with water. 

The administration of rltonavlr es Formulation K 5 after a 514 Kcal meal (406. 3 Kcal 
carbohydrate, 61. 7 Kcal protein, and 46.3 Kcal fat) r11ulted In an approximately 10% 
lower AUC (Fed:Fast r1tio 0.93 :t:0.14) and about a 20% lower Cmax (Fed:F11t ratio 0. 79 
:t O. 17) than when admini1ter11d under f Htlng conditions. Food caused 1 delay of about 2 
to 2.5 hours in Cmruc. 

The administration of rltonavlr 11 Formulation L after 1 770.5 Kcal breakfast (354.4 Kcal 
fat, 285. 1 Kcal carbohydr1te, and 138. 7 Kcal protein) rHulted in an increaH in AUC of 
about 15% (Fed:FHt rati:.> 1.18 ± 0.251end1 reduction in Cmax of about 10% (Fed:Fast 
ratio 0.93 ± 0.23). Tmax w11 prolonged about 2 hours when Formulation L w11 
administered after a high fat braakf11t. 

Bloequlvalence 

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 tran1formad AUC and Cmax were 86.4% • 103.3% and 
85.0% - 99.1 %, respectively, for the formulation K-5 to formulation A compari1on. The 
90% Cls on Ln transformed AUC end Cmax were 86.7% • 102.5% and 86.6% - 101.0%, 
fespectively, for the formulation K-5 to formulation K-4Y comparison. 

The bioequivalence of formulation L to formulation A was lr,vestigated in 3 studies when 
administered 11 aingle doaea after low and high fat meal a. Formulation L was bioequivalent 
to formulation A when 1dmini1tered H a single 600 mg doae after a 514.3 Kcal breakfast 
(406.3 Kerl carbohydrate, 81.7 Kcal protein, 46.3 Kcal fat). The 90% Cla for AUC and 
Cmax were 89.7% • 99.8% and 94.8% - 105.9%, reapectively. Formulation L w11 
bioequivalent to formulation A when adminiatered 11 1 tingle 500 mg doae after 1 514. 3 
Kcal meal (408.3 Kcal carbohydrate, 81. 7 Kcal protein, 48.3 Kcal fatt. The 90% Cit for 
AUC and Cmax ware 89.8% • 101.4'6 and 88.4% • 100.9%, r11p1ctlvely. 
Formulation L w11 also found to be bioaquivalent to formulation A when administered a1 a 
1ingle 600 mg do1e following a 770.6 Kcal breakf11t (354.4 Kcal fat, 285.1 Kcal 



carbohydrate, 138. 7 Kcal protein). The 90% Cls for AUC and Cma• were 82.6% - 96.6% 
and BB.9% · 108.3%, respectively. 
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As stated above, formulations K-5 and Lare bioequivalent to formulation A when the 
formulations are administered after a meal. The proposed ritonavir label states that r1tonavir 
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 and a 23 % drop in Cma•. relative to fasting conditions. Adminl1terlng 
formulation K-6 in the absence of food should slightly increase exposure. The proposed 
commercial oral solution (formulation K-51 could be administered without regard to meals, 
however the reviewer feels less assured of this st.•temant 11 it applies to the proposed 
commercial capsule (formulation L). Study M95-350 w11 designed such that a comparison 
between formulation L-f asting and formulation A-fed can be made. The resulting 90% Cls 
for AUC and Cm1x were 71.7% - 83.9% and 98.5% - 120.0%, respectively. These results 
raise a question as to how formulation L· f 11ting compares to formulation K·5 nonf esting or 
fasting. Becau11 the patients were inatructed to take formulation K-6 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·6 is through a comparison to 
formulation A·fad, the labeling should state that formulation l be administered with meals. 

Gender 

There were no statistically significant gander di ff arences in AUC, Cm ax, Cmin, or P in 
healthy male and female subjects (n • 12) given 600 mg ritonavir q 12h for 6 days, and 
there was no association between AUC and body weight or lean body ma11. It is 
recommended that the label state that there ware no differences in the pharmacokinetics of 
ritonavir in males and females. 

Chronopharmacoklnetlc1 

There was significant diurnal variation In ritonavir pharmacokinetlcs. In the gender study, 
following the AM dose, meen Tmu was 2 h earlier, mean Cmax was 3 1% higher, and mean 
AUCO·t was 14% higher than respective mean parameters obtained following the PM dose. 
Similar diurnal variation was obeerved 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 variation is not considered clinically significant. 

Genotyp• 

CYP208 genotype was determined in the fluoxetine-ritonavir interaction study. Subjects 
were determined as wt/wt (homozygous wild-type extensive debrisoquine matabolizersl or 
Blwt (heterozygous, with one wild·type allele and one allele for nonfunctional enzyme). 
The ritonavir p waa significantly lower (by 15-20%) in B/wt individuals than in wt/wt 
Individuals. Thia small effect is not considered clinically significant. 

CYP206 genotype waa also determined in the desipr1mine-riton1vlr 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 individuals. 

Drug Interactions 

Etfects of cqacqmitaotlv odminiatared drugs go ritooayir nharm1cqkia1tiG' 

Clarithrqmycjo- C!arithromycin (600 mg bid) coadministration increased the AUC24 and 
Cmax of ritonavir (200 mg q8hr) by 13±20% and 14±24%, respectively. These changes 
were not clinically significant. 

Oesjprami.Q.1- Desipramine (single 100 mg dose) had no effect on ritonavir (500 mg q12h 
for 4 days) pharmacokinetics. 

Did1ogsjo1- Didanosine (200 mg ql 2hr for 4 days) did not significantly alter the 
pharmncokinetics of ritonavir (600 mg q 1 2hr for 4 days). Altonavir decreased the 
didanosine AUC24 by 11 ± 17% and Cmax by 13 ± 17%. These changes were not clinically 
aignif icant. 

Fluconciu>l.f.I· Fluconazole (single dose 400 mg on Day 1 , 200 my q24h for 4 days) 
significantly increased the AUC (by 12 ± 8%1 and Cmax ( 16 ± 10%) of ritonevir (200 mQ q6h 
for 5 days), with no effects on the rates of ritonavir absorption or elimination. 

Eluoxotjne- Fluoxetine (30 mg q 12h for 8 days) significantly incra11ed the AUC (by 
22 ± 23 % ) and aecreased P (by 17 ± 14 % ) of ritonavir (single 600 mg dose), with no effect 
on the rate of ritonavir absorption. 

Zjdoyydloe- Zidovudine (200 mg q8h for 6 days) had no effect on ritonavir (300 mg q6h for 
5 days) pharmacokinetlcs. 

Ett11cts of Goacpmlt•ntly 1cJmiojst1C1d ritqo1vic on Rb•rm•Gokin1t/,Gs of oth11 drugs 

Clorithromycjo- Ritonavir (200 mg q8hr) coadministration increased the clarithromycin 
(500 mg bid I AUC24 by 86 ± 58% and Increased Cmax by 38 ± 40%. Rltonavir i1lhibited 14-
0H-clarithromycin formation by cytochrome P450 mediated biotransformatlon. The ritonavir 
label should describe the effects of ritonavir on clarithromycin pharmacokinetics. The 
current clarithromycin label states that in the presence of severe renal impairment 
decreased dos&1 or prolongation of do1ing interval• may be appropriate; a statement to this 
effect should also be included in the ritonavir label regarding the ritonavir-clarithromycin 
interaction. 

Q11jpramjoe- Ritonavir (300 mg q 12h on Day 1, 400 mg q 12h on Dav 2, 600 mg q 12h for 
2 days) significantly incraa11ed the AUC (by 172 :t 84%), Cm•• (by 28 ± 27%) and T mu (by 
61±68%1 of d11ipr1mine (single 100 mg dose). Ritonavir decreased the deaipramine ~by 
53 ± 8% in rapid debrisoquine metabolizers and by 42 ± 13% in lndlvldual1 with one active 



CYP206 allele and one inactive allele. The active metabolite 2-0H desipramine Cmax and ll 
were significantly decreased by 66 ± 8% and 45 ± 12%, and Tma>< was about 2-fold longer. 
It is recommended that the label state the effect of ritonavir on the AUCs of desipramine 
and 2-0H desipramine. 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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Etbjnyl 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 ± 20%) and Cm11e (by 30 ± 19%) 
and significantly increased p (by 21±16%1 of ethinyl estradiol (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. 

Rjfabutjn- Ritonavir 1300 mg q12h on Day 1, 400 mg q12h on Day 2, 500 mg q12h for 8 
days) markedly increased the AUC (by 3.5-foldl and Cmax (by 5.5·fold) of rifabutin ( 160 mg 
q24h for 10 days). The AUC and Cmu of the active metabolite 25·0·d8tlacetylrifabutin 
were both increased about 30·fold. It is recommended that the label state the effect of 
ritonavir on the AUCs of rifabutin and 25·0·desacetylrifabutin and recommend that patients 
receive alternative medication for ant1mycobacterial therapy. 

Sagu111ay1r· The applicant has reported (not otfic1ally submitted) that ritonavir has a 
profound inhibitory effect on the metabolism of saquinavir following single and multiple 
dosing. The safety of this combination has not been established and the label will 111d1cate 
that the two should not be given concomitantly. 

Theoph\lJline· Ritonavir (300 mg q 12h on Day 1, 400 mg q 12h on Day 7, 500 mg q 12 hr 
for 8 days) significantly decreased the AUC (by 43 ± 8%1. Cmax (by 31 ± 13%) and the 
elimination T1-1 (by 40-45%) of theophylline (3.2 mg/kg q8hr for 10 days). It is 
recommended that the label state that plasma concentrations of theophylline should be 
monitored in patients taking both drugs and a thaophylline dosage increase may be 
required. 

Trjmethoprjm/aulfamothoxazple· Trimethoprim/sulfamethoxazole ( 160 mg/800 mg) was 
administered without ritonavir and with steady-state ritonavir (600 mg q 12hrl. 
Sulfamethoxazole AUC. decreased by 20± 6% and elimination rate increased by 21±12%. 
The increase in sulfamethoxazole systemic clearance could not be entirely attributed to 
increased N-acetyl-sulf amethoxazole formation. Trlmethoprim AUC48 increased by 
20 ± 36%. The mechanism for the change in trimethoprim pharmacokinetics in the presence 
of steady state ritonavir concentrations was not clear. Given the magnitude of the 
opposing changes in 11ulfamethoxazole and trimethoprim AUC and the wide safety margin 
of the synergistic combination, the noted pharmacokinetic changes generally are not 
clinically relevant. However, some patients may experience increased adverse events due 
to trimethoprim, particularly at the do111 of trimethoprim/sulfamethoxezole administered 
for active treatment of pneumocyatla carinll pneumonia. 

Zldpyudlne- Rltonavir (300 mg q6h for 5 days) significantly decreased the AUC (25 ± 10%1. 
and increased CL/F (by 36 ± 18%) of zidovudine (200 mg q8h for 6 daya), but had no 



effect on zidovudine glucuronlde 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 q 1 :lh. 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- Pharmacokinetics has not been studied 1n adults over the age of 65. 

Beoal !mpojrment· No pharmacokinetics studies in renal insufficient patients were 
conducted but less than 2 % of an edministered dose is secreted in the urine; therefore, 
dosage adjustment in renal insufficient patients may not be necessary. 

Hepatic lmpajrmeru· Pharmacokinetic studies in hepatic impaired patients were not 
conducted. Ritonavir is extensively metabolized in the liver, therefore, hepatic insufficient 
patients should be carefully monitored and doses adjusted as needed. 

Pharmacokinetic/Pharmacodynamlc Rel•tlonahlpa 

No analyses correlating ritonavir pharmacokinetic parameters with effect were conducted. 
However, in a couple of studies, exploratory ANCOVA analyses were conducted to 
determine whether baseline disease state (C04 + and Viral RNA) had any effect on AUC, 
Cm1K and Cmin. These analyses were evaluated by Dr. Ena Ette of the PharmacometricJ 
branch of OCPB and he detormined the ANCOVA 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 thirteen patients (from study M93-112l 
comparing the rate of mutation and steady stata ritonavir AUC 12. A trend of slower 
resistance development with higher AUC was o~served; however, confounding factors 
such as immune status, viral burden and the num~er of preexisting mutants that were less 
susceptible to protease action were not evalu11t~d aimultaneously. 

The applicant reported that the incidence of selected adverse events (nausea, vomiting and 
sensory neurologic events) waa higher during the initial days of drug therapy. Ritonavir 
trough concentrations were also higher during the early days \lf ritonavir therapy and the 
concentrations declined to stable levels about 1 to 14 days following initiation of therapy. 
No analyses 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, other 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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Diaaolutlon 

The dissolution of ritoriavir capsules significantly improves w:th age. The dissolution 
specification proposed by the applicant was based on d1ta from lots that were at least 30 
days old. To prevent holding lots for at least 30 days prior to releeso, an interim 
specification was decided upon. During the interim, additional dissolution data from 
production lots will be collected both at the end of encapsulation and at least 30 days after 
the manufacture of the capsules. The data will be used to set a permanent dissolution 
specifica.tion no later than one year after approval. 

The following interim dissolution method and specification have bean set for ritonavir 
(NORVIRTM) 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 Jissolution profiles at 15, 30, 60, 90, 
i 20, 150 and i 80 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 thtt 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 
':!apsules. 

3. The applicant was asket agreed to generate comparative dissolution profiles at 30, 
60, 90, 120 and 180 minute~ iv• .>addle speeds of 50, 75 and 100 ri:m 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 
comes 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 c . f R . 100 ritena or 1tonav1r mg c apsu es, 1 5 D - f M ays a ter f anu acture 

Stage No. T•ated Limit• l"'L.A. of Rltonevifl et l 50 minutu 

S1 6 cep1 Eech cep1ule NL T' BO'Mt 

52 12 cepa Avw19e of 1 2 capsule• NL T 7&%, no cep1ule 1111 than 60% 

53 12 Clpa Averege of 24 capeulea NLT 76%, no more then 2 c1p1ul11 l111 than 60% end 
no capaule IHI than 50'111 

Acceptance Criteria for Ritonavir 100 mg Capsules, 30 +Days after Manufacture 

Stage No. THted Limit• '"'L.A. of Rltonavlrl at 90 minute• 

51 8 CIPI Each capaui. NL T 80% 

52 6 CIPI Average of 12 capsulea NL T 75%, no capsule IHI then 60% 

53 12 cepa Average of 24 c1p1ulea NL T 75%, not more than 2 c1p1ul11 1111 than 60Clb and 
no capsule IHI than 50% 

'NL T: Not Les.; Than 

Wht1n these interim specifications were set, the applicant informed the Agency that the 
following lots 13-789-AF, 13-790-AF, 14-803-AF, 14-804-AF, 14-806-AF, 14-806-AF, 14-
815-AF, 14-852-AF, 14-849-AF, 14-850-AF and 14-851-AF were in process and wern 
older than 5 days but less than 30 days. It was decided that these lots could be tested 
within 6 to 29 days after manufacture and if they meet the spdcification 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 +cell counts 
2!50/mm3 • The pharmacokinetics in patients with CD4 + i50/mm3 could not be evaluated 
from the data provided. The pharmacokinetics of ritonavir appeared to be linear after about 
14 days of therapy with 800 mg q 12h. A direct bioequivalence study linking the two 
commercial formulations (oral capsules and solution) w1s not conductr.td; 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 
used 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 ongoing study evaluating the pharmacokinetics in the pediatric population. The 
applicant should study the interaction between ritonav1r and morft potent CYP3A inhibitors 
such as ketoconazole. The applicant is evaluating the influence of potent i:iducers of 
CYP3A such as rif amp in on ritonavir pharmacokinetics. 

Phase IV Commitments 

The applicant agreed to the following phase IV commitments. They will submit the results 
of the drug intuaction study between rifampin and ritonavir (study M95-289). 



The applicant will study the effect of potent tmzvme inhibitors, such as ketoco1 iazole, 
itraconazole and erythromycin on thtt pharmacokinetics of Ritonavir. 

The applicant will evaluate the pharmacokinetics 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. 

RECOMMENDATION 
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The Human Pharmacokinatics 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. 
Biopharm 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: j~/yFi;;T f/ 1rc/7f 
Ko A. K m1, Ph.D. 

&b 44. )A,.1 ~a&.t 4 I 't IQ lJ 
Barbara M. Davit, Ph.D. 

J ~ 4.j1t1/9iP 

nti-Viral Drug Section 
Division of Pharmaceutical Evaluation Ill 
OCPB 
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DIVISION OF ANTIVIRAL DRUG PRODUCTS 
Review of Chemistry, Manufacturing and Controls 

r'.'!PA #: 

CHEMISTRY BEVIEW It: DATE REVIEW.Ell: 27-Feb-96 

SUBMISSION TYPE 
Original 
Amendment (BC) 
Amendment (BC) 
Amendment (BC) 
Amendment (BC) 

DOCUMENT DAIE 
20-Dec-95 
25-Jan-96 
2-Feb-96 

19-Feb-96 
27-Feb-96 

CDERQAIE 
21-Dec-95 
26-Jan-96 
5-Feb-96 

20-Feb-96 
28-Feb-96 

NAME I ADDRESS OF APPLICANT: Abbott Laboratories 

ASSIGNED DATE 
26-Dec-95 
27-Jan-96 
6-Feb-96 

27-Feb-96 
28-Peb-96 

Dept 491, Bldg. AP6B-1 
100 Abbott Park Rd. 
Abbott Park, 11 60064-3500 

DRUG PRODUCT NAME 
fmprietazy: NORVIR™ 
Nonproprietacy: Ritonavir 
Code Name/#: ABT-538 or A-84538.0 

PHARMACOLOGICAL CATEGORY: 
INDICATION: 
DOSAGE FORM/STRENGDI: 
ROUTE OF ADMINISTRATION: 

Antiviral 
Anti-HIV 
Oral Solution, 80 mg/mL, 90- and 240-mL bottles 
Oral 

CHEMICAL NAME I STRUCTURAL [QRMULA: 

1O-Hydroxy-2-methyl-5-(1-methylethyl)­
l-[2-( l-methylethyl)-4-thiazolyl]-3,6-
dio,w-8.11-bis(phenylmcthyl)-2,4, 7, 12-
tetraazatridecan-13-oic acid, 5-
thiazolylmethyl ester, [5S-(5R"', SR•, 
lOR*, llR"')]-

Registry Number [ 155213-67-5) 

C31H4sN60sS2 Fonnula Weight: 720.95 

SUPPORTING DOCUMENTS.; 



Chemistry Re\'icw of NDA 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 of 29-Jan-96 (CMC questions regarding intermediate from Archimica S.p.A.) 
F"csimilc of 1-Feb-96 (Response describing Archimica intcnnediate) 
Facsimile of 7-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 carton/container labels) 
Facsimile of 21-Feb-96 (CMC questions regarding drug srbstancc and oral solution) 
Facsimile of 23-Fcb-96 (Response to CMC questions on enantiomeric purity and batch sizes) 
NC dated 23-Jan-96 (Response to CMC questions of l 8-Dec-95, and container/carton labels) 
Facsimile of 24-Feb-96 (CMC comments regarding limits and expiry for the oral solution) 
Facsimile of 26-Fch-96 (Response to proposed limits and expiry for oral solution) 
Facsimile of 26-Feb-96 (CMC recommendations on limits and retest period for the drug 

rubstancc) 
26-Fcb-96 Teleconference (Negotiation of limits and expiry for oral liquid) 
27-Feb-96 Teleconference (Negotiation of limits and retest period for drug substance) 
Facsimile 'Jf 27-Feb-96 (Fina.I 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 aarecmcnt on bulk drug storage statement) 
Chemistry Reviews of IND 
Chemistry Review of NOA 20-680 (ritonavir capsules 100 mg) 

CONSULI BEYIEWS: 
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 limiL'i and cxpriry 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 c1.1.rrent use in 

human drugs of Florasynth's Creamy Caramel Flavor (WL-23,669). 
Data search on 15-Fcb-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 

Ors&an (HFS·217) on 14/IS·Feb-96. 
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Chemistry Review or NDA 20-659 

BEMARKS I COMMENTS; 

DRUG SUBSTANCE: Satts/actory 
Ritonavir is an inhibitor (Ki = 0.02nM) of the HIV -encoded aspanyl protease that is required 
for the cleavage of the gag-pol polyprotein into its constituent protein~. Ritonavir is a highly 
modified substrate analog which inhibits replication of HIV· I clinical irnlates with EC so 
values in the range of 4-40 nM. In plasma ritonavir is highly protein bound (99%), with 
moderate distribution into erythrocytes ( 14% relative to plasma) and low levels in 
cerebrospinal fluid. In clinical trials, doses of 600 m& BID have rcr.ultcd in elevation of CD4 
counts (+80 cells at 16 weeks), reduction of plasma levels of viral RNA (~.8 loa10 at 16 
weeks) and early evidence of clinical benefit. 

Ritonavir is a white to tan solid with a molecular weight of 721 and a melting point of 122°C 
(clarified in facsimile of 23-Feb-96). It is practically insoluble in water (<0.001 mg/mL) but 
very soluble (>400 mg/mL) in methanol. THF, methylene chloride and DMF. 

e. 

Batch analyses were pl'ovidcd on 27 lots of drug substance in the original submission. 
Additional data on assay and total impurities covering 1 S 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
dcpcndcnt changes in appearance, assay or total impurities. Data were presented in the NOA 
covering 10 validation lots (73-139 k1 batch size), covering each of the 4 manufacturing 
sites, out to 6 months at 300C/60%RH and 40°C/7S%RH. Data out to 12 months at 30°C 
(with 6 months at 40°C) are presented on 14 development lots (4-14~ kg). This data was also 
collected using lots from the four manufa turers. Finally, supportive data on two 6 kg lots 
extends out to 24 months at 30°C (6 monL.lS at 40°C). A 24-month retest period had been 
requested in the NOA, but it was recommended that the retest period be 18 months for bulk 
ritonavir. The Applicant agreed to this during the teleconference of 27-Feb-96. A 
recommended storage statement for bulk drug containers, including a S0 -30°C temperature 
range, was provided to the Applicant by facsimile on 28-Feb-96. After a counter proposal .of 
"store below 40°C", the Appl!cant agreed to the Agency's temperature range and to include 
the retest date on storage and shipping containers (facsimile of 29°Fcb-96). 

3 



Chemistry Review of NDA 20-659 

DRUG PRODUCT: Satisfactory 
Extensive formuhuion studies were necessary to develop oral dosage forms with acceptable 
stability and bioavailability. To date. no satisfactory solid oral dosage fonn has been 
reported. 

The dru2 oroduct is an 80 m2'mL solution of ritonavir in 

e 

I 

Batch analyses are provided on 10 production-like (700 L) lots. The commercial process will 
use the same equipment at the 2000 L scale. These lots arc representative cf manufacture 
using drug substance from all 4 suppliers. 

The oral solution is packa1ed in amber . bottles (90- and 240-mL) which are capped with 
polypropylene child-resistant closures. A polypropylene dosing cup, marked at 7.5 mL, is 
included. The 90-mL bottles arc packaged in boxes of 5 (1 month supply), and the 240-mL 
bottles are packaged individually (2-week supply). Citations to DMFs are provided for all 
packaging componcn 's. 

The primary stability data consist of 12 months (2 lots), 9 months (3 lots) and S6 months (5 
lots) at 5°C (each lot packaged in both co.n~ers); These data .. were provided in an \jpd~te to 
the NDA on lS-Feb-96. Accelerated stabibty studies were conducted at 2.S0 C/60%RH (out to 
6 months if available) and 30°Cl60%RH (1 month). All 4ata are for 700 L batches, 
manufactured on production equipment, and packaged in the NDA container/closures. There 
is adequate representation from all drug substance suppliers. Additional studies suppon the 
proposed storaae of refriseralion until dispensed to patie1at, followed by up to l month at 
2S°C. The supponive data include 9 and t 2 month time roints at S°C on the previous 
formulation of oral solution (K-4Y). An expiry period o 18 months is granccd (24 months 
was requested) on the basis of the primary real time data supported by the lack of.aignificant 
change under accelerated conditions. The Applicant agreed to an 18 month expiry period 
during the teleconf ere nee 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 NOA. The responses were judged to be adequate, and the EA •. 
review (with FONSI) was completed on 8-Fcb-96. 
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Chemistry Review of NOA 20-659 

METHODS VALIDATION: Pending 
The analytical methodology is adequately described including the relevant validation. The 
Methods Validation package, covering l>oth drug substance and oral solution, was submitted 
to the Chicago District and to the Division of Drug Analysis. As of 28·Feh-96, validation of 
the analytical methodology is not yet complete. 

LABELING: Satisfactory 
The original proprietary names, Proteact, Proteact-PI and Proteact-PA, were judged by both 
the CDER LabclinK 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 
accepui.ble 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 name "Norvir Liquid 
(ritonavir oral solution)", and recommended 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 (2S°C). If 

Amended labeling, complying with the..e recommendations, were agreed upon 21-Feb-96. 

ESTABLISHMENT INSPECTION: Satilfactory 
An EER was submitted on 30-Nov-95 which covered the single product manufacturing site, 
the 4 drug substance manufacturing sites and S additional manufacturers of synthetic 
intennediates. The Abbott Nonh Chicago bulk drug and oral solution manuf acturina 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 intennediates. 

- •-, 
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Chemistry Review of NDA 20-659 

CONCLUSIQNS & BECOMMENDATIONS; 

The NOA 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 
acceptable cGMP status. The NOA. as amended, is therefore recommended for approval 
from the chemistry perspective. 

Concurrence: -""""'\'/ 2 f f l'iY 
HFD-530/DFreeman ~ f-' 7 
HFD-530/CChen ~ ~~6 

cc: 
Orig. NOA 20-659 
Orig. NOA 20-680 
HFD-530/Div. File 
HFD-830/Div. File 
HF0-830/ESheinin 

HFD-530/0Feigal 
HFD-530/CChen 
HFD-530/SMiller 
HID-530/JMumy 
HFD-530/Micro 

6 

~:,.~ .... :i-h,/% 
Review Chemist 

HFD-530/PV cnna 
HFD-102/KStruble 
HFD-530/KKumi 

. File: N 20-659\000CNR01.59i 

...... 
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ENVIRONMENTAL ASSESSMENT 

AND 

FINDING OF NO SIGNIFICANT IMPACT 

FOR 

Ritonavir 

Liquid 

NDA 20-659 

FOOD AND DRUG ADMINISTRATION 

CENTBR POR DRUG EVALUATION AND RBSBARCH 
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PINDING OP NO SIGNIFICANT IMPACT 

NOA 20-659 

Ritonavir 

Liquid 

The National Environmental Policy Act of 1969 (NEPA) requires all 
Federal agencies to assess the environmental impact of their 
actions. FDA iG 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 Ritonavir Liquid, 
Abbott Laboratori•• 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 impactr. 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 tLst results indicate that the drug 
e~tering th~ 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 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 rnacrochirus), 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 and user disposal of empty or 
partly used product and packaging. Pharmaceutical waste will be 
disposed of 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 u:i~, 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 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. 
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~°rJ~~ 
DATE PREPAREY 

Nancy B. Sager 
Acting Supervisor 
Environmental Assessment Team 
Center for D:i:ug Evaluation and Research 

1-k~f. _ ?4tzJ/~ 
~

1 

CONCURRED 
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 Liquid 

Abbott Laboratories 
One Hundred Abbott Park. Road 

Abbott Park, 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 Appendix B (from Subsection 3.6.15) are suitable for public 

disclosure. These nonconfidential subsections and appendices are complete with the exception of 

proprietary inf onnation. The proprietary information, which is contained in Appendices C and 

D could be beneficial to competitors and 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 l 

through 15. Appendix A contains one page sununaries of the environmental fate and effects 

study reports. Appendix D, which is a confidential appendix, contains the full study reports on 

environmental fate and effects. 
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3.6.1 DATE 

December 15. 1995 

3.6.2 NAME OF APPLICANT 

Abbott Laboratories 

3.6.3 ADDRESS 

One Hundred Abbott Park 

Abbutt Park, Illinois 60064 

3.6.4 DESCRIPTION OF THE PROPOSED ACTION 

3.6.4.l REQUESTED APPBOYAL 

Approval of NDA 20-6S9 is sought for the manufacturing of ritonavir (also 

referred to in the Environmental Assessment report and its attachments as ABT-S38) bulk drug· 

substlm~. 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 NDA pursuant to Section SOS(b) of the Food, Drug, and Cosmetic 

Act for Ritonavir Liquid packaged in amber polyethylene tcrephthalate (PET) bottles. This EA 

has been prepared and submitted in accordance with 21 CFR § 25.31a(a). All Items (1 through 

15) that are presented in this document are also discussed in the confidential Appendices C and 

D. 

3.6.4.2 NEED FOB ACTION 

Ritonavir 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 

v!rions. 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 

Inununodeficiency Syndrome). 

Once approved, Ritonavir Liquid will be used in the treatment of HIV infection 

in patients with AIDS and AIDS related complex. 
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3.6.4.3 LOCATIONS OF MANUFACTURE 

Four major locations arc involved in the manufacture of ritonavar (Figure 3.6.4- l ). 

Abbott, North 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 

manufacture the bulk drug substance at the following four locations: 

1. Abbott Laboratories, 1401 Sheridan Road, North Chicago, Illinois 60064. 

The bullt drug from the overseas locations will be shipped to Abbott, North Chicago. Both the 

bulk drug from overseas and that manufactureci at Abbott, North Chicago will be used to make 

the drug product, RitonaviI' Uquid. Approval is also sought to manufacture, package, and 

distribute the drug product at Abbott Laboratories, 1401 Sheridan Road, North Chicago, Illinois 

60064. All packaging operations are canied 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 formulation in which ritonavir is present will be ingested by patients 

throughout the United States. The drug substance and its metabolites arc excreted by patients 

which will enter municipal treatment systems through domestic sewage. 

Off specification lots of bulk drug s•1bstance from Abbott's North Chicago facility or 

any unused drug product that is returned to Abbott (beyond expiration 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; Rineco, Benton, AR; Safety Kleen, Smithfield, 

KY; and Safety Kleen Envirosystems, Dolton, IL The USEPA permit numbers and complete 

addresses are provided in Appendix C. There are no expirJtion dates on the licenses for these 

solids incineration facilities. 
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3.6.4.5 ENVIRONMENTAi- SEITING OF FACILITIES. 

3.6.4.5. l Abbott Laboratories. Noah Chicuo 

The properties of the Abbott Laboratories are located within Lake County, Illinois. 

The North Chicago i=ropeny Hes 600 to 1000 feet west of Lake Michigan at an elevation ten to 

fifteen feet above the average 580 foot mean sea level elevation of the lake. There are no other 

significant geographic features, such ~mountains, lakes (aside from Lake Michigan) or rivers 

in proximity to the manufacturing site. The area is topographically flat and slopes very gently 

to the east, toward Lake Michigan. Drainage is dominantly to the cast-southeast, again toward 

the lake. The climate of northeastern Illinois is characterized by warm summers (74 to 94°F) and 

cold winters (20 to 32°F). The average annual rainfall is 32 inches; wind directions arc highly 

variable. 

Most industries and residences near the Abbott North Chice::JO facility arc ~:rved by 

the City of Noah Chicago municipal water supply. The source of the municipal water supply 

is Lake Michigan. The Abbott North Chicago facility currently uses municipal water._ .. 

Wastewater is sewered to the treatment facility of the Noah Shore Sanitary District. Land use 

(zoning) 11ear the North 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 surf ace deposits of northeastern 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 lak~ sediments (clay, 

silt and sand) of the Equality Formation, and clayey io silty glacial till of the Lake Border 

Morainic System. From SO to 200 feet of Plei-.to--.:ene glacial sediments unconfonnably overlie 

Siluriai. 'omite in this area. The Paleozoic s, , ,raphic section in this area from top to bottom 

includes Silurian dolomite, Ordovician shale, dolomite, and sandstone, and Cambrian sandstone. 

The Paleozoic section unconfonnably overlies Precambrian crystalline rocks. 
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Figure 3.6.4-1 
SITES REI.EV ANT TO THE MANUFACTURE 

OF RITONA VIR LIQUID 
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Three dominant aquifier systems, the Basal Bedrock, Midwest Bedrock, and r '~per 

Bedrock, underlie northeastern Illinois. Principal water producing zones include sandstone of the 

Eau Claire and Mount Simon Fonnations fer the Basal Bedrock system, the Ironton-Galesville 

and 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. 

\.. - '' ,....,. 
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resin. 

3.6.5 IDENTIFICATION 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 liquid formulation manufactured from the drug substance at the Abbott, North 

Chicago facility. The molecular structure of ritonavir is shown in Figure 3.6.5-1. The drug 

product, ritonavir. will be prepared and administered as liquid. 

3.6.5. l NOMENCLATURE 

3.6.5. l. l Chemical Name 

10-Hydroxy-2-metbyl-5-( l-methylethyl)-1-[2-( l-methylethyl)-4-thiazolyl)-3,6-dioxo-

8, l l-bis(phenylmcthyl)-2,4,7, l 2-tetraazatridecan-13-<>ic acid, 5-thiazolylmcthyl 

ester, [5S-(5R*,8R*, JOR*, l lR*)]-
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3.6.5.l.2 United States Adapted Name CUSAN) 

Ritonavir 

3.6.5.1.3 Ct.S Rc1is1Q' Number 

1SS213-67-S 

3.6.5.l.4 Lahoratoi:y Codes 

3.6.S.l.S 

ABT-S38, Abbott-84538.0, A-84538 

Molc;cular f_grmula and Wci1ht 

C,1 ff..aN,05S2: 720.95 

Figure 3.6.5-1 

Structure or Rltonavir 
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3.6.5.::' PHYSICAL DESCRIPTION 

In appearance, 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 information concerning water solubility, dissociation t..onstams, and log 1">Ctanol­

water panition coefficient, in this table are taken from chemical and physical propenics of 

ritonavir (NOA Subsection 3.3). The sediment-water Ui:auibution coefficients and Henry's Law 

Constant however, are from Appendix D of NDA Subsection 3.6. 

Table 3.6.5· 1 

Chemical and Physical Properties of Rltonav!r 

Molecular formula 

Molecular weight 

Solubility in water 

Henry's Law Constant 

Log octanol-water partition coeff.,..,, tcow> 

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 

C)7 H48N60~S2 
720.95 

<0.00 I mg/mL 

Non-Determinable 

log (4.7 x 1<>4) 

>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 

impurities are not discussed individually in the present EA, because their structural similarity to 

ritonavir will direct them to a similar environmental fate. The excipicnts of Ritonavir Liquid arc 

presented in Table 3.6.5-2. As seen from the table, most of the excipients (except nitrogen and 

the active ingredient) arc readily biodegradable. 
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Table 3.6.5-2 

Excipients of Ritonavir Liquid 

Ingredient 

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 

Peppcnnint 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. 

3.6.6.1 SYNTHESIS OF RITO~AVIR AI ABBOTT, NORTH CHICAGO 

3.6.6.1.1 Substance~ Emitted Purina Maoufacturina of Bulk Dm& 

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 

wastcstreams (Appendix C) arc emitted. An examination of these waste streams indicate that the 

major components that cou!d be emitted to the atmosphere arc: ethyl acetate, heptane, ethyl 

alcohol, isopropyl alcohol, water, methanol, acetone, tetrahydrofuran, toluene, dimethyl acetamid~. 

dimethoxy ethane, isopropyl acetate. Other voiatile emissions present in trace quantities arc 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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Waste streams 

The compositions of resulting wastestreams arc tabulated in Appendix C. The aqueous 

wastestreams will be sewered from manufacturing to Abbott's North Chicago wastewater 

treatment plant (WfP~ wastewater permit No. 95-5A). The effluent from the Abbott, North 

Chicago WTP goes to the Gurnee Wastewater Treatmr.nt Plant of the North 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 wastestreams that are not sewered (Appendix C) will be sent 

offsite for incineration or reclamation by a waste contractor (Appendix C). Specific organic 

solvents from the assembly process may l>e directly reused back in the process. Non-hazardous 

and special wastes generated from the production of ritonavir will be collected and transported 

to Pheasant Run l..andfill, Bristol, Wisconsin (Illinois Transportation ID #0123, Illinois Generator 

ID #0971250004 ). 

3.6.6.1.2 CQOU'Ols Exercised on Resjduals and Emissions 

Safety precautions for handling the chemicals listed in 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 Pcnnits from the 

Illinois Environmental Protection Agency (Appendix C). In the North Chicago facilities used for 

the production of ritcnavir bulk drug substance, the air emission controls utilized involve the use 

of condensers, vent condensers, water scrubbers, and dilute caustic scrubbers. Records of 

emissions are maintained and inspected. Aqueous wastestreams will be sewered while the 

organic wastestreams 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) arc listed in Appendix C. This listing is 

not all inclusive and is dynamic in the f 11ct that companies are added and subtracted for vari'.>us 

reasons (e.g. service and cost, etc.). The sewered aqueous wastestreams are treated in Abbott's . 
onsite wastewater treatment facility before being disch~ged to the North Shore Sanitary District: 

The non-hazardous solid waste is transported to Pheasant Run Landfill, Bristol, Wisconsin 

(Illinois Transportation #0123, Illinois Generator ID #09712S004). 
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3.6.6.1.3 Compliance of Proooscd Action wi\h Applicable Emission Reguircmcnts 

Equipment in which ritonavir will be manufactured is properly pcrmiued for air 

emissions (Appendix C). The permit for release of effluent from Abbott's wastewater treatment 

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 P4irt 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 d.'1lg substance at Abbott, North Chicago is provided in Appendix B-3. 

3.6.6.1.4 Effect of Pmposec:I Action op Compliance wjth Current Emission Reguiremeots 

Emissions and releases from the manufacture of ritonavir bulk drug substance ar ~ not 

expected to exceed the limitations of current perm.its. If modifications of current air permits arc 

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 District will not be exceeded 

by the synthesis of ritonavir. Similarly, the generation of solid waste will not affect the perm.it 

for landfilling. 
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3.6.6.5 PREPARATION OF RITONAYIR LIQUID AT ABBOTI. NORTH 

CHICAGO 

3.6.6.5.l Substances Emitted Durio& Manufacturina 

Atmospheric Emissions 

The only air emissions of regulated polfatants would be particulate and Volatile 

Organic Materials (VOM's). Since this material is mixed in a closed tank, all emissions arc 

minimal. The only time the tank is open is while the ingredients are being charged into the tank. 

The amount of particulRte and VOM emissions are within air pennit specifications. 

Aqueous Wastes 

The liquid fonnulation of ritonavir is mixed in a closed tank and the final formulation 

is a flammab' e 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 Abbott North Chicago Wastewater 

Treatment Plant. After pre-treatment at Abbott, North Chicago, the wastewater is discharged 

[Abbott Wastewater Discharge Control Document (Permit) No. 95-5A] to the sewer system of 

the North Shore Sanitary District and from there to Gurnee Wastewater Treatment Plant of the 

NSSD. 
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Solid Wastes 

Solid wastes from manufacturing are expected to be zero as the final formulation is 

conducted in a closed mixing tank. Packaging rejects and protccti··e clothing worn by employees 

will be collected in drums and rolloff boxes for landfilling. These :10ild wastes wiH be 

transported to Waste Management of Wisconsin, Bristol, Wisconsin {Permit No. 3062, expiration 

date 9/30/QS). 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 offsite for incineration as a hazardous waste. 

3.6.6.5.2 Controls J:xcrc1sed on Residuals and Emissions 

No volatile o.,.ganic el1'..:ssions will be generated during production of the liquid 

formulation. No emission controls arc required for manufacturing of the final fonnulation. Solid 

wastes are disposed of at permitted waste facilities. 

3.6.6.5.3 Compliance of Pmoosed Actjop wjth Applicable Emission ReQuiremcnts ~. 

Since particulate ar.d VOM emissions arc insignificant (IEPA Definition: less than 

0.1 lb./hr. and 0.44 tons ~r year), manufacturing the final product will be in compliance with 

both US EPA and IEP A 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 and 

disposed of as described earlier. Particulate emissions from the liquid manufacturing facility at 

Abbott, North Chicago is regulated under a pcnnit issued oy the Illinois Environmental 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 Pan 439. The prohibitions and limitations for discharge into the sewer 

system of the North Shore Sanitary District arc listed in Appendix C. Solid wastes will be 

landfilled by Waste Management of Wisconsin under Permit No. 3062 from the State of 

Wisconsin, Department of Natural Resources. 

Certification of <"ompliancc with applicable emission requirements for the manufacture 

of drug product at Abbott, North Chicago is provided in Appendix B·3. 
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3.6.6.5.4 Effect of, the Proposed Action on Coropliaocc with Current Emission Reguirements 

Emissions and releases from the manufacture of drug substance or drug product will 

not exceed the limitations of current permits. Manufacturing of this product will be scheduled 

to fit within the existing framework of activities for which current emission re1;airements are 

applicable. 

3.6.6.6 OCCUPATIONAL SAFETY 

Chemicals used in manufacture of the drug product are regulated by the Occupational 

Safety and Health Administration. Employees arc trained in the proper operation of t:quipmcnt 

in order to minimize potential safety, health and environmental risks. Extensive safety training 

is mandated, and Material Safety Data Sheets (Appendix 8) arc available to personnel for 

chemicals handled in t'1e manufacturing area. Employee training is conducted on the chemical 

hazards associated with manufacturing. 

Specified personal protccti,ve equipment (e.g., gloves, safety shoes, eye protection, etc.) 

and engineering controls designed for the equipment (e.g., exhausts to remove dust) are adcqua~ 

to protect the employees. 

The saf c transport 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 materials. Access to drug substances and products is restricted to authorized personnel. 

3.6.6.7 AMOUNT OF Sl,iBSTANCES ENTERING THE ENVIRONMENT 

Human drugs find their way into the environmental compartments (cg. soil, air, water) 

through manufacture, use, disposal and accidental spills. The two major sources of environmental 

exposure of the drug arc: 1) the patienLI\ who use the drug product; the drug product and/or its 

metabolites arc discharg&i into the domestic sewer through excreta of the patients; and 2) 

release of the drug or its precursors 01 by-products through wutewater from the manufacturing 

plants. In either case the municipal sewage in the wutewatcr treatment plant could ~: ~~e main 

recipient of these contaminant sources. The concentrations and releases in the subsections below 

arc estimated without taking into consideration any degradation of the drug or its products at the 

manufacturing plants or during transport in the municipal sewage to the wastewater treatment 
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plant {WTP), and, therefore, are worst case scenarios. 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 landfilled or incinerated at both the sites. 

3.6.6.7.1 Humao Elimination 

The drug substance is introduced to sewage systems primarily as the parent ritonavir, 

as shown from the metabolism studies (NOA Subsection 5.3). Metabolism and disposition 

studies in rat showed that 48% of fecal radioactivity consisted of paicnt drug followed by 14% 

of metabolite M2 ud 9.9% of metabolite Ml. Metabolites Ml and M2 are also present in 

human microsomal preparations. Because ritonavir constituted the major component in rat feces 

and her.: · v. the major metabolites fonned (Ml and M2) were structura. •• similar to ritonavir, 

releases via human elimination are calculated in this subsection as if ritonavir was the only 

substance being rclea.~. 

The estimated concentration, i.e., Maximum Expected Emitted Concentration (MEEC), 

of ritonavir at a typical wastewater treatment plant (in the fifth year following approval) is 2 ppb. 

This concentration is, of course, a worst-case estimate, because: 1) the total global production of 

ritona·1ir is included instead of the U S. production alone, 2) it is assumed that the amount of the 

drug manufactured will all be ingested and eliminated by the U.S. ~.;pulation, 3) metabolism and 

the removal of the drug in the human body was not taken into consideration and it was assumed 

that ritunavir is the only substance being excreted by patients into domestic sewage, and 4) it is 

assumed that the excreted ritonavif wouid reach the WTP without undergoing any deei:adation 

in the domestic sewage from the time of excretion to th~ time it enters the WTP, even though 

degradation during that time is possi&Jle. The calculation for the estimated concentration is 

provided in Appendix C. 
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3.6.6.7 .2 Wastewater from Manufacturjn& 

North Chicago 

t..uring the synthesis of ritonavir, 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 

Treatment .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 flow rate of 19 million gal/day (NSSD, 1992). 

Amount Nl«u«l in 9 % 10' JJll/9 X 0.264 gal/l 

365 """""" % jlow roll 

23.3 kf % 10' JJll/lrf z 0.264 1al/L • 6151 • 0.9118f L 
365 :i 19 :i 10' 693S 

Thus, the calculated concentration of ritonavir by·products at NSSD that could result 

from releases at North Chicago (under the proposed action) would be 0.9 ppb or 900 ppt. This,· 

is a worst.case estimate, because degradation and adsorption to sludge at Abbott's North Chicago 

on site treatment plant Wf"re not considered. 

3.6.7 FATE OF EMmED SllJISTANCES IN THE ENYIRDNMENI 

Information is presented that is relevant to the environmental transpon 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. The methodology involved in this evaluation and its application to 

specific chemicals is discussed in Water-Related Enyimnmental Fate of 129 Priority Pollutants 

(USEPA. 1979; Howard, et al., 1990). 

Ritonavir is a protease inhibitor developed for the treatment of human 

immunodeficiency virus. the causative organism of Acquired 1i.1mune Deficiency Syndrome. 

(Al;)S). After the drug product is ingested in the human body, it is absorbed from the intestinal 

tract and eliminated in urine and feces primarily as ritonavir. The procedures outlined in the 

Environmen'al Assessment Technical Assistance Handbook (FDA, 1987) were followed to study 

the environmental fate of ritonavir. 
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3.6.7.1 AIR 

Minimal or no emissions of riwnavir arc expected to be released into t.he atmosphere 

during manu_facture or use of th~ product by patients. Ritonavir is a white to light tan powder 

practically insoluble in water. It was stable at 80°C for 13 weeks with 100. l % of ritonavir 

remaining (Abbott Report R&D/951216; NOA Subsection 3.3.1.S). ritonavir's relative stability 

in solid form suggests that volatilization in air is an unlikely phenomenon. Therefore, air 

emissions in its solid form are unlikely. Dust from the manufacturing of bulk drug (Abbott's 

North Chicago facility) wi'il be trapped by vent filters that 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 pbotolyzed in the condensing moistu1e as discussed in 

Subsection 3.6.7.2.3 or biodegraded as stated in 3.6.7.2.4. The drug product is a liquid 

formulation and no air emissions are expected during manufacture because of the containment 

measures that are in place. Voladlization of ABT-538 from the liquid formulation is unlikely 

since Henry's Law constant study demonstrated that very little ritonavir in solution was trapped 

as 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, whic~ 

suggests very little potential for ritonavir to volatilize. In the event of accidental release of 

aerosols, ritonavir likely to photodegrade extcnsi•1ely in aqueous solutions. 

The componen~ of the dnag product (Appendix C) are trapped by vent filters during 

manufacturing which will be disposed of by landfilling or incineration as stated above. 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 WATER 

Ritonavir will be introduced to the aqueous environment via elimination by oatients 

and via releases from manufacturin£. Minimal release of the drug substance is expected to sewer 

and no release from manufacturing of drug product to aqueous environment (sc.wer) is expectcc:l 

due to contained handling of the wastes resulting from equipment cleaning and other operations 

during formulation. Release£ from the synthesis of ritonavir are anticipated to be 23.3 Kg. 

Biodegradation and photodegradation in the aeration and settling tanks of W1'P arc expected to 

dccre:isc its concentration significantly bcfor: the sewage effluent is released to surface water 

(Subsections 3.6.7.2.3 and 3.6.7.2.4). 
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As stated in Sutisect10n 3.6.6.7.1. the maximum concentration (MEEC) of ritonavir 111 

the year 2000 at a typical wastewater treatment plant that would be due to patient usage 1s 

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 ahout 

10·1 to essentially no dilution (Metcalf & Eddy, Inc., 1979; Linsley, et aJ.. 1975). A typical 

dilution factor for many rivers of the United States is 10·1 and, thus, 1:1e corresponding worst-case 

concentration in surface waters that receive sewage plant effluent could be 0.002 ppb (2 x 10-1
). 

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 ounall; the impacts of the 

degradation 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 are 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 effluent from this wastewater facility is discharged to the Des Pia.mes River which (near 

NSSD in Gurnee, Illinois) has a mean annual flow rate of 189 ft 3/scc or 122 million gaVday 

(ISWS, 1992). Therefore, the dilution factor from the NSSD facility to the river is 10·1, and 

based on this dilution, the worst-case MEEC concentration is expected to be 0.9 ppl. The impact 

on the degradation processes in the WfP 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 

effluent, ritonavir (or its by-produc(::) would be affected by environmental processes that include 

photolysis, oxidation, hydrolysis, volatilization, absorption, bioaccumulation, and biodcgradation. 

These processes are evaluated individually (in this subsection) before a concluding statement is 

mad~ on the probable fate and concentratio'l of released substances in the aqueous environment. 

3.6.7.2. l Vglatilization 

Ritonavir did not volatilize from a deionized water solution with nitrogen flow for 21 

days, suggesting no volatilization potential under such conditions. A one page summary of the 

Henry's Law Constant results is provided in Appendix A- I and the ~omplete report is provided 

in Appendix D- I. 
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3.6.7.2.2 Sorptjon/Desorptjon 

The adsorption coefficient, (Koc) for ritonavir with Bentonite, Skokie lagoon mud. 

Milwaukee metropolitan sewage, Lake Bluff Beach sand, Des Plaines River sediment, a11J 

Northshore Sanitary District sludge wac; determined. This study represents two environmental 

substrates (Milwaukee Sewage and Des Plaines River Sediment) that the drug may partition mto 

after human use and manufacturing operations. 

Attempted extraction of ritonavir from the adsorbents with methanol:watcr (50:50) in 

which the drug is very soluble, demonstrated that approximately ~3. 7, 72, 39, 6 and 61 % of the 

drug was irreversibly bound to Bentonite, Skokie lagoon mud, Northshore Sanitary District 

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 bf': exposed to in the WTP and after its release from WTP. The percent of 

ritonavir irreversibly adsorbed to these two matrices constituted 39 and 6%, respectively. Based 

on these estimates the majority of ritonavir is likely to partition into aqueous compartments. A 

one page summary of Sorption/Desorption results is provided in Appendix A-2 and the complete 

report is provided in Appendix D-2. 

3.6.7 .2.3 Photodcaradation in Water 

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 Subsection 3.3.1.5). Compounds with absorbance in the range of 290-800 

nm are known to photodegrade upon exposure to sunlight (direct photolysis). Ritonavir was not 

susceptible to direct photodegradation when aqueous solutions were subjected to simulated 

sunlight (Xenon Arc Lamp). However, the same solutions of Ritonavir in the presence of a 

sensitizer, photodegraded 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 WTP, especially in the activated sludge and 

ser.ondary effluent tanks where the contents are exposed to natural sunlight, the drug substance, 

ntonav1r, is likely to be removed completely. It is quite likely that photolysis may transform all 

of ritonavir into its degradate components, thus eliminating the drug product itself ~rom the 

environment. A one page summary of Photodegradation results is provided in Appendix A-3 and 

the complete report is provided in Appendix D-3. 
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3.6.7 . ..'..4 Biodegradauon in Waler 

The aerobic biodcgradation of the l~sl chemical, ritonavir, was tested in water usin~.: 

activated sludge and scconJary effluent from the wastewater treatment plant <WTP) as inocula. 

Greater than 90% of the ritonavir wa~ removed from the test medium within 28 days and trapped 

as 14C-activity in a foam plug used as a volatile trap. Only 6.1 % of the applied activity remained 

in the test medium. Thus, biodegradation appears to be a potential removal pathway for ritonavir 

in water. Ritonavir may be completely removed in the WTP through a combination of 

photodegradation (half-life of less than 4 hours) and biodegradation suggesting very little release 

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 Bj9accumylation!Bioconceotration 

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). Bioaccumulation 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 residual drug entering into the aquatic 

companment, three aquatic toxicity tests (DiWhnia acute toxicity, Hya!ella acur,. ;.oxicity and fresh 

water fish ~cute toxicity) have been conducted :-~ reported in Section 3.6.8. 

3.6.7 .2.6 Probable Fat~ of Ritonavjr in AQuatic Systems 

Photodegradation, and biodegradation in the WTP will diminish or eliminate the 

amount of drug substance likely to be released to the natural aquatic compartment. Therefore, 

the actual concentrations that will be present near an effluent outfall of the WTP can be expected 

to be much smaller than th"t en~ering 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 expected environmental concentration 

(EEC) of ritonavir or its by-products is expected to be essentially z.ern. However, worst case 

estimations of EEC are presented in Tables 3.6.11-1 and 3.6.11-2. 
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3.6.7.3 

As seen from the fate in che WTP aquatic matrix. rhe majority of riconavir in the WTP 

is expected co be eliminated by phmodegradation and to a smaller degree, biodegradation. Since 

ritonavir has not been demonstrated to bind to sewage and river sediments, ritonavir is likely co 

partition into the aqu~ous phase within the WfP and be rele<Csed 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 the aquatic compartment. For this reason, the 

environmental effects testing is focused on aquatic toxicity testing. However, a mirrobiai growtli. 

inhibition test was also conducted where a number of soil bacteria. fungi and an alga that could 

prevail in soil were tested against various concentrations of ritona ir to assess the effect of 

adsorbed drug on soil microbial activity. 

3.6.8 ENVIRONME:~TAL EFFECTS OF RELEASED SUBSTANCES 

Four environmental effects studies have been t..'>nducted with ritonavir: ( l) Microbial 

Growth Inhibition; (2) Daphnia Acute Toxicity; 3) Hyalella Acute Toxicity; and 4) Fresh Water 

Fish Acute Toxicity. The procedures outlined in the Environmental Assessment Technical 

Assistance Handbook (FDA, 1987) were followed to study the environmental effects of ritonavir. 

3.6.8.1 .Microbial Growth Inhibition 

The microbial growth inhibition test was conducted at a highest concentration of 5 

mg/L using a solvent (<1%) to solubilize ritonavir. Soil bacteria, Pseudomonas jluorescens, 

Bacillus megaterium and Azotobact..r chroococcum, a blue green alga, Anabaena flos-aquae and 

three soil fungi, Aspergillus clavatus, Peniciliium canescens and Chaetomium globosum were 

tested. Azorobacter and Anabaena are known to fix atmospheric nitrogen, thus enriching soil 

nitrogen. Pseudomonas, Bacillus, Aspergillus and Penicil!ium are known to degrade a variety 

of chemicals. Chaetomium is known to decompose cellulose. Thus, these microorg:misms 

represented a broad spectrum 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 
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( 5,000,000 ppl) is several orders of magniludc lughcr lh:.in the EEC (0J)45 ppt) estimated for soil. 

and therefore ritonavir has no impact on the terreslrial microorganisms. A one page summan 

of Microbial Growth Inhibition results is provided in Appendix A-5 and the complete report Is 

provided in Appendix 0-5. 

3.6.8.2 Dqphnia Acute Toxicity 

The 48-hour EC50 value was> 1.50 mg/L which was approximately the water solubilily 

of the test chemical. The results indicated a 48·hour no-observed effect concentration (NOECl 

of 1.50 mg/L based on the lack of immoLility 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 Daphnia in the aquatic environment. I:.. one p~ge 

summary of Qaphnia Acute Toxicity results is provided in Appendix A-6 and the complete repon 

is provided in Appendix D-6. 

3.6.8.3 lfyalel/a Acyte Toxicity 

There was no significant mortality or adverse effects on Hyalel!a azteca during a 96-

hour exposure period at a ritonavir concentration of 1.59 mg/L, which is also the approximate 

solubility limit of the test substance. Thus a NOEC of 1.59 mg/L is assigned. Since the NOEC 

( 1,590,000 ppl) is several orders of magnitude higher than the EEC (0.08 ppt), ritonavir should 

not have any impact on Hyalcl!a in the aquatic environment. A one page summary of Hyalella 

Acute Toxictty results is provided in Appendix. A-7 and the c.>mplctc repon 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/L which was approximately the 

water solubility limit of the test chemical in dilution water. The 96-hour NOEC is determined 

to be 1.63 mg/L, which was based on the lack of inortality and abnormal effects at this 

concentration. Since the NOEC ( 1,630.000 ppt) 1s several orders of magniluJt higher than the 

EEC (0.08 ppt). ritonavir should not have any impact on fresh water fi:.h in •hr. aquatic 

environment. A one page summary of Fresh Water Fish Acute Toxicity results is provided in 

Appendix A-8 and the complete rcpon is provided in Appendix D-8. 
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TABLE 3.6.7-l 

Fate and Errects Studies for Environmental Assessment of Ritonnir 

Type of Study Result I ' 
Significance 

t knry's law Constantl The Henry's Law constant could not be deter- Ritonavir does not appear to volatilize 
Vapor Pressure mined due to insignificant volatilization significantly in deionized water solutions under 

suggesting that ritonavir has very little nitrogen flow. 
volatilization potential. 

Sorption and Irreversibly bound ritonavir varied significantly The binding to metropolitan sewage (39%) an<l 
Desorption with matri.<: Milwaukee Sewage - 39%; Des Des Plaines River Mud (sediment), two matrices 

Plaines River Mud - 6%; North Shore Sanitary that have a potential to be exposed \o '.ht drug 
Sludge - 72%; Skokie Lagoon Mud - 7%; suggests that the majority of rilonavir :s I kely 10 

Bentonite - 23%; Lake Bluff Beach Sand - 61%~ partition im.o the aqueous phase of wr jl. 
Koc values are: Milwaukee Sewage - >250; Des I Plaines River Mud ->2483; North Shore Sanitary 
District Sludge ->250: Skokie Lagoon Mud -
>I UOO; Bentonite - > 1000; Lake Bluff Beach sand 
- 439 

Pholcdegradation in The half-life of ritonavir determined experi- Photodegradation is the major removal pathway 
W~tcr mentaily was 5.92, 2.23 and 1.43 hours at pH 5, for ritonavir in WfP. The worst case half-life for i 

7, and 9, respectively. photodegradation is raken as 4 hours 

Aerobic Biodegrada- "C-activity trapped in foam plugs accounted for The removal of >90% of ritonavir from aqueous 
tion in Water 91 % of the applied activity afrer 28 days. medium conlaining acrivared sludge and secondary 

Majority of the 14C-activity in foam plugs was effluent inocula from the \VTP suggests aerobic 
accounted for by ritonavif with a minor polar biodegradation as a potential removal pathway for 
component. ritonavir in the WfP. 

Micrcbial Growth The no observed effect concentration (NOEC) for The NOEC (5,000,000 ppt) for bacreria fungi and I 

Inhibition microorganisms is 5 mg/L (5 ppm), the highesl alga are several orders of magnitude higher than 
concentration tested, which is also above the the worst case concentration of EEC (0.08 ppt ). 
water solubility limit. and, therefore, no impact of ritonavir on micro-

organisms is expected. 



j 
;• 

•.J ., 

n 
0 

:) .. 
.J 

N 
~ 

FDA 
Guideline 

4.08 

4.IO 

4.11 

Type or Study 

DaphniJ 
Acute Toxicity 

H~al~lla A~teca 
Acute Toxicity 

Fresh Water Fish 
Acute Toxicity 

TABLE 3.6.7-1 (CONTINUED) 

Result Significance 

The no-observed eff ecl concenlration (NOEC) The NOEC for ~aphnia, 1.500.000 ppt. is 
was determined to be 1.50 mg/L, which is several orders of magnirude higher than worst 
also rhe highesr measured concentralion lested case EEC of ritonavir (0.08 ppt) and, 
and is near the upper limit of ~ .. Jlubility for therefore, no impact of rilonavir on !he 
ritonavir. aquatic species Da12boii! is expected. 

The no-observed effect concentration (NOEC) The NOEC for Hyalella, 1,590,000 ppt, is 
was determined lo be 1.59 mg/L, which is several orders of magnitude higher than worst 
also the highest measured concentration tested case EEC of !"itonavir (0.08 ppt} and, 
and is near the upper limit of solubility for therefore, no impact of ritonavir on the 
ritonavir. amphipod Hl'.'.a1,U!l is expected. 

The no-observed effect concentration (NOEC) The NOF.C for fresh water fish, J ,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 upper limit of solubility for therefore, no impact of ritonavir on the fresh 
ritonavir. water fish is expected. 



3.6.9 USE OF RESOURCES AND ENERGY 

The proposed action requires a moderate commitment of company rc&vurces. 

However. chemicals that will be used are common commodities of commerce. Moreover, no 

irreversible or irretrievable commitment of limited national resources will be involved. The 

estimated use of energy for the synthesis of ritonavir drug substance at North Chicago is 1.2 x 

I 06 kwh/yr of electricity and 2.1 x 1010 b~u/yr of thermal energy. These amounts represent 0.5% 

and 0.7%, respectively, of the total energy . .;:,msumption at the North Chicago facility. 

The estimated use of energy tor the preparation of a 2000 L batch of ritonavir Liquid 

at North Chicago is 1,957 kwh of electricity. No steam or fuel gas 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. 

'fhe 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 exercised 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 Safety 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 ar tivity at Abbott facilities. As their 

results becc-me available, practical measure; to increase control of wastes ar~ incorporated into 

manufacturing procedures. 
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3.6. I l ALTERNATIVES IQ THE PROPOSED ACTIQ.N 

No potential adverse environmental impacts have been identified for the propo'.-ir,l 

action. Lillie or no release of ritonavir to the aquatic environment is expecced (Subsccuun 

3.6.6.6) due to extensive photodegradation and hiodegradation in WTP. The no-observed effect 

concentrations of aquatic species and terrestrial microorganisms are several orders of rnagnitudl' 

higher than the EEC for ritonavir, hence no environmental impact is anticipated (Tables 3.6.11- i 

to 3.6.11-2). Because no adverse environmental impact is expected, allemati·.,es to the 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 of Em·iornmental Impact of Ritonavir Through 
Human Use (Year 2000 Production Forecast) 

;:=.:"-~-

Maximum Expected Emilted Concentration (MEEC) in WTP as a Result of Human Use* = 

Potential Degradation (Removal) of 1;1e Test Chemical in WTP Due 10 btodegradation** = 
93.9 

x 2 days = 6.7% of 2000 t>Pt -28 

· Potential Degradation (Removal) of rhe Test Chemical in WTP Due to Photolysis Half-life of 4 
hours - 2000 ppt x 3 half-lives = l 750 ppt***; Worst Case 3 Half-Lives :: !2 hours 

Expected Environmer.laJ Concentration (EEC} in WfP 
MEEC - Photodegradation and Hydrolysis= 2000 - (134 + 1150) = ~ 16 

Ritonavir Adsorbed to Metropolitan Sewage SJudge = 
Ritonavir Remaining in Aqueous Phase = 

EEC of Ritonavir in WTP Wastewater Effluent 
116 ppt x 0.61 (61 %) = 70.76 ppl 

EEC of Ritonavir in Surface Water after rhe Release of Wastewater Effluent from WTP 
Assuming a Thousand Fold Dilulion**** in the Des Plaines River = 70.76 ppl x 10·1 dilution 
= 0.076 ppt 

..... _. 

EEC of Ritonavir in the Sludge 
116 ppl x 0.39 (39%) = 45.24 ppt 

EEC of ABT in Soil if the Sludge Was Applied to Soil***** = 45.24 ppl x 10·3 = 

2 µg/L (2 parts per billion 
(ppb)) or 2000 pans per rrillion 
(ppr) 

134.14 ppt 

1750 ppt 

116 ppt 

39% 

61% 

70.76 ppl 

0.076 ppt 

45.24 ppl I 
0.045 ppl 
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TABLE 3.6.11-1 (CONTINUED) 

Summary of Enviornmental Impact of Ritonavir Through 
Human Use (Year 2000 Production Forecast) 

Rilonavir Irreversibly Bound lo Des Plains River Sediment = 6% of 0.076 

Rilonavir Remaining in the Aqueous Phase of Des Plaines River = 0.076-0.00456 

NOEC for Soil Bacteria, Fungi, and Alga = 

NOEC for Daphnia = 

NOEC for HX!ll~lli = 

NOEC for Fresh Water Fish= 

0.00456 ppt 

0.0714 ppl 

5,000,000 ppl 

1,500,000 ppt 

l ,590,000 ppt 

I ,630,000 ppt 

CONCLUSION: No environmental impacts due to ritonavir arc :mticipated 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 estimation through human use . 

.. Biodegradation estimate takes into consideration remcval of 93.9% ritona.,ir in the biodcgradalion in waler study. A residence 1i;ne of 2 days in 
Wll' is assumed. 

•••Assumes a very conservarive estimace based on an average of 4 hour pholodegradation half-life and rate constant of 0.1733 min 1 for ri1onavir am! 
six hours of sunlight during the day and 2 days e>f resident time in WfP (3 half-Jives). Experimentally measured photodegradacion haJf-life for 
rilcna,.-ir is approximately 2 hours. Under a best case photodegradation scenario, ritonavir should be completely eliminated in Wl'F by 
photodegrada1ion . 

.... Metcaif & E.dd:y, 1979 (Appendix C, Section 7.2). 

•••••Based C\n application 3,000 lbs of d~ sludge to an acre of agricrltural land (Opera.ion of Wastewater Trealmenl Plan1s, a Manual of Prac1ice. 
Water Pollution Con·rol ~edcration, 1976); and 2,500,000 lbs of soil in the 5-7" surface la}cr (Brady, NJ.6. 1974. The Na1ur,e and Propcnies of Soil. 
Macmillan Publishing Co .. Inc. New York), a dilution factor of approximately 1000 (10 3

) is applied. 
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TABLE 3.6.11·2 

Summary or Environmental Impact Throuch Releases from the Manufacture or 
Ritonavir Liquid (Year 2000 Production) From the Abbott,, North Chicego 

Manufacturing Fadlity 

. 
Maximum Expct.~ed Emiued Concentrat.ion (MEEC) in North Shore Sanitary District WTP as a 0.9 µg.'L (0.9 ppb) = 900 ppr 
Result of Releases from Rironavir at Abbott North Chicago Facility• = 

Removal Due to Photodegradarion (787.5 ppt) and Biodegradation (60.3 ppl) al rhe WTP•• = 847.8 ppt 
~id 

Eitpected Er.;.rir,:mmeni:ll Concentration in WTP = MEEC - Removal due to Photodegradation 52.2 ppl 
and Biodcgradation = 900 - 847.8 = 52.2 

Ritonavir Reversibly Bound to Sewage = 39% of 52.2 ppt 20.358 ppl 

Ritor.avir Concentration ir. Soil of All the Sewage Sludge Sol!· ls are Applied 10 Soil x w·1 0.0204 ppl 

Ritonavir Remaining in the Aqueous phdSC in WTP 52.2 - 20.35b = 31.84 ppt 

Ritonavir Released Through Wastewater Effluent to f.}es Plaines River 31.84 ppt 

Expected Environmr:ntal Concentration (EEC) of Ri,tonavir in Surface Water = 0.106 x 10-3 .. 0.0318 ppl 

NOEC for Soil Bacteria. Fungi, Alga = 5,000,000 ppl 

NOEC for 12t.2iuUJ = 1.soo.000 pp1 

NOEC for Hxalell1 = 1.590.000 ppl 

NOEC for Fresh Water Fish= 1,630,000 ppl 

CONCLUSION: No environmental impacts dt'"' ~o ritor;:?vir ar.! '.lllticipatcd since NOEC for aquatic species or terres:rial 
microorganisms is several orders of magnitude higher than ~C for rhis environmental companmen~. 

•Appcndi:t C. Seel.ion 6.7.2. MEEC for manufacturing faciiity. 

_.Calculation of removal due to p>totodcgradation is cakulaled as follows: Using C (amounl remaining af1er time t) = c,.c-; where C., = 9<XI ppt. r = 0 1733. anJ 1 
= 12 hrs; C.: 112.S ppt mr.aining. Therefore. amcunt removed i;; 900 • 112.5 = 787.5 ppt. Estimation for r is from Table 3.6 I !·I 

•••CaJculation of remonl due 10 biodegradalion is calculated ill> follows: Biodcgradation of 3.35% per day. Thus, for 24 hrs (2 days I of exposure. the amour.I 

removed ~·ould be 2 >C '! 35% >C 900 ppt = 60.3 ppl. 

••Other anumptions for photodcgradation and biodegrii~ation of ritonavir arc, similar 10 that used for cst!mating the environmental i.npacl lhrough hum;m 11~c 

(Table 3.6.11 ~I). 



3.6.13 CERTlf ICATIQN 

Pre1uucu 
The undersigned certify that the infonnation presented is true, accurate, and ; 3 

.:onplete for preparation in accordance with 21 CFR (25.3 l(a). 

~ignature __ /?__~_.,.___c.J_~-~----·-------Date I Z.-II'- "1.J 

Title Director. Enyiropmeotal fate & Assessment 

Title ~&er. Enyjronmental 'slle & Assessment 

WJWll: 

T!te undersigued certifies that the information presented is !rue, accurate, and a.s 

complete as provided to Ranga Valagaleti for preparation i.n accordance with 21 CFR 

(25.3 lta). 

Title Product Mana~er. Re&ula 
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Section 3.6 

Environmental Assessment 

References 

Enclosed are references cited in the environm~ntal assessment for ritonavir. Thc- .... e 

references are provided to faciHtate the review of the environm~ntal assessment. Please 

note that the following references arc not enclosed because they arc readily available to 

the FDA reviewer: 

Refercns:e 7 

Pharmaceutical Manufacturers Association (PMA), 1991. Interim Gujdance to the 

Phamiaccutical IndustQ' fQr Environmeotal Asse_!isment Com:;;iliance Rcguiremcnts for the 

ED.A. Washington, D.C., July 1991. 

Re(erence 10 

U.S. Food and Drug Administration (USFDA). 1987. Eovjronmental Assessment 

Technical Assistance Handbook. Center for Food Safety and Applied Nutrition. U.S. 

Food and Drug Administra!ion, Washington, D.C .• FDA/CFSAN .. 87/30. (NTlS PBS?-

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 

Lis\,; 1940 

MANUFACTURER: Abbott Laboratories 
Pharmaceutical Products Division 
200 Abbott Park Road 
Abbott Park, Illinois G0064-35J7 

EMERGENCY TELEPHONE NUMBER: l-800-441-4987 
CHEMTREC TELEPHONE NUMBER: l-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 

STEL: 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 
::EI LING: N/L 

ACGIH-TLV 8HR TWA: N/L 
STEL: N/L 

CEILING: N/L 
OTHER BHR TWA: 50 ppm, total vapor and aeroEol; 10 rng/mJ, aerosol 

alone (AIHA WEEL) . 
LIMITS STEL: N/A 

CEILING: N/A 
•Hazardjus 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 SHR 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 

ACG!H-TLV SHR TWA: N/L 
STEL: N/L 

CEILING: N/L 
OTHER SHR TWA: l mq/m3 (Abbott LaboratOI'ies) 
LIMITS STEL: N/A 

CEILING: N/A 
* Hazardous per OSHA criteria 

J. 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 
Inhala~ion: Unlikely 
Ingestion: Clinical Route 

INGESTION RATI~G: None 

SKIU ABSORPTION RATING: None 

INHALATION ~~TING: N/D 

CORROS IVl .. TING: None 

SKIN CONTAC~ HG: None 
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-----------------------------------------------------~------------------

3. HAZARDS INFORMATION, continued 

SKIN S~NSITIZATION RATING: N/D 

BYE CONTACT RATING: Irritant 

TARGET ORGANS: Eyes, l i vc::, +Jiy·1."uid, gastrointestinal tract, fetus, 
urinary system: p("l:;. ! • : ly skir.. 

CARCINOGENICJ.'l''Y: R:l.':'!F~L . TP: N/L IARC: N/L OSHA: N/L 
ACGIH: N/L 
sodium ,.._.3cchar:i.n is .. 11tinc. · -.:.>mponant ot this mixture. Saccharin is 
list-dd by llTP ~:-; "'reasona::.ily anticipated to be a carcinogen" and by 
IAR';'.; as Group 2B "possibly '-arcinogenic t.o 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 cli..lcal trials, possible 
side-effects have included gastrointestinal upset (nausea, diarrhea) 
and headaches. contact with the eyes or skin could result in 
irritation 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 inforination 
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 
medi~al 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. Provide 
symptomatic/supportive care as necessary. 

5. FIRE FIGHTING PROCEDURES 

FLASH POINT: 76 degree F 
FLASH POINT METHOD: Taqliabue closed tester/tag closed tested 

LOWER EXPLOSIVE LI:MIT(t): N/O 
UPPER EXPLOSIVE l,.IMIT(t): N/D 
AUTOIGNITION TEMPERATURE: N/D 

FIR~ a ~XPLOSION 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 ignition/ 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 

RrSPIRATORY 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 CHD!~CAL PROPERTIES 

-----------------------------------~ 

APPEARANCE/PHYSICAL STATE: Practically clear orange liquid. 
ODOR: Peppermint and caramel odor; slight 

sulphurous odor may also be present. 
BOILING POINT: N/D 

MELTING/FREEZING POINT: N/O 
VAPOR PRESSURE (mm Hq): N/D 

VAPOR DENSITY (Air-1): N/O 
EVAPORATION RATE: N/D 

BULX DENSITY: N/O 
SPECIFIC GR.\VITY: N/D 

SOLUBILITY: N/D 
pH: N/O 

VISCOSITY: N/O 

10. STABILITY ANO 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 mq/kq in animals for the 

components of this product. 

DERMAL TOXICITY: N/D. None expected troru ~onnal clinical use of this 
product. LOSO > 2000 mg/kg in an1~~ls f~r 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. LCSO = 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 Ir~ITATION: 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 rabbits. The irritation was mainly reversible in 72 hours. 
Ethyl alcohol is a moderate to severe eye irritant in rabbits. 
Propylene glycol produ~ed mild eye irritation in rabbits and mild 
transient eye redness ir• hu.i:nans. 

DERMAL SENSITIZATION: N/D. None expected from the normal clinical use 
of 'chi.s product. Ritonavir, the active ingredient, was negative in 
the maximization assay in guinea pi~s at challenge concentrations of 
25 and 45\ in petrolatum. Propylene glycol has exhibited some 
potential to produce skin sensitization in studies in humans. 

SPECIAL TARGET ORGAN EFFECTS: N/D. In pre-clinical studies irt rats and 
dogs, Ritonavir has produced changes in the liver, retina, thyroid . 
and stomach at dosages of JO mg/kg/day or more. In reproduction 
studies in rats and rabbits, Ritonavir has produced fetal toxicity 
at maternally toxic dosages of JS 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 (fetal ~lcohol syndrome). Heinz body 
formation or erythrocyte dest.. lction has been reported in animals 
following repeated dosages of 500 mg/kg or more of propylene qlycol. 
Generalized irritation and other dermatological effects have been 
associated with consumption of saccharin sweetened beverages. 
Photosensitization reactions and notalgia paresthetica have also 
been reported. The sodium salt has been reported to produce ~iver 
and kidney injury and extramedularry hematopoeisis in rats. Adverse 
reproductive effects have also been reported in animals. 

CARCINOGENICITY INFORMATION: N/D. Sodium saccharin, a minor component 
of this mixture, has produced bladder tumors in studies in rats; th~ 
no-effect dosaqe was equivalent to 500 mg/kg/day in this study. 
Saccharin has produced bladder carcinomas and thyroid tumors in 
studies in mice. 
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12. ECOLOGICAL INFORMATION 
---~~-------~-------------

ECvLOGICAL INFORMATION: N/D 

lJ. DISPOSAL CONSIDERATIONS 
-----~-----~~-~~---~-~~----

WASTE DISPOSAL METHODS: All waato muat be packa9ed, labeled, 
· tranaported, and diapoaad of in confromance with applioabl• local, 

stat• and red•ral laws and re;ulation• and in canforaanc• with 9ood 
en9ineerin9 practice•. Thi• material would be glaaaifiad aa a RCRA 
hazardous waate. 

14. TRANSPORTATION INFORMATION 
~~----~-~----------~~~-~------

DOT STATUSI R•qulated 
PROPER SHIPPING NAMEi Ethanol solution (final ~reduct can be ahipp•d •• 

can•umer Commodity- ORM-D) 
HAZARD CLASS: l 

UN NUMBER: UN1170 
PACKING GROUP: II 

REPORTABLE QUANTITY: N/A 

IATA/ICAO STATUS; ~equlated 
PROPER SHIPPING N.l\. ... .E: Ethanol Solution (final product can b5i •hipped aa 

consumer Commodity UNIOOO Cl••• 9) 
HAZARD CLASS: 3 

UN NUMBER: UN1170 
PACKING GROUP: II 

REPORTABLE QUAN'rITY: N/ A. 

IMO STATUS: Regulated 
PROPER SHIPPING NAME: Ethanol Solution 

HAZARD CLASS: l 
UN NUMBER: UN1170 

PACKING GROUP: II 
REPORTABLE QUANTITY: N/A 

Ft.ASH POINT: 76 dagraa F 

15. REGULATORY INFORMATION 

TSCA STATUS: FDA ra;ulated material i• exempt trom TSCA. 

CERCLA STATUS: N/A 

p 27) 
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15. REGULATORY INFORMATION, continued 
-~----~--~~~-~----~-------

SARA STATUS: N/A 

RCRA STATUS: Hazardoua waate by iqnitability. 

PROP 65 (CA): N/0 

16. OTHER INFORMATION 
-----------~-~----~~· 

L!:O~ND: N/A • Not Applicable 
N/D • Not Determined 
N/L • Not Liat•d 

L • Liated 
C • C•ilin9 
s • Short-term 

(R) • Reqi•t•r•d Trademark ot Abbott Laboratories 
(TM) • R•;i•t•r•d Trademark ot Abbott Laboratori•• 

Th• information and recoamendation• contained herein are baaed upon 
teats b•lieved to b• reliable. Howev•r, Abbott Laboratori•• do•• not 
9uarant•• their accuracy or compl•t•n••• NOR SHALL ANY or THI& 
INFORMATION CONSITUT! A WARRANTY, WHETHER EXPRESSED OR IMPLIED, AS TO 
THE SAFETY OF THE GOODS, THE MERCHANTABILITY or THE GOODS, OR TNE 
FITNESS OF THE GOODS FOR A PARTICULAR PURPOSE. Adjuatment to conform 
with actual condition• of uaa;e may be required. Abbott IAboratori•• 
aaaumea no reaponaibility tor result• obtained or far incidental or 
consequential dama9•a ariaing from th• u•• ot th••• data. No traadom 
from intrin;ement of any patent, copyriqht or trademark is to be 
interrad. 

APPROVED 8~: jak 

pa '74 
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DIVISION OF ANTIVIRAL DRUG PRODUCTS 
Review of Chemistry, Manufacturing and Controls 

20-680 

CHEMISTRY REVIEW#: l DATE IWYIEWED: 27-Feb-96 

S.llBMISSION TYPE 
Original 
Amendment (BL) 
Amendment (BL) 
Amendment (BC) 
Amendment (BC) 
Amendment (BC) 

D.0.CUMENT QATE 
20-Der.-95 
23-Jao-96 

CDERDATE 
21-Dcc-95 
24-Jan96 
9-Feb-96 

16-Peb-96 
20-Fcb-96 

NA 

ASSIGNED DATE 

8-Fcb-96 
lS-Fcb-96 
19-Feb-96 
19-Feb-96 

?SAME I ADDRESS OF APPLICt\NT: Abbott Laboratories 

DBllG PRODUCT NAME 
Propric;ta[)': 
Nonproprictacy: 
Code Namc.!tt: 

Dept 491, Bldg. AP6B-1 
100 Abbott Park Rd. 
AbbNt Park, II 60064-3SOO 

NORVIR™ 
Ritonavir 
ABT-S38 or A-84538.0 

fHABMACOl,,OGIC~. CATEGORY: 
INDICATION: 

26-Dec-95 
26-Jan-96 
22-Fcb-96 
27-Fcb-96 
27-Feb-96 

NA 

DOSAGE fORM/STRENGIU: 

Antiviral 
Anti-HIV 
Capsule 100 mg bottles of 84 

RQIJIE Ol ADMINISTRATION: Or&l 

CHEMICAL ~AME I STft'UCDJBAL FORMULA; 

I O-Hydroxy-2-methyl· 5-( l-methylethyl)-
1-(2-( l-methyle1hyl)-4-thiazolyl)-3,6-
dioxo-8, l l-bis(phcnylmethyl)-2.4,7, 12R 
tetraazatridr.can-13-oi-: acid, 5-
\hiazolylmcthyl ester, f 5S-(5R •, SR•, 
IOR•. UR•))-

Registry Number ( 155213-67-5) 

C:nH.uN60~S2 Fonnula Weight: 720.95 

SllPPORTINC. DOCUMEND;. 

blister packages of 84 or 68 

., 111 N .1.0--,.....\, 
H H &J 

·~ 
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Chemistry Review of NDA 20..680 

RELATED DOCUMENTS: 
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 l-Jan-96 (Request for DMF #I LOA and clarifica.tion regarding stability) 
De.'\k copy dated I 5-Feb-96 (Stability update on capsules) 
Desk copy dated l 9-Feb-96 (Additional stability data on capsules) 
Facsimile of 20-Feb-96 (f':MC comments on canon/container labels) 
Facsimile of 2 l-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 1.4-Fcb-96 (CMC comments regardin~ limits and expiry for the capsules) 
Facsimile oi 26-Feb-96 (Response to proposed limu.s and expiry for capsules) 
26-Feb-96 Tr-leconfcren-:-~ (Negotiation of limits and expiry) 
Facsimile of 27-Feb"9f' (Applicant's comments on the interim dissolution method) 
Facsimile of 27-Feb-96 (F1ni:.l agreement on limits and expiry for capsules) 
Facsimile of 29~Pcb~96 (Applicant's justification for dissolution method paddle speed) 
Chemistry Reviews of IND 
Chemi~try Review of NDA 20-6S9 (ritonavir oral solution, 80 mg/mL and drug substance) 

CONSULT BEVIEWS; 
Trade name rcviev1s by CDER Labeling and Nomenclature Committee. 
Environmental Assessment reviewed by HFD-OOS. 
Product specific inspection of the manufacturing site. 
Evaluation of stability data, impurity limits and expriry period using statistical mW1odology 

by Daphne Lin, Ph.D., Office of Biometrics. 
Data search on 3-Jan-9.5, by Kyung Kim, Div. Drug Information Resources, for currer• use of 

polyglycolized triglycerides (Gelucire .S0/13C) and caprylic/capric triglycerides (Miglyol 
812~) in human drugs. 

Search of Federal Rcgi.1;ter for withdrawals or additional actions on polyglycolized 
triglycerides subsequent to the food additive petition on 19-Dcc-91 by Parexel 
International Corp. for use in vitamin formulations. Carried out by David E. Graham, 
FDA Mcdicl\.l Library. 

Analyses of the animal toxicology data on 

by James Farrelly, HFD-530. 

REMARKS I CQMMENISi 
Ritonavir is an inhibitor (K.i = 0.02nM) o~ tl_le H~V-enc~ed asparty~ pro~ase th~t .is required 
for the cleavage of the xag-pol polyprotem mto 1ts constituent protems. Ritonavu is a highly 
modified substrate analog which inhibits rcplicati~n. of~ -1 clin~cal isolates with E~so 
values m the range of 4-40 nM. In plasma ntonav1r is highly protein bound (99%), w1tli 
moderate distribution into erythrocytes (14% relative to plasma) IWd low levels in 
cercbrospinal 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 (~.8 log10 al 16 
weeks) and early evidence of clinical benefit. 

DRUG SUBSTANCE: Sati.r/actory ·~ 
All ~pecifications and controls on the drug substance ue identical to lhos~ rer''rtcd in NDA 
2()..659 for ritonavir oral solution, and arc incorporated by ~ferenc~. 

2 



Chemistry Review of NOA 20~680 

DRUG PRODUCT: Satisfactory 
The capsule dosaRe form (formulation "L") contains a solution of 100 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 opaque HOPE S-oz bottle of 84 capsules, and a unit 
dose blister pack with 84 capsules per box. The proposed 
r~gula~ory _specific~tions arc attached, and are supponed by release data on 

An expiry period of 12 months is requested, for storage at 2°"8°C. 

The proposed attributes, including appearance, identity . . . 
dissolution and microbial limit tests, arc adequate to 

ensure the quality and purity of the capsule dosase form. We r~.commended that two 
additional degradants be included u SJM'.cified impurities, that the limit on total impurities be 
lowcrc-0, and that a specification for other synthetic impurities be included. These 
modifications of the regulatory limits were hued on release data from 10 production-like 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 Biophumaccutics review 
teams. An interim specification wu establiahed, with the Applicant to collect additional data 
on the time-dependence of dissolution, and the effect of paddle speed. The revised limits, u 
agreed upon with the Applicant (facsimile of 27-Feb-96), arc acceptable. Both the Applicant 
and the Agency agfeed 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 1 capsules. 

Two packaging confi1urations are deacribed, bottles of 84 capsules, and unit-dose blister 
packages. The bottles are ' oz white HDPE with a polypropylene child-resistant closure, ~ 
without plcdgeuin1 or desiccant. containins 84 capsules. The bottles are provided in boxes of 

3 
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2 and 4, which contain 2-week and I-month supplies, respectively. The blister packages are 
They arc 

packaged in cartons of 68 (tor the m1ual week of therapy) and cartons of 84 for all 
subsequent weeks. These canons in tum arc grouped into two different 1 month supply 
packs: a 
to DMFs are provided for all packaging components. 

The primary stability data was updatc.d three times (2-Fcb, 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 manuf aciurers. The capsules will 
cum:ntly be stored only at 5°C, and accelerated stability data was collected at 25°C/60%RH 
(up to 6 months) and 30°CJ60%RH (1 month). All primary data are for commercial scale 
batches , manufactured on production equipment. The supportive data include 12 months at 
S°C for three 3000-cansulr lots, packaged 111 3 oz HOPE bottles. The rates and modes of 
decompositinn are equivalent between primary and supportive lots. An expiry period of 9 
months was Initially recommended by the Agency. This was extended to 12 months upon 
subrmssion of additional data (facsimile and tcle.confcrcncc of 26-Febu96) which 
demonstrated that significant changes would not be encountered at an accelerated 
temperature of 20°C (1.5°C above ti.le storage temperature). · 

The stability data for the blis~r 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 dl'ug substance suppJicrs). 
Although the behavior on stability closely paralleled die bottled capsules, the limited primary 
data. and the absence of supponive data, led the Agency to propose a 6-month expiry period. 
Th~ was acceptable to the Applicant (teleconference of 26-Fcb-96). 

ENVIRONMENTAL ASSESSMENT: Salisfactory 
No pre-submitted EA data were available for this dosage form. The EA review was initiated 
on 27-Dec .. 9~. 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 Cbica'o District and to the Division of 
Drug Analysis. As of 28-Feb-96, validation of the analytical methodology is not yet 
complete. 

LABELING: Satisfactory 
The original proJ?rictary names, Protcact, Prot~act~PI and Proteact-PA~ ~~re judged by both 
the CDER Labchns and Nomenclature Commmcc (L&N~) and the D1vis1on to be a source 
of potential prescription error. The Appl~c~t's second choice, Norvir. was ju~ged to ~e 
acceptable by both the L&NC and the D1vis10n. 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 chocse "Norvir (ritonavir capsules)". The 
container, carton and pack labels (BL 9,feb-96), IUld the package insert (as amended on 26-
Feb-96) are acceptable. , 

ESTABLISHMENT INSPECTION: SlltU/actory 
The EER coverinK the capsule manufacturing site at Abbott 1>~ II was submitted on 2-Jan-
96. The pre-approval inspcc.tion was carried out between 8-Jan-96 and 26-Jan-96. The 
inspector recommended approval, and confirmation of acceptable P.Al status was received 
verbally and via facsimile from Mark Lynch of CDER Office of Compliance on 28#Fcb-9~. 
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Chemistry Review of NOA 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 
lmpa<.~t Assessment is complete, and the manufacturing facilities have acceptable cGMP 
status. The NOA, as amended, is therefore recommended for approval from the chemistry 
perspective. 

'Concurrence: ~ 1 f~(7J.. 
HFD-530/DFrecman°'JY1r ?~J,/ 
HFD-:530/CChen ~ /'(T't> 

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-S30/1Murray 
HFD-530/Micro 
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~?:~~:Wqfr'" 
Review Chemist 

HFD-530/Pharrn 
HFD-102/KStruble 
HFD-530/KKumi 

File: N 20-680\000CNROl.SOi 
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FINDING OP NO SIGNIFICANT IMPACT 

NDA 20-680 

Ritonavir 

Capaul•• 

The National Environmental Policy Act of 1969 (NEPA) requires all 
Federal agencies to assess the ~nvironmental 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 llitonavir Cap•ulea, 
Abbott Laboratori•• has conducted a nu~ber of environmental 
studies and prepared an environmental aaaessment in accordance 
with 21 CFR 25.Jla(a) (attached) which evaluates the potential 
environmental impacts 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 manufactur·ed 
at 4 different facilities identified in the environmental 
assessment. The drug product will be manufactured by Abbott 
LaboratoriP.s, North Chicago, IL. The fini•hed drug product will 
be used in hospitals, clinics and by patients in their homes. 

Ritonavir maj enter the environment from excretion by pat~ 1nts, 
from disposal of pharmaceutical wa•te or from emission• from 
manufacturing aitea. 



Chemicdl and physical test results indicate that the drug 
entering the environment will exist predominantly in the aquatic 
environment. Hitonavir ia expected to be eliminated from the 
environment by photodegradation and biodegradation. Aa 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 f lah (Lepomis macrochirus), Hyalella azteca and the 
inhibitory effect on microbial growth. 'l'hese atudios indicatt~ 
that there are no expected adverse environmental effects at the 
expected environmental concentrations. 

Disposal may result from production wast~ such as out of 
specification lots, returned goods and user disposal of empty or 
partly used product and packaging. Pharmaceutical waste will be 
dispos~d of 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. lrom home uae, empty or partially 
empty containers will typically be disposed of by a community's 
solid waste management ayatem which may include landfills, 
incineration and recycling, while minimal quantities of unused 
drug may be disposed of in the sewer system. 

Precautions tak~n 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 coflcluded that 
the product can be manufactured, uaed and disposed of without any 
expected adverse environmental eff~cts. Adverse effects are not 
anticipated upon endangered or threatened apecieti or upon 
property listed in or eligible for listing in the National 
Regist~r of Hiatoric Places. 
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Nancy B. sager 
Acting Supervisor 
Environmental Assessment Team 
Center for Drug Evaluation and Research 
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Attachment: Environmental Aeees•ment 
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NDA SUBSECTION 3.6 

ENVIRONMENTAL ASSESSMENT 

Rltonavtr Capiulea 

Abbott Laboratories 
ODI Hundred Abboet Park Rold 

Abbott Park. UUPOJI 60064 

The Nadonal Environmental Polley Act requiru Bnvironmlntal A11111ment1 (BAI) to be public 

documents. Subllctiom 3.6.1 throu1b 3.6.1' (i.e., Item& 1 tbrou1h 15 of this EA) 11\d 

accompanyin1 Appendix A ud Appendix ~ (from Subsection 3.6.15) are aultable for public 

discloaure. TheM nonconfidential 1ubloction1 lftd appendicu are complete with the exception of 

propriecary infornwion. The proprietary info1ma&:on, which la contained in Appendices C ud 

D could be beneficial to competlton and therefore, muat remain conftdentlal. The text of the 

pubic document (Sublectiona 3.6.1 throu1b 3.6.15 and Appendlcea A and I) ia bued on Che taxi 

of Appendix C. Appendix C la huended for review u tho conlldentlal venion of BA ltelDI I 

throu1h 15. Appendix A contalna one pap aummariea of the environmental fate and effects 

study rcpons. Appondlx D. which ii a confidential appendix, contain• the full study repo~ on 

environmental fate and effect&. 
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3.6.1 DATE 

December IS, 199' 

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, Dlinoi1 60064 

DESCRIPTION OF THE PROPOSED ACTION 

RIQUESUn APPROVAL 

Approval or NOA 20.680 is sought for the manufacturing of ritonavir (also 

referred to in the Environmental Assessment repon and ita attachments as ABT-S38) bulk dru1 

substance, and the manufacture, packaging, distribution and use of the product designated in the 

Environmental Assessment (EA) u Ritonavir Capsules, 100 ma. a semi-solid capsule for oral 

administration. Abbott Laboratories filed an NDA pursuant to Section 505(b) of the Food, Drug, 

and Cosmetic Act for Ritonavir Capsules packqed in white, hiah density polyethylene (HOPE) 

bottles and vinyVpolyethylene/Aclar/paper/foil blister packages. This EA has been prepared and 

submitted in accordance with 21 CPR f 2S.3la(a). All Items (1 through IS) that are pmented 

in this document are also discussed in the confidential Appendices C and D. 

3.6.4.2 NEED FOB ACTION 

Ritonavir is an inhibitor of lhe protease of HIV -1. HIV protease is a conslituitive 

enzyme of HIV virus that processes viral proteins essential for the maturation or infectious 

virions. Thus, HIV protease plays a vital role in tbe 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 used in the treatment of HIV infection 

in patients with AIDS and AIDS related complex. 
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3.6.4.3 LOCATIONS Of MANUFACTURE 

Four major locatioM are involved in the manufacture of ritonavir (Figure 3.6.4-1 ). 

Abbott, North Chicago will be the major supplier of the bulk drug, ritonavir. The facilities listed 

below will manufacture the bulk drug using the ume chemical synthesis. Approval is sought to 

manufacture the bullc drug substance at the following four locations: 

I. Abbott 1.Aboratorica. 1401 Sheridan Road. North Chicaao. Winois 60064. 

The bullc drua from the ovencas locations will be shipped to Abbott. Nonh Chicago. Both the 

bulk drug from oveneas and that manufactured at Abbott, North Chicago will be used to make 

the drug product. Ritonavir Capsules. Approval is also sou1ht to manufacture, package, and 

distribute the dnJa product at Abbott Laboratories. 100 Abbott 1'>ark: Road, Abbott Park, Illinois 

60064. All packaging operations arc canicd out at tho Abbott La?oratories, Abbott Parle location. 

lnfonnatinn on environmental settinas of the facilities is described in Section 3.6.4~~· 

Information 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 p~sent will be ingested by patients throughout 

the United States. The drug substance and its metabolites are excreted by patients which will 

enter municipal treatment systems through domestic sewage. 

Off specification lots of bulk drug substance from Abbott's North Chicago facility or 

any unused dru& product that is returned to Abbott (beyond expiration 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 Rougl", LA; Rineco, Benton, AR; Safety KJeen, Smithfield, 

KY; and Safety Kleen Bnvirosys~ms. Dolton, IL. The USBPA permit numbers ud complete 

addreSIOI are provided in Appendix C. There are no expiration dates on the licenses for these 

solids incineration facilities. 
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3.t..4.S ENVIHONMENTAl SE]TING OF FA~ILITflS 

3.6.4.5.1 Abbott Laboratories. Nonb CbicaaplAhboU PA[k 

'The propenies of the Abbott Laboratories are located within Lake County, Illinois. 

The Nonh Chicago property lies 600 to 1000 feet west of Lake Michigan at an elevation ten M 

fifteen feet above the average 580 foot mean sea level elevation of the lake. The Abbott Park 

property is located approximately five miles to the west. There are no other significant 

geographic features, such u mountains, lakes (uide from lAke Michigui) or rivers in proximity 

ro the manufacturing site. 1bc area is toposrapbically flat and slopes very gently to the cast, 

toward Lake Michigan. Drain~e is dominantly to~ east-southeast, Alain toward the lake. The 

climate of nonheastem Illinois is charlcterbed by warm summers (74 to 94"F) and cold winters 

(20 to 32°f). The average annual rainfall is 32 inr.hes; wind directions are hi&hJy variable. 

Most industries and residencca near the Abbott facilities arc served by the City of 

Nonh Chicago murucipal water supply. The source of the municipal water supply is Lake 

Michigan. The Abbott Pa".'k facility currently uses municipal water and groundwater from onsite 

wells. W astewawr is sewered to the creatment facility of the Nonh Shore Sanitary District. Land 
_,. 

use (zoning) near the Nonh Chicago facility is primarily .residential and industrial. The ponion 

of Lake County in which it is located is pan of the CbiCAlo metropolitan area. 

The physiographic features and near surface deposits of northeastern Illinois are the 
/ 

result of the late Pleistocene Wisconsonian glaciation, the most recent of four episodes of , 

continental glaciation. Glacial deposits of the Like Country area &:c>nsist of lake sediments (clay. 

silt and sand) of the Equality Formation. and clayey to silty alacial till of the L.Ue Border 

Morainic System. From 50 w 200 feet of Pleistocene glacial sediments unconformabJy overlie 

Silurian dolomite in this area. The Paleozoic stratianphic section in this area from top to bottom 

includes Silurian dolomite. Ordovician shale, dolomite, and sandstone, and Cambrian sandstone. 

The Paleozoic section unconfollTlAbly overlies Precambrian crystalline rocks. 
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Figure 3.6.4-1 
SITES REl,EVANT TO THE MANUFACTURE 

OF RITONA VIR LIQtJID 
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Three dominant aquifier systems, the Bual Bedrock. Midwest Bedrock, and Upper 

Bedrock, underlie northeastern Illinois. Principal water producina zones include sandstone of the 

Eau Claire and Mount Simon Fonnations for the Bual Bedro.~k •y~rem, the Ironton-Galesville 

and GlenwOO<! .. St. Peter (Ancell aquifer) sandstones for the Mtd'Ncst Bedrock ~.ystem, and the 

Silurian Dolomite aquifer for the Upper Bedrock system. Locally, .. :eistoccnc depJsits may yie&J 

large quantities of water (greater than 1000 ap??J;; hn.Never, development r.i this aquifer is 

limited. Municipal and industrilll water wells iu the Cbicqo region tap the de.eper aquifier 

systems. 
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resin. 

... ... . 

3.6.5 IDENTIFICATION OF SUBSTANCES THAT ARE THE SUBJECT OF THE 

PROPOSED ACTION 

The cbua substance will be manuflCtUl'ed at various ".itea worldwide. The drug 

product is a capsule fonnulation manuflCtUred from the dN1 aubatance at the Abbott Park . 

facility. The molecular structure of ritonavir is shown in Fipre 3.6.5-1. 

3.6.5.1 NOMENCLATURE 

3.6.5.1.1 CbGmicaJ Name 

1 O-Hydroxy-2-methyl-S-( l-methylethyl)-1 ·[2-( I -methylethyl)-4-thiaz.olyl)-3,6-dioxo-

8, l l-bis(phcnylmethyl)-2,4, 7, 12-tetraazatridecan-l 3.oic acid, S-thiazolylmethyl 

ester, [SS-(SR• ,BR•, IOR•, llR*)]· 
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3.6 . .5.1.2 United States AdQPwi Nunc CUSANl 

Ritonavir 

3.6.S. l.3 CAS Rc1im Numblt 

155213-67-.5 

3.6 . .5.1.4 l•bmJtoty Cgdas 

ABT-538, Abbott-84538.0, A-84538 

3.6.S.1.5 Molpl•t Fgnpula and W§iabt 

C,, ff..N60 5S2; 720.qs 

Flaure 3.6.S·l 

Structure or Rltonavlr 
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3.6.5.2 PHYSICAL DE$CRQ>TION 

In appcana1cc, the bulk drug, ritonavir is a white to light tan powder with no 

detectable odor. Its chemical and physical propenies are listed in Table 3.6.S-1. Most of the 

data. including information concerning water solubility, cliuociation constants, and log actanol~ 

wate~ partition coefficient, in this table are taken from chemical and physical propenies of 

ritonavir (NDA 20-659, Subscctiu:a 3.3). 1be sediment-water distribution coefficients and Henry's 

Law Constant however, are from Appendix D. 

Table 3.6.5·1 

Cbemleal and Pbyllcal Propertl• of Rltoaa•ir 

MolccUlar f onnula 

Molecular weight 

Solubility in water 

Henry's Law Constant 

Log octanol-water partition coeff .<llt ._, 

Sediment-water distribution coefficient (JC.) 

Bcntonite 

Des Plainu River Sediment 

Skokie Laaoon Sediment 

Municipal Sewage Sludge 

Lake Bluff Beach Sand 

Acidic dissociation (proton loss) (pKJ 

Electromagnetic absorption 

C.S.3 IMp_JlBmES AND ADQITIYES 

Cn R41N,o,s2 

720.9.5 

<0.001 mg/mL 

Non-Determinable 

log (4.7 x 10') 

>10,000 

>2.483 

>10,000 

>250 

439 

2.844 :t 0.169 

197 .S and 240 nm 

The impurities that have bf-en identified in bulk lots of ritonavir are discus5'.ld in NOA 

20-6S9, Subsection 3.3. All individual impurities are preaent at a level of less than 0.1 percent. 

n ~ impurities are not discussed individually in the present E.A, 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. 

8 

RtTONAVTR CAP~tJLES NDA ?.0-680 VnL 12 014 



Table 3.6.5·2 

Exdplau or Rltona\'lr CaPIUI• 

lnpedient 

Alcohol, Dehydrated. USP, 200 Proof 
Acid, Citric, USP, Anhydrous, Powder 
Ritonavir 
PropylCH Glycol, USP 
Polyoxyl 35, Cutor Oil, NP 
~llc/Capic Tri&Jyceride 
PolylOlblle 80, NP 
Saturated Polyalycolyr.ed Olyceridea 

Nltroaen. NF 
Capsule, Oelllin, No. 00 

3.6.6 INTRODUCTION OF SUBSTANCES INTO THE ENVIRONMENT 

1be manufacturing ICbemadc for the ayntheai1 of ritonavir ls described in Appendix 

C. A mass balance for the manuf1eturin1 process of ritonavir is provided in Appendix C. ,· 

3.6.6.1 SYNTBUJS or RD'QNAYIR AT ARBOn. NORTH CHJCAGO 

3.6.6. l. l SubsyncoL Bmittld nuno1 Manyf1G1Urin1 gf Bulk Dna1 

Atmo1plwrlc Eml.r.slon.r 

The Abbott facility at Nonh Chicago la equipped with air pollution controls, but it 

must be assumed that some volatlle materials from the ayntheail (Appendix C) and the 

wutestreamS (Appendix C) are emitted. An examination of theae wU&C 1tream1 indicate that the 

major components that could be emitted to the atmolphcre are: ethyl acetate, heptane, ethyl 

alcohol, isopropyl alcohol, water, methanol, ICCtono, tctnhydrofuran, toluc.1e, dimethyl acetamide, 

dimethoxy ethane, isopropyl acetate. Other volatile emi11ion1 present in tnce quantities are listed 

in Appendix C. Total emi11ion of volatile orpnic malerial (VOM) cannot exceed 43.38 tons per 

year from the chemical manufacturina am (Appondbt C). 
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Wa.1111tffoms 

The c:ompoailiona of resultin1 wuteaaums are tabulated in Appendix C. The aqueous 

WUJelUllJnl wW be sewered from manuftctUrin1 to Abbott's North Chicqo wutew~ter 

trutment plant (Wl'P; wutewllel' permit No. 95-5A). The emuent from the Abbott. Nonh 

Chicaao WTP 1oea to the Ournee Wutew11er 1iutment Plant of the Nonh Shore Sanitary 

District (Oumee. Winoil 60031 ). Tbe total udmare of ritooavir in aqueoua wute that is sewered 

is estlm•ted IO be The wuteltl'ealm that 11'1 DOt sewered (Appendix C) will be sent 

offlite for incineration or reclamation by a wuce coocnctor (Appeocilx C). Specific organic 

10lvent1 from the Ult 'lbly proceu may be dlrectly rouaed hick in &be proceu. Non-hazardous 

and special wutu pnerated from Che producdon of ritonavit wW be collected and tnnaported 

to Pbeuant Run Landfill. Bristol, Wiacon.sin (Dllnol1 Trlmporwlon ID #0123, lllinois Generator 

m #09712'0004). 

3.6.6.1.2 Q>ntrpla Bxcrstwt pp Bgaidua)a yd Bg>iWgpa 

Safety precautions for bandHn1 tbe chemicaJ1 lilted In the material balance are 

described in Appendix C. Tbe conwpondin1 Malarial Safety Data Sheets are provided in 
,,. 

Appendix B. Air em.iuions will be controlled u required by the Opentlna Permits from the 

Illinois Environmental Protection A1ency (Appendix C). In the North Cbica10 facilitiu used for 

the production of ritonavir bulk dnla aubltlnce, tbe air emission controls utilized involve the use 

of condensoR. vent condcmen, water 1en1bben, llld dilute camtic 1CNbben. Records of . 

emissions are maintained and inspected. Aqueous wututrums will be sewered while the 

oraanic: wutoaueama will be incinerlled or reclaimed. 1be company names. complete addrouea 

and permit numbers of contnc\on for off lite wuae diapoaal (both thOM which can incinerate the 

wutc u f ue11 and those that can reclaim lhe wutea) n lilted in Appendix C. nua liltina ii 

not all inclusive and is dynamic in the fact that compania are added and subtncted for various 

reuons (e.a. service and coat. etc.). The sewered aqueous wutestruma are treated in Abbott's 

onaite wutewater &reatment facility before beina diachar1ecl to the North Shore Sanitary District. 

The non-hazardous aoUd wute is tramported to Phcuant Run Landfill. Briltol. Wisconsin 

(lllinoia Transportation #0123. Illinois Oencrator ID #097125004). 
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3.6.6.1.3 ComplilQGI of Pmpow As;tign witb Applisab1c Emiujpn Rogujremcnts 

(. Equipment in which ritonavir will be manuflCtUred is properly permitted for air 

emissions (Appendix C). The pennlt for releue of effluent from Abbott's wutewater treatnrnt 

plant to the North Shore Sualwy Diltrict ~ allO provided in Appendix C. Wutewater from 

maa.ufacturin1 must meet the Oenenl PNlteltmellt Standards in 40 CFR Pan 403 and the 

Bffluent OuJdelines and Standards for Pbanlllceudcal Manufacturing in 40 CPR Part 439. 

Landflllin1 of solid wute by Wute Manlpment of WilCOftlin ia penn.itted by the State of 

Wisconsin, Department of Nuural Retourcea (Permit No. 3062). 

Certification of compliance witb applicable emilaion requirements for the manufacture 

of drua aubatancft at Abbott. North Cblcqo ls provided in Appendix B-3. 

3.6.6.1.4 BfflGI pf prgpgwt Amlon on CgmuJllftSO with Currpnr BmJaalgn Bogutrcmcots 

Bmlulom and relOUll from the manufllCtUn, of rltonavlr bulk dru& substance are not 

expected to exceed the limltationa of cwnnt permita. It modifications of current air permits are 

required, they will be proce11cd with suftlclent time to allow production to proceed. The facility 

permit for releue of treated eftluont to the North Shore Sanitary District wm not be exceoded 
r 

by the synthuil of ritonavir. SimUuly. the pnoration of solid wute will not affect the permit 

for landflllina. 

11 



includes biolo1ical treatment to decrease orsanac residual content to the required lintl11 of COD 

and biochemical oxygen demand (BOD). Certification of compliance with applicable emission 

niquirements for the mauflciUre of drul substance 1i 

B-3. 

iA provided in Appendix 

3.6.6.S eREPABADON or RITQNAYIB CAPSYLM AT ABBOTr PARK 

3.6.6.S.1 SubaJanrn Bmin.t Durinl Maouf1GNrtn1 

Atmo1plwrlc Emi.r.rlon.r 

1be only air emiuiom of replated pollutants would be particulate and Volatile 
_,.,. 

Or1anic Materials (VOM'1). Since thla mataria1 ii miud in a closed sya&em, all emiuions a 

minimal. The only tbnc the tank is open ia wbllo the inpedienta are being char1ed into the tank. 

The unoun~ of pw~ulate and VOM emiuiou are within air permit apcclfication1. 

Aquow Wa.rte.r 

Wutewater from equipment and room clouin1 ii directed to the sewer which is 

dischar1ed (Abbou Wucewater Dilcharp CoAtrol Doc:umeat (Permit) No. 93-01-AJ to the mewer 

system of the Nonb Shore Sanitary District and from there to Gumoc Wutewater Treatment Plant 

of the NSSD. 
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Solid Wa.rt•.r 

1be formulation of Ritonavir Capsules consi111 of a "paste" encapsulated in a gelatin 

capsule. 1be capsule ia clauified u a non-flammable solid. Wute capsules from manufacturing 

and returned goods will be accumullled and sent off site for incineration u a special 

phannlceutical wute. The "pute" ii a mixture of an alcohol/drug solution and a gel material. 

Any wute alcoholldnla solution wW be d1apoMd of u a hazardous wute (tlarnmable liquid) 

while the gel material will be dilpoled of u a special pharmlceutical wute. Packaaina rejects 

and protective clothina worn by employees will be collected in drums and rolloff boxes for 

landflllina. These solid wutes will be trlDlpOrtCd to Wute Manqement of Wisconsin, Bristol, 

Wisconsin (Permit No. 3062. upirldon dare 9130/96). Unuud packqos of Ritonavir Capsules 

(put the labeled expiration date) will be returned to Abbott Laboratories where they will be 

accumulated. cllllifled (u appropriate) and sent offaite for incineration u a hazardous wute. 

3.6.6.S.2 Contml1 &czdv;d gn Bgidpala end 2g>iuions 

No volatile orpnic emiuiona will be pncnted during production of the liquid 

fonnulation. No emiuion contn>la mn= required for manufacturing of the final formulation. Solid 

wutes are disposed of at pcrmlncd wute facilities. 

3.6.6.S.3 Complianso of PrgpoMd Ac&ion whb Applicable Emiuion Rcguirr;mcots 

Since particulate and VOM emiuiou are inaipificant (IEPA Definition: less than 

O. l lb.lhr. and 0.44 tons per year), manufacturina the final product will be in compliance with 

both USEPA and IEPA requirements. 

Only tank reaiduala and nu line reaiduala will be 1•wered. In the event I large 

amount of alcohol/drug solution is left in the proceu canb for disposal, it will be drummed up 

and disposed of u delcribed earlier. Particulate emiuiona from the capsule manufacturing 

facility at Abbott Park is rc1ulaled under a permit issued by the Illinois Environmental Protection 

A1ency (Appendht C). Wastewater from manufacturing must meet the General Pretreatment 

Standards in 40 CPR Part 403 and the Effluent Ouidelines and standards for Pbarmlceutical 

Manufacturing in 40 CFR Pan 439. The prohibitions and limiWiona for diacharp into the sewer 

system of the North Shore Saniwy District are listed in Appendix C. Solid wutes will be 
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landfilled by Wutc Management of Wisconsin under Pennit No. 3062 from the State of 

Wisconsin, Department of Natural Resourc:ea. 

C.enification of compliance with applicable emission requirements for the manufacture 

of drua product at Abbott Parle is provided in Appendix e .. J. 

3.6.6.~.4 a«c;st of the Prgplacd Actiop on Compliance with Current Emission Rcquin;mepts 

Emissions 1nd releases from the manufacture of dru1 substance or drug product will 

not exceed the limitations of current pennita. ManuflCWrina of L'lil product will be scheduled 

to fit within t.'1e existing framework of ICdvities for which current emiuion requirements are 

applicable. 

3.6.6.6 pCCUPATJONAL SAFE]'Y 

Chemicals used in manufacture of the drug product are replated by the Occupational 

Safety and Health Administration. Employees arc trained in the proper operation of equipment 

in order to minimize potential safety, health and environmental risks. Extensive safety training 

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 usociatcd with manufaeturing. 

Specified pcnonal protective equipment (e.g .• aloves, 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 transport of all drug·rellled materials is emuml by tallowing protocols which 

include f onnal qualification of vendon, trainina of personnel, and rigid specification of containen 

and materials. Access to drug substances and products is restricted to authorized personnel. 

3.6.6.7 AMOUNT OF SUBSTANCES ENTERING THE ENVIRONMEN]: 

Human drugs find their way into the enviromMntal compartments (eg. soil, air, water) 

through manufacture, use, disposal and accidental spills. 1be two m1jor sources of environmental 

exposure of the drug are: l) the patients who use the dru& product; the drug product and/or its 

metabolhcs are discharged into the domestic tewer 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 

planL~. In either cue the municipal sewage in the wastewater treatment plant could be the main 

recipient of these contaminant sources. The concentrations and releues in the subsections below 

are estimated without taking into consideration any degradation of lhe drug or its products at the 

1111nuf1Ctllring plants or durin1 trlnlpOrt lo tbe municipal sewage to the wutewater treatment 

plant (WfP), and. therefore, lftl wont cue ICelllrios. The fate of emitted drug substances in the 

environment 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 

manuf1Cture of the drug product m dilcuued in Appendix C. Tbae subsections also provide 

information on pack•gina rejecta and protective clothing landfilled or incinerated at both the sites. 

3.6.6.7.1 HUJDID Eljmin.Usm 

The dru1 substance ii introduced to sowap systems primarily as the parent ritonavir, 

as shown from the metabolism studies (NOA 2()..659, Subsection S.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. Because ritonavir comtituted the major component in rat 

feces and because the major metabolites formed (Ml and Ml) were 1tructurallv limilu to 

ritonavir, releases via human elimination are calculatccl in this subsection u if riton , ir was the 

only substance being relcued. 

The estimated concentration. i.e., Maximum Expected Emitted Concentration (MEEC), 

of ritonavir at a typical wastewater treatment plant (in the fifth year following approval) is 2 ppb. 

This concentration is, of course, a wont-cue estimate, because: 1) the total 1lobal production of 

ritonavir ii included instead of the U.S. production alone, 2) it is usumed 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 drua in the human body wu not taken into consideration and it was assumed 

that ritonavir is the only substance being excreted by patients into domestic sewage, and 4) it is 

assumed that the excreted ritonavir would reach the WTP without underaoing any degradation 

in the domestic sewaae from the lime of excretion to the time it entcn the WTP, even though 

degradation during that time is poasible. The calculation for the catimated concentration is 

providec.f in Appendix C. 
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3.6.6.7.2 Wastewater from Manufacturinc 

( i North Chicago 

During the synthesis of ritonavir, approximately 23.3 Kg of the ritonavir may be 

released into Abbott's wastewater treatment plant where effluents arc treated and the treated 

effluents arc disctuqcd to the Nonh Shore Sanitary District's (NSSD) Gurnee '' ~astcwater 

Treauncnt Plant (WTP). The MEEC of ritonavir at the facility of the North Shore Sanitary 

Districc can be calculated as stated below. The Gurnee wrP of the Nonh Shore Sanitary District 

operates at a flow rate of 19 million pl/day (NSSD. 1992). 

A1no1u1t rwi.a..d In Ajr z 10' "8/9 X ().264 gal/L 
365 do.~ z flow "* 

23.3 if z 10' ff/11 z G.264 aol/L • 6151 • 0.9µi}L 
365 z IP z 106 65W 

Thus, the calculated concentration of ritonavir by-products at NSSD that could result 

from releases at North Chicago (under the proposed action) would be 0.9 ppb or 900 ppt. nus 

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 FAIE OF EMITI'ED SUBSTANC£S IN THE ENYIBONMENT 

Information is presented that is relevant to the environmental transpon and fate of · 

ritonavir. Assessment of transpon and fate of ritonavir is accomplished by an evaluation of 

processes affecting transpon (between air, water, and soil) and processes affecting chemical and 

biological degradation. The methodology involved in this evaluation and its application to 

specific chemicals is discussed in lYJW:,-Rellted EnyjmpmcptaJ fate of 129 Prigrity Pgllutant,s 

(USEPA, 1979; Howard, ct al., 1990). 

Ritonavir is a protease 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 

uact and eliminated 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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3.6.7.1 ~ 

Minimal or no emissions of ritonavir are expected to be released into the atmosphere 

during manuft.cture or use of the product by patients. Ritonavir is a white to light tan powder 

practically insoluble in water. It was stable at 80°C for 13 wreks with 100.1% of ritonavir 

remaining (Abbott Report R&D/9S/216; NDA 20-659, 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 fonn are unlikely. Dust from the manufacturing of bulk drug (Abbott's 

North Chicago facility) will be trapped by vent filters that are collected Uld disposed of by 

landfilling or incineration. If any built drug should escape the dust collection system, it will 

either precipitate with rain or become pbotolyud 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 

fonnuJation and no air emissions are expected during manufacture because of the containment 

measures that are in place. 

All the equipment wuhes are also contained, collected and disposed of as liquid 

chemical wa.~tc by incineration. BasecS on this information, ritonavir should have no impact in 

the "Air" environmental compartment. 

3.6.7.2 WATER 

Ritonavir will be introduced to the aqueous environment via elimination by patients 

and via releases 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 handlmg of the wastes resulting from equipment cleaning and other operations 

during formulath.,, Releases from the synthesis of ritonavir arc anticipated to be 23.3 Kg. 

Biodegradation and p • .-,..>degndation in the aeration and settling~ of WI'P are expected to 

decrease its concentration significantly before the sewage effluent is released to surf ace water 

(Subsections 3.6.7.2.3 and 3.6.7.2.4). 

As stated in Subsection 3.6.6.7.1, the maximum concentration (MEEC) of ritonavir in 

the year 2000 at a typical wastewater treatment plant that would be due to patient usage is 

estimated to be 2 µg/L (2 ppb). Because of variations ir. f>IUlt capacity and in rates of surface 

water flow, dilution factors for effluent can vary (dependina on geographic location) from about 

10·1 to esscntiaJly no dilution (Metcalf & Eddy, Inc., 1979; Linsley, et al., 197S). A typical 

dilution factor for many rivc.-s or the United States is Ht' and, thus, the corresponding worst-case 

concentration in surface waters that receive sewage plant effluent could be 0.002 ppb (2 x 10·». 
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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 impacL'i of the 

degradation 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 are estimated to be 0.9 ppb or 900 ppt (Des Plaines River 

receives effluent from the Nonh Shore Sanituy District (NSSD)) u seen in Subsection 3.6.6.6.2. 

1bc effluent from this wastewater facility is discbargm to the Des Plaines River which (near 

NSSD in Gumee. Winois) has a mean annual flow nate of 189 ft'/se1; or 122 million ga!/day 

(ISWS, 1992). Therefore. the dilution factor from the NSSD facility to the river is 10·1• and 

based on this dilution, the worst-case MEEC conccatnlion is expected to be 0.9 ppt. The impact 

on the degradation proc.esses in the WI'P on this value are provided in Table 3.6.11-2. Therefore, 

the MEEC of ritonavir in WTP due to manufacturin1 (0.9 ppb) is lower than the MEaC through 

human use (2 ppb). 

In the water of a sewage treatment facmty, or in the surface water that dilutes the 

effluent. ritonavir (or its by-produces) would be affected by environmental proceucs that include 

photolysis. oxidation, hydrolysis, volatiliu&ion. absorption, bioaccumulation, and biociegradation. 

These processes are evaluated individually (in this subsection) before a concluding statemenfis 

made on the probable fate and concentration of released substances in the aqueous environment. 

3.6. 7 .2.1 volatilizatjon 

R.itonavir did not volatilize from a deionized water solution with nitrogen flow for 21 

days. suggesting no volaai1ization potential under such conditions. A one page summary of the 

Henry's Law Constant results is provided in Appendix A-1 and the complete repon is provided 

in Appendix D-1. 

3.6.7.2.2 Soq>tion/Desocption 

The adsorption coefficient. (Koc) for ritonavir with Bentonitc. Skokie lagoon mud. 

Milwaukee metropolitan sewage. Lake Bluff B~h sand, Des Plaines River sediment. and 

Northshore Sanitary District sludge wu determined. This study represents two environmental 

substrates (Milwaukee Sewage and Des Plaines River Sediment) that the drug may partition iJlto 

after human use and manuf~uring operations. 

18 

RITONAVIR CAPSUL£S NDA 20-680 VOL 12 024 



Attempted extraction of ritonavir from the adsorbents with mcthanol:watcr (50:50) in 

which the drug is very soluble, demonstrated that approximately 23. 7, 72, 39, 6 and 61 % of the 

drug was irreversibly bound to Bcntonite, Skokie lagoon mud, Nonhsborc Sanitary District 

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 WI'P and after its release from WTP. The percent of 

ritonavir irreversibly adsorbed to these two matrices constituted 39 and 6%, respectively. Based 

on these estimates the majority of ritonavir is likely to partition into aqueous companments. A 

one page summary of Sorption/Deso&ption rr.sults is provided in Appendix A-2 and tbe complete 

report is provided in Appendix D-2. 

3.6.7.2.3 Photodcgadetjop in Water 

The ultraviolet/visible lipt absorption specaum of ritonavir exhibits absorption 

maxima at 197.S nm and 240 nm with a shoulder apparent at 210 nm (Abbon Report 

R&D/9S/220; NDA 20-6.59, Subsection 3.3.1 . .5). Compounds with absorbance in tbe range of 

290-800 nm are known to pbotodegrade upon exposure to sunlight (direct photolysis). Ritonavir 

wu not susceptible to direct pbotodegradation when aqueous solutions were subjected to 

simulated sunlight (Xenon Arc Lamp). However, the same solution:. of Ritonavir in the presence 

of a sensitizer, photodegraded extensively. The half-Jives were S.92, 2.23, and 1.43 at pH 5, 7 

and 9, respectively. During the rcs.idence time in the WTP, especially in the activated sludge and 

secondary effluent tanks where the contents are exposed to natural sunlight. the drug substance, 

ritonavir, is likely to be removed completely. It is quite likely that photolysis may transform all 

of ritonavir into its degradate components, thus elimim\ting the drug product itself from the 

environment. A one page swmnary of Photodegradation results is provided in Appendix A~3 and 

the complete report is provided in Appendix D-3. 

3.6.7.2.4 Biodeg@datjop jg Water 

The aerobic biodegradation of the test chemical, ritonavir, was tested in water using 

activ1ded sludge and secondary effluent from the wastewater treatment plant (WTP) as inocula. 

Greater than 90CJ, of the ritonavir was removed from the test medium within 28 days and trapped 

as 14C-activity in a foam plug used as a volatile trap. Only 6.1 'I> of the applied activity remained 
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ir1 the test medium. Thus. biodcaradation appears to be a potential removal pathway for ritonavir 

in water. Ritonavir may be completely removed in the WTP through a combination of 

photodegradation (ha\f -life of less than 4 hours) and biodegradation suggesting very litUe release 

into the wastewater effluent or partitioning 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 . .S Bioaccumulation/Bjocoru;enqation 

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). Bioaccumulation of ritonavir in aquatic 1oimals is 

unlikely, because as shown in the precedin1 sections, ritonavir is likely to be eliminated in the 

WTP. However, in order to assess the implct of any raidual drug entering into the aquatic 

companment, three aquatic toxicity tests (Daphnja ICUte toxicity, Hxalclla acute toxicity and fresh 

water fish acute toxicity) have been conducted as reponed in Section 3.6.8. 

3.6.7.2.6 Pmb&blc Fate of Ritonayir jn Agu1tic Sy3te1ns 

Photodegradalion. and biodegrldation in the Wl'P will diminish or eliminate the 

amount of drug substance likely to be released to the natural aquatic companment. Therefore, 

the actual concentrations that will be present near an effluent outfall of the WTP can be expected . 

to be much smaller than that entering WTP and would continue to diminish in natural waters with 

dilution and with the passage of time due to biodcgndation and photodegradation in natural 

surface waters. Downstream from the effluent outfall. the expected environmental concentration 

(EEC) of ritonavir or its by-products is expected to be essentially uro. However, worst case 

estimations of EEC are presented in Tables 3.6.11-1 and 3.6.11-2. 

3.6.7.3 ~ 

As seen from the fate in the WTP aquatic 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 WTP. Thus, the most likely environmental compartment to which the 

residual drug from lhe WTP may be exposed is the aquatic compartment. For this reason, the 

environmental effects testing is focuaed on aqWd.ic toxicity testing. However, a microbia! growth 

inhibition test was also conducted when: a number of soil bacu:ria. fungi and an alga that could 

prevul in soil were tested against various cuncentralions of ritonavir to assess the effect of 

adsorbed dnlg on soil microbial activity. 

3.6.8 ENYJBQNMENTAL EFDCTS OF RELEASED SUBSTANCES 

Four environmental effects atJd.ies have been conducted with ritc.navir: ( 1) Microbial 

Growth Inhibition; (2) Dtdmil Acute Toxicity; 3) HyaJeUa Acute Toxicity; and 4) Presh Water 

Fish Acute Toxicity. The procedures outlined in the Environmental Assessment Technical 

Assistance Handbook (FDA. 1987) were followed to study the environmental effects of ritonavir. 

3.6.8.1 Mica>bial Growth Inhibition 

The microbia. growth inhibition test was conducted at a highest concentration of S 

mg/L using a solvent (<19&) to solubillzc ritonavir. Soil bacteria. Ps•udomona.s fluor11cens, 
,,· 

Bacillus 1Mgaterlum and Az.otobacter chroococcum, a blue green alga. Anabatna flos-aquat and 

three soil fungi, Aspergillus clavatus, Penicilliwn canescens and Chattomium globosum were 

tested. Awtobacter and Anabaena are known to fix atmospheric nitroaen, thus enriching soil 

nitrogen. Pseudomo,'IQ.r, Bacillus, Aspergillus and Penicillium arc known to degrade a variety 

of chemicals. ChaetOlrlium is known to decompose cellulose. Thus, these microorganisms 

represented a broad spectrum of beneficial species in soil. No growth inhibition was noticed in 

any of these microor1anisms at the highest concentration tested (S mglL). The no observed effect 

concentration (NOEC), therefore is S ppm for all the microoraanisms tested. The NOEC 

(5,000,000 ppt) is several orders of magnitude hi1her than the EEC (0.045 ppt) estimate'i for soil, 

and therefore ritonavir has no impact on the terresuial microorganisms. A one page summary 

of Microbial Growth Inhibition resulu is provided in Appendix A-5 111d the complete rcpon i:; 

provided in Appendix D-5. 
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3.6.8.2 Daszbnja AcYLC Ioxici~ 

The 48·hour EC,., vab.e was >l.SO mg/L which was approximately the water solubility 

of the test chemical. The results 1 ndicated a 48·hour n<H>bserved effect concentration (NOEC) 

of 1.50 mg/L based on the lack of immobility and abnonnal effects at this concentration. Since 

the NOEC ( l.S00,000 ppt) is several orders of magnitude higher than the EEC (0.08 ppt), 

ritonavir should not have any impact on the Dapbnia in the aquatic environment. A one paac 

SUJ11DW)' of Qapbnia Acute Toxicity raults is provided in Appendix A-6 and the complete repon 

is provided in Appendix D-6. 

3.6.8.3 Hyalcllq Acutc; Iogjcity 

There wu no significant monality or adverse effects on Hyalella azteca during a 96-

hour exposure period at a ritonavir conc:cntntion of 1.59 IDJ/L, which is also the approximate 

solubility limit of the test substance. 1bua a NOBC of 1 .59 mglL ls assi1ned. Since the NOEC 

( 1,590,000 ppt) is several orden of mapitudc higher than the EEC (0.08 ppt), ritonavir should 

not have any impact on tbalella in the aquatic environment. A one page summary of Hyalella 

Acute Toxicity results is provided in Appendix A-1 and the complete repon is provided in ,,.. 

Appendix D-7. 

3.6.8.4 ~ti 'Water Fish Acute Toxjci\')' 

The 96-hour LCso wu determined to be >1.63 mg/L which was appro~mately the 

water solubility limit of the test chemical in dilution water. The 96-hour NOBC is detennined 

10 be 1.63 mg/L, which was based on the lek of mortality and abnormal effects at this 

concentration. Since the NOEC ( l ,630,000 :t>J>l) is several orders of magnitude higher than the 

EEC (0.08 ppt), ritonavir should not have ~y impact on fresh water fish in the aquatic 

environment. A one page summary of Fresh W~r Fi~h Acute Toxicity results is provided in 

Appendix A-8 and the complete report is provided hi Appendix D-8. 
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TABLE 3.6..7·1 (CONTINUED) 

Kemlt 

The no-olsrted effect c:oaceatnllion (NOEC) 
was ddermim:l to be I.SO mglL. which is 
aJso lhe highest med concentnlion leSted. 
IOd is near lhe upper Ii.mil of solubility for 
ritonaYir. 

The no-observed effect cODCalUalioa (NOEC} 
was dela1Dined to be l .S9 mglL. wbicla is 
also lhe highest measmed concc:ntnlim ICSled 
llld is near die appel' limit of sohlbility for 
ritoaavir. 

The llC>-Ob5awd dfecl CIOllCCllblllkm (NOEC) 
........... lo be 1.6 mgll.. .... is also 
lhe bigMsl lllCBRd m .. rman leltDI 11111 
is ne.s lbe upper limit of debility for 
ritonnir. 

\ 

' 

~ . 

Slplfkuce 

The NOEC for J>mlmi& l.S00.000 ppt, is 
.seftrll orders of magnitude higher than worst 
lase E.EC of ritoll.nir (0.08 ppl) and. 
dlen:fore. DO impact of ritoaavir on the 

1. 

.... species Dp1i1 is expec&ed. 

The NOEC for Hyek;llL 1.590.000 ppt, is 
sew:ral orden of magniblde higher than worst 
cme EEC of ritoamr (0.08 ppt) Ind, 
lherefcxe. DO implCf of riloaavir OD I.he ...-pod RnWl1 is expected 

The NOEC for fresh"*" fusb, lJi00.000 
ppl. is sewn) Olden of rmgniblde higher dwl 
wont case EB: of ritmavir (0.08 ppt) IDd. 
lben:fore. DO imped of ritonaYir Oii lhe fresh 
Wiiier filll is apacted. 
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3.6.9 USE OF BE80JlBCE$ AND ENERGY 

Tbe proposed ICtion requires a moderate commitment of comp1ny resources. 

However, chemicals that will be UIOd me common commodities of commerce. Moreover, no 

irreversible or irretrievable commitment of limited national l'CIOW'CU will be involved. The 

estimated use of enersy for tbe ayntbolia of ritonavir dru1 subltance a1 North Chicqo is 1.2 x 

106 kwhlyr of cloctricity and 2.1 x 10'° btulyr of tbmmal ener11. Tbele amounts represent o.s~ 

and 0.7Wi, respecdvely, of Ibo total OWIY comwnption at the North Qlicqo facility. 

The estimated use of CDC1JY for tbe preparation or Ricoaavlr C&plulea at Abbott Park is 

1.7 x 10' ltwblyr of electricity, 1.1 x 10' btulyr of fue1 pa and 11.286 lbalyr of steam. 

k discussed in Sublcctioa 3.6.8, the environmental impact of releues from 

manufacturin1 and uae of die product ii •allaible. Therefore, it ia unlikely that Chnsatened or 

endanaered species could be affocted. 

The State of lllillola does DOC re1ud property ln the vicinity of the Abbott facilities 

tCJ have historical or ar...buoloSical lmponanco (Appendix C). 

3.6.10 MmGADON MEASURU 

Controls uercilod on emlllions a1 Abbott facilities are described in Appondix C. 

Compliance of tho proposed action with applicable emiuion requirements is provided in 

Appendix B-3. 

Material Safety Data Sheets (MSDS) me provided· in Appendix B. Unused dru1s (past 

the labeled expiration date) are returned to Abbott Laboratories for dispoaal by landfilling or 

incineration (Subsection 3.6.4.4). 

Wute minimization studies are an on1uin1 activity at Abbott facilities. Al their 

results become available, prlClical measures to increue control of wutes are incorporated into 

manufacturing procedures. 

lS 



3.6.11 ALTERNATIYU TO ·ruE PROPOSED ACTION 

No pocentiaJ adverse environmental implCtl have been identified for the proposed 

1etion. Uttle or no release of ritonavir to the aquatic environment is expected (Subsection 

3.6.6.6) due to extensive photodegradadon and biodepadation in WTI'. The no-observed eff cc1 

concentrations of 1quatic species and terrestrial microora•ni1m1 are several orden of magnitude 

h11her than the EEC for ritonavir, hence no environmental impact is anticipated (Tables 3.6.11-1 

to 3.6.11 ·2). Because no adverse environmental impact is upec;.ad, alternatives to the proposed 

action are not being con1idered. U this product were not manufactured (as a no-action 

alteuwive), riconavir would not become available u mediCltion to treat mV-lnfection. 

3.6.12 PRIPA,REBS 

The preparers' resumes are provided in Appendix C. 
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TABLE J-'.Jl-1 

Summary ol En•ioramaaul lmpad of Rltona•lr Tllna1ll 
H•maa Use (Y eu 2111 Produdloll Fonast) 

Maximum Expected Emitled Concentration (MEEC) in WTP as a Result of Human Use• = 

Po&ential Degradation (Removal) of the Te.st Olemical in WIP Due ID Biodegnmtion•• = 
m x 2 days = 6.7-., of 2000 ppl -21 

Palential DegndB>n (Removal) of lhe Test 01emicaJ in WTP Due 10 PbolDlysis Half-life ol 4 
hours - 2000 ppt x 3 mlf-lives = 1150 ppt•••; Wont Case 3 lfalf-1..iftS = 12 llcus 

Expected Enviromnealal Concmtratioa (EEC) in WTP 
MEEC - Photodegndllion md Hydrolysis = 2000 - (134 + 17SO) = I 16 

Ritonavir Adsorbed to Metropolitlll Sewage Sludge = 
R.itonaYir Remairung in Aqueous Phase = 
EEC of IUtonavir in WTP Wastewater FJDuenl 

116 ppl x 0.61 (614JJ) = 70.76 ppl 

EEC of Ritonavir in Surface Water after lhe Release of Wutew11er Effluent Crom WTP 
Assuming a 'Thousand Fold Dilution•••• in the Des Plaines River= 70.76 ppt x 10·1 dilution 
= 0.076 ppt 

EEC of Ritonavir in lhe Sludge 
116 wt x 0.39 (3941i) = 45.24 ppl 

EEC of ABT in Soil if the Sludge Was App1lied to Soil••••• = 45.24 ppt x Ut, = 

1 2 pg/I.. (2 parts per billion 
(ppb) J or 2000 parts per trillion 
(ppt) 

134.14 ppt 

1750 ppl 

116 ppt 

Pit 
61'1> 

70.76 ppl 

0.076 ppt 

4S.24 pp1 

0.045 ppt 
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TABLE 3.6.lt·l (CONTINUED) 

Summ•ry of EnTlornme•tal lmp•d er RJlon•Ylr Tlarouch 
Human Use (Year 20CNJ Predlld.loa Ferec:ast) 

Ritonavir Irreversibly Bound to Des Plains Riva Sediment = 6CJ. of 0.076 

Ri1oaavir Remaining in the Aqueous-~ of Des Plaines River = 0.076-0.00456 

NOEC for Soil Bacteria.. Fungi, and Alga = 

NOEC for Daphnia = 

NOEC for lb.SHI = 

NOEC for Fresh Wiler .Fish= 

0.00456 ppt 

0.0714 ppt 

S,(D),000 ppt 

l .S00.000 ppt 

I .S90,000 ppl 

1,630,000 ppl 

CONCLUSION: No environmental impacts due to, ritonavir are anticipated since NOEC for W1Uatic species or terrestrial 
microorganisms is several. orders of rnagnilude higher than EEC for that environmental compartment. 

• AIJpendill C. Section 6.7. J; MEE estimllion through ....._ me. 

• ••B1ioclecr...._ eslimlle tlkes into coasidenlicJe removal o( 93.~ ritcmYir in lhe laiodeo.._ in ....- study. A raidence time of 2 days in 
WTPis ... md. 

*HAswa a 'fCfJ c:oacnmli11e c:scimMe blsed Oii m avcnse of 4 hour pholodegr:ldllioli Wf-life md rMe COllSUnl of 0.1733 min·' for riaon.vir and 
lb ..,_, of mali&f;C dwina die day _, 2 days of n:sidcnt lime in WTP (J half-liva). ExperimenUllly rmed photodcandatiol half -life for 
.-... .- is appl'Ni.-dy 2 hours. Under a best ase ~m.Don scens:io. dio.rir mo.Id be COl..,ac.dJ dimilllled ha WIP by 

••••Mdalf a. Eddy, 1979 (Appc:ndil c. Sec:t:ion 7.2). 

•u••Bmcd on ...,ration 3,000 lbs o( dry s~ 10 .n 1CR of lgricalblrlll In (Opc:nlioa of WIS&CWlllcr Treatment Pbllts, I Manual of Practice. 
W111:r PaUnrioa Conttol Federltion. 1976); llld 2.S00.000 lbs of IOil in lhe 5-T surfm: layer (Brady, N.l.6. 197-4. The Nature Ind Properties or Soil, 
Maanilfm Pablishi'-S Co., lac.~ York). a dilutioll racaor of 1pproximaldy 1000 (Ut1) is lpplicd. 



" H 
lof 

~ ,. 
< 
H 

'° g 
IG1 
~ c:: 
t" .. 
lnl 

~ ,. 
N 
0 
I 
0\ 
CD 
0 

~ 
t"" 

~ 
w 

0 
w 
UI 

N 
\() 

TABLE J.6.11-2 

SummnJ of Environmenl•I Impact Through Relases from the Manufacture of 
Rltona•lr Capsules (Y e.mr ~ Proclurtloa) From die Abbott Park 

Manufacturlnc Fadlity 

Muimum EJl:peded Emicced Concentration (MEEC) in North Shore Sanit.-y District WTP 11 a 0.9 µgll.. (0.9 ppb) = 900 ppt 
Result o,f Releases from Ritonavir ll Abbott North Chicago Fllcility• = 
Removtal Due to Photodegndation (787.S ppt) and Biodegradation {60.3 ppl) ll the WTI> .. = 847.8 ppl 
847.8 

Ex.peeled Environmental Concentn1ion in WIP = MEEC - Removal due to Photodegradllion S2.2 ppt 
Ind Biodegmdatioa = 900 - 847 .8 = S2.2 

Ritonavir Rcvusibly Boand to Sewage = 39111 of S2.2 ppt 20.3.58 ppl 

Ritonavir Caacallnllica in Soil of All the Seqge Sludge Solids 11e Applied to Soil x 10-> 0.0204 ppl 

Ritonarir Ranaiaiag in the Aqueous phase in WfP S2.2 - 20.3S8 = 31.84 ppt 

RitonaYir Relellsed 1hrougb WaaeWller Effluent 10 Des Plaine., .;.iver 31.84 ppl 

Expected Envirolr'nenlal Concenlnltion (EEC) of Ritonavir in Surf-=e Wiier = 0.106 x 10'>•• 0.0318 ppl 

NOEC for Soil BKleria, Fungi. Alp = S;OOOiOOO ppt 

NOB: for QPmia • 1.soo.000 ppl 

NOEC for HJlkl'- = 1.soo.cm pp1 

NOEC for fresh Waaer FISh = 1,630.cm PP' 
CONCLUSION: No environmental impacts due lo ritonavir me anticip11ed since NOEC for lqllalic species or tenestrial 
microorpnisms is se•en.I orders of magnitude higher than EEC ror this environmental compontment. 

•Appmia C. Section 6.7.2. MEEC for ..,afacturiag racili1y. 

•-c.allllioil of rcmoYal dlle to~ is calculaled u follows: Urns C (lmCIUlll retainiq after lime 1) s c.e·~ where C. = 900 ptllt. r = 01733. and t 
• 12 1111: C a 111J pp1 mminina. Therefore. amo.nt removed is 900 - 112.5 = 717 . .S ppt. Eslim1lion for r is r,._ Tmble l.6.11-1. 

•••~ of rcmonl due to~ is calcula&cd as folllow1: Biodegradation of 3-lS"" per cby. lbas. for 24 hrs (2 days) or u.~urc. the amoun1 
~ W08ld be 2 x l.3:5"1 x 900 ppr = 60.l ppe. 

•-odler anu•.iplions ror phc**plldaticJ9 nd biodepldat"- of rilOM".ir UC simil• 10 that med (or estimali1111he environmcnlal impKI lhruuch human u~C 
(Tlble 3.6.11-1). 



3.6.13 CERTIFICATION 

Prca•nn 
The undersigned certify that the information presented is true, accurate. and as 

complete for preparation in accordance with 21 CFR (25.3l(a). 

Signature --~--,._. _c..?_ ...... _: __ ffq.-.___,L_/..4._.· ________ n_atc 1z._1.s= 1.r 

Title Director. ErrrWmmentaJ Fate&. Assessment 

·--7 _/"' J \ ) _ - ~l 
Signatury--_/ le/~ /_/___. => 

I 

Title Propm Mana1er. Environmental Fate&: Assesuneot 

Sgop;50r 

The unde"'igned certifies that the information presented is ttuc, accurate. and as 

complete as provided to Ranga Valagaleti for preparation in accordance with 21 CFR 

(25.3l(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 facilitate the review of the environmental assessment. Please 

note that the following references arc not enclosed because ~!CY arc readily available to 

the FDA reviewer: 

Reference 7 

Pharmaceutical Manufacturers Association (PMA), 1991. Interim Guidance to the 

PbarmaceutjcaJ lpdustiy foe Enyjropmcnta) Assessment Compliance Bcgujremeota for the 

f.I2A. Washington, D.C., July 1991. 

Reference JO 

U.S. Food and Drug Administration (USFDA), 1987. Egyimnmeptal Assessment 

Technical Assjstaoce Handbook. Center for Food Safety and Applied Nutrition. U.S. 

Food and Drug Administration, Washington, D.C., FDA/CFSAN-87130. (NTIS PB87-

175345). 
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MATERIAL SAFETY DATA SHEET 
RITONAVI~ SEMI-SOLID CAPSULES 

PAGE l 
ISSUED 11/15/95 

--------~-----------------------------------------------~-~-~----~~----
1. CHEMICAL PRODUCT AND COMPANY IDENTIFICATION 
-----------~--~-~--~--~------~-----------------
Material Name: RITONAVIR SEMI-SOLID CAPSULES 

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: Propylene Glycol* 
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 
OTHER 8HR TWA: 50 ppm, total vapor and aaro•ol1 1o 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 8HR TWA: 1000 ppm 

STEL: N/L 
CEILING: N/L 

ACGIH-TLV 8HR TWA: 1000 ppm 
STEL: N/L 

CEILING: N/L 
OTHER 3HR TWA: N/A 
LIMITS STEL: N/A 

CEILING: N/A 
•Hazardous par OSHA criteria. 
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--~--------------------~-----------------~---~-~-----------------------

2. COMPOSITION/INFORMATION ON INGR2DIENTS, continued 
--------~--~-------------------~----------

INGREDIENT NAME: Ritonavir 
CAS/RTECS NUMBERS: N/A / N/A 
OSHA-PEL BHR TWA: N/L 

STEL: N/L 
CEILING: N/L 

ACGIH-TLV 8HR TWA: N/L. 
STEL: N/L 

CEILING: N/L 
OTHER &HR TWA: l •9/•3 (Abbott LaborMtoriea) 
LIMITS STEL: N/A 

CEILING~ N/A 
* Hazardoua per OSHA criteria 

3. HAZARDS INFORMATION 

EMERGENCY OVERVIEW: Thi• product i• tor use in the treatment of 
patients with AIDS. Contact of capsule content• with ·~·· may 
produce irritation. In clinical uaa, adver•• effects have included 
9aatrointestinal upset and headaches. Available data •u99e•t that 
target organs include the oyea, liver, thyroid, 9astrointaatinal 
tract, fetus, and urinary system. 

ROUTE(S) OF ENTRY: Skin: Unlikely 
Inhalation: Unlikely 
Ingestion: Clinical Route 

INGESTION RATING: None 

SKIN ABSORPTION RATING: N/D 

INHALATION RATING: N/D 

CORROSIVENESS RATING: None 

SKIN CONTACT RATING: N/D 

SKIN SENSITIZATION RATING: N/D 

EYE CONTACT RATING: N/D 

TARGET ORGANS: Poaaible target organs include the eyes, liver, thyroid, 
gastrointestinal tract, fetus, and urinary ay•tem. 

CARCINOGENICITY RATING: NTP: N/L IARC: N/L OSHA: N/L 
ACGIH: N/L 
Beverages containing ethyl alcohol have been cla••itied by·IARC as 
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---------------------------~---~--~------~----------------------~------
3. HAZARDS INFORMATION, continued 
---------~--~~---------Group I human carcin09ens. 

SIGNS AND SYMPTOMS: N/D. In early clinical trial•, poaaible 
aide-effect• have included gastrointestinal upa•t (nausea, diarrhea) 
and headaches. Contact of th• capaul• content• with the eyes could 
result in irritation. Data from pre-clinic•l atudie• au99est 
alteration• in liver function, in vision, and in thyroid function. 

MEDICAL CONDITIONS AGGRAVATED BY EXPOSURE: N/D. Available information 
aug9••t• pre-existing liver, ocular, qaatroint•stinal, urinary, akin 
or thyroid ailm•ntae 

4 • FIRST i: ID MEASURES 

-~~------------------~ 

EYES: Remove from source ot exposure. Flush with copious amount• ot 
water. It irritation peraiata or aiqn• of toxicity occur, seek 
medical attention. No known antidote. Provide symptomatic/supportive -
care as nece1.aary. 

SKIN: Remove from auurc• of exposure. Fluah with copious amounts of 
water. It irritation perai•t• or ai9n• of toxicity occur, •••k 
medical attention. No known antidote. Provide symptomatic/aupportiva 
care aa necessary. 

INGESTION: Remove from source ot exposure. If aiqna of toxicity occur, 
seek medical attention. No known antidote. Provide 
symptomatic/supportive caru aa necessary. 

INHALATION: Remove trom source of axpoau~e. If ai9na of tox~city occur, •••k medica· attention. No known anti !O e. Provide 
aymptomati,.. 'lpportive care aa nae•••,, . 

5. FIRE FIGHTING PROCEDURES 

FLASH POINT: 76 deqrea F 
FLASH POINT METHOD: Closed Cup 

LOWER EXPLOS1\'E LIMIT(t): N/A 
UPPER EXPLOS:CVE LIMIT(t): N/A 
AUTOIGNITION TEMPERATURE: N/A 

FIRE ' EXPLOSION HAZARDS: N/D 

EXTINGUISHING MEDIA: Use C02 or ABC dry chemical extinguisher. 

FIRE FIGHTING INSTRUCTIONS: None known. 
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---------~---~~-~-----------,--------------~--~-~~-~-~~-----------------

6. ACCIDENTAL RELEASE MIA.SURES 

----~---------------------~--~-

SPILL OR RELEASE PROCEDURES: sweep up capaule• or wipe up paate 
material and diapo•• ot •• direct•d in Section 13. Waah aurfaces 
containing r••idu• with lar9e quantitiea ot water. 

7. HANDLING AND STORAGE 

HANDIAING: r Je required under normal '.i••. 
STORAGE: Flammable. S~Jra in cool place away from heat or flame. 

SPECIAL PRECAUTIONS: No •P•cial precautions required under normal use. 

8. EXPOSURE CON'.L'ROLS/PERSONAL PROTEC?ION 

-----------------------------------------
ENGINEERING CONTROLS: N/A 

RESPIRATORY PROTECTION: N/A 

SKIN PROTECTION: N/A 

EYE PROTECTION: N/A 

OTHER PROTECTION: N/A. U•• good clini~•l and hygiene practices. 

9. PHYSICAL AND CHE..~ICAL PROPERTIES 

------------------------------------
APPEARANCE/PHYSICAL STATE: Unmarked ~hit• opaque capsule. Capsule 

contain• an off-white to light brown 
aami-aolid. 

ODOR: N/D 
BOILING POINT: N/A 

MELTING/FREEZING POINT: N/A 
VAPOR PRESSURE (11DD Hg): N/A 

VAPOR DENSITY (Air-1): N/A 
EVAPORATION RATE: N/A 

BULi< DENSITY: N/D 
SPECIFIC GRAVITY: N/A 

SOWBILITY: 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: H/D 

HAZARDOUS POLYMERIZATION: N/D 

11. TOXICOLOGICAL INFORMATION 
~~-~-~-~-----~-~----~-----~~-

PAGE !S 
ISSUED ll/15/9!5 

ORAL TOXICITY: N/D~ LD50 > 1650 to > 2'00 mg/kq in animals tor the 
components uf this product. 

DERMAL TOXICITY: N/D. None expected from normal clinical use of thia 
product. LOSO > 2000 mg/kg in animals for component• of thia 
product. 

INHALATION TOXICITY: N/D. None expected from the normal clinical use ot 
thi• product. 

CORROSIVENESS: No. 

DERMAL IRRITATION: N/D. None expected from the normal clinical use of 
thi• product. Ritonavir, the active ingredient, and other 
ingreaienta have produced mild to aevere akin irritation in studies 
in animal• or humans. 

OCULAR IRRITATION: N/D. None expected from the normal clinical uae of 
this product. Ritonavir, the active ingredient, produced mild to 
moderate conjunctival redn••• with swelling in an •Y• irritation 
test in rabbits. Th4 irritation was mainly reversible in 72 hours. 
Ethyl alcohol is a moderate to severe eye irritant in rabbits. 
Propylene glycol produced mild •Y• irritation in rabbits and mild 
tranaient •Y• redness in humans. 

DERMAL SENSITIZATION: N/D. None expected from the normal clinical uae 
ot this product. Ritonavir, the active ingredient, was negative in 
tha aaKimization assay in 9Uinea pigs at challenge concent~ations of 
25 and 45t in petrolatum. Propylene qlycol has exhibited soma 
potential ta produ=• akin sensitization ~n atudiea in humana. 
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~--~~~~~~~-~--~----------~~--~~--~-------------~------~~~-~-~------~---

11. TOXICOLOGICAL INFORMATION, continued 
~--~---------~~~--~-----~----

SPECIAL TARGET ORGAN EFFECTS: N/D. In pre-clinical atudi•• in rata and 
dogs, Ritonavir has produced changes in th• liver, retina, thyroid 
and stomach at dosa9ea of 30 a9/k9/day or aora. In reproduction 
•tudie• in rats and rabbits, Ritonavir ha• produced fetal toxicity 
at maternally toxic dosages of 35 m9/k9/day or more. Ethyl alcohol 
is known to produce liver injury, ia raportad to be a mutagen, and 
is a t•rato9en in humans (fatal alcohol syndrome). Heinz body 
tormation or erythrocyte d••truction baa been reported in animals 
following repeated dosages ot 500 mg/kg or more ot propylene glycol. 

CARCINOGENICITY INFORMATION= N/D. 

12. ECOLOGICAL INFORMATION 
---------------~~~~-------

ECOLOGICAL INFORMATION: N/D 

13. DISPOSAL CONSIDERATIONS 
---~~~---~------------~---~ 

WASTE DISPOSAL METHODS: All wast• must be packa9ad, labeled, 
transported and disposed ot J.n conformance with applicable local, 
state, and federal laws and regulations and in accordance with qood 
engineering practices. 

14. TRANSP~RTATION INFORMATION 
--------------------------~~~~ 

DOT STATUS: Not Regulated 
PROPER SHIPPING NAME: N/D 

HAZARD CLASS: N/D 
UN NUMBER: N/D 

PACKING GROUP: N/A 
REPORTABLE QUANTITY: N/A 

IATA/ICAO ~TATUS: Not Regulated 
PROPER SHIPPING NAME: N/D 

HAZARD CLASS: N/D 
UN NUMBER: N/D 

PACKING GROUP: N/A 
REPORTABLE QUANTITY: N/A 
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----------------~~~------~--~----~-----~~------------~~-~---~----------

14. TRANSPORTATION INFORMATION, continued 
------------------------------
IMO STATUS: Not Regulated 
PROPER SHIPPING NAME: N/D 

HAZARD CLASS: N/D 
UN NUMBER: N/D 

PACKING GROUP: N/A 
REPORTABLE QUANTITY: N/A 

FLASH POINT: 76 degree F 

15. REGULATORY INFORMATION 
---~---~-~----------------

TSCA STATUS: Exempt 

CERCLA STATUS: N/L 

SARA STATUS: N/L 

RCRA STATUS: N/D 

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 of Abbott Laboratories 

The information and recommendations contained herein are based upon 
tests believed to be reliable. However, Abbott Laboratori•• does not 
guarantee their accuracy or completene•• 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. Adjuatllent to conform 
with actual conditions of usage may be required. A!:»bott Laboratories 
assumes no responsibility for results obtained or for incidental or 
consequential dama9ea arising from the use at th••• data. No freedom 
from infringement of any patent, copyright or tradeaar~ ia to be 
inferred. 
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16. OTHER INFORMATION, continued 
~----~-------~~---~~~ 

APPROVED BY: jsk 
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·a ABBOTT 

Pharmaceutical Products Division 

ABBO'IT LABORATO~ 
CHEMICAL AND AGRICULTURAL PRODUCTS DIVISION 

NORTH CIDCAGO 

GENERAL ENVIRONMENTAL COMPLIANCE STATEMENT 

Abbott Laboratories states that it is. in material compliance with, or on an 
enforceable schedule to be in compliance with. applicable emission requi~ments 
set forth in permits, consent decreea and administrative orden reiating to the 
production of IUtonavir at its facilities in North Chicago, Illinois. IS well IS 

applicable emission requirements set forth in federal, state and local statutes and 
regulations relating to the production of Ritonavir. 

Daniel Wozniak 
Environmental Coordinator 

Chemical and Aariculrural Products Division 
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ABBOTT 

Pharmaceutical Products Division 

ABBarf LABORA TOR.la 
PHARMACEU11CAL PROUUCJ'S DIVISION 

ABlarf PARK 

GENERAL ENVIRONMENTAL COMPLIANCE STATEMENT 

Abbott Laboratories states ttw it is in material compliance with, or on an 
enforceable schedule :o be in compliance with. applicable emission requirements 
set forth in permits, consent decrees and adminisual:ive orders relating to the 
production of Ritonavir Capsules at its facilities in Abbott Park. Illinois, JS well 
as applicable emission requirements ret forth in federal, a.te and IOCAI swutes 
and regulations relating to the production of Ritonavir Capsules. 

Steven J. Lichter 
Director 

Abbott Parle Operations 
Pharmaceutical Products Division 
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MICROBIOLOGY REVIEW 
DIVISION OF ANTIV1.RAL DRUG PRODUCTS (HFD-530) 

NOA #20-659 REVIEWER: Lauren c. Iacono-Connors 
CORRESPONDENCE DATE: 12-20-95 
CDER RECEIPT DATE: 12-21-95 
REVIEW ASSIGN DATE: 12-27-95 
REVIEW COMPLETE DATE: 02-12-96 

SPONSOR: Abbott Laboratories 
100 Abbott Park Road 
Abbott Park, IL 60064-3500 

SUBMISSION REVIEWED: Original NOA 
IND# 1#150, #151, and #155) 

DRUG CATEGORY: Antiviral 

INDICATION: As monotherapy or in combination with zidovudine 
for the treatment of patients with HIV infectionh and in 
cot~ination with nucleoside analogues for patients with advanced 
HIV infection who have previously received a nucleoside·analogue. 

DOSAGE FORM: Oral liquid 

PRODUCT NAMES: 

a. PROPRIETARY: Ritonavir 

b. NONPROPRIETARY: ABT-538 

c. CHEMICAL: 10-Hydroxy-2-methyl-5-·(1-rnethylethyl)-1-[2-
(l-rnethylethyl)-4-thiazolyl]-3,6-dioxo-8,11-bis(phenylmethyl)-
2,4,7,12-tetraazatridecan-13-ioc acid, 5-thiazolylmethyl 
ester, [5S-(5R*,8R*,10R*,11R*)]. 

MOLECULAR WEIGHT: 720.95 

STRUCTURAL 

SUPPORTU•G DOCUMENTS: 
and arnen...iments. 

NOA# 20-680, IND# and supplements .. 



BACKGROUND 

The human immunodeficiency virus (HIV) is assigned to the 
lentivirus genus within the virus family Retroviridae. In the 
early 1980's HIV-1 emerged as the etiologic agent of acquir~d 
immune deficiency syndrome (AIDS) in humans. Certain 
characteristics conunon to HIV infection include long incubation 
periods, hematopoiet~c and immune suppression, and central 
nervous system involvement. The HIV mode of. transmission is 
primarily through direct contact with bod~ly fluids, and is 
influt:1 1·-:eri by the viu1s 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 human cells in culture 
(reviewed in Levy, 1993). In particular, CD4 (+) 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 CD4 molecule. · The following is a· summary 
of the steps in the life-cycle of an HIV infectior. in a competent 
cell (reviewed in Levy, 1993). The virus surface glycoprotein 
(gpl20) attaches to a host-cell surface receptor and likely 
undergoes a conformation~! shift and subsequent displacement 
and/or proteolytic cleavage of gpl20 such that a second HIV 
structural protein, the transmembrane glycoprotein (gp41), 
facilitates the fusion cf 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 RNA as 
templat~. Viral cDNA is then transported into the nucleus, and 
integrated into chromosomal DNA material. Viral messenger and 
genomic RNAs are transcribed from the inL~~~~ted 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)-dependent 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 emp.l.oying antivir.~} agents 
(i.e.; RT inhibitors, viral protease inhibitors (PRls), artd viral 
integrase inhibitors), virus entry inhibiturs (i.e.; neutralizing 
polyclonal and/monor.lonal antibodies), and a broad spectrum of 
immune-based therapies. Determination of treatment efficacy is 
assessed primarily by clinical status of the patient and CD4 (+) 

.. 
2 



cell counts, followed by any one of a number of virologic assays 
aimed at quantifying vi~al load through the relative measurement 
of HIV virion, HIV gencmic RNA, HIV proviral DNA, 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 caveat 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 heterogenous population of circulating HIV. 
Once treatment is initiated de novo virus-replication cycles are 
drwn modulated, due at least in 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. 

HIV PRis have been developed in an effort to provide an 
alternative subsequent or concurrent anti-viral therapy which 
would not be affected by an existing RT resistant phenotype or 
genotype. The mechanism or 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 processing) required for development of a 
mature/infectious virus particle is lost·or rendered inefficient. 
ThP. HIV PR is a member of the aspartic proteinase class (enzyme 
characteristic cleavage motif: Asp-Thr-Gly) .. Unlike mammalian 
counterpart protej.nases, which function as monomers with two 
cleavage motifs in cis, th~ viral enzyme functions as a homodirner 
with each "subunit 11 containing one of the Asi:-Thr-Gly cl.~~vage 
motifs. These motifs form a symmetrical arrangement to create 
the active HIV PR. Design of HIV PRis has focu~~d 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 PRis under development which include but are not 
limited to; A-77003, A-75925, A-80987, ABT-538, BILA 1906 BS, BMS 
186318, MK-639, P9941, Ro 31-8959, RPI-312, SC-52151, SC-55389A, 
SC-52151, VB 11328, 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 gen~tic organization within the primary sequence of the 
PR. First, analysis of PR sequence polymorphism~ from PRI-naive 
HIV (clade B) clinical isolates reveals that the PR gene is 
higJ.,ly variable with approximately 37% and 50~ of 1 he nucleotide 
and amino acid positions varying, respectively. Second, many of 
these "bypervariable" amino acid positions have been previously 
identified as hotspots fot genotypic changes which subsequently 
confer PR! resistance in vitro; depending upon the selective 
drug. fj, . , ly, certain mutations in combination have li'een 
reported ' confer multi-drug resistance to certain P •. :s in 
vitro, b ·- conversely, certain mutations in combination have also 
prorluced a synergistic effect wi~h respect to increased agent 
susceptibility. Due to the large numb~r of variable amino acid 
positions a comprehensive in vitro analysis of mutations, in all 
feasible combinations, tested for susceptibility against a panel 
of candidate PRis is not complete. 

Antiviral activity of certain 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 v•tro. Similar to 
in vitro-generated 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 concurrent/subsequent 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 
eventJally provide clinicians with a tool to better manage anti­
HIV therapies based on HIV dr~g-resistant phenotypes. 

. .... 
It is likely that in the near future clinicians and their 

AIDS patients may have a wider variety of first line therapeutic 
options (monotherapy or comblnation 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 HIV isolate may be the o~ly 
indicator of the need to change a therapeutic prior to the 
expression of overt clinical manifestations. 

SUMMARY 

The data contained in NDA #20-659 are intended to support a 
full approval for ritonavir {ABT-538) for the treatment of HIV 
infection in adults. The submitted NDA surgests that ritonavir 
is indicated as monotherapy or in combination with zidovudin~ 
(ZDV) for the treatment of patients with HIV infection, and in 
combination with nucleoside clnalogues for patients with advanced 
HIV infection who have previously received a nucleuside analogue. 
Abbott Laboratories, the sponsor, has provided preclinical 
information and data from antiviral activity studies to include; 
mechanism of action, in vitro antiretroviral activity, ir vitro 
antiretroviral activity in combination with reverse transcriptase 
inhibitors ZDV or didanosine (ddl), an analysis of the "impact of 
protein binding (human plasma proteins) on ritonavir ar.:tivity in 
vitro, and finally an analysis of HIV-1 susceptibility tc> 
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 p~ogress but with s~gnificant interim data 
provided for support of the application. The clinical program 
includes a t~tal of nine studies (enclosure 1). Two controlled 
phase II studies, M93-112 and M93-134 were initially designed to 
evaluate safety and efficacy. Each 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, Mq4-229 and M94-
208) have also been submitted for review. Finally, two pivotal 
phase III controlled studies M94-245 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 
=linical studies two surrogate markers for drug activity were 
measured prior to and during treatment; HIV RNA levels (antiviral 
activity), and co. counts (immunologic activity). In addition to 
the above surrogate markers the study design of ~94-208 .i.{lcluded 
measu.cing the total number of HIV-expressing peripheral blood 
mononu~lear 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 patients (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 matched pair baseline values. A subset of those "ritonavir­
resistant" isolat~s were tested for susceptibility in vitro to 
other PRis under development; saquinavir (approved for humdn 
use), indinavir, VX-478, and AG 1343. 

a. ~:C.chani.sm 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-syrnrnetric homodimer with 
two subunits. Each subunit contains one motif sequence which 
together form a synunetrical peptide arrangement to create the 
active site of the HIV PR (Pearl and Taylor, 1987; Erickson et 
al., 1990). 

The design 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 virions 
(Kohl et al., 1988; Roberts et al., 1992; Kaplan et al., 1993). 
Ritonavir is a synthetic compound which specifically interacts 
with the C2-syrnrnetric active site of the HIV PR (Kempf et al., 
1995). Ritonavir has a high specificity. ( >10 5

) for HIV-1 PR over 
the human aspartic proteinases pepsin, renin, 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 a 1 . , 1 9 9 S ) . 

The sponsor proposes that the heavily skewed degre~~f 
biochemical selectivity that ritonavir has for the HIV PR in 
vitro should exploit its antiviral activity through dirPr.t HIV PR 
inhibition and not through an indirect mechanism 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% (CCIC50 ) 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~0 ) 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 L Jte 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-NDA submission; Pauwels et al., 1988; Chou, 1991; 
Kempf et al., 1991; Kempf et al., 1995). MT4 cells were infected 
with the selected HIV strains at a multiplicity of infection 
(MOI) 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 culture~ were as3eszed as virus cytopathicity 
contrcls. Percent CPE inhibition was determined by the following 
formula: 

[(average OD-virus control OD)/(cell control OD~virus control OD)]xlOO = EC50 

Data found in Enclosure 4 show tha~ the EC50 , for HIV-1 strains 
used at an MOI of 0.0032, ranged from 0.014 µM to 0.108 µM ('~Tol 
54, Pre-NDA 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 s1stem. The data demonstrated 
a ZDV EC~0 range which is comparable to that of ritonavir. In 
addition, both studies demonstrated that ritonavir is less active 

.. 
7 



against HIV-2M'.: 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 ft1rther demonstrate the antiviral activity of 
ritonavir in vitro, EC~0 analyses were performed as described 
above using ritonavir, zalcit3bine (ddC), ddl, and ZDV in 
parallel using the same five HIV-1 and HIV-2 lab strains 
(enclvsure 6) . These data further emphasize the comparable 
antiviral activity of ritonavir and ZDV against HIV-1 virus 
strains. Also, ritonavir appears to be more active than ddC or 
ddI against HIV in these assays. 

The EC.,0 and EC 90 data in Enclosure 4 may support a trend 
toward a ritonavir antiviral dose response requirement in vitro. 
When the MCI is increased 3.2-fold from 0.001 to 0.0032 the EC~ 
and EC~0 appear to increase concordantly. To further explore 
this observation MT4 cells were infected with HIV-1 1118 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 

MCI only increased the EC~ 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 
cm1ditions and selected variable parameters. 

These data adequately demonstrate the antiviral activity of 
ritonavir against laboratory stains of HIV-1 in aL:utely infected 
MT4 cells. The EC~0 of ritonavir measured using an MCI of 0.0032 
with HIV-1 is comparable to that of ZDV, hut when using HIV-2~ 
as the target virus ZDV is more active. If ritonavir is being 
considered for treatment against HIV-2 infections it should be 
recommended to the sponsor that a thorough analysis of the 
antiviral activity of the drug against HIV-2 laboratory strains, 
and low passage clinical isolates should be considered for future 
in vitro studies. None of the activity data presented included 
standard error measurements, therefore, individual assay 
variability cannot be assessed. 

c. In vitro antiviral activity: fu~ction of time of post­
infsction 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 
infection 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 to activity 
measu1ements reported previously (0.04 µM). However, when drug 
was added two days or more post-infection the EC~0 increased 
dramatically (enclosure 8). Conversely, if ritonavir was prese~t 
at infection and then removed prior to day 2 post-infection the 
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EC~0 was .. iain dramatically higher than that measured when drug 
was removed on day 2 through 4 (enclosure 8). 

These data demonstrate that under these 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 ~10 hours in vitro. 

d. In vitro antivi~al activity against ZDV-sensitive or 
-resistant clinical isolates. 

MT4 cells were acutely infected with either a ZDV-sensitive 
(HIV1-A018H112-2) or a ZDV-resistant (HIV1-A018G910-6) clinical 
isolate. Using the MTT/CPE reduction assay (section b) EC~0 and 
EC 90 were determined for both ritonavir and ZDV (enclosure 9). 

The data provided demonstrate that for the clinical 
specimens tested under th~se assay conditions the ZDV-resistant 
!solate (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 ZDV-resistant clinical isolate with no i•iformation 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. 

EL In vitro .:~ntiviral activity against. a panel of low passage 
HIV-1 clinical isolates. 

Baseline antiviral activity (EC 50 and EC 90 ) 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 was assessed using a well established p24 
antigen inhibition assay (Japouer et al., 1993). Patient derived 
HIV-1 isolates were used 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 ale.pg with 
the PBMC cytopathicity profile (CCICs0 ) for ritonavir (enclosure 
11) estimates a therapeutic index of ~1000. These EC~ and CCIC~ 
data are consistent with that previously determined for HIV-1 
laboratory strains in MT4 cells. 
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f. In vitro antiviral activity against a panel of patient derived 
HIV-1 infected PBMCs. 

The ritonavir susceptibility of HIV-1 isolates, harvested in 
the form of HIV-1-infected PBMCs, was determined. HIV-1 infected 
PBMCs from 6 study participants were used to infect seronegative 
donor PBMCs by coculture in the presence of serially diluted 
ri tonavir. EC 50 and EC 90 values were estimated by inhibition of 
p24 antigen production using the median dose effect equation 
(Chou, 1991). Results are presented in Enclosure 12. The EC~ 
ranged from 0.015 µM to 0.153 µM with a mean value of 0.09 µM. 
The EC 90 values ranged from 0.071 µM to 0.574 µM with a mean 
value of 0.392 µM. 

g. In vitro antiviral activity in combination wit! ZDV or ddI. 

Limited studies on the combined antiviral effect of 
ritonavir with other antiviral agents have been reporte"d. MT4 
eel ls acutely infected with HIV-lm 8 were treRted with ri tonavir 
and ZDV, or r1tonavir ~nd ddI. Activity was assezsed by the 
MTT/CPE reduction assay (section b). Ritonavi1 conce.1trations 
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 O 
to 0.20 µM and O to 42.34 µM, respectively. The combination 
index (CI) was calculated by the method of Chou (1991). Values 
ranging from 0.91-1.1 were measured for the ritonavir/ZDV 
combination, and 0.95-1.1 for the ritonavir/ddI combination. 
Therefore, both drug in~eraction results indicate an additive 
eff~ct between these antiviral agents under these assay 
conditions. 

There is a proposal from the sponsor to evaluate the safety 
and efficacy of ritonavir in combination with an approved PR!, 
saquinavir, in clinical trial participants. No studies have been 
submitted by the sponsor which directly assess multiple PR! 
activity interactions in vitro. Since PRI therapy and its 
possible effect 011 subsequent or concurrent alternate PR! therapy 
has not been established the sponsor should be encouraged to 
evaluate ritonavir drug interactions with other PRis in vitro. 
~esults from these studies would contribute to an expanding 
d0tabase of the activity interactions between candidate PRI 
therapies and their impact on heterologous concordant anQ/or 
subsequent PRI therapies. ' 

If 
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h. In vitro activity in the prasence of excess human plasma 
proteins. 

In vitro protein binding of rad1olabelled ritonavlr in rat, 
dog, non-human primate, and human plasma has been reported to be 
99% (Denisson and Johnson, Abbott Laboratories unpublish~J 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-lma (MO! 0. 0032) in the presence of ri tonavir. ECso results 
indicate that ritonavir antiviral activity was reduced 10-20-fold 
(enclosure 20) . These data demonstrate a decrease in antiviral 
activity due to the presence of plasma proteins in vitro, and 
suggest that ritonavir antiviral activity will likely be effected 
in vivo. However, the degree to which this may occur and the 
clinical ramifications of such events are not predictanle. 

i. Development and analysis of ritonavir-resistant HIV-1 variants 
in vitro. 

An HIV-1 laboratory strain (HIV-1NL4_ 3 ) was propagated in MT4 
cells in the prPsence of ritonavir at subinhibitory 
concentrations ranging, in a stepwise fashi.on, up to 2. O µM. A 
change in HIV-1 ritonavir-susceptibility was first noted in the 
passage 19 (p19) viral population. Ritonavir concentration at 
p19 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 p19 and p22 virus populations. The EC~0 of 
these virus populations had increased 6-fold and 27-fold in p19 
and p22, respectively (enclosure 13). These data demonstrate 
that it is biologically possible for HIV-lN~- 3 to develop a 
measurable degree of ritonavir resistance. The clinical 
ramifications of these data is not predictable at this time. 

Genotypic analysis ~f the PR genes bf representative virus 
clones from pl9 (13 clones) and p22 (10 clones) revealed certain 
specific nucleotide substitution mutations which should alter the 
deduced 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 p19 (12/13). By p22 the amino acid 34 mutation was no 
longer detectable, but amino acid mutations in at least 4 of the 
5 remaining positions were detected in all p22 clones tested 
il0/10). 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 amin0 acid 82 and 71 mutations emerge later and may 
be construed as "secondary" mutations in vitro. These data 
demonstrate that HIV-1NL4-J va t"iant populations (pl 9 .:.ind p22) 
contain am~no acid mutation= ~D the PR gene sequence which may er 
may not contribute to the phenctypic decrease in ritonavir 
susceptibility. 

To address the 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-lN~- 3 variants. These cloned virus 
variants should only contain the mutations shown in Enclosure 15 
against a parent HIV-lNi.4 _ 3 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 positions 84 (Ile to Val) and 82 (Val to 
Phe) 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 other mutations analyzed, (enclosure 15) they 
either failed to result in susceptibility 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, in the changes in susceptibility observed in the pl9 and 
p22 "ritonavir-resistant" isolates produced in vitro. 

j. Phenotypic and genotypic analysis of HIV isolates from 
patients during therapy with ritonavir. 

HIV PR gene sequences were monitored during ritonavir 
therapy for a sample of 44 trial participants (M93-112, M94-169, 
and M93-134) 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 sequence approximately 
37% and 50% of the nucleotide se.1uence and deduced amino acid 
sequence were found to be naturally polymorphic, respectively. 
Once ritonavir therapy was introduced to patients their H!V-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 pathway 
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-induc"d 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 spons·..>r 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-susceptibility. These ob~ervations 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 lo this ''82-mutation" rule. Patient #306 showed, on day 
57 of therapy, . 7-fold decrease in ritonavir susceptjbility but 
lacked the 82 mutation, and patient #311, on day 85 ot 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 
tbe 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 individ~als 
prior 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 defininq the "82-
mutation rule". We find that when sequence a11alysis 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 proviral 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 provi~al 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, 1995i. Thus, the sequence information generated from 
proviral DNA clones may not best re-1..·resent the rapidly­
repllcating 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 populntions Abbott 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-res1stant" HIV-1 subpopulations prior to phenotypic 
expression of susceptibility changes when tested in vitro. 

Selected patients treated with ritonavir have been shown to 
develop HIV-1 isolates with reduced susceptibility to th drug 
(12/18 tested); ranging from a 6-fold to a 250-fold deci~ase from 

matched pair baseline values (enclosure 18). Although these 
genotypic and phenotypic susceptibility data suggest that 
genetic-based resistance development is biologi.cally possible the 
clinical relevance of these changes has Lot been well studied, 
therefore, not established. 

Certain HIV isolates generated during ritonavir therapy 
which were found to phenotypically possess decreased sensitivity 
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 old not have a 
decrease in .i.n vitro susceptibili t.; 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 to VX-478. These cross-resistance data 
suggest, as has been previously discussed, that there is some 
overlap of genotypic and phenotypic resistance development 
betweP.n the treatment drug (ritonavir) and other PRis for which a 

,. 
14 



patient is naive. The potential for HIV 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. The impact 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 ad~lts. The sponsor provid2d p1eclinical information and data 
which includes: defining the mechanism of action, in vitro 
activity, limited in vitro activity in cc1mbination with RT 
inhibitors (ZDV and ddI), th~ impact of excess plasma proteins 
on activity in vitro, and evaluation of HIV ritonavir-resistance 
development in vitro. With respect to microbi0logy, this NDA is 
approved pending acceptance of final draft labeling. 

Ritonavir is a peptidominetic inhibiLor of HIV-1 and HIV-2 
PR (more activity associated with HIV-1 PR) which renders the 
enzyme essentially inactive. Therefore, the gag-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 pas~age clinical isolates, a·nd EC50 
and ccrcso data reveal a therapeutic index of ~1000 in vitr0. 
Rit0navir 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 NDA). Therefore, if the 
sponsor intends to promote ritonavir for the treatment of HIV-2 
infections a thorough preclinical analysis of in vitro actjvity 
should be performed on low passage clinical isolates. Ritonavir 
and either ZDV or ddI exhibited an additive antiviral effect in 
vitro. Th~ sponsor has already initiated a safety study of the 
combination of ritonavir and saquinavir in HIV-1 infected 
patie~ts. The sponsor does not appear to have performed 
ritonavir and saquinavir combination studies in vitro. To rule 
out the possibility of an antagonistic relationship between 
ritonavir and any other antiviral agents in vitro cornbinatiun 
studies should be performed prio~ to use in clinical trials. 

HIV-1 isolates with reduced suscept~bility 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 
mutation. These data showed that the development of ritnnavir­
resistant HIV-1 isolates is biologically possible. Site din.cted 
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 ~itonavir-resistance 
when present as a 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 uaseline were monitored during therapy for PR gene 
mutations. Once ritonavir therapy was introduced to patients the 
HIV-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 patients. 
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 predominant mutation site in 
in vivo developed specimens is at position 82, different from 
what is seen in vitro. Phenotypic susceptihility changes were 
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
ev~luatlon of th~ 12 "resistant" isolates revealed that if a 25-
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 ln vitro did not demonstrate a concordant·decrease 
in susceptibility to saquinavir in vitro when compared to matched 
baseline isolates. However, two isolates demonstrated decreased 
susceptibility to indinavi.c 1 'j-.L.::ld), and of 4 teste:d in vitro 
against VX-478 and AG 1343 onlt one isolate had a de·.:rease in 
susce~tibility to A~ 1143 (12-fold). The potential for cross­
resistance between PRis has not been fully explored. Therefore, 
it is unkno•·m what effect ritonavir therapy will have on th~ 
activity of concorddntly or subsequently administ red PRis. 

A re~iew of the surrogate ma~ker data, virologic and 
immunologic, from the 9 clinical trials, will be attached to 
this review document a.s an addendum at a later date. 
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PHASE IV REC<JMMENDATIONS 

The sponsor should address the recommendations made for 
preclinical follow up in ongoing and future phase IV clinical 
studies. 

1. Please consider performing a thorough analysis of the 
antiviral activity in vitro of other 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 tor susceptibility to ritonavir sn~uld be 
considered; which includes more than one unique specimen. 

2. In order to establish statistical relevance b~tween the 82 
mutation and resistance development in HIV populations you are 
encouraged to contin1Je to study '.jenotypic and phenotypic 

II' 
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resistance ln clinical isolates. These data may help to 
establish an early detection method tor evolving "pre-resistant" 
HIV-1 subpopulations prior to phenotypic expression of 
susceptibility changes. 

3. If ritonavir 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 NOA is inadequate. 

4. Since it is clear that ritonavir may be used in combination 
with other PRis , such as saquinavir, it is stronqly recommended 
that in vitro combination studies be performed on the potential 
PRI combinations. It is possible that PRis in combination could 
have an antagonistic relationship with respect to activity in 
vitro and perhaps manifest that relationship in vivo. Therefore, 
an activity analysis in vitro would be prudent. 

CONCURRENCES: 

auren c. Iacono·-r:onnors, 
Microbiologist 

HFD-530/Div Dir ~ignature 
HFD-530/SM1cro c;t,_______ ignature 

CC: 
HFD-530/C>riginal NOA #20-659 
HFD-530/Division File 
HFD-530/Div Dir Reading File 
HFD-530/MO/J. Murray 
HFD-~530/Pharm/P. Verma 
HFD-530/Chem/5. Miller 
HFD-530/SMicro/J. Ramsey 
HFD-530/Review Micro/L. Iacono-Connors 
HFD-530/c:o/K. Struble 
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Table l" 
Clinical Study Summary 

~tudy Desi en Treacment Group 

~dequate and Well-Controlled Pbue m Studt• 
M94-245 Ph&se:III Ritonavir 600 mg BID • 
Date&: 2195· Design: Double-blind, randomit.ed, three-arm, 118 
1on1oin& p1t1llel lfOUp, multlcenter, international Zidovudine 200 mg no = 

No. of centers: 34 121 
Randomization Rhonavir 600 mg BID plus 
Ratio: Equal group sir.es (ritonavir 600 ma BID; Zidovudine 200 mg TIO == 

Interim summary udovudine 200 m111D. ritonavir 600 ma 117 
for NOA BID plus tidovudine 200 ma no) 
submission cutoff Study lengUl: 28-day screenina period. 7-day lead-in, Total Rando!llized = 356 
!date: Earlier of 16 double·b!ind treatment period (interim -
weeks and 9/2819S analysis after h.1 weeks), unlimited open-

label treatment period .. 
Dose selection: Randomized to fixod dose . -M94-247 Phase: W Ritc11avir 600 mg BID = 

D11es: 4195· Design: Double-blind, randomized, two-ann, S43 
ongoing parallel aroup, multiccnter, international Placebo = 54 7 

No. of centers: 67 
Randomization Total Randomized = I 090 

Interim su1'1JT\ary Ratio: Equal group siies (ritonavir 600 mg BID: 
forNDA placebo) 
submission cutoff Study length: 28-day screening period, 7-day lead-in. 
~te: Earlier of 16 double-blind c.reatmenl period (interim 
weeks and 9113195 analysis after 16 weeks), uniimited open· 

label treatment period 
Dose selection: Randomized to fixed dose 

NDA Vol 196/399 p 4-7 
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Table 1" 
Clinical Study Summary (Continued) 

Study DeAcn Treatment Group 

Adeauate and Well-Controlled Phase R Studies 
M93-l 12 Phase: II Dosins Group I: 
Oates: 1194-1/9.5 Design: Multiple-dose, double-blh1d, randomir.ed, Ritonavir 300 ma q I 2h = 

plaeebo-conlrollcd .• nulciceruer 13 
(Europe/Australia) Ritonavir 400 mg q I 2h = 

No. of ccnten: 9 13 
Randomization Placebo q12h = 13 
Ratio: Equal group 'izcs (Group I: ritonavir 

300 mg q l lh, ritonavir 400 mg q l 2h, Dosing Group ll: 
placebo; Group D: ritonavir 500 mg q I 2h, Ritonavir 500 mg q J 2h = 
ritonavir 600 mg ql2h, placebo) 15 . 

Study length: Screening Period, 2-weck washout, 28 Riton11vir ~mg q l 2h = 
days lleatment, oplional e> '"nsion 15 

Dose selec1ion: Randomized to fixed dose; subjects in Pllcebo qt2h = 15 
Group II assiancd af1er safety or the dose . 
in Group I was established Total Randomized a: 84 

M93-J34 Phase: II Dosing Group I: 
Dates: 1194-9/94 Design: Multiple-dose, double-blind, randomized, Ritonavir 200 mg q8h = l 0 

plac:eb<K:ontrolled, muhicenter (US) Ritonavir 300 mg q8h = l 0 
No. of centers: 6 Placebo q8h s: 11 
Randomization 
Ratio: Equal group lizes (Group I: ritonavir Dosina Group II: 

200 mg q8h. ritonavir 300 mg q8h, Ritonavir 200 mg q6h = 11 
placebo; Group U: ritonavir 200 mg q6h, Ritonavir 300 ma q6h = 10 
ri1~navir 300 mg q6h, placebo) Placebo q6h "" I 0 

Study length: Screening Period, 2-weck wuhoul (I week 
for patients with no previous antiviral Total Randomized = 62 
therapy), 28 days acute treatment phase. B· 
week extension phase, optional 
continu.tion in Study M93-l34x 

Dose selection: Randomized to fixed dose; subjects in 
Group U assiancd after safety or the dose 
in Group I wu established 

.... 

.. 
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Table I 
Clinical Study Summacv (Continued) 

Uncontrolled Phase II Extension Studies 
M94-169 Phase: II Sludy M93- l l 2 Dosing 
Dates: 1/94- Design: Continualion of lhe 4 week. double-blind, Oruup1: 

!Ongoing randomized. placebo-controlled, Dosing Group I: 
mulliccnlcr study M93- l l 2 Rilon1vir 300 ma ql2h = 17 
(Europe/ AusO'alia) Ritonavir 400 mg q I 2h = 17 

No. cf ccnten: 6 

Interim summary Randomiz.acion Dosing Group II: 
Ratio: Equal group sizes; soibjects continued R.iconavir SOO mg q12h = 21 for NOA ritonavir therapy assigned in Study Ritonavir 600 mg q 12h = 21 submission cutoff M93-1 l 2 (Group I: ritona'lir 300 ma q I 2h, dace: 6.115195 ritonavir 400 ms q l2h; Group ll: ritonavir Total Randomiz.ed = 76 

soo ms qllh. ritonavir 600 mg ql2h): 
subjecu assigned pllCCbo in Study . 
M93-1 l 2 were nndomly assigned to -
received one of the two ritonavir rcaimcns 
in their dosing group . 

Study length: unlimiled . 
Dose selection: Randomized to fixed dose; patients who 

discontinued from Study M93-1 l2 could 
be rechallcn~ed with open-label ritonavir 
300 mg q l 2h liquid formulation. All 
patients were elevaled to ritonavir 600 ma 
q I 2h (or lower dose i( not tolerated) after 
efficacy results established from Study 
M93-l l?.. 

M93-134X Phase: II Patients from Study 
Oates: 4194- Design: Continu11ion of Studies M93-134 M93-l34: 
ongoing (muhiple-do::. double-blind, randomized, Dosing Group l: 

placebo-cont.rolled, multiccntcr ) and Riconavir 200 mg q8h = 16 
M94-2S l (open-label, sinale-cc:nter, 8 Riton1vir300 mg q8h = 1.S 
week study) (US) 

Interim summary No. of centers: .s Dosing Group '1: 
Randomiution Ritonavir 200 mg q6h ~ IS for NOA Ratio: Eq1.1al group !!izes: subjccu continued Ritoravir 300 mg q6h = IS submission cu1off ritonavir therapy assigned in Study date: 611.S/95 M94-2.S I (riconavir 600 mg BID) or Study P1ticnts from Study 

M93- l 34 (Group I: ritonavir 200 mg q8h, M94 .. 2SI: 
ritonavir 300 ma q8h; Group II: ritonavir Rhon1vir 600 mg BID = 6 
200 mg q6h, ri,,,navi\ :mo mA q~h): · 
subjecu wigncd placebo in Study Tot.al Treated ::: 67 
M93-134 were randomly assigned to 
receive one of Che lwo riconavir regimens 
in lheir dosina amup 

.... 

Study length: unlimited U'cltmcnt 
Dase selection: Continued dose level from Study M93• 134 

.. or M94-251 

.. 
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Table 1 
Clinical Study Summary (Continued) 

Other Uncontrolled Studies 
M94-251 Phase: n Open-label Ritonavir 
Oates: 11194-3195 Design: Open-label, single-center (US) 600mg Bl0•6 

No. of centers: l 
Randomization Total Enrolled 11: 6 
Ratio: Noc applicable 
Study length: 8 weeks, c.>ptional extension in Study 

M93-l34X 
Dose selection: Fixed dose 

M94-229 Phase: l/U Dosing Group I: 
Dates: 11194-4195 Design: Multiple-:jose, open-label. multicenter rutonavir 400 mg no = 17 

(US) -
No. of centers: s Dosing Group II: 
Randomiz.ation rutonavir 700 mg BID = 
Ratio: Equal group siz.es (Group I: ritonavir 400 13 . 

mg no; Group Il: ritonavir 700 mg BID) 
Study length: Screening Period, 2-week washout, 28 Tot.al Randomized = 30 

days treatment, optional open-label 
extension 

Dose selection: Fixed dose; subjects in Group II assigned 
alter safety of the dose in Group I was 
established 

M94-208 Phase: U Phase I (14 days): 
Daics: 3195. Design: Open-label, mullicentcr (France) Open-label Ritonavir 
ongoing No. of centers: 6 600 mg BID = 32 

Randomization 
Ratio: Not applicable Phase n (Up to six 
Study length: 14 days ritonavir alone, combination drug months): 

Interim summary phase (total duration 6 months; ritonavir. Open-label Ritonavir 

forNDA zidovudinc, and zalcitabine), optional 600 mg BID, Zidovudine 

submission cutoff maintenance phase 200 mg 110, and 

dace: 8125195 Dose selection: Fixed dose Zalcitabine 0.75 mg no= 
32 

To11l Enrollt.d = 32 

. ..,_ 
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Table 13. Disaibution Of Patient Subset Evaluated for Gcnotypic 
'£miation In HIV en>tease Purine lbcrapy with ABT-538 

SIUdy Protocol Dosing Regimen No. of Patients To&al No. of HIV Protease 
' Evaluated in Dosing Sequence1 Obtained in Dosing 

OIQIP Group 

t.<!93-112:~-169 300 ms ql2h 5 19 

>.i93-112;1\of94-l69 400 mg ql2h 8 45 

M93-l l2; M94-169 500 mgql2h 8 35 

M93·112~1\of94-169 600mgql2h 8 37 

M93-134 200mg q8h 8 19 

M93-l34 300mg q8h 8 18 

M93-134 200mg q6h 3 9 

M93-l34 JOO mg q6h 5 

Tolal 49 187 

Vol 54, p ll (Pre-NDA SubmissioD) 
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Table 1. Biochemical Specificity of ABT·538 Toward HIV~l 
Protease Belatiye to Human AQW!ic Acid Proteases 

Aspartic Acid Proceue 1cso<nM> 

HIV-1 proccase <l (K1 = IS pM) 

Human glSCricin >100.000 
Humao pepsin 10.000 

Hwnan catbcpsin D 24 

Human cathepsin E 8 

Humanaenin S3000 

Vol 54, p 2 (Pre-NDA Submission) 
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])b)e 3. In Vitro Antiviral Actiyjty_of A.l\~~'-538 Apinst J,,aboratory Strains of my 

-----------------------------...· ·--------------------
MOI >'! •• ::.11 UOI •0.0032 MOl•O.OCU MOl•0.0032 

-·- ___ ,,__ ..... 
lUV-1nm 0.01" ",..,:;9 0.081 0.183 
HIV·lMN . 0.006 t'..014 0.1~~ 0.205 -
BlV·IRF 0.057 0.108 0.27 0.SS 
lllV·lTR17 0.041 0.046 0.297 0.476 
HIV-2f:1 0.113 0.242 0.834 2.809 

Vol 54, p 4 (Pre-NDA Submiaaion) 
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Table 6. Comparison of Antiviral Activity of ABT-538 and Reverse Transcriptase 
lnhihj19rs jn Acutely Infected MI4 Cells Cla1T/Cffi Reduction Asay) 

Virus ECsOOtM) 

ABT-538 DOC DDI AZT 

HIV-lmB 0.039 1.68 19.2 0.02 
HIV-I MN 0.014 1.19 11.3 0.026 
HIV-IRF 0.108 0.615 6.94 0.018-
HIV-ITRt7 0.046 0.906 18.6 0.119 
HJV-2MS 0.242 0.675 s.so o.oos 

Vol 54, p 5 (Pre·NDA Submission) 
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Table 4: Effect of Increasing MOI on Antiviral Activity of ABT-538 
Apinst HIV-1 UTB in MT4 Cells CMTrlcpE RMuctioo Assa)(} 

MOI 

EC50 

EC99 

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 5-1, p 4 (Pre-NDA Subza.tssion} 
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Table S. Bffect of1imc or Addition or Removal of ABT-,38 on'" 
\Citrq Anliviml Acdyity lo MT4 Cells Acu~Y lnfo;tcd witb HIV· lDJB , 

0 

I 

2 

3 

• 

Addidon 

0.04 

0.00 

2.82 

>10 

>10 

BC.50 (J.&M) 

Removal 

I.BJ 

0.44 

0.1.5 

o.os 

Vol 54, p 5 (Pre-NDA Submi••ion) 
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Table 7. /n Vitro ~ndviml_Acdvity of ABT,-.538 in MT2. Celli ~cutely Infected with Paired 
6ZI.Scnsigye ot; 6ZT Ro11s11p1 PaQMI lagla'Gn <MJT/CPB Rrduedoo A1gyl 

0.01] 0.111 0.076 0.454 

HIV·IAOll Q?IQ.6 {pgll·$ 9.918 0,()§l >10 >10 

lVlnll obWned Chroup &a. AIDS ltlllltdt Uc1 Refeauce ....... Propam, A1D3 Pmgram, NIAID, 
NIH: Contribulld by Dr. Dou1lu Richman. .. 

Vol 54, p 6 (Pre-NDA Suhm1••10D} 
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Tabtc 8. In Vitro SuscepdbWty of Low PusaJe HIV Clinical Isolates 

ID ABI·SJB in AQUIGIX lafaclGd l:!BMC (g2_ 6nd1ao Ellll ~111)1 

PllitnC No. Study Na. Loeadon IC50(µM) BC90(1.lM) 

108 M93-ll2 Mldrid 

llt. M93-ll2 lnllaca 

123 M9).ll2' Sydney 

118 M93-l12 Amaeardlm 

129 M93·11l Amlllrdam 

lll M93·112 Amnlntlm 

2l0 M93·112 Mldl'1 

221 M93·ll2 AmNrdlrn 

226 M93·112 S)'dney 

lOl M9l·l:l4 New York 

309 M93·ll4 NewYOft( 

334 M93·1:M Allbun• 

.. 03 M93·1~ ~!YE "·r1 

Vol 54, p 1 (Pre-NDA Submi••ion) 
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Tobie 2. /11 VJa~q Cy1g101tictty of ABI~538 

Cell CCIC50UtM) 

MT4 5.5 
MTJ 22 

JBMS .. , 

lfncloaure ll 



Table 9. /11 Vitro Susceptibiliry 10 ABT~.538 of Patient Derived, 
l:UY lnfGctc.1 PBMC C~uhjyaccd wjrhl'BMC from NDIT11al Donoa 

Patient l..ocalion BC~g (~M) EC2Q ~t!?:!> 
CN 01ica10 O.llP 0 • .573 
MR Oicaao 0.14 0.'74 
WM Olica10 0.153 0 . .162 
WL Chiclao 0.046 0.410 
Mi· I (•72M) Amslf.rdam 0.044 0.166 
AM·1J4ll97i AmslfWin 2·21

' 0.071 

.. 
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1'able 10. Drug Susceptibility or HIV· l Varianu 
Sclr&\Cd In VUro by Wn;asios Concentrations of ABI-538. 

Concentrldon of ABT-Sl8 Sensltlvtty to ABT-.538 (JlM) 
ulCd in sekaion (µM} 

BCSO E.C90 

HIV·lNIA-3 0.03 0.2 

Pl9 0.80 0.18 ' P12 l.O 0.8 2 

Vol 54, .P !} (Pre .. NDA SublllJ.••.ioza) 
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Iabl' 11. YadlDQO io HlYfmlGAKBs=lm~G ~lb' l?areosal SQ:lin.HlY-ltnA-3 

Virus Amino Acid Rcaiduc No.or 
clones _.,...,....__._...,._ 

HTV·INL4.J E.''l4 M46 L6J A71 V82 1&4 

Pt9 v 10 
Pl9 Q v I 
Pl9 Q v I. 
P19 F v ~ 

Pll p v F v . 4 
P22 p F v 3 . 
P22 'i F v ) 

Vol 54, p 9 (Pr•-NDA Submi••ion) 
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Table 12. Susceptibility to ABT-538 of HIV·l 
MutAnts QeatM by Site-din;<.tcd Mytagenesis 

Virus Sensitivity to ABT·.538 (j&M) Scnshivitt Relative to 
HIV·lNLA-3 

EC50 EC9() 

lUV • lf'4A,.3 0.03 0.1 I 

I84V 0.2 I 8-lO 

V82F O.IS 0.4 4-S 

184V/M461 0.2 0.8 8·9 . 
L63P 0.03 0.1 

M461 0.02 0.07 

A 7l v 0.02 o.cn 
V82F/184V NDl NOi 

J,,63PN82Fll84V NDl NOl 

Susceptibility ccating precluded ~ ialpaj,rtdgowth tcinetics 

Vol 54, p lO (Pre~NDA Submission) 

-' 

..... 

.. 

Enclosure 15 



l'J 
:J 
n .... 
0 .. .. 
c ., 
rt 

.... 
°' 

Figure I. F:cqucncy of Variation from the HIV-1 Protease Consensus B Sequence in:.- ~·~cnts Undergoing 
Therapy with ABT-538 CUitimate sequence only for each patient jn Ap,pendix A: Studjes M.2.l . J 2. M94-169. M93-t 34 l 
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TABLE I Analysis of plasma lilV protease scqucnct;s during ritonavir treatment. 

---·--
Numllcr of Nunibcr of 

Mutations S~uenoes V82Alf/F l54V A71Vff MJ61/1. l84V K20R i'.1461/1.../V LJl.F L90M 

21 20 0 l 0 0 0 0 0 0 

2 17 16 7 3 4 2 0 2 0 0 

3 17 17 lO 7 7 2 J 2 2 

4 lS 15 13 6 7 6 4 4 l 2 

'i 9 9 9 b 6 3 s 3 

6 2 2 2 2 2 2 0 0 

Total 81 79 41 26 26 14 13 13 6 s 
No. or 43 42 25 14 13 7 9 l I s 4 

Patients• 

Sequences from each patient were analyzed for the presence of consensus mutations selected by 

ritonavir, as defined in FIG I. Sites showing a mixture of the consensus amino acid and mutant 

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 7, Molla, et al, 1996 

·~ 

I' 

Bacloaure l7 



• 



Eflcct of Human Serum on the Anti-ffiV ~ l llJB Activity of HIV Protease Inhibitors in MT4 
Cells 

Inhibitor 

Ritonavir 

Saquinr.vir 

Indinavir 

VX--478 

AG 1343 

----·---·------"4--- .,._ _______ _ 
0% Human Sorum 

0.058 ± 0.014 

0.011 ± 0.003 

0.038 ± 0.008 

0.066 ± 0.003 

0.011 ± 0.004 

SO% HnP'a'.l Scrum 
.• 

1.044 ± 0.306 

0.182 ± 0.060 

0.059 ± o.o 12 

0.287 ± 0.008 

0.317 ± 0.107 

Abbott Fax, 22 Feb 96, POC Jeanne Pox 
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