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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Food and Drug Administration
Rockwili- MD 20857
NDA 20-628

DEC © o

Hoftmann-La Roche

Attn: Mary Ellen Muiligan
Director, Regulatory Atfars

340 Kingsiand Street

Nutley, New Jersey 07110-1199

Dear Ms. Mulligan:
Please refer 1o your August 31, 19385, New Drug Applications {(NDA} submitted
pursuant to section 505 (b} ct the Federsl Food. Drug, and Cosmeuc Act for

Invirase [Ssaguinavir mesylale) capsuics

We acknowledge receipt ¢! your amendments gdated:

Sepiemper 15. 1985 October 41285 Qciober 26, 1995
Sentember 21,1995 QOctaper 5 1895 November 20, 1985
Septemper 26, 1995 QOztaper & 12085 December 6, 1995 (3}
Septemper 27, 1995 Dot 221994

Septemper 28, 1995 (2} Octotier 23 1995 (2

Septemper 29, 1995 (2! Ozt 28 1995

Tnis new grug apphcation 1s ing:cated tor use 1n combination with nucieosiae
anaiogues tcr the treatment ot advanced HIV inteclon in selected patients.

We have compieted our review o! these apphcatons and have conciuded that
adequate information has been presented (o gemonstrate that the drug produclt is
sate ang eftecuive tor use as recommenged ir the tinal printed abel submitted
December 6. 1995. Accaraingly thhs apphcanon s approved effective on the date

ottt e e

We acknowledge your comnuimen® 1 rompl, with the conditions of Accelerated
Approval as stated in you Decemts- € Y99% jenier. Addiuonally, we
acknowieoge your commutmen: t L m3al’ the phase 4 studies steted 1N your
December €. 1995 lener

Please submit 20 copres ot the FP, 4~ s00n as availlable. Please individually mount
len O’ 1the comas on headvy vl paiwer of irtilar matanal. F3r adnunistrative
purposes s Submession shwebd te aesinated "FINAL PRINTED LABELING tor
approves HOs 20-628 7 Appro.a ot tas latang s not fequired before i1 s used.



Should additional information relating to th.e safety and effectiveness of the drug
become available, revision of that labeling may be required.

Validation of the regulatory methods has not been completed. At the present time
1t is the policy of the Center not 1o withhold approval because the methods are
being validated. Nevertheless, we expect your continued cooperation to resolve
any deficiencies that may ocour.

v

Please submit one market package o! the drug when it is available.

Under section 736{a) (1) (B (il of the Prescription Drug User Fee Act of 1992,
this letter tnggers the remaining 50% ot the tee assessed for this application. You
will receive an invoice tor the amount due within the next month. Payment will be
due within 30 days of the gate of the invoice.

We remind you that you must compiy with the requirements for an approved NDA
set forth under 21 CFR 314 80 anc 314 .81

It you have any questons. please contact Vikki S. Kinsey, Consumer Satety
Officer a1 301-827-233¢%

Sinzerely yours,
Q?W(/ay

Davic W Feigal. Jr.,

Director

Dwision of Antwirgt Drug Products

Otuce o! Drug Evaiuation i
<ern.ter tor Drug Evaluation and Research

D.. M.P.H.
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{Roche Hexagon)

INVIRASE™
(saguinavir mesylate}

CAPSULES

WARNING: The indicatton 1or INVIRASE tor the treatment of HIV anfecuon s based eon
changes in surrogale markers At present there are no results trom controlled chmical wnals
evaluating the effect of regimens comasmng INVIRASE on sunvival or the chnical
progression of HIV infect:on. such as the occunence of opponumsixc infecuons or

malignancies,

DESCRIPTION: INVIRASE trand o2 saquinavir mesvlate 15 an inhibsior o! the human
immunodeficiency virus (HIV)Y protease INVIRASE 15 available as hight brown and green.
opaquc hard gelaun capsules tor oral admumistraton n a 200-me strength (as saquinavir free
hase: Each capsule also contains the inactive ineredients lactose, microcrvstalline cellulose.
povidone K30. sodium starch piscolate. talc and magnesium stearate. Each capsule shell
contains gelatin and water with the tollowing dve svsiems. red ran oxide, vellow 1ron oxide,
black itor onide. FD&C Blue 22 and titamum Jroades The chamical name for saaumnavir
mesviate s N-tert-butvl-decahsdris 2 J2iR by drovs <4-phenvl-3(S)-[{N-(2-quinolvicarbonyl)-L -
asparaginvijamino|buts H-14a8 MaS - avquinoiine - 35 -carboxamide methanesulionate with a
muiccular tormula C,H. N Q. CHO S and o molecular weight of 766 96 The molecular

weight of the srec base 13 07U M Saguinavir mess late has the following structural formula:
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INVIRASE™ (saquinavir mesyiate)

Saguinavir mesylate 15 a white 10 of{-white, very fine powder with an agueous solubility of

2.22 mg/mL at 25°C

CLINICAL PHARMACOLOGY: NMechanism of Action: HIV protease cleaves viral
polyprotewn precursots 1o penerale funchional proteins it HiVantecied cells. The cleavage of
viral polyprotein precursors is essenttdl for maturanon o1 safectious Virus Saquinavir
mesylate, henceforth retermed (0 a8 saquinavir, 15 g Svnthetic pephde-like subsirate analogue

that inhibits the activity of HIV protease and prevents the cleavage of viral polyproteins.

Muicrobiology: Annviral Acinan in Virre The an vitro antiviral activity of saquinavir was
assessed 1in lymphoblastod and monocvtic cell hines and in penpheral bicod lvmphocvies.
Saguinavir inhibited HIV activiy in hoth acuichy and chronically intected cell:. {C50 values
t50% inhibuory concentranon) wers in the ranee o! 1 10 30 oM. In cell culture saquinavir
demonstrated additive 10 synergastic effects against HIV 1n double and tnpie combination
regimens with reverse ranscnpuase intubitors ndovudine (ZDV), ralcnabine (ddC) and

didanosine (ddl). withoul enhanced cviotoxacin

Resisrance HIV 1solates wath rexiuced susceptibuiny 10 saquinavir have been selected in vitro.

Genuvtypic analvses ol these 1solates showed substituuion mutations in the HIV protease at

amino acid positions 48 (Glvane 10 Vahiner and 90 (Leucine 10 Methion:ne)

Phenotypc and genotvpic changes wn HIV isolates trom panents treated with saguinavir were

L)
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INVIRASE™ (saquinavir mesylate)

also momitored n Phase 172 chimcal tnals Phenatvpic changes were defined as a lenfold
decrease 1n sensiuvity from baschine Two viral protase mutalions (L9OM andfor G348V, the
former predominaung) were found I virus trom treated. but not untreated. pauents. The
incidence across studies of phenotypic snd genotypic changes in the subsets o1 pauents
studied for a penod of 16 1o 74 weeks (imedian observation time approximately 1 vear)1s
shown 1n Table |. However. the chimical reievance of pherotypic and genotypic changes

associated with sagumnavir therapy has not been establish=d

Cross-resistance 1o Other Anuretrovirals The potential for HIV cross-resistance between
protease inhibitors has not been Tully explored Therefore. 1t 1s unknown what effect
saquinavir therapy will have on the dcuvity of subsequent protease inmibiors Cross-resistance
between SaQUIRAvEr At FEVETSS transcnpiase Inmbnors 1s unlikelvy because of the different
ennme largets involved ZDV-resistant FHIV 1s0lates have been shown to be sensitive 10

SaQUINAVIT IN VIO

Pharmacokanencs: The pharmacokinelic properies of saquinavir have been evaluated 1n
healthy volunieers (n=351) and HIV infected pauents {n=270) after single and muluple oral
doses of 25, 75, 200 and &M me tid and 10 healths volunteers after intravenous doses of €.

12. 3 0t 72 mg in=21,

Arsorprion and Bioarailubidin in Agstts Following muluple dosing {600 mg tid) 1n HIV-
intected patients 1n=291. the slesds -date area under the plasma concentralion versus Lume

cune tAUCH was 2 S umes (985 €1 1o w3 8) higher than that observed after a single dose.

[N}
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[TVIRASE™ (sajuinavir mesylate)

HIV-infected patients admin stered saquinavir H0 my ud. with the instruchions o ake
saguinavir atter 2 meal or sustanual snach. had AUC and maximum plasma concentration
{Cmax) values which were about (wice those observed In healthy volunieers receiving the

same treatment regimen {Tab'e )

Absolute boavailabihty averaged 4% (CV 72%  range 15 9% n 8 healthy volunteers
who teceived a single 600 mig dose 13 x 20 mpi or saguinavir tollowing 4 high tat breakfast
148 ¢ proten, 60 g carbohvdraic. 57 g tat. 1006 kcah) The fow bioavailability 1s thought 1o be

due 10 a combrnation of incomplete absorption and cxiensive 1rst-pass metabolism

Food Effect The mean 24-hour ALC aner 3 single 6 mg oral dose (6 x 100 mg) n healthy
volunleers tn=6: was increased trom 24 ng himl «CV 33%), under fasung condiuions. to 161
ne hrmbL (CV 35%) when Saquinavir was given tollowing 2 high tal breakfast (48 g protein,
o0 ¢ carbohvdrate. 57 ¢ 1at. 1006 keal) Saquinavie 23-hour AUC and Cmax (n=6) following
the admimistrauon of a hugher calone meal (943 kcal, 54 g fat) were on average WO Limes
higher than after a lower caone. lower fat meal 1355 kcal. B ¢ fat) The effect of food has

been shown Lo peras (or up to 2 hours

Diseribution tn Adults The mean sicadv-sate volume of distnbunon following wntravenous
sdrmmsraton of a 12.mg dose o1 Qguanas tn=8y was 700 L (CV 39%]}, suggesung
SAYUINRAL IT PArIIONS INLO LISSUES Sauinatir was approximarely 98% bound to plasma proteins
OVer o cORCEntrauon range ot 15 L T npml In 2 panents recerving saguinavir 600 mg ud.

cerebruspinal flud conceniratiuns were necheible when compared to concentrations from
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INVIRASE™ (sagquinavir mesylate)

matching plasma samples

Metabolism and Elimmnanon tn Adufts In vitro studies using human liver microsomes have
shown that the metabolism of saquinavir 1s ¢vlachrome P350 mediated with the specific
isoenzyme, CYP3A4. responsible Jur mure than WIS ot the hepatic metabolism. Based en in
vitro studies, saguinavir 1s rapidhy metahohized to g range of mono- and di-hvdroxylated
inactive compounds. In a mass balance study usiny 60 mg ‘C-saguinavir in=8}, 884 and
15 of the orallv admimstered radioativany, was recovered 10 feecs and unne. respectively,
within 48 hours of dosng In an addibonal 4 subjects adminisicred 10.53 mg 14C-sagquinavir
intravenously, 815 and 3% of the intrasenoushy administered radioactivity was rccovered 1n
feces and unne. respectiveldy. within 45 hours ol Josing In mass balance studis. 13% ot
circulating radioactiviiy ap plasma was attnhuted (o unchanged drue alter oral administraion
and the remander aunbuted 1 \aquinavit metabolites. Following intravenous admunisiration.
66% of circulaung radioactivity was attnbuted 1o unchanged drug and the remainder attnbnted
lo saquinavir metabolites, suggesiing that s3quindvir undergoes extensive first-pass

metabolism

© Sysiemic clearance of saguinay i w113 L ke (CV 12%) after intravenous doses of

6. 36 and 72 mg The mean rewdence ime ol saquinavir was 7 hours (n=8)

Special Populations Hepatio v Rena. Imparrmen: Saquinavir pharmacokinetics 1n patients

wity hepauc of renal insutticienay has nod heen investigated (see PRECAUTIONS)

T
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INVIRASE™ (saquinavir mesylate)

Gender. Race and Age Pharmacokinctic data were avatlable tor 17 women in the Phase (/2
studies. Pooled data did not reveal an apparent ctiect of gender on the pharmacokineucs of

saquinavir.

The effect of race on the pharmacokinetics W1 saguinavir has not been evaluated. due to the

smal) numbers of minonues 10r whom pharmacvkinetic data were avaitable.

Sequimavir pharmacokinetics has ool heen investigated in patcnis >65 vears of age or

pediatn¢ patients (<16 vears)

Drug imteracnions HIVI and 2V Cuoncomitant use of INVIRASE with HIVID®
t2alcitabine. ddC) and ZDV has heen siydied as tnple combinanon) in adults
Pharmacokinenic data sugges that the absorpuion. metabolism and elimination ot cach of these

drugs are unchanged when they are used togeiner

Keroconazole Concomiant admimigration ol hetoconazole (200 mg qd) and saquwnavir (600
mg ud) w 12 healthy volunieers resulied 1n stcady -state saquinavir AUC and Cmax values
which were three tumes those weer with saguinavit alone No dose adjustment 15 required
when the two drugs we vosdminigered 3t the Juses studied. Ketoconazole pharmacokinetscs

wds unaffected by CoMIMINIRTILOG Wb aguings s

Riampin  Coadmimsiration o nlampin 60 me gd) and saquinavir (500 mg ud) o 12

healthy volynieers decreased the weads «ate AUC and Cmax of saquinavir by approximately
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INVIRASE™ (saquinavir mesvylate)

80%.

Rifabunin: Preliminary daia from 12 HIV.infecied pauents tndicatz that ihe sicady-stane AUC
of saquinavir (600 mg nd) was decreascd by 40% wten saquinavir was coadmimstered with

nfabunn (300 mg qd)

INDICATIONS AND USAGE: INVIRASE in cominanon wuh nucleoside analogues s
indicated tor the treatment of advanced HiV iniecuon in selecied patents (see Description of
Clintcal Stedies below) This indication 1s based on changes 1n surtogale markers in patients
who initiated INVIRASE concomiantiv with esther ZDV (in previously unirealed pauents) or
HIVID (in pauents previousiy treated with prolunged zdovudine therapy ). At preseni, there
arc no results avadable from inals oy duanng the achivity of INVIRASE 1in combination with
nuclconide analogues uther than ZDV ur HIVID There are also no results available from
chmea) thals confirming the chnical benefit of cembinauon therapy with INVIRASE on HIV

disease progression of survival

Descnpuon of Clinwcal Studies The acuvinn of INVIRASE in combinanen with HIVID
andior ZDV an HIV intection has heen evaluated in three double-blind. randomized tnals 1n a

total of 8§10 patients wnth advanced HIV injection

Advanced Fanenats without Prior 2DV Theraps A dose-ranging study thaly, V13330

conducied wn 92 ZDV naive pauents cmean basehine CD,=179) siudied INVIRASE a1 doses of
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75 mg. 260 mg and 600 mg nd n combinauion with ZDV 200 e td compared o

INVIRASE 600 mg ud alone and ZDV alone

In analyses of average CD, changes usver 16 weeks. treaiment with the combination of
INVIRASE 600 mg ud + ZDV produced greater CD, vell increases than ZDV monotherapy
(see Fig 13 The CD, changes of ZDV in combtunation with doses of INVIRASE lower than

600 mg ud were no preater than that ot ZDV alone

Advanced Patients with Prior ZDV Tnerupy In ACTGZ29/NVI4255: 295 pauents (mean
bascline CD4=165) with prolonged ZDV treatment ymedian 713 davs) were randomized 1o
receive either INVIRASE 600 mg vd « HIVID « 2DV unple combinanon). INVIRASE 600
mg ud ~ ZDV or HIVID « ZDV )2 snaivse« ot average CD, changes over 24 weeks. the
tnple combinanon produced greater wincreases in CD, cell counts tsee Fig 2) compared 1o that
of HIVID « ZDV There were no sigmificant difterences 1n CD, changes among patients

receiving INVIRASE » ZDV and HIVID « 2DV

Study NV14256 (Nonh Amencas 15 an ongoing . randomized. double-bhind study companng

" INVIRASE 600 mg tid » HIVID 1> HIVID monotherapy and INVIRASE monutherapy in

pauents with advanced HIV intection and at {east 16 weeks of prnior ZDV treaiment The
studh remains blinded with respect Lo chinical endpoints of disease progression. however,
analvses of CD4 changes over 16 weeks were conducted for a cohon of 423 pauents These
analyses showed thal the combination ol INVIRASE + HIVID was associated with greater

CD, incrcases than euher HIVID wor INVIRASE as monotherapy (see Fig. 3)
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INVIRASE™ (.aquinavir mesvlate)

Compansons ol daia across studics (NVI4256 compared to ACTGI29/NVI4I5%) sugpest that
when INVIRASE was added 1o a regimen o1 prolonged pnor ndovodine. there was hittle

acuivity contnbuted by conuinuing ZDV

HIV RNA The chimcal sigmficance ol chanees in HIV RN A measurements have not beer
estabhished. Al preseny, this laboraton measure 1v avadable on on expenmental basis o
monitor anbveral achivity in chinecal tnals Table 3 compares log RNA redvchions at 16 weeks
among INVIRASE combinauon treatment arms 1n three climcal tnals Monotherapy arms are

inciuded for reference Overall, RNA reductions were greater in INVIRASE/nuciconde

combinanion regimens compared to nuciconde monotherapy controls.

CONTRAINDICATIONS: INVIRASE 15 conraindicated 10 panients with clincally
SIERINCAN AYPEISENSINVILY Lo saguinasar of 1o any ol the compenents contatned 1n the

capsule

PRECAUTIONS: General The satenn protile of INVIRASE 1in chudren younger than 16

vears has nol been enablished

It 4 senous ar severe tonicity o<ours dunang trediment with INVIRASE, INVIRASE should be
imerrupted wnul the covlogs o!f ihe even: 1 dznuhied or the toxicity resclves At that ume,
fesumption o! treatment with 10l Jose [MVIRASE may be considered For nucteoside
anaogues used 10 combination with INVIRASE, phvsicians should refer 10 the compiete

product intormation fut these dues tor Jowe adwesiment recommendattons and for informaton

q
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reparding drup-associaled auveise reactims

Caution should be exercised when admimsicring iNVIRASE to patients with hepalic
insufficiency since patients with baschine hyer tunchion tests >5 umes the upper himat of

normal ‘vere not included in chinical studics

Resistance/Cross-resistance. The putenuia) 107 HIV cross-ressstance between protease
inhibitors has not been tully explored Therciore, v unknown what effect saquinaver therapy

will have on the acuvily o! subsequent prolcase intabilors (sce Microbiology)

Information for Panents: Patents should be intormed that INVIRASE 15 not a cure tor HIV
tiecton and that they may continue 0 acquire alinesses associated wath advanced HIV
tniestion. ancluding opponunistic intecuions INVIRASE has not been shown to reduce the
incidence or trequency ot such ilinesses, anyd patients should be advised 10 remain under the

care of a phvacian while uang [INVIRASE

Patienis should be told that the fong.temm eftects of INVIRASE are unknown at this nme.

~ Thev should be informed that INVIRASE therapy has not been shown 10 reduce the nsk of

transmitung HIV to others through «audl contast or blood contamination.

Panients should be adsised that INVIRASE would be 1aken winhin 2 houts aher a full meal
vsee Pharmacotinencs) When INVIRASE 1y taden wiathout 1ood. concentrations of saquinavir

in the blood are substantialinv reduved and mas resull B DO anpviral acuvity.
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Laborazory Tests: No consistent alterations in sandard labaratory tests have been associated
with the use of INVIRASE. Climcal chemistrv tests should he pertormed pnor 10 nihaung
INVIRASE therapy and at appropnate intervals thereatter For comprehensive 1nformanon
concerning laboratory iest alterauons ssaciated with use o individual nucleoside analogues.

physicians should refer 10 the complete product ntormaton tor these drugs.

Drug Interactons: Metabolic Enzvme Inducers INVIR £ SE should not be administered
concomitantly with nfampin, since NfaMp decreases sayguinavir concenurations bv BO% (see
Pharmacokinenres) Rifabutin ajso substantally reduces saquinavir pkisma concentraions by
40% Other drugs that induce CYPIAJ teg. phenobarbital. phenvtoin. dexamethasone.
carbamazepine) may alse reduce saquinavir plasma voncentralions If therapy with such drugs
1 warranted. phvsicians should conuder uaine alternatives when a pauent \s taking

MVIRASE

Other Poiennial Interacnions Coadminitrauon of terienadine or astemizole with drugs that are
known 10 be potent inhibitors of the cvtochrome P43 S03A pathway {(1c, ketoconazole,
wraconazole. etc ) mas lead w eievaled plasma concenirations of terienadine or astemizole,
which may 10 wm prolong QT ienals leading (0 rare cases of senous cardiovascular
adverse events Although INVIRASE 13 not s wrong wnhibitor ol cytochrome P4503A.
pharmacolunetic snleraction Sudics with INViRASE and tcnenadine or asiemizole have not
been conducled Phyvsicians shoukd uwe aliermatives 10 tenienadine or astemizole when a patient
tabung INVIRASE requires anuhedamines Other compounds that are substrates of CYP3A4
ceg. calcium channel bluckerns chindamvain dapsone. quimdine, tnazolam) may have clevated

il
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plasma concentrations when coudmimisicred with INVIRASE. theretore. patients should be

monitored {or toxicilies associated with such drugs

Carcinogenesis, Mutagenesis and Impairment of Fertiliy: Carcinogenesis: Carcinogemany

studies 1n rats and mice have not vet been complete

Afuragenests Mulageniciiy and genotoicity studies. with and without metabohe activation
where appropnate. have shown that saquinawvir has RO MUIACERIC BCUVILY 1N VItTO 1n cither
bactenal (Ames lest) or mammalian cells (Chinese hamster lung V79/HPRT testt. Saguinavir
does not induce chromosomal damage in vIvo in Lthe mouse micronucleus assay or 1n viro In
human penpheral blood Ivmphocyvies snd does net induce pnmary DNA damage 1n vitro i

the unscheduled DNA svnthess 1o8

Impairment of Ferniin  Ferullitv and reproducuive performance were not affected in rats at
plasma exposures (AUC values) up o five umes those achieved in humans at the

recommended dose

" Pregnaney: Teratugerns Eftecs Laecen B Reproducuon studies conducted with saquinavir

i rats have shown ne embrvotoudily of teratogenicily al plasma exposures (AUC values} up
1o Ine umes those achiesed in human- 4t the recommended dose or in rabbits at plasma
exposures four umes thow 3ctiesed at the recommended chinical dose. Studies 1n rats
indicated that €xposure 1 saguifavr Ham laie pregnancy through lactation at plasma

concentrations (AUC valuevi up - Tive imes those achieved 1n humans at the recommended
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dose had no effect on the survival, erowth and development of offspring 10 weaming. Because
armmal reproduction studies are not alwavs predictive of human response, INVIRASE should
be used duning pregnancy after taking tnlo accoum the impornance of the drug 10 the mother.
Presently. there are no reports of intants besng dom atter women recerving INVIKRASE n

ciinical tnals became pregnany

Nursing Motkers: 1115 not known whether INVIRASE 15 excreted 1n human milk. Because
many drugs are excreted 1n human milh and because of the potcnhal for serous adverse
reactions 1n nursing intants from saquinavir. a deciston should be made whether 1o
disccnuinue nurang or disconunue the drug, taking nto account the imponance of INVIRASE

‘0 the mothet

Pedwarne Use: Safens and ellectineness of INVIRASE in HIV-intected children or adolescems

vounger than 16 vears of age have noi been established

ADVERSE REACTIONS 1see PRECAUTIONS: The safety of INVIRASE was studied 1n
6Kk nauents who receised the drup either alone or in combinauon with ZDV and/or HIVID
tzalatatine. ddC) The maonts o1 sherse events were of mild tntensity. The most frequently
reponted adverse events amang pauchs receivine INVIRASE (excluding those toxiciues
known 1o be associated with ZDV and HIVID whnen used 1n combinauons) were diarrhea.

Jhdommal discomion and nauses

INVIRASE did not alter the pattern 1requency or seventy of known major toxicities
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associated with the use of HIVID and/or ZDV Phvsicians should refer to the complete
product informauon for these drugs (or other anuretroviral agents as appropnale) for drug-

associaled adverse reacuions 10 other nucleoside analogues

Table 4 hists climcal adverse evenis that occurted in 22% of panents receiving INVIRASE

600 mg 1d alone or in combination with ZDV andfor HIVID in two tnals Median durauon of

treatment in NV 14255/ACTG229 tinple combination study) was 48 weeks; median durauon
of trcatment among the surrogate snalvsis cohon analvzed tor safety in=431) 1n NV 14256

was 42 weeks.

Rare occurrences o! the tollowing senous adverse expenences have been reponed during
clinical tnals of INVIRASE and were conndered al least possibiv related (o use of study
drugs contusion. ataxia and wcakness acute myeloblastic leukerma: hemolvtic anemia;
atiempted sumieide, Stevens-Johnson svndrome. szizures. severe cutaneous reaction assoctated
with increased biver funcuon tests. 1solated elevation of wransaminases, thrombophlebitis,
headache and thrombocvioperua. exacerbauon of chromic hver disease with Grade 4 elevated

hver tunction tests, jaundice. ascites. and nght and lett upper quadram abdorunal pain.

Table & shows the percentape of patients with marked laboratory abnormahities 1n studies
NVII2SS/ACTOIIY and NV 1325 Murked laboraton abnormahues are defined as a Grade
or 1 abnormality 1n a pauent with 4 nomal baseline value or a Grade 4 abnormalny 1n a

pauent with a Grade | abnormalis a1 basehine 1ACTG Grading Sysiem).
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INVIRASE™ (saquinavir mesylate)

Monotherapy and Combination Studies: Giher clinical adverse expencnces ol any 1mensiy,
at least remotely related 10 INVIRASE. including those 10 <2% of pauents on arms conatning
INVIRASE in stucdies NV14255/ACTGIIY und NV 14256, and those 1n smalier chimcal (nals.

are listed below by body svsiem

Body as a Whole: Allergic reacuon. chest pain. cdema, fever, INOXication, parasics external,

retrosternal pan. shivenng. wasung svndrome. weight decreass

Cardiovascular: Cyanosis. heant murmnur. hean valve disorder, hyperniension, hypolension,

svncope. vewn distended

Endocrine/AMerabolic Debvdranon ¢m eve sndrome, hyperglveemia, weight increase.

xerophthadmia

Gastrointesnnal: Cheills. constipauon. dysphagia. eructauon. feces bloodstained, feces
discolored. pastralgia. gastnus. pastrontestinal nflamration, aingivitis, glossitis, hemorthage

rectum, hemorrhoids. hepatomegaly. hepalosplenomegaly. melena, pan pelvic, parnful

" Jdetecation. pancreatiis. parotd disorder. salivan glands disorder. stomatius, tooth disorder,

vomung

Hematologic Anemis. microhemarthages. pancviopenia. splenomegaly. thrombocytopenia
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INVIRASE™ (saquinavir mesylate;

Musculoskelelal. Anthralgia, anthnitis. back pain. cramps musele, muscutoskeletal disorders.

stiffness. tissue changes, trauma

Neurological: Ataxia. bowel movements trequent. conjusion, convulsions, dvsarthna,
dvsesthesia. heart rate disorder. hypercsthesia, hvperretlewa, hvporefiexia. mouth dry.
numbness face. pan facial. paresis. polinomvyelins, progressive multitocal leukoensephalopathy,

spasms, tremor

Psvchological- Agnanon. amnesia. anxiety . depression. dreaming excessive, euphona.

hallucination. insomma. intellectyal amhity reduced. wmuabiluy, lethargy, hibido disorder,

overdose eflect. psvehic disorder. somnolence. speech Jdisorder

Reproduciine Svstem Prostaie cruarped. vaginal Jischarge

Resistance Mechamism  Abscess. angina tonsllans. candidiasts, hepatus, herpes simplex,

herpes zostetr. intection bactznal inlection mveonc, infection staphylococgal. influenza,

Ivmphadenopathy. tumor

Resparators Bronchitis, cough Jvapnca. epraus. hemoplysis. laryngius, pharvngis,

preumonig, respiraton Jdisorder fhmhis anusitiy upper respiratony tract infecuon

Skin und Appenduges Acnc. Jermatiiv. Jermanus seborrheic, eczema. ervthema, {olliculius,
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INVIRASE™ (saquinavir mesylate:

furunculosts. hair changes. hot flushes. photosenatnaty reachion, pigment changes skin. rash
maculopapular, skin disarder, skin nodule, skin uiceration, sweating mcreased, urlicana,

verruca, xerodeiina

Special Senses Blephaniis. earache, car pressure. eve imtation, heanng decreased. ohns, taste

allerauon. unmitus. visual disturbance

Urinary Sysrem: Mictumuion dissder. unnan 1ract nlection

OVERDOSAGE: No acule toxiciies o1 sequelse were noted in 1 panent who ingesied 8
grams o} INVIRASE as a single duse The patient was tréated with induction of emesis within
2 to 4 hours anter ingesuon In an gaploratons Phase 2 study ot oral dosing with INVIRASE
at 7200 mgsday (1200 mg g3hy. there were ne senous toxicilies reported through the first 25

weeks of treatment

DOSAGE AND ADMINISTRATION: The recommended dose for INVIRASE 1n
combinauon with 3 nuclcuosde analoguc is three J0C-mg capsuies three umes daily taken
within 2 hours atier a 1ull meal The recommended doses of HIVID (zaleitabine. ddC) or
ZDV as pan of combination theraps are HIVID ¢ 7S mg threc umes daily or ZDV, 200 mg

three umes dailv as appropnate

Monuorine of Panenrs Chnical chemian tesws should be pertormed pnor to inimaung

INVIRASE therapy and at appropnate inten uis chercatier For comprehensive pabenmt
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INVIRASE™ (saquinavir mesviate)

momtonng recommendalions 10r other nucleomde analopues, phyvsicians should reler 1o the

complele product information for these drups

Dose Adjusimen: for Combinatton Therapy with INVIRASE For woxiciuies that mav be
associated with INVIRASE. the drur should be interrupted INVIRASE at doses tess than 600
mg ud are riol recommended since lower doses have not shown antiviral activay For
recipien!s of combinanon therapy with INVIRASE and nucleoside analogues. dose adjustment
of the nucleoside analogue should be hased on the known toxiciy profite of the individual
drug. Physicians should reter to the complete product informanion tor these drugs lor
comprehensive dose adiusiment recommendatons and drug-associated adverse reactions of

nucleoside analogues

HOW SUPPLIED: INVIRASE 200 me capsules are (ight brown and green opaque capsules

with ROCHE and 0245 imprinied on the capsute shell - bottles of 270 (NDC 0004-0245-15).

The capsules should he stored at $9* 10 86°F (1%* 1o 30°C; 1n ughuy closed bottes.

NManutactured by F Hottmann [ Kaahe
A Co Lid. Basic. Switzeriamt oo
Hoftmann-La Roche Ine  Nutiev New Jerser

Distnhuted by
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INVIRASET™ (saquinavir mesvlate)

3136 {Roche Hexagon)

3137 Roche Laboratories

338 A Member of the Roche Group
339 Hoffmann-La Roche Inc

340 3a0 Kingsland Streer

341 Nutley. New Jersey 07110-1199

342 13-06-70152-1295

343 13.20-70152-1295
RS Revised December 1998
LR Panicd in US A

RETY Copynght © 1995 by Hoffmann L Roche In. All nghis reserved
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INVIRASE™ |saquinavir mesvlate)

Table |. Frequency of Genolypic and Phenotypic Changes in Selected Patients

Treated with Saquinavir

Genotvpic® Phenotvmics
Monoiherapy 15723 (487 511 (45%)
Combinanon Therapy t&/52 (319 11729 (38%)

*Double mutation (G48V and LYUM) has veccurred 1n 2 ot 33 patients receiving monotherapy

tFor some patients genotypic and phenotvpic changes were unrelated.

Table 2. Mean (% CV) AUC and Cmax in Patients and Healthy Volunteers

AUC, idose inervah Cmax
(ng h/mly (ng/mL)
Healthy Volunteers (n=61 ERLAVEEL Y 90.39 (4,
Patents tn=113) 75T 28 2533 (99
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Table 4. Percentage of Patients, by Study Arm. with Chinical Adverse Experiences Considered at Least

Possibly Related to Study Drug or of LUnknown Relationship and of Moderate, Severe or Life-threatening
Intensity, Occurring in 22% of Pauents in NVI$255/ACTG229 and NV 14256

SVIIZSSACTGR 9 NV14256 ]
ADVERSE EVENT SAQ+ZDV| SAQ+JLC-ZDV] ddC+ZDV ddC SAQ | SAQ+ddC
now n=s n=10{) n=]45 n=15%4 n=147
GASTROINTESTINAL
Diarthea lu b - ] 4 38 14
Abdominal Discomfon 2u 1 4.0 1 4 1.3 07
Nausea - 3l 30 07 19 07
Dvspepsia o 1o 20 -l - 0.7
Abdominal Pain U 1 ¢ 20 (L) 19 07
Mucosa Damage - - 10 4 - 07
Buccal Mucosa Ulceranon - 20 20 90 ok 41
CENTRAL AND FERIPHERAL
NERVOUS SYSTEM
Headache 1] 20 20 41 06 07
Paresthesia 20 1y 40 07 1O 10
Extrermity Numbness B |0 40 - - 07
Dizzaness - 2 10 - - -
Penpheral Neuropathy - L0 20 538 - 48
BRODY AS A WHOLE
Asthema 61 Y2 100 07 1.3 07
Appetite Disturhances - P 0 2.0 - - -~
SKIN AND APPENDAGES
Rash - - 30 0.7 1.3 14
Pruntus - - 20 - - -
MUSCULOSKELETAL DISORDERS!
Musculoskeletal Pan 20 20 40 - 06 07
Mvalpia L0 - 30 14 - -

~Indicates no exents reponed

-
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INVIRASE™ (aaquiun o uTu'.,'-:i‘zﬂlfT

Tahle 5. Percentage of Patients. by Treatment Group. with Macked Laboratory Abnormalities® in
NVILISSIACTG 229 and NV14256

NVIA28,ACTGRY NV i425¢
SAQ~ZDV | SAQ-ZDV«dd(| ZDV+ddC adC SAQ SAQ+ddC
n=w n=yh n=100 n=145 n=159 n=147
BIOCHEMISTRY
Calcium (high) ! " 0 <l 0 0
Creaune Phosphokinase 10 12 7 6 4 7
Glucose (low) 0 0 0 4 S 4
Glucose (high) 0 " "] Q <l <l
Phosphorus 2 1 )] 0 0 0]
Potassium (high) 1) 0 1] 1 <l <l
Potassium (low) t t 0 0 <) 0
Serum Amvlase 2 ! ] <l <l 2
SGOT (AST 2 N 0 3 <j <]
SGPT (ALTH 0 A l 3 <] <]
Toal Bilirubin | 0" 0 0 <l 0
Unc Aad 0 0" 1 Not Not Not
assessed| assessed | assessed
HEMATOLOGY
Neutrophils tlow) : : 8 0 0 0
Hemoglobin (low) o th ! 0 <l 0
Platciets (low) 1 | U 2 0 0 <l

*Narked Laboralon abnurmahits delined 4 2 sl ttom Grade U o at least Grade 3 trom Grade | to Grade 4

{ACTG Grading Svstern)
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DRAFT

Clinical and Statistical Review of NDA 20-628, INVIRASE™ (saquinavir)

1.0 General Information

Medical Officer:
Statistician:

Date Received:
Review Completed:

Sponsor:

Drug:

Pharmacologic
Category:

Dosage Form and
Routes of
Administration:

Proposed Indications:

Related NDASs:
Related Reviews:

Jeffrey S. Murray, M.D.
Kazem Kazempour, PhD.
Aug. 31, 1995

Feb. 5, 1996

Hoffman-La Roche Inc.
340 Kingsland Street
Nutley, NJ 07110-1199

Ro 31-8959/003, INVIRASE (Saquinavir)

Anti-retroviral, HIV-1 protease inhibitor

200 mg hard gelatin capsules, oral

1 INVIRASE in combination with nucleoside analogues for
the treatment of advanced HIV infection.

2 INVIRASE as monotherapy for the treatment of advanced
HIV infection in patients who are intolerant of currently
available antiretrovirals.

None
None
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3.0 Materials Reviewed
NDA 20-628 was submitted in hard copy and as a computer assissted NDA
(CANDA).

4.0 Chemistry/Manufacturing Controls
For a complete review of CMC, please refer to Dr. Paul Liu's review.

5.0 Animal Pharmacology/Toxicology
Please refer to Dr. KM. Wu's review

6.0 Microbiology
Please refer to Dr. Nara Batulla's review for a summary of preclinical virology and in
vitro resistance testing Also refer to Dr. Lauren laconos-Connor’s review for issues
regarding clinical saquinavir resistance and cross-resistance to other antiretrovirai
drugs.

7.0 Clinical Background

7.1  Relevant human experience

Roche submitted ail of the relevant human experience with saquinavir in the NDA
The clinical activity closing date was Jan 1, 1995, the safely data closing date was
June 1, 1995

7.2 Human Pharmacology, Pharmacokinetics

Please refer to the reviews written by Drs Janice Jenkins and Chandra Sahjawalla
(Division of Biopharmaceutics) for human pharmacology issues. There were several
significant clinical pharmacology 1ssues including a marked food effect o the
bioavailabilty of saquinavir, poor bioavailability of the current formulatio ., and
important pharmacokinetic interactions with rifampin and rifabutin. These issues are
appropnately addressed in the final product labet

7.3 Background information

Roche presented their Phase 3 chinical confirmatory program to a closed session of
the Dwvision of Antiviral Drug Products advisory committee on Jan., 1995. In
general, commitiee members presant were in agreement with the design of the two
confirmatory trials. One cntiesm was the exclusion of patients with CD4 counts less
than 50 celis/mm®. Although this subgroup will not be specifically evaluated for
efficacy in clinical tnals, imited safety data 1s being collected from this subgroup
within an expanded access program
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7.4 Description of Clinical Data Sources

In this review, excep! for direct quotes from the applicant Hoffmann-La Roche
{Roche) or the label, INVIRASE™ (saquinavir, Ro 31-8959) will be referred to as
SAQ. Table 1 lists the clinical studies included in the NDA. All of these studies
were designed to collect safety and surrogate marker data. Two of these trials
are ongoing. NV14256 remains blinded with respect to clinical endpoints and is
part of Roche's accelerated approval commitments as a clinical confirmatory
study. Surrogate marker data from a cohort of 451 patients from this study were
analyzed and incli:ded in this NDA. Study EV14757 is a ongoing trial collecting
surrogate marker data in patients receiving doses of SAQ greater than the
proposed marketing dose of 600 mg tid (1800 mg/day). Some preliminary data

from this study were submitted in an update to the NDA.

Table 1 SAQ Clinical trials evaluating activity/efficacy

PROTOCOL DESIGN TREATMENT ARMS SUBJECYS
0-13328 Phase 177, double bind “‘528%""‘: 49
my
Undad Ningdom rm SAG 200 mg i freatment nave
Rl SAQ 600 mg v
-
V1329 Phase 172, randomazed ﬁ ;;DW bd €1
France double-bind mg bd ZDV expenencad
1201992 SAQ B0 mg bt
V-133% Phase 172, rangomued gss:g 27;;“9 "‘:d 94
M ™~
Haly a;;b;;d 2D+ SA0 800 mg reatment nanve
’ DN 300 mg d
SAL B0 mg 5
ALTG 229/NVI4255 Phats 2. tendomyed gﬂsfo €00 ma s 302
double bievg ) " ZDV expenanced
193.12/8) DV SAO da”.
NV 1425 Prase ) rancomyed oL 451
sumoga mnalyss Gouble bind_ suTogets and ;0::2"' w 20V expenenced
(chrecal ongong) chncal sndpoants.
EViaIs? Phase 177 cpendabel dose | SAD 800 mg odn (J60) mg) 4
(ongony] rengng SAL 1200 mg odn (TAD mg) resltmen! nave

In addition to the studwes listed in Tabie 1, binded safety data is available from
patienis participating in addronal ongoing chnical triais ana “rell-over” protocols.
For a summary of the extent of exposure and a listing of the number oi patients

included in the entire safety data base, refer to section 10.0, "Overview of Safety.”
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8
8 Clinical Studieg

8.1 Indication ¢ 1 Combination therapy

8.1.1 ACTG 229/Nv1 4255

"A double-bj;
Versus zidoy
Zalcitabine »

nd, fandomizeqy phase 2 Study of Ro-31.gg95
udine piys Zalcitabine

9 plus zidovudine
versus Ro~31-8959 pl

Us Zidovudine plus

toas ACTG 229,
8.1.1.1 Protoco)
8.1.1.1.1 biectivefRationale
The Primasy Objectives of this Study were 1o INvestigate the aclivity, gafeq
and tolerance of the three different Ireatment arm Primary indicators of
activity were CcD response ang th
Peripheral by

Mmeasured by plasma
e Chain reactin (PCR).
@es in other immunological tests:
i p-2msc|-09lobulxn, Ch4%, cp

CDSICDSBIHU\-DR activation Markers

pharmacokmeuc Parameters, Cmax, tmax, and, AUC for
the three drugs administereq N different Combinations and urinary
excretion Parameters gor ZDV ang adC.

thanges in chinieal status ag measyreqg
Y weight Kamofsky Perform

by ¢hange in
, disease pro;;ression, ang
deveiopmont of OPPOMtUrIsic 1y
6 To assess the effect tha

1
patient's Quaity of i1e us)
the devalopmem of Hiv

eclions

Commenys.
After this Study wag intiate My V-RNA Fained importance asg
POsSible Surrogate marker for i1y Staging ang

Progression Therefore,
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investigation of changes in this measurement was considered as
pnmary objective as well

Ajthough this t1al collected endpoints on the deveiopment of disease
progression and opportunistic infections, this study was designied as a
Surrogate marker trial. It was not sufficiently powered to detect
differences in development of first Of or death.

8.1.1.1.2 Design

The study was a multicenter, double-blind, randomized, phase 2,
parallel study sponsored by the AIDS Clinical Trials group (ACTG) of
the NIH. Approximately 300 HIV-infected males and fama. as,
previously treated with at feast 4 months of ZDV and with CD, counts
between 50 and 300, were randcmized to one of the following three
arms and treated for 24 weeks:

1) SAQ - 600 mg tig
Z0DV - 200 mg tid
ddC - 0.75 mg tid

2) SAQ - 600 mg tid
ZDV - 200 mg 1g

3) ZDV - 200 mg tid
ddC - 0.75 mg tid

Comments:

At the time ths protocol was initiated cinicai ulifity of the
combination ZDV + ddC (the Control arm) relative to ZDV
monotherapy had not been confirmed. Later the results of ACTG
155 were unabdle to show, in the patients Sturlied, the clinical

extenswve pnor ZDV use may have been less likely to respond.
Fischi et al state, “Becsuse long-term zidovudine therapy is
associaied with resistance and zidovudine resistance is associated
with a greater nsk for disease progression, adding a single
hucleosxte agen! may be unhkely to produce synergistic anti-HIv
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aclivity.”" Like ACTG 155, ACTG 229 permitted the enroliment of
individuals with prolonged pnor use of ZDV. A protocol amendment
also allowed the inclusion of patients with prior use of ZDV+ddC
and other antiretrovirals such as ddi. This complicates the
interpretation of results from this study.

Blinding

After the initial 24 week period, patients were allowed to continue their
randomized treatment in a blinded manner in a protocol extension. Blinded
study medication was provided until March 31, 1984. After unblinding
subjects were aliowed to participate in rollover protocol NV14802.

Randomization and Stratification

Each ACTG unit registered patients by computer link to a central computer
with access to the "Patient Randomization Program.” Subjects were stratified
according to prior ZDV + ddC treatment (< 1 week and > 1 week ZDV +ddC
use).

8.1.1.3 Population
Subjects were recruited from ten ACTG units listed in Appendix 1.

Inclusion Critena

Ehgible subjects were HIV infected males or females, age 13 years or older,
with CD4 counts between 50 and 300 cells/mm® who were previously ZDV
treated, (without toxicity) for at least 4 months (sequential or cumulative),
alone or in combination with other antiretroviral therapy. Subjects were
required to have acceptable baseiine hematology and chemistry labs as
specified in the protocol

Exclusion Cniena [Source CTANDA fina!l study report {(FSR)

NV14255!ACT6229 secli>n 2 43 page 16) -
Prewaous treatment with a HIV prolemase mhibdor
any anbretrowrs) sgen! (except ZDV) or mmunomaodulatory therapy within 14 days before
study stan

- current trestment with any mwesbgatonal agent. antneaplastic agent or radiotherapy
{exciuding loca! skan radsotherapy)

- pregnant or Iactatng women_ of those who wish to become pregnant durning the course of
the study

- males and fermnales of reproductive potental who are unwilling to use an effective method
of contracepbon

- snabilty to comply wath the protocol

- scute s8NOUs OPPOMUNESHC ntectons. requinng immediate treatment and including (but
not kmited lo) tubercuioss. CMV, crymococcal meningitis, disseminated MAC, cerebral

'Fischl MA_ Staniey K. ot ! Combenabon and Monotherapy with Zidovudine and Zalcitabine in
Patents with Advanced HIV Drsease Annimemn Med 1995 122:24.32



NDA 20-628, INVIRASE 11

toxoptasmosis, and P. carnnii ppeymonia

. known intolerance to any uf the three drugs to be administered in this study

- any symptoms suggestive of pancreatitis

. moderate of severe peripheral neuropathy as evidenced by discomfort from numbness,
tingling, burning or pair of the extremities, of any rejated symptoms accompanied by an
objective finding

. wisceral Kaposi's sarcoma (KS), and/or lymphoma requiting therapy within 6 months of
sludy start

. transfusion dependency

. malabsorption, severe chronic diarthea {four or more watery bowel movements per day
for two weeks pnor to stant of study}, or inabilty to take adequate osal intake (inadequate
inlake was defined as unable to eat one of more meals per day) because of chronic
nausea, emesss, of abdominal/oral esophageal discomfort.

- treatment with other investgatbonal compounds (patients who met the USPHS
recommendaton for MAC prophylags were permitted o co-entoll into ACTG 196, ot
treatment with fitabutin could be inibated at the investigator's discretion)

. treatment with othes ant-HV arugs. bological response modifiers (EPO and G-CSF
permitted), systemic cytotonc chemotherapy, of radiation therapy (localized therapy to
skin permitted)

- drugs suspected io cause systermic toxcy (myelosuppressive, hepato-, nephro- ot
neurotokc- drugs) and those suspected to cause peripheral neuropathy or pancreatitis

. treatment with foscamet of ganciclovi.

Concomitant Medicalion
All concomitant medications were to be kept to a minimum and recorded on

the CRF if taken within 30 days pnor to study entry or during the study.
Methadone mantenance was pemitted

8.1.1.4 Protocol procedures

After the first 4 weeks subjects were followed monthly for signs and
symptoms, chemistry and hematology laboratory assessments, and
measurement of T cel! subsets Virologic measurements included DNA and
RNA PCR, quahtative plasma viral cultures, and quantitative HIV-1 cell
culture.

Pharmacokinetics,

Samples were obtained for indwvidual pharmacokinetics at three centers
(University of Alabama. girmingham. AL, Stanford University, Stanford, CA,
and University of Washington, Seattle. WA). Samples were to be collected
during week 1 and week 12 trom approximately 35 patients per center.
Samples for population PK assessments were collected on all other subjects
at clinic visits dunng weeks 1. 12. and 24

8.1.1.5 Endpoints

Primary

The primary efficacy endpoints were changes in absolute CD4 counts
(celisimm?) and PBMC wirus culture tters (cellutar viremia).
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The PBMC culture data were provided to Roche as infectious units per
miliiliter (IUPM). According to the ACTG methods, the lowest possible value
from the PBMC viral culture was 0.22 IUPM PBMC, the highest was 7835
IUPM PBMC.

Secondary
Secondary endpoints included. changes in HIV-RNA (assessed by Roche

RCP method and Chiron bDNA methods), serum B-2 microglobulin, CD4/CD8
ratio, serum neopterin, CD4 percent, absolute CD8 lymphocyte count, p24
antigenemia, AIDS-defining opportunistic infection (Ol) or death, weight,
Karnofsky Performance Score, quality of life, and assessment of
pharmacokinetic parameters for the three drugs.

The protocol defined the efficacy and safety anaiysis populations as follows:

Safety—at least one dose of trial medication plus one post-baseline safety
foliow-up.

Intent-to-Treat-at least one dose of trial medication plus one baseline and
one post-baseline assessment for either CD4 or PBMC

Safety

Investigators evaluated the intensity of each adverse event as mild,
moderate, severe, or potentially life-threatening, corresponding to ACTG
protocol grades 1 10 4, respectively

Adverse events were classified by the investigator as due to HIV infection,
protocol treatment, neither HIV nor protocol treatment, both HIV and protocol
treatment, or unable to judge To provide consistency with other SAQ trials,
Roche reclassified these assessments to probably drug-related, remotely
drug-related or unrelated lo test drug. see Table 2.

Table 2. Roche classification for assessingadverse event relationshi;;s

Investigator Classification Probable Remote Unreiated
MV Infechon X
Protocol Treatment X

Nedher HIV nor Protocol Treatment X
Both HIV and Protocol Treatment ) 4

Unable to Judge X

Source CANDA FSR tor NV14255ACTG228. GCR N-130'855. pg 24.

8.1.1.6 Statistical considerations
The randomization code was unblinded before RNA PCR results were
avaitable To maintain the study blinding. the randomization codes and resuits
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of the other analyses were not disclosed to the scientists performing these
assessments.

Definition of baseline
Baseline was calcutated as the mean of the screening {(when available),
pre-entry and Day 1 (week 0) assessments.

Sample Size

This trial was designed to detect a difference in CD4 change equal to 0.5
times the standard deviation (85% power and «= 0.05). The sample size
calculation was adjusted for an estimated 15% of subjects being iest to follow-
Up or nonevaluable

Protocol -specifieg analyses of changes in CD4

The protaco! states that the absolute CD4 count will be analyzed by
calculating the slopes of the log-transformed values for each patient.
Comparison of slopes was to be accompiished using an ANCOVA with
baseline CD4 a5 a Covariate and treatment and center as the two factors.

Analyses of changes in virologic parameters

The average TCID,, of PBMC was compared between treatments using
ANCOVA with baseline TCID50 and centers as Covariates,

Inthe analysis, o a post-baseline assessment was at or below the lower limit
of detection of the a3say. the result was set to the assay lower {imit in the
calculation of the mean

Comment:

Roche analyzed both Cp4 and HIV-RNA PCR measurements comparing
mean changes from basefine over time using the DAVG melne, as
requested by our review team This method is descnbed below in the
results secton -

8.1.1.7 Results

The first subject was enrolled onMach 1. 1993; the last subject completed
24 weeks of Study therapy on December 31, 1993. Extension of double-blind
therapy was allowed unn! the common closing date of March 31, 1994. This
provided an addioinal 12 weeks (at least) of double-blind data. Some
patients subsequently recerved open-label SAQ.

8.1.1.7.1 Patient Disposition

A total of 302 subsects were enrolied in the study. Table 3 shows the
number of patients randomized to each study arm and the number
evaluable for the safety ang intent-lo-treat {ITT) analyses. Three patients
who were randomized never fecewed study medication.
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Table 3. Overview of (FDA) Analysis Populations and Reasons for Exclusion
From Analyses Populations.

TREATMENT ZDv+DDC* ZDV+SAQ ZDV+DDC+SAQ

TOTAL NUMBER OF PATIENTS RANDOMIZED 101 101 100

REASONS FOR EXCLUSION FROM ANALYSIS POPULATION

LOST TO FOLLOW-UP 4] 2 0

NOT TREATED 1 0 2
TOTAL NUMBER IN SAFETY POPULATION 100 99 98

REASONS FOR EXCLUSION FROM ANAL YSIS POPULATION

NO PRIMARY EFFICACY DATA POST-BASELINE 1 1 1
TOTAL NUMBER IN INTENT 7O TREAT POPULATION g9 se a7

*Does not inciude patient N0 11010054 who was. rancamized 1o ZDV-adC bt recerved Ro 31-8959-Z0DV-ddC
Source. CANDA FSR for NV14255/ACTG229 GCR-N-120°855, pg 35

Eleven patients in the ZDV+ddC group had measurable levels of SAQ in
plasma samples. Roche ascertained that a pharmacist mistakenly
dispensed saquinavir capsules instead of placebo to one patient
(1101/0054) A second patient (2701/0133) received the triple
combination :n error at week 1 instead of ZDV+ddC but received the
correct medication for the iest of the: study. Both subjects were analyzed
in the ZDV+ddC grour in the ITT analyses. Possible reasons for
measurable SAQ !evels 1n the nine remaining subjects were: sample
mislabelling. contamination, or drug sharing. All patients were included in
the ITT population and analyzed according to randomization. Tables 4 and
5 hist the number (percentage) of individuals withdrawing over the first 24
weeks of study and entire study, respectively. Reasons for study
withdrawal are inciuded A total of 251 subjects completed thé first 24
weeks ACross treatment arms the number (percentage) completing 24
weeks was 81 (80%) randomized to ZDV+ddC, 83 (82%) to ZDV+SAQ
and 87 (87%) to ZDV+ddC+SAQ The table below lists the number
(percentage) of individuals withdrawing over the entire duration (including
the double-blind extension phase) of the study and reasons for withdrawal.
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Table 4. Summary of carly Terminations by Trial Treatment (Safety Population)
for firet 24 weeks.

REASOM rOR PREMATURE WITHDRAWAL
ZOV+ddC ZDV+SAQ ZDV+ddC+5AQ

N= 100 N= 99 N= 98
No. (%) No, (%) No. (%)
TOTAL PATIENTS WITH PREMATURE
WITHDRAWAL 19 (19) 17 (16) 11 (11)
ADVERSE EVENTANTERCURRENT
ILLNESS 10 (10) 11 (1) 9 (9
PATIENT REQUEST 3 (3 4 (3 V(1)
NONCOMPLIANCE 3 () 0 (0) 1 M
LOST TC FOLLOW-UP 1 (1) 1 (1) 1 (1)
PROTOCOL VIOLATION 0 (0 1 (1) 0 (O
PREGNANCY 1 () 0 O 0 (0)
UNKNOWN 1 (M 0 (0) 0 @

Source: CANDA FSR for NV14255/ACTG229. GCR-N-130855 pg. 36
N = # availabie in safety population

Table 5. Summary of Early Terminations by Trial Treatment (Safety Population)
during entire study.

REASON FOR PREMATURE WITHDRAWAL

ZDV+ddC ZDV+SAQ ZDV+ddC+5AQ
N= 100 N= 99 N= 98
No (%) No. (%) No. (%)
TOTAL PATIENTS WITH PREMATURE
WITHORAWAL 32 (32) 25 (25) 23 (23)
ADVERSE EVENTANTERCURRENT
ILLNESS M 14 15 (15) 12 (13)
PATIENT REQUEST 6 (6) T M 5 (9
NONCOMPULIANCE T M () 1 (1)
TREATMENT FAILURE 2 @ o (0 1 (M
LOST TO FGLLOW-UP 1 ) 1) 3 (3
PROTSCOL VIOLATION 0 (0) 1) 0 (0)
PREGNANCY LI 4§ 0 (D) 0 ()
UNKNOWN 1 (1) 0 (0) 0 {0)

Source CANDA FSR for NV1425VACTG229, GCR-N-138384 pg 30, table 4.

8.1.1.7.2 Patient comparability

Treatment arms were comparable with regard to sex, age and weight of
the subjects More afncan-amerncans were enrolled in the ZDV+ddC
group (16%) compared to 11% and 6% for the ZDV+SAQ and
ZDV+ddC+SAQ groups, respectively
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Table 6 shows selected baseiine characierisics. Patients randomized to
the triple combination group had slightly lower pbaseline CD4 counts
(rmean, median), however these differences are not clinically relevant.
Patients randomized to the triple combination also had slightly higher
levels of "viral load" as measured by PBMC and RNA-PCR. The median
duration of prior ZDV therapy was longest in the ZDV+SAQ group,
however ail groups had prolonged prior ZDV treatment (approximately 650
days). Table 7 shows the percentage of patients receiving other
antiretrovirals prior to randomization.

Table 6. ACTG 229. Baseline Characteristics of ITT Analysis population

Treatment Group ZDV+ddC ZDV+SAQ ZDV+ddC+SAQ
N=100 N=98 N=97
N (%) N (%) N (%)
Diagnosis
AIDS 11 (11.0) 10(10.2) 13(134)
Symptomatic (Non-AlDS) 48 (48.0) 51 ({52.0) 51 (52.6)
Asymptomatic 41 (41.0) 37 (37.8) 33(34.0
Prior ZDV
Number Patents 99 98 97
Median Duration (Days) 659 77 647
Pnor ZDV-ddC
Number Pabents k! 40 41
Median Duraton (Days) 258 195 168
CD4 Count
Median CD4 Count 169 155 146
Mean CD4 Count 174 161 157
PBMC
Median log,, PBMC 13 14 15
(log IUPM)
RNA PCR (RBL)"
Median RNA PCR (RBL) 64840 782%0 82980
{copres/ml}
Median log,, transformed 48 49 49
Plasma Viremua -
Plasma Viremia Positive k] 46 43

*Roche Biomedical labs
Source  CANDA FSR for NV14255/ACTG 229 GCR-N-130855, pg. 33., Table 5.
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Table 7. Number (percentage) of patients receiving other antiretroviral drugs
prior to randomization.

OTHER ANTIRETROVIRALS ZDV-DDC ZDV+SAQ 2DV+DDC+SAQ
N= 100 N= 99 N= 98

NO. (%) NO. (%) NO. (%)

ZIDOVUDINE a7 (97.0) 98 (99.0) 97 (9%.0)

ZALCITABINE 37 (37.0) 46 (46.5) 43 (43.9)

DIDEOXYINOSINE B (36.0) 31 (31.3) 32 (32.0

STAVUDINE 3 (30 2 (2.0 2 (2.0)

NEVIRAPINE . 1 (1.0)

Source: CANDA FSR for NV14255/ACT(G229. GCR-N-130655, pg. 223, Apperdix VIl

8.1.1.7.3 Activity endpoint outcomes

The ACTG specified analysis for evaluating absolute CD4 cell changes was a
comparison of log-transformed slopes. This metric did not provide a good fit
for the data. Roche and FDA analyzed CD4 counts using the DAVG metric
(the weighted average of the inean change from baseline over time). This
type of analysis has been used 1o evaluate surrogate responses with other
antiretroviral drugs  Although the protocol primary analysis perici for this
study was 24 weeks, FDA analyzed CD4 and RNA changes over 16 weeks to
allow comparability of resuits with the other four SAQ triais. The 16 week
analysis is included sn this review and was presented at the advisory
committee maeting {Nov 7, 1995) The DAVG-i6 and DAVG-24 changes in
markers are quite similar and overal! conclu.sions are the same. The label
includes both 16 and 24 week values

Table 8 shows mean and medhan CD4 changes from baseline at each visit
during the primary analys:c penod for the ITT population. Figure 1 is a plot of
the mean CD4 changes from baselne over 16 weeks.

-
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Table 8. ACTG 229, ITT population. Mean/median CD4 cell change from baseline.

VISITWWEEK 4 8 12 16 24 32 40 438*
SAQ 800mg-2DV

N a6 ag 88 89 87 80 75 64
Mean n P2 % 16 16 -4 -17 -26
Std Dev 52 57 47 42 60 57 56 64
Median 18 1€ 2 20 10 9 -14 25
SAQ 800mg-2DV-DDC

N 95 o5 87 a0 89 83 75 £8
Mean 39 43 44 30 26 17 15 14
Sid Dev 64 42 T2 54 78 62 68 62
Median 32 » % 25 1 10 1 9
2DVv-poe

N 96 <3 8 o2 87 7 68 58
Mean ]} 18 Al 13 5 2 -7 5
Sid Dev 61 60 60 ] 65 L)) 76 82
Median a 7 15 -2 £ -7 -11 -21

*ltalics represents double-blind extension phase
Source: generated from statishcal applicatons of the CANDA
Baseline is median of screening wisits and day 1

Figure 1. Plot of Mean CD4 changes from baseline over 16 weeks
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Source Kazem Kazempour, SAS spphcadons

For simplicity, only FDA analyses of changes In surrogate markers will be
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presented (except where otherwise indicated) in this review. Roche's
analyses were similar in all cases and overall conclusions were the same.
Table 9 shows the mean CD4 change from baseline averaged over 16 weeks
(DAVG-16) for each study treatment. As shown in Fig. 1, the triple
combination produced greater mean change in CD4 than the two double
combinations.

Table 9. ACTG 229. FDA ITT analysis of mean CD4 changes from baseline over
averaged over 16 weeks (DAVG-16).

TREATMENT N Mzan 95% C..
SAQ+ZDV+ddC a7 32 20-44
SAQ+ZDV 98 19 7-21
ZDV+ddC 99 12 0-24

Source: Kazem Kazempour SAS applicatons

The three treatments were statistically different with respect to CD4 change
from baseline. There does not appear to be any significant differences
between ceters with respect to CD4 outcome (see Table 10).

Table 10. ACTG 229, FDA ITT analysis of CD4 change from baseline (DAVG-16).
Overal! comparisons

Source DF Type Ul §S F Value Pr>F
Treatment 2 19297 15 540 0.0050
Center 15 15056 82 0 56 0.9028

Source Kazem Kazempour SAS apphicabons

Pairwise comparnsons are shown in Table 11. Comparisons were adjusted
using Scheffe’s test to control the type | experiment-wise error rate for all
pairwise compansons This method will be used in all subsequent analysis
included in this review

The only pairmse companson of CD4 change achieving statistical
significance 1s the supenonty of the triple combination compared to ZDV+ddC.
Therefore, a SAQ containing regimen produced greater increases in CD4
counts than the regimen without SAQ At present it is unknown whether
these increases are clnically relevant
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Table 11.  ACTG 229 ITT population. FDA pairwise comparisons for CD4
DAVG-1€ analysis.
TREATMENT Diiterence in Means 5% C.l ]
Triple vs ZOV+SAQ 12 -2,28
Triple vs ZDV+ddC 20 5.35
ZDV+SAQ vs. ZDV+ddC 7 -7, 22 ]

Source: Kazem Kazempour SAS applications

HIV-RNA

Table 12 shows the mean/median changes from baseline in log transformed
HIV-RNA over 24 weeks The triple combination produced the greatest and
most sustained reductions in RNA over this time period. Patients receiving
ZDV+SAQ had the least RNA reductions with mean changes returning to
baseline by 24 weeks Figure 2 is a plot of mean HIV-RNA changes ever 24

weeks,
Table 12. ACTG 229 [TT population. Mean/median changes in log transformed
HIV-RNA.
VISITAvEEK 4 s 12 1% 24
40 800mg+ZDYV
N 9 a5 88 8 83
Mean Q2 02 Q1 [+ 7] 00
Std Dev 06 06 06 [+ OF
Meaduan 01 £2 01 00 [+14]
SAQ $00mg+ZDVDDC
N 92 9 85 8% aM
Maan 07 07 06 05 05
Sud Dev o7 07 o? o7 o8
Mechan L8 £7 07 05 05 -
IDV+DpC
N 98 90 ] N 86
Mean Q3 03 03 03 02
51 Dev 0e 07 LY Y 07
Medan 03 02 O 02 Q2

Saource CANDA
Baselne s Median of Screemng Visats and Day 1
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Figure 2. ACTG 229. Mean Log,,RNA changes from baseline,

tog 10 HIV-RNA
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Source Kazem Kazempou:, SAS spplicatons

Table 13 shows the mean change in HIV-RNA (log transformed copies/mL}
by treatment group

Table 13. ACTG 229. FDAITT analysis of changes in HIV-RNA (DAVG-16).

TREATMENT N Mean 95% CJA.
SAQ+ZDV+ddC 3 06 07,-04
SAQ+ZDV 94 02 -3,0

ZOV+ddC L4 03 -04 -01

Source Kazem Karempour SAS apphcabons
NOTE Due to mssing vaiues, only 288 subects are included i this analysss.

Overall, there were statistically signficant differences in the three treatment
arms with respect 10 change In log transformed HIV-RNA  There are no
significant differances between centers with respect to changes In RNA (See

Table 14)
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Table 14. ACTG 228. FDA ITT analysis. Overall comparisons.
Source DF Type I S8 F Value Pr>F
Treatment 2 8.67 2035 0.0001
Center 15 414 1.30 0.2041
Table 15 shows pairwise comparisons for change in HIV-RNA among
treatment groups The triple combination produced statistically significant
decreases in HIV-RNA compared 10 either double combination therapy.
There were no statistically significant differences between the two double
combinations, ZDV+ddC and ZDV+SAQ.
Table 15. FDA Pairwise comparisons for CD4 DAVG-16 analysis--ITT
_population ACTG 229
TREATMENT Differance in Means 95% C..
Triple vs ZDV+SAQ 04 -06,-02
Triple vs ZDV+ddC 03 -0.5,-0.1
ZDV+SAQ vs. ZDV+ddC 01 -0.3,01

Source Kazem Kazempour, SAS spplicatons

Viral PBMC Co-culture

The primary virologic marker specified in the protocol was PBMC viral co-
culture As this tnal was conducted, plasma RNA as measured by PCR and
bDNA gained favor among the scientific community as a surrogate marker in
HIV tnials

Table 16 shows mean and median changes from baseline in cell-associated
viremia over a 24 week penod These changes are consisient with that
observed for HIV-RNA Appendix Il shows the Roche DAVG-16.wenk
analysis for change n cell assoc:ated viremia
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Table 16. ACTG 229: Summary of log(Cell-associated viremia) - Change from
Baseline, ITT Pogp.uiation.
VISIMWEEK 4 8 12 16 24
SAQ 600mg-ZDV
N 93 87 o1 90 84
Mean 0 0 0 0.1 0.1
Std Dev 10 1.0 08 09 1.0
Median 0.1 00 -0.1 0.0 0.1
SAQ 600mg-2DV-DDC
N 92 95 87 90 B4
Mean 08 07 06 06 05
Std Dev 08 09 1.0 1.0 1.2
Median 06 07 0.7 06 04
ZDv-pDe
N 98 84 90 95 85
Mean 03 04 03 0.2 -0.2
Sid Dev 09 11 09 09 1.2
Median D2 03 03 00 0.0

Source: CANDA. Baseline rs Median of Screening Vissts and Day 1.

Clhinicgl Endgoint§

Table 17 shows the endpoints (and date the
inttiation of treatment) through the end of
There were seven clinicz
ZDV+SAQ group and thre
mnsufficient number of eng

se endpoints occurred relative to

the double blind extension phase.
endpoints in the ZDV+ddC group, eight in the

€ endpoints in the triple combination group. There were
points to conduct statistical analyses.
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Table 17. ACTG 225. Listing of Clinical End-Points

Treatment Center Patient End-Point Relative Start Day
Group Number Number

SAQ-ZDV 401 42300 Lymphoma 63
1101 110451 Candidiasis, Other 85

1401 140841 PC Pneumonia, Clinical Diagnosis 63

230 230139 DEATH"® 50

2705 271020 Candidiasis, Oral, Presumptive 13

5801 580042 Small Non-Cleaved Lymphoma 100

6301 530080 DEATH ** 124

401 2154 K.S 275

SAQ-ZDV-DDC 401 40835 PC Pneumomnia, Other 44
502 50678 PC Pneumonia, Chnical Diagnosis 179

1101 0876 CMV Retnitis 202

ZDv-DDC 41 42310 Candidiasis, Other 88
501 50692 Cryptospondiosis, Other as

1401 140135 PC Pneumonia, Clinical Diagnosis 140

6201 620161 CMV, Esaph 28

502 0717 PCP-Lung 274

1401 0568 DEATH 269

1407 0667 Esophageal candidiasis 198

Source CANDA FSR for NV14255/ACT(G229, GCR-N-130'384, Vol. 1 pg. 61, Table 28.

*lymphoma at week 4, patent died in week 8

**lymphoma at week 1, patent died In week 17

8.1.1.7.4 Safety comparisons

xtent of Ex

Table 18 shows the number of individuals continuing study drug in each
treatment arm for given time periods Greater than 85% of the subjects

r

randomized received 20 1o 24 weeks of study drug. Median duraticn of study
treatment was approximately 48 weeks There appeared to be an increase in

treatment discontinuations for the ZDV+ddC group compared to the other

groups. especially after 40 weeks

-
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Table 18. Summary of exposure to study treatment. ACTG 229: Safety
Population
Treatment
ZDV.DDC*  SAQ-ZDV SAQ-ZDV-DDC
=100 N=99 N=98

Treatment Duration

(weeks)

0- 4 100 89 98
>4- 8 a5 04 95
>8-12 91 94 93
>12-16 90 92 90
>16 - 20 88 87 89
>20- 24 86 85 89
>24 - 28 80 80 84
»28-32 74 79 81
>32-36 73 76 78
>36-40 72 76 78
>40 - 44 68 76 77
>44 - 48 60 70 12
»48 - 57 39 48 53
>52 - 56 18 19 23
>56 - 60 0 2 1
>60) - 64 0 0 0

*One pabent (1101/0054) in thes group actually recenved Ro 31-8959-ZDV-ddC in error
Source. CANDA FSR for NV14255/ACTG 229, GCR N-130°'B55, page 84, table 48.

Adverse Events

Tables 19 and 20 list the percentage of individuals experiencing adverse
events of moderate or greater intensity among the three treatment arms. All
adverse events were cons'dered to have a probable relationship; for study
ACTG 229, there was a no "possible relationship category” (please refer to
Table 2 for assignment of reiationship) Table 19 includes adverse events of
all intensities (with a probable relationship). Fewer patients receiving
ZDV+SAQ experienced at leas: one adverse event compared to those
receiving either ZDV+ddC or the tnple combination. The most frequently
reported adverse events among patients receiving SAQ invoived the
gastrointestina! body system. diarrhea. abdominal discomfcrt and nausea
were the most frequent specific events A greater number of patients on ddC
containing regimens experienced paraesthesia and numbness in the
extiremities compared tu the ZDV+SAQ) arm
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Table 19. ACTG 229. Number (percentage) of Patients with Adverse Events
intensity: Moderate or Severe in Intensity; Relationship: probably related
Listed by type if frequency :3% in ny treatment arm

BODY SYSTEM JADVERSE EVENT ZDV+ddC ZDV+SAQ ZDV+ddC+SAQ
N =100 M=99 N=98
No. (%) No. (%) No. (%)
ALL BODY SYSTEMS
Total patients with at least one AE 27 (27.0) 11 (11.1) 23 (21.5)
Total number of AEs 62 32 44
GASTRO-INTESTINAL SYSTEM DISORDERS
ABDOMINAL DISCOMFORT 4 (4.0) 2 (20 3 (31
NAUSEA 3 3.0 - 3 @1
DIARRHEA - 3 (3.0 1 (1.0}
STOMATITIS 4 (4.0) - -
BODY AS A WHOLE . GENERAL DISORDERS
ASTHENIA 10 (0.0} 6 (6.1) 9 (9.2)
CENTRAL & PERIPHERAL NERVOUS SYSTEM
PARESTHESIA 4 (40) 2 (20 3 (3.1)
NUMBNESS EXTREMITIES 4 (4.0) 2 (20 1 (1.0)
MUSCULO-SKELETAL SYSTEM
PAIN MUSCULO-SKELETAL 4 (40 2 (20 2 (20
MYALGIA I (Ao 1 (1.0) -
SKIN AND APPENDAGES
RASH 3 {(20) - .

Source CANDA FSR for Nv14255/ACTG 229. GCR N-118'384, pg 76, table 32.
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Table 20. ACTG 229. Percentage of Patients with Adverse events
Relationship: probable; Intensity: AlL= Mild, Moderate or Severa.
Listed by type if frequency 23% in any treatment arm

BODY SYSTEM /ADVERSE EVENT

ZDV-ddC SAQ-ZDV SAQ-ZDV-ddC
N= 100 N= 99 N= 98
ALL BODY SYSTEMS
Totai patiants with at least one AE 51 28 43
Total number of AEs 12 84 80
GASTRO-INTESTINAL SYSTEM DISORDERS
ABDOMINAL DISCOMFORT 13 10 16
WAUSEA 11 4 6
LIARRHEA 2 7 4
STOMATITIS 8 1 8
DYSPEPSIA 4 4 2
ABDOMINAL PAIN 2 3 2
BODY AS A WHOLE - GENERAL DISORDERS
ASTA4ENIA 12 7 9
APPETITE DISTURBANCE 4 1 1
CENTRAL & PERIPMERAL NERVOUS SYSTEM
PARELTHESIA 8 ] 4
NUMBMESS EXTREMITIES 6 2 5
HEADATHE 7 8 4
DIZZINE 5SS 3 - 4
MUSCULO-SI'ELETAL SYSTEM
PAIN MUGCULO-SKELETAL 6
MYALGIA 4 1 .
SKIN AND APPENDAGES
RASH 5 - - -
PSYCHIATRIC DISORDERS
EUPHORIA 2 4 1
INSOMNIA 1 3 1

Source’ generated from SAS applcabon of the CANDA

In Tables 19 and 20. the term stomatitis replaces Roche's terms, “"buccal
mucosal ulceration” and “mucosal damage " The percentage of individuals
expenencing stornatitis was delermined by combining these terms and
recalcutating using the SAS apphication of the CANDA.

n r f
Tabie 21 hsts the number (percentage, of patients dying or experiencing a
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serious adverse event during the entire study period. Events are reported
according to their relationship to study treatment {(as assessed by the
investigators).

Table 21. ACTG 229. Serious Adverse Events During the entire study period.
Double blind and open label ghase

ZDV+dd© ZDV+SAQ ZDV+ddC+SAQ
N=100 N=99 N=98
Deaths - Related 0 0 0
Deaths - Unrelated 2 (2%) 3 (3%) (4]
Serious - Possibly or
Probably Related 4 (4%) 3(3%) 1 (1%)
Serious - Remotely
Related 0 1 {1%) 0
Serious - Unrelated 11 (11%) 10 (10%) 11 (11%)
Overdose 1 (1%) 0 1 (1%) _

Source. CANDA FSR for NV14255/ACTG 229, GCR N-130'384 pg.80. Table 3.

All five deaths (3 on the ZDV+SAQ arm and 2 on the ZDV+ddC arm) were
considered to be unrelated to study drug The cause of death for three patients
was listed as lymphoma

Five serious adverse events were at least remotely related to ZDV+SAQ or
ZDV+ddC+SAQ. The four serious adverse events that were considered to be at
least remotely retated iv ZDV+SAQ combination were:

1) Pt #1401/0219 was hosprtalized for a constellation of sympioms including,
severe weakness. fever, confusion, incontinence, ataxia, orthostatic
hypotension and increased epigastnc tendemess.

2) Pt # 040172330 ceveloped fatigue. nausea. and elevation of liver function
tests

3) Pt # 0401/2303 developed acute myeloblastic leukemia. He had been off
study drug for over 2 months

4) Pt #1101/0786 developed elevated transaminases, this did not recur on
rechallenge

The serious even! that was remotely related (0 triple therapy was an elevation of
transaminases This patent had grade 2 transaminase elevat.on at baseline
and developed grade 3 transaminase elevation at week 48.

In addition to the above serious adverse events consiciered at least remotely
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related to drug, a patient on ZDV+SAQ developed pancreatitis that was
considered unrelated to study treatment but possibly related to alcohol. Except
for this patient, no other patient had evidence of clinical pancreatitis or
characteristic abdominal pain in association with elevated amylase.

Adverse evenis leading to premature discontinuation of study treatment
Through the double blind/open label phase, a total of 42 patients discontinued

study treatment for an adverse event or intercurrent iliness. Table 22 lists the
number (percentage) of patients in each treatment group with adverse events
leading to premalure discontinuation of study treatment. Adverse events in the
SAQ containing arms that were considered possibly or probably related to study
treatment included nausea, abdominal discomfort, metallic taste, vomiting,
beiching and flatu'ence, constipation, hiccoughs, fatigue, neutropenia, peripheral
neuropathy, headaches, dizziness and light headedness, disruptive mood
swings, agitation, decreased concentration, urinary hesitancy, and apthous
stomatitis Some of these events (specifically, neutropenia, fatigue, neuropathy,
headaches, and stomatitis) are known toxicities of ZDV and/or ddC.

Table 22. ACTG 229. Adverse Events Leading to Permanent Discontinuation of
All Study Drugs During the Entire Study Period.

Z0vddC SAQ-ZDV SAQ-ZDV-ddC
N=100 N=99 N=98
Relatonship to (reatment
- Probably or Possibly 12 (12%) 7 (%) 9 (9%)
- Remotely c 0 0
- Unrelated 2 (2%) 8 (8%) 5 {5%)
T stal 14 (14%) ' 15 {15%) 13 (13%)
Source CANDA FSR for NV1425S/ACTG 229. GCR N-130'384, pg. 86, Table 34.
Laboratory Abnormalilies

Table 23 kists marked laboratory abnormalities for each of the treatment groups
over the duration of the entire study penod Marked laboratory abnormalities
were defined as a grade 3 or 4 abnormality in a patient with a normal base'ine or
a grade 4 abnormalty in 3 patient with a grade 1 baseline.
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Table 23. ACTG 229. Summary of Marked Laboratory Abnormalities during the
entire study seriod.

Laboratory Test Number of Patients With Marked Laboratory Abnormalities
ZDV+ddC SAQ+ZDV SAQ+ZDV+ddC

Neutrophils {neutropenia) 8 4 2
Hemoglobin (anemia) 1 0 Y]
SGPT 1 0 3
SGOT a 2 2
Bilirubin ¢ 1 0
Serum amylase 1 < 1
Phosphate 0 2 i
Calcium (hypercalcemia) 0 1 0
Low Platelets 2 0 0
High Uric Acid 1 0 0
Total 14 12 10

Source : CANDA Integrated Salety Summary. W-144'973 table 21, pgs 147-155.

8.1.1.8 Reviewer's Conciusions
Subjects partic:paung in this study not only had prolonged prior therapy with
ZDV but also with other nucleosides (as monotherapy and in various
chmbinations) More than a third had prior treatment with ZDV+ddC, which is
one of the treatment arms This heterogeneity in prior aniuviral therapy may
have influenced the activity results On should take caution in extrapolating
these results (o the treatment naive population. Preliminary results from
ACTG 175 and the Delta tnals indicate that nucleoside combinations may be
better than ZDV monotherapy n treatment naive-individuals. However results
from these same trials and from ACTG 155 showed that combination therapy
does not appear to be better than ZDV monotherapy in individuals who have
already had prior ZDV exposure Continued efficacy of ZDV monotherapy
after prolonged exposure 1s also uncertain

i -
To assess the activity of SAQ as parn of a combination regimen, the
comparnscns of interest in this protocol are the triple combination compared to
2DV+daC, and ZDV+SAQ compared to ZDV+ddC. Analyses of average
change in CD4 and HI/-RNA from baseline demonstrate superior activity of
the triple combination compared 19 ZDV+ddC. This indicates that the addition
of SAQ to ZDV+ddC produces greater activity than the combination without
SAQ

There were no statistically signdicant differences between ZDV+SAQ and
ZDV+ddC in trus study with respect to changes in CD4 or RNA from baseline.
Subjects in the ZDV+SAQ had somewhat higher CD4 increases but also
slightly less RNA reductions The clinical significance of this discordance of
rank order in activity between the two markers in unknown. However, this
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type of response was shown in both the North American tria!l (NV14256) and
the ltalian study (see below). Possible mechanisms for this are discussed in
the conciusions of the N. American trial.

Safety

SAQ does not appear to alter the pattern, frequency, or severity of toxicities
known to be associated with ZDV and/or ddC. Most of the adverse events
observed in this trial were of mild intensity. Adverse events involving the
gastrointestinal system were observed in a higher percentage of patients
compared to other body systems. It is difficult to ascribe any particular '
toxicity or laboratory abnormality to SAQ. There was a slight increase in the
frequency of diarrhea. There were also several serious adverse events
involving an increase In transaminases; however there did not appear to be a
preponderance of marked transaminase elevations on SAQ containing arms
compared to the ZDV+ddC control.
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8.1.2

NV14256: Surrogate Analysis Cohort

“A randomized. double-blind, multi-center, parallel study of saquinavir (Ro 31-8959)
alone, HIVID® (zaicitabine, ddC) alone, and both in combination as treatment for
advanced HIV infection (CD4 50-300 cells/mm?) in patients discuntinuing or unable to
take Retrovir® (zidovudine, ZDV) therapy "

The study report of NV14256 includes laboratory marker (CD4 lymphocyte and
HIV-1 by RNA) and safety data from a surrogate analysis, planned in the protocol, of
451 evaluable patients who had received a minimum of 16 weeks of treatment, or
who had dropped out before 16 weeks, to a chnical cut-off date of 2nd January 1995.

8.1.21 Protocol

8.1.2.1.1 Objectives

Primary Objectives

The primary objectives of this study for the surrogate analysis cohort were to
compare safety, tolerability and activity, based on change from baseline of
laboratory markers (change in CD4 cell count, change in plasma viremia as
measured by RNA-PCR)

The primary objective for the eniire study population is to were to compare the
safety, tolerability and efficacy. based on clinical endpoints (first AIDS-defining
chinical events or death) of the three treatments.

nda v

. To assess the surrogate value of the laboratory markers of activity for clinical
endpomts at fina! analysis

. Yo describe the development of decreased viral susceptibility to either
saquinavir or ddC in each of the study arms

. To describe the incidence of emergence of syncytium-inducing vanants in
each of the study arms -

. To describe changes in clinical status based on sefial measu wment of weight
and Kamofsky score

. To obtain information on the effect of covarates on the pharmacokinetics of
saquinavir

8.1.2.1.2 Design

The amended design of this study 1s a randomized, double-blind, multicenter
paralle! three-arm phase 2/3 fixed dose study, In HIV-infected patients (CD4 =
£0-300 ce!ls/mm3) discontinuing or unable to take ZDV.
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The three tieatment arms are:
1} ddC 0.75 mg g8h
2} SAQ 600 mg q8h
3) SAQ 600 mg q8h + ddC 0.75 mg q8h

The original protocol design contained a fourth arm, SAQ 200 mg q8h + ddC.
However after the study started, new data from the analysis of HiV-1 RNA in the
italian dose-ranging study, V-13330, showed that reduction in viral load in the
SAQ 200 mg + ZDV arm was not different to that achieved by ZDV aione. In
August, 1994, after discussion with the Data Safety Monitoring Board, Roche
discontinued the SAQ 200 mg + ddC arm. One hundred eight patients had been
accruea 'nto this arm: these subjects were offered treatment under a separate
roliover protoco) (Sv14788)

Stratiﬁg_a_tion

Randomization was stratified into two groups based on pre-entry CD4 count
(<100 cells/mm® and , 100 celis/mm>). No more than 25% of the subjects were
to be randomized to the lower stratum

8.1.2.4.3 Population
HIV-infected patients were enrofied at 49 Investigational centers in the U.S. ang

Inclusion Criter)
Participants were required to be Hiv-infecteg adults (at least 18) with pre-entry
CD4 counts between 50 ang 300 cetts/mm® and a Karnofsky scare » 60
Subjects must have haad at least 16 weeks of prior ZDV therapy, unless he/she
éxpenenced & toxicity requinng discontinuation of ZDV. In addition baseline
chemistry and hematoliogy had to be within an acceptable range as specified in
the protoco! -

Comment:

require a mimimum of 16 weeks pnor ZDv treatment (in the absence of dose-
hmting {oxicrty)
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Ezs_luﬂogg_mgua [from Nv14256 CANDA Study Report; W-144'954, page 16)

- any history of a grade 2 or worsa peripharal neuropathy

- Signs and symptoms of periphera) neuropathy as defined by either the Signs and Symptoms
Questionnaire (on the periphera! neuropathy segment, a score of moderate in any one
category, or a score of mild in two categories) or by neurological examination {any moderate
abnormality indicative of penipheral neuropathy, particularly impaired sensation of sharp pain,
light tauch or vibration in lower extremities, dista) extremity weakness, or distal extremity
hyporeflexia).

= maiabsorption, or an inabilty to take adequate oral intake {+.e. inabiltty 1o eat one or more
meals & day due to chrome nausea. emesss, or abdominalioraf cesophageal discomfort).

- anygrade 3 or greater labotatory or clinical abnormaiity.

- active opportunishe infection (O requinng immediate trealment . Patients with
cytomegalovirus retinits were exciuded from the study. Acute therapy was to have been
completed at least 14 days belore study entry.

- unexplained elevated ternpersture » 38.5¢ (101.5F) persisting for 14 days or more within a 28
day period belfote study entry

©  unexplained chrenic darrhoea (- Jloose stools per day) persisting for 14 days or mare within
a 28 day penod before study entry

- malgnancy, wsceral Kaposi's sarcoma or tymphoma fequinng systemic chemotherapy and/or
radiotherapy within the next 48 weeks

- hstory of non-Hodgpkn's lymphoma

na

- pregnant women, breast-leecding women or women who belisved they might wish to become
pregnant dunng the course of the study

- females of feproductve potental who were unwilling to use an effectve method of
contraception dunng the study

© unwillingness or sty i 5 an mformed consent form

© Prewvaus reatment wath an MY Drotenase wxhivor

*  Pnorreatment with adC . gdi. D4T for greater than two weeks; prior treatment with
non-nucleoscle reverse ransenpease nhibrors lor greater than & woeks

*  concomnant or mantenance Ueatment with exciuded medicatons (e.g. éxperimental drugs,

drugs with known nephrotonc or hepatotonc Potenbal, and drugs likely to cause penphera)

*  anbneopiashc agents or racaton therapy excludng local skun radiation therapy.
T fhmunomodulatons (systerme Merleron canduste vacanes, or other sxpenmestal therapies)

Use of Mycobactersa avium intraceliyiare praphylaxis {rifabutin, clarithromycin,
azithromycin) ang use of rdampicin ang ketoconazole was discouraged, due 1o
drug interactions Patients fequinng treatment of Cytomegalovirus infections with
foscarnet or ganciciovir were withdrawn from the S'udy.



NDA 20-628, INVIRASE 36

assessmeits plus a plasma HI'/ RNA measurement.? These
assessments/measu.ements were repeated on day 1 of treatment.  Subjects
returned for clinic visits and laboratory assessments {chemistry, hematology,
CD4 and plasma RNA-PCR) every 4 weeks up to week 16 ard then every 8
weeks thereafter Blood samples for testing drug sensitivity and S| varniants, and
PBMCs for genotyping were drawn at day 1 and weeks 24 and 48.

assessments.

8.1.2.3.3 Endp ints

The primary study endpoint 1s progression to an AIDS defining event (clini¢cal
events according to the 1993 CDC criteria) or death. However, the study
protocol also planned to analyze activity parameters (surrogate markers) prior to
but without compromising the completion of the evaluation of clinical endpoints ?
Primary parameters for the surrogate endpoint are absolute CD4 count and
quantitative plasma RNA-PCR

8.1.2.34 Statistical considerations

The ITT population inctuded all randomized patients with at least one
pretreatment assessment and al least one post baseiine efficacy assessment.
Baseline was defined as the mean of the pre-entry and day 1 assessments for
both primary efficacy parameters

A sample size of 450 patiemis 150 per treatment group was pianned for this
surrogate analysis Roche's sample size calculations assumed a type 1 error of
0 02 1o give an overall study significance level from the three pairwise
compansons of approximately 0 05

Patients were evaluable for safety if they had received at least one dose of trial
medication and had at least one follow-up salety assessment. The time window
for collection of safety data was up 1o 28 days following the final dose of either
tnal treatment Tne agenominator for the calculation of adverse event rates
included only those patients for whom post-baseline safety information was
available In addition 1o data obtained from the evaluable patients included in
the suitogate cohort serious adverse events drop-outs due to adverse events
and deaths occurming in all patents randomized (surrogate and nonsuriogate
cohert up to a common closing date) were also included in the NDA

The lower imit of the RNA PCR assay was 200 copies/ml.

Yinvestigalors and palents remain binded to treatment assignment with
respect to clirical outcome Only Roche statistcians and FDA reviewers analyzed
unblinded data for the surrogate anatyses of the surrogate cohort. Clinical endpoints
were not evaluated with respect to treatment group.
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Marked laboratory abnormalities were defined as a shift in 3 severity grades from
baseline; a shift to grade 3 or 4 in a subject with a normal baseline or a shift to
grade 4 in a subject with a grade 1 baseline.

Comment:

This is slightly different then the definition used in the three European
studies. Marked laboratory abnormalities in these studies were defined as
shifts in laboratory values from grade 0 at baseline to a grade 3 or 4
dunng treatment

Centers

Small centers, those with less than 6 patients, were combined to form
geographical regions Before the randomization code release, 42 centers were
grouped into 14 geographical regions.

8.1.2.2 Results

This study report summarized gata from 456 randomized patients  All patients who
were randomized on or before Sept 1, 1994, or who had a validated AIOS defining
event on or before January 2 1935 were included in this analysis. The imnimum
treatment period excluding patients who terminated this study prematurely was 16

weeks

8.1.2.2.1 Patient Disposition

Table 24 shows the number of patients who were enrolled into the protocol-
spacified surrogate marker analysis cohort and the number evaluable for an ITT
analysis Patients with no post-baseline surrogate marker data were exciuded.

Comment:

Pnor to closing the sumogate analys:s cohort data base, Roche decided to
exciude the 16 patents irom center 14158 This center’s pnmary investigator
was being investgated for financial impropneties  The FDA analysis includes
patients from this center, sunce there 1s no reason o suspect that the
surrogate marker gata from this center is unrehable.

Table 24 shows that fewer patents were evaluable for HIV-RNA changes
than for CD4 changes Reasons for this discrepancy are discussed in section
8 122, Efficacy endpoint outcomes. under “additional analyses "
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Table 24. NV14256. \)verview of FDA Analysis Populations.

TOTAL NUMBER OF PATIENTS IN SURROGATE ANALYSIS 456
REASONS FOR EXCLUSION FROM ANALYSIS POPULATION
NO POST BASELINE EFFICACY AND SAFETY DATA 1
PATIENT RANDOMIZED BUT RECEIVED NO TREATMENT 4
TOTAL NUMBER IN SAFETY POPULATION 451
REASONS FOR EXCLUSION FROM ANALYSIS POPULATION
NO PCST BASELINE PRIMARY CD4 DATA 12
TOTAL NUMBER IN INTENT TO TREAT POPULATION FOR CD4 439
REASONS FOR EXCLUSION FROM ANALYSIS POPU! ATION
NO BASELINE OR POST-BASELINE HIV-RNA DATA 72
TOTAL NUMBER IN INTENT TO TREAT POPULATION FOR RNA 367

Source: CANDA study report (SR) for NV14256 W144'954 pg. 30.

Table 25 lists the number (percentage) of subjects prematurely discontinuing
study treatment and lists reasons for premature discontinuation. Overall a
sightly higher percentage of individuals on the ddC monotherapy arm
discontinued treatment prematurely due to a protocol-specified treatment toxicity.
However a smalier percentage of individuals on this arm discontinued drug due
to reasons listed under the cate Jory “patient request."

Table 25. NV14256: Summary ot Early Discontinuation of Study Treatment.

REASON FOR PREMATURE WITHDRAWAL
pDC SAQ600mg  SAQ 600 mg + DDC
Ne 145 N= 159 N= 147

No (%) No (%) No. (%)
Total of pabents with prem withdrawal 431 287 38 (23.9) 38 (6% -~

PROTOCOL TREATMENT TOXICITY 12 (83
NON.PROTQOCOL TREATMENT

[ M)

(19 10 (6.8)

TOoXiCITY T (48 8 (5.7 4 (27
PATIENT REQUEST 1 On 8 (50 11 79
AJDS DEFINING CLINICAL ENDPOINT 7T a9 7 (44) 5 (34)
LOST TO FOLLOW-UP 6 (49) 4 (25) 2 (1.4)
OTHER ANTI-RETROVIRAL THERAPY" 5 (34) 3 19 2 (14
MISCELLANEOQUS 4 (28) 2 (13) 3 (2.0
INVESTIGATOR REQUEST 1 (07 2 (1.3 2 (1.4 )

Source CANDA SR for NV14258 W144954 pege 11
Pabent requestng other antretrowral therapy
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8.4.2.4.2 Patient Comparability

Table 26 summariz
three treatment groups wer
race. Mean/median durati
randomized 10
ZDV. In addition
had received prior treatme

her nucteos!
excluded from

Prior use of ot
patients were not

Table 26. NV14256: Demographic Data S

ddC; however a
1o ZDV therapy,

es demographic d
e compara
on of prior £
it treatment ar
4 patients
dd!, 2 with
des constitu

ata among the three treatment armes. The
ble with respect {0 sex, age, weight and
DV treatment was longer for patients

ms had substantial amounts of prior
in the surrogate analysts population
ddC and 4 with both dd! and ddC.
tes a protocol violation, however these
the ITT analysis.

ummary - iTT Population.

_—

TREAT*.cNT pDC SAQ sAQ+ DDC
N = 140 N = 158 N = 141
SEX
n 140 158 141
Males 129 { 92%) 149 { 94%) 132 { BA%)
Females 11 ( B%) g ( 6%) 9( &%)
AGE {y)
n 139 158 140
Mean 380 288 385
Median 370 B0 380
Range 23- 74 22- 69 23- 69
WEIGHT (kg)
n 136 157 138
Mean 753 755 749
Median 723 745 738
Range 36 - 111 47-126 47 -108
RACE
n 140 158 141
whine 101 ( T2%) 117 ( T4%) 108 { T7%) -
Black 14 (10%) 20 { 13%) 15 { 11%)
Onantal 5 %) 1{<1%) 1 (<1%)
Hrspanc 17 {12%) 20 (13%) 16 (11%)
Other 5 &%) 0( O%) 1 (<1%)
TOTAL DURATION
OF PRIOR 2DV {days)
N 145 158 145
Mean 7129 6202 §514
Median 556 0 4035 4350 _
Source. CANDA SR for NV14256. W144854 pg 33. Table 5.

Table 27 shows mean/med
py PCR) for each treaimen

yan pasehn
tgroup AS stated ab

with available RNA measurements

e CD4 counts and HIV-RNA (as measured
ove, there were less patients
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151 137
175 158 188
Median 178 159 158
ange 5-411 24.337 10-381
Basolmo HIV-RNA
120 13p 123
Mean 52 52 51
Median 52 53
Renge 4765
q-'—-—-____

--__._,____.-_~__-_._._
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Table 28. NV14256: FDA ITT population. CC4 Counts - Changes
{(mean/miedian) from Baseline {Cells/mm3) up to Week 16.

VISIT/ WEEK 4 8 12 16
ddC

N 132 127 118 117

Mean 14 13 04 -11

Std Dev 61 71 78 83

Median 7 (] -10 -8
SAQ 600mg

N 150 137 136 131

Mean 23 28 14 5

Std Dev 67 €6 67 64

Median 11 15 2 -8
SAQ 600mg+ddC

N 134 129 124 118

Mean 35 45 41 45

Std Dev 61 75 83 135

Median 29 a7 21 26

Source: CANDA SR for NV14256, W144'954 pg 155

Figure 3. CD4 Counts - Mean Changes from Baseline (cells/mm3) up to Week 16.

FDA intent t{o Treat Population {Including CRTN 14158).

CO4 Mapn Change
frum heseitne

51

2t

‘24

-5C

16
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We used an Analysis of Variance (ANOVA) to compare changes in absolute
CD4 cell counts and RNA {DAVG-16 metric). The factors included in the
analyses models were treatments, study center {in this case, region} and the
protocol-specified stratification factor, pre-entry CD4 category (<100
cells/mm? and > 100 cells/mm?).

Table 29 shows the mean CD4 change from baseline averaged over 16
weeks as calculated by the DAVG-16 method. Incluucd are 85% confidence
intervals {(Scheffe's) around the mean. The combination treatment produced
the largest increase in CD4 from baseline fol'»wed by SAQ monotherapy.
The lower confidence interval for ddC monotherapy was negative, indicating
decreases in CD4 from baseline.

Table 29. NV14256: FDA ITT population. Summary of CD4 changes from
baseline (DAVG-16).
TREATMENT N MEAN 95% C.1.*
SAQ 158 16 5.27
ddc 140 6 -5, 17
ddC+SAQ 141 M 22,45

Source Kazem Kazempour, SAS apphcabons
Scheffe's confidence intervals

An FDA analysis showed that, overall, the three treatments were statistically
different in their effect on mean CD4 changes from baseline. Region or pre-
entry CD4 strata were not significantly cifferent with respect to their
association with mean CD4 changes (See table 30).

Table 30. Overall comparisons.

Saurce DF Type M SS Mean Square F Value Pr>F -
Treatment 2 53717 70 26888 85 1163 0.0001
CDd4 strata 1 14613 23 1461 22 061 0.4267
Rggton 12 21208 &1 1831 43 on 0.7580

Source Kazem Kazempour, SAS appkcatons

Tabie 31 shows pairwise comparisons between treatment groups for mean
CD4 change from basaline (DAVG-16) The combination treatment was
statistically supenor to both SAQ and ddC monotherapy for increases in CD4
from baseline At present it s not known whether these differences in CD4
changes will be clinically relevant There was a trend toward greater CD4
increases in the SAQ group compared to the ddC group.
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Table 31. NV14256: FDA ITT analysis of pairwise comparisons for mean CD4
changes from baseline {DAVG-16)

TREATMENT Difference in Means b 1 ol Al Pr>F
ddC+SAQ vs. SAQ 18 4, 31 0.0001
ddC+SAQ vs. ddC 28 14, 42 0.0021
SAQ vs. ddC 10 4, 24 00722

Source: Kazem Kazempour, SAS applicabons
**Schefle's confidence intervals

HIV-RNA

Mean/median changes in HIV-RNA as measured by PCR {Roche method)
are displayed in Table 32 The combination treatment produced the largest
reductions in HIV-RNA at each visit. As was observed for CD4 changes, the
combination treatment's efiect on RNA was maintained over the 16 week
period. The effect of SAQ monotherapy was small and diminished over the
16 week period Figure 4 plots the mean changes in RNA over 16 weeks.

Table 32. Log,, HIV-RNA (PCR) - Change (mean/median) from baseline
{copies/mL) up to Week 16. FDA ITT Population (including center

14158)
VISITWEEK 4 ] 12 16
ddC
N 108 P 83 87
Mean 032 -0 40 -0.35 0238
Std Dev C a4 051 O 46 050
Median £ 22 £33 029 032
SAQ 800my -
N 102 104 o8 101
Mean 023 017 017 008
Std Dev 047 039 043 040
Medan 012 010 013 0.03
SAQ 600mp~ddC
N 1M 101 100 96
Mezcn 0 86 057 -0 64 061
Std Dev 065 082 065 072
Median 057 054 £ 61 056

Source CANDA SK for NV14256 W144'854 pg 1
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Figure 4. NV14256 FDA ITT Population. Mean change in HIV-RNA (log copies/mL.)

from baseline.
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Source Kazem Kazempour, SAS applicabons

Table 33 shows the mean RNA changes (log10) averaged over 16 weeks (using the

DAVG metric) for each treatment arm  In the FDA analysis of RNA changes, 367

subjects are inciuded in the intent to treat population. It should be noted that fewer
patients were included in the analysis of RNA changes than for the analysis of CD4

changes Reasons for missing RNA data included. no post-baseiine samples
drawn, no baseline samples drawn_ and inappropriate processing, storage, or

shipment of sampies

Table 33. NV14256: FDA ITT analysis. Mean changes in HIV- RMNA {Copiesiml)
over a 16 Week Period, DAVG-16.

TREATMENT N MEAN 5% C.1*
SAQ 127 £.1 02, 00
ddC 118 0.3 04,02
ddC+S5AQ 12 05 -06,-04

Source Kazem Karempour, SAS apphcatons

Scheffe’s confidence intarvals

Overall. in our anatysis. there was a statistically significant difference among
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the three treatment arms for changes in HIV-RNA. There was alsc a
statistically significant effect between baseline CD4 strata (<100, 2100
cells/mm?) and change in RNA. Patients with screening CD4 counts > 100
cells/mm?® had statistically greater reductions in log transformed RNA
copies/mL RNA than those with < 100 CD4 cells/mm?® at baseline. There
were no statistically significant differences between regions with respect to
change in RNA over 16 weeks (See Table 34).

Table 34. FDA analysis of log transformad RNA changes by protocoi-specified
independent variables.

Variable DF Typell 85 Mean Square F Value Pr>F

Treatment 2 8.93 4 46 31.38 0.0001

CD4 strata 1 1.04 1.04 7.28 0.0073

Region 13 an 0.21 1.47 0.1278

Source: Kazem Kazempour, SAT

- :catons

In pairwise comparisons, the combination (ddC+SAQ) produced significantly
greater RNA reductions (log transformed copies/mL) than eithar
monotherapy. (See Tabie, 35 for difference in means, 95% confidence
intervals and p-values) In addiion the ddC monotherapy produced
significantly greater RNA reductions than the SAQ monotherapy. The clinica!
significance of these differences in RNA reductions are not known.

Table 35. Pairwise Comparisons of treatment groups(Scheffe's test).
TREATMENT Difference in Means 95% C.i.* Pr>F
Comb. vs SAQ 0139 051,028 0.0001
Comb. vs ddC 023 035, -0.11 0.0001
ddC vs. SAQ -0 16 -028. 005 0.0011

Source Kazem Kazempour, SAS applicabons
**Schefie's confidence mniervals

Additional Analyses
in the surrogate cohort. 72/423 patients {17%) had no baseline or post-
baseline RNA data This was a higher percentage of missing data than
observed in any of the other studies in the clinical program. To investigate if
these missing data could have had an impact on the overall conclusions, we
compared CD4 changes in all patients (n=439) with those patients who had
both CD4 and RNA specmens (n=367) Table 36 shows the mean changes
in CD4 from baselne in those patients who had both CD4 and HIV-RNA
samples Results were similar for these two groups. The conclusions are the
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same.
Table 36.  FDA analysis of CD4 change - DAVG-16 (cells/mm®) for patients who
had both RNA and CD4 data available (n=367).
TREATMENT N MEAN 95% C..*
SAQ 127 14 3,26
ddC 116 4 -8, 16
ddC+SAQ 122 26 24 48

Source: Kazem Kazempour, SAS applicatons.
Scheffe's confidence intervals N

Clinical endpoints

This study is ongoing ara remains blinded with respect to clinical endpoints.
However, Appendix Il hs!s chrical endpoints occurring in the surrogate cohort.
The AIDS-defining chinical endpoints histed in this table were not validated by
the clinical events committee and do not include all AIDS defining events in
this trial.

8.1.2.4.4 Safety comparisons

Safety comparnsons include data up to June 1, 1895, the date of closure for
the updaied safety data base The duration of treatment for patients in the
surrogate analysis cohor 1s shown in Table 37. Median duration of exposure
to study treatment was approximately 42 weeks for this cohort by the above
closing date

Table 37.  NV14256: Duration of Exposure to Trial Treatment (ITT population)
by safety data base closure of June 1, 1995
Trestment ddC SAQ SAQ +ddC -
Total Pabtents 140 158 141
Durabon (weeks)
0- 4 140 158 141
>4. 8 135 153 135
> 8-12 1™ 145 132
>12.16 125 140 125
>16. 20 120 136 123
>20 - 24 114 131 116
>24 .28 98 17 104
»32 . 36 90 109 102
>36 - 40 77 103 87
>40 . 44 70 o1 88
>44 .48 52 55 68

Source  CANDA SR for NV14256, W144 954 pg 34
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Table 38 lists the number of patients with at least one adverse event and the
number (percentage) of patients experiencing specific types of adverse
events. The events shown are inciude all intensities (mild, moderate, severe,
life threatening), but exclude events that the investigator considered to be
unrelated to study treatment (usually events that were attribuied to the
underlying disease). Events are listed if they occur with a frequency of at
least 3% in any treatment arm.

Diarrhea appeared to be more frequent among patients randomized to a SAQ
containing arm, occurring in 16% of patients on SAQ and 5% of patients on
ddC. Al of the cases of diarrhea were either mild or moderate; there were no
cases of severe or life-threatening diarrhea, except ore occurring in the ddC
group. Toxicities known 1o be associated with ddC, specifically peripheral
neuropathy and buccal mucosal ulceration, were more frequent among
patients rardomized to ddC containing arms. Peripheral neuropathy is
associated with HIV infection as well as drugs such as ddC. HIV infection
may explain some of the cases of peripheral neuropathy seen among patients
taking SAQ, since the neurcpathy among these patients was not severe. For
example, 4% of patients on SAQ monotherapy had peripheral neuropathy of

any severity However when considering only moderate or worse neuropathy,

the frequency of penpheral neurppathy among patients on the SAQ arm was
0%
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Tabie 38. Number (percentage) of patients with AEs of al! intensities excluding unrelated, Listed

if at least 3% in any treatment group Safaty update, data up to June 1, 1995
ADVERSE EVENT ddC SAQ ddC + SAG

N=145 N=159 N=147

ALL BODY SYSTEMS

Tolal Patients with at least one 76 {52) 75 (47 78 (53)

?’Stal number Aes 205 161 71

GASTROINTESTINAL SYSTEM

Buccal mucosal uiceration 22 (159) 10 (6) 15 (10}

nausea wom 7(4) 5(3)

abdominal discomfor 9 (6) 10 (6) 6 (4)

abdominal pain ARy 5(3) 2(1)

diarrhea 7(5 25 (16} 20 (14)

CENTRAL AND PERIPHERAL

NERVOUS SYSTEM

penpheral neuropathny 19 (13) 7(4) 13 (9)

numbness extremies 1M 4 (3) 9 (6}

paraesthesta 7 (%) 2(1n 6 (4)

headache 12(8) 7 (4) B (5)

dizziness 403 2(1) 2(1)

GENERAL

asthenia 12 (3) 7(4) 6(4)

tover 403 5(3) 2(1)

SKIN AND APPENDAGES i}

rash 8@ 7 {4) 7(5)

MUSCLX OSKELETAL SYSTEM

myalgia 6 (¢ 3@ 3(2)

musculoskeletal pain 42 2(1) 3@

arthraigra 40 1({<1) 2(1)

PSYCHIATRIC

INSomMnua 6 {4) 1(<1) 404

Source CANDA SR for NV14256 W144954 Tabie 17, pg 52-62.and NDA Safety update pages 48-59.

Table 39 lists the number (percentage) of patients experiencing an adverse
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event according to the severity of the event. A smaller percentage of patients
on SAQ monotherapy {5%) experienced severe of life-threatening events
compared to those receiving ddC monotherapy (15%) or ddC + SAQ (10%).

Table 39. NV14256: Number of patients experiencing an adverse event
(excluding unrelated) by severity.

TREATMENT TOTAL MILD MODERATE SEVERE LIFE-THREAT. UNK
ddC 76 (52) 50 (35) 40 (28) 21(15) 1{<1) -
N=145
SAQ 75 (47) 48 (30) 36 {29 7 (4) 2 1 (<1)
N=159
ddC+SAQ 78 (53) 50 (34) 34 (23) 15 (10) 1{<1) R
N=147

Source: NDA Safety Update Table 8. pages 48-59
Deaths

Roche reported that 12 pauents in the surrogate analysis cohort died during
the study Seven patients died prior to the clinical cut-off date (Jan. 1985)
and 5 additional patients died by the updated safety date closure (June 1,
1995) There were five deaths each on the SAQ and ddC arms and 2 deaths
on the combination arms  All but one of these deaths were attributed to
comphcations of AIDS (such as opportunistic infections, bacterial
pneumonias, dementia and inanition) and were considered by the investigator
10 be unrelated to study medication The exception was a patient randomized
to ddC who died of congestive heart falure secondary to HIV

cardiomyopathy This was considered 10 be remotely related to ddC
treatment

Comment:

From what has been reported on the case report forms, it appears that all
of the 12 deaths are mos! hikely AIDS related, as Roche has reported.
However, Roche submitted 13 case report forms for patients who had
dred before the safety closure dates. this additional death (occuring on
6/1/94) was juoged by the investigator to be unrelated to treatment.
Cause of death on the death certificale, according to the case report form,
was cardiorespiratory amest, kdney failure and AIDS. Several weeks
pnor to this patent’s death the patent suffered a myocardial infarction,
puimonary edema. and presumplive aspiration pneumonia

Three deaths have occurred among patients not included in the surrogate
cohort by the ime of the lasi data base closure. These deaths were all
considered unrelated to treatment Causes of death in these three patients
wera listed as AlDS. stretococcal pneumonia/Mycobacterial bacteremia, and
possible malana sunenmposed ON P OGressive HIV infection Since the trial is
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ongoing, these patients have not been unblinded for endpoints.

fi r Vv
In the surrogate analysis population, 57 patients had events that were
deemed serious. Several had more than one serious event. There were two
cases of pancreatitis (one receiving ddC and one receiving ddC+SAQ).
There were no cases of severe hepatomegaly with steatosis or unexplained
lactic acidosis

Eight patients receiving SAQ or SAQ+ddC had serious adverse events
considered to be at least remotely related to treatment. These events were.

1) ataxia (remote)

2) severe bronchitis, also moderate hemoptysis and re-hospitalization due to
fever and disorientation, a diagnosis of severe Kiebsiella pneumonia was
made. The investigator considered that these adverse events were
remotely related to treatment

3) pseudomembranous colilis {remote)

4) pancreatitis (possible) This patient was on ddC+SAQ

5) psychotic disorder, seizures (remote)

6) depression (possible)

7) hepatitis A (remote)

8) pneumonia

Comment:
Case number 7, hepatitis A should be considered unrelated.

Among the patients (497) thal were not included in the surrogate analysis
cohort, there were 33 serious adverse events in 29 patients. Five of these
events were considered 10 be at least remotely related to treatment. These
were pneumonia-remote, rash/liver enzyme disorder-pcssible, suicide
attempt-remote, convuisions-remote These patients are still blinded

r v n r r ithgrawal from Treatment
A total of 79 patients in the surrogate analysis cohort withdrew from treatment
due to protocol treatment or non-protocol treatment toxicity. Of those
patients, there were 35 wathdrawals in the ddC group, 22 in the SAQ group
and 22 in the SAQ + daC group (see Table 40) Protocol treatment toxicities
are those that required dose adjustment according to the protocol adverse
event management section In generai these were severe of life-threatening
toxicities (ACTG grades 3 or 4)
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Table 40. Number of Patients Withdrawing due to Protocol or Non-Protocol
Treatment Toxicity.

No. of patients withdrawing from treatment prematurely

ddC SAQ SAQ + ddC

n =145 n=159 nx 147

Protocol treatment toxicity 25 g 17
Non-Protocol treatment toxcity 10 13 5
Total 35 22 22

Source: CANDA SR for NV14256. W144'954, 1able 20, pg 70

Most of the protocol-specified treatment discontinuations, for protocol-
specified treatment toxicities, were for peripheral neuropathy, 13/25 on ddC,
14/17 on ddC+SAQ, 2/9 on SAQ. In addition, 5/25 discontinuations among
patients randomized to ddC were due to buccal mucosal ulceration. One
patient each, on SAQ and SAQ+ddC discontinued treatment secondary tc
pancreatitis, and another patient on the combination discontinued treatment
secondary to hyperamylasemia without clinical pancreatit's. One patient on
ddC and two on SAQ monotherapy discontinued treatment after developing
grade 3 or 4 liver enzyme abnormalties One patient discontinued ddC
because of elevated liver function tests that were attributed to alcohol use.

Twenty-four patients not included 1n the surrogate cohort discontinued drug
for toxicity (16 for protocol treatment toxicity and 8 for non-protocol treatment
toxicity)

Laboratory Abngrmahties
Table 41 shows the percentage of patients with marked laboratory

abnormalities There does not appear to be any imbalance among treatment
arms for marked laboratory abnormalities Although a few patients on the
SAQ arm discontinued drug due 1o elevation of transaminases, less than 1%
of individuals had marked elevations of AST or ALT compared to
approximately 3% of patients on ddC monotherapy.
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Tabte 41. Summary of Marked Laboratory Abnormalities

Marked Laboratory Percentaye of Patients with Marked Laboratory Abnormalities

Abnormalities ddC SAQ ddC + SAQ
n=145 n=159 n=147

High CPK € 4 7

Low Glucose 4 5 5

High ALT 3 <1 <1

High AST 3 <1 <1

High Potassium 2 <1 <1

High serum amylase <i < 2

High glucose 0 <1 <l

High calcium <1 0 0

High bilirubin 0 1 0

Hemoglobin (low) 1 <1 ]

Low platelets 0 0 <1 il

Source NDA Safety update Tabie 10 pg 71

Summary of Safety data from the ddC + SAQ 200 mg tid treatment arm

A total of 108 patients were randomized to the ddC + SAQ treatment arm. The
overall pattemn of adverse events was very similar to that seen in the ddC and
ddC+SAQ 600 tid mg arms of the surrogate analysis cohort . The adverse
even's most frequently reported were diarrhea, asthenia, rash, peripheral
neuropathy, nausea and headache One death occurred among those
randomized to the ddC + saquinavir 200 mg tid treatment group. The primary
cause of death was attributed to HIV end stage renal disease, and was
considered unrelated to study treatment

Five patients in the SAQ 200 mg + ddC treatment group had a total of 7 serious
adverse Two patients had senous adverse events considered related to trial
reatment One patient was hospitalized for severe hemoiytic anemia and
moderate elevation of CPK Both were considered to be remotely related to
study treatment The secong patient developed a highly malignant
immunoblastic B cell tymphoma that the investigator considered to be remotely
related to treatment

A tota! of 6 patients in the SAQ 200 mg + ddC trez‘ment group withdrew from
treatment before the treatment arm was discontinued, 4 of these were due to
protocol treatment toxicity These toxicities included a severe rash (probably
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related), severe hepatosplenomegaly and severe liver enzyme disorder (possibly
related), severe back ana abdominal pain (remotely related), moderate diarrhea
and recurrence of moderate buccal mucosa uiceration {probably related).

8.1.2.3 Reviewer's Conclusions

Activity
This study demonstrated superior antiviral activity of ddC+SAQ compared to a

ddC monotherapy control. Both CD4 and RNA changes for the combination

were statisticaliy significant compared to ddC monotherapy and SAQ
monotherapy. The mean CD4 increase from baseline for ddC+SAQ averaged
over 16 weeks was 34 cellsfmm®. The mean plasma HIV-RNA reduction
averaged over 16 weeks was 0 6 log,, copies/mL. The clinical significance of
these changes in markers of antiviral activity 1 not known. The changes in
markers appeared to be maintained over the 18 week period, although
approximately one-quarter of the participants had discontinued study medications
by this time point.

Interpreting the relative activity of SAQ monotherapy compared to ddC is more
difficult. For this comparison there 1s a discordance in the results for the two
primary markers. For CD4 changes, SAQ produced greater mean increases
than ddC, although not achieving statistica! significance. For HIV-RNA reduction
ddC was statistically supenor to SAQ These resuits make it difficult to conclude
which drug 1s more active

Safety

Compared to ddC, SAQ appears to have fewer adverse effects. Adverse events
occurming in greater than 3% of individuals were diarrhea, abdominal discomfort,
abdomnal pain, nausea, buccal mucosal ulceration, peripheral neuropathy,
numbnaess of extremities, headache rash. asthenia, fever. The only events that
occurred more frequently on the SAQ arm than on ddC was diarrhea {16% vs
5%, respectively) and abdominal pain (3% vs 2%, respectively). When
combined with ddC. SAQ did not alter the frequency or severity of events known
to be associated with gdC alone  In thus study there were no specific laboratory
abnormalities observed with graater frequency on SAQ than on ddC. Although a
few patients on the SAQ arm discontinued drug due to elevation of
transaminases, less than 1% of individuals had marked elevations of AST or ALT
compared to approximately 3% of patients on ddC monotherapy.
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8.1.3 Protocol V-13330 (italy)

"A randomized, double-blind study to investigate the antiviral activity,
tolerability and pharmacckinetics of varying doses of oral Ro-31-8359 in
combination with a fixed dose of zidovudine administered to previously
untreated symptomatic HIV-infected individuals.”

Comment:

It should be noted that ttus tnal and the following two European tnals were
already enrolied and ongoing at the time of Roche's initial IND submission
in the U.S.; therefore, these protocol designs were not reviewed by the
FDA

8.1.3.1 Protocol
8.1.2.1.7 Objectives
The primary objectives as written in the protocol are: "To investigate the dose
response relationship as measured by the antiviral activity and tolerability of
varying doses of SAG in combination with a fixed dose of ZDV in symptomatic
HIV-infected patients To investigate the antiviral activity of combination SAQ
+ ZDV therapy compared to the antivira! activity of the single agents.”

8.1.31.2 Design

Thus was a 16 week randomized. double blind, phase 1/2 study with optional
monthly extensions Subjects were to be randomized to one of the following
treatment regimens

« ZDV 200 mg tid + SAQ placebo

. 2DV 200 mg tid + SAQ 75 mg tild {Combo-75)

- ZDV 200 mg tid + SAQ 200 mg tid (Comb-200)
« ZDV 200 mg tid + SAQ 600 mg tid (Combo 600)
« 2LV 200 mg tid placebo + SAQ 500 mg tid

SAQ was admiristered within 30 minutes after a meal.

Stratification ang biinging
Patients were stratified by p24 antigenemia (< 50pg/mL, = 50 pgimLi).

Biinding of the dosage was accomplished by use of matching SAQ and ZDV
placebo capsules During the double-blind extension phase subjects
remained on the same blinded treatment they received during the first 16
weeks of treatment

Procedures
The full pharmacokinetic profile of SAQ and ZDV was to be assessed on days

7 and 42 Samples for drug analysis were also taken on weeks 8, 12, and 16.
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Activity laboratories we re to be obtained at two screening visits and on day 1,
weeks 1, 2, 3, 4 and monthly thereafter. The final study report uses the
median of screenings and day 1 to calculate a baseline for CD4 counts.

8.1.3.1.3 Study Population

Inclusion criteria (summarnzed)

The goal of the protocol was to recruit 75 evaluable study subjects (15 per
treatment arm) from 5 clinic sites in ltaly. To be eligible, study subjects were
required to be age 18-65, CDC HIV class il or IV (1987 definition) with CD4
counts < 300 cells/mm® Females were included.

Comment:
This study and study 0-13328 are the only chnical protocols in this NDA
that included individuals with baseline CD4 counts < 50 celis/mm” .

Exclusion Criter:a (from CANDA FSR for V-13330, W'144'G18; section 2.4.3

and 2.44 pages 13 and 14)
neoplasms other than cutaneous Kaposi's sarcoma of basal cell carcinoma

- previous or current history of chronic systemic disorcer requinng treatment in the
preceding 12 months

- ntolerable diarrhea of durabon greater than 15 days and requinng treatment within 30
days prior to starbng therapy

- pregnancy ot tactabon

- current history of sencus orat or parenteral drug abuse
HIV-encephalopathy (HIV-dementa. AIDS-dementia, sub-acule encephaltis due to HIV,
and muit-focal leucoencephalopathy)

- hstory of psyctuaine drisorders ncluding non-reactive depression
acute senous opponunishc ntectons requinng iImmediate treatment, and including
tuberculosrs, CMV, cerebral loxoplasmosss and Pneumocystis caninii pneumonia
CMV or an atypcal mycabactenal infecton requinng secondary chemoprophylaxs
abnormal ECG of clinical relevance
proven idiopathuc Thrombocyloperuc Purpura
previous or current reatment wath ZDV ddC . ddl or other expenmental ant-retrovirals or
mmunomodulstorns

- previous treatment with iiterferons within the last 12 months

- systemic treatment with corucosteroxds within 30 days of screening or starting therapy
treatment with any invesbgabonal agent. snbtneoplastic agent or radiotherapy {excluding
local skun radwotherapy) withun 12 weeks of screeming or starting therapy. Subjects were
10 be excluded for prewous or current reatment with any antiretroviral. Concomitant use
of ganciclowir or foscamet was aiso prohibied

-

8.1.3.1.4 Endpoints

At the time the protoco! was written. the primary activity parameters to be
assessed were absolute CD4 count, CD4 percent and HIV p24 antigen
(Coulter test kit) Secondary activity parameters included serum neopterin,
serum p-2 microglobulin, quantitative PCR using plasma (RNA) and
mononuclear cells {DNA). and plasma and mononuclear cell associated
quaniitative viremia
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Comment:

The emphasis placed on the activity parameters in the final study report
giffers from those outhned in the protocol reflecting changes in scigntific
opinion regarding the relative importance of these markers since the
design of the tnal Specifically, in the extension phase report, mcre
emphasis is placed on the RNA-PCR measurements rather than 124,

In the protocol, demonstration of antiviral activity was defined by fulfliing one
ar mare of the following criena

A CD4 count nse of 2 75 cells, confirmed by a second evaluztior: at least
one month {ater.

. A »70% reduction in p24 anugen. confirmed by a second evalualion at
least one month later.

. Aten-fold reduction n either quantitative yirernia or quantitative RNA/DNA
PCR, confirmed by a second evaluation at least one month later.

Comment:

This dwision has preferred analyzing pnmary activity vanables, (i.e., CcD4
counts) as continuous data rather than conversicn to nominal re:sponse
vanables. Changes are evaluated by averaging mean changes over time.
This preserves statistical power and obviates the need for defining
arbitrary response cnlena DAVG over 16 or 24 weeks has been FDA's
preferred method for analyzing changes in CD4 based on research by
Drs Stella Machado and Kazem Kazempou!. In their final study reports,
Roche analyzes activity parameters by this method in additicn to fooking
at response categones

8.1.3.1.5 Statistical considerations

Anatyses
The protocol states that all patients will be included in the ITT analysis.

Comment:
In actuality, the |TT population included all those who were randomized
and receivad drug  Two patents who did not receive drug were excluded

Sample 51z€

The sample size of 75 subjects was chosen according 1o “practical
wmitations © The protocol states that 15 subjects per am should be sufficient
10 detect a dJose response trend across the four SAQ-containing arms when
the response rates between the worst and best combination &iffer by 50%.
(type 1 eror is 0 025, reduced for intenm an iook).
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Comment:
A protocol amendment deleted the intenim analysis, therefore, the trend
analysis for dose response used a type 1 error of 5%.

Safety data analysis

The time window for inclusion of safety data (adverse events and
laboratories) was up to 4 days following the final dose of tnal treatment,
except for repc: ing of deaths which was up to 28 days following the final
dose.

8.1.3.2 Results
The 16 week trial penod was conducted from February, 1852 - February,
1993 The double blind extension period lasted from February, 1993 - March,
1993

8.1.3.2.1  Patient Disposition

Of 94 patients enrolied and randomized to study treatment, S2 received
treatment and 80 completed the study. Table 42 shows tha: number of
patients completing 16 weeks of therapy and reasons for withdrawal for those
sutjects who did not complete 16 weeks

Table 42. V-13330 ltaly): Disposition of patients randomized, first 16 weeks.

Treatment Group Randomized Completed 16 weeks Reasons for withdrawal
SAQ 600 mg 20 17 1 never received drug

2 AEAnterciitrent iinass
ZDV 200 mg 18 17 1 never receved drug
Combo-75 18 14 1 pregnancy

3 AE/intercurrent iliness

Combo-200 18 15 1 non-cooperation
1 withdrew consént
1 AEfAintercurrent iliness

Combo-600 20 17 2 AEAntercurrent iliness
1 Conccemitant medication
Total 94 80 14

Source CANDA FSR for V-13330 W-144918 p 29

Double-bling extension phase

Tabie 43 shows the duration of study treatment through the double blind
extension phase Eighty subjects entered the double-blind extension phase
angd 49 subjects completed 1  The number of subjects continuing per
treatment group past week 40 was small There was a lower drop-out rate in
the Combo-600 group as compared to other groups, 13/20 patients
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compieted 40-44 weeks of treatment. At least one patient in each of the 5
treatment groups received more than 52 weeks of treatment before the end of
the double-blind extension phase; 3 patients received 56 weeks of treatment.

Table 43. V-13330 (taly): Duration (weeks) of Exposure to Trial Treatment.

TREATMENT

$AQ $00mg Plrcebo SAQ 76mg  SAQ200mg SAQ €00mg
+ Placebo + IDV + XDV + Zbv + 2DV

Trastment Durabon
{wesks)

0- 4 18 17 18 18 20
»4- B 18 7 16 17 19
»>B.12 18 17 15 17 18
»12-16 18 17 14 16 17
»16. 20 17 14 12 14 16
»20- 24 15 14 12 13 16
»24.78 14 12 12 12 6
»28 .32 13 12 1t 12 15
»32.36 12 10 10 12 15
»35 . 40 12 10 13 0 15
»40 . 44 10 8 [ T 13
»44 . 4B 4 4 4 3 g
»48 .52 3 3 3 2 4
»52 .56 1 1 2 2 2
»56 . 80 [} o] ¢ 0 0

Source. CANDA FSR for V-13330 W144'833. p 56

8.1.25.2 Demographics and baseline distribution

This study differed from many U S clircal trials in that intravenous drug use
was the most common means of HIV transmission in 4/5 treatment arms. In
the fifth arm heterosexual transmission was listed as the most common route
of transmission Thirty of the 92 individuals in the safety/iTT | spulation were
females

Table 44 shows mearn/median baseiine CO4 counts by treatment group.
Median baseline CD4 counts across al! treatment arms ranged from 160 1o
257 cells/mm® At study center Bar, which enrolled 21 subjects (distributed
between the 5 treatment arms), there were several prablems with
Measurements of lymphocytes subsets Due to these problems, Roche
excluded the 21 patents enrolied at Bar in their analyses of CD4. The
decision to exclude these indivicuals was made months before the unbhinding
of treatment groups These problems included

- Inadequate quality controt

- technucal fault leading 10 no processing of samples between 4/24/92 and
5114192

- probable operator emror i diiution of OKT4 FiTC monocional antibody
between 7/3/92 and 7/19/92 (:ntemal check indicated one vaiue was
37% too high)
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Comment:
FDA analysis includes patients from the Ban center. There were nine
patients who had one of their week 0-16 CD4 counts measured during the
two-week time period that was suspect for unreliable CD4 measurements.
These patients were distributed among treatment groups as folfows:

20n ZDV

2o0n SAQ

1 on ZDV/SAQ 75

1 on ZDV/SAQ 200

3on ZDV/SAQ 600
Table 44.  V-13330 (ltaly): Baseline CD4 Counts (cells/fmm3) - FDA, ITT
Population
TREATMENT
SAQ 600mg Placebo $AQ76mg  SAQ 200mg SAQ §00mg
Placebo 2oV zDV ZOV ZDv
INCLUDING BAR!
N 19 17 .8 18 20
Mear 172 168 n7 152 173
Medaa. . 198 172 pa 126 172
EXCLUDING BAR!
N 15 13 14 14 15
Mean 180 155 p7.4) 155 168
Median 210 156 24 155 157

Source’ CANDA FSR for V-13330. W144'918 Table 7 and B, pages 40, 41,

8.2.2.6.3 Activity endpoints

For CD4

Table 45 shows the mearvmedian CD4 changes from baseline at each visit
for ine five treatment groups over the 16 week study period. This data
includes the Bari center CD4 increases in this trial were greater than that
seen in the other European tna!  This trial included treatment naive
individuals and SAQ in combination with ZDV
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TABLE 45. V-13330 (italy): Mean/median changes in CD4 Counts from baseline
at each visit for five treatment arms.

ViSIT! WEEK 1 2 3 4 8 12 16
SAQ 600myg
N 19 19 18 16 18 18 18 .
Mean 37 70 42 a7 a5 49 44
Std Dev 45 60 52 47 72 73 106
Median 47 65 32 kY 18 64 8
ZDv
N 16 16 16 15 13 17 16
Mean 52 49 60 48 37 25 18
Std Dev 81 80 96 B 60 86 73
Median a0 23 32 25 50 10 6
SAQ 075mg-ZDV
N 15 17 18 14 16 14 13 v
Mean 54 20 37 44 78 28 2z
Sid Dev L4 43 67 52 85 7 67
Median 54 22 3z 39 57 11 21
SAQ 200mg-ZDV
N 16 15 16 17 18 15 13
Mean 60 69 56 59 46 53 29
Sid Dev 77 53 T2 75 74 68 S
Median ar 17 51 61 28 47 4
SAQ 606mg-ZDV
N 18 19 18 18 1 18 18
Mein 32 69 82 86 62 ] 101
Sid Dev 43 75 83 95 b4 114 116
Medizn 17 55 61 57 S0 63 69

Source generatec from SAS spphcsbons of CANDA

Table 46 shows mean change in CD4 count from baseline averaged over 13
weeks for the five treatment groups
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Table 46.  V-13330 (ltaly): FDA ITT Population. Mean changes in CD4 from
baseline {celis/mm?®} DAVG-16.

TREATMENT N MEAN 95% C.1.*
SAC 19 44 6.83
Zpv 17 34 7,74
SAQ 75 mg + ZDV 13 36 4,75
SAQ 200 mg + ZDV | 18 43 3,82
SAQ 600 mg + ZDV 20 80 42,117

Source: Kazem Kazempour, SAS appiicabons
Scheffe's confidence intervals

Overall, there was a statistical trend (p=0.059) for a difference between treatment
arms with respect to change in CD4 from baseiline averaged nver 16 weeks No
pairwise compansons achieved stztistical significance however ZDV+SAQ 600
mg showed a trend toward superior CD4 increases frcm baseline compared to
the control ZDV. There was a statistical difference between centers with respect
to CD4 change (See tabie 47)

TABLE 47. Overall Compansons of CD4 analysis (DAVG-16). _

Source DF  Type I S5 Mean Sguare F Value Pr>F -
Treatment 4 22831 42 5707 85 237 00552
Center 4 72210 85 18302 71 759 0 0001

Source Karem Kazempour, SAS applcatons

Wao analyzed the CD4 data excluding the nine patients who had at least one 0-16
week CD4 value measured during the time penod that was suspect for
unreliable measurements A DAV(G-16 analysis (using Roche's method for
calculating DAVG-16. generated from the CANDA) excluding these patients
resulted in lower means for all treatment groups but the conclusions temain the
same The ZDV+SAQ 600 mg dose produced the highest mean increases in
D4 counts averaged over 16 weeks Neither analysis achieved statistical
significance Table 48 compares rnean CD4 changes from baseline including
and excluding these nine individuals
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Table 48. Comparison of DAVG-16 analyses of CD4 including and excluding
rine patients.

Traatment

SAQ 600mg ZOV  SAQ 075mg/Z0V SAQZODmngDV SAQ GDUmngDV
ALL PATIENTS

a 19 17 18 1 20

pean Py 2 . P 88

EXCLUDING #

n 17 % 17 17 7

pean 32 z 0 o 57

Generated using Roche CANDA

RNA PCR

The RNA-PCR specimens were processed afier the study was unblinded,
however those performing the evaluations were kep! blinded 10 treatment
denlities  Table 49 shows the paseline HIV-RNA measurements (i0g
transformed copies/mb)

Table 49. V- 3330 (italy): EDATT population. Baseline HIV-RNA (log

copies/mL).
TREATMENT g
SAQ 600mp placubo  SAQ 75my SAQ 200mg SAQ 600mg
Placebo F4s ) oV oV oV

Basehn’

N 19 17 18 18 20

Mean 52 52 52 5% 53

Median 52 53 53 55 53

Soutce CANDAFSR 13330 wiad933.p9 47

Table 50 shows mean/median changes log rransformed HWV RNA at each
stuay visi for each of the five freatment groups The primary surrogate analysis
period was 16 weeks Patents randomized to the ZDV+SAQ 600 mg
combination achieved the greates! RNA reductions. Combinations of ZDV and
SAQ with SAQ doses lower than 600 mg ud produced similar RNA changes t0
that of ZDV alone 70V and SAQ as monotherapy showed similar RNA
reductions at week 2, however RNA changes ceturned toward baseline more
quickly among those recev.™ SAQ Figure S plots mean changes in RNA from
paseline at each vistt for each of the five treatment groups over 16 weeks of
toliow-up
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Table 50, V-13330 {taly): FDA ITT Population. Mean/median change in Hiv-
RNA PCR {loy copies/mL),

VISITMWEEK 2 4  § 1% 2 ..} 40 48
SAQ 600mg o
N 19 18 19 18 ¢ 11 P 3
Mezn 06 Q4 Q12 42 a7 T4 €3 [ X/]
Mean D8 03 02 01 07 04 43 01
Pilacedo- 20y
N 17 16 17 16 o4 10 9 2
Mean el <5 L5 L6 04 05 02 1
Mecian 06 06 Qs £5 05 D4 -0 01
SAQ 076mg-20V
N 18 15 17 13 & - 5 2
Mean £7 05 05 £5 06 04 05 02
Median a7 45 Q4 Q4 <Qr V4 05 b2
SAQNOmp—ZDV
N iT 17 18 14 7 12 ] 2
Mean 08 08 05 Da 06 L5 04 08
Meqian {8 Q% {5 05 D07 o5 06 -G08
SAOIMQ-ZDV
N 19 AL+ 17 18 r 12 10 2
Mean 18 16 13 R -16 11 07 -3
Meaan 18 18 -1 07 -1 08 D6 -1.3

Source generated from CANDA
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Figure 5.  V-13330 (italy): Plot of log transformed RNA changes from baseline
at each study visit for five treatment arms.
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Source Kazem Kazempour. SAS applcatons

Table 51 shows the mean change in log transformed RNA from baseline
averapged over a 16 week tme penod The ZDV+SAQ 600 mg combinatio
produced the greatest reduction Overall, there was a statistically significant
difference between treatment arms with respect to change in HIV-RNA from
baseline In contrast to that seen for CD4 change, there were no gifferences
between study centers with respect to RNA change (See table 52)
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Table 54. V-13330: FDAITT Population. Mean change in HIV-RNA PCR (log
copies/mL) over a 16 Week Period (DAVG-16).

TREATMENT N MEAN 95% C.I.°

SAQ 19 0.3 07,0

ZoV 17 05 08,-01

SAQ 75 mg + ZDV 18 05 08, -0.1

SAQ 200 mg + ZDV 18 05 -09,-0.1

SAQ 600 mg + ZDV 20 1.3 16.-09 |

Source: Kazem Kazempour, SAS applicatons
Scheffe's confidence intervals

Table 52. Overall comparisons for change in RNA,

Source CF TypellSS Mean Square F Value Pr>F
Treatment 4 10 46 261 1314 0.0001
Center 4 127 032 180 01831

Source Kazem Kazempout, SAS spplicatons

Table 53 shows selected pairwise comparisons groups for changes in RNA
from baseline The ZOV+SAQ 600 mg tid combination was statistically
superior to all other treatment groups for RNA reduction. It is not known if
these reductions in RNA are clinically significant. There was no statisticat
difference between SAQ 600 mg lid alone and ZDV alone.  Although SAQ
appeared to produce similar or slightly better CD4 increases than ZDV, ZDV
appaared to have slightly more activity than SAQ monotherapy in the

suppression of RNA-PCR

Table 53. Selected Pairwise Comparisons of treatment groups{Scheffe's test).

TREATMENT Difterence in Means §5% C.L.*"
SAQ 600 mg + 2DV vs. ZDV 08 -12.-03
SAQ 600 mg + ZDV vs. SAQ 0% -14.-05
SAQ 600 mg + ZDV vs. L8 -13.-03
SAQ 075 mg + 2DV

SAQ 600 mg + 2DV vs. o8 -12.-03
SAQ 200 mg + 2DV

SAQ 600 mg vs. ZDV 01 03,06

**Scheffe's confidence interva's
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8.2.26.4

Safety comparisons
Table 54 below lists the number of patients per treatment group experiencing
adverse events of any intensity and at least remotely related to treatment
duning the 16 week study period. Eveni categories are listed only if more than
one individual in any one treatment group had the event. In general, there
were fewer adverse events on the SAQ monotherapy arm compared to the
ZDV monotherapy arm. SAQ cid not appear to add to the toxicity of ZDV.

Table 54. V-13330: Number (percentage) of subjects with clinical adverse
events at least remotely related to trial treatment.
Listed if expenenced by more than one individual in at leas: one treatment group

EVENT SAQ ZDvV ZDV-SAQ ZDV-SAQ ZDV-SAQ
N=18 =17 75mg 200mg 600mg
N=18 N=18 N=20
ALL BODY 10 (53) 16 (94) 15 (83) 15 (83) 15 (v5)
SYSTEMS
Nausea 2(10) 10 (59) 11 (61) 9 (50) 9 (45)
Abdominal Pain 1(5) 4 (24) 4022) 4 (22) 3(15)
Vomiting 1(5) 2(12) 307 4(22) 2 (10)
Diarrhea 2(11) 1 (6) 4(22) 1(6) 1(5)
Pyrosis 2(12) 2 (10)
Asthenia 2011 2(12) 8 (44) aam 6 (30)
Fever 1(5) 2(12) 2(11) 4(22) 2(10)
Appetite loss aun
Headache . 3(18) S (29! 9(50) 2(11) 2(10)
Dizziness 2(1) 2(11) - -
Folliculitus 1(6) 1(5) 2{(10)
Pruritus 1(5) 2(11) 1(6) -
Erythema 1(8) 2(11) 1 (6) -
Somno.ence 1US) 1(8) 1(6) 1(6) 2(10)
Insomnia - 1 (8) 1 (6) 2(11) -

Source CANDA FSR tor V-13330. W144'918 Tabile 33 pages 84-G8

Adverse events occurring in greatar than 10% (at least two individuals) of
subjects taking SAQ monotherapy included nausea, diarrhea, asthenia,
headache and dizziness Nausea and abdomunal complaints were reported in
more individuals on the ZDV-cortaining arms  There was no SAQ dose
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response relationship for the occurrence of adverse events. Of the events listed
in Table 54, eleven were considered to L2 severe in intensity. Six of the eleven
were classified as unrelated, 2 remotely related, 2 possibly related (nausea) and
one probably related (nausea and vomiting). The events that were possibly or
probably related occurred on ZDV containing treatment regimens.

The most commoniy reported adverse events (occurring in at least 10% of
subjects) among subjacts participating in the double-blind extension phase (day
113 to end of doubie-blind period) were fever (11%) and asthenia (11%).

Deaths
There were no deaths during the 16 week study period or during the double-blind

extension phase of the study

Serious Adverse Events

The final study report states that 9 subjects had serious adverse events during
the 16 week treatment phase Eight were classified as unrelated to study
reatment, one was remotely related (fever). There was one pregnancy that
occurred after 2 weeks of treatment with ZDV + SAQ 75 mg that the sponsor
classified as a serious adverse event In the double blind extension phase, 11
patients were reported to have serious adverse events. Four of these events
occurred m subjects receiving ZDV monotherapy.

Adverse events leading to premature withdrawat

Table 55 lists the patients who withdrew from study secondary to adverse events.
Four patients experienced adverse events which led to premature withdrawal
du:ing the 16 week phase and 5 during the double-blind extension phase. In
add:tion two subjects were removed for pregnancy, one during the first 16 weeks
and ona during the extension phase Four patients discontinued treatment
during the 16 week phase and four duning the extension phase secondary to
laboratory abnormalities (see below)
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Table 55. V-13330: Adverse Events leading to Premature withdrawal during
entire study period. .
Pt.ID Treatment Event(s) leading to withdrawal
114 ZDV-SAQ 75 mg nausea and vomiting
128 ZDV-5AQ 75 mg erythematous rash
am ZDV-SAQ 600 mg CMV gastritis
326 SAQ 600 mg Lymph node TB
427 SAQ 600 mg fever, appetite loss, asthenia, chest pain and dyspnea
321 ZDV 200 mg fever
429 ZDV-SAQ 75 mg epigastnc abdominal pain
401 ZDV-5A0Q 200 mg taver, cough, dizziness, nausea, asthenia, splenomegaly
428 ZDV-SAQ 200 mg leishmaniasis

Source: CANDA FSR for V-13330. W144'918 (16 week oenod) pg. 91 and W144'933 (double-blind

extension) pg. 65.

Laboratory Abnormalities

Table 56 lists the number of patients who experienced marked laboratory
abnormalities during the study The definition of "marked laboratory abnormality

ts the occurrence of a grade 3 or 4 Iaboratory in a subject whose baseline value

was no greater than grade 1 Laboratory abnormalities commonly ascribed to

ZDV use, such as low hemoglobin, elevated MCV, low total WBC, neutropenia

were reported in the ZDV containing arms but not the SAQ monotherapy arm.

Elevated transaminases were reported in all arms except for the combo-75 arm.

Six cases of elevated transaminases were reported in subjects on arms

contatning 600 mg of SAQ
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Table 56.

V-13330: Marked Laboratory Abnormalities.

Markad
Laboratory
Abnormality

Zpv

Combo 7img

Combo 200mg

Combo 600mg

SAQ 600mg

Hemoglobin

Ieucocy'laé

Mcv

wIN N

reutrophils

platelets

reticulocytes
(high)

alkaline
phosphatase

low calcium

high phosphate

N

low potassium

-

low phosphate

SGOT

SGPT

W IN | W

WIIN [N W N

CPK

-

sk

Comments:

Source: generated from CANDA

There was no obvious SAQ dose-related effect on any iabcratory parameters,
although there was a shghtly hgher number of grade 3 and 4 elevations in
SGOT and SGPT in treatment arms containing 600 mg of SAQ in the double-
bind extension phase However the number of patients overall having
fransaminase elevatons was small

bor

normatits n

rem

re withdrawal from the stud

Four subjects prematurely discontinued drug during the 16 week phase
secondary to laboratory abnormalities Three of these four {on ZDV-containing
arms) discontinued treatment secondary 1o anemia. The remaining subject (on
SAQ 600 mg) discontinued therapy due to elevated transaminases. This subject
was a hemophiliac who was hepatitis B surface antigen positive.

Four subjects withdrew from the double blind extension phase because of a
laboratory abnormatity Two patients (on ZDV-containing arms) withdrew for
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anemia and neutropenia. One patient (on SAQ 600 mg) with abnormally low
platelets at baseline withdrew secondary to persistent thrombocytopenia. The
remaining subject (on SAQ 600 mg) withdrew secondary to a grade 4 elevation
of transaminases.

8.2.2.3 Reviewer's Conclusions

This study was designed as a phase 1/2 dose ranging-study comparing both
SAQ as monotherapy and ZDV plus SAQ (at several doses) to a standard ZDV
ronotherapy control in antiretroviral-naive individuals. |t was not designed with
power to detect statistically significant differences between treatment arms.
Roche intended to use this study to explore the activity of several doses of SAQ
in combination with ZDV and to serve as a guide in designing their phase 2 and 3
studies. .

Twelve of the 92 patients (who received drug) discontinued drug or withdrew
from study during the 16 week pnimary surrogate analysis period. However, at
least partial data for 92 patients were available for the CD4 and HIV-RNA
analyses One center (Bari) had poor quality control in the performance of CD4
measurements. Values from samples drawn over one two week period were
suspect. Roche chose to exclude the 21 patients from this center for their CD4
analysts. FDA includes these for reasons stated above in section xx. The
exclusion or inclusion of these individuats does not change the overaii
conclustons regarding CD4 changes

Activity

Both the increases in CD4 and reductions for HIV-RNA in these treatment-naive
patients were greater than that observed in ZDV-experienced patients receiving
the same treatments in other tnals  For both primary activity markers the
ZDV+SAQ 600 mg tid combination showed the most activity. For the analysis
evaluating the mean change in CD4 from baseline, the ZDV+SAQ 600 mg tid
treatment produced the greatest mean increase The CD4 increase from
baseline averaged over 16 weeks for this treatment was approximately 80
celisimm® SAQ alone and ZDV+SAQ 200 mg tid produced slightly greater mean
increases than ZDV alone and the other combinations SAQ combinations. None
of the differences in CD4 changes were statistically significant.

For the analysis evaiuating mean change in HIV-RNA from baseline, the
ZDV+SAQ 600 mg ud treatment produced the greatest mean reduction
compared to all the othar treatments The mean RNA reduction from baseline
averaged over 16 weeks for ZDV+SAQ 600 mg tid was 1.2 log (copies/mL).
These compansons achieved statistical significance. For changes in HIV-RNA,
ZDV with doses of SAQ iess than 600 mg tid produced no greater activity than
ZDV alone ZDV alone produced slightly greater mean reductions in RNA than
SAQ. however this comparnson was not statistically significant.
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Therefore, evaluation of changes in two surrogate markers indicated that
ZDV+SAQ 600 mg produced superior activity compared to ZDV alone, the
"standard" treatment for naive individuals at that time. In addition, lower doses of
SAQ in combination with ZDV showed no greater activity than ZDV alone for
HIV-RNA It is not clear how the activity of SAQ monotherapy compares to ZDV
monotherapy. CD4 changes were slightly greater for SAQ compared to ZDV, but
RNA changes were slightly less

Safety

A smaller percentage of patients randomized to SAQ had adverse events
compared to those randomized to ZDV alone or ZDV combinations. SAQ did not
increase the frequency, pattern or severity of events associated with ZDV.
Adverse events occurring In greater than 10% (at least two individuais) of
subjects taking SAQ monotherapy included nausea, diarrhea, asthenia,
headache and dizziness There was no SAQ dose response relationship for the
occurrence of adverse events

There were a few cases of marked transaminase elevations on SAQ containing
arms  Two patients withdrew from study for this reason. One of these
individuals was hepatitis B surface antigen positive. There was no clear dose
response for elevation of iransaminases The number of patients experiencing
this abnormality were small. and some had underlying diseases that could
contribute to transaminase elevations One should refer to larger data bases to
evaluate the comparative safety of SAQ with regard to transaminase elevations.
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8.2 indication #2 Monotherapy

8.2.1 Protocol 0-13328 {United Kingdom)

"A randomized phase i-ll, double blinded study, to assess the anti-viral activity,
tolerability and pharmacokinetics of oral Ro 31-8959 (hiV proteinase inhibitor) in
previously untreated HIV-infected individuals, either minimatly symptomatic or
with asymptomatic disease and at risk of disease progression, treated at doses
of 25, 75, 200 and 600 mg thnice daily "

8.2.1.1 Protocol
8.2.1.1.1 Objectives
The primary objectives of this study were to investigate the SAQ dose
response relationship as measured by.

1. antiviral and immunolog:c effects at four different dose levels
2. tolerability at four different dose levels, documenting clinica! and
laboratory adverse events

Secondary objectives included assessing the pharmacokinetic profile of SAQ
and investigating the feasibility and usefulness of quantitative viremia titration
and quantitative RNA/DNA. PCR as new laboratory techniques for assessing
the antiviral effects of SAQ

8.2.1.1.2 Design

The design 1s a single center, 16 week, paralle!, randomized, double-biind,
phase 1/2 study with optional double-blind extension periods. The protocol
planned for the enroliment of 40 evaluable patients (up to 60 patients,
expecting drop-outs) Patents were randomized to receive one of the four
foliowing doses of SAQ

-

+ 25mg tid
« 75mgtid
« 200mgtd
« 600 mgtd

Samples for T-celi subsets and p24 antigen were obtained on 2 consecutive
occasions at least 72 hours apart withun the 30 day screening period, the last
sample obtained within 14 days of the patient's first dose. Measurements of
antiviral activity were performed cnweeks 1, 2, 3, 4, 8 12, and 16.

Randomization was stratfied by clinical status asymptomatic vs.
sympiomatic
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Subjects were allowed to continue in the double-blind extension phase if they
showed evidence of stabilization or improvement in markers of disease
activity. One month extensions of therapy were permitted until the database
was ciosed and the blind was broken.

8.2.1.1.3 Population

Eligible subjects were either asymptomatic or minimally symptomatic males
with CD4 counts s 500 cells/mm>. Patients were excluded for any current or
previous AlDS-defiring condition or for previous antiretroviral treatment.
ZDV-experienced subjects would only be enrolled if enroliment into the
protoco! was found 1o be slow or inccmplete. Of note, this protocol excluded
hemophihacs

Comment:

This was the first SAQ protoco! It began in the U.K. before Roche had
submitted therr U.S. IND This protocol had some unreasonable exclusion
cntena. Excluding women and hemophiliacs would currently not be
consistent with FDA recommendations.

8.2.1.1.4 Endpoints
The primary activity endpoints specified in the protocol were.

Immunologic
CD4 lymphocyte counts (absolute and percent), CD8 and CD4/CD8 ratio.

Virologic
p24 antigen, serum p-2 ricroglobulin and neopterin.

Secondary endpoints were changes in quantitative PCR using ptasma (RNA)
and mononuclear cells (DNA) and quantitative plasma and mononuclear cel!
viremta .
Safety endponts included chnical adverse events and laboratory
abnormalites Chnical adverse events were graded on a three point scale,
mild. moderate anda severe. according to the WHOQ grading system

Laboratory sonormatiies were also classified according to a modified WHO
grading system from grade | to Grade IV Grade i toxicity (for nonhemologic
parameters) or grade IV (for hematologic parameters) were considered
severe. necessilating dose interruption or permanent discontinuation of study
arug
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8.2.1.3.5 Statistical considerations
The protocol specified that antiviral activity would be analyzed according to
the following defined responses (nominal dependent variables):

» For p24. 70% reduction (confirmed by a second evaluation 4 weeks
later).
« For CD4: an increase of : 30 cells/mm® (confirmed by a second
evaluation 4 weeks later).
« For viremia a five-fold reduction in either quantitative viremiaor
quantitative RNA/DNA PCR titers confiimed by a second
evaluation 4 weeks later.

Comment:

Our division has discouraged the use of arbitranly defined response rates as
cntena for analyung markers of antiviral activity. Instead, we prefer
comparisons of mean changes from baseline over time. One such analysis is
the DAVG, a weighted average of changes from baseline over time. Although
this protocol was onginally designed to be a phase 1/2 dose-ranging study,
Roche has included a DAVG analysis of CD4 counts in their final study report.

8.2.1.4 Results

The 16 week analysis period of this tnal was conducted from Aug., 1991 through
Nov.. 1992 The doubie blind extension phase was conducted from Nov., 1982
through Feb , 1993

8.2.1.4.1 Patient Disposition

Forty nine patients were enrolled and randomized, 41 completed 16 weeks of
treatment Reasons for withdrawal from study drug prior to week 16 are
described in the Table 57 below Thirty-three of the 40 subjects who entered
the double blind extension phase completed this portion of the protocol. Data
from the double-blind extension phase of the study includes subjects who
received study treatment ranging from 16-75 weeks.
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Table 57. 0-13328: Disposition (first 16 weeks) of Patients Randomized.

Dose group Randomized Completed Withdrawals (first 16 weeks)

25 mg tid 12 3 1 overdose

1 AE/intercurrent iliness

1 administrative (moved away)
1 lost to follow-up

75 mg tid 12 1 1 insufficient therapeutic response
200 mg tid 13 12 1 AE/intercurrent iliness
600 mg tid 12 10 1 overdose

1 administrative (moved away)

Tota! 49 41 -
Source: CANDAFSR for O-13328; W-144'917, p.25.

8.2.1.4.2 Subject Demographics and Baseline Comparability

All subjects were male, 46/49 were Caucasian. The four treatment groups
were comparable with respect to age, race, and weight. The table below
shows the median and mean baseline CD4 counts for each dose group.
Median/mean baseline CD4 counts were higher in the 25 mg and 600 mg
groups compared to the other two treatment arms.

Table 58. 0-13328: Summary of Baseline CD4 Counts (cells/mm3), ITT

Population.
Treaiment SAQ 025mg SAQ 075mg SAQ 200mg SAGQ 600mg
Basehlne®
N 12 12 13 12
Mean 364 230 216 299
Median 75 219 291 340
*Baseiin2 15 Median of Screeming visits and day 1 -

Source CANDA FSR for ©0-13128 W144917, page 36, Table 4A

8.2.1.4.3 Pharmacokinetics

According to Roche's summary, few patients who received the lowest dosage,
25 mg tid, had day 1 SAQ plasma concentrations above the minimum
quantification hmit of 0 5 ng/mL  Some subjects in the 75 mg group and one
patient in the 200 mg id dosing group also had non detectable SAQ
concentrations on day 1 Roche states that, "By Day 28, there had been a
general increase in plasma concentrations at all dosages aithough the 25 mg
tid dosage still only gave detectable concentrations sporadically ™

Comment:
Since individuals in the 25 mg qroup rarely had detectable levels of SAQ,
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this group could be considered as a “placebo control” in some exploratory
analyses.

8.2.1.4.4 Efficacy endpoint outcomes

Immunologic, CD4

Table 59 shows mean/median changes in CD4 from baseline over 16 weeks
of patient visits. Roche defined baseline CD4 as the median of the two
screening assessments plus Day 1. The number of patients per ireatment
arm was small and the standard deviation of mean CD4 values are large.
The only dose group with consistent increases above baseline over the 16
week surrogate analysis period is the 600 mg tid dose. No strong dose
response :s apparent, but the highest dose appears to produce increases
above baseline.

Table 59. O-13328: ITT Population. Mearvmedian changes in CD4 cells from

baseline.
Visit 1 2 3 4 8 12 16
SAQ 25mg
N 10 11 9 11 10 ] &
Mean 20 -3 27 -5 48 46 -6
Std Dev 120 88 165 112 72 90 89
Median -28 14 -22 -26 - -52 -16
SAQ 75mg
N 10 10 ! 12 12 10 1
Mean -14 -3 1" -18 -3 44 -33
Std Dev 27 &0 B4 54 38 47 22
Median -17 -9 -30 A7 -3 -34 -32
SAQ 200myg -
N 13 12 1 10 12 11 10
Maan -7 -1 i 17 21 -17 -23
5td Dev 80 39 74 46 56 92 48
Median K} 7 k14 6 -24 -26 -24
SAQ 600mg
N 9 8 ] 10 11 1" 10
Mean a6 40 25 as 49 16 5
Std Dev 76 28 4] 108 19 15 87
Median 15 3 4 52 3 6 -10

generated trom SAS apphicabons of CANDA
Baseline 15 Medun of Screening Vists and Day !

Table 60 shows the mean change from baseline in CD4 cells averaged over
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16 weeks as calculated by the DAVG-16 metric. Confidence intervals are
included. For all treatment arms, 95% confidence intervals included zero
change from baseline.

Table 60. 0-13328: FDA ITT analysis. Mean change in CD4 celis averaged
over 16 weeks (DAV(G-16) by treatment.

TREATMENT N MEAN 95% C..*
SAQ 25 mg tid 12 3 42,48
SAQ 75 myg tid 12 -20 65, 25
SAQ 200 mg tid 13 13 -56, 30
SAQ 600mg tid 12 33 .12, 78

Source: Kazem Kazempour, SAS applcatons
Scheffe's confidence intervals

Overall, there was a statistical trend (see Table 61) toward a difference in the
4 dose groups with respect to changes in CD4 from baseline. Since the
difference did not achieve statistical significance for the overall comparison,
pairwise comparisons are not included However, there 1s evidence that the
600 mg tid dose was associated wilh increases in CD4 above baseline.

Table 61. 0-13328, FDA ITT analysis. Overall comparisons.
Source DF Type 1SS Mean Square F Value Pr>F

Treatment 3 19785 4€ 6595 15 280 0.0508

Source Kazem Kazempour, SAS applcabons

YiroloQic
Al patients were p24 antigen negative Due to the early stage of disease of most
patients In this trniai few had measurable plasma viremia -

Table 62 shows the mearvmedian baseline RNA in absolute copies/mL and in
log, transformed copres 1t 8130 show mimmum and maximum baseline values
All treatment groups had retatively similar mean baseine log,, RNA levels
ranging from 4 62 to 4 B6 except for the SAQ 75 mg tid group, which had a
mean baseline log RNA ot 5 32 RIs uncenain whether patients with higher or
lower baseline RNA are more Iikely to have greater reductions in RNA in
response 10 antiretroviral treatment  The sensitivity of the RNA assay (200
copies!mL) 15 such that those with the iowest baseline RNA values in each of the
for treatment groups (except for the 600 mg tid group) would not be able to
demonstrate a full log drop in RNA
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Treatment SAQ 25mg SAQ 75mg SAQ 200mg  SAQ 60Cmg

Baseline
N 12 12 13 12
Mean 72.24p 208,972 42,079 58,395
Mean log,, 4.86 $.32 462 478
Median 31,535 166,560 16.830 58,555
Median 450 522 423 4.77
Minimym 840 870 450 3320
Manmum 214 960 712,760 215 580 118,180

baseline RNA value for the 25 Mg tid group was in the Same range as that for the
200 mg tid ang 60 mg tig Broups The numbers of patients in each treatment
Group were smaj| sq resulls shoulid pe nterpreted with caution, F igure 6 piots
changes in HIV RNA trom baselne gver 16 weeks.
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Table 63. 0-13328: ITT population, mean/median change in HIV-RNA from

baseline.
VISIT WEEK 4 WEEK 8 WEEK 12 WEEK 16
SAQ 025mg
N 14 9 8 ]
Mean 03 D2 -03 0.2
Std Dev 05 03 0.2 04
Median 0.1 02 03 03
SAQ 070mg
N 11 12 [P "
Mean 00 01 -01 0.2
Std Dev 04 0% 0.7 C.4
Median 00 01 0.1 03
SAQ 200mg
N 12 12 10 12
Mean 0.0 00 -0 -01
Std Dev 04 02 03 05
Median 00 00 01 -01
SAQ 600mg
N 10 11 10 9
Mean 06 07 02 0.2
Stg Dev oe 07 07 07
Median 07 £5 03 0.2

Source penerated from CANDA
Raseline s Median of Screening Visas and Day 1
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Figure 6. Mean changes in log transformed HIV-RNA over 16 weeks

LOG HIV-RNA
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Source Kazem Kazempour, SAS applications

Table 64 lists mean change in log transformed HIV-RNA averaged over 16
weeks (DAVG-16) with associated 95% confidence intervals. The mean and
95% confidence intervals were below baseline only for the 600 mg tid dose.
There was no clear dose response

Table 64. 0-13328: FDA ITT analysis, mean change in log transformed HIV-
RNA averaged over 16 week {(DAVG-16) by treatment.

TREATMENT N MEAN 85% CJ1*
SAQ 25 mg tid 12 02 -05,02
SAQ 75 mg tid 12 0 -03,04
SAQ 200 mg tid 13 0 0403
SAQ 600mg tid 12 -04 0.7 -0.1

Source’ Kazem Kazempour, SAS spphcatons
Scheffe’s confidence ntervals



NDA 20-628, INVIRASE 80

Overall, there were no statistically significant differences among dose groups
with respect to change in HIV-RNA (see Table 65).

Table 65. 0-13328, FDA analysis. Overall compariscins

Source DF Type il SS Mean Square F Value Pr>F

Treatment 3 3.22 1.07 1.63 0.1958

Source: Kazem Kazempour, SAS applicatons.

8.1.1.4.3 Safety comparisons

For the 16 week safety analyses, *he time window for collection of safety data
was up to 4 days following the final dose of trial treatment. The time window for
reporting of deaths was up to 28 days following the final dose of trial treatment.

Table 66 shows the duration of treatment exposure through the double blind
extension phase. Before the end of the dcuble-blind extension phase, 3 patients
received more than 72 weaks of treatment
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Table 66. 0-13328: Extent of Exposure to Trial Treatment, ITT population.

SAQ dose 25mg 15mg 200 mg 600 mg
Duration (weeks)

0-4 12 12 13 12
>4- 8 11 12 13 12
>8-12 9 12 12 12
>12-16 8 11 12 10
>16-20 7 " 12 10
>20- 24 7 10 11 10
»24 - 28 7 10 11 10
»28 - 32 6 10 10 10
»32-36 5 9 10 8
>36 - 40 5 8 9 6
>40 - 44 4 € 8 €
»44 - 48 4 6 8 5
>48 - 52 3 5 8 5
>52 - 56 3 5 6 5
>56 - 60 2 4 4 4
>60 - 64 2 3 4 4
>64 - 68 2 3 3 4
>68-72 1 1 3 3
>72-76 0 0 2 1
>76 - 80 0 0 0 0

Source’ CANDA FSR foro_133328, W144'932, pg 68

Table 67 shows the number of subjects in the 16 week study portion who
experienced at least one adverse event (at least remotely related) and also
iists specific types of adverse events if reported in at least two subjects
receving any dose of SAQ For the 16 week study and the double blind
extension phase, there was no dose response relationship for adverse events
al least remotely related to trial treatment
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Table 67. Number (%) of Patients with Adverse Events (at least remotely
related) during 16 week trial period.
Specific types of evants are isted if reported by more than one subject
| Event 25mg 75mg 200 mg 600 mg
N=12 N=12 N=13 N=12
Patients with at least one AE, 6 (50) 7 (2 8 (61) 6 (S0)
at least remotely related
nausea 1(8) 2017} -
flatulence 1(8) 1(8) 2(17N
dysethesia 1(8) 1(8)
headache . 2{15) -
[Lrash (pruritic) - 1(8) 1 -
Source: CANDA FSR for ©-13328, Table 26, pp 63-65.

Adverse events for the double-blind extension phase were similar to that of the
first 16 weeks. There were no additional specific types of adverse events
occurring in more than one indwidual except for diarrhea, which occurred in two
patients {25mg and 600 mg group) 1n the double blind extension phase.

Deaths
There were no deaths dunng the 16 week or during the double-blind extension

phase.

erious Adverse Even

Eight subjects experienced adverse events that were considered serious
{reguiatory definition) by the investigator  Four of these occurred during the first
16 weeks of therapy

¢ First 16 weeks

#101 (600 mg) blesding from a cutaneous KS lesion.

« #106(25mg) suicige attemp! with drug overdose (1ook 63 capsules).

. #109 (600 mg) suicice gesture alcohol use, drug overdose (took 40
capsules)

« #122(25mg) putmonary infection with hemoptysis.

+ Double-biind extension

« #19(25mg) Hosp«alization for severe headaches, fever, widespread
artfralgia and skin rash. Was able to resume treatment.

e« #17 (75 mg) Hospitalized for chest pain, attributed to anxiety.

. #12(200mg) Diarrhea abdominal pain, nausea, general malaise and

interruttent fever Hospitalized, with worsening of
existing Ssymptoms, vomiting, and slight shortness of
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breath. Six weeks after withdrawal, the patient
developed severe pyomyositis at three sites, due to a
Straphylococcus aureus infection.

« #14(600mg) fever, rash and malaise, admitted to hospital with fever,
and a maculo-papular rash present all over his body and
on the soles of his feet.

Adverse events leading to premature withdrawal from the study
Four subjects withdrew from the study prematurely during the first 16 weeks

secondary to adverse events. This included two subjects who took overdoses
(#106 and #109), subject #122 who withdrew secondary to a pulmonary infection
after 51/2 weeks of treatment, and subject #129 who developed & maculopapular
rash on day 17 which resolved 1n 5 days, however the patient withdrew from the
study after 6 weeks of treatment.

Two subjects withdrew from the double-blind extension phase secondary to an
adverse event; subject #12 (200 mg) developed severe diarrhea and vomiting.
Subject #18 (200 mg) was withdrawn at the end of week 20 due to persistent
mild peripheral neuropaihy in both hands, first reported as dysesthesia in week
12. The inveshgator reported that there was a possible relationship to treatment.

Laboratory
Roche analyzed the data for “marked laboratory abnormalities” in each treatment

group These are summarized in Table 68 Roche defined "marked laboratory
abnormalities” in this tnal as the occurrence of a grade 3 or 4 Iaboratory value in
a subject who had a normal baseline

Table 68. 0-13328; Number of Patients with Marked Laboratory Abnormalities.

From baseline through the doubie-bind extension phase

Laboratory SAQ 25 mg SAQ T5mg SAQ 200 mg SAQ 600 mg
Phosphate (low} 2 1 1 -
Phosphate (high) 2 1 -

Potassium (low)

1

§ Caicium (low)

1

CPK {mgh)

1

1

Platelets

1

fMCV (hgh

Source CANDA FSR for O-13328

8.2.1.3

This study was a small dose-ranging study in treatment-naive males. it was one

1

Reviewer's Conclusions

- - - R L
CW-144017 (16 week), pg. 71 and W-144'932 (extension phase) pg. 76.
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of the first activity studies of SAQ and was designed as a proof-of-concept study
before initiation of phase: 2 end 3 studies. Patients who were randomized to the
600 mg tid dose of SAQ, the highest dose studied in the first three phase 1/2
dose ranging studies, had a mean CD4 increase from baseline averaged over 16
weeks of 33 cells/mm®. The 85% confidence intervals included zero, therefore
this increase from vaseline did not achieve statistical significance. Comparisons
with lower doses also did not achieve statistical significance for CD4 changes.
However, the study was small and had a low power to detect differences among
treatment arms. There was no apparent dose response; SAQ 600 mg tid was
the lowest dose to show some activity over baseline.

Reductions in HIV-RNA were apparent in the SAQ 600 mg tid dosing group. The
DAVG-16 was -0 4 log Cunously, patients receiving the lowest dose (25 mg tid)
also had some minima! RNA-reduction {DAVG-16=-0.2). Pharmacokinetic data
indicated that patients receving this dose had barely detectable levels. This
degree of reduction could be consistent with variability in the test.

The percentages of nauents experiencing at least one adverse event in the 600
mg tigd group and the 25 mg tid group were both approximately 50%.
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8.2.2 Protocol V-13329 (France)

“A randomized, phase I-Ii, double-blind study, to investigate the anti-viral activity,
tolerability and pharmacokinetics of oral Ro 31-8959 (HIV proteinase inhibitor) in
previously ZDV-treated HIV-infected individuals, treated at doses of 75, 200 and

600 mg thrice daily.”

8.2.21 Protocol
8.2.2.1.1 Objectives
ePrimary
"To investigate the dose response relationship as measured by antivirai
activity and tolerability of SAQ in previously ZDV-treated, HIV-infected
patients ™

Secondary

. To estimate pharmacokinetic parameters after administration of single and
multiple doses of SAQ in HIV-infected individuals.

. To investigate the feasibility of using quantitative RNA-PCR to measure
antiviral actvity of SAQ

8.2.21.2 Design

This was a phase 1/2, 16 week, parallel, randomized, double-blind two-center
study in HIV-infected individuals previously treated with ZDV. Subjects were
randomized to receive one of three doses of SAQ, 75 mg, 200 mg or 600 my
three times daily In the absence of major clinical disease progression, 1
month extensions of therapy were permitted. A total sample size of 45
evaluable patients was planned To allow for drop-outs, it was planned to
enter up to 60 elgible patients into the study, each center was to enroll a
minimum cf 21 evaluable patients

Stratification varigbles .
Patients were stratfied by HIV p24 anugenemia (< 50 pg/mL, > 50 pg/mL), at

least 50% of the evaluable patients were to enter the study with p24 antigen
(ICD) 2 50 pg/miL

Blinding
Blinding of the three dosage groups was accomplished by use of matching

placebo capsules

Amendments

The only amendment 1o thus protoco! invoived changing the timing of a blood
sampie for pharmacokinetic measurements.
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8.22.1.3

Population, procedures
Inclusion Criteria
The study population was recruited from HIV-infected outpatients attending
Hospita! Antoine Beclere or Group Hospitalier, Cochin, France. Each of the
two centers were to enroll 30 eligible patients. To be eligible subjects were to
be HIV infected males or females, age 18 to 65 years old, previously treated
with ZDV (subjects may have become intolerant to or progressed while taking
ZDV or elected to discontinue ZDV), and CDC group il, lll, or IV. Subjects
were required to have a CD4 lymphocyte count » 50 and < 250 cellsfmm3 (on
two separate occasions at least 72 hours apart) and a Karnofsky performance
status of » 60 with normal cognitive function. In addition baseline laboratory
2valuations were required to be within an acceptable range as specified by
the protocol.

Exclusuon Criteria {source' CANDA 16 week SR for V-13329, sections 2.4.3, pg. 13)
neoplasms other than cutaneous Kaposi's sarcoma or basal cell carcinoma

- previous or current ustory of senous chronic systemic disorder requinng treatment in the
preceding 12 months

- intolerable diarthea of duration greatet than 15 days and requiring treatment within 30
days of starting therapy

- pregnancy of lactaton

- current history of senous drug abuse (NB: the yse of methadone was not a.l exclusion
critenon}

- HIV-encephalopathy (HIV-Gemenha, AIDS-dementia, sub-acute encephalitis due to HIV,
and mult-foca! leucoencephalopathy)

- history of psyctuatnc disorders, mciuding non-reactive depression

- ucute senous opportunsbc mfecbons requinng immediate treatment and inclucing
tuberculosis, CMV. ceredral toxopiasmosss and pneumocystis carinii pneumonia

- CMV or an atypcal mycobactenal mfechon requinng secondary chemoprophyians

- abnormal ECG of clinical relevance

- prewvious or current tre=tment with any of the following: ddC, ddl, other experimental
anbretrowrals, or immunomodulators including the interferons

ncomitan 1caton
Medications prohibited were ZDV {(must have been discontinued at least 4
weeks prior to first treatmant with SAQ). ddC, dd! or other experimental
antivirals or iImmunomodulators, ganciclovir, foscamet, drugs known to induce
hepatic enzymes (e g . nfampicin, unless taken regularly for 3 months prior to
start of the study and consistently durning the study), drugs known to cause
systemic toxiCity (e g . myelosuppressive, hepato-, nephro-, or neurotoxic
drugs), systemic treatment with corticosteroids within 30 days of starting
therapy, treatment with any investigational agent, or antineoplastic agents or
radiotherapy (excluding local skin radiotherapy) within 12 weeks of starting
therapy Chemoprophylaxis for P cannit pneumonia, tuberculosis,
toxoplasmosis and candidiasts was allowed (i.e., dapsone, pyrimethamine,
co-trmoxazole, pentamidine. 1somazid, amphotericin, fluconazoie).
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8.2.21.4 Endpoints
The primary activily parameters specified in the protocol were:

Immunologic
CD4 lymphocyte counts (absolute and percent), CD8 and CD4/CD8 ratio.

Virologic
p24 antigen, serum p-2 microglobulin and plasma and celluiar viremia.

Secondary activity parameters were quantitative PCR using plasma (RNA)
and mononuclear cells (DNA) and quantitative plasma and mononuciear cell
viremia.

For safety parameters, chnical adverse events were graded on a three pcint
scale, mild, moderate and severe, according to the WHO grading system.

Comnment:
See comments from previous tnals regarding use of RNA PCR and
preferred methods for analyzing endpoints.

8.2.2.1.5 Statistical considerations
The definition cf the baseline assessmerit was the median of screenings and
Day 1.

As written in the protocol the antiviral activity would be defined according to a
response (nominal dependent vanable),

« Forp24 70% reduction (confirmed by a second evaluation 4 weeks

later)

« For CD4 anincrease of » 30 celissmm® (confirmed by a second

evaluation 4 weeks later) .

« Forvirema a “mearingful reduction in either quantitative viremia or
quantitative RNA/DNA PCR titers confirmed by a second
evaluation 4 weeks later For all analyses involving viraemia
data, logarithmic transforms (base 10} of the individual
assessments were used

For the 16 week safety analyses. the time window for collection of safety
data was up to 4 days loliowing the final dose of tnial treatment. The time
window for reporting of deaths was up to 28 days following the final dose of
{rial treatment

8.2.2.2 Results
The initial 16 week tnia! was conducted between December 1991 and September
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1992. The double-blind extension phase was conducted from March, 1992 to
January, 1993.

8.2.2.2.1 Subject Disposition

16 week period

Of the 61 patients enrolled and randomi.ed ‘o treatment, 58 completed the
study period; three patients withdrew from study drugs prior to completion of
16 weeks. Tabie 69 shows the number randomized to each group and the

reason for withdrawal prior to week 16.

Table 69. V-13329: Disposition of Subjects Randomized

SAQ Dose Randomized Completed 16 weeks Reasons for ‘vithdrawal
75 mg tid 20 18 1 intercurrent iliness"

1 insufficient efficacy
200 mg td 21 21 1 administiative error”
600 mg td 20 20 0

Source: CANDA FSR for V-13328, W144'916 p26
#236 developed cerebral toxopiasmos:s at Cay #6
b #308 was withdrawn after 15 weeks instead of 16 due to an administrative error

Double-blind extension phase

The double-bling extension phase of this protocol was conducted from March,
1992 - January, 1993, atter which some subjects switched tc open-label SAQ.
Table 70 shows the extent of exposure of study drug through the double-blind
extension phase For the first 24-28 weeks, there was little difference among
treatment groups in the number of patients dropping out, however after this
time there was a larger drop-out rate in the 75 mg group compared to the
other groups One patient in each group received more than one year of
treatment

-



NDA 20-628, INVIRASE 89

Table 70. V-13329: Extent of Exposure to Trial Drug, TT population.

Treatment

7Smg 200mg  600mg
Duration
(weeks)

0- 4 20 21 20
>4- 8 16 21 20
>8-.12 18 21 20

>12-16 18 21 20
>16- 20 17 20 19
»>20 - 24 15 19 18
>24 .28 14 16 18
»>28-32 12 15 18
»32 - 36 7 15 15
>36 - 40 7 10 12
>40 - 44 5 8 B
>44 - 48 5 7 7
»48 - 52 4 5 5
>»52 - 56 2 k| 2
>56 - 60 1 1 1
>60 - 64 1] 4] 0

Source CANDA FSR for V-13329. W144'831, pg. 54, Tabie 25.

8.2.2.4.2 Subject Comparability and Demographics

The three treatment groups were comparable with regard to sex and age.
Age ranged from 19-64 years Sixteen of the 61 (26%) subjects were
women Homosexual contact was the most common means of HiV
transmission in all groups and most subjects had a baseline Kamofsky score
of 100 All patients had recewed previous ZDV therapy; the duration of
previous ZDV therapy ranged from 11-1575 days and was comparable in the
three treatment groups. median duration of prior ZDV treatment was
approximately 400 days (416, 395, and 392 days for the 75 mg, 200 mg. and
600 mg groups, respectively) -

The mear/median baseline CD4 counts are shown in Table 71.
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Table 71. V-13329: Summary of Baseline CD4 Counts {cells/rmm3).

Treatment SAQ 75mg SAQ200mg SAQ600mg

Baseline
N 18 21 20
Mean 168 138 132
Median 171 137 i50

Source: CANDA FSR for V-13329; W144'931, pg. 37, Table 4
Baseline 1s Median of Screening vistts and day 1

8.2.2.4.2 Efficacy endpoint outcomes

CD4

Table 72 shows the mearvmedian CD4 changes from baseline for each of the
first seven visits through week 16 by treatment group. Subjects randomized
to the 75 mg tid group showed a (mean/median) decline of CD4 cells through
16 weeks of follow-up Those rancdomized to the 200 mg tid dose showed an
inital gain in mean/median CD4 cells which declined at week 4 for a net loss
at week 16. Those randomized to the 600 mg tid group showed a
mearymedian gain in CD4 above baseline that peaked at week 3-4 but
retumed toward baseline Figure 7 plots mean changes in CD4 cell counts
for each of the 7 visits during the 16 weeks of study.

Table 72. V-13329: ITT population, mean/median change in CD4 Counts
_{celis/imm3) from baseline.

WEEK 1 2 3 4 8 12 16
SAQ 75mg
N 20 19 10 19 19 19 8 -
Mean -8 -13 -12 -25 -28 42 -37
Medan -8 -12 -13 .28 43 -29 -29
SAQ 200mg
N Fi| 21 ra 21 20 21 21
Mean 16 ) 7 17 -17 -26 -18
Median -17 3 1 -19 -24 .2 -25
SAQ 600 mg
N 20 20 18 20 20 20 20
Mean 40 50 50 W 22 26 ]
Median a2 18 30 yq') y 4 15 ]

Source generated ram CANDA. basene s Medsan of Screenung Visits and Day 1
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Figure 7.  V-13329 (France): mean changes in CD4 cell counts {cells/mm?®) from

baseline.
CD4 (cotis/mm3}
50
SAQ 600 mg bd
25
0
SAQ 200 mg bd
25
SAD 7S mg b
-50 T —_
t ) ] 12 16
VISIT-WEEK

Source Kazem Kazempour, SAS applicatons

Table 73 shows mean change in CD4 from baseline averaged over 16 weeks
by SAQ dose groups Only the 300 mg tid produced a mean increase in CD4
cells from baseline over the 16 weeks of study. The mean change from
haseline for this dose was 26 cells/mm’ The lower 95% confidence interva!
for this mean change was greater than zero

Table 73. V-13329: FDAITT analysis, mean change in CD4 from paseline
averaged over 16 week by treatment (DAVG-16).

TREATMENT N MEAN 5% Cl.* '
SAQ 75 mg tid 20 -30 48, -11

SAQ 200 mg tid 21 14 32,4

SAQ 600mg tid 20 26 7.45

Source Kazem Kazempour, SAS appkcatons. Schefie's confidence intervais

There was a statistically signficant difference among treatment groups with
respect to changes in CD4 from baseline. There was no significant
difference betwaen the two canters with respect to CD4 changes (see Table
74)
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Table 74. V-13329: FDA ITT analysis, overall Comparisons.

Source DF Type 1SS Mean Square F Value Pr>F
Treatment 2 33656.23 16828 11 19580 0.0001
Center 1 74 .66 74 .66 0.09 0.7692

Source: Kazem Kazempour, SAS applicatons

Table 75 shows pawwise comparisons between dnse groups for changes in
CD4 counts. SAQ 600 mg tid produced statistically superior CD4 increases
compared to the two lower doses.

Table 75. V-13329: FDA ITT analysis, pairwise comparisons of treatment

groupe.
TREATMENT Differsnce in Means 85% C.1.*
SAQ 600 mg vs 200 mg 40 17,63
SAQ 600 mg vs T5mg 56 33, 80
SAQ 200 mg vs 75 mg 16 -7,.39

Source: Kazem Kazempour, SAS applicatons
**Scheffe's confidence intarvals

In the protocol, the onginal definition of a CD4 responder was a patient who
maintained an increase of 30 cells/mm? for 4 weeks. There was one subject
who achieved a 25 25 response 1n the 200 mg group; this individual did not
maintain an increase of 30 cells/mm3 for 4 weeks. In the 600 mg tid group, 7
indwviduals met the protocol's definitior. of a responder (increase in CD4 of 30
cells/mma3)

HIV RNA-PCR
Table 76 shows the mearvmedian baseline RNA levels for each dosing group
RNA-PCR levels were approximately 50,000 copies/mL in the 75 and 200 mg

td groups and 73,000 copies/mL 1n the 600 mq tid group.
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Table 76. V—13329: IT™ nopulation, summary of baseline RNA PCR (copies/mL).

s -
Treatment g SAQ 200mg SAQ 600mg
Baseline
N 19 21 20
Mean 200,256 142,504 159,264
Mean iog,, 5.30 515 5.20
Std Dewviation 327,853 244 457 234,786
Median 54,454 44 495 72,588

Baseline is Median of Screening visits and day 1
Source: CANDA FSR for V-13329; W144'g31, pg. 47.

Table 77 shows the mean/median changes from baseline of log transformed
HIV-RNA over 16 weeks for each dose group. Figure 8 is a plot of the mean
changes over 16 weeks. This piot contains additional data from weeks 1, 2
and 3. A decrease in RNA was seen transiently at week 3 in the SAQ 600 mg
tid dose group.

Table 78.  V13329: ITT population, mean/median changes from bzseline in iog
HIV-RNA (PCR)

VISIT WEEK & WEEK 8 WEEK 12 WEEK 186
SAQ 075mg
N 18 17 17 16
Mean 02 01 01 0.2
Std Dev 04 04 08 0s
Medan 01 02 01 04
SAQ 200mg -
N 21 19 1% 18
Mean 01 oo 01 04
Std Dev 06 06 06 07
Median 01 01 02 0.2
SAQ 600my
N 19 19 18 17
Mean 02 Q0 02 03
Swd Dev 07 o8 07 0.6
Median 00 00 02 0.2

Source genersted from CANDA
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Figure 8.
weeks

V-13329: mean changes in HIV RNA (log copies/ml) plotted over 16

HIV-RNA (o9 copres/mL)
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Table 78 shows the mean change in HIV-RNA from baseline averaged over
16 weeks. There were no overall reductions in any group.

Table 78. V-13329: FDA ITT anzlysis, mean change in HIV-RNA from baselinu
averaged over 16 week [DAVG-16) by treatment.

TREATMENT N MEAN 95‘/: o A
SAQ 75 mg tid 20 01 02,04
SAQ 200 mg tid 21 01 04,01
SAQ 600mg tid 20 0 06,05

Source. Kazem Kazempour. SAS ppphcatons Schefle's confidence intervals

QOverall, there was no statistically signidficant diterence between dose groups
or centers with respect 10 mean change from baseline in HiV-RNA (see Table

79)
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Table 79, V-13329: FDA ITT analvsis, overall comparisons.

Type 1 SS __ Mean Square F Value Pr>F

Treatment . 2 0.82 0.41 053  0.5807
Center 1 4.87 4 87 6.36 0.0145

Source: Kazem Kazempour, SAS applications

8.2.2.4.3 Safety comparisons

Table 80 shows the number of subjects with at ieast one adverse event at least
remotely related to treatment during the 16 week study period and also shows
specific types of adverse events (listed if occurring in at least two subjects at any
dose). Although the numbers are small, there is no apparent dose-response
relationship for adverse events. Diarrhea is the only event which appeared to
oceur more frequently at higher doses

Table 80. V-13329: Number of patients {percentage) with clinical adverse
events (excluding unrelated) during the 16 week study period,
Sgecific types of events Isted if expenenced by two or more subjects.

Event 75 mg {n=20) | 200 mg (n=21) | 600 mg (n=20)
Total patents with at least one AE 10 (50) 16 (76) 17 (85)
Diarthea 1(5) 4 (19) 5 (25)
Abdominal pain 2(10) 1(5) 2(10)
Nausea 2(10) - 1(5)

Fever 1(5) 4(19) 2(10)
Dizziness 2(10) - -
Enlarged lymph nodes 2110} 2(10) 2(10)
Hypotension, postural 2010 1(5) -
Flushmg 1 (5) - 3(15)

Source CAMNDA FSR for v-13328 . W144'916 Table 28 pg 69

After 16 weeks there were no aadiional types of adverse events associated with
SAQ

Deaths

There were no deaths during the 16 week study period or within 4 weeks of
completion of the study One patient died dunng the double-blind extension
phase This was subject #201 who died secondary to a subdural hematoma that

developed after a fall The fall was atinbuted to his generalized debilitated state.
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Serious adverse events

Five patients {shown in Table 81) had serious adverse events during the initial 16
week treatment phase. None of these events were considered to be related to
treatment. Only one individua! (#236) was removed from treatment during the
first 16 weeks for a serious adverse event.

Table 81. V-13329: Serious Adverse Events-first 16 weeks.

Patient Number/dose Event Relationship

236 (75 mg tid) setzures not reiated
focal brain lesion/ toxoplasmaosis

241 (200 mg tid} diarrhea/microspond:um and not related
cryptospondium

244 (200 mg tia) ana! fissurectomy not related

248 (200 mg tid) cenical conizaton for dysplasia not related

304 (600 mg tid elasuc surgery/scar removal not related

Source’ CANDA FSR for V-13329, W144'916, from text, p74-75.

Thirteen subjects expenenced serious adverse events during the double-blind
extension phase these were unrelated

Adverse Events leading 1o premature withdrawal from the study

From the study imitiaticn through the double-blind extension phase, only one
patient withdrew premaiurely due 1o and adverse event. This was patient #236
who developed seizures related (o cerebral toxoplasmosis on study day #6. Two
additional subjects (#241 and #244) n the 200 mg tid group cited a combination
of insufficient therapeutic response, and adverse events/intercurrent iliness, as
their reasons for withdrawing from the study Subject #231 dropped out for
unknown reasons, during the extensicn phase

Laboratory Abnormalifies
Table B2 shows marked taboratory abnormalities {defined previously) from

haseline 1o the end of the double blind extension phase.



NDA 20-628, INVIRASE

97

Table B2. V-13329; Summary of Marked Laboratory Abnormalities through the
end of the double-blind extension phase.

R e P
LABORATORY SAQ 75 MG SAQ 200 MG SAQ 600 MG
Phosphate (low) 5 4 3
Potassium (iow) 2 3 3
Potassium (high) ¢ 1 (#]

SGOT 0 1 0
CPK (high) 0 1 1
Neutrophils (low) 1 2 0
Reticulocytes (high) 1 0 0

Source. CANDA FSR for v-13329; W-1 44016

and verified with SAS applications for CANDA.

8.2.2.5

This study was one of the
explore activity at various

with statistical significance, tha

SAQ monotherapy. for changes in
there was a mean CD4 gain over 16 weeks of
confidence interval thus CD4 increase was greéa

Reviewer's Conclusions of study
initial dose-ranging activity studies.
SAQ doses. This is the only study that demonstrated,
t SAQ 600 mg tid was superior to lower doses of
CD4 from baseline. For the 600 mg tid dose,
26 cells/mm®. The lower 95%

ter than zero, indicating a

statistically significant increase from baseline CD4.

(16 week) p.79 and W-144'931 {(extension phase) p.66.

it was designed to

There was no apparent mean RNA reduction for any dose averaged over the 16
week period  There was a transient reduction in the 800 mg tid dose that
returned to baseline by week 4

At present 1t 1s unknown
count from baseline for the
reduction in RNA copy number casts doubt regarding the
monotherapy.

There was no clear dose response observed
study There was one active d
dose may be the threshold for a
greater activity

There were no death
related to SAQ over the duration of the s
blind extension A shghtly hugher percentage of i
mg tid expenenced diarrhea There were no ¢on

ose, 600 mg t

at the 600 mg tid dose compared to lower doses

whether the statistically significant increase in CD4
600 mg tid dose 15 chnically significant. The lack of a
activity of this drug as

In the dose range used in this
d This study indicated that this
ctivity Higher doses of this drug may produce

s or senous adverse events that were considered to be
urrogate analysis period and double-
ndividuals receiving SAQ 600
sistent laboratory abnormalities
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8.3 Other Studies
8.3.1 EV 14757

8.3.1.1 Protocol Summary

This is an ongoing, single center, open label, dose-ranging study. conducted
under an investigator IND (T. Merigan, M.D., U.S.A.) at Stanford University. To
be eligible patients were required to have CD4 cell counts betwaen 200 and 500
cells/mm® and no more than 12 weeks of prior therapy with ZDV. Those who had
previously taken nucleosides other than ZDV were excluded. Patients were
sequentially assigned to one of 2 treatment groups:

» SAQ 3600 mg daily dose (600 mg g4h)
» SAQ 7200 mg daily dose (1200 mg g4h).

By June 1, 1985, 20 patients had enrolled (19 male and 1 female) into the SAQ
3600 mg arm and had received treatment ranging from 17-67 weeks (median
35), while 21 patients (all male) had been entered into the SAQ 7200 mg
treatment arm and had received treatment ranging from a duration of 2-56 weeks
(median 25). Although these patients were allowed up to 12 weeks of previous
ZDV treatment. The majority were treatment naive.

8.3.1.2 Pieliminary Data

Activity

From preliminary data, Roche reporis {in an NDA update) that the 3600mg/day
and 7200mg/day doses of SAQ produced greater increases in CD4 cell and
greater reductions in HIV-RNA than that of the 600 mg tid dose (1800mg/day).
(See Figure 9 under section § 1 1 for a plot of log transformed SAQ AUCs vs.
log,, change in RNA, courtesy of Roche )

Safety -

Table 83 shows the advarse events (ail intensities) that occurred among patients
enrolied in the two treatment arms These are compared to event rates in a
pooled group of treatment naive patients who had received SAQ 1800 mg/day in
two European studies (0-13328 and V-13330) Since these were separate
studies with different designs (European studies were double-blind and EV14757
was open-label) and since the median duration of treatment in the European
studies was greater than that in EV14757, comparisons should be made with
cautton In summary, events involving the gastrointestinal system, specifically
diarthea, nausea and abdominal pain appeared to occur with greater frequency
in both the SAQ 3600 mg/day and 7200 mg/day groups ~ompared to the 1800

mg/day group
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Table 83. Number (%) of patients with AEs of all intensities excluding
unrelated. Listed if at least 10% in any treatment group Includes
data up to June 1, 1995

ADVERSE EVENT SAQ 1800 mg* SAC 3600 mg SAQ 7200 mg
N=32 N=20 N=21

Median Durstion of exposixe 44 wks 35 wks 25 wks
ALL BODY SYSTEMS
Total Patients with at least 20 {(63) 18 (90) 14 (67)
one AE
Total number AEs 90 92 62
GASTROINTESTINAL DISORDERS
diarrhea 5 (16) 9 (45) 10 (48)
abdominal discomfort 2(6) 7 (35) 4(19)
nausea 5 (16) 5(29) 7 (33)
abdorminal pain 2(6) 3(15) 1(5)
Mucosa Damage - - 3(14)
Tocth disorder 4(125) 1(5) -
CENTRAL AND PERIPHERAL
NERVOUS SYSTEM
headache 4(13) 6 (30) 3(14)
dizziness 3(9) 5 (25) 4 (19)
confusion - 2(10) -
numbness extremibes - 2(10) -
GENERAL DISORDERS
asthera 6 (19) 7 (35) (14)
$KN AND APPENDAGES
tash 2(6) 3{15) 1 (5)
RESPRATORY DISORDERS
Rhnts () 4 (20) 3(14)
Cough Im (15 1(5)
OTHER
Micturmbon disorder oy 5 (25) 1 (9

Heart Rate Disorder 2 (6) 2(10) 1(5)




NDA 20-628, INVIRASE 100
ADVERSE EVENT SAQ 1800 mg* SAQ 3800 mg SAQ7200 mg
N=32 N=20 N=21
Madian Duration of sxposure 44 wks 35 wks 25 wks

MUSCULOSKELETAL SYSTEM

myalgia 1(3) 2(10) 1(5)

musculoskeletal pain 4(20) -

arthralgia 2(10) 1(15)

PSYCHIATRIC DISORDERS

insomnia 2(6) 3(15) 1(5)

Source: Safety Update pg B8-92, table 14 and CANDA

*Pooled from studies 13330 and 13328

Serious Adverse Events

There was only one serious adverse evert in EV14757, a suicide attempt at the
high dosage group (7200 mg)

Laboratory Abnormaliues
Table 84 lists the marked laboratory abnormalities in EV14757 as compared to

individuals receiving 1800 mg a day in studies 0-13328 and V-13330. There was
no obvious dose related changes in laboratory abnormalities over this dosage
range. Roche has defined marked iaboratory abnormalities as a shift in 3 toxicity
grades, i.e., a grade 3 or 4 abnormality in subjects with a normal baseline or a
grade 4 abnormality in a subject with a grade 1 abriormality at baseline.

Table 84, Summary of Marked Laboratory Abnormalities in EV14757 compared
to data pooled from European studies.
Marked Laboratory Percantage of Patents with Marked Laboratory Abnormalities
Abnormalities
1300 mg 3§00 mg 7200 mg
n=32 n=20 n=21
High CPK 1 0%) - 1 (5%)
Low Phosphate 8 (1%} - ‘
High ALT 2(8%) - 1(5%)
High AST 2 (%) - 1 {5%)
Low Potassium I ) -
High caloum 10%; . _
Low calcium . 1 (5%2 -
—

R
Source Safety update, Appenda 15 end CANDA
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8.3.2 SV14604

8.3.21 Protocol Summary

SV14604 is an ongoing double-blind, international, randomized, paralie! study in
HIV-infected patients with pre-entry CD4 counts between 50 and 350 cells/mm?®
and with less than 16 weeks of prior ZDV treatment. There are 4 treatment
arms:

« ZDV monotherapy (200 mg),
« ZDV +ddC (C.75 mg).
+ ZDV + SAQ (600 mg)
» ZDV +ddC + SAQ (triple combination).

8.3.2.2 Preliminary Safety Data

By the clinical safety data cut-off on June 1, 1995, 1348 patients (82% male, B5%
white, with ages ranging from 17 to 73) had entered the trial. The study remains
blinded. In response to ACTG 175 results, a recent SV14604 protocol
amendment has stopped enroliment into the ZDV arm and switched those
patients already enroiled to ZDV monotherapy to triple combination therapy.

There were four deaths, all were judged unrelated to study treatment. Of the 83
serious adverse events 24 were considered to be possibly or probably related to
study treatment These are listed in Table 85.

Forty-four (44) patients withdrew from the study secondary to an adverse events:
most of these events were nausea and vomiting {19), headache, fatigue o¢r
hematoiogic abnormalities These are adverse events commonly ascribed to
ZDV.
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Table 85. SV14604, Serious Events possibly or probably related to study

-

allergic reaction
pancytopenia
agranulocytosis®
nautropenia, phlebits
hepats

iver enzyme disorder

treatment.
Possible Probable
anemia (3 cases) anemia (6 cases)
conviuisions esophagea) viceration
fever, vomibng, headache pancreatitis
suickle attemnpt penpheral neuropathy

Source Safety Update Appendu 16
*it 15 unciear from the case report form if thes s truly agranulocytesis; drug was discontinued for grade
3 neutropenia; also staled on the case report form 1s possible ZDV agranulocytosis.

8.3.3 SV14788 (Rollover Protocol)

8.3.3.1 Protocol Summary

This 1s an open-label. international noncomparative safety study for individuals
who have previously taken part :n other Roche sponsored studies (except
NV14255 which has its own rollover protocol) All patients in this protocol
receive SAQ 600 mg tid. with the exception of patients entering from the
discontinued SAQ 200 mg + adC arm from protocol NV14256, who were given
the following 4 treatment options  no treatment, SAQ 600 mg tid, ddC.0.75 mg,
or SAQ 600 mg tid plus ddC

8.3.3.2 Safety data

By the cut-off date of June 1. 1995, a totat of 210 patients {mainly white
Caucasian B5% and male 88% with ages ranging from 21 to 69) had entered the
tnal

There were 4 deaths, all considered unrelated to study treatment and re!ated (o
AIDS A total of 19 senious adverse events were recorded ;, 4 were considered at
least remotely related to treatment (shown in Table 86). Patent #1351, who
developed Stevens Johnson Syndrome. was reported in a 10 safety report (see
section 10 1.2)
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Table 86. SV 14759:_ Serious ddverse events at least remotelx related.

Patient iD Trmmm Eventioutcome Relationship

147211115 SAQ {(+ZDV) | hospitalized for fever ramote
resolved after drug discontinued

14736/1351 | SAQ Stevens-Johnson syndrome possible
tesolved

14798/1354 | SAQ® +ddC neutropenia remote
resolved on neupogen

14798/1601 | SAQ decreased visual acuity/macular stppling remote
conbnued

Source: Safety Update pg 85
*received 200 mg SAQ

Patients Withdrawing for Adverse Events

Three patients withdrew for adverse events or laboratory toxicities. This included
patient #1351 with Stevens-Johnson syndrome, one patient (#14751/0007) with
vertigo and nausea (remotely related) and one patient (14797/1482) with
elevated liver enzymes and thrombocytopenia (unrelated).

8.3.4 NV14802 (NV14255 Rollover Protocol)

8.3.4.1 Protocol Summary

This 1s an U.S. multicenter, open-label. noncomparative safety study for patients
who had previously participated in study NV14255. Patients are receiving SAQ 600
mg + ZDV 200 mg + ddC 0 75 mg At the clinical cut-off date, a total of 190 patients
(176 males and 14 females) were entered into the study.

8.3.4.2 Preliminary Safety Data

There were 2 serious adverse events The first, considered unrelated to study
treatment, was a patient hospitahized for a coloric resection of a stricture secondary
to CMV colitis  The second was a patient {15906/102) who required hospitalization
for pancreatitis and subsequently died The pancreatitis was attributed to infection
with MA| and was not cons:dered reilated to study treatment.

Three patients died prior to June 1, 1985 in addition to patient #102 with
pancreatitis, a patient (14935/174) died from pneumonia and pulmonary KS
(unrelated) and the third (#14998/51) from PCP and Klebsiella bacteremia
(unrelated)

In this ACTG 229 roli-over protoco!. 7 patients withdrew for adverse events, reasons
for withdrawal are known for 4 of the 7 These are. leg cramps (possible), elevation
of LFTs (remote), peripheral neuropathy (probable) and glucosuria (possible).
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8.3.5 Summary of safety data from ongoing studies and roll-over protocols
Safety data from EV14757 showed that higher doses of SAQ are associated with the
same types of adverse events as reported for 600 mg tid dose. However higher
doses may be associated with a higher frequency of some gastrointestinal adverse
events, such as diarrhea, nausea and abdominal pain.

The safety data that Roche submitted from the ongoing trials, which include roll-over
protocols, were serious adverse events, deaths and withdrawals due to adverse
events. For study SV14604, these were reported in a blinded-fashion. Most of the
events reported from this study and the roli-over protocols are those which have
been associated with the use of ZDV and ddC (which were used concomitantly in
SV14604 and in some patients in roli-over protocols) or are events, such as liver
enzyme abnormalities, that have previously been described in completed SAQ trials
The excepiions are two serious adverse events reported in SV14788. The first was
a patient with Steven's Johnson Syndrome (possible relationship according to the
investigator) and the second was a patient with decreased visual acuity and macular
stippling (remote relationship) The case of Steven's Johnson Syndrome is included
under adverse averits in the product label.
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9 Overview of Efficacy-Activity
in the past, accelerated approval for antiretroviral drugs has been based on changes
in antiviral activity as measured by changes in CD4 counts. In this case, approval of
the applicant's proposed indication for SAQ in combination with nucleoside
analogues is based on changes in CD4 cell counts and plasma HIV-RNA. Roche
has agreed submit efficacy data with clinical endpoints in an NDA supplement as
pan of their accelerated approval commitments for SAQ.

9.1  General Issues

The poor bioavailability (4% with food, in heaithy volunteers®) of the SAQ hard
gelatin capsule (HGC) formulation, has been an obstacle in the development of
SAQ The three phase 1/2 European dose-ranging studies did not establish a
maximally tolerated dose using this formuiation, nor did they demonstrate a clear
dose response or plateau of antiviral activity. The 60(: mg tid dose was the only
dose showing activity in these tnals Consequently, after preliminary data from
these trials were available, FDA advised Roche to inciude exploration of higher
exposures of SAQ in their development plan.  They acknowledged the importance of
this i1ssue but decided 1o nitiate phase 2/3 studies with SAQ 1800 mg/day, HGC.
Based on preliminary results from their Italizn study, Roche interpreted the activity of
600 mg tid dose of SAQ to be reasonably comparabte to that of ZDV in naive
patients Therefore, they decided not to delay the initiation of phase 2 and 3 studies
pending the development of a formulation with improved bioavailability. At that time,
Roche stated that it was not feasible 10 either cornmercialize or study, on a large
scale, doses greater than 1800 mg/day (SO0 mg tid) of the poorly bicavailable HGC
formulation for the following reasons

1) manufacturing imitations and
2) patient accepw.:: dy of taxing a large number of capsuies to achieve higher
exposures

As the phase 2 and 3 program with the HGC at 1800 mg/day began, Dr. T. Merigan,
iniiated an open labe! study, EV14757, using higher doses of SAQ under a separate
IND Inthis study 41 patients were assigned to either 3600 mg/day or 7200 mg/day
of SAQ, HGC After substantial enroliment of two phase 3 tnials, preliminary data
from EV14757 became available. suggesting greater antiviral activity in patiants
achieving higher plasma AUCs of SAQ

Figure 9 1s a plot of average :ag,, RNA reduction vs 24 hour log transformed AUCs
11 15 nawve (mostly) individuais raceving SAQ monotherapy in EV14757. Overall,
subjects receiving 7200 mg/day achiaved higher 24 hour AUCs than those receiving
the 3600mg dose Higher plasma AUC,,s were associated with greater reductions

* Data is lacking with respect to the bioavailability of SAQ in HIV-infected
individuals
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in viral RNA. The box in the upper right corner represents an estimated area of
exposure-response for the proposed dose of 600 mg tid. According to the phase 1/2
studies, average AUCs at this dcse were approximately 2000 ng.hr/ml (range 400 to
2700), average reductions in viral load range from zero to less than 0.5 log RNA
copies/mL. This plot gives an indication of the limitations of the current formulation
at the proposed dose and also the future possibilities of higher exposures with
improved formulations.

Fig. 8. Exposure response curve for SAQ.

Exposure-Response Curve
SAQ monotherapy/EV14757

seamm CLE LV g

Source Courtesy of Roche, NDA updste (109%95) Fg 2 pg 4. Box estmating aree of AUC and RNA
changes for proposed dose was added by FDA medial tevewsr

9.2  Activity, Combination Therapy

The activity of SAQ in combination with nucieoside analogues was demonstrated in
three randomwzed, double-blind tnals A summary of mean changes in CD4 counts and
HIV-RNA trom baseline averaged over 16 week: are graphically dismayed for the
treatment arms of interest in Figures 10 and 11, respectively Bars represent 95%
confidence intervals around the mean

CD4 cell coynts
For naive patients (ltalian study) treatment with ZDV+SAQ produced greater mean
increases in CD4 cells than the control treatment, ZDV. Since the humber of patients
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per treatment arm in this study was small and the variability of CD4 measurements was
substantial, confidence intervals are large and overiap. For ZDV experienced patients,
the triple combination (ZDV+ddC+SAQ) produced greater increases in CD4 counts than
the control treatment, ZDV+ddC. In ZDV experienced individuals in study NV14256,
patients randomized to ddC+SAQ had greater mean CD4 increases (DAVG-16) than
the control treatment ddC. For the latter two trials both comparisons of interest
achieved statistica! significance.

Fig. 10. Saquinavir combination regimens. Mean changes in CD4 from baseline
(DAVG-16) compared to controls (with 95% confidence intervals).

-100 -50 0 +50 4100
V-13330 o
ftaly .

ZDV+SAQ
ZDV+SAQ
ACTG 229 ZDV+ddC+SAQ
us
IDVeadC
SAQ
NV14256 .aC
N Amer 60C+SAQ

Source: Kazem Kazempout SAS apphcatons

HIV-RNA

For antiretroviral nawe patients (ltahan study), ZDV+SAQ produced greater mean
HIV-RNA reductions compared to the control treatment, ZDV. For ZDV-experienced
patients n ACTG 229, the tnpie combination produced greater RNA reductions from
baseline than ZDV+ddC In the North American study {(NV14256;), ddC +SAQ
produced greater RNA reductions than the control treatment ddC. All of the above
compansons achieved statistcal signdicance (see Fig 11) At present it is unknown
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if these increases in CD4 counts or decreases in plasma RNA copy numbers confer
clinical benefit.

Fig. 1. Mean Changes in HIV-RNA with 95% confidence intervals. Saquinavir
combinations compared to controls.

Mean change log HIV-RNA
.20 15 40 05 00 +05 <10
SAQ - -~
V-13330
ZDv - m'y
ZDV+SAD
sAQ NV14256
coC+SAQ - N. Amer.
MC ..
+SAQ
v ACTG 229
2Dv-0aC us.
2DV-06C+SAD
Source Kszem Kazempour, SAS apphcetons
] | compar ination r

A companson of surrogate marker data across studies demonstrates that the activity
of SAQ combination regimens was attributable to SAQ plus a nucleoside analogue
that patients had not previously received Two examples illustrate this point. The
first example is a companson of the activity of SAQ plus ZDV (in patients who were
ZDV-naive) versus the same regimen in patients who had received prolonged
treatment with ZDV (in other words, adding SAQ to a continued regimen of ZDV).
These two groups of patients with very similar baseline characteristics, except for
prior ZDV use, had different surrogate marker responses to ZDV+SAQ treatment.
Table 87 shows the baseline charactenstics for naive patients receiving ZDV+SAQ
in the ttalian study and for ZDV-experienced patients receiving the same regimen
in ACTG 229 Figures 12 and 13 show the CD4 and RNA changes respectively for
patients receving ZDV+SAQ in two studies. Both RNA reductions and CD4



NDA 20-628, INVIRASE

109

increases were greater among patients who had not previously received ZDV.

Table 87. Baseline characteristics for two treatment arms in ACTG 229 and

NV14256.
Bascline ACTG 229 NV14256 |
Triple ZDV+ddC+SAQ ddC+SAQ
CD4 (median} 146 156
log,,RNA (median) 48 53
Prior ZDV use (median days) 647 435

Source: excerpted from Tabies 6, 26, 27 above.

Fig. 12. Mean changes in CD4 from baseline in patients receiving ZLV+SAQ in
studies V-13330 and ACTG 229.

Mean CD4 change

ceils'/mm)
125
Naive
100
. |
S0
25
0 Expenenced
-25
] . ]
0 4 [ 12
VISIT/ WEEK

Source: Kazem Kazempour SAS applicabons
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Fig. 13. Mean changes in HIV-RNA in patients receiving ZDV+SAQ in studies V-

13330 and ACTG 229.
es/m
:;1 " Mean log HIV-RNA change
O =y
__.____{’-/‘1/-' -
05 ; Experienced
as / Naive ]
0 4 8 12 16
VISIT/ WEEK

Source: Kazem Kazempour SAS applications.

The second example is a situation in whrch continuing ZDV in an triple combination
with ddC+SAQ offered no addimional activity compared to a double combination of
ddC+SAQ. A companison of the triple combiration ZDV+ddC+SAQ in ACTG 229
and the double combination ddC+SAQ in NV14256 illustrates this point. Table 88
show that patients in both studies had similar baseline prognostic characteristics.
Both study arms had proionged prior treatment with ZDV. Figures 14 and 15 show
the CD4 changes and RNA changes from baselhine, respectively. In both cases, the
plots ¢f these changes are overlapping, indicating a nearly identicadl response.
Therefor, continuing ZDV appeared 1o add no additional acticity to the ddC plus SAQ

combination.

Table 88. Baseline characteristic of patients receiving ZDV+SAQ in two studies.

Baseline ACTG 229 V-13330
2DV-expenenced Naive
CD4 (median) 155 172
log,,RNA (median) 49 53
Prior ZDV use (median days) ny 0

Source excerpted from Tables 6, 44, 49 above
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Fig. 14. Mean changes in CD4 from baseline for triple combination vs.
double combination in studies ACTG 229 and NV14256, respectively.
Celsfmm3
)
Mean CD4 changes
50
ddC+SAQ
40
0 ZDV+ddC+SAQ 1
20
10
4 aﬁ 12
VISIT/ WEEK

Fig. 15. Mean Changes in HIV-RNA for triple combination vs. double combination
in two studies in ACTG 229 and NV14256, respectively.

Celuimm) 1
tog,, RNA (mean)
0
05 'ddC'SAO -
|
ZDV+egdC+SAQ

10

15

VISIT  WEEx

Source for Figs 14 and 15 Kazern Kazempour, SAS applications.
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9.3 SAQ Monotherapy

In clinical trials SAQ 600 mg tid monotherapy was compared to ZDV monotherapy, ddC
monotherapy and also lower doses of SAQ (25, 75 and 200 mg tid) in dose-ranging
trials. Figures 16 and 17 show mean CD4 changes and HIV-RNA changes (DAVG-16),
respectively, for SAQ monotherapy arms in 4 clinical trials that included SAQ
monotherapy arms.

Fig. 16. Mean CD4 Changes averaged over 16 weeks. Monotherapy Comparisons
in 4 trials,

Mean CD4 changes averaged over 16 weeks

-100 -50 1] 50 100 150

SAC 23 mg
SAOTSmg . 8—:(3328
SAQ00mg . . o
SAQ 800 mg
SAD 78 mg
V-13328
S40 200 my France
SAQ 800 mg
SAG 600 mp V-13330
ttaly
0V
SAQ 800 mp
NV 14256
asc N Amer

Source Kazem Kazempout SAS apphcadons
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Fig. 17. Mean changes in HIV-RNA (log) averaged over 16 weeks. Monotherapy

comparisons in 4 trials.

Mean Changes in HIV-RNA (log)
20 15 10 05 0 05 10
—— SAQ 25 mg
0°13325 s‘Aa’s"‘ _
UK —— SAQ200mg
e —  SAQ 800 mg
V13329 ~ - SAQTSmg
France
SAQ200mg . - —
-A-—-SAQ!-DOmgI
V-13330
Italy333 SAQ 800 my
v
NV14256 SAgsoomg
N Amer .. DOC

Source: Kazem Karempour. SAS apphicabons

SAQ 600 mq tid compared to lower doses

As stated in section 9 1 above. statistically there was no apparent dose response
for SAQ at doses less than 600 mg tid The 600 mg tid dose appeared to be the
lowest dose with discemible activity  In the two dose ranging monotherapy studies
(0-13328, UK and V-13329. France), mean CD4 changes for SAQ 600 mg tid were
33 celis/mm® (C.l -12. 38) n ZDV naive individuals and 26 cells/mm’® {C.1., 7, 45) in
ZDV-expenenced mdividuals With respect to CD4 increases, SAQ 600 mg tid was
statistically supenor 1o lower doses only in the French study. These studies were
designed for “proof-of-concept™ and not with the intent of detecting signicant
differences

For changes in HIV-RNA_ the 600 mg i@ dose of SAQ generally produced greater
reductions than lower doses. however the response was minima! and short-lived,
retuming to near baseline by 12 to 16 weeks. Mean change averaged over 16
weeks (DAVG-16) was -0 4 log copies/mL (C 1., -0.7, -0.1) in ZDV-naive patients
and 0 (C.1., -0.6. 0 5) n ZDV-expenenced patients
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SAQ monotherapy compared to nucleosides.

Two trials compared treatment with SAQ monotherapy to nucleoside monotherapy.
In V-13330, SAQ 600 mg tid was compared to ZDV 200 mg tid in ZDV naive
individuals. In NV14256, SAQ 600 mg tid was compared to ddC 0.75 mg tid in ZDV-
experienced individuals. In both cases SAQ produced somewhat greater CD4
increases but less reduction in RNA than the monotherapy controls (see Table 88).

Table 88. Mean CD4 and HIV-RNA changes averaged over 16 weeks for SAQ

monotherapy and nucleoside anal_ogue controls in two studies.
Study Regimen CD4 Change (95% C.l.} HIV-RNA change
(95% C.1.)
V-13330 | SAQ600mg td 44 (6. B3) 0.3 (-0.7,0)
2DV 34 (7. 74) -0.5(-08,-0.1)
NV14256 | SAQ 600 mg bd 16 (5.27) -0.1(-0.2,0)
ddC 6(-5.17) -0.3(-04,-02)

Source excerpted from Tables 29. 33. 46 and 51

9.4 Activity, Overali Conclusions

Initiating SAQ in combination with ZDV (in ZDV-naive patients) or with ddC in ZDV
experienced patients produced greater activity than initiating ZDV or ddC as
monotherapy respectively In ACTG 225 the triple combination of ZDV+ddC+SAQ
appeared to be no better than the ddC+SAQ combination in NV14256 for ZDV
expenenced patients The activity of this triple combination in ZDV-naive patients is
presently unknown but being stucdied in Roche's international study, SV14604.
Therefore. it appears that SAQ/nucieoside combination regimens produce superior
activity compared to the same regimens without SAQ. However, the concomitant
nucieoside should be one 1o which the patient has nat had substantial prior exposure.
h may be reasonable to consider extrapolating the data for SAQ plus ZDV orddC to use
with other nucieosides, although. no data are available for evaluating the safety or
activity of these other combinations

The activity of SAQ as monotherapy appears to be less than that in combination with
a nucleoside SAQ 600 mg tid appeared to be more active than jower doses of SAQ
based on CD4 changes in the French study. although, the mean RNA change averaged
over 16 weeks for this dose group was zero in thus study . it is difficult to assign a rank
order for the activity of nucieosides compared to other available drugs. SAQ produced
comparable to slightly better CD4 changes compared to ZDV and ddC but less
reduction in plasma RNA
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10 Overview of Safety

The database ciosure date for the original NDA submission was Jan. 2, 1995. A safety
update included 5 additional months of data up to a closure date of June 1, 1995. Table
B89 shows the number of individuals receiving SAQ 600 mg tid as monotherapy or in
combination with nucleoside analogues in controlled, comparative clinical trials submitted
to support the proposed indications.

Table 89. Subjects receiving Saquinavir in clinical trials included in the original
NDA submission.

Studies Number of Patients
Monotherapy European studies, NV14256 210
SAQ + ddC NV 14256 147
SAQ + ZDV ACTG 229, Vv-13330 119
SAQ + 2DV + ddC ACTG 229 98
Total - 574

Source;

In addition to the subjects listed in table B9 above, Roche submitted safety data up to June
1, 1995, from several ongoiNng comparative tnals, dose ranging trials and roll-over protocols
including’

« EV 14757, an open label, dose-ranging study evaluating higher daily doses of

saquinavir.
. SV14604, a large international phase 3 tnal

+ SV14788. a roll-over protoco! for individuals discontinuing study drug in a
comparative phase 3 trial -

. NV14802 a roli-over protocol for those patients who had participated in ACTG 229.

The data available from the ongoing trials are stil blinded (except for EV14757 whicri is
open-label), and includes only deaths. sernous adverse events and events leading to
premature withdrawals Preliminary safety data from these trials were discussed under
section 8 3 “Other Studies™ The number of patients included in the safety data base
participating in the ongoing clirucal tnals 1s isted in Table 90.
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Table 0.  Safety data base from ongoing trials at time of data base closure {June

1995).
Protocol Numbert included, as of June 1, 1995
NV 14256 Surrogate Analysis cohort (unblindsd)
ddC 145
SAQ 159
SAQ + ddC 147
NV 14256 Remaining patients (blinded data} 497
NV 14256 Discontinued arm (unblinded) 108
SV14604 (blinded) 1348
Svi4ras 208
NV14802 190
EVI&TS7
3600 mg/day 20
7200 mg/day 21
ICC 001 232

Source. Salety Update, pg 12

10.1 Significant Adverse Events

The types of adverse events that occurred among individuals receiving SAQ either
alone or in combination with nucleoside analogues was consistent across trials. The
most frequent adverse events excluding those termed as "asthenia” (which is a
generalized feeling of fatigue) were events categorized under the gastrointestinal
system Diarrhea, abdominal pain, abdominal discomfort, and nausea were the most
frequent events associated with SAQ or SAQ containing regimens (excluding events
known to be associated with ddC or ZDV) The only specific adverse event type that
appeared 1o be more frequent on SAQ-containing arms was diarrhea. In study ACTG
229, diarthea of any intensity and at least remotely reiated occurred i 46% on of
subjects on ZDV+SAQ and 33% receiving ZDV+ddC+SAQ compared lo 28% receiving
ZDV+ddC In NV14256, diarrhea occurred in 16% of individuals on SAQ, 12% of
individuals on ddC+SAQ and 4% on ddC alone In NV14256, all of the cases of
diarrhea were either mild or moderate, there were no cases of severe or life-threatening
diarrhea, excet one occurming in the ddC group Diarrhea alsc appeared to be more
frequent at higher doses in the Stanford study, EV14757. The percentages of patients
expeniencing diarrhea in thus Study were 45% for those receiving 3600 mg/day and 48%
for those receiving 7200 mg/day This cais be compared to a frequency of 16% diarrhea
in a group of naive patients receving 1800 mg/day pouisd from two European studies
{0-13328 and V-13330)

The number of events and the percentage of individuais expenencing at least one event
(considered to be at least remotely retated) was much higher in ACTG 229 than in
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NV14256. In Roche's integrated safety summary, they hypothesize a possible reason
for this. They state that the ACTG 229 investigators may have had more careful
reporting practices during this study since this was the first U.S. trial studying SAQ.
However, there were differences in the designs and impleme:ntation of these two trials
which could also explain a higher frequency of events in ACTG 229 compared to
NV14256. First, the total duration of study treatment was longer in ACTG 229
compared to NV14256 and second, all patients in ACTG 229 received ZDV in addition
to SAQ, ddC or ddC+SAQ (i.e., ZDV was added to every treatment arm).

Safety of doses higher than 600 mg tid (the proposed marketing dose)are being studied
in trial EV14757. The type of events seen at lower doses are also seen at these higher
doses with diarrhea, abdominal discomiort and nausea among the most common.
Asthenia, headache, dizziness, cough, and rhinitis were also noted. See Tabie 83 for
a more complete list.

10.1.1 Deaths

Table 91 lists the number o! deaths and serious adverse events that have occurred in
completed and ongoing trials.  Among the 16 deaths occurring in the 5 trials submitted
in this NDA to support the proposed indicatiorss, only one death was considered to be
related to studly treatment one patient recewving ddC in NV14256 died from congestive
heart failure and cardiomyopathy constdered to be remotely related to treatment.
Several other deaths have occurred in trials that are ongoing and remain blinded.
Please refer vack to the respective study reviews for details regarding serious adverse
events
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Table 81. Number of Deaths and Serious Adverse Events in compieted and
ongoing trials.
PROTOCOL DEATHS SERIOUS AEs
{total no. of participants) (total no. of participants)
! up to June 1995 up to June 1995
COMPLETED
European Pooleg 1 (202) 46 (202)
0-13328, V-13329, V-13330
ACTG 229/NV14255 5 (302) 43 (302)
ONGOING
NV 14205 12 (451) 57 (457;
(surrogate analysis cohct)
NV 14256 3 (497 29 (497)
(remainder)
EV 14757 0 {41) 1(41)
SV14604 4 (1348) 75 (1348)
SV14788 4 (208) 19 (208)
NV14802 3(190) 2 (190)

Source NDA Safety Updale. Vol 2. pg 2 and Tables 18 and 19 on pg 105,
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10.1.2  10-Day Safety reports

Table 92 is a list of patients who developed adverse events raquiring 10-day safety
reports. The patient who experienced hemolytic anemia was aiso taking dapsone,
which is known to be associated with this adverse event. The patient who was
diagnosed with Steven's Johnson syndrome was also taking rifabutin and dapsone.

Dapsone has been associated with severe skin rashes, including toxic epiermal

necrolysis.
Table 92. 10 Day Reports

Protocol/Treatment Event Relationship

ACTG 225/SAQ + ZDV confusion, ataxna and weakness possible

ACTG 229/SAQ + ZDV acute myeloblasbc leukeinia _ femote

NV14256 hemolybc anemia remote’

NV14256/SV14788 Stevens-Johnson syndrome possible

NV14256 rash probable
elevated transaminase levels and hepatomegally possible

SV14604/(blinded) attempled suicde by drug overdose with possible
amittryipblineAemazepam

SV14604 sewzure in pabent with previously controlled seizure possible
disorder

Svidb04 thrombophiebrbs possible

SV14604 elevated ransaminases, bilirubin and alkaline possible
phosphatase

SV14788 worsenng headachesincreased CSF pressure possible

Source Integrated Safely Summary (W144°973) pp 226-227 and Safety Update, Vol. 2, pp. 98-99.
*The sponsor stales that the was more kkely relaled to concomutant use of dapsone

10.2  Other Safety Findings

10.2.1 Laboratory Findings
Several paiients interrupted or discontinued SAQ secondary to elevated

transaminases or had transaminase elevations that were considered marked or
serious These are summarized as follows

In ACTG 229. 3 patients on SAQ combinations had elevations of transaminases
as part of a serious adverse event One of these indwiduals had a grade 2
elevation at baseline and one was rechallenged with SAQ without recurrence.
Four patients in ACTG 229 had marked elevations of ALT (SGPT). 1 receiving
ZDV+ddC, 0 recewving ZDV+SAQ. and 4 receving ZDV+ddC+SAQ.

in NV14256, One patient on ddC and two on SAQ monotherapy discontinued




NDA 20-628, INVIRASE 120

treatment after developing grade 3 or 4 liver enzyme abnormalities. One patient
discontinued ddC because of elevated liver function tests that was attributed to
alcohol. Although a few patienis on the SAQ arm discontinued drug due to
elevation of transaminases, less than 1% of individuals had marked elevations of
AST or ALT compared to approximately 3% of patients on ddC monotherapy.

In V-13330, 3 patients on SAQ 600 mg and 3 patients on ZDV+SAQ 600 mg tid
had marked elevations of ALT Two patients on ZDV+SAQ 200 mg tid and one
patient on ZDV had marked ALT elevations.

In studies 0-13228 and V-13329, there were no sarious adverse events or dose-
hmiting events involving elevation of transaminases. No patients receiving SAQ
600 mg tid in these trials expernienced marked elevations of transaminases.

Although several patients had dose-limiting etevation in transaminases, the
relationship of these changes to SAQ admirustration was not aiways clear. Some of
these patients had underlying hepatic disease (chronic hepatitis B}, others were on
concomitant medications known to be associated with transaminase elevation and
some did not have recuirence of ransaminase elevation upon rechallenge. ‘ihere
did not appear to be a predominance of transaminase elevations among patients
receiving SAQ in the two larger data bases (ACTG229 and NV 14256) Table 93 is
an excerpt of the laboratory abnormalities table that is included in the INVIRASE
label

Table 93. Percentage of patients with marked transaminase elevations in

NV14256 and ACTG 229

LAB NV 14256 NV14255/ACTG229

ddC | SAQ | ddcesAQ IDv+ddC | ZDV+SAQ | ZDV+ddC+SAQ
SGOT (AST) 3 <1 <1 0 2 2
SGPT (ALT) 3 <1 < 1 0 T3

Souarce excerpted from Tabies 33 and 41 above

10.2.3 Overdosage exposure

In chinical trials, two patients have taker: acute overdoses of SAQ A 30 year old
male receiving SAQ 25 mg tid in tnal O-13328 was admitted to hospital after
taking 63 capsules of saquinavir and dnnking alcohol all day. The patient
underwent gastric lavage anproxmately 4 hours after drug ingestion, and made
a complete recovery It 1$ estimated that thus patient ingested 1575 mg of SAQ.
This single dose 1S only shghtly higher than the highest dose In the Merigan
study, 1in which patients are taking 1200 mg q4 hrs.

Patient no 109 {0-13328. 600 mg SAQ). a 22 year old male, was admitied to a
hospital at the end of week 10. having taken 40 capsuies of saquinavir after
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heavy alcohol intake. The patient was givan an emetic approximately 2 hours
after drug ingestio~, vomited almost immediately, and made a complete
recovery.

10.2.4 Human Reprcduction Data

in the SAQ clinica! trials program, three pregnancies occurred in patients taking
saquinavir, a fourth pregnancy occurred in a patient taking ZDV + ddC, and a fifth
occurred in a patient in study SV14604 {treatment still blinded). Cf the three
pregnancias occurring in women known to be taking SAQ, 2 rhose elective
termination of pregnancy, and the third (on SAQ 600 mg tid) had a spontaneous
abortion five weeks after stopping study medication. One of the pregnancies was
the result of “inadequaie contraceptive cover” and another the result of condom
breakage.

Therefore, there are no cases of live births after exposure of women to SAG
during preygnancy.

10.3 Relative Safety: Risks versus Benefit

Although it is hard to rank the activity of SAQ relative to that of ZDV or ddC, SAQ
appears to be better tolerated and associated with fewer dose-limiting toxicites than
either ddC or ZDV. Adverse events commonly associated with ddC or ZDV (such
as neuropathy and stomatitis for ddC and nausea, headache and anemia for ZDV)
were not frequent toxicities among individuals receiving SAQ.

With respect to adverse events that caused premature withdrawal from treatment, 45
patients in the NV14256 surrogate anaiysis safety population withdrew from
treatment due te protocol treatment or non-protocol treatment toxicity. Of those
patients, there were 19 withdrawals in the ddC group and 12 in the SAQ group (of
which only 3 were protocol treatment toxizities, see Table 94). The most common
cause of premature withdrawa! was peripheral neuropathy. Table 95 compares the
frequency of adverse events that are commonly attributed 1o ddC among patients
recewving either ddC or SAQ in study NV14256  Peripheral neuropathy and buccal
mucosal ulceration occurred less trequently among patients receiving SAQ.
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Table 94. Number of Patients Withdrawing Prematurely due to Protocol or

Non-Protocol Treatment ToxicitLi-n study NV14256.

PP ]
Treatmant ddC SAQ 600 mg tid
n=145 n=159
Protoco! treatment toxicity 12 2
Non-protocol treatment® toxicity 7 g
Total patients withdrawing from treatment prematurely 19 12 B

Source: CANDA SR for NV14256, W144'954, Table 20, pg. 70.
* Non-protocol treatment toxicity is not defined by the protocol, but by the patient requesting treatment

discontinuation.

Table 95. Study NV14256: Number (percentage; of patients with AEs (all
intensities excluding unreiated) that are known to be associated with

ddC in patients.
ADVERSE EVENT ddC SAQ
N=145 N=159
Total Patients with at least one AE 76 (52) 75 (47) l!
Totzl number AEs 205 161
Buccal mucosal ulceration 22 (15) 10 (6)
Peripheral neuropathy 19{13) 7 4)
Numbness extremities 10(7) 4 (%)
Paraesthesia 7(5) 2(1)

Source CANDA SR for NV14256 W144'954, axcerpted from Table 17, pg 52-62.and NDA Safety update

pages 48-59

There were too few patients in V-13330, the only study directly comparing ZDV
monotherapy with SAQ monotherapy, to make conclusions regarding the-number of
treatment withdrawals among arms in this study However, adverse events in any
body system or those comrnonly associated with ZDV (such as, nausea, vomiting,
abdominal pain, headai.he) were seen in fewer patients initiating SAQ than ZDV

(see Table 96).
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Table 96. Number of patients (percentage) experiencing adverse events (all

intensities and at least remotely related) commonly associated with

ZDV in V-12330,

EVENT SAQ ZDV
N=13 N=17
ALL BODY SYSTEMS 10 (53) 16 (94)
Nausea 2(11) 10 (59)
Abdominal Pain 1(5) 4 (24)
Vomiting 1(5) 2(12)
Diarrhea 211} 1 (6)
Headache 3 (16) 5 (29)

Source: CANDA FSR for V-13330, W144'918, excerpted from Table 33, pp 84-88.

There ware too few patients in V-13330 to compare the frequency of marked anemia
among patients receiving either ZDV or SAQ monotherapy. However, the frequency
of marked anemia among patients receiving SAQ monotherapy in study NV14256
was low, <1% over the 16 week study penod.

11 Labeling Review

During the NDA review process. FDA and Roche discussed the content and specific
wording of the SAQ label We concur with the fina! print label submitted by Roche on
1217195 The following labeling revew includes selected discussions of pertinent issues
that arose during the review process Only label headings/subheadings that required
significant modifications from Roche's initia! proposal are included.

11.1 Clinical Pharmacology/Microbiology

FDA recommended that Roche inctude specific information regarding the occurrence
of genotypic and phenotypic changes associated with the use of INVIRASE. DA,
the FDA antiviral advisory committee. and members of the HIV scientific and lay
commuruty expressed concern over the potential development of cross-resistance to
other protease inhibitors in development Atter review of the SAQ resistance data by
FDA microbiologists and by Dr Douglas Mayers (who served both as an FDA
consultant and presented at the antiviral advisory committe2), it is inconclusive what
effect the use of SAQ wii have on the subseguent activity of other protease
inhibitors  Specifically. it 1s unknown whether patients who receive SAQ will develop
HIV strains with reduced suscep!.oility to subsequent protease inhiciiors. I is also
unknown whether co-mutations to SAQ could play a role in facillitating a more rapid
development of resistance to other protease nhibitors. However, there does nct
appear (o be a high degree of overiap between SAQ and the other protease
inhibitors (furthest along in deveiopment, specifically ABT-538 and MK-639) with
respect to the mutations correlated with in vitro resistance. Given the amount of
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uncertainty with respect to cross-resistance between protease inhibitors, we asked
Roche to include the following paragraph under a subheading entitied, “Cross-
resistance to other antiretrovirals":

The potential foi cross-resistance between protease inhibitors has not been fully
explored. Therefore it is unknown what effect saquinavir therapy will have on the
subsequent use of other protease inhibitors.

This section is also cross-referenced under the Precautions section of the labe!.

11.2 Indications and Usage

FDA review and advisory committee recommendations concurred that SAQ should
be indicated for use in combination with a nucleoside anatogue but not for use as
monotherapy. Defining a succinct combination indication in the setting of several
possible combinations and several patient subsets (ZDV-naive, ZDV experienced) is
difficult. 1t is clear from the activity data as a whole that SAQ combinations are more
active when used with a nucleoside analogue to which a patient has not had
prolonged exposure. To describe the combination indication, FDA proposed a less
directed indication for SAQ for use with nucleoside analogues followed by several
caveats regarding the bas:s for the indication. The indication reads:

INVIRASE in combination with nucleoside analogues is indicated for the
treatment of advanced HIV infection in selected patients (See Description of
Clinical Studies)” This indication 1s based on increases in CD4 cell counts in
patients who initiated INVIRASE concomitantly with either ZDV (in previously
untreated patients) or HIVID (in patients previously treated with prolonged
zidovudine therapy) At present there are no resulits available from trials
evaluating the activity of INVIRASE in combination with nucleoside analogues
other than ZDV or HIVID There are aiso no results available form clinical trials
confirming therapy with INVIRASE or: HIV disease progression or survival.

This wording should give adeauate mstruction regarding the use of SAQ in
combination with ZDV and or HIVID 1t does not ruie out the use with other
nucieosides but cautions the reader that there 1s no supporting daia for use with
other drugs such as ddl. or ddT This type of indication may permit less restrictive
use by drug assistance organizations or insurance, pending information regarding
the use of SAQ with other nucleosides Advisory committee members were in
agreement with the worcing of this indication

11.3 Wamings

To date all antiretroviral drugs with accelerated approvals have had a box waming
alerting the reader to the fact that the approval was based on surrogate marker
changes and not clinical endpoints We recommended that the label contain the
following BOX WARNING
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The indication for INVIRASE for the treatment of HIV infection is based on
changes in surrogate markers At present there are no results from controlied
clinical trial evaluating the effect of regimens containing saquinavir on survival or
the clinical progression of HIV infection, such as the occurrence of opportunistic
infections or malignancies,

11.4 Description of Clinical Studies

In this section we asked Roche to emphasize the point that the primary basis for
accelerated approval of SAQ was changes in surrogate markers. Since the clinical
relevance of changes in HIV-RNA is currently unknown, this data will be considered
Supportive and presented in summary form after the description of CD4 changes.
Roche described the CD4 changes for eash of the three combination trials and
included plots of mean CD4 changes from baseline over the study analysis periods

weeks). The mean change at these time points corresponded quite well! to the mean
reduction averaged over 16 weeks (DAVG metric). 1t also provides the reader with a
better iliustration of the durabilty of RNA response. A caveat regarding the use of
RNA changes for predicting chnica! response is also included in the Statement, "The
chinical significance of changes in HIV-RNA Mmeasurements have not been
established " At present. this laboratory measure is avaitable on an experimental
basis to monitor antivira activity in chinical tnals.

11.5  Precautions

Under this section we added a subtitle entiled Resistance/Cross resistance. The
reader 1s referred to the Microbioiogy section to become informed abouyt ssue
regarding potential Cross-resistance

11.5.1  Information tor patisntg .

We recommended that Roche inciude a clear statement directing patients to take
SAQ within two hours after afullmeal The following statement s included:
“When INVIRASE 15 taken without food. plasma concentrations of saquinavir are
substantially reduced ang may result in no antiviral activity "

1%.5.2 Drug interactions

Since saquinavir IS metabohized primaniy via the cytochrome p450 enzyme 3A,
there are severat potential arug interactions Roche has conducted
pharmacokinetic studies with rdampin, rfabutin ang ketoconazole. Rifampin and
rifabutin are metabolic Inducers and have been shown to reduce saquinavir
plasma concentrations by 80% and 40% respectively. Given that the 500 mg tid
dose 1S near the aClivty threshold for $aquinavir, any red sction in exposure is
Grucial We recommended that Roche include statements in the label suggesting
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that physicians not use rifampin concomitantly with saquinavir and consider
alternative agents for rifabutin (when possible} when a patient is taking SAQ.
Other drugs that induce cytochrome p450 (e.g., phenobarbitol, phenytoin,
dexamethasone, and carbamazepine) are included in this precaution regarding
potential reduction in saguinavir plasma concentrations.

Although Roche has not shown that saquinavir is a potent p450 3a inhibitor, it
may compete with other drugs metabolized via the same pathway. It is well
known that co-administration of terfenadine or astemizole with drugs known to be
potent inhibitors of the p4503A pathway (i.e., ketoconazole, itraconazole, etc.}
may lead to elevated plasma concentrations of terfenadine astemizole, which
may in turn prolong QT interva! leading to rare cases of serious cardiovascular
events. The label includes this information with the following, "Although
saquinavir is not a potent inhibitor of Cyp4503a, pharmacokinetic interaction
studies with INVIRASE and terfenadine or astemizole have not been conducted,
therefore, physicians should use alternatives to terfenadine or astemizole when a
patient taking INVIRASE requires antihistamines.” In addition other compounds
that are substrates of cytochrome p4503A are mentioned.

11.6 Pediatric use

Unfortunately, there 1s no pediatric formulation for SAQ and studies have not
been conducted in patients <18 years of age. Therefore no pediatric use
statement can be made

11.7 Adverse Reactions
We did not differ with Roche’'s assessment of the safety data.

11.8 Dosage and Administration

Under the subheading "Dose Adjustment for combination therapy with
INVIRASE " we recornmended not inciuding a dose reduction scheme for SAQ
since lower doses have not shown antiviral activity. For adverse evepts that
develop in patiznts taking SAQ (and are not related to other drugs), SAQ shouid
be interrupted When the toxicity resolves. patient may be rechallengea at full
doses

12 Conclusions

Roche has requested accelerated approval of INVIRASE based on changes in
surrogate markers For the indication of INVIRASE 600 mg tid in combination with
nucleoside analogues, Roche has demonstrated superior CD4 increases and
plasma HIV-RNA reductions in patients rece.wving INVIRASE containing combination
regimens compared to controls in three randomized, double-blind trials. In treatment
naive patients, ZDV+SAQ 600 mg tid produced superior antiviral activity compared
to 2D\’ In ZDV-experienced patents, adC+SAQ 6C0 mg tid produced superior
antiviral activity compared to ddC In a therd tnal, ZDV+ddC+SAQ proruced superior
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antiviral activity to ZDV+ddC in ZDV experienced patients. When comparing data
across studies, it is apparent that the activity of INVIRASE containing combinations
is attributable to INVIRASE and a nucleoside to which patients have not had
previous exposure. This constitutes important prescribing information for the
clinician and patient.

The safety of INVIRASE 600 mg tid in combination with ZDV and/or ddC has also
been established. INVIRASE does not appear to alter the pattem, frequency, or
severity of adverse events known to be associated with ZDV and/or ddC. Diarrhea
occurred more frequently in patients receiving higher doses of SAQ, beyond the
recommended dose. Most cases of diarrhea were not dose limiting. A few patients
withdrew from SAQ containing drug regimens secondary to elevation in
transaminases. 1t is unclear in some cases if this was related to drug or underlying
diseases, such as viral hepatitis, or other drugs.

There are no data available regarding the use of INVIRASE in combination with
nucleosides other than ZDV and ddC The label indication does not restrict the use
of INVIRASE with other nucieosides but cautions the reader that there are no
supporting data for use with other drugs such as ddl, or d4T. This type of indication
may permit less restrictive use by third-party payers as more information regarding
other combinations of nucleosides becomes available.

It is clear that the optimal dose of INVIRASE has not been established. Preliminary
data included in the NDA suggest that twice and quadruple the current dose of
INVIRASE may produce greater and more suslatned increases in CD4 and
reductions in RNA  Administenng these doses with the current formulation is not
logistically feasible, because of the large number of capsules that must be ingested
to achieve higher exposures Roche s currently working on a new formulation (soft
gelatin capsule formulation) that may increase bioavailability and drug exposure.

Given the imitations of the current formulation with respect to optimal drug activity,
concerns have been raised regarding the potential for INVIRASE to promote cross
resistance to othier protease inhibitors that are currently in development. At present
the risk for cross-resistance 1s unknown, as was acknowledged by FDA consultant
Douglas Mayes M.D and members of the antiviral advisory commitiee. The
poteritial for cross-resistance 1s clearty stated in the {abel.

The activity of INVIRASE as monotherapy. as demonstrated in clinical trials, was
modest at best. SAQ 600 mg trd appeared 1o be superior to lower doses of SAQ
with respect to CD4 increases This was less apparent for changes in INA. From
the data, one Is unable to rank the relative activity of SAQ in comparison to ZDV and
ddC For CD4 changes. SAQ appeared to be shightly more active but for reductions
in HIV-RNA, SAQ appeared to be less active in NV14256, SAQ produced
stat:istically less mean RNA reductions than ddC.
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13

Recommendations

Qur analyses of the aclivity and safety data of the trials submitted support an
accelerated approval of INVIRASE for use as combination therapy with
nucleoside analogues in the treatment of advanced HIV infection. The activity of
INVIRASE monotherapy, as demonstrated in these triais, do not adequately
support the use of INVIRASE as monotherapy. A federal advisory committee
panel mei on Nov. 7, 1895, to give recommendations regarding the accelerated
approval of INVIRASE. The committee recommended (in a vote of 7 for, 1
against) for the accelerated approvatl of INVIRASE for use in combination with
nucleoside analogues in the treatment of selected patients with advanced Hiv.
They unanimously voled agains! accelerated approval for INVIRASE as single
agent therapy in the treatment of HIV infection.

13.1  Accelerated Approval Commitments

As required by Subpan H regulations, Roche has committad to providing clinical
confirmatory data for the use of INVIRASE in combination with nucleoside
analogues. We concur with the design cf the two protocols that will be used to
provide clinical confirmation. We also concur with Roche's decision tree for
proposed actions in response 1o Possible study outcomes. Details of the primary
statistical analyses will be discussed in future communications with Roche. The
two ongoing chinical studies. des:gned and powered to detect differences in Hiv
disease progression and death, are:

1) NV14256
This study has three treatment arms, comparing ddC+SAQ to ddC alone and
SAQ alone. Primary endpoints are HIV disease progression (CDC 1993
definiion of AIDS defining events) and death. It is scheduied to be completed
during the first quarter of 1996 The primary comparison wili be ddC+SAQ
versus ddC alone

Roche has submitted a decision tree regarding actions that will be taken
based on potential outcomes the comtunation is statistically significantly

trad:ional approval  If this Comparnison results in a positive trend for the
superiority of the combination compared to ddC alone, then Roche will
continue marketing INVIRASE under accelerated approval, whiie awaiting
data from the second cliricyl trial it there 1s not difference between the
double combination and 9dC or there 1s a negative trend, Roche and the
FOA will consider presenting the data to an advisory committee and/or
révising the current label I the combination I1s significantiy worse, the
accelerated approval will be withdrawn

2) SV14604
This study will evaluate chinical endpoints of HIV progression or death in naive
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patients (defined as ‘ass than 4 months of prior ZDV). Originally this study
had 4 study ams:

ZDV

ZDV+ddC

ZDV+SAQ

ZDV+ddC+SAQ

After the release of preliminary data from studies ACTG 175 and the Delta
trial indicating the supenority of combination treatment compared to ZDV,
monotherapy in naive patents, Roche stopped enrolling patients into the DV
monatherapy arm and switched the individuals already randomized to the
triple combination.

The primary comparisen will be difference in HIV disease progression and
daath between the triple combination and ZDV+ddC. If this comparison
shows statistically significant superiority, then clinical confirmation will be
established.

13.2 Phase 4 Commitments

We concur with Roche's proposed phase 4 commitments. Roche was asked to
include tune frames for compietions of products already started of in the design
phase. Commitments include

. Development of a pediatric formulation

. PK interaction studies and surrogate marker studies with ritonavir and other
protease inhibitors

. Surrogate marker study with ZDV and Epwie

. Exploration of cross-resistance with other protease inhibitors

. Terenadine pharmacokinetic interaction study

Roche also plans 1o develop of a soft gelaun formulation of INVIRASE, with
increased bioavalabilty Trus includes exploration of higher doses/expostires of
SAQ

13.3 Labeling

We concur with the content and tormat of Roche's final print label for INVIRASE
submitted on 12/7/95 Please. refer 10 the iabeling review for specific labeling
issues discussed during the review process

kA .}5 'WE'D
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Concurrences:
HFD-530/Feigal
HFD-530/Freeman
FD-530/Gitterman

cc:
HFD-530/orig NDA
HFD-530/Division File
HFD-530/Murray
HFD-530/Sahajwalla
HFD-530/jenkins
HFD-530/Farrelly
HFD-530/Liu
HFD-530/Batulla
HFD-530/Lard

HFD-530/laconos-Connors

HFD-530/X.M. Wu
HFD-530/Kinsey
HFD-715/Kammerman
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Appendices
Appendix |
CENTER / SUBCENTERS CENTER NO.
1) University of Rochester, Rochester, NY / 1101
SUNY Health Science Center, Syracuse, NY / 1102
Erie County Medical Center, Buffalo, NY 1103
2) Stanford University, Stanford, CA / 501
Kaiser Permanante Medical Center, San Francisco, CA / 502
AIDS Community Research Consortium, Radwood City, CA / 506
Santa Clara Medical Center, Santa Clara, CA / 506
S.an Mateo Medica! Center, San Mateo, CA 506
3) Ohio State University, Columbus, OH 2301
4) University of Washington, Seattte, WA 1401
5) University of Alabama, Birmingham, AL 5801
6) University of Colorado, Denver,CO 6101
7 University of Texas, Galveston, TX 6301
8) University of Pennsylvania, Philadelphia, PA / 6201
Thomas Jefferson University, Philadeiphia, PA 6202
9) Northwestern University, Chicago. 1L / 2701

Rush Presbyterian - St. Luke's Medrcal Center, Chicago, IL / 2702
Cook County Hospital, Chicago. IL 2705
New York University, Bellevue Hospital, NY, NY 401
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APPENDIX II

Listing of AIDS-Defining Events by Patient

CENTER PID  AIDS-DEFINING EVENT
12838 40 PCP
45 CRYPTOCOCCAL MENINGITIS
12909 21 CRYPTOSPORIDIOSIS
27 PNEUMOCYSTIS CARINI PNE UMONIA
k)] CRYPTQOSPORIDIOSIS
451 CRYPTOSPORIDIOSIS
B854 KAPOSTS SARCOMA OF LUNG
857 CRYPTOSPORIDIOSIS
12911 178 PCP
12912 495 RECURRENT +'ERPES JOSTER
497 CMV RETINITIS
497 MA(
12916 280 KAPQOSIS SARC OMA
12915 s CRYPTOSPORIDIAL DIARRHEA
376 CRYPOSPORIDIAL DIARRHEA
12020 410 CMy COLITIS . RECURRENT
412 CMV RETINITIS
1245 CMV COUTIS
120 o4 ESOPHAGEAL CANDIDIASIS
12027 561 1A PC PNEUMON!A
562 PCP
12957 676 KAPOSIS SARCOMA
14157 145 CRYPTOSPORIDIOSISDUARRHEA » 1 MONTH
14163 413 DISEMINATED ZOSTER . PRIMARILY VARICELLA
434 PRESUMPTIVE PM|,
1126 MYCOBACTERIUM TUBERCUL OSIS
14162 210 PROGRE SSIVE MULTILOCAL LEUKOERCEPHALPATHY
1073 KAPOSIS SARCOMA
1060 KAPOSIS SARCOMA
14163 506 KAPOSIS SARCOMA
$06 PCP
14164 350 ESOPHAGEAL CANDIDIASIS
14167 705 CRYPTOCOCCAL MENINGITIS
4176 T4 PRESUMPTIVE ESOPHAGEAL CANDIDIASIS
14201 e ESOPHAGEAL CANDIDASIS

S0urces W1a4054 pp 40 Tabe 14
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Appendix il
Roche DAVG-24 andlysis of cell-associated viremia as measured by PBMC co-

culture

DAVG analysis: Summary of change in log(Viraemia Cell) over a 24 week period
NV14255: Intent to treat Population

Treatment
SA AZDV SAQZDV/DDC ZDv/iDDC
Mean
n Q7 97 100
Mean 00 06 0.3
Std Dev 07 08 08
Median 00 06 0.1

Source: CANDA

Note Roche DAVG definition used in calculations performed by the CANDA differs from
FDA definition.
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December 8 1995

Food and Drug Administration

Dwvisinn of Ant-Viral Drug Pruoducts

wcnar for Drug Evaluation and Research. HFD 240
Attn' Ms Vikiu Kinsey CSO

9201 C.omorate Boulevarg

Rnckwiie, Marytand 20850

Daar Ms Kinsey

Rc: NDA 20-628 - INVIRASF ' (saquinavir mesylate) Capsules
Agreement to Revise Package Insert

A< agreed 10 our discussion toduy. Hoftmann Lo Roche will make the followng
revisians 10 the Tinadl pnnted labehing dehversd 1o the Agency on December 6, 1995

The descnption of Tabh: 1 will be rrvised 10 read as follows  Table 1. Frequency of
Cenotypic and Phenotype Changus n Salacicd 17atenta Trcated with Saquinavi  in
Addmon. un addihonal 100U10te will radd  For some paticity genotypic 4nd phenotypic
chiHngas were ymiglated

In responsc 10 a request from L Murray we have revisad the demographic descnphon
for the sataty updaiv wnalysis poputation of NV14256 as follows *median duratien of
treatment wmnong the SurogJte snaiysr. conhon analyzed tur satety (N=451) in NV14256
wals 42 weeks”

A wmneod gquantity ef inaens donbeal 10 the FPL dulivered on December G, 1995 will be
usad in the packaging ul those quanulies of the arug lo be stipped for the first month
ancr the approval of INVIRASE  When this supply of inscrls 15 exhausted. revised
msens rufll=cung the above Noted rixunges will be usedn packaning



Dwvision of Ant-Viral Diuy Products
December 9. 1995
Ceye 2 of 2

In addition, as dagreed the revised insert will ba usod unmcdiately for dissenwnalion wath
all advertising ang promotional matenals

Should you have any questicns piease fuel freg 1o contart the undursigned
Sinceruly,
HOFFMANN-1 A ROCHE INC.
] ”
¢
m&Lﬁ‘_CQ&@L e I ptan
Mary Ellch Mulhigan -
Durroctor, Tharapeutc Group |
Drug Requlatory Alfairs
MEM jmd

121AAp: doc
HLH No 1995-2126
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Food and Drug Administration
Division of Anti-Viral Drug Pr._.ducts
Center for Drug Evaluation and Research, HFD-530
Attention: Document Control Room

9201 Corporate Boulevard

Rockville, Maryland 20850

Ladies and Gentlemen:

Re: NDA 20-628 - INVIRASE™ (saquinavir mesylate) Capsules
Patent Information Update

Pursuant to revised 21 USC 505(b). Holtmann-La Roche Inc herewith submits updated
patent information for INVIRASE {saguinawir mesylate) Capsules. approved under NDA
20-628

This submission updates the patent wnformaton praviously hied to thus NDA on August
31,1995 Upon reconsideratior. Item § Patent information™has been revised to state
only United States Patent No 5.196 438 expinng November 19, 2010.

1115 our understanding that the above information will be included n the next revision of
the Approved Prescnpuon Drug Products List (Orange Book)

Should you have any guesuons regarding this submission, please do not hesitate to
contact the undersigned

Sincerely
HIOFTMMALL L ROCHE INC

/_-'_/IZ/ /fﬁ/’Tfﬂt///

Robin L Conrag
Manager
Drug Regulatory Affarrs
RLC jmd
1IRPI doc
HLR No 1996-81




PATENT LINFORMATION

1. Active Ingredient(s): Saquinavir

2. Strength(s): 20D my capsules

3. Trade Name: INVIRASE"

a Losage Foim and Route of adrn:onistration: Capsules, Oral

5. Applicant (Firm) Name: Hoffmann-La Roche Inc.

6. NDA Number: NDA 20-628

7. First Approval Date: Dec. 6. 1995

8. Exclusivity: First ANDA can not be submitted until 5 years

afrer date of NDA approval.

9. Patent Infcrmation: 5,196,438
Nov. 19, 20.0°"
Druq Substance
Hof fmann~La Roche Inc.

While th:s subrmlusion wac prepared 1n good falth, no warranty or
guarantee 15 ™age regarding the accuracy or conmpleteness of the
information containec therein.

CONFIDENTIAL INFORMATION

"This date doer not i1nclucde any extension under 35 U.S.C. 156.



EXCLUSIVITY SUMMARY for NDA # Jo‘éa?j SUPPL # __;":__.__

Trade Name IA/VIKA-{E Generic Name navir

applicant name MOfLmap da-Koche. HFD-_5370

Approval Date 2956- QLJ/QG%r:)

PART

1.

-

i IS AN EXCLUSIVITY DETERYINATION NEELXD?

An exclusivity determination w:ll be made for all original
applications, but only for ce:tain supplements. Complete
Parts II and IIl of this Exclusivity Summary only if you
angwer "yes" to one or more of the following questions abourt
the submission.

a) Is it an original NDA?
YES /L7 / NO /___/

——

b) I8 it an effectiveness supplement?
YES /___ / NO /L//

1f yes, what type? (SEl, SE2, etc.)

cl Did it require the review of clinical data other than to
support a safety claim or zhange in labeling related to
safety? [(If it required review only of bicavailability
or bioequivalence dats, answer "“no.")

YES / / NO /___ /

I{ your answer 1s "no® because you believe the study is
a bioavailability study ani, therefore, not eligible for
exclusivity, EXPLAIN why it i8 a bicavailability study,
including your reasaons for ilisagreeing with any argument.s
made by the applicant tha. the study was not simply a
biocavailability study.

If it is o oupplement reqiiring the review of clinical
data but 1t 15 not an effecttiveness supplement, describe
the change or claim that 15 supporred by the clinical
data:

Form OGD-011347 Revised 8/7/9% =dited n/8/%
tc Oriqinal NDA Divisson ¥ile MiD-3% Mary Ann Holovac



d) Did the applicant request exclusivity?
tes /___/ NO /gé /

1f the answer to (d) it ®yes," how many years of
exclusivity did —he applicunt request?

IF YOU HKAVE ANSWERED "NO* TO ALL OF TER ABOVE QUEBTIONS, &GO
DIRECTLY TO THE SIGNATURE BLOCKS ON AGR 8. '

2. Hae a product with the same active ingredient (g), dosage form,
strength, route of administration, and dosing schedule
previously been approved by DA for the same use?

YES /__/ NO /11/‘

If yes, NDA # Jrug Name

IF THE ANSWER TO QUESTION ¢ IS °“YES.* GO DIRECTLY TO THE SIGNATURE
BLOCKES ON PAGE 8.

3. Is this drug product or indicatiin a DESI upgrade?
v /

tes /___J/ NG/

1F THE ANSWER TO QUEBTION 4 ¥YS *YES,* GO DIRECTLY TO THE SIGNATURE
BLOCKS ON PAGE 8 (even 1f a study wat required for the upgrade) .

Do O



PART II FIVE-YEAR EXCLUSIVITY FOR NIW CHEMICAL ENTITIES
(Angwer either #1 or #2, as appropriite)

1. Single active ingredient produc:.

éas FDA previously approved und:r section 505 of the Acrc any
drug product containing th: gase active moiety as the drug
‘under consideration? Anawer "yes® if the active moiety
(including other esterified forns, salts. complexes, chelates
or clathrates) has been presiously approved, but this
particuiar form of the act-ve 1oiety, =.9., this particular
ester or salt (including salts vith hydrogen or coordination
bonding) or other non-covalrnt cerivative (guch as a complex,
chelate, or clathrate: has not teen approved. Answer "no® if
the compound requirezs metabolic conversion (other than
deesterification of an esterified form of the drug) to produce
an already approved active moie:y.

(ES /___ / NO /\//

If "yes," identify the approved rirug product {s) containing the
active moliety, and, if known, tie NDA #i(s).

NDA #

NDA #

NDA #

2. Combination product.

If the product contains nore than one active moiety (as
defined in: Part 11, #1), has FDA previously approved an
application under sect.;on 505 centaining any one of the active
moieties in the drug produc:? If, for example, the
combination contains cne never->efore-approved active moiety
and one previously apprcoved act: ve moiety, anewer "yes." (An
active moilety that 1r marketed under an OTC monogragh, but
that was never approved unde:r an NDA, is consideyed not
previously approved.)

YES /___/ NO /W /

if “yes, " identily the approved irug product (s) contain:ing the
active molety, and. i:f known, tne NDA #(s3).

NDA &

NDA #

NDA #

1¥ THE ANEWER TO QUESTION 1 OR 2 UNDER PART I1 1B "NO,™ GO DIRECTLY
TO TEE SIGNATURE BLOCKS ON PAGE B. IF "YES," GO TO PART III.

Paje 2



PART XIXI THREE-YEAR EXCLUSIVITY FOR NDA’S AND SUPPLEMENTS

To qualify for three years of exclusivity, an application or
supplement must contain “"reports of! new clinical investigations
(other than bioavajlahility stucies) esmential to the approval of
the application and conducted or eponsored by the applicant. " This
gection should be complated only if the answer to PART I, Question
l or 2, was "yes.*®

1.

IF

Doesg the application contain reports of clinical

;nVest;gatéons? (The Agency interprets "clinical
investigationsgs® to m2an investigations conducted on humans
other than biscavailability stidiea.) 1f the application

contains clinical investigation: only by virtue of a right of
reference to clinical invertigations in another application,
answer "yes," then spip to que:ntion 3(a). 1f the anawer to
3(a) ie "yes" for any investication referred to in another
application, do not complete remainder of summary for that
investigation.

YES / / NO / /

"NO, " GO DIRECTLY TO THE BIGHMNATONE BLOCKS ON PAGE 8.

A clinical investigation ie “esgtential to the approval" if the
Agency could not have appreoved the application or supplement
without Trelying orn that Invegtigat.ion. Thus, the
investigation i8 not essential to the approval if 1) no
clinical investigation ie neacesiary to support the supplement
or application ir liqht of presiously approved applications
(1.e., information other than clinical ¢trials, =such as
bioavailability data, would be gufficient to provide a basis
tor approval as an ANDA or S05(b){2) application because of
what 15 already known about a pr:viously approved product), or
2) there are published reparts of studies (other than those
conducted or sponsored by the applicant) or other publicly
avallable data that :ndependently would have been sufficient
to support approval ¢t the application, without reference to
the clinical investigatiorn subnitted in the application.

¥For the purposes of thics rertion, gtudies comparing two

products with the wame Lhijrec.entis! are cons.dered te be
bioavailability studicy

{a) In light ot previounly approved applications, is a
clinical anvestigatior (e1t her conducted by the applicant
or available from rame other socurce, including the
published literiture) neccsavary to support approval of
the application or supplencnt?

Page ¢



{t)

(<)

If_'po," state the basis for your conclusion that a
clinical trial ise not nenenspary for approval AND GO
DIRECTLY TO EIGNATURE BLOCI. ON PAGE B:

Did the applicanr rmibzmit a list of published atudies
relevant to the saferty ami 2ffectiveness of this drug
product and a statement. that the publicly available data
would not independently support approval of the
application?

“ES / / NG / /

—— ——

{1} If the answer to 2(b) is "yes," do you personally
know of any reason to lisagree with the applicant's
¢ - lusion? If not applicable, answer NO.

VES f___/ NO /__/

If yep. explain:

12)  1f the answer to 2(b' is "no," are you aware of
publighed studies not conducted or sponsored by the
applicant or other publicly available data that
could independently demonstrate the safety and
effectavenens of this drug product?

ES /[ NO /__ /

If yes, explain;:

If the anrwerc to (b:.{1) and (b)(2) were both "no,"
1dentify the clinical investigations submitted in the
application that are essent.tal to the approval:

Investigation #1. Study B

Investigation 82, Study §#

-

Inveotigation #3, Study #

e 8



In addition to being essential, investigations must be *new”
to support exclusivity. The acency interprets "new clinical
investigation" to mean an investigation that 1} has not been
relied on by the agenzy to demonstrate the effectiveness of a
previously approved cdrug for any indication and 2) does not
duplicate the results of anothey investigation that was relied
on by the agency to demonstiate the effectiveness of a

- previously approved drug product, i.e., does not redemonsgtrate

something the agency considers to have been demonstrated in an
already approved application. ‘ :

a) For each investigation idontified as "essential to the
approval," has the invest .gation been relied on by the
agency to demonstrate the effectiveness of a previously
approved drug product? (I’ the investigation vizs relied
on only to support the salecy of a previously approved
drug, answer "nc.")

Investigation #1 YES / / NO / /
lnvestigation #2 YES / / NO / /
Investigation #3 YES /___/ NO J__ /

1f You have answered "yes" for one or more
investigations, ldentify eich such investigation and the
NDA in which each was relied upon:

NDA # _ _ ftudy #
NDA k _ $rudy #
NDA #° _ fcudy #
o) For each invest.gation id:ntified as "essential to the

approval,* does the investigation duplicate the results
of ancther investigation that was relied on by the agency
to support the etfectaveness of a previously approved
drug product?

Investigation #1 YES /___/ NO / _ /
Investisgation &7 Yzs /__ / NO /__ /
Investigation K2 YES /__ / NO /___ /
1¢f you have answired “yes" for one or more

investigations, identafy the NDA in which a similar
investigation wi.v rel.ed on:

NDA # — t‘tudy H
NDA # _  ttudy &
NDA # _  Study &

Fage 6



c) If the answers to 3{a) and 3(b) are no, identify each
"new" investigation in the ipplication or supplement that
is essential to the approval (i.e., the investigations
listed in #2(c)., less any that are not "new"):

Investigation #__, Study #
Investigation ¥__, Study #
Investigation #__, Study #

e —— —— —-— -
- — — —— ——

To be eligible for exclusivity, a new investigation that is
esgential to approval musat also have been conducted or
sponsored by the applicant. An investigation was "conducted
or sponsored by"™ the applicart if, before or during the
conduct of the investigation, 1) the applicant was the sponsor
of the IND named in tne foxm FDA 1571 filed with the Agency,
or 2) the applicant (or its prececessor in interegt) provided
substantial support for the study. Ordinarily, substantial
support will mean providing S0 jercent or more of the cost of
the study.

a) For each investiyation identified in responee to question
3(c): if the investigation was carried out under an IND,
was the applicant identilied on the FDA 1571 as the
aponsor?

Investigation §1 !

IND # . YES / / ¢ NO / / Explain:

Investigation #2

IND ¢ YES / / NO /__ _/ Explain:

{b) For each investigal:on not carried out under an IND or
tor which the applicant was not identified as the
epongor, did the applaicint certify that it or the
applicant 'y predeccodcr 1n tnterear provided substantial
support for the stuagy

Inveptigation g

YES / / Explain NO / / Explain




(c)

Invegtigation §#2

YES / / Explain NO / / Explain

Notwithstanding an answer of °®yes* to {a} or (b), are
there other reasn no to belirvre tha: the applicant shculd
not be credited with having ®"conducted or sponsored® the
study? (Purchased stwilies may not be used as the basis
for exclusivity. However, if all rights to the drug are
purchased (not just studie: on the drug}, the applicant
may be considered to have sponsored or conducted the
studies sponsored or condicted by its predecessor in
interest )

Yis / / NC / /

— —

1f yes, explaain:

/ /( Uﬁz. 5 ggt..,{oﬂ’ _ /'/é?/éb/

S;gnatu
Title:

s, . Date

@uecd (O (20757

Signature ot .wx@:%b:rec ror Date

cc: Original NDA D:wvaiuvaon Flle HFD-85 Mary Ann Holovac
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NDA 20-628

Group Leaders Memorandum of NDDA Application

Date: November 20, 1995
Product: INVIRASE (Saquinavir)
Sponsor: Hoffmann-LaRoche, Inc.

This application was submitied for approval of INVIRASE. the first of a class of antiretroviral
agents that suppress HIV replicaton by inhibinon of the HiV-viral protease enzyme. This is also
the first NDA application for the treatment of HIV by a compound that acts through a mechanism
other than the 1nhibition of viral reverse transcnptase. 1 e.. that is not a nucieoside anzlogue.

I have reviewed the superb Medical/Staustical review of this NDA by Drs. Murray and
Kazempour and have hitle to add | concur completels with their opimion. and similarly concar
with the careful wording for the Indicanons and Usage section that Dr. Murray recommends be
incorporated into the package insert The decision tor the approval of INVIRASE is parucularly
difficuly; it seems virtually certain from the matenals submitted that the dose of INVIRASE
recommended for approval will be beiow an optimal therapeutic dose. There are also substantial
concemns regarding the development of resistance which may render subsequent protease
inhibitors (or improved formulations of INVIRASE ) inefTective. However, despite these
concemns, approval 1s warranted in the context of the very limiied options available to HiV-
infected persons. The sponsor has demonstrated that the drug is active in combination with
nucleoside unalogues (1o which the patients are previously unexposed). aven at the proposed
dose. The sponsor has fulfillied the cntena for accelersted approval for this agent, and
confirmatory chnical tnals are 1n place As ranterated in the medical/statistical review, the FDA
Anuviral Advisory Commitiee endorsed spproval of INVIRASE recognizing the limitations of
the present dose and the potental for induction of viral resistance.

Recommendation: [ wholly concur wath the recommendation for approvai of INVIRASE in
combinauion with approved nucleoside analogues The wording supgested by Drs.

Murray/Kazempour 15 both appropnate and warranied

Steven Guterman, M.D.. Ph.D.
Medical Officer/Team Leader
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CLINICAL PHARMACOLOGY/ BIOPHARMACEUTICS REVIEW

NDA: 20,628 REVIEWERS. Janice B. Jenkins, Ph.D.
DRUG: Saquinavir capsuies, 200 mg & Chandrahas Sahajwalla, Ph.D.

{INVIRASE™ SUBMISSION DATES: August 31; September 15,
APPLICANT: Hoftman-La Roche 21, 26, 27, 28, 29; October 4. 5, 9, 23, 24, 25,
TYPE: NME 26, 27: November 20, 27 and December 6,

1995

DRAFT REVIEW: 10/17/95

FINAL REVIEW:
BACKGROUND:

The Applicant is seeking approval of saquinavir {INVIRASE™)} capsules, 200 mg. Saqumawir
belongs to a class of compounds known as proteinase (protease) inhibitors, and s intended
10 be used in the treatment of HiIV intection.

SYNQPSIS:
Healthy Volunteers

IV - Intravenous infusion (6 tc 72 mg intused over 3 hourst of saguinavir in the fed state
appeared to tollow linear pharmacokinetics Adrminsstration ot 1.v. saquinavir with food
increased 1ts clearance, probably due 10 a transient increase 1n hepatc blood flow atter
meals. Saquinavir distnibutes widely and has a volume of distnbution of -~ 700 L. Saguinavir
15 highly protemn bound [ ~ 9B%) and the binging 1s iinear over the range ot 15.700 ng/mlL.

ORAL - A '*C-saquinavir study in healthy volunteers 1.V and oral single dose) resulted in
85% to 89% of the radiolabelied dose being recovered in the urnine and feces.

Radioactivity recovered in the teces was B1% and B8% tollowing v, and oral
agmirustration, respectively  Following intravenous and oral agmintstratinn 66% and 13%
of the circulating radicactivity was attributed 10 the parent, respectively. Data suggest that
about 20% 1o 30% of radiolabeliead saguinavir reaches systemic circulation after ora!
admurustration. Saquinavir is hwghly metabolized 1o several inactive metabolites which have
not been specifically measured wn plasma

The absolute bioavaillability ot saguinavir when agministered with a high tat mea!l
appro-amates 4%, which 15 severdl foic nigher than what was cbserved dunng fasting
conditrons. A significant increase 1n the oavaiabiity of orally administered saquinavir in
the fed state was evigent in ait ot the studies assessing food eftect. A study w:aing gamma
scintigraphy revealed that, in the tasted stale. the ras:olabelled marker emptied 6 umes
faster compared 10 the fed state whereas, time taken tc *- ¢k the coton was similar tor
both teo and fasted states Further 1 appears that orolcaged gastnc emplying was
associated with higher AUC



DRAFT
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A study to assess the eftect of raising gastric pH iby ranminhdine) on the pharmacokineucs of
saguinavir revealed that the increase 1n hioavarabilily was not reiated to change in the
gastric pH. The pH measurements were recorded using a telemetnic pH recording device
{Fiexilog 1001,

A study ") assess the effect ot uming ot food intake on the bioavailsbiity of saguinavir
indicated that saquinavir should be agmmistered any ume within 2 hours after food.
Further, the increase in saquinavir bioavailabiity following food cannot be ¢xplained by
increase in pH cauvsed oy the 1069 int3ke

Grapefruit juice has been reported to increase the bioavadabihity of drugs metabohzed by
cytochrome pd50 3A4 (felodipine, nitrendipine. nifedipine and cyclospori.e}. The
bioavailability of sagquinavir increased about 50% 1o 100% when co-administered with
grapefruit juice. However, all the drug and tood interaction studies have been conducted in
healthy volunteers and thus the effect ot these interactions in AIDS patients s unknown.

A high degree of intersubject variabiiity in the pharmacokinetics of saguinavr has been
observed, and 11 1s greater alter oral than ntravenous administration. This supports the
assumption that var:able absorption ang first pass metabolism contribute to the observed
variabihty 1n saguinavir pharmacokinetics Saquinavir absorption occurs over a prolonged
per:iod of Lime. Greater *han proportional wncreases in AUC and Cnax have been observed as
saquinavir doses are increased. After myultple dosing, a 2-told accumuliation has been
observed.

HIV-Infected Patients

The pharmacokinetics o1 saquinavir was evalyated n selected patients involved in the
¢hmcal stugies All of the patients received oral doses and were instructed to take the drug
with tood. FPatents received doses ot 25, 75. 200 and 600 mg ud. Prehminary, unaudited,
data trom a study 10 which patients receswved doses of 600 and 1200 mg q4h (6 umes per
day! were aiso included in the NDA Saqunavir concentrauions were tound to be about 2-
told hugher in patients than in healthy volunteers. at equal Joses. Attempts were made to
€stabhsh a pharmacokinelic.pharmacodynamic relationship between saquinavir AUC and
surragate markes responses 1 appears that the 600 mg td dose 1s active and the lower
doses are not. Results trom the preiiminary analysis of the data from the study using tugher
saquinavir goses (up to 7200 mg dav: sugqgest thar mgher exposure leads to greater
response These relationships feman to be further geschbed

Drug Interactions

Based onin-viiro data, 1sozvme Cyp 3JA3 has been identilied as being responsible {ar
saquinavir § metabohsm. Ketoconazole «« a known potent inhitor ot Cyp 3A4 and
ntampins a3 known inducer of cvtocnrome p150 enzvmes. Mean saquinavir Cmax, Cave
and AUC were about 2.5 10 3 times nigner when co administered with ketoconazole {200
mg qd) Ritampin (600 mg qd} decreased mean saquinavir AUC and Cmax to about 16%



and 21%, respectively, of values obtained when saquinavir was administered alone.

in patients, no significant pharmacokinetic interactions were cbserved between saquinavir
and 24v, ddC or ddi. The coagmimistration of ntabutin (300 mgrday) with sagquinavir !600
mg tid} resulted in a3 40% oecrease in the AUC of saquinavrr.

Special Populations

The pharmacokinedcs uf sagquinavir ras 1wt heen woeaihically stuaied 10 subjzcts with renal
or hepatic impairment. Saguinavir has not been studied n pediatnc patient populations. The
numbe:s of fernale, minonty and eiderly study participants were not high enough to make
statistical comparisons.

Dissolution

The proposed dissolution method uses

at teast dissolved at 45 minutes. The dissolution method proposed by the Applicant
is acceptable, however, the data support a higher Q value than proposed by the Applicant.
It is concluded that the data suppor: a specification of Q = in 45 minutes.

The Anpphzant telt that a Q of would prevent ba ches from having to go to Stage 2
dissolution 1esting and cid not want the Q value 1o be ncreased. After discussions with the
Apphcant, 1t was decided that an intenm value o! Q would be set and the Apphcant
would have one vear to provide data «n suppart of changing the Q.

Label
The review of the labe! was ongoing angd the hinal label 1s on file in the Division.
Phase IV Commitments

The Apphcant has commitegd 10 the tollowing (relevant to climcal pharmacology /
biopharmaceutics). ) They wil investhgate INVIRASE 1n combination with other protease
inhubitors, through pharmacokinetc interaction studes and/or surrogate marker studies (i)
They will optimize the dose of INVIRASE through the deveiopm+nt of a more bioavailable
iormulation and () Tk :y will conguc! a drug interaction study with the improved oral
tormulation and tertenadine

CONCLUSIONS,

The Apphcant has examined the pharmacokinetics of saguinavir :n both healthy and HIV-
infected subjects. They have described the pharmacokinetics atter intravenous Infusion and
single:multiple oral dosing In assessing the pharmacokinetcs. they have looked at the
ettect of tood dose proportionality  proten binging, drug interactions and relative
bioavalabihity The Apphcant has also attempled to estabiish

pharmacokinelic pharmacodynamic relationships tor saquinavir and surrogate markers. The
Applicant estabhihed the bioeguivaience of the chrucal and 16 be marketed formulations,
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and proposed a dissolution methodology and specification. The Apphcant has not
addressed pediatiic dosing concerns.

M ATION:

e Human Pharmacokingtics and 3.0zvanchinty Sectiar of NDA 20,628 ras met the
reguiremen:is of the Code of Federal Regulations 320 and the chirvical pharmacoiogy labeling
requirements of the Code of Federal Reguiations 201.5€ thus, supporting the approval ot
this NDA.

Advisory Commuttee - Novemnber 7, 1985,

Biopharm Day - October 26. 1995
Parucipants: Drs. J. Collins, L. Lesko. P. Hepp. M. Mehta, N. Fleischer, J. Lazoi, M.
Chen, J. Jenkins, C. Sahajwalla.
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CONTENTS:
l. Chemistry
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V. Dosage and Administration
vV, Pharmacokineucs
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1. Intravenous
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a. '*C labelied
b. Single dose/food etfect/pH ettect
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a. Protein binding
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c¢. Drug nteractions
B. Patients (single dose. multiple dose. drug nteractions)
V. Dissolution
VIl Label
VIi.  Phase IV Commitments
Attachments :

I. CHEMISTRY (saquinayir mesylatel

.Chemical Mame- cis-N-tert-Butyl-decanydro 2[2{R) hyaroxy-4-phenyl-3{S)-({IN-{2-
qunno!vlcarbonvn-L-aspargmvilammolbuwli~ldaS.SaSl-|50qumohne-3tSi-carboxyamude
methanesulfonate.

-Molecular Formula: C,,H.ON, 0.1 1CH, 0.5

.Molecular Weight- 766.96 imethanesuttonate) 670 B6 (tree base)

-Solubility- Maximum agueous solubiity of 0 17 - 0.22 /100 mL at 25°C n butter
solutions between pH 3-4 In methsno! the solubibty 1s 2.0 g/mL and 1n a 50%
ethanol/water muixture the solutuhity s 1 37 g/100 mL The pH ot a 1% aqueous suspension
15 -~ 5.

.octanol/water partition coetticient- lcg P = 212

-pKa- 7.01
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il. FORMULATION:

INVIRASE hard gelaun capsules will be manuiactured in Basle, Switzerland and Nutley,
New Jersey. The commercial batch sizes will be

capsules. Three granulating units of comparabie size are combined 1o produce each
producticon scale lot. The commercial formulation differs trom the clinigal formulation in the
add:tton of talc and a change 1n capsule color

inagredient macapsyte Weight %

Saquinavir mesylate {activel

M. INDICATION ANDQ USAGE (from jabell:

INVIRASE in combination with nucleoside analogues 1s indicated tor the treatment of
advanced HIV infection in selected patients

IV. DQSAGE ANV ADMINISTRATION.

600 my (3 x 200 mg capsuies) ud. tanen withon 2 hours atter a full meal or substantial
snack.

The studies demanstrating the signibicant (ncreases in saquiavir bioavaltabiity upon
administration with food used full meals which contained ~ 50 grams of tat and - 900



calories. The Applicant did not have a specific detrmition for a "substantial snack™, but
indicated that it may be something like a BigMac sandwich {Advisory Commitiee meeting
11/7/95), which probably more approximates what is intended by a “tull meal”. The term
"substantial snack” is vague and should not be inctuded 1in the dosing recommengdation.

V. PHARMACOKINETICS:

This section contains a summary of the submitted studies. More detasded information
regaroing the studies is on file 1in the Division of Pharmaceutical Evaluation Hi. Saquinavir
pharmacokinetic information was obtained from 363 heaithy volunteers and 270 HIV-
infected patients, in 26 studies.

A. HEALTHY VOLUNTEERS
1. INTRAVENDUS:

Intravenous data are contained n study summanes for the oral studies and food eftect
studies. In order 10 avoid repetition, the data have not been included here.

2. ORAL:
a. '"*C-Labelted Saquinavir

Single dose pharmacokinetic and excretion balance siudy after intravenous and oral
administration of 14-carbon iabelled Ro 31-8959/006 to healthy male volunteers {Protocol
WK 141908}

The objectives were 10 tnvestigate the routes and rates of elimination, gompare unnary
recovery i.v. versus oral, paratlel group} and determine the pharmacaokineucs of
ragicactivity and the parent compound '*C-caguinavir was adminmistered intravenously
(N=4 10.5 mg tree base. intused over 60 minutes) ang orally IN =8, 600 mg tree base) to
healthy male volunteers and pharmacokinetics were determined.

Results:
Mean plasma levels of total radwactivity and saguinavir are provided 1in Figures 1
hintravenous) and 2 {oral). The folicwing table summarnizes the results:



Parameter Saguinawnr Saguingwir Radaactinty Radisectivity
intravenous Oral IN « B} Inttavenous Ora
Intuston [N = &) Infusion
ANIC*® ng.himl 131 = 133 146 -~ <95 200 - 21 113 - ?RB
*
AUC(0-nt) 136 =+ 16 4 289 - 322 1508 = 422
ng.himl
Cmax ngiml 390 - 88
Clsarance L/hr 7.8 v 30
Half-life (11 hours 014 r 003
Half-lite {2} 3.2 21.2 133 ¢ 263 140 = 294
hours
Volumae (L} 353 r 878
Totst % Recovered - BaS 65 §88 93
% i Unne** . 313 = 05% 098 = 028
% 1n Feces’ - . B14 » 609 BY B = 926
Parent % of 66% = 3 8% 127% 3128
Radioactivity
Aoy 1L 0N e QAR AND AL 0D 1400 Ol g a0

IBd oy @r0 072 for e
D288 o s D VYY tor e

The phormacokinetic parameters for 1013! radioacuvity were computed by the sponsor at
the reviewer's request (submission dateg 9@ 28/95) The drug 1s extensively metzbolized
and most { > 80%! of the radioactivity was recovered in feces, irrespective of route of
administration.  Animal studies suggest that drug s predominantly excreted via bile.
Based on 101al radioachivity recovered sn unine the sponsor suggests that about 30% of the
drug was systemicaliy absorbed (assuming simidar metabohsm for 1 v, and oral drug and
absence of gut metabohism)  The low absolute bioavailability {about 4%) of sagquinavir
could be attnbuted to low absorption and of trst pass metabohism. If 30% of the drug 1s
absorped then it would indicate that low thoavailaoility must be the result of both low
absorpuion and tirst pass metabolism  Futtner evigence of first pass metabolism 1y
presented by comparing the rato of parent drug 1o the tolal radicactivity. Follnwing
ntravenous agmanistranon 66% of the total radicactivity s attributed 1o the parent
whereas. following oral adminustration onty about 13% ot the radicactivity 1S saguinawvir,
This would mdicate that about BD% ot the absorbed racioactivity undergoes pre-systemic
metabolism (hirst pass or gut and thus 3t least about 20% of the admtnistered drug
tradicactivity} 1s absorbed. Hence the 30%: ot the agminisiered dose reaching the
crrculation Imetabohized or unchanged) 15 a reascnable estimate. The sponsor has indicated
in theit technical summary lvol 146 pg 12! of thewr NDA that 30% of intact drug crosses
the mteci:nal epiahelium. which cannot be supstannated by this study.
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b. SINGLE DOSE/FOOD EFFECT/PH EFFECT

Study P-5174 - A study of the toierability and pharmacokinetics {dose proportionality,
relative bioavailability and the "effect of tood’'} of oral doses of 25, 75. 200, 600, 1200
and 1800 mg of Ro 31-8959 or placebo in healthy human volunteers. {Vol. 177} First ume
n man

Sixty healthy males between the ages ot 19 and 36 participated in this ascending single
dosz, rardomizea goudie bhind study which examined the pharmacokinetics ot saquinavyi at
6 dose levels. Six subjects per group recewved saquinavic and 4 received placebo. A
suspension formulation (60 mgrg in 10% succinylated gelaun} was diluted to 50 mL with
water and admiristered after an overmight tast. The group receiving 600 mg also received
600 mg as a capsule formuiation {6 x 100 mgl, unaer fasung and fed conditions {high tat
breakfast. description in attachment). Escalation to the next higher dose, was separated by
at least 4 days. Samples for measurement of saguinavir were collected prior to dosing and
0.33,0.67,.1,1,33,1.67.2.3,4,5 6.7.8 10, 12, 16 and 24 hours after dosing. A 48
hour sample was taken in the 1800 mg cose group and atfter the last of the three 800 mg
doses. Mean {%CV) parameter esumates are :n the foliowing table, n=6 per treatment.

Trratment Cmaer ing mi- Tmas R AUCE w2 "h mL) AUC2a tug "hemLy
25 mg 0 6Bi10B9 a4’

75 mg 215479 % jali-1:] 3284146 8 s

200 mg 7 74185 3 c M 1169188 5 .

600 mg 9 72143 2 19 2032149 7 a0 171517
120G mg 11 3%483 7 ' A0 27.26 167 & 59 31 163.9}
1800 mg 26 46 158 0 (V-1 5962170 1) 97 321489}
€00 mg icsp lasted) 29915 9 i 7 74155 81 2351334
€20 mq icap tedy A5 3587 " | 199 1 {38 8 160.9 (3500

e

Not Caicuialne

The significant tinding from thus pilot study was that a profou..d food effect occurs when
saquiravir 1s administered within 30 munutes atter a high fat breakfast. This finding rasulted
in all subsequent studies being performed unger fed conditions. tt was also noted that small
secondary peaks were evident i1n some individuals and these peaks occurred around meal
~me. After admimstration of the suspension. absorption was reiatively rapid and as would
be expected Tmax 0ccurred eather atter suspension than atter capsule administration. AUC
increased with dose but the increase was lesc than proportionai. The pharmacokinetics of
saquinavir exhubited a large cegree of vanabihty

Study P-5176 - A single and multipie dose. placebn-controlled. tolerability and
pharmacokinetic study of four sosages of Ro 31-8959 in healthy volunteers. (Vol. 178)

Thirty-seven males {1 drop outt between the ages of 19 and 37 participated in this double-



blind, multiple ascending dose study. Saquinaver was adgmnistered as capsule formulations
125 and 100 mg). Single doses were given in a randomized fashion after either a light (7.6
g tat, 355 calories) or heavy (53,7 g fa1r. 343 calanes) breakfast. This was followed by
multiple dosing (ud) for 7 days. Subjects received placebo (n = 3/group), or saguinavir
in==6/group) 25 mg, 75 mg, 200 mg or 600 mg ud. with tood. A further single dose was
gwven after a heavy breaktfast following the multipie dosing penod in order to compare
saguinavir pharmacokinetics after singie and multiple dosing, under fed conditions. Biood
samples were collected prior to dosing and 0.33. 0.67. 1, 1.33. 2, 3,4, 5.6, 7,8, 10, 12,
16 anc 24 nours after dosing. Single bicca sampics were also coliectea pridr to the
morning doses on days 2 and 6 and pnior to the last dose on day 7.

The mean (%CV) parameter estimates atter single dose administration are in the following
table. Companison ot the individual gata reveaied that at the 600 mg dose there was an
average 2.16 i{range 0.69-4.2} fold increase ‘n AUC24. when the heavy breakfast was
compared to the hight breakfast. Saquinavir pharmacokinetits was not significantly affected
by meal content at the lower doses. When compared to the previcus pharmacokingeuc
study, the Cmax and AUC values atter single dose adrnistration of sagquinavir (600 mg)
were higher in the presert study, but were in agreement with those from other stucdies.
Due to the hugh varniability and imited number of subjects, the sigmticance of a cross study
comparisan cannat be determined.

"HEAVY BREAKFAST DAY 1 ‘LIGHT  BREAKFAST DAY 1
Treatment Crma. Temss AUCY AL D Tman Tmas AUCSs AUC24
ng.mL im @ h oL g tP L) NG mL) thi ing " hiLl (g "hil)
25 mg 125 23] cmn 116
oS 193 % 34 4 168 4
75 mg 141 189 12a 226 10% 451
17135 154 5 (78 1 R 161 6} (B4 B8)
200 myg 132 3n Jo 12 15 %9 ‘31%8 272 31.36 36 09
179 3 Wy O, 924 9% @ ‘48 % 165 B 148 9) 152 1)
600 myg 66 08 4 1 19¢ L€ 322 2 94 92 42 1202
9% 6 [ -1 t61 8 5B LT 154 3 {32 4y {2B.6}

The tollowing table contains mean (% CV' parameter estimates for saquinavir after muttiple
dosing. For the 6C0O mg dose there was an average 2 23 (range. 0.6-3.4} fold increase in

AUCe on Day B compared to a single dose Mean trough concentrations were similar from
the 4'" dose onward, suggesting that 3 steadyv State had beer achieved.



'"HEAVY BREAKFAST DAY 8

Treatment Cmar tngemL) Tmas 1 AUCS lug hi: AUT 24 lugh L}
25 my 047464 194 40 6

75 mg 204179 313 ta 6 69 196 1t

200 mg 1143172 1y t 8617 2 44 79147 Oy 6357139 4
£00 my 9339 143 A B! 128 0 L% Cian D _ng:c, s

Study P-8016 - A single randormized, cross-over study of the absolute and retative
bioavailability of Ro 31-B559 in healthy volunteers. {Vol. 199)

The absolute and relative bioavailabiity of capsule (formulatton 014, 200 mg capsutes) and
suspension {formulation 012, 60 mg/g) tormulations of saquinavir were determined in 9
heaithy male voluntears. The disposiion of saquinavir atter an ane hour Ntravenous
infusion {formulation DO7) was also assessed. The three treatments leach separated by 7
days) were administered in a randomized tashion, atter a standardized breaktast. The oral
dose was 600 mg and the v dose was 12 mg. Blood sarnples were collected over a 48
hour pericd. One subject had a respiratory ness and did not complete the study. The
mean {% CV) parameter estimates are in the fohpwing 1ables:

Paiameter Cma Tmas tm terem AUCY AUC. CL/E in F %)
Ingrmi! Wt L 1ug " nil)
Cansule 65 B I & Iguygn R <R P tT16 2220 qaz15 (84 IBi72 8
inmBi ) 164 B 163 &)
Suspension 65 311539 2912 I LT 1A 189 2318 3223152 a0D151
nwbt 59 N 153 9
Patarmere: Cmas Tmee v Ty o- ALLy AUC. CL (Lm Ya
Ivg mL) 1.q ™\ tug*h/Li
W ontusion B2 3113 6 161 & IR I ] 8y 137 106 O 1022 1447 0
ined 4 n 3y {38 4)

The absolute bioavarability of saquinave was app-ouimately 4% (range, 0.85-9%) after the
administration of capsules or suspension The mechanisms responsible tor the low
bioavalability have not be determined but are possibiy related 1o poor absorption and/or
high first pass elmination. The mean pha-macokinetic parameters were similar for the two
oral fermutanions, however. evaluation ot the individual data reveals that there was a high
degrec of vanabiiity between subjects Some of the vaniability 1s hikely due to vanatons in
mdnigual metabolic activity, as the vanatriity atter v admunistration was much less. The
halt-ife tended to be longer atter ora agmunistration which rmay be the result of prolangec
apsorption from the Gl tract  The tohowing figure CONtaiNs Mean concentralion versus tme
profiles for the three formulations over 4B hours and tor the first 8 hours.
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pigure 1A Mean plazma conceniratsens of Ro 31-895% aftor an infudion of 12 mgin L b (iv}
an orel 600 mg suspension (susp) and sn oral dowe of 600 mg in capsukes (capy)
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After v administration, concentrations fell rapidly with the majonty of the total AUC being
accounted for in the first 8 hours. There were some wrregulanties in individual profiles such
that concentrations decreased at some times during the infusion and Cmax was reached at
40 minutes tor one subject. Overall, these irreguianties are not felt to have had a
significant impact on the interpretation of the study data. The systemic CL and Vo were
large.'Systemic CL exceeded hepaiic blood fliow, indicative of extra-hepatic metabclhsm.
The v data were aisg analyzed using compzarimental methods winch empioyed a 3-
compantment model. The CL was comparable to that determined after the
noncomparimental method, averaging 1% ZVI 9B.8 (14 5; 1,h. Vol.ine of the central
compartmer.t averaged 12.3 {31} L. consistent with distribution 10 extraceliular space {15
L}. The Vss averaged 703 {3S) L. suggeshing partimorung into or binding to t:ssues. The
half-lite of the terminal phase was about 12 hours and the mean residence time was 7
hours. The half-iite determined trom the compartmental analysis was closer to that
observed atter oral administration. The half-lives may be retflective of slow release from
tissue binding sites. Sixty-two percent of the vanation n CL could be accounted for using
the equation from the linear regression relationship between CL and bodyweight {subject 7
was not included in the analysis due 1o anomalous results). There was no apparemt
relationship belween Vss and bodyweight Visual examination ot actual versus modelled
data showed tha2r the model was able to describe the study data (see tollowmng figure).

Study WK14939 - An open iabel bioequivaience study of the proposed market formulation
{/622) of saquinavir (Ro 31-8959) relauve to the chinical trial formulation (/Q14} in healthy
male volunteers. (Vol. 204) - Pivotal Bioequivalence Study

Twenty-tour healthy males partiCipated in this randomized, 3-way crossove! study which
ssessed the bioequivalence ot chinical ang 1o be marketed formulauons of saquinavir. The
granulates for the two formulations differ in that talc 1s added to formulation /622,
Subjects recerved two 200 mg capaules ot the study tormulations along with one 200 mg
capsule of the deuterated tormulation { 079 batch size 1,000 capsules) to make total
single saguinavir doses of 600 mg Drug was admiristered after a standardized breakfast
and study days were separated by at least 6 days The breaktast consisted of 1 bowl of
corn tlakes with 100 mlL ot whole muln 2 rashers ot lean bacon 2 fnied eqas, 2 shces of
toast witr butter, 100 mbL ot tresh prange juice ang 150 mL ot decafteinated tea or coffee
{breakdown ot meal content was not reported. but 1t appears to be high fat}. Treatments
were as follows Al saquinave 014 batch size
capsuies. Bi saquinavir, /622 market tormulation. batch Size capsules and C)
saquinavir, /014
capsules. Sampies were coliected o 12 nours post dosir.g. The mean {%CV) data from
the study are «n the following 1able The -ntended market formulation (/622 was
bioeguivalent 10 the formulanc~ useg in chimical tnais (K014}, The reserve formulation (/014
Welwyn) did nol meet the requirement tor bioequivatence because the upper limit ¢f the
contigdence interval tor Cmas was 127% which s higher than the acceptable 125%. This
tormulation has been used onty tor stabihly assessments in Nutley (per Apphicant 9/29/95).

U The Welwen DrOLEss INvOIVED [he ManuTa(1e e T Sepaends @ A eOAUEHON SCAIE eQUDMENT uSiING the chimcal thal
100MuIaT N whi ™ (i AT CONTINN T aIC
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Plaems concrnisations of Ro 31-895% afker an Lv. infusion of 11 mg
{dashed line} compared =ith modelled dals (solid line)
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Parameter Tieatment A Treatrnent B lteatment 7 90 CI 90% ()
mean (%CV) /014 phase 110 622 marwel 013 ¥ipimyn B relative to A Corelative to A
lormuiation lOrmylatioe FOCPSy
AUCH? e 150 B BT O 14515 ,72 9 137 785 1, fheteannan Panreeaaas
g hil)
Cman pasaes (0G/MLI 5281539 51 2 .76 0. 49 6143 4, cemransans [
Tman, e [N 4.5 45 34 evacammens e s esene s s
R T 03 05 0% “rereavaen teaserenns
AUCIZ e 2P PIL 12.9175 1} M rirae 69 052 &, tessenaves ceesssnans
[of, YYWI [ ¥. 11, 18] 2601529 261 (71 N 21815 O cwsrrreres rassscanes
Tmlq___|h1 4% 4% 48 crsrsawana YRR TE ]
LT 1] 0.5 [ 0% Tmassenens esessnnane
RauC*® 93 116 100 117
-Arnthmetic 2122 % 22129 22018 %, mean 107% mean 108%
-Geomatic 20 22 22
RCmad® ap 118 95 - 127
-Anthmets, 1oize 20.0%% 20088 mean 102% mean 110%
i Geomeltnc t9 20 N
e an

®reiative AUZ and Cemas ar¢ The 121103 0F the relLeCctve vaiues 1iam (he Lriabelied capsule 10%& 10 The vaiues Hom the
congurrently adrunistereg iabelled GOse

The statistical analysis performed by the Appiicant used a 3-way anaiysis of covariance
with tactors tor treatment. subject and penod tor date. instead of period). A consultatinn
with the Division ot Biometrics {Donatd Schuirmann! regarding the analysis was sought on
11 3.95 1t ,vas concluded that the methods used by the Apphicant were acceptabie. When
dgata trom the Applcant's ANOVA tabies were used to approximate standard ertor and
estimate confidence intervals using the 2 one sided test. results similar {(within 1 to 3
percent) to those reported by the Apphicant were obtamned. It s also noted that AUC,, and
not AUCe was used in the bioequivalence assessment One of the difficufties in estimating
AUCa tor saguinavir 1s that apsorplion s prolonged. such that an accurate determination of
the ebmination rate constant ineeded 1or extrapotlationt cannot be made. A companson of
the percent of the toral AUC accounred tor 31 8 12 or /4 hours. in other studies, revealed
that the majonity of the AUC was accounted ‘or by B hours. For this study, i1t s felt that
AUC trom 12 hours to infinity probabiy contaputes minimally 1o the overall AUC. since
concentrations were low at 12 hours Tawing thes into account along with the impact of
assay vanapiily at iower concentranons s concluded that the use of AUC,, was
acceptable

The Applicant pertormed a3 number o! Lioequivalence studies as they attempted 1o idennty
suitable tormulations of saguinavir The reference formulation for these studies was 014
{Chrical tormulationi. Pharmacokinetic gata tor tormulation 014 have been extracted from
the broequivatence studes which will ngt ungerqo review for this NDA approval and are
summanzed n the remainder of thus section
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Study WK14938- An open label study to compare the bioavaiability of ditferent
formulations of saguinavir relative to the clinical tnal formulation {/014) in healthy
volunteers, {Vol. 170)

Mean (% CV) data from 23 of 24 healthy volunteers 111 .12 ) who received 600 mg of
saquinavir {4C0 mg of tormulation 014 and 200 mg ot ueuterated formulation) atter a
standardized breakfast are in the 1able below. Deuterated saguinavit was administered as
an i vivg nternal standard to reguce the targe intra- and interandividual vanability. Biood
camples were collected up 10 T2 nuLls pust Juse Yriary concentrations of 6 [
hydroxycortisol and coruisol were measured 10 assess cytochrome P450 activity 10 order to
possibly exptlain the source of the variabrily 1n sagwnawr pharmacokinencs. The data from
this assessment demonstrated a decrease in the ratin ot § [Fhydeoxycortisol/cortisol in the
treatment groups compared to ratios measured 27 screening, while the ratios were not
significantly different among the treatment groups. These results are consistent with a
redguction in ratio ypon treatment with saquinavir. There was no correlation between the
ratios and pooled saquinavir AUC, AUC assessed by treatment or sex, indicaung that the
rano cannot be used 10 explain the vanability in sagquinawir pharmacokinetics. Linear
regression ot the p.ot of labelled and unlabelied AUC Ipooled trom all treatments) resulted
in an r’ of 0.81. demonstrating good correlation between AUC vaiues for the different
torms o! drug. ANOVA analysis of the ral_AUC and rei Cmax deterrmined the within subject
%CV (expio?-1) to be 19.1 and 2B 8 respectively

Patameter AUCHY {u3z hit | Cmaee ing mL) Temss (KD megan Tiag M Meduan e AUC® rel Cmax”’
Uniapehe 147 4454 Oy 48 257 LI 10 27121 Y 250221
Labaned 593159 T IR T AoN ¥ 4% L T AETERCTISPETECTIN JRTPRPP RSP

Sreiative AL ana Cmpy are 1He 18108 OF The resDeCLiee »anuPs HOM. the UAADEIED Capsie 00Se tO ING vaiues oM the
Sancurrently aamuristared Lapailed pose

Other studies using formulation 014

The tollowing table contains mean (%CV) pharmacouneuc parameters for formulation /014
ttom Dicequivalence studies pertormed under led conglions quning drug development:

Siudy LOC Al Dose Lo 1PN T, TR AUZ P ugth L}
WEISIIB vor 174 600 mg ay e ) 29 T kS

W 14508 vo: 175 60C mg LA 1A J Qe RN INEY:)
WEKIS5IBC vor 197 | 400 mg DRI T Al 44500, 96 5167 N
WhI49S6A vor 708 400 mg 449 15 L 4L e td? 257 6
s e







c. ADDITIONAL FOQOD EFFECT/ PH EFFECT

An open label study of the effect of grapefruit juice on the pharmacokinetics of saquinavir
{Ro 31-8959) in healthy volunteers.

It has Leen reported that plasma concentrations of felodwine. nstrendipine, rifedipine and
cyclosporine increased when these drugs tmetabolized by cytochrome p450 3A4}) were
admunistered with grapefruit juice. Grapefruit juice contains tlavonoids which are believed
LN-vItro Jdatal T2 Be mhibitars ot CYF YAd Since saciroave s imetabulized via CYF 3A4,
the present study was to compare the bioavalabiity of saguinavir trom three single oral -
doses of 600 mg when admunistered in presence or absence of grapefruit yuice. This was a
3-way, randomized, cross-over (6 days wash out pe 2d} study condurcted in 12 healthy
subjects {6M and 6F}. Saguinavir plasma concentrations were determined between QO 10 12
hours toliowing each treatment,

TREATMENT A: 600 mg saquinavir administered n absence of grapefruit juice.

TREATMENT B: 600 mg saguinavir adrninistered in the presence of double strength grapetfrun
juice {Delmonte brand, selected since reported studies for other drugs used
thrs brand).

TReaTMENT C:600 mg saguinavir administered in the presence of single strength grapefruit
jurce {Safew vy brand. because convenmenily avadable throughout the
country).

1»ngi: sl-engQih = reconstituted acCOrgmg 10 1abei »Nutruf 10N Qoudie Airenyin = reconshituled using hall the required
volum s ol water|

Treziments B and C were admiristered with 150 mL ot grapefruit juice with additional 150
mtb at one hour after adrmumstration ot the Jrug

Results:
Mean plasma concentrations ¢! saquinavrr after single gdose [three treatments) are provided
in Figure 5. The foliowing tabie summarizes the results

Totai =12 Cmax ngimi AUC, ., nghmy Tmax* ik

Maies = b anc

Femplgs = 6

. Maie Femaw Uverge e Fomgur Overall | Malas Female Dveral

Maan (%CV)

Treatment & 76 5 40 Bn 1. JiTe ‘48 1832 475 3.25 4.0
165 9 135 R LA 10 1651 9)

Treatment B 120 € 107t 1) 4 174 Jge J7a 4 a5 40 a.25
149 0 4% & 146 0 LI FIEY 1a%)

Trestment C 921 78 9 84 4n J54 C P R 2381 375 4.5 4.5
LYok 149 & an sy I FYS T 145 &)
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volunteers. Plasma samples measured dunng the infusion and up to 33 hours foilowing
start of infusion.

TREATMENT A: 6 mg (2 mg/h for 3 hours)

TREATMENT B: 36 mg {12 mg/h for 3 hours)
TREATMENT C: 72 mg (24 mgih tor 3 hoursi
TREATMENT D 72 mg {12 mg/h tor & hours)

All subjects fast=d overmight and tnese receving treatments A, B and C werp ted 2
standardized breakfast (1 bowl cornflakes with 150 mL wheie milk, 2 rashers lean bacon, 2
tried eggs, 2 slices toast with butter and 200 mlL decatfeinated tea or coffee) 30 minutes
before tte infusion. Subjects in treatrment D consumed their breakfast 3 hours after the
start of the infusion.

In an absolute bioavailability study, the clearance of saquinavir was faund to be greater
than hepatc blood low, suggesting extra-hepatic clearance. To investigate this finding,
hepatic blood flow was measured by determining \ndocyanmine green (ICG) clearance. Al
groups received 40 mg of CG intravenously, immediately following saguinavir infusion.

Local intolerance {erythema and swellkng) to intusion resulted In premature termimnation of
the study. This intolerance was attributed 10 presence of glycoturol in the formufation
and/or intolerance 10 saguinavir.

Results:

Mean plasma concentrations of saquinavir after s:ngie dose (four 1.v. treatments) are
provided in Figure 7. The nhatmacokinelic parameters obtained are summarized in the
following table. The steady state concentration (Css) was defined as Cmax within the
ntusion period (0 to 3.houts; and tor treatment 0. Css under fed state was defineg as
concentration at 5 hours tollowing start ot the intusion



tnsert table from pg 31, volume 201 of the study report.
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Trenmeni A

Mean Fharmacoraneiic Parametern tor Ho V] X995 anad i vaenine fven

nme ] me s

Parameter  Css* unax AUC Co CLICG

Treavmenmt  ngranl b vg.vl b LB
Mecan 082 2,125 128 ¥6.80 <27
aCVv 249 40.18 13 40 g 17.01

- o 4

Treatment B:

36 me (12 mesb)

Parameter  Css® tmax CLO-3 AUC: cL: CL(ICGY
Treaument ngmal b L vg.b/L LA LB
Mean 1748 2200 74.61 i58.6 06,24 £9.07
*HCV 14.57 34.47 1625 16.84 20.26 04
n 5 5 5 5 5 b}
Treatment C. 72 g (24 mg/b)
Parameter  Cas* unax AUCH CLt CLIICG
Treatment  ngyml b we . LY LY
Mean 308.0 2300 1087 66 54 4] 88
>V 6.139 2479 7.232 T8 el
n 5 3 5 < 4

Treaiment D

72 mg (72mes6b)

Paramerer  Cas0-3° Cas3-6°"  max ClLO-3s Cll-nese AU CL CLLICGY
Treaument ngmlb ngsml L L Ny we.b/l L b
Mesa 250.7 1538 i ST W 807 1254 £1.32 5504
%wCV 26.76 29.81 >0 22 697 I o I 19.70 1967 2257
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Individual steady state plasma concentrations {Css) for treatments A Band C
{administered with fcod) appear 1o be dose proportional (Figure 8. r? = 0.97 and intercept
not significantly different than zero} suggecting constant systemic clearance. The Cssg
for reatment D (251 ng/mL} was higher than Css for treatment B {175 ng/mL). which
decreased 1o 154 ng/imL {Css,,) atter subjects were ted during the infuston. The clearance
during fasted state was vbout 24% {treatment B versus D) and 31% (within treatment D}
lower compared to fed state. Trus increased clearance n fed state may be due to transient
tncre se in hepatc blood flow atter meals.

The mean plasma clearance of ICG ranged between 42 to 58 L/h. With a5 average
hematocrit of 0.4, these plasma clearances correspond to biood clearance of about 25 L/h.
In contrast to the previous study, the saguinavir clearance in the present study was less
than the blood clearance of iCG (less than hepatic bicod flow). The results from the present
study lend support to the assumption that extra hepatc metabohism may not be involved in
the elimination of sagumawir.

In summary, when saqunavir 1s infused »n the fed siate, Its pharmacokinetics appear 1o be
linear. The clearance of saquinawvir durng the tasted state was lower compared to the fed
state. The saquinawvir clearance (ICG datal possibly lacks extra hepatic elimination and 15
cleared via hepatuc rnute.

Title: An open labe! study to investigate the gastrointestinal transit and absorption of
saquinavir using gamma scintigraphy in healthy volunteers (14341}

This was a randomized crossover study n 8 { 4M, aF) healthy volunteers. Subjects were
administered a sing'e dose of 600 mg saguinavir (3°200 mg radiolabeiled with 1MBg of
1535Sm: 1.e. 0.33 MBq per capsule) under ted and tasted conditions, separated by 6 days.
Plasma concentrations -of saquinavir were determined and scintigraphic images using
gamma camera were recorded up 1o 12 hours tollowing each treatment {(Fed and Fasted}.

TREATMENT A 600 mg saquinavir admiruistered 5 miunutes after standardized
breakiant (1 bowl corntlakes with 100 mL whole milk, 2 rashers lean
bacon. 2 tned eggs. 2 shces toast with butter and 150 mL
decaffeinated tea or colteel

TREATMENT B: 600 mg saguinaver agrministered under fasting condition

Resuilts:
Mean plasma concentrations of saquinavir atter single dose (Fed and Fasting) are provided
n Figure The tollowing two 1ables summarnize the resulls;
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Mean Pharmacokinetic Parameters

Treatment A (Fed) Tf Treatment B (Fasting)
AUC, Cmax Tmax *Tiag AUC, ., Cmax Tmax
ng.himL ng/mL h n ng homl ng/ml h
N=8 N=8 N=B N=8 Nea N=~4& Na=d
Mean 197.5 61.69 475 125 2722 1152 1.50
%CV 58 69 4 173 328 633 36 5 272
* o Taag delined as ine 0o 10 WEl IDseived casmenin nn

Mean Gastrointestinatl Transit Parameters

Trestment B (Fasted) I Trestmaen' A IFed}
T50% T50% T50% T50% T50% 150%
GEih} SITih} CAnl GElm SiTin CAIN
Mcan 0.3 a6 40 18 27 a4
%CV 100 33 35 50 44 6
T50% GE(hi Time taren tor 50% to empty trom stomacnh
TS50% SiTim Small uitestine transn hime
T50% CA (h) Time taken tor 50% 1o armive 1n coon

Administenng saquinavir i presence of food increased its mean AUC by seven fold. in the
fasted state the radiolabelled marker emptied 6 times faster (mean datal compared to fed
state. However, ume taken for the marker 10 reach the colon was similar for both fed and
fasted states.

in the tasted state. measurable saquinavyr concentrations were only available in four of the
subjecis; therefore, no attempt was mace to correlate saquinavir concentration to Gl transit
pararneters. In fed state, there appears to be a corretation {r = 0.7886, Figure 10) between
the rates of gastric emptying and fag ime  Further. it appears that prolonged gastric
ernply:ing was associated with higher AUC  Secona peak after iunch indicates a possibility
of absorption from the colon However no firm conclusions about association and/or
corfelations of Gl parameters and saquinavir concentraunns can be denved from thig study.

Title: A study of the effect of raising of gastng pH on the pharmacokinetics of Ro 31-8959
in healthy volunteers (14159A}

This study was conducted 1o determine  the increase 1n tioavadability of saquinavir in fed
state s due 1o a temporary wncrease «n gastnic pH  Saaquinavir was administered (with
either tood cr ramtidine or bothl in a rangomized three way crossover design to 12 healthy
males,

TREATMENT A- 600 mg saguinavir atter ramnadine. without tood. (Note: Two 150 mg
ranitidine goses were agministered oraliy. one 12 hours pre-dose and a
second dose given 1 hout predose |

TReaTmENT B 600 mg saquinavir atter ramnidine with food

TREATMENT (600 mg saguinavir withou! ramtigine. with food.

A telemetnic pH recording device , was swallowed about half an hour before



the first ranitidine dose. The pH measurements were recorded every 6 seconds between
one hour pre saguinavir dose to 8 hours post dose. Blood sampies for saquinavir
determinations were collected up to 24 hours.

Results:
Mean plasma concentrations ot saguinavir after single dose (three treatments) are provided
in Figure 11. The table on the following page summarizes the resuits.

Ir: the fcliowing takble, pHmax 1s moximum pH rzcerued -om Adosing up te Tmax for esch
subject, pH5-101s the pH value abtained for the penod 5 to 10 minutes following dasing
and TmaxipH) 1s tme to pHmMax. '
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The relative bwavailability of saquinavir with ramtidine under fasting state versus saquinavir
with tood alone {treatment C) was 15.9% (C.J. 10.0 - 25.2%). Whereas, the relative
bioavallabihity of saguinavir with ranitidine under fed state w.r.t saguinavir with tood alone
was 167% (C.1. 108 - 265%). Since C.!. aid not include 100% suggests that mean AUC
values were significantly difterent (A< C < B). It shouid be noted that saquinavir AUC
following ranimidine and tood increased sigmificantly 'n all except two patients.

Mean gastric pH between 1 hour predose ang B hours tollowing dosing are presented in
figures 12, 13 and 14, Ronit.ove producec greater 'asreoases .nopk as compard 10 tocd
alone DM 15 also provided in the previous table. Saguinavie AUCt was not correlated with

either pH{5-10} or pHmax (Figures 15 andg 16),

Saquinavir concentrations foliowing ranitidine in fed state were higher than when the drug
was admiristered with food alone. It appears that this increase was not related to change
tin the gastric pH, because when the drug was admimistered with ramuidine in the fasting
state the bioavailability was not high.

Saquinavir 1s best dissolved between pH of 3 to 4 {discussion with reviewing Chermist) and
reducing or increasing the pH reduces 1ts solubihity. Based on the solubility profile cf
saquinavir at different pH, one would not expect that increasing pH above 4 would nrrease
1ts solubility.

Title: A pharmacokinetic study of the effect of uming of focd intake on the bioavailability
of Ro 31-8959 in healthy volunteers (14109A)

Saquinavir was administered 1n a randomized three way crossover design to 12 healthy
males. ine objectives were 1o asses etiect ol nming of food intake on the bioavailability
ano relate any bipavailabiity differences to gastnc pH

TREa IMENT A: 600 mg saquinawvir 0.5 hours betore breaktast {1 bowl corntlakes with 150
mi whole milk. 2 rashers iean bacon, 2 fried eggs. 1/2 shce toast with butter
and 200 mL decatteinated tea or cotteel

Tapatmint B 600 mg saguinavie 2 hours atter breaktast

TacaTmenT C. 600 mg saquinaver 5 minutes alter breaktast

Al subects received 3 standardized lunch 5 hours atter and dinner 10 hours after the
preakfasy.

A telemetnc pH recording device was swallowed about an hour betore the
gose The pH measurements wete tecorded every 6 seconds up to 8 hours post dose.
Blood samples tor saguinavit determinations were collected up 1o 24 hours.
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Results:

Mean plasma concentrations of saquinavir atter singie dose [three treatments) are provided
n Figure 16. The table on the following page summarizes the results. The foltowing table,
also contains pHmax, pHH-10 and TmaxipH) as detined 1n the earlier study.

The reiative bioavailability of saguinavir from Treatment A versus Treatment C was 30%
(C.1. 19.3 - 38.5%) based on AUC and 33.6% (C.l. 22.2 - 51.0) based on Cmax. Similarly,
the relative bioavaitabiity of saquinavir from treatment B w.r.t treatment C weas 110% {(C.1.
73.3-145.5%) and 123% 'C.. - 30 5 - 1B5.6%) buseo wn Q4G apd Ciray respectnely.
Treatment B and C appear 10 have similar relative bioavaiability.

Mean gastnic pH between 1 hour pre dose to 8 hours following the dose are presented in
figures 17, 18 and 19. The standard breakfas! produced an increase n gastric pH { pH 1s
provided in the previcus tablel. Saquinavir Cmax or AUCT was not correlated with eithier
pH or pH5-10 {Figures 20 ang 21j.

In summary, 1t appears that gastric pH did not etfect the bioavalabiity, However, based
on the solubility profile of saguinavir at ditterent pH. one would not expect that increase n
pH would increase 1ts solubilily. Thus the increase n saguinavir bicavailabihty following
food cannot be explained by \ncrease »n pH caused by food intake. This study alsc
suggests that saguinavir showd be admimistered withun 2 hours after food.
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d. MULTIPLE DOSE

Study WK14339B - A pharmacokineuc study of Ro 31-8959 given in three differen!
regimens of multiple oral doses to healthy volunteers. - (Vol. 179)

The Applicant states that the systemic availability of saguinavir may be influenced by a
combination of factors such as dosage. arug solubiity 10 gastnc contents, gastric emptying
rate, drug concentrations in the hepatic portal vein and the activity of the metabohzing
enzymes 1n toe hver. Thius rangounuzeo. C1ossover study was done 10 determune o cnanging
the frequency of saquinav:’ dosing woulo optimize tioavalabhty. Twelve healthy mailes
recesved mulupie doses of saquinavir tor 5 days n regimens of 900 mg bd (pracucal
alternative to id dosing), 1800 mg qd hintended to test saturability of first-pass
metabolismt and 600 mg ud ireterence. given at intervai ot 6. 6 and 12 hours}, with each
period separated by 2 days. Saquinavir was given atter consumption of a meal. Subjects
recerved the first dose of each day at the study sie, atter eating the standardized
breakfast. Pharmacokinetic profiles (q 1 hour sampling) were obtained over a 24 hour
period which began after th: tirst cose on the tinal day of each period. OUne subject
withdrews 1n the final day of the 1800 mg ad reqmen. due to gastntis. A plot of the mean
concentration vs. urme protiles atter the three regimens follows. The mean (% CV)
parameter estimates over 24 hours ang over individual dosing intervals are summarized n
the tables below. Cmax and Tma. were getermined irom the first dose on the day of the
pharmacokinetic profiles.

Regimean Coman tngrmy. AULis cantm T “ase 1IN megian Tiag thi. megan
A « 900 mg it 24% Y 150 02 1198 .39 % ) 0
ine 12,
B = 1BOO mg qo 28801399 121619 30 0
w17
C » 600 mg 10 1201 1437 924 6,3 (]} o
e T2
Regrmer Comas ETELY Ayl y I .—as Tage 17, AUC12 s
g M L LT g L g med a 1ug*hLl
A 2ay 1 1% lav b LK} FXY 145 9
he LD 150 0 141 B 4y 4 46 It
hegimen Cmas Tmas 1 AT s
ing mL1 | medien wgth
] 2BR O a0 170
the 11 e 13* N
Reg:men Comas Tengs 1M} ayCae . - Taes M AUCH Coman Tman (h!, AUC12 18"
ing ML | median ALY Y.y - ~etan 1.gThLl tng:mL) median tug*hil)
.
c 98 L) AN LLEN b M9 7T 1 50 226 7444 7)
i 16a 2 6o ! L N 318 9 149 8

‘6 ROy AU was CHLLaIed 10 aigw 1o? LOMUS wrs o th Iy Tyl | JOVNG ety diy



Regimens A & B had similar saquinavir exposure, which was significantly higher than that
trom Regimen C. However, the concentration vs ume proties indicate that Regimen C
provided lower tluctuations and yvielded sustained plasma concentrations. For all subjects
on Regimen A, Cms was lower atter the second dose compared 10 the first and 10 of the
12 had lower AUCs after the second gose. The AUC ranged from 282-1215 ug*h:lL 2iter
the first 900 mg dose and from 179-786 ug*hil atter the second dose. AUCs werc not
significantly different tor the dosing intervals during Regimen C., however, the Cmax was
lower 10 the third interval compared to the first two. I was concluded, by the Applicant,
that he results from this study were not compeihi'g enough 1 warrant changing the
reqimen from a 16 to either bid or qd. It.s agreed that a change n regunen was not
warranted.






e. DRUG INTERACTIONS

Pharmacokinetic interaction betwzen Ro 31-8959 and ketoconazole in healthy volunteers
iprotocol No. WK 14435)

Based on in-vitro data, 1sozyme Cyp 3A4 has been identuifed as Deing responsible for
saquinavir's metabolism, Ketoconazole 1s a known potent inhubitor of Cyp 3A4.

The prarmazckinetic interacuizn of segquinavir and k2loconazole 4t steadv s1ate was
studied in thus 3-way, randomuzed, cross-over study conducted in 12 healthy males.
TREATMENT A: 600 mg saqumavir tid {8:00, 14:00 and 2G:00 hours) tor & days, plus a
singie dose on gay 6

800 mg saquinawvir nd for 5 days, and a single dose on day 6 plus 200 mg
ketoconazole QD for 6 days

200 mg ketoconazcle QD tor 6 days

TREATMENT B:
TREATMENT C:

Treatments were separated by 1 day i.e.. next treatment commenced 24 hours after the
final dose of the previous regimen ang all the treatments were taken within 10 minutes
after food.

Results: Mean steady state plasma levels o! sagquinave when admimstered with and

without ketoconazole, are provided in Figure 2. The follow:ng table summarizes the

resuits.
Mewn Tmanx Cmex *Cave ALC,, AUC, . Lo Cmax **AUC Foorire
%Cv thi ng/mL ngoml ng Rl ng himi h fano tatio Geo M
iRange!
Saquinawvit 325 1233 6C 12 36 677 1075 | e
one <! a? a2 ar 50 12
Saguenawt 358 336 6 179 Q2 1050 trg 8 69 256 2.5% 2.30
Twith 4% [1:} 68 1] 58 J 56 a6
Ketoconajole! 077 ] 106
571 4.3
KRtoconalole 392 3986 2169 ‘3970 24090 25
sione 32 22 24 ) 17 o5
Katoconazois 33 1361 +0B6 ‘4410 Jamno 2631
fweith 37 37 AT 3 14 -1
Saguinawnt)
wave CaiCuiated av AUC,,  Tau

** AUC ratp of AUCK (AUC rpto 0! UL, was 1G22V 6T

Mean saquinavit Cmax, Cave and AUC were apout £2.5 to 3 umes higher when the drug
was co-agmimstered with ketoconazole Whereas. saquinavir did not have any marked
ettect {except that ketoconazole Cmax was signilicantly hugher) on the pharmacokinetics of
ketoconazote It should alsgo be noted that 3 of the 12 subjects did not have a significant
change 1n saquinavit pharmacokinetic parameters, when it was co-admimstered with
ketoconazole. Further, increase «n concentration was not associated with initial (saqunavir
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ketocorazole. Further, increase in concentrat:or, was not assoc:ated with imitial (sagquinavir
alonel fow concentrations of saquinavir,

Increase 1n Cmax with no change in Tmax suggests that the rate of appearance ot
saguinavir was not atfected. Increase in Cmax. AUC and relative availlabihty could pe
explained by intubition of the metabolizing enzyme. In absence of data from the second
and third dose saquinavir, it could only be hypothesized that inhibition ot the metabolizing
enzyme would occur even when ketoconazole concentrations are low resuiting in the
seccnd cnid tharg saguiavi doses a&,50 being aftected.

it should be noted that 20C mg ketoconazole and 6Q0 mg saquinavir were administered
together. To obtain the maximum inhibition that ketoconazole can produce, ketoconazole
has been reported to be administered two hours betore agminis.ering the drug being
evaluated. Further, clinically ketoconazole s atso gwen as 400 mg qd. Thus, the
keto~onazole interaction reported from this study should be considered as the minynum
increase that could be expected and n reality the increase in exposure of saquinavir could
be higher.

Based on avallable safety data at higher saquinavir exposures {preliminary data frem study
up to 7200 mg per day) and the results of this study. no dose adjusIMENnLSs are necessary
{discussed with medical officer).

Title: An open label study of the effect ot nfampicin on the pharmacokinetics of Ro 31-
8959 in healthy volunteers Protocol WK 14436A)

Rifampin 1s commonly used to treat tupercuiosis in AIDS patents, and is a known inducer
of cytochrome p450 enzymes.

The pharmacokmnetlic interaction of saquinavy ang ntampin at steady state was evaluated in
12 healthy maies.

TREATMENT A° 600 mg saquinavir tid (8 00. 14:00 ang 20:00 hours) for 7 days.
TREATMENT B 500 mg sagquinavir tid ptus 600 mg ntampmin QD tor 7 days

All volunteers received treatment A in the trst peniod and treatment B in the second penod.
Periods 1 and 2 were continued without any washout Pharmacokinetics of saquinavir
were determined on Day 7 {over 0-24 houts three oral doses were administered) of gach
treatment

Results: Mean steady state plasma levels ot saquinavie when administered with and
without ritampir are provided in F:gure 4 The tollowing table summanizes the results:
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Mean Cmax,,, Cmaa ®auC,, [ ®auc,, Trmas *Crin
%CV ng/mL Ratio ng.himi Rato feden) nyg/ml
{Range!
Saquinavnr 144 5 1086 12 15 28
alone 410 217 28.9
Saguinavir 330 25% 187 17% [ 1.97
[with 59.2 56 431 315 43.2
ritampin) (6% -a46%) 7% 26
“ 85% Confidence Intervals for AU snd Crmav Trearment @ versus Tieatment A !}
Mesan Ditferance in Log SE ot Ditterence Mgan* 25% C.).**
values
r—-w
AUC (0-24) - 0.79 0 052 16 1% 124.209
Crmax {0.24}) -0.67 0 Das 21 D% 126.32.2 N

B Noie ALD Dver 34 DOUS 1ADIEIENtE J COREY  FOr RECN inigrvi 484 511 e 1 bDee
£ Crran s 08Tined B3 Manerfus® CONCENITEION GDIHrad biwesr: 010 S honwt on Dar 7 0f asi ~ 118 strment
T GRomein mean LalcuBISG o8 SRD 'masn 01 I N e o g v Bhes

S LAacvad ps MD Imean Wl N iog £ T15% BT 1V Y SE O ettaeprr e

When comparing treatments A and B over a 24 hour peniod, 1t was found that AUC, Cmax
and Cmin were significantly {p <0.0001) lower when saquinavn was co-admiristered with
ntampin, Relative bioavalabilty (AUC) was about 16% and relative Cmax was about 21%
when saquinavir and nfampin were concomitantly administered. Thus hepatic enzyme
induction caused by nfampin markedly aftected steadyv state pharmacokinetcs ot
sagquinawvir,

This study was carned out in healthy volunteers The effect of nfampin treatment on
enzyme induction and saquinawvir pharmacok:nehcs 10 patents 1s UNKNOWN. Saguinavir and
ntampin (and other known or potennal ingucers of cytochrome p450) should not be
concomitantly agmin:steregd.

Interaction study between INVIRASE and nfabutin. {Preliminary report)

Thirteen HIV.anfected males received saquinavir 600 mg tid alone or with nifabutin 300 mg
qQd in 2 sequential design as outhned beiow

Penod | iDays Q-81: Saquinaver 600 mg 1d tor 7 days (morming dose only on Day 7}

Period |i (Days B-14); Saquinavir 600 mg nd - rifabutin 300 mg qd for 7 days
{morring doses only on Day 14)

Period 1 {Days 15-21): Saquinavir 600 mg ua - nfabutin 300 mg qd for a further 7

davs (morning doses only on day 21)



The following tables contain the mean (%cv) data from the studyv:

Ten of the 12 subjects had decreases in therr 24 hour saquinavir AUC after
coadministration with rifabutin (average 42% decrease: range 22-64%) and 2 subjects had
higher AUC (8% and 18% increase). The data trom this study demonstrate that rifabutin

SAQUINAVIR Pericy ” Perod ! Parng 1)
AULCG 24 1ng*h/mL) 1612 157 954 147, 929 63
Cmax Ing/mL) 377 107 200 a4 238 .7%)
T2 (ht 9.7 1B.3! 161,26 Y1 46)
RIFABUTIN Pernod 1i Penoag it

AUCOH 24 (ng*nimL) 3182 (45) 2547 120

Ceman (Ng/mL) 374 (501 413131

Tz n 13.7 {34 &) 13 99155 6

L)
[

nduces the metabolism of saquinavir resulting in lower plasma concentrations 2f saquinawir
when the two drugs are given concomitantly.
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f. GENDER

Study WK14340- A bioavailability study of a new suspension formulation of Ro 31-8959
as /043 {intended for paediztric use) relative to the standard capsule formulation /014
{Vol. 169)

Mean (%CV) data from 12 heaithy volunteers (6 ¢, § ? ) who received 600 mg of
saguinavir {3 x 200 mg} after a standardized breakfast.

2

Parameter Cman (ngrml) Tmas 1Rl median AUCS tug*hil) AUCT® lug'hf.Lj '
All Subjects (n=12) 82.4{79 0 45 156 7 (83 21 162.6 190.0)
Femaies {n= &i 38.063 3¢ [ T e e B3.0145.0)
Males (n = B) 126.8149 9) creses o e 256.1 (69. 1)
in=5) 105 (6.1 186(34. 1)

*t = 12b or |asi measuiabie Lime

In this study. females had lower Cmax and AUC values compared to males, however, the
numbers of subjects were too low to perform a formal statisucal analysis. There was one
male who had much higher concentrations than he others in the group. When the values
from this individual were iett out. the mean AUC and C~a« decreased.

Pocled gender analysis of data trom either healthy subjects or patients did not reveal
siymficant ditferences between males and temales. The overall number of female study
subjects was fow.

3. IN VITRO STUDIES:

a. Protemn binging

Report W-14196%, Vol 78, oage 151

The proten binding of 14-carbon labelled saquinavir was determined using equilibrium
dialys:s and wirrahitranion at 37°C Plasma was harvested and pooled from the blood of
healthy voiunteers. Over a Orug concentration range of 15-700 ng/mL, the protein binding
averaged 98%.

b. Metabolism {hepatic microsomes.

Report W-142069, Vol 88 oage 212

in order 1o 1dentify the cytochrome PA50 isorymes responsiole tor saquinavir metabolsm,
studies 1n pooled human hver mitrosomes were pettormed. Cytochrome P450 3A was
idenuihieg as the primary 1sozyme tesponsibie tor saquinavir metabolism. This was
agemonsirated by (nhibiicn o1 s8Quinavrr metabolism in the presence of ketoconazole and
midazolam (CYP 3A4 substrates! Incubations with compounds known to be substrates for
other cytochrome P450 1so2ymes (furafyibtne methoxycoumann, coumarin,
sulphaphenazcle. 10lbutamide. temaiapam and p-rmitrophenol) did not indicate that such
iIsoZymes weare significantly mnvolved in saquinavir metabolism,
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This study evaluated the ability of saguinavir to inhubit cytochrome P450 enzymes
commonly involved in drug metabolism {2D6 and 2C9), but not involved 1n 1ts own
metabohsm. The 2C9 hydroxylation of tolbutamide and the 206 mediated hydroxylation of
bufuralol were not sigmficantly inhibited by sagquinawvir, 3 uM.

¢. Drug interactions thepat: microsomest

R W-142117, Vol 90, page 174

The effect ot saquinavir on the :n vitro metabohsm of selected compounds used 1IN HIV-
infected patients was studied in pooled hver microsomes trom 5 male subjects (non HIV-
infected). The compounds studied include: terfenadine, pyrazinarmide, ergotamine,
ketoconazole, nifedipme, and ciindamycin. Sagquinavir concentrations of 1, 3, and 10 uM
were used in the micrasomal incubations {done 1n tniphicate), with 3 M representing
projected in vivo concentrations in the liver. There was no sigmnificant loss of dapsone or
pyrazinamide fram the microsoma! incubations, theretore, the effects of saqunavir could
not be determined. The following table summarnizes the results for the other compounds
studicd,

% mhibition 0t compounds In the presence of saquinavir i(mean of 3 incubauons)
SaqQuinawvir mfedipine tertenacine SIGoIATNE kBlpCONIIDIE Chngarmy o
Concentration
wih

1 24 O hR 17 29

3 62 [s] -] 20 68

¢ 83 14 36 53 84

A significant interaction was gefined as greater than 50% inhibition. At the saguinavir
concentrauon of 3 uM, a signilicant interaction was observed for fedipine and
chndamycin. It should be noted that in vilro stuoes serve as guides when deciding what in
vivo drug interaction studies should be done. The presence or absence of an interaction in
vItro does not guaranlee that a simiar resull will be opserved in vive. Cytochrome P450
enzymes 2re located n the gastrontesunal tract as well as in the hver, however, the
Apolléant did not pertorm expenments using intestinal preparations,



33
B. PATIENTS {single/multiple dose, drug interactions);

STUDY- V13330- A randomized phase I-ll double-blind study. to investigate the antj-viral
activity, 1olerability and pharmacokinetics of varying doses of oral Ro 31-8959 (HIV
proteinase inhibitor) in combination with a fixed dose of zidovudine {ZDV) administered to
previously untreated symptomatic HIV-infected individuals. (Vols. 240-248, dates 2/92-
2/93)

This 16 weex s51udy examined 1) gose resporse relationstups, 2) combination versus
monotherapy, 3) tolerabibity ot chroric orally administered Ro 31-8859 (Saguinavir), 4)
pharmacokinetics, 5) pharmacokinetic interaction between saqunavir and 20DV, §)
correlation of pharmacokinetic parameters and anti-vizal activity and 7) the potential
reduction in HIV infectivity of caquinavir therapy, using quantitative wvirus ttration and PCR
technology. Ninety-two HIV positive panents {?) with CD4 cell counts s 300, age 18-65,
received treatment and 80 completed the study. The reasens for the dropouts will not be
detaled but were generally a result of noncomphance or advers: avents. Pattents were
randomly assigned to receive the toliowing treatments:

Saguinawvir 2DV n
1. Placebo nd 200 mg ug 17
2 75 mg ud 200 mg ud 18
3. 200 mg ud 200 mg ud 18
4. 600 mg id 200 mg ud 20
5. 600 mg td Pilacebo nd 18

Medications were taken witun 30 nunytes atter eating a meai. Phaimacokinetic
assessments were made on Day 7 and on Day 42 - 4. with samples being collected prior
1o dosing and at 1, 2, 3, 4. 6 and B nours atter dosing Single blood samples ‘wore
collected guring weeks 8 and 12 { 3 hours atter dosing! and duning week 16, prior 1o
dosing and at 1. 3 ang 5 heurs alier aosing Saquinave samples were analyzed by
Huntingdon Research Centre and ZDV.ZDVG samples were analyzed by the Welicome
Foundat:on The following table contans the pharmacokinetic parameter estimates for
saquinavire ang a higure of the mean concenttation versus tme proiile follows. The profiles
were oblaned either sn week 1 or 6 or dunng the extension phase ot the study.

Mean 1%:CV) Saguinavir Pharmacoxinetic Parameters Atter Multiple Dosing
Parameist % mg - 2D 200 mg - 2D. BOO mg - 2DV bl mg alone
Cwar 1ng My 10 3178 & 6 7 10 199 9492 270.01108.8)
» L 18 M 19
Tmas i * lo 3¢ g 30
[ 16 k.| 20 19
Tom tri " [« ag GU oo
n 16 1h 9 18
AUCe g h sl hel 9 8ot e t13? 79 O 7319 4 (89.8)
" 6 'Y 20 18

“Mediyn
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The Applicant performed linear regression analyses between AUCs and levels of SGOT,
SGPT, alkaline phosphatase, bihirubin, alburmin and creatimine, as well as age, bodyweight
and gender. No apparent trends were found. AUCs and Cmax increased more than
proportionately with dose. There was a large degree ot intersubject vanabihity.
Concentrations of saquinavir in pre-dose and B hour samples were not sigmficantly
ditferent for any of the treatments, indicanng the attainment ot steady state. The iog
transformed parameter estimates atter the 600 mg saquinavir doses n the presence and
absence of ZDV were compared by an one-way analysis of varnance and no statisucally
sigificant difterences vere {ourd tor Conee 30 AUCSH.

The Applicant states that it was not possible to extract data on variation of
pharmacokinetic parameters withun patients because in Most patients, at least one of the
profiles at weeks 1 and & were unusable as a second dose of medication had been taken
within the dose interval.
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Figare 9.

Mean Plasma Concentration of Ro 31-5959 in Patients after Multipie Ol Dosing of
Ro 31-8959 Alooe or 1o Combinaston with ZDV
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The following tabies and figure tontain mean pharmacokinetic parameter estimates and

concentration vs ume prohles for ZDV and ZDVG.

Mean (%CV) 2DV Pharmacokinetic Parameters Atter Multiple Dosing

Pararmeter Z0v « 75 mg DV - 200 mg DV « 600 my | 2DV alone
Saguinavit Saquinav Saguinayy

Cmazx (nmakmlL) 2.91(38 N I0 7B Oy 26137 6 2.7143.00
n 7 b W 15

Tenan [hH® 1.0 10 10 10
n 17 17 7] 16

AUCa {nmol*h/mL) 6.71368) 68147 V. 6313401 68148 1)
" 17 7 18 16

"Median

Mean (% CV) ZDVG Pharmacokinetic Parameters Atter Muluiple Dosing

Parameler DV - 75 mg 2DV + 20C mg 2Dv - 600 mg ZDV alone
Saguinavye Saquinave Saguinawvit

Cempa InMOIIML) 87130 §14331 3Bi33 T 821342
n 17 v 1B 16

Temas iM)* 20 20 10 2
n 17 17 1B 16

AUCS inmgr*hm|; 081270 2 9.329 219270 204036 6
) V7 LI 18 16

"Meoian

Pharmacokinetic parameters for 2DV ano ZDVG were not affected by coadmimistration with

saquinavir as evigeiced by simiiar parameters ove:r all trreatment groups.
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figare 10. Maean Plasma Concentration of ZDV in Patieats after Mulaple Oral Danag of
200 mg ZDV Alone or 1n Combmepon with Lncreasing Doses of Ro 31.8959
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The pharmacokinetic-response relationship aralysis examined [32 microglobubin, neoptenn,
CD4, p24 and Aantigen 1n relavion to AUCS and log AUCS {base10 logt. A significant
relationship was only established for changes in necptenn and log AUCs

This study demonstrated that steady state 1s achieved by 1 week of dosing with
saquinavir. It demonstrated greater than proportionate increases in AUC and Cmas with
dose. This study demonstrated that a signihicant pharmacokinetic interaction does not
occur tor either drug when saquinavir 15 coagmimstered with ZDV. This study further
demcnstrated that the pharmacokinetits ot saguinav'r 1s subject (o a iarge cegree cf
intersubject vanability. The Applicant did not correlate adverse events to drug exposure,
however adverse events were NOt generally senous,

STUDY V-13329- A randomized phase |-1l double-blind study to investigate the anti-viral

activity, tolerability and pharmacokinetics of orai Ro 31-8959 (HIV proteinase inhibitor) in
previously ZDV treated HiV.infected individuals, treated at doses of 75, 200 and 600 mg
thrice daily. (Vols. 233-239, dates 12/91-9/92}

Sixty-one HIV infected patients (o ¢}, age 19 10 64 vears. were enrolled in this double-bhind
parallel group study which lasted 16 weeks. ang 58 completed the study. Patients were
rangomiy assigned to receive the following treatments.

Navie 2DV n g8
1. 75 mg ud 200 mg 1d 20 15/5
2. 200 mg ud 200 mg ug 21 147
3 600 mg ud 200 mg ud 20 16/4

Medications were taken withun 30 minutes atier eatung a meal (meals were not
standardized). Pharmacokinenic assessments were pertormed on Day 1 and on Day 28,
with samples being collected prior to dosing ang at C.S, 1. 1.5, 2, 3, 4, 6, 7 and B hours
after the iirst dose. Single blood samples were coliected dunng weeks 8 and 12. Dunng
week 16, tamples were collected prior to dosing and t. 3 and 6 hours after dosing.
Saawnavir samples were analyzed by X The tollowing table

contains the pharmacokmnenuc parameter estimates 1o saguinavir and a figure of the mean
concentration versus time protiles tnllows. as well



Mean (%CV) Saguinavir Pharmacokinetic Parameters Day !

Parameter 75 mg tid 20D mg 10 BLO ™y 1ad
Cmas {ngimL}t 9811 9 40 7185 & 16V 4 12 n
n 16 20 ]

Tras (M) 15 0 1¢
n 16 20 20

e 1N o-r n- -t
n 16 20 <0

AUCE (ug*h:ly 63133 N 75 4 (8% 9 386 2.99 1
n 6 19 o]

Mean (% CV! Saquinavir Pharmacokineuc Parameters Day 28

Parameter 75 mg g 200 mg no 600 mg na
Cmaa Ing/mi) 20.9 196 3} B50.67 1 242 X115 %
n 17 19 '9

AL TTRLIN 40 20 20
n 17 19 t9

Ty (n1° o5 05 as
n t7 '8 18

AuCe wug*n U 47 9% (9% B 207 3.hB 1 66T T 3
n 17 1% g

r
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Greater than proportional increases in mean AUC ang Umas were observed when the 75 mg
gose was compared 1o the others However, wnen tne 200 mg dose was compared to the
600 mg dose. directly proportional increases in mean AUC and Cmax were observed. This

may be nadicative of differences in the 75 mg capsuie preparation relative to the 200 mg
capsuie preparation which was used lor the two tgher doses. Significant difterences were
observed between Day 1 and Day 2B AU vaiues The percentage accumulation was
250% i90% Cl, 117.465%) 2071% 1129 294°%) ang 102% (30.1-213%) for the 75 mg,
200 mg and 600 mg ud doses tespectively
5iudy are comparabie to those «n study V13330 tor the 200 and 600 mg doses.

fne AUCSE values at steady state from this
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The intra-subject variabihty in stead sure intra-subject s .d./overall mean x 10Q0)
was estimated by comparnng the AL 2 simphired profile of week 16 with the AUC
from Day 8 calculated frem the same set of samphng imes. Companson of the truncated
protfiles showed no significant differences. The intra-subject vanaility :n steady state
exposure was 90%, 51% and 62%. respectively, tor the 75 mg, 200 mg and 600 mg dose
groups. Inter-subject vanability was high among al! groups as well, as indicated by the high
%CV. No significant relationships were found between AUC at Day 28 (ss} and gender,
body weight or biochemical mdices of hver tunction tor all dosages.

A sigmficant finear relationship was observed between the change in CD4 counts from
basehne and AUC fo. all weeks except week 16. When logAUC was used, the finear
regressions were better and were signitficant even at week 16. The following equation was
used as the basis for the pharmacodynamic mogdel: ACD4 = Int + Grad*logAUC. The
intercept (Int) and gradient {Grad) were different at ditferent visits dunng the study.
Accerding to the Applicant, the changing value of the intercept represents the change in
CD4 counts (ACD4) which occurs in the absence of treatment, whilst the changing value of
the gradient rapresents the changing intluence of exposure 10 saquinavir over the course of
the2 study. The Int and Grad were ploited against time to try and develop a model to
describe how tha2y change over time. An exponentuai mode! best described the behavior of
the Int over ime and a cumulative exponential was used to descnbe the behavior of the
Grad. The final model used all of the date simultaneousty using NONMEM, with an additive
intra-individual ecrar stroctwre. and 1s gescnbed below.

AC04 = int - Grad*logAlC
where int = Af{exp{-B*ti-1}
and Grad = Cl{l-expi-k "tj}

Tre model yielded the tullowing results
A =8B43 B =0264,C = 386 K = 0372, ernmor = £0.

The mode! predicts a maximai increase «n CD4 of 32 cells,ul for an AUC ot 700 ug*hil,
which occurs on day 7. According to the Apphcant. this 1s In agreement with the reported
median change seen at 1 week 1n the 600 mg dose group. which had a mean AUC of 719
ug *h/L. Figures demonstrating the relationship between Int/Grad and time, as well as
presicred versus modetled changes in CDJ as 2 tunction of iogAUC and tume follow.

A itnear relanonship was found for SlogipZd antigen: and 10gAUC so this relationship was
used as the basis for model develiopment In developing the model no apparent dependency
ot the intercepts and gradients 10r the indnndud) weess was established. The relationship
between Alog(p24 antigen] was examined individually tor the effects of tme and logAUC.
The linear regressions were stanstcatly sigrehicant. however, less than 10% of the
vanauonin p24 antigen values was explaned This analysis showed that there was littie
difference 1n effect between doses and that iime had ittle, «f any, eftect on Alogip24
anuigen) This result 1s based on a hmied amount of data and does not necessanly reflect
what the outcome wouid be under a d.terent set of circumstances.
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There was no apparent relationship between dose and adverse events which were feilt to
be related to treatrnent.

Study NV14255E/ACTG 229 - Phase |l, double-blind. randomized study of Ro 31-8959.
Zidovudine versus Zidovudine-Zalcitabine versus Ro 31-8959-Zidovudine-Zalcitabine.
(Vols.181- 194, dates 3/93-12/93)

Three hundred two nreviously 2OV eqpnosed patents (ICDS between 50 and 3070, dge 19-
75 years, were enrolled in this study, and were similarly randomized to one of the three
treatment groups. Ali patients did not complete the study. The reasons for withdrawats will
not be detailed but have been reviewed and are acceptabie. The objectives of this study
were 10 evaluate immunologic activity, reduction in HIV plasma virernia , safety and
tolerability and pharmacokinetics of combinatien therapy. Patents received the following
treatments for 24 weeks with opperiunity for an extension:

F401% Saouinayy ggC [ g£/2
1. 200 mg tid placebo 0.75 mg td 100 S4/6
2. 200 mg ud 600 mg ud placeto 99 87/12
3. 200 mg ud 600 mg nug 0 75 mg tid 98 98/9

Drugs were taken simultaneously withun 30 minutes after food intake. The doses for the
ZDV/ddC combination were chasen n accordance with the ddC package insert. Intensive
pharmacokinetic sampling was pertormed at 3 of the study centers at weeks 1 and 12. For
these profiles, samples were collected prior to dosing and 1, 2, 3, 4, B and 8 hours after
dosing. from a maximum of 35 patients trom each center. Unine was a!'so collected over
the B hour dosing interval. All panents ar all centers had single blood samples coliected
gunng weeks 1. 12 and 24 for population pharmacokinetic evaluations. Blood samples
were to pe collected at the turie ot any senous adverse event which caused treatment to
be interrupted and also 1n patients recewving rifabutin, however, there was no occasion to
collect such samples. Pzunents were evaivable tor the pharmacokinetic assessments if they
had at ieast one baselne and ohe post treatment sample gbtamned. |} they hau 4 or more
samples obtaned during the 8 hour dose interval. they were included in the Intensive
pharmacokinetic analyses Patients were evaluatle tor the population pharmacokinetic
analysis it they had at ieast one sample collected yunng the 24 week study pernod.

Log, transformed plasma concentranon data trom pre-dose and 8 hour samples were
compared by a pared t-test Concenmranons were not significantly difierent 'n the sampies
collected a1 the two times. suggesiing that 1) steadv state was achieved by 1 week and 2}
the extended interval between the evening and mormng doses does not significantly ympact
on measured Crmin concentrations The 1oliowing table contains mean (% CV)
pharmacokinetic parameter estimates for saquinaver Statstically significant differences
between treatments and weeks were not observed tor saquina.:r pharmacokinetic
parameters.
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SAQUINAVIR | Saquinavit + ZDV Saguinavir + 2DV + ddC

Week Crmax Tmasx Tlag AUCh Comes Tmes Tiag ruls
{ng/mL)} m thi wg*n L) ing miL, thi th] g *h.Li

1 1771700 5 1 633160 213 ] 0 686 189)
n=18 n=1§ LLARI LERE:] 1105 ne26 n=26 n=27

ns 26

12 135161} 3 ) 531 5 200 By 4 1 76582

n=.b nE vé N R gt ne Ty ) =23 ) 128 J

The data from week 1 were used 1o detetmine 1f there was a iimear correlation between
Cmax and AUCa. Significant correlations were seen i both treatment groups, having r’
values of 0.94 and 0.80 {p<0.0001). Because of the observed hnear relationship between
these 2 parameters, the Applicant only used AUCB in therr subsequent detalled analys:s.
The eftect of age, weight and CD4 count at screening was regressed against AUCS at
week 1 and only age showed a statrsucally sigmficant predictive trend ip =0.031) of
increasing AUC8 with age (see tollowing figure). There were not sufficient numbers of
females and non-caucasians 10 investigate the influence of gender or race.

Three patients who underwent intensive pharmar.okinetic samphing were taking
concomitant megdications known 10 induce or inhubit CYP3A4 activity. One received
ketoconazole and ntampin duning week ) but only ketoconazole during week 12, while
two other patients received ketoconazoie aunng weeks 1 and 12. When the AUC? and
Cmax values from these pauents were compated 1o the group means, they were within the
ranges observed for the other study patents

Note- Saquinavi concentrations were measured 1n some samples from pauents who were
assigred to the ZDV-ddC treatmaent group (15 samples frcm 11 patients). 1t was
determined that one patient was administereqg saquinavir instead ol placebo and ancther
was given the triple comtunation instead of (he double combinanon during week one, but
was later given the correct rreaiment  Four pat:ents had very low levels of saquinawvir,
which could have been atiributed to sample contarmunation, however, samples from the
remaming hve patients hac concentrai:ons which were 100 high to be attributed to
tontarmination (- 50-450 ng'ml) 1t 13 possible that there was some exchanging of capsuies
amongst patients.

P[S-‘PQ' Anatysis - A hrear regression mode! was used 1o determine the relationship between
NAUC of the normalized CD4 count (value greater than | indicates a net increase in CD4
count over the 24 week penodi over the 23 weeks of the study and AUCS from week 1.
For the saquinavir-ZDV group there was no sigmticant corigiation {slope = -0.0001,
r{=0.0440, p=0.40). For the sanuinavy ZDV-ddZ group there was a significant correlation
{slope =-0.0004, r’=0.2364. p=Q.01: Tne significance of this relat:onship (s not clear
since the pharmacokinetics ot saguinavir was no\ ditterent between study groups and the
response was. It may not be appropriate 10 Compare only saguinavir in the model since the
other drugs are alsc assumed 10 have an ettec! 1115 not clear how the effect of the other
drugs can be separated out trom the eticct ot saquinavir (intercepts?). This comparison
difters from that reporied eartier tor another study which compared togAUC.



The population modeling will be submitted in a subsequent report.
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$3.3.8. EMect of Covariates Age, Weaight and CDy on AUCy and Gy for o 31-8959

he cfiect of age, weight and CDy at screcning were invesugated by regression of these covanates aganst
AUCs &t week § (Appendix XOOXVI).  Only age (Ro 31-8959-ZDV group) was found to show any

pstically significant (p=0.031) predicuve trend for observed AUC, (Figure B and Figure 9). There were
insufficient numbers of non-caucasians and females in the pharmacokineuc populaton o invesugaie the
jaflueoce of race ot sex on the AUCs.

Linear Regression of Pslient’s Age at Baseline Against Observed AUCy for

Figure &
Ro 31-8959 at Week | for Patiepts Allocated 1o Ro 31-8954-.ZDV
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Figure 9. Linear Regrestion of Psuent’s Age alr Baseline Against Observed AUCy for
Ro 31-8959 at Week | tor Pavents Allocated to Ro 31-8959-ZDV-ddC
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2DV - The tollowing table contains mean 1% CV) pharmacokinetic parameters for ZDV.
Staustical analysis of the log,, transformed data reveated that ZDV pharmacokinetics was
not different among ali treatments, and for patients having measurements at both week )
and 12, there was no difference between the two days.

2DV 2DV + gdoC Saqunave + IDV Sequmnavie » IDV « gdC
1
‘Weck Cmas Tt AUL? Cmas | fmas auCe Lrnas Imax AULS
ing/mL} (LY fug “nils ing:ml ) M- (ng mi ) ih) lug *hL)
1 434 2 914 135) a1 L] 1010 439 1.3 1010
a3 ne25% n=25 {48} Ans18 149 {56 n=27 a4
n=25 n=1B LR :] nel7 n=27
12 370 2 1030 68 2 924 (a8) 433 2 1020
41 negl [ (44] (48 nei I nal9 [{-10}] n=24 1 (4%
n=22 n=2? n=19 ne2a ne 24
& Macian

The following table contains mean [%CV) renal clearance (mL/mmn) values for ZDV during
the various treatments, using all availlabie data. The Apphicant notes that the high %CV for
the ZDV -+ ddC group resulted from one subject who had extremely high renal clearance
{3950 mL/min, which 1s greater than renat blood !low). No explanation could be found for
the high value so it was not exclugec.

Renal Clearance mL/min

Week 20V « adC Saguingve =« 0 Sequndve « DV -
aaC
1 388 1194 N0 Jra 199
n=25 ne 1B hna Y
12 212 174 230 %0 232441
nst9 ne 1B ne 2d

The tollowing table contains a companson of mean renal clearance of ZDV between weeks
1 and 12, using data from patients who hag measurements on bott occasions.,

Renafl Clearance mbL/mn

Week 20V « got Sequenavye + JDN Saaurave = 2DV -
aa.

1 452 324 LR

12 212 236 p

ZDV renal clearance appeared to decrease irom week ! 1o week 12, however this cecrease
was not s;iatistucally significant

gdl - The tollowing table contains mean 1% (V] parameter estimates for ddC. AUC was



not significantly different among the treatrment graups. The mean Cmax 3! week 12 was
slightly, but statistically significanily, lower in the 2 treatment group versus the 3
treatment group. For patients having data for weeks 1 and 12, there was no significant
difference in the pharmacokineitc parameters between the two weeks.

ddC ZDV + gdC Saguinavr » 2DV < ddC

Week Cmas Tma AUCs Cmas Tenss AUCH
Agrme ) Jhi gt ' I fall g h.i) '

! §692n | 2 28 3129 716129 B 2 28 8428
n= 25 ne= 25 ne 25 n=27 nall | n=y2?

12 618135 | 2 265 (3N 788 (2N 2 30727
ne 19 n=19 ne19 nela ne2d | nw2a

The foliowing table contains the mean {%CV) renal clearance imL/min) values for ddC.
Staustically sigmficant ditterences were not found between the weeks or treatment groups.

ddC Renal Ciearance mL/min
Wesh ZDV + ddC Sagquinavirr = 2DV « adC
1 241 [ 208 142y
n=2% ne2?
12 152 145} 201 (29
ne 16 nw 24

The pharmacokinetic parameters determined tor ddC 1n the present study are comparable 10
historical values,

This study demonstrated thal concomitant agiminmistration of saquinawvir, 2DV and ddC does
not resull i sigritficant pharmacokinelic interachons.

Study 0-13328- A randomized phase I-1l double-blind study 10 assess the anti-viral activity,
tolerability and pharmacokinetics of oral Ro 31-8959 (HIV proteinase inhibitar} in previously
untreated HIV.intected individuals. either minimally symptomatic or with asymptomatic
disease and at risk of disease progression. treated at doses of 25, 75, 200 and 600 mg
thrice daily. (Vol. 232; Dates 8/91.11/92, UK)

Forty-mine males, age 21-55 years. participared in thus 16 week study {plus 1 month
extension) and received sagunavir goses o! 25 75, 200 and 600 mg tid. Doses were
taken within 30 minutes ot tood ingestion Dose response relationships and
pharmacokinetics were determined Pharmacokinetic profiles were obtained on Days 1 &
28 and additionai samples were also colected at weeks B. 12 and 16. Samples for tha
pharmacokinetic pretiles were coliecten pror to dosing and 0.5, 1, 1.5, 2, 3. 4,5, 6, 7 and
B hours after dosing.

Patients who received the 25 mg regimen generaily had saguinavir concentrations below
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the 0.5 ng/mbL imit ot quantitation, theretore, pharmacokinetic parameters could not be
determined. Mean [%CV) parameter eshimates for the other doses are in the tollowing
tables. There were greater than propnrtional increases 1n Cmax and AUC as dose increased.
The % accumulation from Day 1 10 28 was 108% (90%CI = 32-230%) and 252% (90%
C! = 93-543%) tor the 200 and 600 mg doses. respectively.

Mean {%CV) Saguinavir Pharmacokinetic Parameters Day t

Patameier ! 73 matd ] S00 ag oy oMy
Cman (ng/mli T17411) 1799739 Bl 8 195 &
n 11 12 12
Tmar (B 1.5 15 4
n 1M 12 12
Tisg (h}° 1 05 05
n 1M 12 12
AUCSE (g *hil} no1 c2icuiabie 38 0 a8 2 2289115 5
n 12 12

Mean (%CV} Saquinavir Pharmacokineuc Paramerers Day 28

Patzmeter 75 mg 1 200 mg v 600 mq 1
Cmas ing ml) B 39155 3371781 196 4151 )
n 1" 13 1

Tengs (R1? 15 30 2
n 1 13 1

Tiag ih4* not Calcuiobie oS 05
n 1 1

AUZS lug*h i 120172 0 88 169 & 611 9567 %
n 1 13 Ve

Study EV14757 - An exploratory phase )/l dose escalating study of Ro 31-8959 (HIV
proteinase nhibitor) in patients with HIV disease. (Vol. 176)

Note: Anintenm study report was submitted The gata have not been audited.

This study was intended to determine  increasing the dose of saquinavir, and presumabiy
systermuc exposure, would turthe: gecrease plasma wiremia over that seen in other trials. If
a benetit of higher drug exposure was estabhished. the Applicant would be encouraged to
cevelop a formulation with increased tioavailabiity such that smaller numbers of capsules
would be required per dose. This was an open labei. non-randomized, single center, 2 dose
paraliel, ascending study in patients with intermediate HIV disease (CD4 200-500) who
were naive 10 protemnase and could have had up to i 2 weeks of ZDV treatment. Pavents
were dosed with saguinavir 600 or 1200 mg qdh six times per day (n =20 per group), after
food. Activity was assessed by measuning change in CD4 count from baseline, reduction in
serum p24 anngen levels, development of resistance as implied by mutations at HIV




16

proteinase codons 48 and 30, pharmacokinetics and reduction in viral burden by using
plasma quantitative RNA polymerase chain reaction and quantitative viral culture. RNA PCR
{virotogic) and CD4 lymphocyte count (immunologic) were used as the primary parameters
tor efficacy. The report submitted to the NDA summarizes data from 20 patients (19 o, 1
2} who received the lower dose (3600 mgrday). The analysis cavers the pnmary treatment
penod of 24 weeks and includes data from the primary ethcacy parameters.

Pharmacokinetic assessments were to be made in the first 8 patients of each treatment.
Blood sampies (& mL! were couscten on Days ¥ & 112 (week 16; pnior 15 the tirst rarming
dose and 1, 2,4, 5, 8, 8,9, 10 and 12 hours afier the tirst morring dose. On Day 2§,
samples were collected prior to the morming dose and 1, 2. 4,5, 6. 8, 9,10, 12, 13, 14,
16, 17, 18, 20, 21, 22 and 24 hours after the first morrming dose. Patients were gtven food
prior to the first morning dose of saquinavir. An RIA assay was used to analyze the
samples. A quality assurance check had not been performed at the time of subrmission.
Noncompartmentai pharmacolinelic analysis was performed. The relations~ip betweedn drug
exposure and g¢fficacy parameters of CD4 and RNA was examined by linear regression
with the 24 hour AUC on Day 28.

SAQUINAVIR 600 MG Q4N

na g, meen {YWev)

Parameter Dav ! Dav 28 Dav 112

AUCa Lug hiL) 110 4 (88

AUC? tugthil) 7142600 | . 1132083

AUCTs (eg*nll | e 2233:3%

Cave IngmL) [T, 923 1 43%: 94 4141,

Cmas 1ngimys 1626 M 104 9119 \6l 13

Tenar 1B 9 21 9

Cren (g ML 20 4 149 319 1 146
—

b P L. \ 5

Duning the review process. data t1om patients who rece:ved the higher dose (7200 mg/day)
were submutted, and are summatized below



n=7, mean [%cw)

SAQUINAVIR 1200 MG Q4M

..

Parameter Day Dav 28 Dav 112
AUCa jug*hiLi 12204BB1 | e

AUC12 lug*hiLy 4092 {74) | e 5983161
AUC2a (pg L) | e 9742 (48

Cave ing'mL} 405 9 48 =732 6.0+
Cmax ingimL) 5650173 1204 (7B 1369197
Tmaey (h) AR 17 ?

Crrar, {ng/mi} - 1235167} 151 91621
LT L T R 10 3

A significant correlation was observed between saguinavir AUC and decreases in RNA.

47

Althousgh the data from this study are bmited, they do support the 1dea that chinical benefit

may be increased if higher concentrations of saquinavir can be achieved in patients,
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VI. DISSOLUTION;

The Applicant evaluated the dissolution of saaunavir in the following five media: water,
water/ethanol (BD 20), citrate butfer pH 3. citrate butfer pH 5 and acetate butfer pH 4.4,
These media were chosen based on the solubihty of saquinavir described 1n the table
below. In most cases, tests were peftormed on capsules from the batch used in the pivotal
biocequivalence study (Batch PT 9238 B52}. Tests used

Solvent Solubiity a1t 25°C Solubity at 3TC
1g/100mL) 19 100my)

Water 0222 0270
Water/Evnanol {80 201 0 398 0610

0 1M HC) 0007% "~

0 1M NaGH 00017 ™

Corate Bufter pH 3 0222 2307

Acerate Buller pH 4 0 308 D616

Citrate Butter pH 5 C 69 na

Artiicrdl Intestinal Flug ipH 7 ) 00027 na

* Not getermunen

Citrate butter pH 5 acetate butter pH 4 ang water were not deemed acceptable because
complete dissolution by either method, with a highest
mean = Citrate butfer pH 3 was
chosen pver waier;ethano! as it was telt to be more representative of in vivo conditions,
Dissolution profiles were practically supenimposable for the two metnods (basket, paddle).
The tollowing table contair; dissolution data generated from the batches usec in the
pivotal bioeqguivalence trial For the reterence. the values in brackets!) represent initial
retease results from 6 capsules. while the vaiues above were generated atter ROC210 was
seiected s the biobatch. The dissolution profites are plotted 'n the following figure.




Method =

Mean = S0 % Dissoived /014 Reterence ‘822 Market 014 Wwelwyn Deuterated
{Range) ROC210 FT 5238 852 PT 5238 85% WELO195D
n=12 Inaf - B} nebh + bl ine 6!}

10 minutes

27 minuras

30 minutes

40 minutes

45 rmibutes

60 minutes

1 ]

The Appiicant is proposing a dissolution method using

ssolved at 45 minutes The data in the above table \ndicate
that the dissolution profile tor the marketed formulation 1s lower than that for the
reference. however, these formulations were demonsirated to be bioequivalent. It should
also be noted that the release dissclution tor the reterence was lower than that determined
at a later ume.

The dissolution method proposed by the Appiicant is acceptable, however, the data support
a higher Q value than proposed By the Apphcant s conciuded that the data support a
specification of Q w1 45 mutes.
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Figure ] Mean plasma levels of radivactinity snd Ro 31-895% after a & munute
intravenous infusioen of 29 pCi (105 mg) of the 14-carbon labelled drugp
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Figure 2.

Treatment A:
Treatment B:
Treatment C:

Corrclation Between AUC g.13; Ratio and AUCg.q 1y in Treatment A

600 mg saquinavir piven with water
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DIVISI
Review of

NDA # 20-628

CHEMISTRY REVIEW #: |
Onginal 31-Aug-9s
AMmerndme i -Cr-95
Amendment 16-Oct-98
Amendment 23-0ct-95
Amendment 26-0Oc1-95
Amendment 20-Nov-95
Amendment 3(0-Nov-95
Amendment 05-Dec-95

NAME & ADDRESS OF SPONSOR

N OF ANTIVIRA

CDER DATE

3 Aup-df
Flaat9d
19-Oet-93
25.00tud
(M- Nov-9s
2280088
06-Dec-958
07-Daoc.9n

DRUG PR
- Manutacwirine. an

14-Nov-95§
23.Nov-95
06-Dec-95
(¥7-Dec-95

Hoffmann-La Roche Pharmaceuuncals Inc.

M0 Kingsiand Strect
Nutley. N J 0710
DRUG PRODUCT NAME

Propustory: INVIRASE®D
Nonpropagian saguinavir mesviate
wde Name/#e Ro 31-8939/0008
Chem TvpelTher Class 1 P
PHARMACOLOGICAL CATEGORY Anuvirat Anu-HIV
INDICATION Treatment of advanced HIV intecuon, 1n combinauon with a nucleoside
analogue.
DOSAGE FORM/STRENGTH Capsules, 200 me
Ot 0O AMIN ! N Cral

C MIC NAMES . ORMUL .
N-rers-Buni-decahvdro-2-{ 2R - hvdross -d-pacast- 308 || X -1 2-qunolylcarbonyl)-L -
asparaginyljaminofbuiyj-(4aS. SaS-sequinoiine - M S -carbovamide methanesulfonate
(CisHanNK0s CHAO:S5. Mol Wi 766 Ya,

H
§

SS\H

OH

/M

CONH, CONHC(CH,),

° CH3SOz:H
Saquinovir mesylate



NDA 20-628

N MEN

RELATED DOCUMENTS

Chemisiry Reviews of IND

Record of facsimile of 28-Nov-95 comments and reguests regarding drug substance &
drug pruduct

Record of teleconference on 29-Sep-95

Record of teleconference on 06-Dec-95 (Discussion of ‘Dissoluuon’ specification)

NSU VIEWS:

Review of Tradenames (CDER Labeling and Nomenclature Commuttee. Consult # 471,
Environmerial Assessment (N Sager, HFD-00%)

CONCLUSIONS & RECOMMENDATIONS

The NDA submission and accompansyine amendments provided adequate information on
the chermistry, manufactunng and controls tor INVIRASE The related ¢cGMP and product specific
inspections of the manutaciunng facilities have been completed and are saustactory. The
Eavironmental Impact analvsis 1s also gcceplable The NDA. as amended. is therefore
approvable lromn a chemistry standpuoint

ez e

Paul S Liu, Review Chemst

Concurrence

HFD-53VDiv Director W

HFD- S M/CChen m‘?/\f'/?o"

vy

Ong NDA 20628 HFD SUVPL1y HFD-530/VKinsey
HED-330/wv Fule HFD 3 Muray

HFD - 23VDiv Dircetor HE D S3WVK Wy

HFD-530/CChen HFD SUH¥NBanuls Fiic: N-20628.000

HFD-XMVESheinin HFD- S 3V)enkins

| ]



PRARMACOLOGIST REVIEW OF GLP EIR
(CP 7348.808)

PIRM NAME: F. Hoffmann-La Roche Ltd

CITY, 8STATE: Basel, Switzerland

CPN: 9692013

DISTRICT OFFICE: ORO

CUARTER/FISCAL YERR ASSIGNED: 3/94

EI DATE(B): 04/18-20/95

INVESTIGATOR (B): 1. Jirg P. Seiler, IKS
2. Ruth Kaderli, IKS
3. Francesca Guiliani, IKS
4. Aurelia Oberli, IKS

5. David L. Duncan, HFC-1234
6. Charles A. Snhipes, HFD-345

INSPECTION TYPE: ROUTINE SURV, X
FDA-483 ISSUED: £ NO
LETTER TO ISSUE: X NONE

WARNING LETTER

DATE EIR REC’D DSI: B/15/95
DATE EIR REC'D BY REVIEWRER: £/15/95
DATE REVIEW COMPLETED: 10/13/95

PINAL EQ CLASSIFICATION: VAL

This facility is controlled by Roche Holding Ltad,
corporation. Ro<zhe Heldinc Ltd controls rumerous

0CT 30 19%

DIRECTED M.0.U.
YES
PI LETTER

REJECTION
OF STUDY

a Swiss
other firns,

among them this firm 1n Swit:zerland and (in the United States)
Hoffmann-La Roche Inc., Genetech, Inc., and Syntex.



In the present inspection, the following studies were audited:

1. Study # 092R91

Report # B-151194

Completed: 11/23/92

Study Title: Embryotoxicity and Teratogenicity Study in
Rats with Oral (gavage) Administration of
Ro 31-8959/008 (HIV Proteinase Inhibitor).
Seqment ITI Study without Postnatal
Evaluation.

Test Article: Ro 11-8959 (Invirase, Sagquinavir)

Type of Study: repreoduct.ve (Segment II)

Testing Facility: this firm

Sponsor: Hceffmann-La Roche Inc.

Nutley, New Jersey
IND:
NDA: 20-628

2. Study # 021R92

Report # B-1549%1

Completed: 11/12/92

Study Title: Embryotoxicity and Teratogenicity Study in
the Rabbit with Oral {gavage)
Administration of the HIV-Proteinase
Inhibitor Ro J1-8959/613. Segment II
Study.

Test Article: Ro Jl1~-8959 (Invirase, Saquinavir)

Type of Study: reproductive {(Segment II)

Testing Facility: this firm

Sponsor: Hoffmann-La Roche Inc.

Nutley, New Jersay
IND:
NDA: 20-628

On 08/17/87 a CVM inspection at this facility resulted in a VAI-2
classification. 1In May of 198B%, FDA Investigators Ernest Brisson
and John Arnold participated 1n a joint inspection with Swiss
authorities. The resulting classification was NAI.

Subsequently, an inspection, classified NAI, was done 02/15/90 by
the Swiss authorities alone under the memorandum of understanding
wicth Switzarland.

The present inspection was conducted hy the Swiss investigators,
with the two FDA agents present as observers.

The EIR consists of a summary of findings, and reviews of the
firm, its personnel, computer usage during the conduct of the two
assigned studies (prepared by myself), the specific findings for
audits of the two assigned studies, and nine points that were
discussed extensively with management at the conclusion of the

2



inspection. To the EIR are appended six exhibits, including the
1993 annual report for the parent corporation, protocoels and
final reports {(annotated by lnvestigater Duncan) for the two
audited studies, a data rfile from one of the audited studies, a
historical control reproductive toxicology data file, and an
organization chart for the firm.

No Inspectional Observations Form FDA-483 was issued.

CIACUSYSION:

I do not consider that the observations have fundamentally
compromised the regulatory value of the studies. After returning
from Switzerland, I telephoned Dr. K.-M. Wu, Phamacologist in
HFD-530, and conveyed this opinion.

The Swiss investigators and we had discussions with the
facility’s perscnnel about the following nine points, that are
more fully described in the EZIR itself:

1. Reporting by exception.

2. Incomplete reportinag if fincdings are those that were
expected.

3. A few minor transcription errors.

4. Lack of dosage preparation recoerds for daily dilutions.

S. An additicnal statistical test was done without a
protocol amendnment.

6. Use of canned routine language in final reports when this
language does not quite {1t the Circumstances.

7. No documentation of design level validation of the
reliability of software.

8. Mo formal change control SOP for software and no
documentation of QAU review of changes.

9. Incomplete training records.

On June 29, 1995, HFD-34%5 received a report signed by Dr. Ruth
Kaderli: and Dr., Jirg P. Seiller of the (Swiss) Intercanton:l
Office for the Control of Medicines, GLP Compliance Unit. This
report, although prepared independently from the FDA’s EIR,
corresponds very closely to ours anc¢ reaches the same
conclusions.

To forestall any confusion, ] mention here that by the Swiss

investigators’ enumseration there were ten points, as they broke
our point #8 down into twOo separate lssues.



RECUMMENDATIONS:
1> Classify VAI
2> Thank the Swiss investigators for their courtesies

during the inspection and acknowledge receipt of
their inspection report.

Charles A. Snipes, Ph.D.

Pharzuacoiogist
cc:
HFA=-224 Insp. Conc.: A
HFC-230/Woollen Dist. Dec. : E
HFD-340/RF/Lisook HQ Class. : VAI

HFC-133/Klug/Duncan
HFD-345/James/Fujiwara(3) /Snipes/CF
HFD-5G2

HFD-530/IND 41,099 /NDA 20-628/Wu/Xinsey
DSI/NCLSB:Heff-2.Rev

Draft: CAS: 10/13/95

Review: TKF/GWJ: 10/18/95

Finalize: CAS: 10/26/95

Format: kec: 10/26/95



ENVIRONMENTAL ASSESSMENT
AND
FTYNDING OF NO SIGNIFICANT IMPACT

FOR

INVIRASE™
(saguinavir)

Capsules

NDA 20-628

FOOD AND DRUG ADMINISTRATION
CENTER FCR DRUG EVALUATION AND RESEARCH

DIVISION OF ANTIVIRAL DRUG PRODUCTS
(HFD-530)



FINDING OF NO SIGNIFICANT IMPACT
NDA 20-628
INVIRASE
(sagquinavir)

Capsules

The Naticnal Environmental Policy Act of 1969 (NEPA) requires all
Federal agencies to assess the environmental impact of their
actions. FDA 1is reguired under NEPA to consider the
environmental impact of approving certain drug preoduct
applications as an integral part of its regulatory process.

Tne Food and Drug Administration, Center for Drug Evaluation and
Research has carefully considered the potential environmental
impact of this acticon and has concluded that this action will not
have a significant effect on tne quality of the human environment
and that an environmental impact statement therefore will not be
prepared.

In support of their supplemental new drug applicacion for
INVIRASE, Hoffmann-La Roche Inc. has conducted a number of
envirconmental stuvdies and prepared an envircnmental assessment 1n
accordance with 21 CFR 25.3laial f{attached) which evaluates the
putential environmental :mpacts of the manufacture, use and
disposal of the product.

Saguinavir 1is a-synthetic drug which 15 administered as an oral
capsule in the treatment of Atguired Immunodeficiency Syndrome
{AIDS) and AIDS-Related Complex (ARC). The drug substance will
be manufactured at 12 different facilities identified in the
environmental assessment. The drug product will be manufactured
by F. Hoffmann-La Roche Lid., Basel Switzerland or Hoffmann-La
Rorhe Inc., Nutley., NJ. Tne f:nished drug product will be used
in hospitals, clinics and by patients :n their homes.

Saquinavir may enter the environmen:t from excretion by patients,
from disposal of pharmaceutical waste cor from emissions from
manutacturing sites.

Chemical and physical tes: results :ndicate that the drug
entering the environment may ex:St :n the aguatic or terrestrial
environments. No rapid environmental depletion mechanism has
been identified, although the compound 1s expected to bind
tightly to soils and sediments thus limiting its biocavailability
to environmental orgar:sms AS sSaquilnavir 1s expected to persist
in the environment for some :me, the toxicity of the material to
organisms was character:ized. Studies were conducted to assess

1



the acute toxicity to water fleas (Duphnia magnal), railnbow Irout
(Oncorhynchus Mykiss), green algae (S. capricornutum), the
subacute toxicity to nightcrawlers ilLumbricus terrestrls) and the
inhibitory effect on microb:ial growth and activated siudge
respiraticn. These studies indicate that there are no expected
adverse environmental effects at the expecti:d environmental
concentrations.

Disposal may result from production waste such as out of
specification lots or unused or expired product and user disposal
of empuy or partly used prodror and paTtkaging. Pharmaccuticc
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 use, empty oOr
partially empty containers will typically be disposed of by a
community's solid wascte management system which may 1nclude
landfills, incineration and recycling, while minimal quant:ities
of unused drug may be disposed of 1n the sewer system.

Precautions taken at the sites of manufacture of the bulk product
and its final formulatior are expected to minimize occupat:ional
exposures and environmenta. release. Governmental certificat.ons
of compliance with environmential iaws and/or emission
requlremencs have Dpeen prov.ZJed for several of the manufactur:ng
facilit:es.

The Center for Drug Evaluaz:cn and Research has conclided that
the product can be manufac:i.rezZ, used and disposed of without any
expected adverse environmernta. effects. Adverse effects are not
anticipated upon endangerec cr threatened species or upon
property listed :in or el:g:ible for listing in the Naticnal
Register of Histor:c Places

2 C:3f37i7143w.;§ :S}th’-
CAT FREPARED FY
Nancy B. Sage:
Environmenta. Scientist
Center for Drug Evaluat:on and Research

10 Qq/? f‘éw'“ Lm—
DATE CONCURRED

Roger L. Wi.lliams, M.D.
Center for Drug Eva.uation and Research

Attachment : ENVIironmenti. assessment
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DRIGINAL NEW DRUG APPLICATION

ENVIRONMENTAL ASSESSMENT

INVIRASE™ [SAQUINAVIR MESYLATE)

CAPSULES

DISCLOSABLE VERSION

DATE

May 24, 1985

REVISED DATE

September 7, 1995

NAME OF APPLICANT

Hoffmann-La Roghe Inc.
ADDRESS

340 Kingsland Street
Nutley, New Jersey 07110

DESCRIPTION QOF PROPOSED ACTION

Hoftmann-l.a Roche I(nc. 1s fihng a new drug application for Invirase
capsules tor wuse i  humans for the r1reatment of Acquired
Immunodeficiency Syndrome {AIDS) and AIDS-Related Complex (ARC)
throughout the United States. nvirase (saquinawir) 200 mg hard gelatin
capsules are packaged in high density polyethylene bottles (425¢cc), fitted with
a plastic safety cap (45mr over a metal screw cap with puip/potyethylene
liner and glassine tacseai Cotton used to protect the capsules. The capsule
coun per boltle s 270

Saquinavii mesylate, the 0rug substance, 1s manufactured by F.
Hoftmann-La Roche Lid.. Basel. Switzerland. The final dosage form may
be produced at the F Hotfmann-La Roche Ltd., Basle, Switzerland
and/or at the Hoftmann-La Roche Inc. site in Nutley, New Jersey. The
capsules will be packaget at the Hoffrmann-La Roche Inc. facility in



be returned to Hottmann-La Roche Inc. in Nutley, New Jersey tor disposal
in a lined industrial landhll or for incineration as described n ttem 6.

The addresses for drug product manufactunng sies are as follows

a. Ff Hoffmann-La Roche L1d
Grenzacherstr 124
CH-4002 Basel. Switzeriand

b Hoffmann-L3 Rcenc Inc
340 Kingsland Street
Nutley, N.J. 07110

Marufacturing process ot Ro 31-8959/008 1s complex, multistep process.
It is divided into 3 parts for synthesis of two key intermediates, Ro 47-
0950 {=“Nisylate™), Ro 31-9373 ( = “Decahydroamide”) and Saquinavir
mesylate. (Ro 31-8959/008). The synthesis flow chart is included in
Appendix A (confidenuall. The tollowing manutacturers will manufacture
key ntermediates.

Manutacturers of Key intermediates

Part A- Ro 47-0950(= "Nisyigle™}

r Company { Address | Steps J




Part B: Ro 31-9373 (= "Decahydrgamide”}

| Company [ Address |  Steps B

Part C: Ro 31-8959/008 (= Saquinavir_ mesylatey)

[ Company ] Address |  Steps |

The types of environments present adjacent 1o the production tacilities
are described below by sie:

F Hoftmann- La Roche Ltg . Basle. Switzeriand

The Roche Baste plant is located on Basle city ground n a mixed
industniz2l and residentidd 2ene at the Rhine river.  The Basle plant
occupies approx:mately 120,000 square meters area and is mostly
covered with buwildings. In the close proximity, the Ciba-Geigy and
Sandoz plants are located northwest of the Roche piant. The Roche
Basle plant is 8 manutacturing site tor pharmaceuticals and chemicais for
the Roche group. 11 1s also a research and admunistrative site (Corporale
headquarters} for the Roche group.



Hotfemann- La Roche Inc . Nuttey, Few Jersey

The Hoftmann-La Roche Inc. Plant s lnocated approximately 10 miles west
of the New York City in Nutley, New Jessey. The Nutiey plant 1s locited
in an mndustrial/residennial area. The s1ate highway 3 runs along the ncrth
boundary of the site. The Passaic niver 1c located approximately one mile
east of the plant. The Nutiey plant occupres approximalely 122 acres of
land and mostly occupied by othice and manutfacturing bulldings. The
entire state of New Jersey s 3 non-attainment zone for ozone, 1he
Nutley environs are 1n ctigidoment ‘ur il other ortena potlutants.  The
Roche Nutley plant 1s a manutactunng site for pharmaceuticals and other
chemicals for the Roche Qroup. 1t 15 also a research and an administrative
site (US headquarters) tfor the Roche group.
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IDENTIFICATION OF CHEMICAL SUBSTANCES THAT ARE THE
SUBJECT OF THE PROPOSED ACTION:

Proprietary Name: Invirase

Genernic Name: Saguinavir mesylate {Ro 31-89539/008)

Chemical Name: cis-N-tert-Butyl-decanyoro-2-{2{R)-hydroxy-4-phenyi-
-3{SH[IN-2-guinoiyicarpbonyli-L-asparaginyllamino]butyt]
-14a%.8a5%)-isoquinoline-3(S)-carboxamide
methyisui!cnate

CAS No: Not ava:iable

Molecular Formuta: CyHegNO1:1CHO0,5

t



Molecular Weight- 7£6.9
670.8 Trce Rase

Melting Point: 245.249°C

Physical Descripiscn: White Crystaline Sohd

Smile Notation:

CCICHCINC{=0QIC2CCICCCCCICINK « |2CCIOICICc3ccecec3INCI = OINT,
=Q)checendceecedan 5 CSUC- =D =0

This is the SMILES for the salt structure, assuming that the isoquinohne
nitragen 1s protonated.

Structural Formula:
Wy ” "

o
- .

- L]
| w
=]

[+] [+]

Saquinavir mesylate contains a maximum of 0.5% tolal of all impunihes. The
idenhfied orgamic impuriies are as tollows

. Ro 31-9533 (Stereoisomer}

. Ro 614520 (By-product)

. Ro 31-9532 (By-product)

. Ro 31-92232 (aminoalcohol, precursar)
. Ro 31-9258 (S-quinargmne, precursor)

These idenufied organic :mpunties consists of maximum of 0.1% each
impurty in the firal pranuct  There are other individual impurities that consist
of maximum of 0 05% eazh ang 1012l ot 0 2% maximum impurities 1n the final
product

Since these wmpurities are i small amounts (within 0.5% total), the
environmental concentrations are not hkely to reach significan! levels to
tause any dethimental eftects 1n Ihe environment.

The physical chemica property data ot Invirase and the Matena! Safety
Data Snheet {MSDS) tor Saqunavit mesylate 1s provided 1r the Appendix

~!



B. The Lst o! chermical substances associaied with the manutacture of
drug substance along win CAS No and copies avalable MSDSs s
nrovided n confidenual Appendix C The st of chemucal substances
associated with the manufacture of drug proguct along with CAS No. and
copies availabie MSDSs s providea 1n conhgential Appendix D.

INTRODUCTION OF SUBSTANCES INTO THE ENVIRONMENT:

The maximum proecied annual use at Saquinaver mesyiate for the five-
year period following ntroduction ot Inwvirase 1s provided in confidential
Appendix E. All manutacturing operations are carned out under carefully
contrulled condittons and n comphance with applicable environmental
regulations of the countries 1n which the operatons occur. Compliance
statements signed by a company official from vanous places are included
in Appendix F, When avadable a ceruficate o! comphance from
appropriate foreign governmental authonues is included in Appendix G.
Control of environmental emussions for the various manufacturing
operations 15 outhned below

6.1 Manutacture of Rp 47.095¢

Vicenza, ltaly

Ro 47-0950 1s manutactured 1rom the starting matena!l 3-phenyl-1-
atanine out at the FIS facility Chemucally Ro 47-0950 15 p-
nitrobenzene sultonic acig|C25 55)-4-penz2yl-2-0x0-5 oxatohdiny 1)

methyl estetr.

1$ progucing Ro 47-0850 under carefully
controlied congimons ang 0 comphance with relevant
regulations, such as Ministenal Decree 203 of Julvy 12, 1990.
Apphcable r2guiations are gescribed n appropriate sections below.

6.1.71 Ingustral Hygiene Controls

The manutaciunrg process 1S in accordance with the
occuDaliond! tlaw ano the law for @aecident nsurance,
Accoraing to these requifanhons ail laborers of the factory are
subject 1o a periodica! meoical checkup.

Furthermore. 1tnhe ndividual steps of the synthesis were
subject 1o a caretul nsk analysis considerning gmong other
things the exposure and related heaith nisks 4t the
waorkplace Rse undlysis 1§ performed accorging 1o the
totlowing, Decrees DPR n° 175 dc¢. May 17. 1988,

Y



6.1.2

DPCM March 31, 1929 DL n” 626 dd. August 15, 1994
The required docurmentatinon has been duly supphed 10 the
compelent authonnes

Apart trom that no spgecihic measures nave 10 be taken into
account for the process o question f the usual ndividual

rules on satety and hyqiens are observed,

Substances Expected To Be Emitted - Manuyfactiure ot

During the manufactunng process some matenal may be
released 1n the aqueous. terrestnal and arr phases. The
secuon below descrnbes potential loss of matenal{si,
containment devices ulihzed and therr efficiencies, applicable
permit information and other relevant regulatory intarmation.

6.1.2.1 Air Emissions

Potential ar emissions consist pnmarnly  of
soivernt vapors and fugitive dust. The waste
gases ot the manufacturing process are treated
Dy pnmary measures such as  filters  with
aterent specificanions, condensers with cooling
water ang brne scrubbers or NaOH solution
scrubbers.

The emitted gases correspond 10 the relevant
Eurapean Economic Community (EEC) and
Italian reguiations. The chemicals listed n
contidennal Appendix C and O have the
potental fgr released i this phase cduring the
manutacturing of the Ro- 47-0950.

6 1.2.1.1a) QContrg) Technology & Efficiency: Fugitive
Dyist

Loca aspiration and dust collectors with greater
tnan 98°% etficiency. Both measures tead to a
concentration of paruculate matter fess than 50
mg/m> at a mass flow of 7 . kg/h or more as
requireg by EEC angd ltahan air control
requlations [President Decree DPR n 203 dd
May 25 1988}

)



6.1.2.1.{b}

Control Technolagy and Efficiency: Organic
Volatile Substances

Two bed active carbon adsorption system s
utiized to contarmned volanle orgamc substances.

The Volanle arganic Substances are classihed
according 1o the Ministenal Decree n 51
ad July 12, 1890 w~here the regulatory hmis
are rngdicated. FiS comohes with the emission
vatue bmits prescribed by the Veneto Region
Authonues n the Decree n°30 dd. Aug. 11,
1993. The tollowing table shows the emission
hmats prescrbed by wvarious | regulatory
authories.

10
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FEmmed Substances | Classihicanon | Requiatary Limuts | Emussion Values Limats

1
v

'

.llli\HllLJ

Requlations_Governirig Emissions

The relevant regulation is the orginance 10 the protection of the air based
on the President Decree n° 203 dc. May 24, 1988 reaung to the
protection of the environment. Allowable emissions of paruculate matter
and wvolaule orgamc substances trom manufactunng processes a‘e
specified n the Ministenal Decree ¢d. Juiy 12, 1990 which calls for the
tollowing hrmits

Limit tor Toal Dust:

50 mg.frn3 at a mass ficw ot 0.5 kg/h or more,
150 mg/m at a mass flow less than 0.5 kg/h.

Limit for Volatile Organmig Substances

The listed volatie oraamc substances i the orginance 10 the protection of
the air are owided nto 5 classes pased on toxicological dala and
threshotd hmit values The toliowing himits are etfecuive:

at a mass tlow ot 5 a/h

at a mass fiow of 0.1 kg/h 01 More
Ciass 3 150 mg/m’ a1 a mass flow of 2.0 kg/h cr more
Class 4 300 mg/m’ at a mass flow of 3.0 kg/h or more
Class 5 600 mg/m’ at a mass flovv of 4 0 kanh

Class 1 5 mg/m
Class 2 20 mg/m

P T
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6.1.2.1. {c) Control ot

The following control measures are utilized at the to
reduced the arr emission of

Regulatory Reguirements of

Sterage and use of phosgene 1S regulated In by the
President Decree n 175 dd May 17, 1988. According lo the
A 4, each manufacturer musl send to the Enwvironmenial and
Heallh Ministnies in Rome a “nolification”, if he uses one or
more dangerous substances and quantiies used. The regulated
quantity for phosgene s 750 kgs 1n ltaly. Considenng the

guantity of phosgene that can be present at the plant
(approximately 500 kgs) has provided to the Environmental
Department of with a “declaration’ reporting the

risk analysis as required by the decree and other regulations.

Emission and Control of Phosgene at th: Piant

The facility n ) uses diphosgene
n the synthetic steps.

and Therefore, phosgene can be presenl as
compound ansing only by the decomposition of

The proguction and use of is carried out in 3 closed plart,
which is maintained at reduced pressure wilh respect to the
environment A special control system has been installed at the
FIS plant to reduces (elminale) phosgene emissions. The
environmenta! air changes are 10 cycles per hours. The air vent
1s equipped with scrubbers and NaOH scrubbers.

For the special phosgene emissions control system at the
plant. please note the followings:

« The getector number 1. checks the efficiency of the process
scrubver

« The detector numpe: 2. checks the phosgene level in the arr
coming trom the proguction building

. The getecior number 3. checks the emission nto the
atmosphere  !! a significan! levels are detected then the

12



emissicn 1S autcmancally Giverted o tre general emission
treatment plani

These controls provide a good satety margin and rectuces the
emissions of possible in the environment At the

plant, the content of the emission have been always
foung beiow the detechion Lmit dunng the production of

6.1.2.2 Wastewater Emissions: Ro 47-0950

The wastewater ol the manufactunng process
consist manly of norganic  salts, dif*erent
organic by-products and solvents.

6.1.2.2{a) Conirol Technology

One step bioiogical wastewater treatment plant
with a biodegradation capacity of 9U% respect
10 Chemical Oxygen Demand (COD).

FIS biolpgical treatment plant is provided with a
permit according to Decree n® 1315 dd. March
OB, 1991 1ssced by Region Authorities.

The outiet of the hialogical treatment plant
tonforms to the hmits stated in the Art. 3 of the
permst assued 1o FIS by the Mavor of
Montecchio Maggiore - VI tor the discharge of it
10 the consortium  wastewater treatment plant,
and n general, 1t1s compliance to the 49
individual parameters regulated by the permit for
the use o! the otficia) sewerage i1ssued by the
Municipality ot Montecchio Maggiore -VI and is
regularly checked by the local authorities. The
CCO value s gernerally between 2C0- 400mg/L.
The outlet of the consortium wastewater
treatment plant are in compliance with 51
indwviduatl parameters reporled in the relevant
regulanen {DPR 319 dd. May 10, 1376).

It 1s regularly and systematically monitored by
Veneto Region authonties. The treated clarified

13
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6.1.2.2({b)

6.1.2.3

6.1.2.31a)

etliven. 3 then discharged 1o the Brendola
fiver.

Regulations Concerning the Pravention of
Water Pollution

The regulaton n torce s the ordinance for
waste waler gdischarge, which 11 based on
Presigent Decree n° 319 dd. May 10, 1976 and
on P esident Cecree »° 850 dd. Dec 24, 19709
relat:ng  to  the waler protecuon against
nolluton. The ordminance considers a 1otal ol 51
parameters (e.g. temperature, color, odor, 1otal
suspended substances. pH-value, Os,-content,
inorganic substances, individual heavy melals,
phospghorous-content, COD, etc.) for which the
otficial imits have to be observed.

Solid/Liquid Waste

Sohd/igud waste trom the Ro 47-0857,
manutfactuning process consist  primanly  of
solvenis wiuch are partly recovered, some
arganic  by-products and filter aids from
purification steps. Sohg wastes are burnt in an
incinerator which can treat at 950°C about $00
kg/n of hazardous sohd.

Contral Technology

The rnain part of the soivents 1s recovered in FIS
agisnllanon units and reused 1N subsequent runs
of the same si2p of the synthesis.

Residue, inseparable solvents and solid wastes
ate ncannrgted in owned two Incinerators
equipped with an electrastatc precipitator and a
wet scrubber system. The flue gas emitted is in
compliance with the relevant regulations, in
parncular with the Authonzaton n° 6720 dd
Dec 11, 1990 issued 10 Region
Authofities.

Dusts coming trom the electrostauc precipitatar
ang the melted salts residual of the burning are

14
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6.1.2.3.(b}

Technical ordhinance on wastes

gisppsec o municipal authornized  dump
accorcing  to ltaban  regulatons  [(Ministenal
Decree o 915 a¢ Sept 10, 1982)

incinerator plants are aporoved by
Region suthornties with the Decree n® 6720 ot
Pec. 11, 1990,

FIS nolds a permit tor the acceptance and
=31mary At spereial wastes accord:ing to the
Itahan Orgdinance on movements of special
wastes. This permit 1s regularly inspecteu by
the local authnnties with respect 1o

the total emissions nvolved in the
special waste treatment;

the technical eguipment involved;
auxiliary equipments;

ine professional competence of the
coltaborators.

One hungred percent of the total special wastes
ot piant are treaied in their own piant.

All activities relating 1o the treatment of special
wastes are in accordance with the

corresponding regulations.

Renulaugns for Disposal of Wastes

The tollowing regulations are related to the
disposal of wastes:

Ordinance on movemeris ot special wastes - President Decree n’

915 dd. Sept 10, 1982

Ordinance on treatmeni o! special wastes - Regional Law n®

33 dd. April 16, 138%

- Regional Decree n° 2145

15
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6.2

The orhinanrce on movements of special wastes
reguaates the isposal, transport and taking over
ot speciai wasties ancluding impaort, expor! angd
transit. The taking over and handgling ot special
wastes are conngcted with a corresponding
permit issued by the competent Authonly.

Tre c-ahinance contains 3 hst ot special wastes
civiged into 28 calegones according to which
the ~ont-acior ter further treatment hag in
classify and Jeclare rus special wastes.

The technical ordinance on wastes contamins
regulations tor the diminution, the treatment and
the utization of wastes. In partucular, the mode
ot treatment ot the individual type of wastes, is
prescrnibed and the requirements for the working
ol incineratton equipment and landiils are
specif.ed

anutacture of Ro 47.0950

Ro

47-0950C s manulaciured oy 3z,

nager 3 specitic agreement with Roche.

6.2.1 Industrial Hygene Controls

The manutactunng pracess of include several
steps Many substances are used for the individual
reactons. In the plant, these substances are known and ail
necessary measures are apphed so that ail coliaborators are
protecled trom the nisks inherent 10 their utihzation,

Matena! Satety Data sneet for cihemicals in the plant is
available to all caoltaborators. This data sheet includes
intarmaiior abnut: sprathic niske - toxicolegical risks -
protecuon measures - first ads measures elc. For the
dangerous substances. S5pecial detection installations are
permanentty n  service in the manufaciuring plants.
Moreover. quring the hanghing ot some ot these substances,
there 15 2 double parunion beitween the operator and the
substance

16
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A

The federal aws are scrupulousily respected.  Federal and
cantonal authonhies make pehothe venhcauons concerning
the apphcanon o! these 1aws

The apparatus useo for these manutactunng processes are
systemanczly controlled

The collaborators are subject to a perniochical medical
checkup.

A training program is :nsututed and everyone has 10 ailend
the lectures about hygeng and secuntly, substances
mampulation, apparatus  uthzauon and manufactuning
processes

The tactory 15 1n comphance with the pnnciples of secunty
and the health protecticn promulgated ny the “Société
Suisse des Ingustnes Chimiques” and the company 1S
atfibated with 11

uses engineer.ng controls to reduce or ehminate
chemucal exposure Iin the workplace wherever such controls
are tecnmcally and economically teasible. When engineenng
controls prove nat to be feasible or provide nsufficient
protection, ire use of personal protective equipment is
required. Prnor 0 the start up of new equipment and/or
processes. acceptance tests are carried out.

Prnior to proguchion invoiving a new drug substance which
could potennally expose empioyees 10 a chemical which has
no esiabhshed exposure hmit, the potential hazard is
evaluated by expenenced scientisis and the safety team.
Sataty measures 1o be 1aken are hstad on an nlernal
chermical sybstance data sheet.

sSuhsianses Sxpested 1o be Emitted - Manutacture of
Ro 47-0950

Duning the manutactuning process some material may be
released i the aqueous, terrestnial and air phase. The
secuon below Qgescribes potenual 1oss of materiai(s],
nvontainment dev.ces uulized and ther effitiencies and
apphcabte perm’ antormation and other relevant regulatory
intormation

17



6.2.2.1 Air Emussians

6.2.2.1tb)

Potontigl  oir ormussions  consist  pnmatily oi
sOolvant  vapors  (volatile  orgamic compound,
VOC) and taritve dust,

Control Technoloqy and Etficiency: Fuginve
Dust

Loca: asneatere and dust conllentors gre used,
Duning 1he manytaciure of Ro 47-0950, no dust
have been found 'n z1r @missions at

Control Technology and Efficiency:
Organic Volatile Substances:

The tfollowing volatle orgamic  compounds
(confideanuiaii may have poiznual 10 be rejeased
¢uning the manutacture of Ro 37-0950.

tcont.sent.al st provided o FODA 10 conndential
EA volume’

Waste gases trom the manutfacturing process
are collected n a reservoir where solvents are
congensed in a cool finger at about -10°C. The
condeénser exnaust 15 then combined with the
general buwlthng exhaust 211 and routed to
absorption scrubbers contaiming acidic or basic
SOiUtIoNs as appropnate. The scrubber exhausts
are oieCted tp a treatment unmit, which are of
‘wo Wings  on north side of factory adsorption
on active carbon 5 used and catalyuc
wmceration on the sputh siwoe of the factory.

With tnese measures the regulatory hmits of
20 mg/m3 for class 1
100 mg.m3 for class 2
150 mg/m3 ter ctass 3
are generdily mey for the g s0rpuon on aclve

carpon  The ermussions remain weli below these
hemils  'or the  catalyuc incineration. Both

18
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6.2.2.1{c)

6.2.2.2

19

instailguons  always  emit less  than 3 kg
vQOCihour

On boeth punthication plants, on hne control units
are nstalleg which records daily feveis of arr
gualty. Th's data s sent mounthly 1o the
environmental protection service ot Valai

Emissions are regularly inspected and montored
hy vy 1003 regulalery avthontas.

Regulatons Governing Emissions

The relevant reguiation s the “tederal ordinance
10 the protection of the ar”, For
the manufactunng process for RC 47-0950 s
requiated by tre tfallowing regulations:

emussions of parncular matier

emissions of volatile orgamc compounds

Lirmits 1or 1012) dus?

It me flow s over 05 kg/hour, the

concentranion hmit 1s 50 mg/m?.

Limits 1gr volatile organic_compounds

Flow]ke'h) concentrsuion imu [mg/m?]
00 20

2.0 100

: 30 150

Tre 1012 concentratian kas 10 be under 150
mg:m’ and hmits tor solvent of classes 1 and 2
have 10 be followed.

Wastewater Emissions:

The wastewater frorn fo 47-0950
manulactuning process consist  of  difterent

19



6.2.2.2{a}

6.2.2.2(hi

argamic  Dyprocucts,  Soivents  and  norgans
salts.

icontident:al hst provided to FOA in confidential
EA volume)

Coniro! Tecnnology

Twn steps bDiological wastewailer lreanmnent
olant asmny the Tdeep shait” technoloqy.  The
rate of degradation s about 90-35% (calcuiated
on Total Organic Carbon {TOCT removat).

Eftluents flow (0 the mumcipal reatment plant
tor turther degradauon (reguiavions call for a
85% eltwrmination).

Wastewater generated in each indiviiyal step of
RO 47.0950 svntnesis (and ail others 1oo) are
first  pre-treated (by extraction or  snlvent
dispianon an order 1o reduce  the organic
content] Wastewarler 1s ihen co'iected in
reservoirs of grums unl it has been aniyzed by
the environmental laboratory and apurovec tor
aischarge 10 the wastewaler treatment slant,

A tul! assessment on the wastewater treatment
pianl, egrouping about 1% parameters s
provided 1o the environmental prolectian service
of Valais every month. Furthermore, the etffluent
15 analvzed every three manths by the official
cantonal laboratory.

Day. 2C parameters are measured on raw
water entenng the treatment plart and the
etfiyert by 1he D30T personng.

Requlatigns Concerning the Prevention of
Waiter Poliunion

The relevant reguiation 1s the “federal ordinance
lor wastewater discharge”. The ordinance
considers a 101a! ot 52 parameters (e.qg. color,
bH-values maividual heavy metals, TOC, ewc.).
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6.2.2.3{al

6.2 2.3(b)

The ordinance calls tor 85% degradation on

Sougd wasles trem the

manutactunng process consist of syninesis by
products ang hiter ad trom punficaiion steps.
Liguid wastes consist of salvents. None of the
special watiers preduced (s M1CHI2G by

iconfigential hst prowvided to FDA in confidential
EA volume)

Control Technology

Sold wastes are stored n a cool dry place in
drums. Wastes are analyzed and sent 10 an
incineration taciidy for destruction. Storage and
transport take ptace according 1o the Swiss
orammance on movement of special wastes.

The tirst foreseen objective concerning the
envirgnment 1§ reduction at the source. A large
part o! recyching consist of the distidiauon ot
organic soivents. The distillate is rz-used by the
taciory Most of the ncinerated solvents
consist of gistllation residues.  These saivents
are first neutrahzed and then centrifuged betore
being sent 10 outside company for incineration.
Siorage ang uansport take place according 1o
the Swiss ordinance on movements of special
wastes. Only a very smail amount 0i pure
soivents are antroduced in a fuel burner 1o
pronuce steam

Regulanons tor Disposal of Wastes

The retevant regulation is the “federal ardinance
on movemenis ot special wastes”. This
argdinance regulate the disposal, transport and
taking over of special wastes including import,
¢xporft ang  transit The taking over and
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handhng nf special wastes are requlated by the
competent qovernmental authority,

MANUFACTURE (3F RQ 47-0950 _

Ro 47-09530 may d'sc he manutactuiey at

! Jiiger a specal agreement with Roche. A certificate of

Comphance signeog mgn tanking company official and
govendanentai ¢ihimiar ngicating  tnat the

manutfacture of Ro 47.0950 at the plant 15 1n accordance to the

current laws and requlanons ot the

purposes of ernvironmental proutection. 1s ncluded n Appendix F

and G, respeclively.

Manufacture gi Ro 47-0950-

Ro 47.-0850 frem staruny matenal 1s manutactured a
plants located

6.4.1 OSHA Requlategd Compounds

The workplace safety of the employees in the plants is
requiated by a number 0t Jaws and ordinances. Included
armong these are, tor example, special plant instructions in
accorgance with the Ordingnce on Dangerous Substances,
e requitement o! pre-disposal nvesugatons, a special
catalog ot procedures tor protective pracegures, special
requiauons, e.g. tor canceringucing substances. The MAK
values IMAK = maximum work place concentration], that

have 10 vaintained, are also relevant. These are specified
n TR 300 (Technical Reguiation for Dangerous
Substancesi Specia! requirements are promulgated by

Accident Prevention Regulations (UVV), uvv 113, for
exampie. renviates waorking with rancer-inducing hazardous
subsiances 1anes addiional precautonary measures
such as the gevelopment ot \~1erng guidelines for safe
concentrations «n the w0tk place Each plant has a hazard
detense plan and processes a'e checked frcm a technical
salety point ot view 1n accordance with the internal
Manual "Units ang Procegural Safety” {in German} with the
objective o' recogrizing and allewiating weak pomnis in the
system

it



6.4.2

The Interference Qraovance 12th BImSchVi s n operation in
regard to the sale workng of the units. A plant-specibc
safety analysis 15 recurred (or poisonous and exiremely
pOISONDUS SUDSTANCES

Substances Expecien 10 he Emitted

During the manutactunng wrocess some matenal may be
released 1n the aqueous. terrestndl and arr phases.  The
secthine. hzlove  cosernes  potertial inss of  materalisy,

containment gevices utdized and thewr etficiencies, apphicable
permit informauon and ather relevant requlatory intormation.

6.4.2.1 Air Emissigns

Potential awr  ermissions consist prnimaridy  of
solvents and dust parucies.

The proguchion plants in the are
equipped with many d:fferent systems such as
waste air washers, filters and therma! waste aur
punfication units 1N arder to MiNUMIZe erussIons,
in generat, (he etficcency of these are very » gh.
The organic ngredents (dust partcles) are
incmnerates

In the plant, the waste air from the
plants 1s ted 10 3 central waste air incineranon
unit. This s equipped with @ Quench (3 cooiing
ang washing installanon) and wet washing in
orger to reguce the emissions. The emussions of
many parameters, such as sulfur dioxide and
NG, tor example, are regulated.

The emssions  are  generally regulated n
arcarcance with the Federal Emission-Protection
Law (BImSch@G), by coftficial permit ot the
ngwvidud! umits and n accordance with “TA-
Lutt™. a technmical guide 10 kegping the air clean.
The ar emission mit values have to te
observed n accordance with “TA Luft": In
Federal Repubhc of Germany, *“TA Luh”
requidtes emissiGns Nio the atmosphere. In
aagdition. specihic plant approval procedures
exis! in accordance with BiImSchG in which the
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6.4.2.17.1a)

main components, o charactensnc products ofe
hmited

Limits_tor Total Dust

50 mg/m® a1 a mass flow o! 0.5 kg/h or more,
and 150 mg:/m’ at a mass tlow of 0.5 kgrh.

QOrqganic_substances

The following hmits are eftective:

Ciass 1, 20 mg/m’ a mass flow ¢! 0.1 kg/h;
Class 2. 100 mg!m3 3 mass tiow of 2 kg/h,
Class 3, 150 mglrn’ a mass flow of 3kg/h,

Class 4 15 for vapor-hike norganic substances
and gaseous norganic substance For this class,
indivigual substances are defined as s tuncuion
ot theit mass ow.

niro! of Phosgene

Tne tollowing control measures utifized ai
taciity 10 control 1the

emissions Al stages involved n
the synthesis steps for producing 15
carred out A plant following the
iransfer of ne from

i - plant.

Regulatory Requirements of Phosgene in
Germany

Tre bR valle (maxunumn atiowabie
¢oncentration) for phosgene s the most important
parameter with rexpact 10 occupational safety in
the clant The MAK ,alue for phosgene (CAS No
T534.515 01 opm (ml!m’) orQ04 rng/m’.

Accoraing to the German “TA Lufl® regulations. a

maximum concentraton of phosgene emission
altoweg by mass 1s 1 mg/m>  The Bayer plant at
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6.4.2.2

- noics a permit (permit number 3612,
issued on Decemper 21, 1992) lor phosgene
€ MISSIONS

Emission and Control of Phosgene at the

Plant
No 1s emitted duning the production of
at plant. During the
m3aruyfactur2 of the IS

aischarged into a special  unit for a compiete
eiiminatiu.s  The off-gas stream (r.e. emissions
from the special unit) s fed to the central thermal
tncinetator  at 3 plamt for
incineration

tevels n the plant 1s penodically
monitored by the on site environmental protection
stat to assure the comphance with the regutatory
hmits  Special i sensors are instalied in
the ventiiaton system of the plant and the varwous
operation centers in order to detect possible

pnosgene  emissIoNs Analytical devices for
nhosgene measurements are mnstalled at vanous
pomnts in suclion hnes in the production
area In agdition all employees and visitors of the
piant are required to wear indicator
paagge The getection hmit of the badge
1S 2 ppm

Wastewater Emissions

Botn plants are equipped with a biclogical
sewage treatment unit, The wastewaters
discharges are regulated by tne specific start-up
permil which 15 issued by the Waste Woater
Admumusirgtion, The regulation governing these
discharges 15 the § 7 a of the Water
Managemen! Law [WHG) together with Annex

o)
e



sewage treatment urit 1s a mult-
stage nstallatton It discharges into the Rhine
which 1s reguiated by official hmits. These lirmits
are measured routinely and documented. In
to1al, 10 parometers are regulated :ncluding,
among others, the CSB [the Chemical
Oxygen Demand, or COD] the BSBglthe
Biological Oxygen Demand, BOD), heavy metals,
moweacal pararmeters and norgamic  mitregen
The eimination ot the CSB amounts to > 85%.
Nunficaton and denitnificaticn of ammonium|-
based) nitrocen take place tn the system.

A so-called wastewater register has been
compiled as required by the start-up permit.
This wastewater register contains informaton
such the wastewater paramelers have been
described tor the plants and other relevant
intorrmaton  on  mimimization  efforts. The
manutfacture of the Nisylate intermediates has
peen inclugded n the start-up permit.

Tre works operates a communal
sewage ireatment unit together with the
v upperverband [a local group) in which, among
others., ne City of has been
integrateg nto this system. The

sewage treatment unit consists of several
stages, e.g neutralization, preliminary
clanfication and biological clarificanon using
“tower biology” | @ biological tower| and open
activated sludge basins, etc. The claritying
stugge s either incinerated or stored in dump
own Dy

Sevently two parameters are subject 1o
monitonng by the Authonties within  the
tramework of the start-up permit. Both the
concentrations and the throughput levels within
a oetined penod of nme are regulated. In this
conneclion, summatnon parameters are
reqisiered such as the CSB or even individual
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substances such as tor exampte, chlorobenzene.
in adaivon  tog  othcial  monmtonng, other
parameters are subyect 10 so-calied  self-
momtenng. The emissions data are made
availahle 10 the Authonties on demand. (5B
elimmnaton amounts 1o more than 80%.

In alsp, the plants are combined by
the wsastewater register withun the framework of
the siartt-up perrel {0 giv2 produchon Lnits n
which the wastewater situantion and purification
pperangns are defined. The emissions are
reguced by numerous decentralized procedures
such as disullation, extraction, adsorption, elc.
The discharge dzta for the intermediate
15 included in the wastewater register.

Requiations for Water Contamination

In the Federal Republic, the requirements in
teems ot reduction  procedures for  the
ingredients of wastewater are regulated by 8 7
a ot the Water Management Law (WHG). For
dangerous substances, reduction procedures are
required according to the current siate of the
art All other substances are regulated by
Annex 22 of the Outline Waste Water
Management Regulauon derived from the Waste
VWater Ongin Qrdinance. The special parameters
belcw are designated for the plant:

CSB. AOX, ammoniumi-based] nitrogen, totai
phosphorus, sulffate, heavy metals such as
mercury and cadmium, individual components
such as chlorobenzene, chloroform, benzene,
carbon terrachlonde, nitrotoluene, naphthalene,
toluene, the xylenes, etc. The elimination of the
ndividual components amounts, in some cases,
to mote than 90%.

The Orginance concacming Units in regard 1o
working with Substances that endanger Water
ang concerming Speciaiist Plants (VAwWS) is a8 set
0! regutations with a specific aim ot conuolling
substances that might endanger water by
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instaliing specidl devsces 1IN the unit 1o prevent
leakaqe

Solid/Liquid_Waste

Solvents and solvents by-products are
generatea a5 waslte materials dunng the
manutacture ot Ro 47.0950. The soivents by-
ptoducts are disposed of via incinerauon.

The majorny of the solvents are recovered by
gistllatton 0 the plant. Waste maztenals and
residues following disullation is incinerated in
the r!ncmnerators own by These
cineration umits are equipped with expensive
purificatton devices for the smoke gas such as @
quench, wetl washers and, if required, an
glectrostatc dust separauon Ut with
congensation (EGR). Steam is recovered during
the incineration pProcesses.

Requlations for the Disposal of Waste Material

Prior to aisposal, each new waste must be
reporied nas established therr own
poticies and procedure for releasing waste for
aisposal.  Then it is released by the Distnct
Government {formerly, the President of the
Agministrative Distoct)l. 11 1s released externally
toliowing obtairung disposal certificate from tne
regulatory authornties. The transporiation to
the disposal site regulated under the waste
matenal way-bill. The basis of waste disposal 1s
the Law concerming the Avoidance and Disposal
of Waste Matenals (Waste Materials Law -
AbiG). Th's. among other, things involves the
necessity for approving waste disposal plants,
the obhgation 10 publicize relevant data and
monitenng The requirements in regard 10
recychng and alternative disposal of waste
matenals that require monitoring are defined in
accordance with the current state ot the art in
the 2ng General Administration Regulation
retating to the Waste Materials Law TA Abtali
{o techrical guide 10 waste materiai].
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6.6

The wWaste Matenal Momtoring Ordinance and
the Residuat Matenals Monitoning  Crainance
also have 1o be totiowed.

The incineration umits are governed by the
BimSchg and the 17th BImSchV, the works own

plants are governed by a dump decree.

MANLUFACTURE OF PO 330373

Ro 31-9373 1s manutactured trom Z-L-Phenylalanine via several
synihetic steps. Chemcally, Ro 31-9373 s {35,4a5,8a5)-N-tert-
butyldecahydro-3-1'soquinoine carboxamide ( = “Decahydro-
amide"”}. is one of the
contract manufactuning site for Roche for synthesis of Ro 31-9373.
A certificate of compliance signed Dy council of the Onggo, s
attached in Appendix G.

MANUFACTURE OF RO 31-9373:

Ro 31-9373 1s manutactured by
from Ro 31-9439 {Procos only perfarms 2 steps of the Ro 31-9373
manutacture).

6.6.1 OSHA Requialeg Compounds

The manutaciunng process 1s 1n accordance with the ltalian
occupational law anu the law for accident insurance.
According to these regulations all the collaborators of the
factory are subjected 1o a penodical medical check-up. The
plants are perigcdically inspected by the authority responsibie
tor the satety and by a medical dociof.

All the tactory and the producuon processes which are
pertormed theren has been subjected 10 a thoroughly risk
analysis according to the DPR 175/88 and DPCM 31.3.89
which implement the EEC directive No. 82/5017 in ltaly.

An upoaic of the nsk analysis Is repeated every three years.
Substantially no relevant environmental potential risk could
be ingicateg as a result of the nsk analysis pertormed at the
Procos produchion plant.
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6.6.2 Substances Expected to be Emutted

During the manutactunng process some matenal may he
released 'n the agucous. terrestrial and are phase. The
secuon below describes potential loss of matenalls),
containmen! devices utilized and thew etliciencies and
apphcable permit and other relevant regulatory intormation.

6.6.2.1 Ai_cmiussions

Potentiat air emissions  ¢onsist primarly  of
solvent vapors and tugrtive dust. The waste
gases nf the manufacturing process are treated
oy primary measures such as  filters  with
difterent spec.iicauon, condensers with cooling
water ur brine scrubbers. The emitted gases
correspond 1o the relevant italian reguiauons.

6.6.2.11a) Control Technology and Efficiency: Fugitive
Dus:

Local aspiration and dust collectors are utilized.
Boith measures tead to & concentration of
paruicutate meatter less than 50 rngfm3 at 3 mass
thow ot 0.5 kgrh or more as required by italian
@ controt requiations.

6.6.2.1{b) Conirol Technology and Efficiency: Volatile
Qrganic Substances

Condensers iwater and bune) and scrubbers are
utilized With these measures the regulatory
its of less than 300, 600 and 300 mg/m” for
sopropanol. hexane and toluene, respectively,
210 achipved

6.6.2.1c) Requlanens for Ajir Emissions

The relevant regulation i1s the DPR 203/1988
and the annexed D.M. 12. July. 1980 governing
Allowable emissions of particulate matter and
volante organic substances from manutacturing
onocesses.
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6.6.2.2

Specificolly the tollowing himits are cafled tor:
Limit for total dust

50 mg/m” at a mass tiow o! 0.5 Kg/h or
mare

150 rng/m:' at a mass flow equal or more
than 0.1 Kg/h and less than (.5 Kg/h

Limit for voiatile organic substances

The iisted volatile orgamic substances n the
ordinance tor the protection of the air are
divided nto 5 classes based on toxicologicai
data and threshoid imit values. The following
hmits are eftecuve:

Class 1: 5 mg/m’ at a mass tlow o' 25 g/h
or more

Class 2. 20 mg/m® at a mass flow of 0.3
Kg/h or mpre

Class 3 150 mg/m’ at a mass flow of 2 Kg/h
or more

Ciass 4 300 mg/m’> at @ mass flow of 3
Kg/h or more

Class 5. 600 mg/m” at a mass flow of 4 g/h
or mofre

As tar as ingwvidual compounds are concerned
hexane s an the class 3 while toluene and
1sOproparol are 1ir the ¢lass 4.

Wastewater Discharges

No wastewaters treatment trom the steps of
the Rop 31-9373 manutacturing process are
pestormeq at Procos. For other productions and
qeneral purpose, Procos is equipped with a
physico-chemica!l process for the treatment of
waslewaters. The outler of the plant s

a
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6.6.2.21a)

6.6.2.3

6.6.2.31a)

reguiarly controlled by local authonties.  Thne
ettiuent s thisgcharged to the local sewage
network  ang  subected o a  bhological
purthcation pliar under the management af the
local authonnes

Lamited amounts of wastewaters with migh COD
or saltls content are sent (o authorized
incineraton plants and the dependence 10 out
o inminerater plants il he rpdyced after the
new wastewarter concentration plant become
operatonal.

Regulations Concerming the Prevention of
Water Pollution

Tne regulation n torce 15 the ordinance for
wastewater gischarge Jaw May 1976 No. 319,
The ordinance considers more  than 50
parameters (e.g. temperalure, color, total
suspended substances, pH value or content,
inorganic supbstances, mdrvidual heavy meials,
prospnorous and mitrogen content, COD erc.)
tor which the corresponding indrcated hmns
have 10 De observed,

Soud/Liguid Waste:

All activities relaung to the treatment of speciai
wasles are n accordance with corresponding
regulations.

Sand  wastes  trom  the Ro  31-9373
manutactunng  process  consist  mainly of
exhausted hydrogenation catalyst mixed with
fiiter awgs or titter paper  Solid waste is carefully
recovered ana sent 1o specaized firms o the
recovery of (he catalyst., Liguid wastes from
the Ro 31-9372 manulfactunng process consist
onmanly of solvents and some organic
pyvproducts trom purification steps which are
partialiv recovered.

Control Technoloqgy

32
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6.7

6.6.2.3{b)

6.6.2.3(ci

Manufacwe of RO 31.9373:

Poimarndy mixtures of confidential chenucals are
generated dunng the manutactiure ol Ro 31-
9373,

The majonty ot the solvents are recovered and
recycled Res,dues, inseparzable solvents and
soLd wastes are sent to selected authonzed
external incinerauon plants ar burnt in a stream
generator incineraic: own by the The
plar! nas the perrmit tor burning mixiures of
non-halogenated recovered solvents.

Requlations for Disposal of Wastes

Two relevant reguiations apply 1o the disposal
of wastes, namely the laws No. 915/82 and
475/88 and the annexed decree 27 July 1894.

The ordinances reguiate the disposal, transport
and taking over of special wastes including
'mport, export and transit.

Al acuvinues depend on carresponding
permissions trom the competent authonty.

In particular the treatment and utihzation of
wastes  and the regquirements tor the
management of ncineration equipment and
landiills are specified.

Other Emissions or Polluting Agents

Tne tolerabte level of noise emission is regulated
by DPCM 01.03.1991 for external noise and by
DL 277/1991 tor the level of noise inside the
wOrKing gepartments.

33
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Ro 31-9373 1s manufactured a1

A compliance certtf'cate from the government! authonty

i1s provided in Appendix G.

6.8 Manutacture af Ro 31-9440

Ro 31-8440, 3 precursor of Ro 31-9373 in manctacturing process
of Saguinavir mesylae

6.8.2

The manutacturning process s it gccordance with the French
Occupationa! laws 3and the laws for accident prevention,
According to these regulations all collaborators of the tactory
are subjected to penodical! medical check-up. Furthermore,
the individual steps of the synthesis were subjected 1o
careful analysis (fault tree method} particularly those using
the phosgene

Substances Expected to_be Emitied

Dunng the manutacluring process some material may be
relegsed i the agqueous, terrestnial and air phase. The
sechion below descnbes potential loss of material{s},
containment dewvices uliized ang their efficiencies and
apphcab'e permit intormation and other relevant regulatory
intormation

6.8.2.1 Air Emissions

Potenual aw emussions consist  primarily  of
salvent vapors and tugitive dust. The waste
oases ot the manutacturing process are treated
by pnimary measures such as filters condensers
wilh coohng water or hquig nitrogen, and brine
scrubrters The ¢rmutted gases correspond to the
relevant French regulations.

6.8 2 1a) Control Technology and Etficiency: Fugitive
Dust

a4
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6.8.2.1(b}

6.8.2.11(c)

Local asp=onon ang gust collectors are utihzed.
Both measures lead 1o a concentraton  of
paruculate matter less than 56 mg/m’ at 8 mass
flow ot 1.5 kgsh or more as required by French
air control 'egulation,

Conuel Technology and Efficiency: Volatile
Organic Substances

Cereance s ang o2ter giycol mixture -25°C are
uthzed. Liaud mtrogen (-70°C) s utihzed tor
pnhosgene. With these measures the regulatory
s of:

1 mgm? for phosgene;

20 mgtm’ tor chioninated solvents aminc and ethers;
50 mg/m’ for hygrogen chiorn:de;

150 mgrm’ tor other orgarics are in comphance.

Requlation Concerning the Prevention of Air
Polletion

The relevant regufation 1s an ordinance dated
03/01:1983 and issued in the official journal ot
the Frencn Republc on March 28th 1993 p.
5283 10 5301. This ordinanca includes annexes
governing allowable emissions of particulate
matters and wvolatle orgamc substances from
manutactuning processes. Specifically, the
orchnance calis tor the tollowing limit:

imiy {pr Totat Dust:

50 mg/m’ at a mass tiow of 1.0 kg or more
tArr. 27-1)

Limut tor Volanle Substances

Among the many volaule substances ruled by
the arainance only the tollowing are relevant for
Ro 31-9440

the hydrogen chloride 50 mg/m3 ata
mass tlow of 1 kg or more (Art 27-5)
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6.8.2.2

6.8.2.2(a)

6.8.2.2(b)

6.8.2.2(c}

arcares L ompounds at a mass How ol 2
) 3
kg noor more. 150 mg/m™ tArt. 27.71)

argaric compounds hsted in Annexe I
ar a mass flow ot 0.1 kg/h or more 20
mg/m3 {Art 27.7.2} phosgene 1 mg/m3
at a mass 'tow ot 10 g/h or more {Art
279

Wastewater Dischaynes

The  wastewater of the Ro 31-9440
manufaclunng process consist  mainly  of
norganic  saits, difterent orgamic by-products

and solvents.

Control Technoioqy and Efficiency

Only cooling water 1S discharged directly 1o the
sewefr. Wash water f checked as beihg non-
poliuting 15 a3iso  discharged to the sewer
othervwise 11 15 treated as process wastewater,
Tne process wastewatler handled by a
spec:alizeo ano othcially approved company.

Process waslewater and chlurinated solvents
are burne¢ by a speciahzed and officially
acproveg company Other solvenis are recycled
allter treatmen' by a speciahzed and officially
apcioved company.

R laugn ncerning the Prevention of
Wajger Pollution

Tne same ordinanze gdeals with water pollution
in 1he arucles 31 to 35 and 60. It considers
many paramelers: mass flow, temperature, pH
value, color suspended substances DOC, DOB,
other substances angd heavy metals. {1 also
requlates wastewater treatment plants.  The
iocal authorities are allowed 10 reduce the limits
according to specitic local situations.

Regulatons tor Disposal of Wastes
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6.9

The same onagnce  dise rules  disposer of

wastes farties Jd40 35 36; It deals with
ratner  qeneras gugde  hnes  whicch are 1o be
precise o e parpcular ermils. The

wastewater jcochng and plant washing), s
consiantly samnied and anaiyzzd by equpment
located on the sewer hoetore isposal n the
Juinge nver The anatyt.cal resulls have 1o be
submuted 1o tne 1ocal authonnes.

6.8.2.3 Soidiligud Wasies
Sohg/liqud wastes from Ro 31-9440
manytactuaing  process  consist  pnmanly  of
solvents wuch are recovered.

icenfidential hst provided 1o FDA in
contigental £EA volume)

The aistitation s processed by Spectum a
vegistereg specialized and oftficially approved
company  The aurming s processed by GEREP
another registered  specialized and  offically
approved company. Companes are allowed 10
purn cr 1o proceed lo special aisposal of wastes
are iequlate by the law ssued on July 15,
1975

Manutacture of Drug Substance.f Hottmann-lLa Roche Ltd. Basle,
Switzertand

The drug substance 1s syninesized from Ro 31-9373 at the F.
Hoffmann-ta Roche Lig taciily 'n Basle, Switzeriand. Saquihawvir
mesylate 15 manutactured h intermediate scale general purpose
production equipment Al manutactunng operations carned out at
the F. Hottmann-La Roche Lig tarciity 1n Basle, Switzerland, are
under caretully cortrolled conoiions and in gcomphance with the
rutes ot Gooo Manutaciunng Practices and the Swiss legislation.
Apphcable laws inciuge

Federal 1aw relating 1o the piotection of the environmental
SR 814.01 1Octoper 7, 1983} (Umweltschutzgesetz).

Federat law retaning 10 the water protection agaiminst poilution
SR B1a 20 (Ociober 8. 19710) (Gewasserschutzgesetz;.
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Oramance 1o he rotechon uf he air 5RO814 318 1472
(Decembe: 16, 13891 Lo ttrennhighteverorgnundg)

Oragnance refating 1o enviranmentaliy hagzardous subsionces
SR E11.013 (June 9. 7986 [Stotiverorgnung).

Ordnance 1or  wasiowasier  cischarge SR 814 225 .27
(December g 1975) (Verordriung uber
2Dvasiore ntesnger:

Crdinance retating to the assessment of the environmental
impact SR B14 011 {Octoper 13, 19881 (Verorgnung Uber
die Umwellveriraghiichkentsprufung).

Ordinance relating to the protection agsinst noine SR 814 41
(December 15, 1986} (Larmschutzverordnungi.

Jignonce pon rnovements of special wastes SH 814.003
(November 12, 1985 (vVerorgnung uber dern: Verkehr mit
Sonderattalien

Technica! ordngnece o wastes SR 214 15 (Decemper 10,
1980! {Tecnniche Verpranung Uber Apbtaulle!.

Applicable provisions pt these laws are descrnibed «in the appropr:ate
sectons belpw

The manuctactunng eguipmer: o! Roche Basle consists manly of
multipurpose units 0 winch ditterent piogucts are manutactured on
a rounine basis  For this reason, there exist no official permits for
specihic single manutactunng processes.  (n the contrary, the
official permits are abtaineg 1or the indivicdual equipment or possitly
for a group ot equipments

The procegute tor oblaiming & permit 1s utiated by an apphcanon
for the consttuction ot the wumil 3ddressed 1o the building
mspectorate  of  the distnct {(Canton; Basel-Stadl. After
invesugaugn of ‘he gpphcatidn by e compelent authentes
{among others the gepattment 1o waler protection, the pubhc
health gepartment. the department tor protecuon of the air, the
cantoral inspectotate for 1the fire-bnigade, etc.) permission for
constriction s goven unger specihic requirements which have 1o be
tultiled guning construchon gnd when the urat 1S operated.
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Among other things an othicial el 1s necessary o6

new ndustrial ecu:pment,

enlargements ot «ndusingl unys;

replacement of production tacilities;

enlargement of product-in canuuites 07 as. “cihied with an
inerease in the nazatgous nisk potenual or with an increase 1n

the polivtion ot the environment;

- new instaliauon of specific apparatuses such as desiccators

belt filters, etc.

The finisked unit 1s inspecied by the competent authorities and the
coempany 18 provided with a permit for operating the eguipment

wnich 15 vahd for the manulactunng ot any product.

The following table s giving an averwiew on the equipment used in
the manutactunng of Saqutnawvir
thitferent multipurpose units as well as on the date of the perm:

apphlicable to the correspongdinig umt:

mesylate, the i¢cration of the

[ Building ! Multipurpose Unit No. | Permit Dated
[ 31 r M2 102 | Dctober 8. 1980
- _Ir MZ 108 | October 8, 1980
{ MZ 138 October 8, 1980
i M2 152 March 20, 1974
' MZ 160 October 8, 1980
34 | M2 018 October 8, 1980
49 | M2 053 October 8, 1980
! M2 N96 Octooer 21, 1991
| 43 MZ (:07 January 10, 1994
| MZ 008 July 8, 1986
i MZ 010 October 21, 1991
! MZ 113 October 8, 1980
' MZ 116 June 12, 1979
| MZ 122 January 23, 1987
| MZ 123 July 8, 1986
3 MZ 220 July 8, 1986
50 i MZ 031 Aprit 27, 1279

39
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: MZ 044 | April 16, 1993
MZ 058 | April 29, 1985
| MZ 234 | December 15, 1989

Apart trom the permits for the irgwidual manufacturning umts the
company hoids & permission for runming the industnal wastewater
treatment plant ot Ciba-Geigy ang Roche.

6.9.1 OSHA - Requlated Campounds

The chemicai substances associated with the manufacture of
invirase are hsted in Appendix C and D. Alzo ncluded in
Appendix C and D are copies of available Material Safety
Data Sheets (MSDS). The list of chemical substances and
the set of MSDSs are considered to be confidental in order
to protect manutfactunng process and not to be released by
the Agency withoui the express permission ot Hoffmann-La
Roche inc.

The manulactunng process 15 1n accordance with the Swiss
Federat Occupauvonal Law and the l!aw for Accident
Insurance According 10 these requlations all laborers of the
factory are subject 10 a penodizal medical checkup.
Furthermore 1he ingividual steps of the synthesis were
subject to 3 caretul sk analysis considening among other
things the exposure and related risks at the workplace. In
additton, the Group Duective “Occupational Hygiene
Directive”™ applies 10 the manutacturing process. (n fine with
this directive handling ot invirase is performed in closed
systems. Apart from that, no specific measures have 1o be
taken n1o account tor the process in question if the usual
indivigua! rutes on satety an< hygiene are observed.

6.9.2 an X ted to be Emitted

Cuiing the monutactunng process some material may be
released  the aqucous, ierrestrial and air phase. The
sechion below describes potential ioss of materialis),
containment odewices uthized and their efficiencies and
apphcable permit information and other relevant regulatory
mntormanion

6.9 21 Air Emissigns
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£.9.2.1i3)

6.2.2.1(b}

1

Polential .1 emussions consist pnumarily ot
solvent vapors and tugimive dust. The waste
gases of tive manutactunng process are treated
by pnmary measures such  as filters  with
ditferent speciicauons, condensers with cooling
water, ang bane Of ammonia scrubbers. The
emitted gases correspond to the relevant Swiss
requlations

Cuntrol Teghnoiogy ang Efficiency:_Fugitive,
Dust )

Vvarnous buldings menuoned in Tabie are
equipped with local aspirauon and dus!
colflectors with greater than 98% efficiency.
Both measures lead 1o a concentration of
particulate matter fess than 50 mglm3 at a3 mass
flow of 0.5 kg/h or more as required by Swiss
Air Control Regulations.

Control Technology and Efficiency: Volatile
Qrganic Subslances

volatile organiL substances such confidenual iist
ot chemicals are used in the manufacture of
Sauuinavir mesylate drug substance. In general,
organic volaules are passed through fume
Incinerancn with approximately 99.9%
etficiency. With these contro! measures the
regulatory hmats of 20 mglm:’ for class 1, 100
mglm:' tor class 2 and 150 mg‘fmJ for class 3
are well met.

The relevant regulation is the ordinance 10 the
protection of the air based on the federal law
relating to 1he protection of the environment.
The regulanons nclude annNexes governing
ailowable emussions of particulate matter and
volatile organic substances from manufacturing
processes. Specifically, the ordinance calls for
the following hmits:

Lirrut for To1al Dust:

50 mg/m3 at a mass tlow of 0.5 kg/h ar more.

a1



6.9.2.2

6.9.2.2(a)

Lirmuts tor Volatde Orqanic Substances

The lhsted volaule organic substances n the
ordinance 10 the protection of the an are divided
into 3 ciasses based on toxicoloqical data and
threshoid mit values. The following 'y are
eftecuive:

Class 1: 20 masrm3 3t @ mass tlow of 0.1 kg/h
or more

Class 2: 100 mg/m3 at a mass tiow of 2.0 kg/h
or more

Class 3: 150 mg/m3 at a mass flow ot 3.0 kg/h
or more

Those volante organic substances which are not
classified, are 1treated according 10 the
ordinance and are classified by an internal
standard procedure based On toxicological data
and threshold himit values,

Tre tuture manutfacture of Saquinavir mesylate
will be i comphance with prowvisions of this
permit  or similar  permits for ahernative
equipment.

Wastewater Discharges

The wastewaters trom the Invirase
manufacturing process consist  mainly  of
inorganic salts, difterent organic byproducts and
soivents  Dunng the manufacturing, Solvents
such as contidentinl ist have potential for being
teleased into thas media.

Control Technolegy and Efficiency

Two step biological wastewater treatment with
3 bodegradatnon capacity of 30-95% of
compounds with respect 1o dissowved oxygen
content (DOC) tor the comb’ .ed effluents of
Ciba-Gegy ang Roche; regulations call for a

az
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85% ehmination  The himit for total suspended
substances ot 20 mg/l 15 also mel. Essenually
the two steps of wastewatler treatment as
pertermed n Ciba-Geigy/Roche plant consist of
3 physical step ncluding sedimentation and
floatauion as vvell as a biological treatment in an
aeranon tank,

The wastewaler of each step of the process is

conrronled aita respect 10 - the  elevant
regulations which cail tor compliance with limits
for 52 indwidual parameters. In order for

perrmission for a discharge of the sewage to the
otficial industnal wastewater treatment plant to
be granted, hmits for all parameters must be
achieved. Furthermore, samples otf the
wasiewater are routinely examined in an in-
house pilot plant tor wastewater treatment profr
e discharging to the ndustrial wastewater
treatment plant.  The biodegracability of the
wastewater of the total manufacturing process
15 at teast 90% with respect tn the DOC. The
oullet of the wastlewaler treatment plant is
comphance with all relevant regulations; it 1s
tegularly and sysiematcally controlled by loca!
autnunies. The treated clarified effluent s
aischarged nto the Rhine River.

The regufation in force is the ordinance for
wastewater discharge which is based on the
Swiss Federal taw relating to protection of
water agawnst poliution. The ordinance
considers a t(atai of 52 parameters le.g.
temperature, c¢oler, odor, 1iotal Ssuspended
substances. pH-value, QO,-cuntent, inorganic

Luns1ances ndividual heavy metals.
phosphorous-content, DOC, etc.) for which the
corresponc.ng indicatled limits must be

aobserved The 52 parameters apply on the one
nang to the cischarge of the sewage to the
wastewater ireatment plant, on the other hand
10 the treated clarified effluent. The ordinance
cals tor a B5% biodegradsation of the
wastewater and sets a3 iimn for total suspended
substances of 20 mg/l. For some of the 52

a3
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6.9.2.3

6.9.2.3ta)

parameters  thee local authonities can set
alternanve wnets based on local situations, thus,
tor suspended substances a hmit of 40 mg/l s
apphicable in the region ot Basel-Stadt.

The discharge of the sewage to the wastewaler
treatment plant atselt s not subject 10 an otficial
permit  but s within the scope of the
responsibility of the company. The outlet of the
wnasievaler estment plam s controlled caily
by the statt of the plant. The con:rols comprise
the 52 parameters prescribed by the regulations
as descrnibed above. The results of the
iInvestigations are subrmutted regularly to the
governmenial department for water protection
. the course of the quarterly reports. In
addiron, a mixed sample of the wastewater 1s
saved every day for official inspection if
required Furthermore, as mentioned
previousiy, the outlet of the wastewater
treatrnent plant 15 regularly controlled by the
authonties with respect 10 all parameters of the
corresponaing regulations.

F Hohmann-La Roche Ltd, Basel, Switzerland will
ntinerate sohidfliquid waste of Saquinavir mesylate
oruz sudbsiance and drug  product including
re.ected saiches and expired drug produzt. The
permit numper for the mcinerator =z the F
Hoffmann-La Roche Ltd, Basel Swilzeriand i1s
27010057 which was issued on December 22,
1993 wiih an expiratton date of December 31,
1955  The nermit is issued by the department
tor water protection of the canton Basel-Stadt.
A copy cf the actlual perrmit 1s included In Appendix
H

Sohd/Liqind Waste

Song/Ligwg wastes  from  the  Saquinavi
mesyiale manufacturing process consist
prmardy ot solvents  which  are  partially
recovered. some organic byproducts.

Conurol Technology and Efficiency
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The buik ot the solvents (conhdenuzll iz
recovered o distliation units of Rerhe Basle.
Residues. mseparable sclvents and sohd wastes
are ancnergted o our own Ncineralor which s
cquipped with tlue gas scrubbing. The tiue gas
emitted s i accordance with the  relevant
requiations  Confidential chermcal 1s recycied i
France to obtain o confidential chemucal which
1S uganm used n the synthesis of Sdquinavn
mesylate.

Roche Basle holds a permit for the acceptance
and treatment of special wastes according 10
the Swiss Ordinance on movements of special
wastes This permit s concomitart with a
requlatory mnspection by Swiss authoritles with
respect 1o,

the 10131 emissions nvolved 1n the special
Wastie reatment;

the technical equipment involved;
auxibary equipment;

the professional competence of the
laporers

Eichty percent of the special wastes of the
Roche Basle facility are treated in the
company’'s own plant. The rest is sent offsite
for thermga! destruction 10 a specialized company
which 1s glso in the possession of a permit for
aCrepiance and treatment of special wastes and
Sosabest ioocne sante vihicial Inspections.

Al acthwinies ielating 1o the treatment of special
~vastes  are tn accordance with the
corresponding regulations.

The following 1wo regulauons are related to the
¢:sposal of wastes:

o |
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Ore.ngrre on movements ot special
wWidhtes

Technical ordinance on wastes

The ordinance on mavements of special wastes
reqaiates the aisposal, transport and acceptance
o! special wastes ncluding '/mport, export and
wansit. The acceptance and handhng of special
v ailes  are s rject o 3 permn irom:  the
govermng authunty. The ordinance contamns a
Lst of speciat wasies divided nto 14 categories
according 1o whilY the contractor must classity
and declare his special wastes for tfurther
reatment.

The technical orginance on wasles contains
requlations for the guminution, the treatment and
the utiizanon of wastes. In parucular, the mode
ot treatment ot the individual type of wastes 1S
prescribeg and the remnrements for the working
o! ncineranon equpment and landfills are
specihwec.

6.10 Milling 0! Ro 31-89593'008"

England

6.10.1

6.10.2

Indystrial Hygiene Controls

The muling process for Saquinavir mesylate 15 fully
comphant with United Xingdom COSHH regulations.
All process operatives are protected in accordance
with niernal procegures and receive periodical medical
examination

Substances Expected to be Emitted- Milling of Ro 31

8259




Ouring thre meling process some matenal may e
refeased it the aqueous, tefrestnal and ar phase. The
section betow describes potential loss of matenals(si,
contaiment devices utihized ang therr efficiencees,
appicable pormit aitormdation and  other  relevant
regulatory informanon

6.10.21 Air Ermissions

Tar oy potentyl an eNUSSIOF s ‘ugitive
dus! Ati prioocesses are carned out in
controlled areas with an arr handling
system providing 8 minimum of 25 arr
changes per hour.

All process air and processing suite arr
handhng system discharge is first filtered
through ore-filters ispecificatiton Eurovent
4/91 then nepa-hlters (99.99% arrest at
0.3 mcrons) before discharge to
armosphere.

The Environmental Protection Act (1990,
with air pollunion specifically controlled by
the Environmental Protection (Prescribed
Frocesses ans Substances) Regulations
1991,

61022 Wastewater Emissions

Wastewater discharges are generated by
equipment and area washings after
compietion of the process.

the normal procedure toc mitigate
release of saguinavir mesylate powder inlo
wastewater |5 to dry run the mill {without
powoer) tor 10 minutes, folliowed sweeping
the mii! and all other egquipments.  All
resigues placed o a polythene bag for
snippment 10 F Hoffmann-La Roche Ltd,,
Base!l, Switzerand.

Suspended solids are removed via a

seftitement  system and  effivent s
aischarged to the foul sewer in line with
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Local Water Authonty consent. The
Local \Water Authornly regularly sampies
and monitors discharges 10 e&nsure
comphance with consent.

Controlled by local Water Authonty
consent, with hmuts  set by individual
consent.

All sohid/iiquid waste (if apphczble) will be
returned 10 Roche Basel.

6.11 Milling of Ro 31-8959/008:

Miting Ro 31.8959/008 wull be carned out at
A comphance statement signed by
foreign regulatory autnorniuies s included in Appendix G.

£.12 Manufacture of Drug Product. Hottmann-La Roche Inc., Nudey, NJ

The Invirase drug product consists of capsules containing a
comtunaton of the active drug substance Saquinavir mesylate and
exciements produceg at the Hoftmann-La Roche Inc. plant In
Nutley, New Jersey All manutacturing operations are carred out
under caretully controiled condions and in compliance with
applicable environmental regulanons pt! the U.S. Environmental
Protection Agency (USEPA) and New Jersey Department of
Environmentat Protection ang Energy (NJDEPE). Emission of
pollutants 1N the air and water and disposal of sohd waste for the
Hofimann-La Roche Nutley taciity are regulated to a high degree
by the State of New Jersey, specifically in Title 7, Environmental
Protection, of the New Jersey Administratuve Code. A statement
of compliance s incluoded in Appendix E.

6.12.1 HA R | m nds

The chemica! substances used as ingredients in the
manufacture of invirase capsulss are listed in
contigential Appendix C and D. Copies of available
MSDS’s are incluged n contidential Appendix C and
D
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6.12.2

13

Subtistances Expeciled _To Be Emitied

Duning the monulactunng process some matenal May
be released in the aquegus, lerrestnial and aw phase.
The secuon beiow descnbes potential 1085 of
materials(sj, containment devices uJthized and thes
ethiciencies, apphcable permit ntormaton and other
relevan regulatory intormauon.

613221 Air Ermissions

Au emussiors consist of minor amounts of
pharmaceutical dust {active ingredients
plus excipients) I0st during loading of dry
ingredients 1N1o the blending and capsule
tiling equipment. Emission of particuiate
matter 1s controlled by means of fabnc
tidrer dust collectors.

Aar emussions 1in New Jersey are regulated
under N.JAC 7:26-1 et seqg., 1the
Bureau of A Poliution Control portion of
the New Jersey Admsirative Code.
These requlanons nclude subchapters
governing allowatie emissions of
paruculate matter and wvolatle organic
substances trom manufacturing
processes. as well as setting forth the
requirerrents  lor  obtaining permits 1o
construct or alter process equipment.

The rooms where the vanous types of
equipment are wused In the blending,
milhing and capsule filling operations for
the producnon of Inviiase drug product
servited by dust collectors, of the fabric
fiiter type. The general purpose room
ventlauon systems predate the current air
permat system andg are thus
*grandtathered.” All equipment operates
i comphance with current reguirements
for particulatle emisSsions.

The level o! dust in the processing areas
dunng product biending and capsule
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6.12.2.2

M e Ciurnng operatons will he
coritohed by local exnauslt ventsation and
general (oo0m venulatuon. in addmion,
emnioyee exposure levels will be
miiuzed by the use ot personal
protecuive equipment suCh as respiratory
protectors, it required.

Wastewater Ettluent:

The wastewater ftrom Inwvirase capsule
manutaciuring process coONSists mainly of
equipment washdowns. The wvastewater
trom the blending and capsule filling
gperations CONaNs residual amounts of
acuve ingredients along with exciepients
ano other components used 1n the
manutacture of the drug product.

Wastewaters from the [Invirase dgrug
oroguct  manutfacturning  process are
compined with wastewater trom other
manutacluring processes and discharged
through @ pretreatment System 10 the
Passaic Valley Sewerage Commission
(PVSC) traatment plant (a POTW) under
PVvSC Permi Number 24402882
iexpiration date Apnl 14, 1936}, The
State ot New Jersey reqgulates the
Rocne/Nutley pretreatment tacihty as a
sionificant industnal user and has issued
non-contact cooling water and storm
water discharge permit numbe: NJ
0034185 lexpiration date January 31.
2000 under the New Jersey Pollutant
Discharge Elimination System (NJPDES)
requlations.

Wwastewatal gischarges from the Invirase
manulactunng  process will be iIn
comphance with the above referenced
regqulations and the conditions of both
operaung permits,

50
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Sohd Ligund Wastes:

Baseo on the pxpenence wilth  simiiar
nrottucts tor operations involved with the
provucihon ol capsule producsts,
approximgately 95 percent of the maternials
qo 1o torm hmshed product. Of the 5
percent 108s, tne majority 15.an the torm of
sohid waste, either matenal Cleaned up
trom the Rternding,  granulating and
capsule llhng operations or the tabnc
dust coillectors which service them. The
reieases to the environment consist of the
smali quantity ot matenal wheh s
washed trom the vanocus types of
eguipment atter the majpornty of the
matenal has been removed by normal
means such das dry vacuuming.

Sohos  tor disposal consist mainly  of
broker. and rejected capsules. Solid
wastes contaiming lnvirase that are not
sewored isee abovel wil! be collecled and
disposed n g hined industnai landtill or
ncinerated.

Hottmann-La Roche Inc., Nutley, New
Jersey will nginerate  any produchion
rejected batcnes of Saquinawvir mesylate
grug subsiance and drug product In a
meaical waste incinerator located on site.
The medical waste incinerator ar permt
numper 1s 113190 with expwaton date of
June 17, 1995 which has been granted
conaiional S0 day extension

Al soudiiquid wasic of Soquinavi mosylate
will be aither \1ncineraied on the Nutley site
and/or sent to an outside conlractor for
ingustrnial 1anghil. Al present, two out side
contraciors are being retaned for industrial
langfill The maiing addresses and permit
intormation {or these two contractors are as
1oliows

q1




+« Grama Central Samtary Landhll Inc
1933 Pen Argyl Road
RO = Box211
Pen Arayl Pennsylvania 18072

PERMIT NUMBER 100265
ISSUED CN 11/13/80

o CWM Cnhemical Services, Inc,
152 Ba'mer Road
Mode! City. New York 14107

PERMIT NUMBER NY 0072061
ISSUED ON 10/8/93 with an expiration dae
of 10r1/68

A copy of the permit for medical wasle
incinerator located at Hoffmann-La Rocrie
tnc . Nutley, New Jersey and a copy of the
permit ‘or Grand Cenlral Sanitairy Landfil,
inz an? CWMN Chemical Services Inc., are
ingiuge J 1N Appendix H

Dispusal of sohd waste and hazardous
wasle s conuolied under the NJDEPE
regulations, N.J.A.C. 7:25-1 et seq.
Disposal and prccessing of sohd/iguid
waste trom the Invirase process will be in
comphance with the NJDEPE waste
regulations referenced above.

FATE QF EMITTED SUBSTANCES IN THE ENVIRONMENT:
Suymmary ¢! Absorpuon ang Metabphsm of Saguinavir_ mesylat

The absorpuon o! Saguinavy mesylate after oral agmumstration is less
than 20% 11 the a1 oy o Maa.muin estimate of 30% was 1ound tor man.
The oral absorption was dose gepengent. The mean recovery of
radipactivity in 72 nours atier ora! admiristration to rats was 88+ 23%,
distniputed between unne (5.1 x 1.3%}, Cie (11.32 5.3%) and feces
{70, 23.4%) ndicuting raiher rapid clearance from the body
Sagquinavir mesylate 1§ charactenzed by low absorption and biocavalability,
in human volunteers. approuimaltely B3% ot dose excretled in unine {1%])
and teces (EB%) tollowng oral agmimistration at 600 mg/kg dose level.
Sagquinavir mesylate 15 charactensed by low apsorption and bioavailability.
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7.(a)

The bicavalabihty of Saquinavr mesyiate followsng oral admumstraton
range from approximately 4.1,8, ar #rcent i rats, rabbets, dog and
marrmoset, respechvely.

Bilhary excretion of drug-relatec . accounts tor greater than 95%
of the dose after intravenous adminMistratipn 1o rats, rabbits and man.

The metabolic profile of Saguinavir mesyiate has been invesuigated n the
bile, plasma and microsomes ftrom rats and in microsomes trom other
species, nciuding man. There 18 gdoa carrelarnn betvween *he Rilary ard
microsemal metaboles and the profues in mictosomes are qualitatively
similar across all species. Afier oral agministration in rats, there were
seven major drug-related zones detected by HPLC which is eguivalent 1o
about 830% of the recovered aclivity in the bile. One of the meiabolite is
presumed t¢ be the product of oxidaton of one ot the methyl group of
the tertiary butyl group to a carboxyhc acid. All of the other metabolites
arose by hydroxylation of the decahydroisoguinoline nng.

in a separate study, Dile was collected trom male rats which had been
dosed intraperitoneally at 200 mg/kg. A plethora of metabolites was
produced; HPLC analysis indicate that there were at least 5C metabolites
and that none amounted to more than 5% of the recovered drug-related
matenal.

The in viirn microsoma!l metapohkc pratde of Saquinavir mesylate 1in man s
quailiauvely similar to nat o! other arumal  species  studied.
Approxamately, seven metapphes and the parent drug was detected in
human microsoines stugy.

Metabolic pichile . the unne and leces has not been determined.
However, bass¢ on the poor apsorpuion {30%) in man and in viup
microsomal study suggest that no one metabolite 1s likely 10 exceed 10%
of the total excreted matenal.

The above summary of absorption and metabolism have been prepared
trom a techmical repurt antitied “Saguiravir mesyiale of Absorpticn and
Disposition N Animmals’ A copy of tne entwe report s ingluoed in
Appendix |,

The present NDA tor inwvirase s tor the therapeutic use of it in the
treatment of AIDS and AIDS related complex. This drug will be made
available tor theraperutic use n oral formulations through physician
prescriptions

Air:

O
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The active drug substance s manulactured by F. Hottmann-La Roche
Ltd., Basle, Switzerland n accordance with applicable laws. The final
dosage form will be manufactuted at our Basle faciity and/or at
Hoftmann-La Roche Inc. tacihty located in Nutiey, New Jersey. Potential
a3ir erhissions consist ¢! m:nor amounts of pharmaceutical dust (active
ingredient pius exciepients) tost dunng loading of dry ingredients into
capsule filling equipment. Emission of particulate matter 1S controlied by
means ot fabnc filter dust collectors. All equipment operates In
compliarce with curient regucemen's for particulate emissions. Based oan
the experience with simular praducts tor operauons involved with the
production of capsules, approximately 95 percent of the materials go to
form finished praoduct. Based on the esumated maximum annual
proguction volume provided 1o the FDA in the confidential environmental
assessment, only a small amount 15 expected to be released in the air. Of
the 5 percent expected release, the majority is in the form of solid waste
due 1o matena! cleaned up from equipment or the fabric filter dust
collectors which service them. Contro! efficiencies for fabrnic filter dust
collection is in excess ot 99.9%, which will further reduce the amount
expected 10 be released n the arr. The waste will be either incinerated or
disposed in a hined ingustrial landghil, Therefore, it 15 not expected to be
released in the awr in sigmiticant amounts to cause detrimental effects
during the manutactunng of Invirase drug product. The workers will be
protected by enginee ng control and/or use of personal protectlive
equipments.

Invirase will be made avaiabie through physician prescripnion onlty. The
drug is not fikely to b releaseqd in e o inrough usane except accidental
spill (breakage of capswes! stuaunons. Even in such a remote Situation
the drug is not hkely to be released nto the ambient air due to it's
physical form and high melting point. A minute envirohmental release of
the drug 15 a150 expectied 1o be gispersed in the ambient air so that
concentranons per cubic meter ot ar would be extremely sma'i (probably
in ppb range) 10 Cause any adverse environmental impact.

There are no dir2gt asute and subchromc toxicological studies available 1o
evaiuate the tomicological eftects ot low level inhalation exposure 1o
Saquinavir imesylate However, in 3 humber ot clinical studies via oral
doses of this crug have been well 10lerated by human volunteers. Animal
studies also «ngitate relatively low tOXICITY. For exampie, acute oral
LD50 to rat s greater than S000 mg/kg. It is not a teratogenic,
mutagenic Or reproQuctivestoxicant. (MSDS, Appendix B).

Based on availabie pharmacological and toxicological studies as well as
physical chemical properties and production volume, the drug subsiance
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1§ not hkely 10 persist in the ambient air 1o cause any sigmficant adverse
environmental impact.

Impact on Fresh Water, Estuarine and Yarine Eco Systems:

The wastewater trom Saguinavir mesylate capsules manutacturning
process consists mamniy of equipment washdowns. The wastewater from
the capsule filing operations contains residual amounts of acuve
ingredients along with excipients used n the manufacturing of drug
pregducts. As meantoned acave gndes ., {tem 7, 3} most of the loss will
be in the form of sohd wasie. The releases to the water consist ot the
small quantity of matenal which 1s washed ftrom the various types of
equipment after the majority of the mater:al has been removed by normal
means such as, dry vacuuming.

Based on the esumaled maximum anrual production volume provided to
the FDA in the confidental envircnmental assessment, oniy small
amounts (probably less than 0.001 %) 15 expected to be released in the
water. The wastewater etfluent trom the Invirase capsuie filhing pracess
15 combined with wasiewater from othsr manufacturine processes and
dischiarged through a pretreatment systern 1p the Passaic Valley Sewage
Commission (PVSC) uweatment plan ta FOTW), which 15 equipped 10
process 300 mullion gallons per gay. The expected released drug from
the rmanutacturing site would be diluted 10 a8 concentration befow that of
significant concern.

Following therapeutic use. minute ccncentrauons of the drug and it
metabolites will be reieaseg nto sewage through fecal and urinary
excretions.

(n order to evaiuate the mmpact of the very low concentration of
Saquinavr mesylate expecled 10 enler the aqualic environment, we
determined the concentrations of Saquinavir mesylate that must be
atiained betore toxic eftects are observed. |In aqualic species the
tollowing studies were conducted to evaluate its effects.

1. Daphnia maqgna acute 1oxicity’

The acute eftects of Saquinaver mesyiate on the fresh water invertebrate
warter {lea, Daphnia magna were evaluated under static conditions
according to the FDA Environmental Assessment Technical Assistance
4.08. Based on the results of the range finding study, nominal
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concentrations selecteg for detinitive tests were 13.0, 21.6, 36.0, 60.0.
and 100 mg/L. Twenty neonates were exposed 10 each concentration for
48 nours. The 48 hour median ettective concentration (ECS50), the
concentration of Saquinavir mesylate estimated to result 1in mmobihzation
or death to 50 percent of the 1est popuiation was calculated to be greater
than 100 mg/L. The No Observed Ettect Concentration {(NOEC) was 36
mg/L. Thus study was pertnrmed accoramng ta the FDA Good Laboiatory
Practices [GLP} Guidetines The detaned report of thus study 1s provided
in Appendix J.

2. Freshwater Fish S:ute Toxcity (Ramnbow Trout):

The acute toxicity of Sagquinavir mesylate to  Rainbow Trout
{Oncorhynchus _mvkisg), a cold-treshwater fish was conducted under
static condition according to the FDA Environmental Assessment
Technical Assistance 4.11. Twen'y fish per each treatment
concentration having a mean weight of 0.37+ 0.11 gram were exposed
for 96 hours. Actual measured concentratons by High Pressure Liquid
Chromatographv {HPLC) ranged from 0 1o 3B mg/L. Due to limited water
solubility of Saquinavir mesyiate precluded ftrom testing at a higher
concentrations. The 96-kour med:an lethal concentration (LC50}, the
concentration of Saqunavit mesylate esumated 10 be lethal to 50 percent
ot the test population was calculated to be greater than 38 mg/L. The
NOEC w~us 38 mg/L  Tris study was conducted according to the FDA
GLP Guideline Tne detaried report ot this study 1s included 0 Appendix
K.

3 Microbiai Growih Inhibition Study -

The Mimmum infubitory Concentrations (MIC) of Saquinavir mesylate
were determined according 1o the FDA Environmental Assessment
Technica! Assistance 4. 02 The orgarmisms utilized in this study were tree

hving mitrogen fixing dactena (Azgtobacter vinelandii), soil bacteria
‘Pseydompnas pyligal. blue-green  alga [(Anabaena  flos-aguae),
ascomycete (Fysarnym acumingtym). and mold {(Asperqillus niger}. The

MIC was 312 mg/L ftor the blue-qgreen alga No growth inhibition was
obsiived tor any of the orher test species at of below 312 mg/L. This
study was conducted according to the FDA GLP Guideline. The detailed
report of this study s inCiuded i Appendix L.

4. Acitivated Slydge Respiration Inhibition Study:

Saquinavir mesylate was 1esteg in the acuvated sludge respiration
iInhibiion test accoraing to tne Orgamisaton for Economic Co-operation
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and Deveiopment (OECD) Guidelne teterenct 2209. The respiation rate
of an actuvated sludge and synthetic sewdge aerated for 3 hours n the
presence ot test substance was compated to the respugnon rate ol
control in which no substance was adged. The respirauon rate was
measureno n the presance ot Saquinavir mesylaie at concentrations
ranged from O to 40 mg carboniL.  The mghest level ot inhibiion
observed was 29 4% at 40 mg carbon.L (58 85 mg/L total weignt}. The
EC50 value 1s estimated to be greater than 30 mg carbon/L. This study
was conducted according to the FDA GLP Guideiine. The detailed report
of in's study s ncluden i Anperd LT

5. Aerobic Biodegradation !0 Water:

Saguinavir mesylate was tested tor biodegradabiliiy 0 an aqueous
medium at a test concentiauon ot 10.0 mg carbon/L according to the
FDA Environmental Assessment Technical Assistance 3.11. The agueous
medium consisted ot a composite inoculum of soil filtrate and secondary
effiluent, mineral salt media and yeas! extract. The production of carbon
dinxide was measured at vanous ntervals over a penod ot 28 aavs. Less
than 1% of the nimial dose of Saguinavir mesylate was rmineralized 10
carbon dioxide 0 28 davs. This study was congucted according to the
FDA GLP Guigeline. The detaled report of this study 1s included in
Appendix N.

6. Freshwater Green Alga Acute Toxicity Study”

The ftreshwater green alga (Selerasirum canricornutum) acute toxicity
study was congducted under static conditions according 1o the FDA
Environmental Assessmeni Techmical Assistance 4.01. The measured
concentrations by HPLC ranged trom 0 1o 20.5 mg/L. Dimethyltormamide
was used as a solvent Solvent controls as well as non-solvent controls
were incorporated i the study. The NOEC and MIC. based upon the
largest specihc growtn rate were 10.4 and 20.5 mg/L respectively. This
study was conducted according 10 the FNA GLP Guideline. The detailed
report of the study 1s incluged 1N Apnendix O.

/. Solubility

The solubillies were measured 0 various solvents. An excess of the
compound was roller mixed with 5 ml of solvent for 24 hours at room
temperature {21° €)1 Tre solunion was *hen centrifuged and the organic
rolvents filtered through a 045 mcrometer filter disc. The aqueous
solvents were not hitered o order 10 avoid losses due to adsorption of
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the compound, however the sglgtons appeared o be clear An
appropriate dilution n metnano! was ‘nade to all the resullant solutions,
A measured volume ftrom these two soluhons was evaporated then
redissolved in methano! 1¢ avoid interterence with UV absorbance. The
solubilities were determined by companng the absorpton of the diluted
1est mixture with that of a standard solanion.

8. Dissociation_Constant

The disscc:iauon  ceneiant 1nKa ) of  'he decahydrorssoquunobine-3-
carboxyhc acid t-butylamige was medsured by UV spectrophotormetry in
10 % ethanol/water. The gissociabion constant {pKa,) of the guinohne
was determined by measunng the change n UV absorpuon ot a fixed
weight of sample in vanous bufier solutions of known pH or Ho values.

. Fartition Coefficieny

The drug substance was dissoived \n n-octanol previgusly saturated with
water.  An ahquot (10 mi of thes solution ang 20 mi of the agueous
phase previously saturatec with water was pipelled intg a 50 ml
centrifuge tube and shaken on d tonzontal shaker tor 24 hours at
ambient temperature. Tne centrifuge tube containing both layer was
centrifuged 10 separate the layers. The concentration of Ro 31-8959 in
each layer was then determuned by Hign Pressure Liquid Chromatography
{HPLC}.

The Maximum Expectea Emitted Concentration (MEEC) of Saquinavir
mesylate and/or 11s metabobies 'n US domesuc waste may be estimated
trom the assumed daily average per captta amount of Saquinavir mesylate
used and the estimated averagec n¢t capna volume of water containing
these matenals. The estumated MEEC value is confidential concentrations
n ppm. The esi'mated Expecied Environmental Concentration (EEC) s
confidenuial concentrations .n ppm waith the assumption of depletion due
10 aquauc twodegradatuon processes assumed 10 be zero as a2 worsl case
scenano. The estmation ot MEEC and EEC s shown in Appendix P.
Based on the aquatic eftects stuties, the EEC value is several fold lower
than MICT vaive u! 20.5 1ing.L lo) yrelr 2lgas the mes! sencitive species.
Therefore, 1 s concluged that tmis drug s not likely 1o cause any
deletenious agdverse ellects 10 aouanc organisms through its usage.

The maximum Biologicdl Oxygen Demand (BCDJ corresponding to the
estimated MEEC may be estumatec from the amount of oxygen required
tor conversion af C to CO2 ang H 10 H20. Ore mole of Saquinavir
mesylate {Cyy Hyg Ng O requires an addiional 48 moles 02 to produce
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3B moles C0U2 and 25 mates H20  The mo/L BOD may be obtinned by
from the following.

BOD = (MEEC) (48) IMWO2) fiMW Cyy Heo Ng Ol
BOD = {confidennal concentrations mg/L} {48) (321/1670)
BOD = confidenual mq/L

Tne 300 znswmg frem e use of 3pqurave resyiate 18 arsicn.fican:
compared to the normal BOD. 300-500 mg/L, of domestic sanitary waste.

7.(c) Terrestrial Ecosystems:

The drug is not likely to be released in terrestrial ecosystems either
through usage or dunng the manufacturing process. All solid/liquid waste
generated during manutactuning will be incinerated and/or disposed in a
ltned industrial landhll. The drug and 1ts metabolites will pnmaniy be
released in the aqueous environment through usaqe. Therefore it 1S not
likely to cause any detrimental ettects n 1erresinial ecosystems.

Antmal studies have ngicated relatively low toxicity.  The acute oral
LDS0 for rats 1s greater than S000 mg/kg :ndicating relanvely low
mammahan toxicity. Saguinavir mesyiate is neither a teratogen, mutagen
nor a reproduchive toxiCant {Appendix B, MSDS). In clinical studies via
orai doses, this orug was weil tolerated by human volunteers. The
elimtnation of the drug via feces and urine was rapid. Theretfore, it is
expected that the drug 1S not likely to cause significant impact in the
terrestria! ecosystems f released accidentaily and/or due to minute {PPT)
range} concentiation in the reclaimed sludge.

Soil adsorpuon/deserption  stuces were conducled on  Sagquinavir
mesylate accoraing 10 the FDA Environmenta!l Assessment Technical
Assistance 3.08 Three difterent types ot soil (loam, silt loam and clay
ioam} were used in 1hus study. The calculated kd values were 371.0,
127.2, and 133 .0 tor silt 10am, clay loam ang loam, respectively. The
calculated K, vaiues were 10,692, 22,912 and 13,711 ftor silt loam, clay
loam and loam, respectivelv Theretore, under the conditions and criteria
of the test. Saquinavir mesyiate was characterized as being immobile in
all soils 1ested Thus study was concluded accurding tc the FDA GLP
Guidelines. Tne detaded report of this study is included in Appendix Q.

The earthworm subacute toxicity study was conducted according to the
FDA Techmca! Assistance Document guideling 4.12. The test organisms
ubhzed in this study were neghtcrawlers (Lumbricys terresirns).
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A preiiminary range hndmg study was  conducted with  sagquinavir
mesyiate at doses up 1o 1000 mg/ky  No sigrshicant morialty occurred at
any dose leveis tesied.

Because of lack of signiticant mortality 1in a preiiminary range finding
study at doses up to 1000 mg/kg. a defimive study was conducted at a
single dose level ot 1000 mgs/kg. At this dose level there was no
moriality observed dunng the test duration.  Therefore, it 15 zoncluded
that the 28.dav LCep of chcuwravir mesylate 'o farthworm i€ gredter than
1,000 mg/kg.

After patent use, saquinavir mesylate will be discharged nto sewage and
wastewater treatment plants. Given the high logK,,, values at pH 6.9 and
9.4 and the high K, vaiues for various soil types, saquinawvir mesylate
may sorb to studge n wastewater treaiment plants. As the most
common sludge disposal method in the United States 1s incineration, any
saquinavir mesylate bound 10 sludge would 31so be ncinerated.

Upon discharge from wastewater treatment plants into the aquauc
environment, saquinavir rnesylate may be expected to sorb 1o sediment
and soil particles ang thus partuon nto the terrestrnial environment.
Although 11 does not Dwodegrade rapidly, sagquinavir mesylate may be
expecled 10 bind ngntity to sediment and sonl and thus its hoavailability
would be lowereg. Furinermore, sagquinavir mesylate 15 of low toxicity 10
earthworms and to representative soill microorganisms. The 28 day LCqgp
of saquinavir mesylate to earthworm (nightcrawler) was grea‘er than
1000 mg/kg No mortality occurreo at doses upto 1000 mg/kg during the
study penod The mimimum inhipdory concentrations (MIC) of saquinavir
mesylate to varnous sot microorganmisms was greater than 312 mo/L.
Saquinavir mesylate which partiitigns nta the terrestnal envronment aflei
patent use 5 nEl expecled to have an adverse imMmpact on terresinal
organmsms.

Based on the above discussion and study resulls, it is concluded that the
arug is not hkely 10 cause any smmn:icant detnimental effects in terrestrial
ecosystems.

GENERAL DISCUSSION

In 5 aero bwogegradation 0 water study, saquinavir mesylate
was not readiy biodegradable indicating low notential for removal
or depletion trom the envuonmen!. Based on its structure, it is
expected that the hygrolysis or photolysis of saquinavir mesylate
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will play a insignihicant role v witunate removal or depiehon from
the environment,

Saquinavir mesylate 1s not hkkely to pe releaseg in air atter pauent
use. Durning manutactunng 11 1s not likely 10 be released in the aw
in significant amounts because 0! various control megasures are in
place. Therefore, 1t 1s not hkely to be wn air 1in significant amounts
10 cause any harm (o the environment.

The wastewszater trom sanuinavir mesyiaie caosules manufactunng
process consisis mamy ol cguipment  washdowns. The
wastewater may contain residudl amounts of saquinavir mesylate
along with other excipients. Atter pauent use, saquinavir mesylate
and its metabohtes wiil be discharged 16 sewage and wastewaier
treatment plants.

Saquinavir mesylate 1$ of low toxICIty 10 vanious 3quauc organisms.
The lowest no observed effects level INOEL) 1s 10.4 mg/ for green
algae. The NOEL value 15 greater than the water solubility of
saquinavir mesylale. which inocate no significant toxicity 1o
aqQuatc organisms

The maximum expecled Environmental Concentrations (MEEC] is
7.6 x 10" ppm. The results of effects studies indicate that the
MEEC ot sagiunavir mesylate ansing from oroduct use should not
have an unfavorable environmental impact on aquatcg life, since the
iowest aquatic NOEC s greater than the MEEC by a factor of
approximateily 13,000

Saquinave mesylale may De sorb 10 sludge in  wastewalter
treatment plants. As the most common sludge disposal method in
the United States s ncineration, any saquinavir mesylate bound 10
siudge would also be ncinerated.

No direct release of saquinavet mesylate into the terrestrial
envirorment 15 expected throuan manufacturing and atter patient
use. Upon discharqge trom wastewater treaiment plants, saquinavi
mesylate may be expected 10 sorb 10 sediment and soil particles
and thus partition nto the terrestnal environment. The results of
soil  adsorpuion/gesorption  study ndicate tnat the saquinavir
mesylate was hghily bound to vanous soil types. Theretore, it is
not expected to be vwoavailable Furthermore, saquinavir mesylate
1s of low toxicity 1o earthworm (LCqy greater that 1000 mg/kg} and
10 representative so.. microorgamsms (MIC greater than 312 mg/Ll.
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Based on its hpopmiicity cnd s ow biogegragation of saquinavi
mesylate, 11 1S possibie that 1 may vinaccumutate. However, soil
adsorption/desorption study wuncate ihat the saqumavir mesylate
was tightly bound 1o vanous types sois. Theretore, may sorb and
bind tightly to sediment sou particles and thus not be bioavaiable
10 cause any getnmental eftects 0 the environment. Furthermore,
because of 1ts large molecular weight, 1t s not expecied 10 Cross
biological membranes in sighhicant amounts. Saquinavir mesylale
1s rapidly metabchzed in the bogdy.

Saquinavir mesylate s 0! low toxiCity 10 aquatic oarganisms, soil
organisms and terrestnal organisms. For example, the NOEC tor
green alga 15 10.4 mgiL whith +3 around maximum or higher than
the agueous Solubibty of saaquinavir mesylate. The MIC value of
saquinavir mesyiate 1o vanous micro-0rganisms is greater than 312
mg/L. The 28 cay LCse of saguinavir mesylate to earthworm s
greater 1,000 mg/kg. The Maximum Expected Envionmental
Concentrauons (MEEC) value 1s 7.6 x 10° which 1s very low, thus
providing higher satety facior of approximately 13,000 between
toxicity {INOEC) ang MEEC) value. Therefore, bicaccumulation of
saquinavi mesylate 1s expected 1o be too low 10 Cause any
detrimental ettecis \n tne envirpnment.

Based on the above UiISCusson, LIS concluded that the saguinavir

mesylate levels 2r¢ NOl expecled to cause any harm 10 the
environment anc 1o the organism co-habitat in the ecosystem.

ENVIRONMENTAL EFFECTS OF RELEASED SUBSTRATES:

The primary impact trom the use ot Saguinavir mesylate will be the
dispesition of the drug sudseaguent 10 oral adminustrauon. The discharge
o! human excreta contonng giug droouct residues and/or 1ts metabolites
will be handied by conventional sewage disposal sysiems 1n accord with
tegeral, state. ang local requlahicns Furthermore, Saquinavir mesylate
will be prescribed N mMuuGram guintil'es by a licensed pracutioner, s
distribution will be consequently nmulea. Therefore, 1ts use will not be
indiscriminate and wili not adversery attect, 1o a significant exient, the
quality of the enwironment & secondary environmental consequence
results from the minor gischarge of manutacturning rollutants to air and
water durning manutaciunng  Such discharge will also be 1n accord with
all federal, state. ana 1CY! reQuirements,

8.1 A
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The physical-chemcat and nonment tate and effects data
reported 1noatem 7. as well oy e controls exercised at the sne ol
manutacture o grug substance und drug product, ndicate that
insigrificant concentrations ot Saquindgvir mesylate 1n ambient air
will result from the use and ot msposal ol Saquinavir mesylate.
The potennal nealth ettects on nhumans from exposure 10
Saquinavir mesyiate are hmned 10 OCCupanonal exposure. As
mentoned unger OSHA reguiateg compounds, appropriate
engineenng and protective equipment controls will be used to
protect emplnyess

8.2 Freshwater Estuarnne and Manne Ecosystems:

In arder to evaluate the rmpac! of the very iow concentration of
Saquinavir mesylate expected 10 enter aqQualic environment,
numbier ot studies described n item 7, were conducted. The
following 1s the summary ot environmental etfects data.

Daphnia Magna (stauc) Jo > 100

!
|
|
' Rainbow Trout {stauct 38 > 38
|
l

| Microbial Inhibition.

(4.02)
! Algae 312
! Other species > 312
|
" Activated Siudge > 58.8
|
| Green Algae 104 20.5

The esimmated MEEC vatue s confidential concentrations ppm or
confidential mq.L The esumated EEC wvalue is confidential
concentratsons ma/L with assumption of depletion by aquatic
system s zero The results o! etfects studies reported above
inghecate 1hat the EEC ot Saguinavii mesylate arising from product
use should not have an untavarable environmental impact on
aquatc hte. since the lowest aquanc NOEC ts greater than the EEC
by a tactor o! approsimately 13,000
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8.3 Terrestrial Ecosystem

As mentoned under iiem 7 the exposure 1o human or animals 1s
not hkely to occur gunng the manutactunng or through usage of
the drug. Furthermore, the prebminary results of the earthworm
subacule ToxICIy Stugdy ndicate that the LCS0 1s greater than 1000
mg/kg. The soil adsarption desorpuon study suggest that it is
immobile. Based on these studies 1t s expected that no sigmiicant
duinmenta cffecis e Lkaly 1o ccrnur an terrestrip! ite,

USE OF RESCURCES AND ENERGY:

The maximum annual production of the drug substance tor the U.S.
market over the five year penod following w.troduction is provided to the
FDA in the configentia! volume.

The annual producion volume tor the Chemical Operations Department
and the to1al utilities and energy cost! tor the year 1994 for the Hoffmann-
La Roche Inc. Nutley facihty gre provided to the FDA 1n the confidentiai
volume. Based on these fhgures and the esumated maximum 5.year
production volume of Saguinawvit mesylate crug product, the additional
uthzauon due 10 the manutacture ot the Saquinavir mesyiate drug
product will be 0 0019 ot "he total

The facility used tor producuon of Saquinavir mesyliate 1S aiready
commutted to the production of other Pnarmaceuticals and Vitamins and
Fine Chemicals. There are no eftects expected upon endangered of
threatened species due 1o the proposed action. There are no effects
expecicd upon property hsted n or ehgible for listing in the National
Register of Histonic Places

MITIGATION MEASURES

Envirnnmental impac!s 2ssociated wath the producuon of Saquinawvir
mesylate will be avogea or mitigated by the use of appropnate control
measures 10 accord wih all fegeral. state. and local regulations. Air
emissions contro! devites inclyges vent condensers, scrubbers and tabric
filter dust collectlors Environmental impacts associated with the
disposition of drug substance and/or metabolites follo'wing coONSUMPLION
in humans will be Mitnated by convenuonal wastewater treatment plants,
All rejected Saquinavr mesyiate drug product will be disposed in a lined
Ingustnal 1landtll or  ncinerated Unused ot out-of-date product 1§
returned to Roche'Nutiey ‘o' credit and disposed in the same manner.
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Waste mimimization 1s consudered o the design of Hofimann-Ls Roche
processes 1o the extent possible «while rmantaming the qQuabty and putity
of the manufactured drug substance Sowents are recovered and reused
within the same process or tor a ditterent product depending on quality
control specifications Yeld mawamizat:on 1§ an amportant tactor at all
stages of pilol plant and process development,

Chapter 7:1E of the New Jersey Administrative Code covers Discharge of
Petro'eum and other Hazaripus Substances. The Hoftmann-La Roche
Nutliey tacihty 1s classed as a major tachity under tris reguiation ang as
such 1s requireg 10 maintain plans tor Discharge Prevention, Containment
and Countermeasures {DPCC) and Discharge, Cleanup and Removal {DCR)
acceptable to the Newv: Jersey Department ot Environmental Protection
and Energy {NJDEPt). In adoitson to the physical facihtes for
containment of spills which are descrnbed n the DPCC plan, three
emergency squads have been estabhshed at the Nutley site:

1. Roche Environmental Response Squad {ERS)
2. Roche Fire Brigaade
3. Roche MeaicaliHesvy Rescue Squad

The squads consist o' & totat of over 80 volunteers trom vanous
departments witmn Roche who respong 10 emergencies ang actively
partucipate n monihly training andls, as  well as semiannual joint
emergency dnlls wun Chtion ang Nutley Local Emergency Planning
Commitiee’'s (LEPC!

The Roche Envuonmental Response Squad (ERS) currently consists of 28
rughly trained nndividuals whno desl immediately and eftectively with ar,
land, and water spills ot hazardous substances, at the Nutley plant. The
1eam also lends its assistance 10 our LEPC's ang orther Roche facilities. It
consists of representiatives trom  p.ant-wwide  achivities maintaining  a
balance of technical ang skiled personnel from vanaus plant acuvives,
.e., tank farm. Dode: OperatoOns, wastewater treatment, chemical
processing. warehousing. and Iaboratlones.

The ERS works closely with 1neg other emergency squads and the

Chemical Productuon Deparniment [CPD) personnel in order to eflectively
dea! with environmenty) emergency Situations.

ALTERNATIVES TO_THE_PRQPOSED ACTION:




12.

13.

14.

bb

Allernatives avartable 1o the FDA include non aporoval and notfication of
intent 1o prepare an Environmentyal Impact Statement (EIS) i addition (o
the approval ot the proposed actuion through the 1ssue of Finding of No
Significant Impact (FONSH. We believe that the latter action, issuance of
a FONSI, s tully qusufhied by tms Environmental Assessment.
Manutacturing operauons will be in comphance vseth the reguiaticns of the
applicable governmental agencies Releases of Saguinavir mesylate to the
environment will be mitgated as discussed n ftem 10, Fate and etfects
testing - described n Secuons 7 and 8 support the posimivon that the
manuicciyre and ute nt Sagqumawvie mesylate will r.gt produce an agdJerse
elfect on the environment.

Approval of the proposed action will make avalable to the physician a
significantly valuabie, potentially hle-sawving drug, and improving the
quality of life of AIDS patents. The therapeutic benetits ot which are
discussed eisewhere 1n this NDA.

LIST OF PREPARERS:

P V. Sheh, Ph.D
Senior Indusinal Toxicologist
Caorporate Environmental ang Satety Affairs.

{See Curnculum Vitae - Appendix R)

CERTIFICATION

The undersigneg ofhicial ceruihes that the informaton presented is true,
a' curate, and comptete 10 the bes! of the knowledge of the persons
responsible {or preparation ¢! the environmental assessment.

—
ol “_\i 1 e q)¢les

Jack S. Kace. Eng Sc D

Vire Prasident ang Durec1or

Corporate Environmer. al ang Safety atlads

REFERENCES:
All references cited are to Hottmann-La Roche internal recorts which are

included as appendices «n the conhidental version of the Environmental
Assessinent
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67
APPENDICES:
A. The Synthetic Flow Chart - Ro 31-8959/008.

B. Physical - Chemical Property Data and Mailenial Safety Data Sheet
{MSDS) tor Saquinavir mesylate

C. List of Chemical Substances along with CAS No. associated wwith
manutacture of Drug Substance and copies avalaple MSDSs
{confidennial)

D. List of Chemical Substances along with CAS No associated with
manufacture oY Drug Product and copies of avatable MSDSs
{confidental).

E. The maximum Projected Annus. P.oguction ard Energy Uulization
Data.

F. Compliance Statements signed by a High Ranking Otficial from

varnious Compan:es.
G. Compliance Statements trom Foreign Requlatory Authorities.

H. Copy of Incinerator and tndustnial Lang Hill Permits for F. Hoftmann-
La Roche Ltd . Hottmann-La Roche inc., and Contractors

[ Saqumnavir {Ro 31.8959). Technical Summary ot Absorption and
Disposition 1n Animais.

J. Test Report Ro 31-8858: Acute Toxicity to the Water Fleas
Daphmga magng ungder stauc conditions.

K. Test Report Ro 31.8359 Acute Toxicity to Rainbow ‘irout,
Qncorhynghys mykiss, under Static Conditions.

L. Test Report Po 31-8959. Microbia! Growth inhibition.

M. Test Report Ro 31-8959 Acuvated Sludge Respiration Inhibition
Test.

N. Test Reper: Ro 31-BY59° Aerobic Biodegradation in Water.

0. Test Repcrt Ro 31-8959 Tosucity 1o the Freshwater Green Alga,
Selenastrym gapucornutym. under Static Test Condinons.
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Calculation ot Maximnum Expected Enviconmental Concentrations
(MEEC) and Expected Environmental Cuoncentrations (EEC).

Test Report Ro 31 £959: Determinalion Son
Adsorption/Desorption

Curnculum Vitae.

GB
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APPENDIX A

THE SYNTHETIC FLOW CHART
RO 31-8959/008

(CONFIDENTIAL)



APPENDIX B

PHYSICAL - CHEMICAL PROPERTY DATA
AND
MATERIAL SAFETY DATA SHEET
(MSDS)
FOR

SAQUINAVIR MESYLATE
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PHYSICAL PROPERTY DATA SUMMARY

SAQUINAVIR MESYLATE

Solubility:

Water 2.2 mg/ml

1 - Octanol 0.13 mg/m!

50% Ethanol/Water 23.2 mg/mi
Di iation Constan

Pka, = 1.1 conjugated acids of the quinoline group

Pka2 = 7.1 decahydroisoquinoline group
Partition ficien

Agueous medium log P
n-octanol/water, 3.0 0.75

n-octanol/aqueous buffers 4.5 2,24
n-octanol/aqueous buffers 6.9 4 .01
n-octanclullalqueous buffers 9.4 4.30
Melting Poiny 44°C

PH = Approximately 5 in 1% agueous suspension.



Material Name: Saquinavir mesylate Yage: i ..

Material Code: 50536 Approved: 08/01/94
HS0S Number .: m-D032237.asc

ROCHE LABORATORIES imerqency: (201) 235-6650
a divisiun of Hoffmann-La Roche incC. Chemtrec: (RO0)-424-9300
340 Xingsland Street Information: {B00) 526-6367

Nutiey, KJ 07110-1199
MATERIAL SAFETY DATA SHEET

SECTION ). CHEMICAL PRODUCT AND COMPANY TDENTIFICATION

Mateorial Name . ... : Saouinavir mrsylate

Inventory Code .....: 50536

RO§ ...............2 31-B959/003

Synonyms . .......... t N-tert-Butyl-decahydro-2-{2(R)-hydroxy-4-phenyl-3({S}-

E!H-(Z-quinolylcarbony !-L-asparaginyl amino}butyl]-
a$,BaS)-isoquinpline-3(S)-carboxamide
methanesulfonate

TSCA Status ........: FDA Exemption - Mot on Inventory; R&D Exemption - Not
on Inventory.
Chemical Family ....: Peptide-mimetic class

Therapeutic Category: Anliviral igent (HIV proteinase inhibitor)
Fermulations Used In: INVIRAS[(TH?

SECTION 2. COMPOSITION/INFORMATION ON INGREDIENTS

Ingredient Name CAS Number Concentration %

Saquinavir mesylate >=98.5

SECTION 3. HAZARDS IDENTIFICATION

EMERGENCY OVERVIEW
Physical State .....: Fine Powder.
Lolor ... ot . White to offF-white

Severe dust expliosion hazard.

POTENTIAL HEALTH EFFECTS

Relevant Routes of

Exposure ........... : Inhalation, Ingestion.
Target Organs ......: Central Nervous Systes.

ALute Cttects
General ........ : May cause central nervous system effects such as
headache, dizriness, drowsiness, fatigue, and lack of
suscular coerdination.
Chronic Effacts ....: No adverse effects known.

Carcinogenicity ....: Not Visted by NIP, IARC, or OSHA.



Material Hame: Saguinavir mesylate L.
Material Code: 50536 Fpproved: 08/01/94
MSDS KHumber .: m-003287.asc

SECTION 4. FIRST AID MEASURES

Inhalation .........: Remove to fresh air. If discemfort occurs or persists,
et medical attention.
Skin Contact .......: Remove contaminated clothing and shoes. Flush skin

with plenty cof water. If irritation occurs or
persists, get medical attention. Wash clothing and
shoes before reuse.

fye Contact ........: Immediately flush eyes with plenty of water. I[f
jrritation occurs or persists, get medical attention.

Ingestion ..........1 If lar?e quantities of this material are swallowed, get
medical attention mmediately. Do not induce vomiting

unless divected by medical persaonnel.  Hever g5ive
anything by mouth to in unconscious persen.

SECTION 5. FIRE FIGHTING MEASURES

Flash Point ........: Hot Applicable
Extinguishing Media : Water, Carbon Dioxide, Dry (hemical, Foam.
Unusual Fire and
Explosion Hazards ..: Severe dust explosion hazard. Toxic emissions may be
jven off in 4 fire. See Decomposition Products in
ection 10. Stability and Reactivity.
Fire Fighting
Instructions .......: Wea. NIOSH/MSHA approved positive pressure, self
contarned breathing apparatus and full protective turn
out gear. Use caution 10 approiching fire. Use water
to keep fire exposed containers cool.
ST number .......... - 2, Hartmann Tube,

SECTION 6. ACCIDENTAL RELEASE MEASURES

Spill Clean Up

Procedures ...... ...: Use proper personal protective equipment and clothing
specified in Section 8-Exposure Controls/Personal
Protection. Shut off the source of the spill or leak
if it is safe to dc so. Shut off 311 electrical
equipment if it is safe to do so. Eliminate possible
ignition sources. Follew agpropriate grounding
procedures. 3Scoop or shovel spilled materia) into a
suitable labeled open head drum. Secure the drum cover
and move the container (o a sife holding area. Mop or
flysh the area with water. Collect wash with a
noncombustible absorbent materizl and transfer to
iabeled contawner for traatnent and disposal. Check
area for residual material and repeat clean up if
detected.

Treatment and .

Disposal ........... : Decontaminate equipment. Dispose of protective
clothing with the spilled material. Dispose of in
accordance with recommendations in Section 13 Disposal
Considerattons,



Material Mame: Sdquinavir mesylale oyt .
Material Code: 50536 Approved: 08/01/594
MSDS Number .: m-003287 . asc Pﬂq

SECTION 6. ACCIDENTAL RELEASE MEASURES (Continued. . .)

Reportin

Reguiremgnts ....... . The United States Environmental Protection Agency
;USEPA{ has not established a Re?orlable Quantity (RQ)
or releases of this materval. In New Jersey, report
all releases which are likely to endanger the public
health, harm the envaironment or cause a complaint to
the NJDEPE Hotline (1-609-292-5360) and to local
officials. State and local regulations vary and may
impose additional reporting requirements.

SECTION 7. HANDLUING AND STDRAGE

Specia) Sensitivity : Heat. Do not heat above 170 degrees (.

Handling & Storage

Precautions ........: Do not generate dust or expose to ignhition sources.
Ground and bond all transfer equipment,
Hil]ing/miXIng/dr{:ng should be performed in devices
equipped with explosion relief or suppression systems
or under iprerti conditions,
Avoid contact with eyes, skin and clothing.
Avoid breathing dust.
Use with adequate ventilation,
When handling, use proper persona) protective equipment
specified in section 8.
Wash thoroughly after handling.
Keep container tighlly closed when not in use,
Store in a cool, dry area.

SECTION 8. EXPOSURE CONTROLS / PERSGNAL PROTECTION

ENGINELRING CONTROLS .
Ventilation ........: Local ventilation 1s rezommended when using this
material. Use n 4 1ab hood.

PERSONAL PROTECTION

Respirator Type(s) .: Negative Pressure Air Purifying, Malf Face, Toxic
Dust/Mist/Fume High Efficiency Filter.

Conditions for Use .: Respiratory proteclion is recommended under excessively
dust{ conditions. For production operations, a
supplied-arr full faceprece respirator or supplied-air
hood is retowwended. OSHA considers effective
engineering conwrels to be the primary acans to contrul
worker exposure. Resglratnry protection should not
substitute for feasibie engineering controls. Whenever
respiralory grotect:on ts vsed, a complete respirator
program should be developed 1n accordante with QSHA
Subpart | (Z9CIR]9!D.134§ requirements.

Glove Materiais ....: Any plastic or rubber glove.

Conditions for Use .: Gloves are reguired 1f there is a potential for skin
contact.



Materi1al Name: Saguinavir mesylate Fage. 4 )
Material Code: 50536 Approved: 08/01/94 i)
HSDS Number .: m-003287.asc¢

SECTION 8. EXPOSURE CONTROLS / PERSONAL FROTECTION (Continued. . .)

Skin Protection ....: Use protective clothing (disposable coveralls, lab
coats, etc.) in bath production and laboratory areas.
Consait the protective clothing manufacturer, supplier
and/or industrial hygienist.

£ye Protection .....: Safety Glasses Required.

OTHER CONTROL MEASURES
Administrative
Controls ...........: Post the work area and Yimit access to authorized

personnel only.

Additional

Protective Measures : Work clothing should be removed in a changeroom on site
and taundered professionally. Employees should shower
and change intp street clothes before leaving the
facility, Provide safety showers and eyewash stations
in the work area. Prevent the accumulation of dust in
the work area by thorough periodic cleaning of the
area.

EXPOSURE LIMITS _
There are no exposure 1wmits specified either
for this material or for any of 1ts ingredients,

SECTION 9. PHYSICAL AND CHEMICAL PROPERTIES

Physical State .....: Fine Powder.

Color ..............: White to aff-white

Molecular Weight ...: 766.96

Chemical formula ...: CIBHSOKG0S.CH403S (I:1)

Pure/Mixture .......: Pure.

Melting Point ......: 24¢ (

HZ0 Solubility .....: 2.20 g/); Slightly Soluble {0.1-1% by weight).

Solubility - Other .: Ethano

SECTION 10. STABILITY AND REACTIVITY

Stability .......... - Normally stable but may become unstable at elevated
temperatures or reacls with water, releasing some
_ energy but not violenlly.
Conditions to Avaid : Temperatures >)00C
Nust Accuwulalion
Arrborne Dust
Sources of Jgmition

Incompatibility -

Materials to Avoid .: Unknown.

Decomposition

Products ...........: Carbon monoxide, carbon dioxide, oxides of nitrogan,
oxides of sulfur

Decomposition

Temperature ........: 220 C

Polymerization .....: No



Maturyal tgme- Saquingvir mesylate régy. -
Material (pgde.: 50?36 Approveq: 08/01/94

MSDS Humbgr 1 m-003287 . asc
\\h—‘h————hﬁ
SECTION 9. STABIL 1TY AKD REACTIVITY {Continued. . iy

Conditions of
Polymerizatyon ceeeol WiD not occur.

M\\

SECTION 1} TOXICOLDGICAL INFORMAT JON
________m______.________,_ﬂ.___"_____._,M________ —
Saquinavir mesylate

Acute Oral) Single Dose, Rat: >5000 mg/kg
Sunmary: Tha ora} {050 {; greater than £ 90p ™3/ r3 bedy waight {limit
test) under the study conditigns Utrlized.

Irritation Skin, 4 hour, Rabbit ]
ummary: No skin irritation was observed in rabbits after being exposed
for 4 ﬁours 1oa0.5g aligquot of {his miteriql,

Hutagenicity

ummarg: No evidence of mutagenicity wyg observed in the Ames ASsay with
or withpyt metabalic activation, the tinscheduled pNA synthesis 4553y, the
Mouse micronucieys test, the mammalian cell gene mutition dssay
(VIS/HGPRY) and the chromosomal aberration assay with or without

metabolic activatiaon,

Reproduct jve Oral, Rat

Summary: No adverse effects ware observed in peri ang post-natal studies
in rats at oral dases up to 1,600 m3/kg/day ynder the study conditions
utilized. Also, no adverse.effects were ogs i i

Teratogenicity Oral, Rat
Sumnary: No evidence of 1vratogenici:y 43 observed ip rats who were
treated oraliy with dose. up te 1,600 my/kg/day during gestation days ¢
through 1s under the 3luay conditigns utilizeqd,

Sensitizatior, skin, Guiney pi

Summary: No evidence of SensItyzatyon way observed in 4 Guinea Pig
Maximization Test under the SLucy conditipns utilized.

—————
——————

SECTION 2. ECoL0GICaL INFORMAT 0N

Ho ecologicy) data available on this material.



Material Name: Saquindvir mesyiale Py “
Materrat Code: 50536 Appraved: 08/01/94
MSDS Number .: m-003287.auc

SECTION 13. OISPOSAL CONSIDERATIONS

Disposal

Recommendations ....: This mater14] i< suistable for incineration. These
reconmendations are based on the product as shipped.
Use, processing, alteration or contamination may affect
these disposal ~ecommendalions. State, jocal or site
restrictions affecting the available proper disposal
options may vary.

RCRA Waste # . ......: Hot regulated under RCRA

Empty Containers ...: Empty containers must be triple rinsed prior to
dispasal, recycling, nr reuse.

SECTION i4. TRANSPDRTATION INFORMATION

Enforcement Agency .: US Dept. of Transportation
Country/Community ..: USA
Proper Ship. Name ..: Non-regulated

Enforcement Agency .: Internmational Air Transport Association
Country/Community ..: International
Proper Ship. Name ..: Non-regulated

SECTION 15. FREGULATORY INFORMATION

No regulatory information available on this miterial.

SECTION 16. OTHER JNFORMATION

APPROVAL INFORMATION

Preparer ...........: Annette Bucca-Janacek

Approver ..........: Corporate Envaronmental & Safety Affairs
Approval Date ......: 08/D)/94

Reason fFor lIssue ...: New MSDS

The information presented on thys MSDS 15, to the best of our knowledge,
accurate and reliable. It is provided in good faith withoul warranty or
acceptance of any liability on the part of Hoffmann-LaRoche, Inc. 1t is the
responsibility of the user to evaluate the relevance and completeness of this
information for their application and to determine the safaty, suitability
and status under applicable regulations relating to this product or
byproducts arising out of their process.



APPENDIX C

LIST OF CHEMICAL SUBSTANCES ALONG WITH
CAS NO. ASSOCIATED WITH
MANUFACTURE OF DRUG
SUBSTANCE AND COPIES OF AVAILABLE MSDSs
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APPENDIX D

LIST OF CHEMICAL SUBSTANCES ALONG WITH
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APPENDIX F

COMPLIANCE STATEMENTS SIGNED
BY A
HIGH RANKING OFFICIAL
FROM

VARIOUS COMPANIES
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GENERAL COMPLIANCE STATEMENT

FIS - FASBBRICA ITALIANA SINTETICI SPA
states

that it is in compliance with, or 01 an enforceable schedule 10 be in comphiance witk, all emission
requirements set forth in permits, consent decrees and admunustrative orders applicable 1o the
production of Nisylate (Ro 47-0950) at its facilives in Alie di Montecchio Maggiore - Vicenza,
Italy as well as emission requuements sel forth in applicable mational and local statutes and
regulations applicable to the production of Nisylaie (Ro 47-0950) at its facilities in Alte di

Montecchio Maggiore - Vicenza, ltaly.




General Compllance Statement

Bayer AG states that it is ln compllance with, or on an
enforceable schedule to be 1n compllance with, all emission re-

quirements set forth in permits, consent decrees and administra-

tive orders applicable to the production of Ro 47-0950 at its

facilities in Leverkuséen and Dormagen ay well as enlssfon re-

uirements set forth in applicable federal, state, and local

q
le to the production of Ro

statutes and regulations applicab
47-0950 at its facilities in Germany.

rLeverkusen, 14.12.1994

pr. I;'uulw (fua

o e
(Dr. Pelster} {Dr. Finzenhagen)
Head of Chemical Production Head of department

Environnental
Protection and Safety

Organic Chem. Business Group organic Chem. Business Group
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General Compliance Statement

Orgamol SA slates that it is in compliance with, or on an enforceable

schecule to be in compliance with, all emission requirements set forth in

permits, consent decrees and administrative orders applicable to the

production of Fi-Nisylate at its facilii2s 7 Evionnaz, Switzeriand as well

as emission requiements sel forth in applicable federal, state, and local

statutes and regulations appliczble 1o the production of FT-Nisylate at its

facilities in Evionnaz, Swiizerland.

C. Rossi
Head of department Head of Pharma Operations
Environmental Proleclion Manufacturing

54
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ARCHIMICA S.p.A states that it is '» compliance with, or on an
enforceable schedule to be in compliance with, all emission
requirements set forth in permits, consent decrees and administrative
orde:s applicable to the production of Ro 31-9373 at its facilities in
Origgio (VA), ftaly as wel! as emission requirements set forth in
applicable federal, state, a:.dlocal stalutes andregulations applicable
to the production of Ro 31-9373 at its faclties in Onggio (VA), laly.
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GENERAL COMPLIANCE STATEMENT

Propeptide states that it is in complance »ith, o1 On an enforceable schedule to be in compliance with, all
emnission requirements set forth n permits, consent degees and adrrunstrative ovders appheable to the
production of Ro 31-9440 at 1ts fachbes m Vert le Petrt France as wel as onusson requuements set forth m
applicable state and local statutes and regulabons appbeable to the producbon of P.o 31-9440 a1 its fachties m

Vert le Petit France

Presdent of the Propepude Company



Procos 10. -

GENERAL COMPLIANCE STATEMENT

Procos S.p.A. states that it 2 ' cy de with, o©or on an

enforceable schedule }pfb\\in '

quirements set tﬁ n preonife—T7onsent decrees and admini-
N\ _

strative s \agplibabl to the production of Ro 31-9373 at

its fa i@s in\ Gameri (NO) - Italy as well as emission re-

ce with, all emission re-

forth in applicable state and local statutes and

quireme&siﬁ
s’ applicable to the production of R

regulation

-9373 at i*s
fzcilities in Cameri (NO) - Italy. O

‘/.//3 1\//”)

e
Tech:}:&ogcéto N /i Chemical Production
Dr. Adgusto™ -avsc}hielli Dr. Augusto Menconi
ﬂ,\.&" AL /
Z L AAr e0—
7 7T\ /

\

Quality Control
pr. Giovanni Co %
P d
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' M, 10n Moy Lumiieg
IC on l s 8 Lowsons Mill 51PRuis Crny Orpungion Mand (4615 JNH Engana

& SutmSrary 0 Caumemn w1 Te! {08091 07709% ¥ a2 10009 031895

LIAN A

Microp Mills Limited states that it is in compliance with, or on an enforceable
schedule to be in compliance with, all emuzsion requirements set forth in consent
decrees, and national and local suatutes applicable to the milling of Saquinavir (Ro
31-8959) at its facilites in Orpington, England.

/

M

.

-

R.I. FUNNELL
Director of Operanons

g ot OFc e 84 aivem  Haquuionts fag 131 IV & ey lang
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COMPLIANCT STATEMENTS
FROM

FOREIGN REGULATORY AUTHORITIES
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Execution of the rederal {mmission control b X o O
(BImSchG = Bumdes-Immissionsschutzgeset:}

The Government of Freiburg as ccmpetent approving authority for the
adminxs::ative dist:zct of Frerburg hereuith certifies for
presentation purposes at the American food and Drug Administration

cy chesié getikon cobH, Raiiieisenstraﬂe 4, p-7630 Lahyt

- are a7 accordance witn the yederal ymmission contrel ACT (BImSchG).

1.
Apprcval for erection qnd operat:on of & plant fox process davelop”

ment a pilot P uction
-y approve date: .04.1973
t
“. \ 2.
Ao Approual 0T erection and opcratxon of & storehOuse
'ﬁiﬁﬁ approval aate: 11.12.1979
3k 5

Approval for erection and operatkon of 3 pilot plant with oft-sites
Approval date: 29.06.1982 '

4.

Approval for erection and pperation of 2 storehouse for organit and
snorganic chemicals

Approval date: 17.02.1986 "\

-

g........,... 1 1 yor w?t 3 Beawht¥ (% |--~u---1 o] ] (....._-,.... . . .,‘_,",." 1
» . Barnibe Carde? L PYTAILY Ll PR i v e RN QT T
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5.
Approval for extension of the Pilot plaont with extension of the

storage facilities
Approval daie: 13.08.1987

6.
Approval for erection and operation of a COz-device

Approval date: 15.01.1%90

7.
Approval for erection and cperation of two storage tanks for storing

of oxidizing agents and highly inflammable materials
Approval date: 12.02.1990

8. .
Approval for erection and operavion of eight immovable Storage tanks

for solvents and VbF-1liquids (VbF - Regulations concerning burnable
liquids)
Approval date: 02.08.1991

All the above approvals include requ.rements, e. g. to the emissions
in the air and OoCcupational health and safety standards, the
compliance of which will be subject to the control by the respon-
sible authorities.




Amt f0r vasservirtschaft Offenburg, 10.06.1992
und BodenschutZ
7600 Offenburg
Tgb.Rr. 5829

Bestatigung

HBiermit vird bestatigt, daB fur die Abvasserverhditnisse {m Beireich der
Chemieanlagen mit Hebeneinrichtungen der Pirma CU Cheaie Uetikon Gobl,
p- 7630 lahr, Ralffelsenstr. &, hauptsichlich das vVasserhaushaltsgesetz
vom 23.09.1986, das Landesvassergesetz ip def Fassung vom 01.07.1988 und
die Anforderungen der vasserrechtlichen Cenehmigung des Amtes fOr
Usveltschutz, Landratsaat Drtenaukreis in 0f{fenburg, zuletst geiandert
miy Nachtrag vod 23.01.1991, Az. 701-700.72, sovie damit verbundene
Behordenkontrollen paBgebend sind.

To vhom it may concerm

- Confirmation -

This is 1o certify, that the vaste-vater-treatsent of the chemical
plants and its respective facilities of CV Chemie Uetikon GmbB at

D - 7630 Lahr, Raiffelsenstr. 4, are subject of the Federal Vater Act
'Uasserhaushaltsgeselz' dated 09/73/B6 and the Vater Act of Baden-
Virttecoberg *yassergesetz” dated 07/01/88.

Further, it exists an official approval of tbe specified plant by the
Regicnal Oifice for Environeental Protection, Offenburg, vho issued the
latest supplement to the respective approval on 01/23/91, reference no.

701.700.72.

Ant fur Vasservirtschaft offenburg, 10.06.1992
und Bodenschutl
7600 Offenburg

A IAN A

L

-~ Frei
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(e Zeschen thre Nachnchi vom Unsere 2eichen Hausnut Telelax Datum

IC-FELY 02.09.1994

“Environmentz Assessment”
{Umucnbcuachtung)
4-Nitrobenzolsuifonsdure
(4S,SS)A-bcn:yl-Z«:--ooxazolidin-S-yime!.".ylester
{Nisylat)

Die Cegussa AG als Hersteller von Nisylal mit der offiziehen Anschrft

Cegussa AG
wellfrauenstr, 9
60311 Frankfurt am Main

bastatigt hiermit, dal die Herslellung deses WirksloHes und Zubereitungen dieses Wirkstoties
m

Werk Hanau Wolfgang
Rodenbach Chaussee 1
63403 Hanau

in einer nach gen goligen Gesetzen und Verordnungen der Bundesrepublik Deutschiand zum
Schulze der Umwelt genehmigten Anlage erfolgt

Die Emichtung und das Beueiben von Anlagen zuf Herstellung von pharmazeutischen
Wirkstoften ist im Sinne von § 4 des Bunces:mmissionsschutzgesetzes (BImSchG)
grundsitzich genehmigungsbeduriug Dres erqubt sich durch die Anwendung der
Verordnungen uber genehmigungsbedurfuge Anlagen (4. BImSehY), in deren Anhang unter

2fterd 1 g

Anlagen zur fabnkmaBigen Herstelhung von Stoffen durch chemische Umwandlung
insbesondere zur Herstelung von organuschen Chemikalien ...

autgefUhn sind.

Far diese Anlagen ist ein schafthcher Antrag 2ur Eneilung einer Genehmigung bei der
zustandigen Genehmigungsbehdede Tu siehen Dazu bedar es ausfGhriicher Unterdagen. Erst
nach grindlicher Prilung wwd von de: genenmigenden Behdrde (im Falle der Degqussa AG
vom Regierungsprasidium Darmstadi) en Genehmigungsbescheid eneilt Dieser Bescheid darf

Orpass 4G P v roun Wegse Yy e Dvguam B, Srarwdn om U, Pongee

lop wor A MAGang  Pumser 138 D1t MBS Dag.sraacgong ¢ *5 2035 TlLT 00 857 20 39 2000 BLL 500 VXD ERISCY- 61
Prgeraaare O annre DAD F .t 18 NMED ~rn owd ST DECL DE W Frgrwr'unt oy Mmn
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L
Toets ‘huf enteilt werden, wenn nach § 6 BImSchG (s Aniage) bestmm'e Genehmigun)svoraus- (" 1

seLlzungen erfullt sind

So mull unter anderem sichergestelit sewn. da Cie sich aus § 5 BImSchG ergebenden
Pflichten des Betreibers genehmigungsbedartiger Anlagen erfult werden. Aullerdem durfen
andere ¢Henlich rechiliche Vorschnfien sowe Beiange des Arbeitsschutzes dem Emchien und

dem Beveben der Anlayen nichl entgegen stehen.

Nach § 5 BImSchG sind genehmigungsbadurfuge Anlagen so 7y emchien und zu betreiben,
dag

1. Schadliche Umwelteinwikungen und sonslge Gefahien, efwebliche Nachteile und
erhebliche Belastigungen far die Allgemeinheit und die Nachbarschatt nicht hervorgerufen

werden kdnnen,

2. Vorsorge gegen schadhche Umwelteinwirkungen gevotfen wird, insbesondere durch die
dem Stand der Technik entsprechenden Malnahmen zur Emissionsbegrenzung,

1. Reslsioffe vermieden werrden, es sei denn, sie werden ordnungsgemal und schadlos
verwerle! nder, sowen Vermeidung und Verwenung technisch nicht moghich oder zumutbar
sind, als Abfalie ohne Beeintrdchtigung des Wohls der Allgemenheit besetigt, und

4. entstehende Wamme fOr Anfagen des Belreibers genutzt oder an Dnitte, die sich zur

Abnahme bereil erklart haben, abgegeben wird, sowen dies nach Art und Standon
der Anlagen techmisch moghch und zumutbar sowe mi den Pflichlen nach Nummem 1 bis

3 vereinbar ist.

Die Einhaltung dieser beschnebenen gesetzlichen Regelungen wird von uns in Zusamman-
arbeit mil den zustandigen Benodrden stnkl befolgl Vorsatziiche Abweichungen von diesen
Vorschnfien stellen Orgnungswidngkenen dar, die mit GeidbuBen geahndet werden.

Im Ubngen weisen wir darauf hin, 030 wir der standigen Aufsicht der staallichen
Uberwachungsbehdrden (SAIS, AIAS) unterhegen.

Hochachiungsvoll

Degussa Aktiengesellschatt
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Regerungspiasident Darmslact
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- Anlage zur Umweltbetrachtung vom 02.09.1994

§6

Genehmigungsvorausselzungen

Die Genenonigung ist zu ertellen, wenn

1.

sicherges.tellt ist, daB die sich aus § 5 und einer auf Grund des § 7 erlasse-
nen Rechtsverordnung ergebanden Pilichten eriillt werden, und

andere ¢ifentlich-rechiliche Vorschriften und Belange des Arbeilsschut-
zes de: Errichtung und dem Beirieb der Anlzze nicht enigegensiener.



f orschung wnd L ateacklung
Organische und Brotogiiche Chemee

» o S
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Inre Zeichen inte Nachaicht vorm Unseie Zeschen Hausnst Teletax Datum
IC-FE-OF 02.09.1954

"C nvirormental pesescm
- d-NlltobenzznesuNonlc acid
(45,55)4 -benzyl-?oxo-onzolidin«s-ylmelhy! estar
(Nisy‘.aie)

Degussa AG, asthe manutacturer of Nisylaie having of the olfical address:

Degussd AG
Weidtrauensts. 9
0311 F fankfurt am Main
Fegeral Repubhc of Germany

herewith cerifies that {he manufacture of Nisylate in

Sie Hanau-Wollgang
Rodenbath Chaussee 1
£3403 Hanau
Fedetal Repubhc of Germany

is camied outin a plant according 10 1€ cunent 1aws and segulations of the Federa! Repubtic of
Germany fof purposes of enwronmema\ piolecuon.

e constuction and the ppelalidd of planis 1o (he manufactue of pharmaceulical products is
pﬁnc.ipaﬂy subject 10 approval accotdng 10§ 4 of the Bundesimmiss'tonssd\utzgesetz
{BlmsmG) (Federal Law on ImmissIoNs). This pquiement is based on she regulations
coNCeming plants subject o approval {atn giImSchvV= Regulations oo the Federal Law o0
irnmissions), which a1< gvenin the enciosures undef subparagraph 4.19

plants for he manutaciure of products by chemical conversion especially for
the manufaciure ol organc ehemacals ..

L Approval {of these plants is to o« cLtained vy sutanding @ datalled written applicalicn to tha
relevant authorizing body. Onty aher through \nspecion is 3 notice of approval conterred by
the authorzing body (for Degussad AG. pran Hanau-Woﬂgang. Regierungsprasidium
Darmstadt) (Duwectorate ol the Adrminusyabve Dhsingt, Darmstadt).

This notice M3y only be conferred il the retevant pemmd requiremems have been satisfied
accorting 0 §6 BImSchG (se¢ enclosute)

e

w‘. P— raptan e TP ITE rwr wﬂm‘hmﬂmm Ponge
)WW@ P L wete ln‘lllM“ 413 00 mjgmuzu;qnm tn-lsmmwmm-w
le ObanD e - o[ X e o M“ucunen Frarachsnt o o

o WORQAG

wﬂl,.wvw Gy $rarmhan P M g gr e ™ -f'-w-v"-v-v‘-r"w" { rm gt 72 1B 078
”y mewleDMmDu-flmMDMtﬂim_



1 1s therelore essennal 10 guaranies the lullisment ot tne obligations N £S5 BImSchG which are
incumbent on (he opesalof ot plants subject 10 approval tn addibon, the constructon and
operation of the plants should not contravene furthef tegulalions under public iaw and the

interests of industnal salety.

In accordance with § 5 gimSchG plants subjedts 10 approval are 10 pe constructec and
operaled in such a mannet that

1. nammiul erwitonmenta\ efiects ang other hal atds, considerable disturbance and
considerable inconvenience {0 the comunity and vicnity can not be evoxed,

2. provis‘:ons are made against harmiul enwronmen'.al effects, in par\ic.utar through
the use 2! ctate-of-the-an measures for he wmtation of @missions,

3. tesidues are avoided whete possible, Of are p:ocessed and rendered harmiess
according 10 reguiations. of, where avoidance and ptocessing is not 1echnically
teasiple OF IS unreasonable, they are removed a3 waste withoutl harmn to well-being

of the community, and

4 and resulting reat i$ used in ihe operator's ptant of yansierred 1o @ third parny that has
geclared jtself as willing 1@ accept. provided that the process involved is technically
ssible and acceplable, and that it is compatible wilh the ubfigations accoiding 1o

subparagraphs 1103

We will enforce strict measures. in cooperavon wath the authontes responsible, in order to
ensue complance with the legal nues descrbed nerein. intentional violation of these
reguiauons constitutes @ legal egulanty whith 18 purushable py fines.

Addivonally, we graw attenton 10 the {act thal we are subject to the constant supervision of the
public industnal inspecuen Boatd (SAIS, AIAS)

yours faithtully

Degussa Ak\ie_r\gesellschan

Ct;/ (o %’ \cﬂ@.(L{

pPa.
Dr. Siebed
Endosures

The accurandy of the gwen delals 18 heredy confymed.

oammstedl. AC Oftef oé=r Waisd

Reg‘semngsp(ésident Damstadt

ey

—————
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Repubblic a e Cantone
del Txino

Il Dipartimento del territorio

CERTIFICATO DI PROTEZIONE AMBIENTALE

ENVIRONMENTAL PROTECTION CERTIFICATION

La Divisione dellambiente del Dipartimento del temtono certifica che lattivita produtiiva della ditta

MICRO-MACINAZIONE SA
CH- 6395 MOUNAZZO DI
MCNTEGGIO
SWITZERLAND

viene svolla nel pieno rispetto della normatva vigente 1n matena di protezione ambientale.

| relativi permessi coprono pure : process: 6 micron.zzazione del pnncipio atuvo SAQUINAVIR
{RD 31-8959)

| controlli periodici, eseguib dalie 1stanze cantonali compztent, non hanno evidenziato situazioni

non conformi alta citala legislazione

The Depantment for environmenial protection (TOhparimento del temtono?) confirmms that the
company

MICRO-MACINAZJONE SA
CH- 6995 MOUNAZZO DI
MONTEGGIO
SWITZERLAND

taz ail the p2rmits requined by Bodh fodera! an? carfonal Swiss environmental protection laws
and regulations 1o operate plants for the production of pharmaceutical substances.

The above menlioned permils cover also the mecrorusalion of the active principle SAQUINAVIR
(RD 31-8959).

Dunna our regular inspections of the plants d has always be ascertained a completely satisractory
environmenlal siluation.

- pry
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t a Divisione delfambiente del Diparimento Cel temieno en pariicolare responsabile per
l'apphcanione delie seguenu leggr

The Department for anvironmental prolection s the authonty, thal is compelent on the temiory of
tha canton Ticino to enfote particularty the loilowing federal and cantonal laws and regulations:

. Legge federale sulla protezione dell’ambiente del 07.10.1983
Federal Law on the protection of the environment

- Ordinanza contro Tinguinamento atmoslenco del 16.12.1985
Air potiution control cegulation

. Ordinanza sulle sostanze pencolose pef fambente del 09.05.1985
Regulation on the containment of envronmenially hazardous substances :

- Ordinanza sul traffico det fifiut: special del 12.11.1986
Regulation on the handling of hazardous wasle

. Ordinanza tecnica sui nfivt del 10.12.1990
Technical waste-maller regulation

. Ordinanza contru Tinquinamenio fonico del 15.12.1986
Noise protecticn regulation

. Ordinanza sulfecame drimpato ambentale del 19.10.1988
Regulalion on environmental compat:bdity audils

. Legge federale contro inquinamento delle acque del 24.01.1991
Federal law on water protection

. Ordinanza sulle immission delle acque o nfiuto del 08.12.1975
Regulation on the introduction of waste-waler into the public sewage system

. Orginanza generale sulla prolezione celle acque del 19.06.1972
General regulation on waler profection

. Otdinanza sulla classificazione de: hquidh oGV alle acque del 28.09.1981
Regulation on the protection of water against waler endangenng substances

. Prescriziori tecniche sui deposit kqudi del 21.06.199%0
Regulation on equipment for the storage and refoading of waler endangering
substances

DIPARTIMENTO DEL TERRITORIO

I8 Diretiord della Divisione Il Capo Sezione
deilfambiehile; pto!ejﬂt@an‘a e acqua;

arch. Marcello Bernardi dott. Mario Camanid

) tilo




LJUlV‘UI\}E LAt St bies o

Via Danle Abghice, 15 Ult-t’,lo. it’(.h-(lc; é:‘\'”-"'v:JQ:}.:N
PROVINCIA DI VARESE Vipih Urbani 02796732097
fax 02/96730182

CAP. 21040 - Cod. Fisc & P VA 00122990178

Prot N. 9((0\6/ ’ ... . e - —

Risposta anola del ... oo

OGGETTO:

IL SINDACO

VISTA la domanda in data 5.9.1994, pervenuta in data 6.9.1994 al
prot. n. 9408, preseniata dzlla Archimica S.p.A. con sede legale a Varese
in via Staurenghi n. 9 ed attivitd ad Origgio in viale Europa n. 5;

VISTI gli atti d'ufficio,

CERTIFICA

che la Archimica S.p.A. & autonzzata, in conformita alle norme vigenti in

materia, alla produzione dell'intermedio per uso farmaceutico denominato

Ro-9373.
Si rilascia la presente ceruficazione in carta iesa legale su richiesta

dell'interessato per gli usi consentitt dalla Legge.

Origgio, 13 settembre 1994

I/ SIN
i Meazza)
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COUNCIL OF THE ORIGGIO Phone: Secrmary (tice 0296730726
Via Dante Alighien 15 Techncal Office 02/96 790034
PROVINCE OF VARESE Policemen 02/96732087
Fax 02596730182

Post Code 21040 - V.AT. No. IT 00322990128

Reg. No. 2407 DO e s

ARSWEL DalB i e e NG DIV

SUBJECT:
STAMP - COUNCIL OF THE ORIGGIO - (Varese)

THE MAYOR

in consideration of the application dated Septernber 5, 1994, we received on
September 6, 1994 Reg. No. 9408, presented by Archimica S.p.A- with regisiered
office at Varese via Staurenghi No. 9 and facility located at Onggio (VA) Viaie

Europa No. 5;
Ir consideration of the documentation showed,
CERTIFY

that Archirmica S.p.A is aulhonzed, in compliance with the rules goveming the
mater, to produce the intermediate for pharmaceutical use dencminated

Ro 31-3373.
This certification has been issued on stamped paper on request of the applicant

for all purposes allowed by law.

Origgio, September 13, 1994

THE MAYOR
(Dr. Giosué Meazza)

STAMP - COUNCIL OF THE ORIGGIO (Varess)

We declare that the translauon 13 accuraie and is 3t the best level of our knowledge.

\
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LE DEPARTEMENT DE U ECONOMIE PUBLIQUE 102
DAS VOLKSWIRTSCHART SDEPARTEMENT

2) de ia lol feuvbrale surT e travail dans

. vu l'art. 7. al.
commefrce, GU 13 mars 1964

l‘sndustrie, [‘artisanat et 1e
. yu ltart. 9. al. V) oe 1A ot cantonale sufl le travail du 16
novembre 1946

_ yu le préavls de 1'lnspection fedérale du Lravall & Lausanne;

_ yYu te preavag dE 13 Laisne natiunalc L wLinhP 4'uscurances vrh
cas d'accioent 5 Lawsanne;

. Vu le preavis de 1'lnspection cantonale du travail (Service
cocial de protection des travailleurs et des relations du

travail) @ Sion 5

a2 u bt € 7 15 e

pR——

ORGAMDL 5A, fabricatipn de produits chimiQues, 1902 Evionnaz., 3
exploiter ]'agrandissemen’ ge la nalle ¥, dont les pians ont ére

approuvés €en date du 9 may 1989

Pour protéger 1a vae et 12 sante des travailleurs, l1'employeur
est tenu de prendre toutes les mesures dont l'expérience 3a dé-
montré 1@ nécessité, aque y'état oe la technique permetl d'appli-

guert et qu! sont adaptées aux condi1tions d'exploitation de 1'en-

treprise.

Sion, le 3 novembre 1990

-—o—”—"'_

e

\ DS <2 wmnoe
Droi1t de sceav ° frr. 50.-- E azaa1es
. Cant? TR sy Val2is '
| W

———r
LE CHEF DU DLPARIEMINT L *ECONOMIE PUBLICULE

e

Raymond Deferr, € nseiller d'ftat

Copie :

- ]F1, Lausanne

- CNA, Lausanne

- Commission communale de surveillance d'Evionnaz
- Police cantonale de St-Hpurice, p.v.d.s.



THE NATIONAL ECONOMY DEPARTMENT
DAS VOLKSWIRTSHAFTSDEPARTEMENT

- Pursuatit to Secton 7. Pasugraph 2 of Mawch 13 1964 Federal Law on Labor relued to
industry, craft industry and trade:

. Pursuant 1o Section @, Paragraph | af November 16 1966 Cantonal Law on Labor,

- Pursuant to the Lator Federal Inspection’s Notice in Lausanne,

- Pursuant to the Notice of the Swiss Caisse Naponae d’Assurances in case of an accident
in Lausanne;

- Pursuant to the Labor Cantona) Inspection’s Nouice (Social Service of the workers’
protection and of 1abor relations) in Sion;

\UTHORIZES :

OURGAMOL, Inc., manutactuning chenucal products. 1902 Evionnaz. to set up a systemn
1 order to remove the storage of carbonyl chlonde for which the plais have been approved
on October 14 1987.

In order to protect the life and health of the workers, the employer must use all safety

precautions which expernience has deinonstrated necessary, which can be applied given the
present status of technology and are relevant to the running conditions of the company.

Dated: Sivn, Swuzeriand, November 5. 1990

Seal duties. Fr. 50. Stamnp dutes paid
i

Cusse d'Brar du Valas

by. THE NATIONAL ECONOMY DEPARTMENT OFFICER

Raymond Deterr, State Councillor

Camesto

- IFT {Fedarad [napecuon ol Labor Lavsanw

- CNA (Crusse Nauonale ¢ Atturances; Lasann:
. Evionnaz Lowsi Monstanng Comuniiies

. St Maunge Cantond Police
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LE DEPARTEMENT DE LECONOMIE PUBLIQUE
DAS VOLKSWIRTSCHAFTSOEPARTEMENT

- Vu l'art. 7, al. 2) de la loi fédérale aur le travail dans
1'industrie, l'artisanat et le commerce, du 13 mars 1964 ;

- Vu l'art. 9, al. 1) de la loi cantonaie sur le travaill du 16
novembre 1966 ;

Vu le préavis de 1'Inspection fédérale du trava:] & lavusanne
du 12 avril 1929;

Vu le préavis de l'lnspection cantonaje du trava:rl {(Service
spcial de protection des travailleurs et des relatians du

travail) b Sion ;

aut orise

ORGAMOL SA, produits chimigques, 1902 LVIONNAZ 3 exploiter la
modificat:on de l'usine G / 2éme projet (plans approuvés le 23
décembre 1986, autorisation ¢'exploiter provisoire délivrée le
31 aoQt 1987).

1. Pour protéger la vie et Ja santé des trava:ljeurs, l'em-
ployeur est tenu de prendre toutles les mesures dont ]'expé-
rience a démontré 1a nécessité, que 1'état de la technique
permet d’'appliquer et Qui sont adaptées aux conditions d'ex-
ploitation de l'entreprase.

Sion, le 18 avril 1989 — e e v e s
olC . seoxre l

- .y e
[

Drost de sceau : Fr, 20.-- ,3H5?6€:E;OJVBHS

4.

>

LE CHEF DL DEPARTIMENI DO/L‘ECUNOHIE PUBL i QUE

Raymond Deferr, Consealler d'Etat

\

Cogxe H
- IfT, Lausanne
- CNA, lausanne

- Commission communale de survesllance de Lvionnag
- Paolice cantonale de 5t-Maurice, p.v.d.s,
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TIIE NATIONAL ECONOMY DEPARTMENT
DAS VOLKSW[RTSI*LM"I‘SDEPARTEMENT

- Pursuant to Section 7, Purugraph 2 of March '3 1964 Federal Law on Lubor reluted to
industry. craft industry and trade:

- Pursuant to Section 9, Paragraph | ot November (6 1966 Cantonal Luw on Labor.
. Pursuant to the Labor Federal Inspecuon's Nouice 10 Lausanne,

- Pursuarnt to the Labor Cantonal Inspecnion’s Nouce (Sociul Service of the workers’
protection and of labor relations) tn Si0m.

Al HORIZES :

ORGAMOL, lnc., chenucal producis. 1902 Evionnaz, to apply modifications to the
plant No. 6/ 2nd project (tor which the plans were approved on December 23 1986
temporary aathonzation (o modify was givenh on August 31 1987).

1n order to protect the lite and health of the workers, the employer must use all safery
precaunions which experience has demonsirated nevessary, which can Le applied given e
present staius of technology and are relzvaut to the running conditions of the company.

Dated: Sion. Swizerland, April 18 1989

Seal duties: Fr. 20. T~ Stamp duties pud
o

Ui o it du Vals

by: THE NATIONAL ECONOMY DEPARTMENT OFFICER

Raymond Dzfen. Stawe Councilly

gﬂn!:‘ 19

. IFT (Federal Inepection uf 1.abot). Lausanne

. CNA (Causie Nauonale & Assurances), Lausanoe
. Evionuaz Local Monitonng Comnuisee

. Si Maunce Cantnnal Police
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G LE DEPARTEMENT DE ECONOMIE PUBLIQUE

DAS VOLKS\NlRTSCHAF TSDEPARTEMENT

_yu Vart. T, al. 2) ae la lei fegerale Sur le travail 03ns
]*industrie, i'artisanat et le commerue, du 13 mars 1964 ;

- vu l'art. 9, al. 1) ge la lo! cantonale suUT le travail du V6
novembre 1966

_ vy le préavis de 1 'Inspection fegbrale Ov travail 2 Lausanne,

Aa’ snneie SULSSE J'ascsurasnces en

. Ju 1e preavis Oe 1n Caiost
cas d'accident 3 Lausanne,

_ Vu le preéavas ge 1 'lnspection cantanale ovu travail (Service

spc1al de protection ges ‘ravarlleurs et des relatians du

travail) 2@ 5100 |

a vt ort s &

ORGAMOL SA, Fabrication de produils chimi1Ques, 1902 tvionnaz, a
exploiter j'i1nstaliation g'eliminatian du stockage 0O€ chlorure
dge carbonyle, dont les ptans ont ¢elré approuués en date du 14

octobre 1987

Poutr protéger 1a vie et la canté des travailleurs, l1'employeur
est lenu OF prendre toutes les mesures dont ]'experience 3 dé-
montre 13 nécessité, Que y'etat cr 12 technique permet d'appli-
quer et qul sont adaptées aux conditlions d‘exploitalion de 1'en-

treprise.

Sion, it % novembre 1990 r’*___,___,,,_

Drons <€ 1N

acquilés
v = . f 50 . -~ \ AT
Dros* de sceau - r. 0. Causeolia10u53W6

LE CHEF OU OCPARTELHENT D 'ECONOMIE puBL1GUL

Raymond Deferr, Co eiller d'Etat

Copie

- IF1, Lausanne

- CNA, lLausanne

. Commissaon cummunale de curveyllance d'Evioanaz
. Pplicc cantonale ot Ly-Haurice, p.v.0.3.



THE NATIONAL ECONOMY DEPARTMENT
DAS VOLl(SWlR'l'SlL\FI'SDEPM(TEMENT

- Putsuant 10 Section 7, Parugraph 2 of Marcn 13 1961 Federal Law on Labor related 10

judustey. craft industry avd trade.

- Pursuant to Sectiun Y. Paragraph | of Novenbet 16 1966 Cantonal Law on Labor,

- Pursual’ 0 the Lebor redera! Innpecton’s Netce m L ausannc;

- Pursuant to the Notice of the Swiss Caisse Nayondle J Assurances 10 casc of an accidet

in Lausanne,

. Pursuant 1o the Labor Cantonal jnspection’s Notice {Social Service of the workers’
protection and of labor relatons) 1n Ston,

ORGAMOL, Inc., manutactunng chemuca! products, 1902 Evionnaz, 1o run the
expansion of the Market F.. for wiich the plans have been approved on May 9 1u8Y

In order 1o prutect the life and heaith of the workers, the einployer must Usc all safery

precautions which expenence has demonstraled necessary, which can be applicd given the
present status of techniology and are iclevant 1o the running conditions of the comipany.

Dated: Sion, Swizerland, Noverr ocr 3. 1990

Seal duties: Fr. 50 Stanip duties paid

(v}
Cuussc_iEL:\l du Valois

by: THE NATIONAL ECONOMY DEPARTMENT OFFICER

Raymord Deferr. State Counoillor

Caqies 10

IFT (Federad Laspeciion af Labot), Lausanne

. CNA (Cuisse Nat.onale d Aavurances). Lausannc
. Evioanaz Local Motoning Comnutice

. §1-Maunce Cartonal Pohice
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ENVIRONMENTAL PROTECTION CERTIFICATE

1. The companyF. HOFFMANN-LA ROCHE LTD operates facilities for chemical and
pharmaceutical manufactunng at the following address:

F. HOFMANN LA ROCHE Ltd.
Grenzacherstrasse 124
CH-4002 Basel
Switzerland

2. These production facilities may only operate in accordance with permits issued
by the responsible Authoritics. In the permits are laid down the purpose for witch
buildings and plants may be used and the legal conditions with which the
Company must comply.

3. The above-descnbed permits also cover the preparation of the Active Substance
Saquinavir
and the Pharmaceutical Preparation
INVIRASE Capsules

4. Al buildings and plants of the company F. Hoffmann-La Roche Ltd. must comply
with the federal and cantonal laws and regulations conceming safety, protectioin
of the envirenment and working conddions.

5. The relevant departments of the Cantonal Authorities perform periodic
inspections.

6. It can here be stated that the undersigned Governmental Office has proved the
correct building and producing perm-s are given.

oA - -
Basel, 7. April 1998/pg Der Laim

s O IR RR LR LU ELEFON 081 267 6091 - TELEFAX 081 267 9450



Repubbhca e Cantone
del Tino

Il Dipartimento del territorio

CERTIFICATO DI PROTEZIONE AMBIENTALE

ENVIRONMENTAL PROTECTION CERTIFICATION

La Divisione dei'lambiente del Diparnmento del terniono certifica che Taltivitd produttiva defla ditta

MICRO-MACINAZIONE SA
CH- 6995 MOUINAZZO Di
MONTEGGIO
SWITZERLAND

viene svolta nel pieno nspetio della normativa wigente in matena di prolezione ambien'ale.

I relalivi permessi COProNo pure | process! & micsonzzazione del principio attivo SAQUINAVIR
{RD 31-8953)

| controlli penodici, eseguit dalle 1stanze canlonall compelenti, non hanno evidenzialo situazioni

non confermi alla citala legis.azont.

The Depariment for enwronmental profect.an ("Diparimento del temmitono”) confirms that the
company

MICRO MACINAZIONE SA
CH- £995 MOUNAZ20 DI
MONTEGL.D
SWITZERIAND

has all tha permiis required Ly doln f« demn. sn4 cantunal Swiss environimental protection laws
and reguiations to operale planis for the production of phamaceutical subslances.

The above mentioned permuts cover 3lso the mucrosusation of the active prnciple SAQUINAVIR
{RD 31-8353).

During our regular inspections o! the plants i has always be ascertained a completely salisfactory
environmental situation.

;ﬂqﬂ




L-a Divisione ¢eillambienie del Diparumento del lerntono o 10 parcolafe responsabile per 110
Fappicazicne gelle seguenl legg’

The Depanment for environmental protection s the authonty, that is competent on the temtory of
the canton Ticino to enforce particulary the following lederal and cantonal laws and regulations:

. Legge federale sulla protezione deil'ambiente dcl 07 10,1983
Federal Law orn the protection of tho environment

- Ordinanza contfo finquinamenio atmosfenco del 16.12.1985

Air polluon conltru! reyu’aicn

. Ordinanza <ulle soslanze pericolose pef rambiente del 09.06.1986
Regulation on the containment of enwvironmentally hazardous substances

. Ordinanza sul tralfico dei nfiut speciali del 12.41.1986
Regulation on the handiing of hazardous wasle

. Ordinanza tecniza sul nfivt de) 10.12.1990

Tecanical waste-matter regulation

. Ordinanza contro finguinamento fonico del 15.12.1986
Noise prolection regulalion

. Ordinanza sulfesame diimpatto ambeniale de! 19,10.1988
Regulation on environmental compatibility audits

- Legge federale contro inquinamento delle acque del 24.01.1991
Federal law on water protection

. Ordinanza sulle immssion: delle acque di afuio del 08.12.1975
Regulaficn on the \ntroduction of waste-waler inlo the public sewage sysiem

. Ordinanza genesale sulla protezione delle acque del 19.06.1972
General requlation on waier protection

. Ordinanza sufla classdficanone de: liquidh nocw alle acque del 28.09.1981
Regulalion on the protechion of waler agaimns! water endangenng substances

- Prescrizioni tecniche sui deposit quidh del 21.06.1950
Regulation on equpment for the storage and reloading of wafer endangenny

substances

DIPARTIMENTC DEL TERRITORIO

i} Diretiord delta Drvisione 1l Capo Sezione
dellamMeDie: proie @aria e acqua:

arch. Marcelio Bernardi dorL Mano Camani

\
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APPENDIX H

COPY OF INCINERATOR AND INDUSTRIAL LANDFILL PEIIMITS FOR
F. HOEFMANN-La ROCHE Ltd. HOFFMANN-La ROCHE Inc,
AND
CONTRACTORS
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Rech.Nr.: 933008 CINSCHRCIDCN
Gebuhr ;. Fr. 4%20.-
Budg KL: 612.042.731.500 . F.HoMmann-La Roche AG

Pharma Stammhaus
Sicherheit und Umweltsthutz

4002 Basel

Wz Eh6.64 Basel, 22. Deze}mber 1993

AN RSO FHANE - o ,

J

f

WS-EMPFANGERBEWILLIGUNG / VERFUGUNG

Sehr geehnta Damen und Herren

Gestotzl au! Arl 29 der Eidgendasischen Verordnung Ober den Varkenr mit Sondsrabtailen
(VVS) vom 2. November 1088 erelen wir [hnen eine Bewlligung zur Annshme,
Zwisehaniagerung und Behandlung bestmmier Sonderablalie.

AUSSTELLUNGSDATUM r 27 Nezember 1993
ABLAUFDATUM , 31 Derember 1988
AEWILLIGUNGSINHABER :  F. Hoffmann-La Rocha AG

Mharma Stammhaus
Sicherned und Umweltechulz

4002 Bosed
VERANTWORTLICH - Hemr Or. E. Krauch
BETRIEFRSNUMMER s 27010087

BEHANDLUNGBARTEN v Iwischentagerung
Verbrennung
ehemitch-phytahische Behandlung
Receoyclng / Clinpping

‘BEHANDLUNGSORTE : Daud, 47 2 Iwaschenlagerung

Biu 35 = Verbmnnung
PSUU.LaDO: 3 noar Anfanson =» chem -phys. Behand-

hung
Bau 29 9 Recycling / Strpping
ARA Clba-Gewy / Roche

VVS.COTE /ABFALLART . siehe Bodspe
129 Jonctvatfoott ¢4 7vst le8
vved :'flg..c(/q....f Qieyelrmy dn v
‘.’ ‘ﬁ-ﬂ-ﬂw

’.:c...o-t/."-v.s. e S
Py VAL T TR R T ORI Y YW 516 061 66 2777 - 1e1ikex 061 65 298)

A B
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MR LIS SEATE B N\ use
I

DIVISION OF ENVIRONMENTAL QUALITY P
AIR POLLUTION CONTROL PROGRAM

Certificate Number 113190 APC PLANT ID 30374

{Mahng Address) (Plant Locaton)
HOEFFPANN~LA RCChHEy IN(. C/C EMNVIRS AFFRS
340 KINGSLAND 57 RTE. 3
NUTLEY NJ 07110 CLIFTON

Applicant’s Deugnation of Equipment BUILDING 43
N.J. Stack No. ¥9¢E No of Stucks GB1 Np cf scurces 01
Approval Lifective 06/20/53 Expiration LYY AL

* TEMPORARY CERTIFICATE 10 UPERATE CONIROL APPARATUS DR EQUIPKENT ¢
* CONDITIONAL 90 DAY EXTENSION »

THIS TERPORARY CERTIFICATE 15 BEING EXTEMDED TC ALLOW FOR FURTHER
FIELD/OFFICE EVALUATION.

' THIS EXTENSICN SHALL NCOT DE CONSTRUcD 10 EXTEND THE COMPLIANCE
DATES(S) OF ANY CRDER ISSUED BY OR ENVERED INTC WITH THE DEPARTHMENT AS
THE RESULT OF AN ALMINISTRATIVE OR JUDICIAL ACTICN.

THE EQUIPMENT CLVERED BY THIS CERTIFICATE FAY BE SUBJECY TC PERIODIC
COMPLIANCE INSPECTIONSy PURSUANT TD NededeCw 7227-8.8(C)e YOU KILL BE
INVOICED FCR A 3200 FEE AFTER EACH PERICDIC CORPLIANCE INSPECTICN. YOU
WILL NOT BE INVOICED FCR AN INSP:CTION DURING WHICH A 5 YEAR APPROVAL
CUTcRMINATIOR 1S5S MADES YOU MAY BE INVOICED FOR FEES FCR OTKER SERVICES
THAT ARE PCRFORMED BY THE DEPARIMENT PURSUANT TO COKRDITIONS OF APPROVAL.

IF THE DEPARTIMENT IS SOLELY RESPONSIBLE FDR BEJINE UNABLE TO INSPECT
THIS EQUIPMENT IN OPCRATICN AS PERMITTED DURING THIS 90-DAY PERICDs THIS
TEMPORARY CERTIFICATC WILL BL EXTENDED AUTCMATICALLY. HUKEYERy IF YDU
ARE RESPUNSIBLE FOR THE DEPARTMZINT®*S BLING UNABLE TO INSPECTy £eGes NOT
NCT1FYIKG THT DEPARIFMENT WHEN THIS ECUIFPMENT OR PROCESS 1S IN CPERATICK,
THIS CERTIFICATE MAY NLT BE EXTERDED AMD YOU WILL EE NOTIFIED BY THE
CEPARTHENT THAT YDU PUST APPLY FUR AND UBTAIN AR EXTENSION AUTHORIZING
YU TO CONTINUE TO OPERATE THE EQUIPMENTe THE DEPARTYMENT RESERVES THE
RIGHT 70 MITHHOLD ANY EXTENSICN OF THIS TEFPCRARY CERTIFICATE, 1K WHICH
EYENT YCU KILL BE ACTIFIEL THAY YDU RUST APPLY FLCR AND OBTAIN AN
EXTENSIDN AUTHORIZING YOU TO CONTINUE TO OPERATE AFTER THE EXPIRATION
DATE OF THIS CERTIFICATE.

1IN ACCORDANCE WITH NedehAeCe 7:27-8.3(D)y THIS CERTIFICATE MUST BE
READILY AVAILABLE FOR IHSPECTIDUN ON THE OPERATING PREMISESe.

PLEASE REFER TC YOUR INRITIAL FERKIT APPROYAL FLK GPERATING

CCNDITICNS.
Approved by: fj O } {i)lligﬂ;ﬁ%_

NRO - PASSAIC COUNTY HEALTH CEPARTMENT ' 03/06595-53

.




QULSTIONS CONCURNING THIS DOCUMENT SHOLLD L GIRECTED 10 T REGIONAL OFHICE INDIC AT O~
ALLOMW THAT CONLRS THE COUNTY 1N WHICH YOUR FACIITY 15 1OCATED. e

REGIONAL

chlm;l.n \hu ] \IJJJ“ v Moenpunnh Uu P ST LT RS

New Ieisey Department of Eovironmental Proternion
Divistont o Unvreiaenial Duatny

Bureau of Cntnreement Operatuns

CN-407

Trenton, NJ 03625

{6J9)5T4-4100

NORTHERN RUGIONAL ENFORCEMONT

Humicroun, Mot P Soanciacl Suasee Marren rounimy

New Jersey Department of Lavironmental Mrotection
Dovision of Environmental Quality

Burcaw of Cnlorcement Operavons

1259 Route 46 Building 2

Parsippany. ) 07054

(3011299- 7700

CEEICES

MUTROPOLITA N REGIONAL ENFORCEMENT

Niprn {awy Hydson [nr (ountey

“w¢w Jersey Department of Environmenial Protection
Doviyion o Environmental Quahity

Nureau of Enforcement Operauions

> Babcoch Place

Wet Oranpe. NJ 07082

MUSHERBRL A3

SOUTHERN REGIONAL ENFORCEMENT

Atlanewt Camden, Cape M3 Cumberiand, Giowtesier. Salem caunliy

~New Jersey Depaniment of Environmenta) Prolecnhion
Division of Eavironmental Quahity

Bureau of Enforcement Operations

X0 East Clementon Road, Suite 302N

Cabbsbora. N} 08026

(6091346-80M

QUESTIONS CONCLANING THE FOLLOWING TOPICS SHOULD BE DIRECTED TO THE APPROPRIATE AGENCY OF
THE NEW JERSEY DUPARTMENT OF ENVIRONMEATAL PROTECTION. DIVISION OF ENVIRONMENTAL QUALLTY.

INCICATED BLLOW:

Quecstions concerning certificates
covering gas stanons. commmerciat dry
cleaners and small spray booth
operaiigns. wnclnding avlo body shops:

\Minor Source Compluance lavesugalion
CN-307
Ttemton ™) 08625

16091584-4340 160912926716

CATEGORY | includes the followsing 1ynes of equipment

Qursnions conccrming permils (o
consruct and emissions banking:

Bureau of New Source Review
CN-027 301 East Starc Sireey
Treman N3 03625

ll

Questions concerning stack 1esling and
continbous emission monitor auditing:

Bureau of Technical Services
CN-4i}

Tienton, NJ 08625
(609)3530-4C41

21 Gmohithr LIPO KECONCEy A alema BU bW 11l gasbdome [a0uamey s indieding wurh aviiemn a0 bulk werminals);
B Ligurd o paeons commeraal fonul [l 1A01 snc v coal o o'l volsd Tuel hon-commeronal fuel crude ol or process bdy-praducts n any
form | Burftinp rQuipmen REvIRg 3 Seugned kst gt dhve ©f beas than 10 milbon BTU nper hour:

C) Ligued tesdept In 1oa wwbuamct o T TAS T g n NFAC

AL B O PRI IV eY Wt h V3Rl

X UY stabwonary seotage fanls with capacaties of ess rhap 20000 galion:

Al Emerpenny deet) poneraIng =uh iy IAan (D swerinmits OF chectrat d) ouwipwd 1hay operait Y33 1han 500 novn per yoat;
€) Any conitel JpRIrIteL tha oMY MIVEY O G POit LabawdiOry hOOAY OF 01T eqQuipithent Thal cihauus fumes from laboralory operations:
13 The (elicesme e oF cQuipieras =hen tgwipr?d woth panwyipie (ONITGL APPaTaIVY Lhal 23chievel 3 mMymimum rollection eMwtncy of 99%,

and 1he COMID! JORBFITYT WP g I tQuibwrai
ij Voodworking rQuibmens
1y Meradn ok ing equipmens
1) S0l patiecle tescept 3m TXS) niorape wanis

4) Enciosed wationars woid marens) tenceps any TX3) hanghng tquipmem vving prcumalic. bucker of beft conveyng systems: =~
$) Paimt 1piay BOoth IRD1 @wr levy LhaA one Ralf gallam of Daml et Mout, and thatl ncither emit nor have the potential 10 emit any TXS R

CATEGORY 1 includes ali 1ypes of equipment eacept those that belong 10 CATEGORY L

\
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Scott A Welner
Commuissioner

14
el
LiZ)
T
State of New [ersey
Department of Emdronmental Prorectdon and Energy
Dbsion of Solid Waste Mandgomnent

(Ndle
Tienton, N 086250414

Tet ¢ GO-530-859)

ENVIRONMENTAL AND HEALTH THPACT STATEMENT APPROVAL

Under the provisions of W.J.5.A, 1]:1F+~26, known as the Solid Waste Mansgesent
Act, Environmental Iepact Stetomunt Appreoval le heraby lasucd to:

Hof {zann~LaRcche, Inc.

FOR THE PURPOSE OF

CONSTRUCTING AND OPERATING A: toa]ll Scale Incinerator
ON LOT NO.({5): 3_portion of 4

ON BLOCK NO.(5): go.og

IN THE HUNICIPALITY OF: ¢lifton

COUNTY : Paapaic

The Department has reviewed the Environzentsl Impact Statement and additional
information puresuant to the Solid Wests Management Act, N.J.S.A. 13:1E-1 et
seg., speciflcally, N.J.5.A, ]1:12-26, and the following findings are mada:

1. The pruposed conatructicon and operation of tha above named facllity ls
coneistent with the 4dopted and approved Papsalc County Dietrict Solld
Waste Hanagement Plan.

2. The Small Scale Incinerator Pacility will be constructed and operated
purBuant to the srandards adopted and promulgated by the Departoent
pureuant to N.J.S5.A, 11:1E-) et seqg.

This Approval shal) berose null and void upon the explration or revocation of
any Solid Waste PFacllity Perwit lssved by this Divisjon to the particular
solid waste facllity hereln identified or if full permit authorization has not
been obtained for the adove facility within three years of the lssuance of
thls Approval.

The icsuarsos cf thie dnajument shal' not be construed as authorjization to
operste o s0lld waste facility. Operations Day coxdwnce Cnly Jpen cbtaining a
Solid vaste Pacility Perwit lwsued by the Division of Solld Waste Management
pursuant to H.J.S.A. 1J:11E- et 9eq.

Mo w perey oan Lpaat Orporansy Lmployes

115

Fax # 609-530 KB99 Steven Cabei
Durecior
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Thirs Approval has been granted (n conformance with the existing Rules and
Regqulatiors of the Dlvielon of Solid Waste Xanagemont. Should changes In
these Rulas become effective, the Departoent roearves the right to -es-svaluate
eaid Approval and require modiflcations ee doeced approprlate.

Jui 30 1993

Date

< A‘S bt la,

fukhdev Bhalla, P.E.
rocring 2esietant Director
Engineering EBlement




B B B

(SPDLS)

Pouwd YORW D TATE LU A ilbel L fn e PRICLICIS I SR U R
Stato Polivtant Discharge Elimination System
DISCHARGE PURMIT

Spec:al Condtions (Part )

g ope2 (1/069)

e
(SR

SPDES Mumbor: NY-0072061

Indssorial Code: 4953
Dischargs Class (C4Y: 03 OLZ Nurnbef: - - 39-0
Tode (ass (TX): T {'mocatvo Date (FOP): 10/ & /93

Expiration Dato (EDP): 10/ 1 798

Mejor Dralnage Basin: 01

Mod #cation Dato(s):

Sub Dralnage Basin 01

Armchment(s): General Conditions (Pan Nost»:11/98

Waer Indax Number: O—-158

—
S
U

Conpact Area: 1JC

mﬂhmnau'lmjdoWdUwEJWUnnwxmlCommuanwd Mow

This SPDES permit ks bsuod In compltanco
Act as amendod, (33 U.S.C. Sectlon 1251 ¢ seq ) (hereaftr rofered to

York State and In compilance with the Cloan Wator
as “ha Adl).

Atention: Rodger Henson, CWM President

PERUITTEE NAME AND ADDRESS

Name: CWM Chemical Services, Inc.

Sweet: 1550 Balmer Road
Chy, Model City State: NY Zip Code: 14107

' ks sushorized 10 discharge from tha tacdy descnboed beiow.

FACTLITY NAME A}D ADDRESS

Nama: CWM Chemical Services, Inc. :
Locatlon (C.T.V): Porter (T) ) County: _Nlagara
Faclity Address: 1550 Baloer Road
Chy. Hodel Clty State NY Zip Code: 14107
NYTM - E 177 1 NYTM - N: 4 793 . 1 .
From Outtall No.. 001 Thonoe 430 13°_ 06" &longtude: _ 790 027 567

Class: A-Special

into recelving waters knosmas.  Niagara River

anct (st other Ourtalls, Recehving Waters & Wate Clyssheauons)
002, Tributary of Fourmile Creek, 0-156-1c-3
003, Tributary of Fourmile Creek, 0-156-1c-3

Class C
Class C

hmwdmmnwﬂhmoeMUmnnmmnmrmmﬂtﬂﬂusamwmercondn!mswtfodhhSpecblCa\duxs
(Pmr)ardeenemJCorﬁnJom(Panl)olthhpuml

DISCHARGCE MONITORING REPCAT (DMR) MASS NG ADDNFSS

Mallng Name: _CWM Chemical services, Inc.

Steet 1550 Balwer Road

Model City State: NY Zio Code: 14107

Quy. —_—
Responcibls Otfictal of Agent Ji11 Knockerbocker, Env. Mgr. Phone: (716)754-8231

amtaﬂﬁnmdbdmvosmﬂexplmmmﬁnlgrudmeemmdaw shown and the
eplaion date wimmtspamm:sboenronwed.ormdaﬂed pursuant to taw.
o,ﬂwporm'ueosmnapdylorapwnhrermmlnoleﬁMlm

This permit and tho
pa-tmounﬂnoldwmrgouﬂorlm
Yo be authortzed to discharge boyond the explration dat

) days prior to the expiration data shown abova
Porrni AQminkstratin,
paul D. Eismann (Deputy)

DegTRIITION
\DRA File Ho. 2.2934-00022/00049-0

asyerr: NYSDEC - Region 9

270 Kicbigan Ave., Buffalo, RY 147203-2999

WHMr. R. Speecd/Hr, D. Lcemhuis
\Mr. R, Hannaford - BWFD-T5S, Albany
cepf Trninn 11 br. J. Devalc - N{HD

=2

[y 108193
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COMMONSE AT TH OF PESNSSYLY ANIA
DEPARTMENT OF RO MENTAVL REISOURCES
1875 terv v Stireet ' '
torrisfo-n, PA W0
215 27C-1%20

Mzy 31, 1885

Mr. Nolan Perin |
Grand Central Sanitary landfill

R.D. 01, Box 21}
Pen Argyl, PA 18072

e Mocule §1 Suomissicn
Asbestos Containing Waste

Lear Mr. Perin:

1 am plezsed to enclose Permitr No. 100265 for che operation of &r processing
or disposal facility. It is issued in accordance waith At 97, Pernncylvania

Solid Waste Management Act.

Cxpliance with the limitations and stizulations that have teen set forth
your permit is mmndatory. You have the right to zppeal amy limitation cor
stipulation as stated on your per:il.

This actior. of the Departoent may be apeilzble to the Envircrmencal Heari
Bcard, Third Floor, 221 N. Seconé Street, Farrishurg, PA 17101, (717-787-%3)
by any agerieved person prsuant to Secticn 1921-A of the Administrative Code
of 1929, 71 P.S. Section 510-21, and the i=inistrative Agency lew, 2 Pa. C.S.,
Crapter 5A. Appeals must be filed with e Environmental Hearing Beard wicthin
30 days of receipt of written rotice of this acticn unless the appropriate
statute provides a different time period. Coples of the appeal forr and the
regulations geverning practice and procecize befcre the Board may be obtained
fom the Board. This paragraph dees not, in ad of itself, create amy right of
mpeal beyend that permitted by applicable statutes and decisional law.

1f have estions concerning the exlosed perwit and/or the uirersnts
set}%rth mxe ermsylvania &Jlidgwaste Yanegerent ACt, please c:ongﬁt the
Bureas of Solid Waste Maragewment, 1875 New Kope Screet, Nerristown, PA 19401,
AC215-270-1920.

Sincerely yours,
)
WO.A:J\\_p J.\fﬁ‘w
WAYNE 1. LYNN
Regions]l Solid Waste Manager
cc: Plainfield Township
Lehigh-Nerthampton Joint Plamning Commission
30 File
Re 4W7148.50
ENC .OSURE
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,. ¥ 1g .82 COMTACHWEALTH OF PLYWNLYL JANTA
DEPARTVENT OF LYVIRONSMENTAL AFSCURCTS
BURLAU OF SCL:D WALTE "WANAGIWINT

FORM NO. 12 A

MODIFICATION TO SGLID WASTE DISPCSAL AND/OR PROCESSING PERMIT

Under the provisions of Act §7, the Solic Wasts Management Act of July 7, 1980, Solid Waste Permut

Number 100265 ___issued on [Cate onginal Sermit was issued! 11/13/80 to
[permittee.) Grand Central Sanitary Landfii!, Inc. -
(adcress) P. O. Box 21%, R. D. ¢!, Pen Argyl, PA 18072 —

iz hereby modified as loilows:

1. This amencded solld waste permit 1s lssued based upon application No.
100265 which was recelved In the Norristown Regicnal Office of the
Department of Environmental Rescurces on Novenber 14, 1984. This
amended solid waste permit is for the disposal of askestos contalining
waste from demolition projects at the Grand Central Sanitary Landfill
located in Plainfield Township, Northacpton County. This approved
apolication includes a satisfactory respiase to the Degartlent's
February 25, 1985 rev.ew let:ter.

2. Nothing in this permut shall be construed to supersede, amend or
authorize viclation of, the provisions of any valid and applicable
local law, ordinance or reculation, provided that said leocal law, ordi-
nance or tegulaticn is not pre-ezpted by the Pennsylvania Scolid Waste
Managesent Act, the Act of July ¥, 1980, Act 97, 15 P.S. 6018.101, et
S8C.

This modification shall be attached to the e»'sung Sofid Wasie Permit described above and shali become
a part thereol elfeciive on {date) SLAL/RS —_—

| /}’s%d 'Ef\idr‘“

FOR THE DEFARTMENT OF ENVRONMENTAL RESOURCES

[ X211} 3 ot 1




APPENDIX |

SAQUINAVIR (RO 31-8959): TECHNICAL SUMMARY
OF ABSORPTION AND
DISPOSITION IN ANIMALS

(CONFIDENTIAL)



APPENDIX J

TEST REPORT RO 31-8959: ACUTE TOXICITY
TO THE

WATER FLEAS DAPHNIA MAGNA

UNDER STATIC CONDITIONS

{(CONFIDENTIAL)



APPENDIX K

TEST REPORT RO 31-8959: ACUTE TOXICITY
TO RAINBOW TROUT
ONCORHYNCHUS MYKISS,

UNDER STATIC CONDITIONS

{CONFIDENTIAL)
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AFPENDIX 1

TEST REPORT RO 31-8959:
MICROBIAL GROWTH INHIBITION

(CONFIDENTIAL)
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APPENDIX ™M

TEST REPORT RO 31-8959: ACTIVIATED
SLUDGE RESPIRATION INHIBITION TEST

{CONFIDENTIAL)

124
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APPENDIX N

TEST REPORT RO 31-8959:
AEROBIC BIODEGRADATION IN WATER

(CONFIDENTIAL)



APPENDIX O

TEST REPORT RO 31-8959: TOXICITY TO

THE FRESHWATER GREEN ALGA,

SELENASTRUM CAPRICORNUTUM,
UNDER
STATIC TEST CONDITIONS

(CONFIDENTIAL)



APPENDIX P

CALCULATION OF MAXIMUM EXPECTED ENVIRONMENTAL
CONCENTRATIONS (MEEC) AND EXPECTED
ENVIRONMENTAL CONCENTRATIONS

(CONFIDENTIAL)
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APPENDIX (1

TEST REPORT RO 31-8959: DETERMINATION
OF SOIL ADSORPTION/DESORPTION

{CONFIDENTIAL)



APPENDIX R

CURRICULUM VITAE

1
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NAME:

ADDRESS:

PERSONAL DATA:

QUALIFICATIONS:

EDUCATION:

05/82 -

10/74 -

08/73

12/ .

06/69 .

. 06/65 -

DISSERTATION TOPICS:

130

CURRICULUM VITAE

P. V. Shah

28 Onyx Coun
Passaic, N.J. 07055

201-235-4212 (Difice)
201-614-1065 (Home)

Date & Place of Birth: 2/17/49, Kamalchhod, Gujarat
State, India.
Citizenship: U. S.

Ph.D., M.S. and M.T. (ASCP}- Centified Medical
Technologist

Ph.D. trom N.C. State University, Raieigh, NC

Medical Technologist. Certified by American
Suctety ot Climcal Pathologists, Chicago, IL

Medical Technolcgy, The Memarial Hospital, Danville,
VA

M.S. from N.C. State University, Raleigh, NC

B.Sc. Agrniculture, B.A. Coliege 0! Agriculture, Anand,
Gujarat State, India

$.5.C High School Certificate, Jeevan Bharti, Surat
Gujarat Siate, India.

Penetration of a Series of Dialkoxy Analogs of Dimethoate Through the Isolated
Gut of Insects and Mammals. {Under the direction of Dr. Frank Edwin Guthriel.
A thesis submitied to the Graduate Schoo! at N.C. State University, Raleigh,
NC; in partial fulfilment of the requirements for the degree of Master of

Scrence.

-1-



Percutaneous Entry of Insecticides: A Comparative Study. (Under the direction
of Dr. Frank Edwin Guthrie). A thesis submitied to the Graduate School at N.C.
State University, Raleigh, NC; in parual fultiliment of the requirements for the
degree of Doctor of Philosophy.

ACADEMIC HONCRS:

EXPERIENCE:

(05/88 - Present:

12/86 - 05/88:

03/83 -12/86:

11/82 - 03/83:

0B/74 - 06/82:

S1ood first in class dunng primary school years.

Secured first class in F.Y.B.Sc., S.Y.B.5c., and final
year B.Sc. in undergraduate school.

Industrial Toxicologist, Hoffmann-LaRcche, Inc.,
Nutley, NJ. Duties include heaith hazard assessment
of intermediates and f:nzi products, monitoring acute
toxicological studies, prepare toxicolagical section of
MSDS’s, make label recommendations, and develop
risk assessment guidelines for the internal use.

Toxicologist, U.S. Environmental Protection Ageicy,
Washington, DOC. Primarily involved in heaith
assessment of PMN and Existing chemicals, prepared
guidelines for toxicological studies, reviewed studies
submitted by the regulated industries and heaith
crena gocuments.

Project Scienust, Northrop Services Inc., Research
Triangle Park, NC. Developed a research project to
study the percutaneous absorption and
pharmacokinetics of toxic compounds into the
mammalianphysiological system, prepared proposals
and tinal reports.

Consultant to Texas Tech University, Lubbock,
Texas. Prowided consulting services on dermal
absorption of toxicants, to a Cooperative Agreement
with the Environmentai Protection Agency, RTP, NC.

Research Technician in Toxicology Program at N.C.
State University, Raleigh, NC. Primarily involved in
the research project related 10 percutaneous entry of
toxicants, general supervision and maintenance of
the laboratory, assist in teaching laboratory
procedures t0 new students as weil as students
taking graduate level courses in entomology and
toxicology.



12/73 - 08/74:

09/73 - 08/74:

0g/72 - 08/73:

06/72 - 0B/72:

08/70 - 05/72:

132

Pan-ume Medical Technologist at the Memonal
Hospital, Eden, North Carolina. Primarily involvec in
taking rught calls and wotking in all phases of the
clinizal laboratoty.

Chiet Med:zal Technologist, the Memaorial Hospital,
Danwville, Virginia. in charge of Autoanalyzer Sectio
n. Duties included training and supervision of the
personnel and maintenance of the equipment,

Student tramee in mwed:ca! technolcgy at the
Memonal Hospual, Danville, Virginia. Primarily
involved in the chnical training in all phases of the
climnical laboratory such as chemistry, toxicology,
microbiology, hematology, blood bank, urinalysis and
outpatient laporatory.

Clinical Research Technologist at the Memorial
Hospital, Danvilie, Virginia. Primarily involved in the
method development for drugs screening.

Research Assistant in Toxicology Program at N.C.
State University, Raleigh, North Carolina.

SCIENTIFIC SOCIETIES AFFILIATION: (Since)

PUBLICATIONS:

Member of the Society of Toxicology (1979).

Member ot the Mid-Atlantic Society of Toxicology
{1988).

Member of Sigma Xl (The Scientific Society),
N.C. State University Chapter (1978).

Member o! Amencan Society of Clinical
Pathologists (ASCP}, (1974}.

Meroer of Amencan industrial Hygiene
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BACKGROUND: This original New Drug Apphication on Invirase™ (previously used name,
Saquinavir). submitted by Holfmann-La Roche s proposed tor the trearment of HIV sntections
In selected patients. invirase 15 a ranonatly designed sy nthetic mhibitor of virus encoded ensvime,
the HIV protease. The applicant is seeking the endorsement ot the FDA tor invirase ynder the
Accelerated Approval of New Drugs tor Serious ur [ite-Threatening Tilnesses. The proposed
indication s tor monotherapy of advanced HIV disease n patients intolerant to currently available
therapies, and for combination therapy with Hivid” and/or Retrovir” for the treatment of advanced
HIV disease in selecied patieats with CD,+ T cell count o 300/nun . The requested indicanon

15 based on the results of immunologic and virologic surrogate markers.

Human immunodeficiency virus, the etiological agent o! the acquired immunodeficiency syndrome
15 an RNA virus that replicates thrcugh a DNA intermed:ate. The DNA copy of the viral RNA
(proviral DNA) ntegrates into the cel{ular DNA (form:ng the provirus). thus establishing the viral
infection. Transcripuon of the proviral DNA and translauon of the viral transcripts by the
combined action of the hast cell and virus coded funcuons results in the production of the progeny
HIV. Thus. the HIV rephcation cycle cun be divided 1nto 1wo phases. The pre-integration phase
in which viral DNA synthesis 1s carried out by the HIV reverse transcriptase. an enzvme which
comes prepackaged in the vinon, and the post-integraton phase 1n which the progeny intectious
virus 1s produced by the combined action o1 both the nost and virus coded tunctions. The virus
encoded funcuons include the HIV protease. the acuvity of which 1s indispensable for the
production of the infectious virus. This crincal role of the protease essenual for the production
of infecuous HIV resulted in the recogmition ot the protease enzyme as a highly atracuve
therapeutic target for therapeutic intervention in the trearment of HIV intections. .

All of the currently approved anu-HIV chemotherapeutic agents act by inhibiting reverse
transcriplase-direcied viral DNA synthesis that 1s essential tor establishing viral in“scuon. As such
these drugs can only affect one pan of the virus hite cvcle mediated by viral RT 1.e.. inhibit virus
spread by biockifig new (0unds 01 acchions only Giatibat acute infection). RIV KT inhibitors.,
however. should have no effect on alrcadv established intections (chromic infection) from which
HIV replicauion can coninue. Thercture  nucleoside analogues. at best can reduce the virus load
incompletely by blocking acute intection but have no ettect on the virus produciion from the large
reservorr ot alreagy intected cells in HIV posiuve subjects. Theretore. there 1s a great need for

addwmwonal druge or drug-combinanions that otter preater decrease o virus load enther by
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monotherapy or by combination therapy. In this coniext targeting of HIV protease may otfer
greater advantage since inhibinon ot this enzyme blocks virus production trom both acuiely and

chronically intected cells.

HIV, in the course of 1ts repiscation cycle. produces polvcistronic mRNAs whose long gag ard
pol polyprotein products must be specificaliv cleaved to generate the individual functional proteins
found 1n the infectious HIV. Thus specitic proteolytic cleavage 1s brought about by the HIV-
cncoded proteolytic enzyme. the HIV protease. The protease 15 a 99 amiro acid pepuice that
dimerizes to form the acuve enzvme. The active dimeric nrotease processes the Iong.'gag
polyprotein precursor, pS5%* . to generate the mature gag proteins; p27, p24, p9 and p7, which
constitute the viral core structure. The protease also processes the gag-pol fuston polyprotein
pl60res?® o produce the viral erzymes. the viral protease a.sclf, reverse tran:criptase,
ribonuclease H and integrase. all of which are essential 10 HIV rephcanon. The processing of
these polyprotein precursors require at feast ten pepudolyuc cleavages angd these cut sites in gag
and pol are diagrammatcally presented in Figure 1.

HIV protease is classified as an aspantvl enzvme by virtue of it contaiping  the signatu e catalyuc
site sequence Asp-Thr-Gly residues which are directly involved in the catalyuc cleavage ot the gag
and po! polyprotein precursors. The :ndispensable nature of this enzyme for the production of
mfectious HIV was demonstrated by severa! criteria including the introduction of a point mutation
tn the active site which renders the znzvme nactive and by blocking the enzyme activity with the
use of inhibitors. Both ot these methods blocked processing of the polyproteins and as a
consequence morphologically aberraat non-infectious virus particles were produced. An
abundance of daw on the hiological and biochemical understanding of the enzyme coupled with
the simultaneous availabiliy ot the 3-dimensional structure from X-ray crystallography studies
faciliated a detailed understanding 01 the catziviic mechamsm of the enzyme action. The detailed
undersianding of the structure-actinaty retanonships of the HIV protease greatly assisted the
distovery ©F many ratondily designed inmivions ot the enzyine. Currendy, a nuimber of such
ranonally-designed synthetic inhibitors ot the HIV protease are investigational drugs. Invirase 1s
the first NDA of what appears 10 he onc ot a series of HIV protease inhibitor drug applications
expected 10 be submutted to the FDA



Saquinavir, the subject of this NDA | 15 a non-hvdrolvzable pepude mimetic designed to serve as
surrogate substrate for HIV protease. 1t1s contrived 1o unnate the transiion-state CORfiguranion
adopted by the natural substrate amino acids at the scissile pepude bond that is subject 10 cleavage
by the viral enzyme. The protease 1s an unusual enzvme 1n that it does not carry out 1 single
reaction at a specific rate but has loose specificity and cvolved 10 recognize many different
sequences and cuts at as many as 10 to 12 different sues in a specific and orderly maoner. To
derive maximal inhibutory benefit, the sponsor optimized invirase to mimic the configuration
Deiwesn tiie aromatic Ao acids anu proime. namehy Piie Pro or Tyr-Pro, since three of the
cleavage sites on the polyproteir substrates have this structure (see Fig 13, Thus, the mechanism
based peptidomimetic invirase 1s designed 1o competitively inhubit the HIV protease activity with
the expectation of blocking the formation of functional viral proteins that are essential for the
tnfectivity of HIV.

In the microbiology portion of the review a peneral summary of the preclinical microbiology
studies 1s provided. The studies mclude (1) anti-protease acuivity and specificity of invirase
analyzed by using purified HIV-protease and rapresentanive mammalian proteases (2) antiviral
activiry 1n acute and chromic infections (3 antiviral activity tn combination with other anu-HIV
agents (4) drug-sensiuvity profiles tpheniotvpic and genotypic resistance) tn monotherapy and in

combination therapy with other anti-HIV agents. and (5) mechanism of action.
SUMMARY

Anti-protease activity of saquinavir: Recombinant proteases of HIV-1 and HIV-2 expressed in
Eschenchia coli were punified. The activity of the enzvmes and their 1nhibition by saquinavir was
determuned using a synthetic hepua-pepude substrate, succinyl. Val.Ser. Asn.Phe.Pro.lle.1so-
butylamidc as well as by using recombinant natural substrates: the gag polyproteins and the pol

polvproteins that have been expressed 1n a baculovirus expression system.

in the case of the synthetic substrate. the proteolviic cleavage products of the Phe.Pro bond
produces an N-terminal proline which when reacted wath 1saun forms a chromogenic product that
was quanufied spectrophotometricails  The concentrauon of saquinavir required to inhibit the
activity of the protease by 50% and 9% was determned. In this test svstem the 50% inhibitory
concenrations (.} for HIV.1 and HIV 2 proneases were 0.4 nM and - 0.8 nM. respectively.




The K, values tor HIV-1 and HIV-2 prowases were 0 21 M and < 0.1 oM respectively

In the case ot natural substrates. the proteolvic cleasage of the polvprotesns by purinied HIV. |
and HIV-2 proteases was diagnosed by the size shitt of p24 (cleaved from pS5 10 produce pl4)
on immunoblots detected by anubodies agairst p24 anugen. The anaivs:s suggests that saquinavir
inhibited the cleavage ef the polyprote:n substrates 1n a dos : dependent manner. These stdies
with peptides and proteins were performed under kinetically optimal (K, and K_,} conditions of
iow pH and high salt. invirase izhibited the prowoivie cleasage 10 a dose reiated manner and at
1 uM 1t completely blocked the processing ot the HIV -gag polyproten of both HIV-] and HIV-2
proteases. The polyprotein cleavag: assav 1s a quahitaiive assay.

The total length of HIV polyprotein precursors subject to processing by the viral protease 1s
approximately 1500 amiio acids. The protease enzvme recognizes about 10 10 12 different
sequences as processing sites on the polyproteins and cleaves the sites at djfferent rates (the rates
of cleavages for different sues vary up 10 400 10ld). In vuro cleavage siudies with synthetic
peptide and polvprotein subsirates were performed under kineuzally optimal conditions of low pH
and high salt which were not representanive of the physiotowical conditions 1n which the cleavages
and inhibmions occur in vivo.  Furthermaore «n the peptidolvie assav using the synthetc subsirate
only the mimimal length of 7 amino acid restues requrited tor cleavage by the proteases was used
and this suuation does not take into account the protein folding and domain structures of
polyproteins. However. the simplicity of the assav makes it useful for routine evatuation of
potenual protease inhibitcrs.  These enzvme intibinion studies do indicate the proor of principle
and the relanve inhibitory strengths of the test compounds. an important step in the drug
development process.

Specificity of saquinavir: Humans contin numerous proteases and they have been classified into
aspartyvl. serine. cvsterne and mewallo protcases with cach class contaiming multiple enzymes. HIV
proieast s an aspartyl proicase and shares siructucal and mechamstic pioperties with human
aspartvl proteases. In order 1of saquinas iz 10 be usclul in the chinic it should not only be active
against the viral protease but should ideaiis also show litile or no etfect on the cellular proteases
at concentrations which will be arained within patents ac the treated doses. An expectation of a
molecularly targeled and ranonally desiered therapeutic such as saquinavir is that such specific

agents do not ehicit side ettects such as ceilular ooy - at least not mechansstic toxecity.  The




sponsor tested the inhibiory effect of saqunaver on representating members of the 3 classes of

cellular proteases and the data are presented in Table |

Table 1. Selectivity infubition ot HIV protease by Saguinavir

PROTEASE CLASS ACTIVITY (nM)
HIV.} Protease Aparte I« D1 Ky =012
HIV.2 Prowcinase Asparuc IC,, < U.8, K1 < 0.1
Human Renin Asparuc ~ IC.. > 10.000 i
Human Pepsin Asparuc IC,, > 10,000
Human Gastricsin Asparuc IC,, > 10.000
Hvman Cathepsin D Aspartic ICy > 10.000
Human Cathepsin E Asparuc IC,, > 10.000
Human Leucocvie Elastase Scrine IC,, > 10.000
Bovine Chymotrvpsin Serine IC,, > 10.000
Bovine Cathepsin B l Cvsteane IC,, > 10.000
Human Svnovial Fibroblast l Metalto IC,, > 10.000
Collagenase _ | |

The data in Table | show that saquinavir at concentransons greater than 10 uM  was less than 50%
inhipiory 1o human asparuic proteases as well as serine, cvsieine. and metalio protease tested. The
high inhibitory concenration toward cellulas proteases which 1s greater than 10° fold 10 that of the
HIV' protease, indicates that saquinaver 13 a specitic iniuuttor of the HIV-1 protease. By
exirapolation of this limited daw the sponsor suggested that saquinavir may have low potential
0 adverse e1Ces. The €azvInes tosicd wa 10w lew 1o ufrive al such conclusion. However, it is

not 1easible 1o test the inhibitory activity ot saquinavir against all known human proteases.

Anuviral Actvity of Saquinovit  Jest nvsierts und assavs: In order 1o lend suppore and
perspective 1o the anhiviral acivaty protile of saquinas ir the sponsor examined the antiviral activity

G Saguandvat i g variens of kost celb vitus strain cotnbinanions. The host cell hines ested include



difterent lvmphocytic cell lines (JM. CEM . 1 7ANCEM. wup Tl C8166 AAZ. VB MT-4. MT-
2.). monocyte-macrophages and peripheral blood Ivmphacstes. The viruses used 1o intece the cell
lines clude faboratory-passaged lvmphotropic HIV strzins selected 'rom difterent geographic
locations; HIV-1q, . HIV-1o CHEV- L HINVG O HEV gy, HIVA G HIVEL O HIVAL,
HIV-1,,.4. clinical solates and drug resistant solates

End points: Standard assay me*10ds conventionally used in the determination of anuviral HIV
acuvities by drugs were employved in thowe studies cod thiey were essentially of two kiads: (1)
assays based on the yield of viral components in the culture medium: in this sysiem three viral
componenis were usually measured. virion associated KT activity (radioisotope incorporation
measurements), viral p24 (immune assay) and viral RNA (quanuwative PCR), and (2) assays
based on cell damage due to infection: generally two etfects on infected cells were measured,
syncyual cell formation in which adjacent cells tuse due 1o the action of virion gpl20 to form
giant cells and cytopathic effect (CPE) or cell death. CPE 1s generally determined by counting the
remaiming viable cells electronically or by measuring scicctive dye uptake such as trypan blue or
by measuring the metabolism of the cells using the MTT dve assav. The advantage of the MTT
assay 1s that it allows a paraliel assessment of the anuvrat and cvtotovac effects of test compounds

n virus intected celis and in parallel mock-intecied celis, respectively.

HIV RNA was quanufied by the method ot reverse transcription coupled to DNA polymerase
chain reaction (RT-PCR), developed by the Roche Molecular Sysiems. Based on its design, the
assay appears to be specific. sensitive and reproducible with a 4-3 log unit dynamic range for
RNA gquanufication. The lower detection limit of viral RNA by this assay 1s 200 copies/mi, which
corresponds to 100 HIV virions. The maior deficiency of the assay 1s that it measures the ghysical
amount ot a 142 base viral RNA out of approximately 9200 base long HIV RNA and does not
give a clue as tc s funcuionality or dvstunctionaluy  Furthermore, comparison of similar RNA
copy number changes as equivalent in response 10 reatment wath ditferent drugs classes that exert
antiv bl seaviy through ditferent modes ot action couia be misleading. For example. a similar
change in viral RNA in response 1o RT inhibutor drug therapy and protease inhibitor drug therapy
although tochemically similar. they tunctionaliv could be vastly difierent. The protease inhibitors
should have no effect on the production ot the vinion nselt or the packuging ot the viral RNA but
the virus praduced 1s non-tniectious. RT inhibitors on the other hand nhibit virus infection and

contequently the virus production Thus g simalar viral RNA copy number in the former case



represents an over esiimate o! the intect;ous virions bul 1n the GICr case 1t represents o frue
estmate. in spie of the draw hacks this RT-POR 1s curremily the most widely used and accepted

assay for quanutying HIV RNA

End-point measures: The concentrauons ot the test compound required (o reduce cach of the
virus-induced effects (such as p24. svncviia etc.) by 30% and 90% are referred to as 1C., and
IC, respectively. These values were determined graphically trom plots of mnhibion against
CONCERUanon ot the test compound.  Sicelarly, tie Lvtotoveny ul the test COMpOULUS Were
determined by pletung «ytotoxicity against concentration of the test drug. The values were
expressed as 1D, and 1D, (1.e.. concentrations of drug producing 50% and 90% cytotoxicity in
cell culture, respectively). Therapeutic index (T1) 1s a calculated vaiue which represents the ratio
of cytotoxicity, IDy, |, to antrviral activity, 1C,,.

The sponsor evaluated the 1n vigo antiviral activity ol saquinavir 1n acute IpfECION assay systems
it which the cells were infected and treated for a relatively short pertod of ume (about 3 days)
and 10 chronic infection assay svsiems in which viral intection was aiready weli established in the
cell culture betore wreaiment. allowing a ditterent appreciahion of saquinavir’'s ability 10 intervene
against ongoing intection  Results ot these twe purspectives of viral intection are presented
separateiy.

Anmviral acivary in acuie infection: The antviral actv iy of saquinavir was dependent on muluple
factors such as the host cell. virus sirain. the multipheity of infection. and the endpoint used. In
addition, ditferences between HiV sirains at the level of gene sequences coding for the viral
protease. the target of saquinavir, could lead to strain differences. To avoid these biases and lend
suppon and perspective 10 the antivizal acuvinies of saquinavir the sponsor cxamined the antiviral
activities in different host cell/virus strain combinations to approximate the balance of celis and
viruses an vivo.  The antiviral activities 10 acute intections using laboratory strains of HIV are
sunimdfized o iables 2105 Bach of tacse tables i ariunged to ierlect a single assay end poin
measured in different host cell/virus combinations  Accordingly, tables 2. 3. 4, and 5 show
antiviral activinies determined by svncvual assav. MTT dve assay, p24 assev and RT assay.

respectiveiy.



Table 2 shows the results ot syncytiai reduction assav i €M and IM cells intected with HIV- |
strains GB8 and MN. In this test system the multiphenty ot intection of (0.005 synevtium forming
units/cell was used and the syncyua were scored by light microscopy after 3 davs.. Half-log
dilutions of saquinavir in the rarge of 0.3-100 nM was used and percent inhibition of svncvuum

formation was calculated by reference to control untrcaicd cultures.

Tabiz 2. Anuviral activity agains: aoorawory HiV solates

|
Virus strain Cell host Antiviral acuvity (nM)
saquinawvir Standard
HIV-154s IM (1) IC,=3.i ZDV inactive at 1000
IC,,= 14
HiV-1gg, IM (2) ICy=2.3 ZDV inacuve at 1000
IC..=18
HIV- i, CEM ICu.=6.3 ZDV IC,=9.3
IC,. =25 IC,, =110
R82150 IC,, =3t
1€ =210
HIV-14.. 1 CEM IC.. =28 2DV 10, =62
ddC IC =240
HIV-1g,, Sup-TI 1C,,=2.0 nd.*
ICa. =060
HIV-1,,, M IC.=40 n.d.
IC,.=M2

*n.d. not determined in comparative studies with other antiviral agents
(1) and (2). dawa from separate experiments

The results in Table 2 shoa that the U, values were 1n the range of 2 10 6.3 nM and the IC,

values were in the range of 610 28 aM The antvaral activity ot saquinavir was greater than that



of the nucleoside anaiogues AZT and ddC and the nonnucleoside analogue R82130. AZT, as
expected, was nactive 1n JM lvmphoid cells which are thooght 1o lack phosphorvlating enzyme
for this precursor.

The antiviral activity o. ir as determuned by the MTT dve reduction assay s presented
in Table 3. In parallel experiments nucleoside anaiogues ZDV, ddC and ddi were used for a

comparative evaluation of the anuviral activity of saquinavir.

Table 3. Anuviral acuivity against iaboratory HIV solates

Virus strain Cell host Antiviral activity (nM)
saquinavir Standard
HIV-158 Sup-Ti IC,=7.0 ZDV  1C,=18
| 1C.=23 1Cy =160
HIV-iun MT-4 IC =28 ZDV IC,=13
ddC 1C, =310
HIV- 1, MT-4 IC, =37 ddi 1C.,=5300
IC. =78
1C,,= 10000
HW’EE : MT-1 IC.=6.0 DbV IC,=30
HIV -1 MT-4 IC,=14 ZDV ICy=0.5
dd! 1C,,=4800

The results in Table 3 show that the IC,, and IC,, tor saquinavir were in the range of 4.7 to 28
nM aad 7.8 ‘0 25 aM. respecinely  Compareony e.aluation of the data suggest that saguinavir
15 a better antiviral agent than the nucleoside analogues.

The anuvira! acuvity of saquinavir as measur=d by intshiion of p24 antigen production in culture

supernatant fluids 1s presenied in Table 3 Results ot anuviral activity of nucleoside analogues

Jetermined an paralle] experiments are also presented.
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Table 4. Anuvaral acuvity against laboratory HIV tiates

Virus strain Cell host Antvaral actnn D
SAYUITLIN 6T Standarg
HJV-}GBH CEM L fALY IC =53
ICo =15 ICq=3/
HIV-1g4, CEM iIC.. =15 /by 1Cp =25
W IC,. =120
HIV-154, CEM ICw=3.6 DV iCyp=5.3
Hlv-loﬂﬂ 174XCEM |C."| v ndn
ICo=0
Hlv'iou SUp-Tl ’C'-' B n,d.
It =39
HIV-15,, 8166 IC,. =36 n.d.
IC,.=4.2
HIV-I(}BB AA:Z IC..,-':ll n,d.
HIV-1,,. VB K.-:0 n.d.
Waer
HIV-1q AA2 1C, =0.9 Z DV ic,=2.>
HIV-lin CEM IC, - 18 ddt IC,, = 4200
IC, =11 1C.o = 1500
HIV-1,x: MT-2 ic, -1° n.d.
IC, =40
HIV-1,., MM IC, =20 DV IC,=10
IC, = 200 IC=60
HIV-1,: C8166 IC. =2 2oV IC =10
HC IC, = 200
HIV-2,.., C8166 10 =4 n.d.
HIV- 1, CBlén f 10, =03 ZDV IC,,= 100
HIV-1,,, MM ‘ IC, =14 zov IC=6
hie, =30 1Cpy =100
dal ICy=50
1C,, = 1000
M IC, =1

IC.=10




The results i Table 4 show that the 1€, and 1C,, tor saguinavir are i the range ot Lo 20 oM
and 0.3 10 200 nM respectivelv. The antiviral activaty ot saquinavar as measured by inhibwion

of p24 production 1s similar 1o that of ZDV but 1s more active than ddC and ddi.

Table 5 shows the antiviral actviy of sagunavir as measured by RT from cell culture
supernatants. i PBMC the sntivial sutiviiy v saquinavir and 2DV was similar woith iC,, value
of 7 and 4 nM, respectively. The IC,, ot ZDV n the case of monocyte/macrophage ceil line
OM-10.1 . however. was much higher (> 100 nM) than tor saquimavar.  The low inhibitory etfect
of ZDV is auributed to low levels or lack ot phosphorylating enzymes required for the anuviral
effect of ZDV.

Table 5.Antiviral activity determined by measuring viral RT

Virus strain Host cell T Anuviral Activity (nM)
Sagunavir Standard

HIV-] PBMC hie= - ZDV  IC, =4

HIV-1 OoM-10.1 I, =9 ZDV  IC,, = > 100

jn one study the sponsor assessed the antivird activity of saquinavir bv determining the infectious
virus vield in lymphocwviic cells, C8166. intected with HIV-1 4 The IC,, and 1C,, values by this
assav were |.7 and 6.4 nM. respectively Comparative anuviral acuvities using other antiviral

agents were not reported in this studvy

The anin 1 Ifect Of SaQUIEs 1 1l PRl LI vie MACTuphage ceils was compared win oiiter
antiviral compounds and the results are presented in Table 6. Monocvies isolated from freshly
prepared PBMC by adherence on gelatin<oawd cel! culture plates were infected with macrophage

tromc HIV-1 stra:n Ba-L and the viral pl3 athgen production was determined 9 days afer




infection. The antiviral activity data presented 1s an average o three different experiments,  For
each drug tested tor anuviral acuvity cell viainfity was determined in parailel by trypan blue
exclusion.

Table 6. Comparative activities against HiV-1,,, 1n monocyte-macrophages

| Drug nM l
. ICy ICa
Saquinavir 20 200
ZDV 2 60
ddl 120 890
ddC 0.3 3
Nevirapine 70 1610

The results in Table 6 show that saguinavir inhubis HIV replicanon i monocyte-macrophages but
15 less active than ZDV and ddC and some what better than dd!. The nonnucleoside analogue RT

inhibitor, neverapine, was less inhubitory than sagquinavir.

Antiviral activiny of saquinavir on climical 1solares: The sponsor determined the antviral activity
of chinical 1solates from patienis and also parred 1solates pre and post exposure to ZDV. The
aniviral activity of saquinavir as determined by the inhibstion of viral p24 antigen production in
the culture supernatant of cells ntected wath chimical HIV 1solates for infection is presented 1n
Table 7.



Table 7. Acuvity of saquinavir apainst HIV -1 climcal swolates

b
Virus Cell host ! Anuviral activity
Sagquinavir (nM) Standard (nM)
14a - Pre PBMC IC,=10 ZDV. ICy=10
. ICq=%0
| IC., =20 PYTRR P
ICq = 200U
14a - Pre PBMC IC,, =24 20V Kqstw
adl IC,, = 4000
14a - 4/87 PBMC lic,=359.1 2V 1c.en3
a4l IC =670
144 - 6/89 PBMC IC=6.2 OV 1cu=5T
dal IC =920
“Isolate B PBMC ICp= 10 ZDV  ICy,=100
“Isolate D~ PBMC ICa,=3.0 ZDV IC..=100

[4a-pre. 14a-4/87 and 142-6/89 are matched 1solates trom the same pattent at pretreaiment, 26
week of ireatment and long term ( > 26 weeks) ireatment with AZT. Isolate B and 1solate D are

HIV-1 isolates from  AZT-naive and AZT-experienced (ireated for 14 months) pauents,
respectively.

The resulis 1 Tabie 7 show that saquinavir was active against clinical isolates and the
concenation of the drug required to inhibit the acuvity was similar to the laboratory isolates of
HIV-1. The AZT resistant isolates are cqually sensinve 10 saquinavir as were the AZT-sensitive

1solates. 1ndicaung no cross-resistance between the RT inhibitors and the protease mhibitor,
saquinavir.

Antiviral actvity in chronicalhs infected cells; Saquinavir, unlike nucleoside analogues. 1s a direct
acung drug and therefore should be ettective inside all HIV producing cells regardiess of their
mewbolic status. The sponsor tested the ability of saquiravir for antiviral activity tn chronically
mtecied cells which consinutiveiv produce HIV 17om the proviral DNA. M cells chronically

intected wath HIV-T stram GBR were mived with urartected cells (ratio 1:100) and assaved for
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inhibition of syncytum formation by saquinavir. The mean 1C,, and IC,, wete 2.7 nM and 16
nM, respectively. In parallel experiments AZT was inactive and this was attributed to a lack of
thymidine kinase activity 1n JM cells.

HIV protease is involved in the processing of viral polyproteins and maturauon ot intectious virus.
The sponsor investigated the inhibitory abiluy of saquinavir m polyprotemn processing and
maturauon of infectious virus. CEM cells chromically intected with HIV-1 strain }i'B were
assaved for Uie cleavage proguct p24 from s polyprotin, p33. by immunobioiing and identifying
the p24 product by its antibodies and its size shift on the blot. Examination of the immunoblot
showed inhibition of p24 production at saquinavir concentrations as fow as 0.01 nM and it was
progressive awaiming barley deteciable levels a1 a saquiravir concenuvation of 0.3 nM and
undetectable at concentrations of 1 nM and above. In spite of the inhibition of the polyprotein
processing by saquinavir, budding of virions from the cell membranes 1s expected to continue.
Electron microscopy examination of the virions budding trom saquinavir igeated cultures showed
‘donut fike' immature virtons lacking characteristic dark inner core compotient found in mature
1nfectious virus. This obszrvation supports that saquinavir prevents the physical maturation of HIV
virions and 1s effective in chronic intecuons  Inhibstion of HIV marturation by saguinavir was also
demonstrated by electron microscopy in Ul monocyuc cell cultures which exiended the formation

of immature virions in £os: ceils ot s ditferent hineage.

The infecuivity of the HIV virions produced 1n the presence of saquinavir was determined by
utranon on CEM celis. At a saquinavir concentration ot 20 and 100 nM the infection titer was
reduced by 100 and 200 foid compared 1o the unueated control titer. These results confirm that
the immature vinions formed in the presence of saquinavir are either non-infectious or have very
tow infectivaty.

The combined results from bichemical experi™ . ns showing inhibiion of potyprotein processing,
inorphological evidence of the tormstion vi imniatuie vinons by eleciron microscopy and ing
biological evidence of loss of infectn ity in the presence saquinavir support the conclusion that
saquinavir 1s an anhibuor of HIV protease activiny  The inhibuor s effective in chronically

infected cells and. thus, 15 disunguishable trom nucleoside analogues.



Antiviral activity of saquinasir tn combinanon with other unn-11V agents: Treatment of HV
infections with single antiviral agents have been associated with development ot drug related
toxicities, relatively small decreases in virus load. emergence ot resistance and perhaps clinrcal
failure. The rationale for combination therapy 1s 10 provide greater viral suppression, decrease
toxicities by decreasing dose and himit the emergence ot drug resistance. This goal may be
achieved by combination of agents that emplov disunct modes of actien and having noa-
overlapping resistance profiles. Therefore. combination therapy with RT inhibitors and protease
inhibuers which exert antiviral activity through distinct modes of action on two difierent viral
targets and at two different stages of the virus replicauon cycle offer a sound rationale for

prolonged viral suppression and decrease in the emergence of resistance.

The sponsor investigated the combination effects of saquinavir with the nucleoside analogues,
AZT, ddC and ddl. The assay used was svncvual cell reduction 1n CEM cells infecied with HIV.-
1 stramn 111B and cytotoxicity was determired 1n umintected CEM cells by the MTT assay. The
combination effect was determined by 1soboiogram plots and combination indices.

Results of the drug combination studies suggest that the anuviral effect of saquipavir tn
combination with AZT. ddC. ddi or tar antagomst Ro 24-7429 was synergistic. In these
combinations there was no enhancement ot cviotoxicity in the concentration range of [-200 uM.
Triple combination of saquinavir + AZ7T +ddC was also svnergistic without enhanced cytotoxicity.
The drug combination studies were himited to a singie cel! line and a single endpoint. The
conclusion that the comtrnanions were sypergisuc drawn by this single cell system must be
interpreted with caution because the antiviral effects were based on a series of calculations and
extrapolations in this singie cell line

Cvrotoxiciry of saquinavir:  To distinguish the cviotoxic effect from the anuviral effect of
saquinavir the sponsor determined the cvievoxic concentration (1D} of saquinavir agaimst a variety
ol cell hnes o ndicate the speciticny v saguinaver ane calculate therapeunc index. The resuits

of these cviotoxicity studies are presented 1n Tables ¥ | and 8.2,



Table 8.1. Summary of saquinavir cytotoxiciy to human and other primate cell hines

Cell Line | Cell Type 1 Assav Parameter [:xposure | Inhibtuon
in davs
CEM-T4 T ‘ymphoblastond | MTT! 3 11 uM’
MTT: 6 (47.5% at 10 uM)*
MTT 6 (34.7% at 10 uM)®
MTT 4 (0% at 10 uM)”
CEM T tymphoblastoid { Viable cell count 6 10 uM’
H9 T Iymphoblastoid | Viable cell coum ) 39.4 uM’
M T lymphoblastoid | MTT 3 (0% ar 100 uM)~
U937 Promonocvtic MTT 3 43 uM’
PBMC Primary cell ‘H-thymidine uptahe | 1 31.6 uM’
culture
8166 T lymphoblastoid | MTT 3 93 uM’
3166 T lymphoblasiod | MTT K} 50 uM’

+Inhibinion at the highest concenwranen used given in parenthesis

* mivmum inhibitory Concentration tor 9% colonv reduction

I-4. Separaie experiments




Table 8.2.

Human and other primate cell hnes

Cell Line | Cell Type Assav Parameter | Exposure | Inhibition
1 davs
MT4 T lymphoblastoid MTT 6 (3% at 10 uM!”
MTT 6 (0% at 10 uM)+ |
AA2 B |ymphoblastowd MTT 3 (0%at 10 uM)”
Yela Cervical epitheha! Colony Formation | 7 (MIC,, 37 uM)
HEL Embryonic lung Colony Formation | 7 (MIC,, 73 uM)
HL-60 Proimyelocyltic 'H-thyvmidine | 34.8 uM’
leukaemia-derived uptake
SK-N-SH | Neuroblastoma Colony tormaunon | 7 MIC,, 19 uM)
l Vero African Green Monkey | Viabie cell count | 3 17.7 uM’
Kidney cell line

" 50% cvtotoxic dose (TDy,)

- Inhibinon at highest concentration used given in parerthesis

- - Mimimum inhibitory concentration for 90% colony reduction

1

Table 9 shows a summary of saguinas r cviotoxicny 1n cell hines chronically infected with RIV.

In 2l OF thisse ASEAYE CYLOIONICIY was ueterrined by coumang tiz viatle celis either by the MTT

1.2 = separate experiments

assas or by the trypan blue exclusion method




Table 9. summary of cytotoxicity mn cell lines chronially itected with HIV

Host ccll/vnru.;. strain combination Exposure | Inhibinon

CEM cells/HIV-i 3 LT gt 10 WM -
CEM cells/HIV- 14y 2 : 49% at 10 uM)+
CEM cellsiHIV- 1y, 3 iul'T U 10 WM+
IM cells/HIV-1,, 3 0 o3 uM*

HO celis / HIV-2p0,
U937 celis/HIV. |
U937 cells/HIV- |
U937 cells/HIV- )
1 U937 celis/HIV-]

J

6.3% at 10 uM)+

(0% at | uM)+

% at ! ubly+

0% ot} uMy+ -

AV 2N RA VY R RV VY

t20% at 1 uM)+

* 50% cvtotoxic dose (TD,,)

+ Percent inhibition at highest concentration used gnven tn parenthesis

The combined results in Tables 8.1, 8.2 and 9 shiow that cviotoxicity of saquinavir was observed
only at micromolar concentrations while the previousiy described daa show that the antiviral
acuvity was evident at nanomolar concentrations. Comparison of annviral activines (Table 2-5
and cytotoxicities (Tables 8.1. 8.2 and 9) show that although there 1s some varjation depending
upon the host cell system used. there 15 an overall differential of at least 3 orders of magnitude
beiween antiviral and cytotoxic effects. This tavorabis therapeutic index is presumed (o translate
into weak adverse effects, it any, in treated patients

DRUG RESISTANCE: Ths ratc of emergence of resistance depends on several factors which
inciude the s2te of mutation per ruund of virus replication. the number of repiications per unit time
and the advamtage or disadvanage o! the mulanen ior the virus. The replication of HIV s
remarkably naccurate by virtue of 1t being an RNA wvirus, because of the greater infidelity of

DNA synthests mediated by the viral RT and by lack oi associated proof-reading exonuclease
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acuvity that is generally found 1n DNA polvimerases. The hugher rates of replicaton eerors (107
m HIV result in the produc on ot progeny vinions, o which the genomic RNA ot cach s
molecularly ditferent trom each other. Combimation ot this 1sheremt vanability and profonged
treatment with antiviral agents {which are virustatic rather than virucidal and theretore incomplete
suppressor of virus replication) results in the emergence and selection of HIV with reduced
susceptibility to ani-H!V agents. The prediction of the emergence of resistance o anti-HIV drug
has been borne out by experience with the use 0f amy of the chmically available ants-HIV drugs,
“he Tinite therapeutic etiectiveness o1 the ant-HIV giugs tus been atinibeied o the smaigence o
resistance 1n HIV against these drugs.

Early 1n viro experiments with anu-HIV drugs have been predictive of the potential for the
emergence of resistance in HIV 1o the test drug. To expiore the possible emergence of in vitro
resistance to saquinavir, the sponsor auempicd 10 select for saquinavir resisiant vanants and
characterize them for decrease in the saguinavir suscepubility (phenotypic resistance) and the
genetic basis of the decrease in saquinavir sensitvity (genotypic resistance ). The resistance
analysis has been extended to 1n vivo studies using patients samples to determine the extent and
naiure of the chmcal resistance. Both in viro and 1n vivo resistance studies submatied by the

sponsor are reviewed uncer separate subheadings below

Phenoiypic resistance: The sponsor invesugated the potennal for loss suscepuibility in HIV 1o
saquinavir by serial passage of the virus 1n the presence of increasing concentrations of saquinavir.
In paralle!, as controls, the nucleoside analogue AZT and the nonnuclcoside analogue R82150.
were included for comparison. HIV from the serial passages was then titrated for test drug
susceptibihity.

The host cell/virus strain/endpoint assay svstem used 1or selecung virus with reduced sensitivity
to saquinavir was CEM/HIV. 1, svacvtium assav or p2d antigen determination. In all instances
< >IAMICANL INCIEASE 1N Lie COLCENUANION 1 the compounds 1eguired ful indINOR G sVRCYLIUIN
tormation was tound aiter 7-9 passages  Table 10 shows the loss of sensiivity profile of passage
H virus and lack of cross resistance by the comparator compounds. The drug concentration unit
in these studies 15 nM.
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Table 10. Lack ol cross-resistance hetween saguinavie. ZDV and R¥2150) using 1n viro-passaged

HIV-1,, 1solate selected agaimst these agents

Relanuve Resistance generated 1o

Sensiuvity Saquinavir DV R82150
(C.RMWT lIC, ICLRWT DIC, RWT [ IC,RANT | IC, RAW:

R/WT

saquinavir 82 39 0.65 1.0 1.2 0.6

R82150 1.2 0.4 0.9 0.3 470 53

ZDV 1.1 2.2 65 175 0.2 18

ddC 0.6 1.0 0.75 0.7 1.5 L

iICouR/WT = Rauo of resisiant/wild type 1C,
ICAR/WT = Ratio of resistant/wiid tvpe iC,,

The results in the Table 10 show that there was a signiticant increase in the concentration of the
test drugs required to atain a similar percent of inhibition. In the case of saquinavir there was
an 82 and 39 told increase in the IC,, and IC_, concentraiions. respecuvely. The ICy and IC,, for
the parental virus was 7 and 16 nM. respectively. The results also show that resistance developed
lo each of the test drug independently and there was no cross-resistance among the three test
drugs. Analysis for growth kinetics and durabiluy of resistance indicated that the growth kinetics
of saquInavir resistant virus was compatable (o the parental virus and the resistance appeared to
be swble in the absence o! the drug, suggesting alierations in the protease have no 2ffect on the
replication of the virus. The result 15 consistent wath the observation of the remarkable ability
of HIV protease 10 mutate and vet preserse tunthion

The sponsor claims hat the emergence o resistance 1o saquinavir was slower and of a lower
depree than wath the representauve RT inhimitors tested. The extrapolation to other drugs often
Is not appropriate since the antraceliular levels of activation enzymes and half-lhves of 5'-

phosphorviated derivatives are naot known  The refanve case or time taken to achieve the in vitro




selection of resistant variants canna be used s o mesure of the oo siuabon. However, these

data may be useful in predicting the hikel:hood ot HIV.§ drug resistance in the chinic.

Genotypic resistance: Prior experience with nucleoside and non-nucleoside analogue inhibitors
of HIV-RT showed that the moulecular basts oot tn viro resistance was due 10 mMissense mulations
in the RT coding sequences and this muwition paitern 10 a larpe extent 1s predictive of the mutaton
pavern observed in the patients duning treatment. The sponsor investigated the genetic basis for
In vitc resistance 01 the protease 1nnb:tor, sgquinavir. winch may uso be predicute 0! invivo
resistance to the drug.

HIV vaniants with reduced suscepubility 1o saquinavir were selected by repeated passage of the
parental virus in CEM cells in the presence of increasing concentrations of the inhibitor. The
proviral DNA corresponding to the proiease in CEM cells was sequenced and compared to the
sequence of the parentai virus. Sequencing results showed that two amine acid substitutions 1n
the protease codons of the resistant virus: a glveine o valine exchange at position 48 and a leucine
to methionine exchange at position %) The Giv 48 Vai mutanon has emerged singly or together
with Leu 90 Met in saquinavir resistant protease seyuences der.ved from laboratory passaged
HIV 1. RIV-] v @and HIV- 10 The independent resistance discovered 1n several strains
of HIV-1 implv an yimponant role for Gal 4% \al and Lew 90 Met mutations in reducing sensitivity
10 saquinavir. On some occasions during the in viro passcge two other mutations at Ala 71 Thr
and lle 84 Val have occurred and the sipniticance of these Mutanons is unknown.

The biological significance of the amino acid changes at position 48 and 90 was confirmed by
construction of recombinant viruses contuning the subsututions at these positions and subscquent
tesung o! their susceptibilities 10 saquinavir  Table |1 shows the sensitivity of HIV-1 HXB2 wild
tvpe virus and recombinant virus conIning protease mutations to saquinavir. The results indicate
that the recombinant mutant viruses contuiming single mutations at positions 48 showed an 8-fold
and fnat at 50 snowed a 3.<-106d respviunce e xagquiaavy wih concomstant crease n the iC,,
values. Recombinant mutant viruses contining both the mutations, however, showed a 20-fold
decrease in saquinavir susceptiilay - Growth Kineucs of these resistant viruses were comparable

10 the parzntal viruses and the resislant genotvpe was stable in the absence of the inhibitor.



Table 11, Sensitvity of HIV-1 HXB2 wild-tvpe virus and proteinise mutants (o saquinavie

Virus Host Cells ... IC,."
HXB2 ., MT-2 1.7 nM 8.9 nM
PBMC 6.0 nM n.d.
HXB2 G435V MT-2 13.5 nh! | 26.0 1
HXB2 L9OM MT-2 5.7 nM L 15.1 nM
HXB2 G48V +L90M | PBMC 120 nM n.c.

*1C,,. ICy: 50%. 90% 1nhibitory concentrations of saquinavir

n.¢.: not determined

The evo'ution of resistance 10 saquinavir initially seems to involve a selection of rare, or perhaps
pre-exisung wild-type genotvpe. Sequencing of intermediate passaged HIV-1,,, virus showed

mutations a: posiions 36. 57 and 63 (Table 12). suggerung other amino acid contr:hunions n

early steps of progressive changes in the developracnt of resistance.

Table 17. Genotvpe of selected HIV-1, .. variants and sensitivity of saquinavir
A L1 A

Passape number Amirc acid idennty at posuions: ICw (NM)
3 48 57 63 90

0 Mi |6 Ikm v L 35

7 R R v L 34

8 | N \ L 360

1 v \ MO 700




The importance of the changes at 36. 37 and 63 m carly passages tor the sclection nt HIV-1,...
remains unclear since the 1C., value s shyhtly hgher than that of the parental virus. s
conceivable that residues at these positions could compensate tor detrimenial etfects ol the

position 48 and 90 mutations on the protzase activity and fitness of the virus.

Viruses containing the double mutations at posiions 38 and 90 are capable of growing in the
concanttaton range of 1000-1500 rM. uzh concentzauons at the proposed dese ot saguinavie
(600 mg TID) are not anainable in the plasma. supgests loss ot anuviral efficacy when these
mutations occur in the clinic. The data also supgests that it 1s not necessary for the virus 10
undergo both mutations to be able to rephicate in the tredted patients at the preposed dose and
therefore 15 less likely to develop and retain both mutauions ¢ ader conditions of the current dose
regimen. This prediction ts consisient with the sponsors ohservations that in climical samples only
3 out of the 38 mutant viruses contain the double muwation. A single. mutauion at either site
(amino acid positions 48 or 90) should be sufficient to bypass the inhibitory effect of saquinavir

as the average concentration under the dosage condinons 1s 3 times over the IC,, value.

Clinical Resistance: In a subset ot HIV pauents treated with saquinavir the sponsor tested the
virus both for reduced HIV suscepubihiny tpherotvpic resistance) to saquinavir and the geneuc
basis for the reduced susceptibihty (genotypic resistance). The phenotypic and genotypic resistance
analysis was not always done with matched vitus samples. The sponsor’s assumed definition for
phenotypic change was a 10-fold or greater relauve increase in IC,, with respect to individual
patient’s baseline value. A penotypic change was defined by either the G48V or L9OM mutation
or both In the protease gene The protease gene sequenced for defining the resistance mutations
was the integrated proviral DNA extracted trom the pavents PBMC. The samples were collected
hetween 16-73 weeks of therapy (median observation period of anproximately 1 year® and the
ressstance daw 1s summarized in Table 13 tn different chimical trials a total of 39 patient samples
were analyzeg tor phenotypic changes and 83 satnpies 101 RENOLYpIC changes. The developmem

ot resistance 1n monotherapy and combination therapy arc presented in table 13.




Table 13. Frequency of genotypic and phenotypic changes in sclected patients treated with

saqunavir.
Treatmerit Phenotvpic change  t Genotvpic change
Monotherapy 5/11 135 %) 15/33 (45%}
i Combinatien therapy™ | i1 29 38T V1682 2T

*include both double (saquinavir + AZT) and triple combination (saguinavir + AZT +ddC)

The resistance data of this submission should be interpreted with caution since the sponsor’s
assessment of decrease in HIV suscepubibty and s geneuc basis suffers from muluple
deficiencies. For example. the pharmacokinenc results indicate that the average plasma
concentration of saquinavir was 3 fold the IC,, value evenf all of the 98 % protein bound drug
is available for antiviral activity and yet 1n the determination ot phenotypic resistance the sponsor
chose an arbitrarily high (10-1old the 1C.. value) threshold concentration of saquinavir to be
scored as possuve 1n the assay. In the analvsis tor the genelic basis tor the resistance, protease
gene from the integrated proviral DNA o PBMC was used. [t 1s recogmzed that genotvpic
changes occur in the viral RNA earlier than in the PBMC DNA dut o low penetrance o viral
DNA into PBMC.

Cross-resistance: For effecuve anu-HIV therapy, combinauon of agents that employ distinct
modes of acuon and having non-overlapping resistance orofiles offer greater therapeutic advantage
over single agents or single target site therapies. The proposed combination of RT inhibitors and
protease 1nhibitor which mediate anuviral activity through two independent mechanisms on (wo
different viral targets at two difterent stages ol the virus replication cycle showed prolonged
annviral <uppression than monotheraps wath saquiravir  Hisvever, resisance 1S “utl hlelv w
develop. alb=it slowiy. and if the resistance pronile is non-overlapping then that could translate
into prolonged anu-HIV acuvity and detaved discase progression. As anucipated in vitro
combination studies indicate no cross-resistance between the protease inhabitor saquinavir and RT

inhibitors 1n either direction because ot the ditierent targets involved.



Manv protease inhibitors are currentiy undergomnye chimcal tnals and several ol them mav be
available for clinical use i1n the near tuture. Theoretical considerations predict cross-resistance
among peptidomimetic inhibitors of HIV protease  lor appropriate future combinauon chimcal
use. it is of interest 1o determine it the saquINavir-resiStant vanants AlSo express Cross-resistance
t0 other experimental protease triuibuors. Published hterature indicates that comparison of mutamt
profiles with other experimental protease nhibitors prompied a ditferent pattern of mutations that
are atrequently expressed 1n panent tredwed wuh sagrinavir. However, resisiance mutahon
profiles expressed with experimental protease tnhibitors such as Merck’s inhibitor, ndinavir,
showed different degree of cross-resistance 1o other protease tnhibiors. Cross-resistance studies
among protease inhibitors are in the early stages of exploration and as these studies mature in the
future, proper scientific and treatment decisions could be made. Cross-resistance studie; are also
complicated by the inw plasma concentrations of saquinavir which may elicit a different set of
resistant mutation proiiles than under condions ot high plasma concentration with potenniat
differences in cross-resistance. The general conclusion from the rapidly changing cross-resistance
patrerns 1s that cross-resistance exisis among the protease inhibitors. alben to different degree,

and mav not support combinanon use 01 these drugs.

MECHANISM OF ACTION: An essenual siep in HIV life cvcle involves the specific cleavage
of wiral structural polvprotein precursor gag (p55'**) and enzyme polyprotein precursor gag-pol
(p106™>*) into their marure funcnioral forms. The specific cleavages in the naive non-intectious
virions are carried out by the HIV encoded protease resulung 1n the fermauon of mature infectious
HIV'. Based on the structure and mechamism of action. the HIV protease has been classified as
a member ot the aspartyl protease tamilv of enzvmes and s related to cellular aspartic proteases.
However. the cellular proteases cannot subsutute for HIV protease function. This indispensable
role of the HIV protease for the production ot infectious virus was demonstrated by genetic and
pochemical experiments.  Genetic expernnent vy sue-dwected mutauons tvolving the acuve site
amino acids of the protease resulted n the productior of noninfectious virus. Similarly,
complementary geneuc studies mvolving mutations in the cognate cleavage site am:no acids on
the gag and gac-pol substrates also resulted in the production of non-infectious HIV. The protease
cleaves al least @ distinct sies on the eae and vag-pol protemns and the processing sites are

diagrammancally shownin the Freore |
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Figure }- HIV prowease cleavage SWES on gag and gag-pol pn\yprmcms
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Saquinavir 1s a rauonally designed non-hvdrolyzable peptidonmimetic inhibior ot the HiV protease.
The subsirate based selection of the inhibitor 1s tazilitated by i wealth of data on the protcase
crystal structure of both nauve enzyme and enzvme inhibior complexes and extensive brochemical
data detailing catalyuc mechanism of protease acnon. To obin low K, vatue and derive maximum
inhibitory benefit the sponsor optimized saguinavir to mimic the configurauon between the
aromatic acids and proline namely Phe/Tvr-pro cleavage site. because three of the processing

sites at 1,6 and 7 (see Fig.1) on the polyprotein substrates have this structure.

Saquinavir has been reported to competitvely mhibit HIV tvpe 1 and tvpe 2 protease. The kinetic
assays were performed using purified recombinant protease expressed in bacteria. The pepuide
substrate was synthetic and natural polyprotein substrates were expressed in a bacuiovirus
expression system. The sponsor's data on the anuviral activity of saquinavir by biochemical
evidence snowing inhibition of polyprotein processing. morphological evidence 1ndicating the
production of immature virions by electron microscopy and the biological gvidence showing lack
of infecuvity of the morphologically immature virions are consistent with the proposed
mechanism of action of saquinavir as an inhibutor of HIV protease activity.

CONCLUSIONS:

HIV proiease s an indispensable virus-coded enzyme required to proteolytically cleave the long
polyprotein precursors of the HIV gag and po! gene products. The cleavage of the polyprotein
precursors in the budding HIV virions results 1n the ganstormation of the immature non-infectious
HIV into mawure infectious HIV. Thus. the protease function 15 a late stage function in the virus
teplicatirn cycle and constitutes “an extracellular”™ event. The sponsor presented data which
indicates that saquinavir inhibis HIV protease and as a consequence blocks the sequence of events
siarting with the 1nhibition of cleavage of polvproteins and ending with the packaging of immature
non-infectivus Vintons whicii are usable w imittgte new rounds of mdection. Sume of the dala mat
saquinavir inhibis HIV protease leading 10 improper assembly of the HIV virions include: (1)
biochemical evidence by immunoblot analvsis which show that the virion polyproteins fail to be
processed into their funcuonal proteins in the presence ol saquinaver, (1) morphological evidence
by electron mucroscopy which indicates that the virions formed in the presence of saquinavir are

immature. (37 biological evidence which showed lack of intectivity of the morphologically
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Immature Virions by utration ot the virions tor infectn iy and (41 evidence frrom anti-HIV data
generated by utration tor multspie endpoints which shos that saquinavir inhibis viras production
in different cell types infected with a vaniety ot HIV sanants. Al ot the experimenial evidence
is consistent with the proposed mechanism ot action that saquinavir is an inhibier ot HIV protease
activity and as a consequence produces ron-niechious HiV that 1s unable 10 imtiaie new rounds

of infection.

Some of the antiviral activity measures ased tter from pittalis. The funcuion 6f 11V prowase
is to ensure the correct processing of viral struciural proteins and enzymes (and not the production
of the virus tself). The processed proteins in association with the viral genomic RNA organize
into mature infectious HIV. Quanufication ot the viral structural protein p24 by immunoassay and
the viral RNA by PCR do not distinguish beiween the naive immature nonintectious virions
generated as a consequence of saquinavir ireatment 1rom the matute nfectious virions tormed in
the absence of the inkibitor. (In the p24 immunoassay the p24 anubodies used vecognize the
epitopes both on 1ts precursor polyprotein. p33 1n nONIRIECHIOUS VITUS, and the product p24 1n the
infectious virus and does not distingussh between the rwo torms). Similarly, quantificanon ot viral
RNA by PCR fails to disunguish the RNA of ihie intectious virus trom the nomintectious virus.
However. the combimnation anti-HIV data Jerned 1rom muluple methods of analysis support the

anuviral acuvity of  saquiravir

The proposed dose of saguinavir 15 suboptimal tor sustuned anu-HIV acuvity. In vitro antiviral
activity data derived from a varietv of host cells-virus stran combination studies including primary
celis infected with chnical sulates of HIV . snow that the average [Cy, and 1C,, concentrations of
saquiravir 1s 20 and 100 nM. respectinels  Chin:cal Pharmacokineuc studies tncicate that at steady
state the plasma concentration of saguinar:: is approvimately 80 ng/ml or 61 nM. Of this 98%
of the drug 1s protein bound and theretore the tree concentraton of 2% corresponds 10 1.6 ng/ml.
This low plasma concentration is insulticien: to completelv block HIV mawration. Extrapolation
of tite PR dats 10 the anu-HI% cCOva surgeses 10w sevels 00 1nhidition and is Lonsistent wiln ne
poor efficacy of saquinavis (N MONOLhCIIPy %l improved etficacy in combination with nucleoside

analogues.

Saquinavir 15 an incomplete inhihitor o1 HIN provease. The viral protease 15 a highly flexible

molecule with an ability 10 recopemize <unt me distingt peplide sequences and cleaves at as many




as 12 different sues in a specitic and orderlv. manner  Although saquinavir by design was
optimized 10 intertere with a minorsty of three “shared subsirate processing sies”™ tor the protease,
1t was not designed to anterfere with the majority of approvumately mine “unshared substrate
processing sites” of the protease. However. such incomplete inhibitors could sull be tunctionally
effecuve by completely blocking a single processing sie on the poivprotetn substrates and thus
prevent the production of one or two essential componenis of  the tull complement of the enzymes

and/or structural proteins required tor the retenuion of viral infectvity.

Saquinavir offers muluple benefils over nucleoside analogues. Unlike the nucleoside analogue
prodrugs which tequire prior inetabolic activation by the host cell enzvmes, the protease inhibitor,
saquinavir. s a direct acting drug and theretore. should be active in ali cell populations regardiess
of the metabolic state of the host cells. Conststent with this fact it was observed that saquinavir
was active 1n muoucally acuve cells such as lvmphoid celis. cells deficient 1n nucleotide
inetabolizing enzymes like JM cells and terminally differennated cells like monocyie-
macrophages. Saquinavir as an inhibitor of protease activity also blocks virus production in
chronic and acute infections unhke nucleoside analogues whose activity is limited to acute
intection. Saquinavir as a ratonally designed drug 1s specitic o the protease and theretore is less
fikely 10 ehcit toxicities, at least not on mechamisne crounds. Mechanmistic toxictty of  nucleoside
analogues to cellular DNA polvmerases and conseauenual side eftects in treated individuals are
well recogmzed. Therefore. under pharmacokinencally balanced dose conditions. monotherapy
with saquinavir should provide greater viral suppression and consequenuial benefits than
monotherapy with nucieoside anatogues

Combination therapy with saquinavir and RT inhibstors should be additive to synergistic. The
ranonale for combination therapy with anu-HIV apents 1s 1o enhance viral suppression, decrease
toxicies and himit the emergence of drug resistance  Combination of an RT inhibitor like AZT
which-is etfective i the iminal stages of HIN intecnion inside the infecied cells and the protease
nhioiors line saquinavir which s ettectse 1nihe wernunal siages of vital production outside the
intecied cells. should. in addinon 10 being addibive 10 svnergisuic, also be effective in different cell
populauions. The cohanced and more sustained viral suppression and slower emergence of
resistance reported 1nin vitro and 10 an vivo dawa using this combination is conststent with two
antiviral agents which exert antiviral actinaty through 1wo independent mechanisms on (wo

ditterent viral wargets at two ditierent stages o the virus replication and thus fulfil! some of the



expectations of combination therapy. Triple drug combinations parucularly those invoiving
mutation suppressing agents (AZT+3TC combinaton) with protease inhibitor may provide
additional benefit by further delaying resistance. Furthermore . in mutuple drug combinations HIV
may be constrained from developing combinatior of mutatiens required tor muludrug resistance
although there appears 10 be no “genetic barrier™ 1or multidrug resistance in HIV.

in virro saquinavir resistance 1S correlated with resistance 1n the chinic.  Muluple studies with RT
Inhools, dand accumulatng duta tiom experinental proease ahidizors including saguinavir
indicate that phenotypic and genotypic resistance develops in vitro against each of these drugs.
The in vitro mutation partern engendering resistance was also refiected in the HIV recovered trom
the clinical samples of weated pauents. The early in vitro resistance studies, therefore. have been
predictive of the likelihood of HIV resistance 1n the chinic and thus greatly help in the drug
development decisions of experimental IV therapies. Aralysis tor the molecular basis of
saquinavir resistance of both in virro and 1n vive derived HIV isolates showed that the mutations
ehicited i the protease gen: w ere the same and that involved amino acid positions 48, 90 or both.
The number and types of amino acid changes in the HEV protease appear to be those that will
generate (ust sufficient level of resistance 10 bypass the drug pressure. In the case of saquinavir
the average plasma concentration n pauems 1s about d-told over the {C,, value and the
predominant amino acid change detecied was Leu 9 Met, which extends about a 4-fcld loss of
drug susceptibility which 1s enough to bypass the drug pressure. In a minority of patents the Gly
48 Val mutation which extends about &-tuld loss ol susceptbiiny occurred and the double
substiteiton which extends 20-fold resistance occurred rarely (in 2 out of 85 patients). The
mutations panern observed in saquinavir treated panients 1s consistent with the hypothesis that the
magmitude of decrease in susceptibility depends on the concentration of the inhibitor available in
the virion environment and the virus undergoes those changes sufficient 10 bypass the existing drug

concentranon.

Cunial resisiance 1s progressine with higher iev2ls o1 1esiswace associated witly greater numibe)
of mutations. Published reports show that the 99 amino acid pepude of HIV protease can
substitute as many as 20 arino acids resulting  n > 1000-told reduction in drug suscepuibility.
The amne acid changes result in reduced athinuy to the inhibitor. In spite of extensive changes
in the pepuide the enzyme continues 1o preserve 1s tunction. Available daw from investigational

picicase nhibitors and saquinavir indicate that resistance expression resulted by multiple co-
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€Xpression of substitutions at severai profease sies and greater degrer of resistance appeared to
be co-related with the co-expression o greater number af amine acid substinunons. Thus, the HIV
protease endowed with the remarkable abihity o mutate rapidly without loss of Protease actn i
appears 10 be a faster moving target for atack with protease 1nhibitor monotherapy. ombination
therapy, particularly those involving different molecular argets on the virus. tor reasons stated
earlier may be a more appropriate approach (o attain a more sustaned viral suppression angd slower

emergence of resistance. although no “genetic barrier™ appears 1o exist for multidrug resistance.

Muludrug oeatment approach with combinanon use ot protease inhibitors 1s premature. Most of
the current experimental drugs that target the HIV protease are substrate-based. non-hvdrolvzable
infubitors that ininally target the wiid type protease. These inhibitors are sefected far thesr ability
to bind nghtly and inhibit the protease acvity. The sirength of binding 1s determined by therr
low K, value. Mutaung any of the amino acid residues that modify substraie binding pockets alters
the favorable interaction berween the enzyme and inhibitor and the K, for the "class’ of inhibitors
increases. The magnitude of increase in the K, could be dramatic and depends on the concentranon
of the mhibior availubie in the virion environment. Cross-resistance among subs:rate-based non-
hvdrolvzabie inhibitors is Likelv and consistent with this prediction are the recent reports in the
Iterawure which indicate varving deprees ot cross-resistance among protease inhibiors.  For
example. complete cross-resisiance between Crixivan” and Ritonavir', in both directions. and
variable degrees of resistance with other inhibuiors have been reported. To date at least 20
ditferent amino acid substitutions.an the 99 amino acid prolease have been reported and artesis 10
ihe remarkable abihty and flextbihity of the enzyme to mutate and vet preserve s function.
Therefore. caunion 1s suggesied tor muldrug yeaiment approach with combination use of
protease inhibitors.

Phase 4 considerations:

I Please reduce the curent thieshuid of 10-10ld 1w Juss of saguinavir suscepitbiity for
posit:ve scoring as phenoivpic resistance Chinical Pharmacokinetic swdies indicate that
at steady state the plasma concentration of saquinavir s approximately 80 ng/ml or 61 nM.
()1 this 98% of the drug 15 p oicin bound and theretore, the free concentration of 2%
corresponds to 1.6 ng'ml The plasma saquinavir concentrauion corresponds to < S-fold

the 1€, value even it we assume that all ot the proiein-bound  drug 15 available for




antiviral actuvity. Thus. under the current dosing condinons the arbitrary 14)-told cut ot

tor phenotypic resistance is 100 high a concentration Jor scorng mn the assay.

2 Please use circulating viral RNA ror determination ot ihe molecular basis of genotypic
resistance by sequencing the entire protease coding domain.  In the NDA submission.
genotypic changes were scored by wequencing the protease gene 1n patients PBMC.
Evidence in the Interature indicates that genotypic changes occur in the viral RNA earlier
wman in die PBMC dus to low percrance of e Hidy vanans 0o tie PBMC. Therciore,
sequencing of the protease codons in the viral RNA rather than in the proviral DNA 1s
appropriate for determiming genotypic res:stance.

RECOMMENDATIONS: The microbiology portion of the draft label as currently written is
acceptable. With respect to microbiology the NDA s approved.
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CLINICAL PHARMACOLOGY: Mechamsm of Action BN naeteane clraver, viral pOlyproteIn precursors
10 generate functional protens in HIV-ilected ¢ eli, The cleavage of vital polyprolen precursors 1s
essenhial for maturalion of inlechous virus Saqenavi ‘hesylate, hencetorth retetred 10 as saquinavir,
Is 3 synthetic peplide-like substrate analogue that mhitits the activity of HIV piotease and prevents
the cleavage of virai polyproteins

Microbiology: Antiviral Activity In Vitro The in vilro antiviral activity ol saquinavir was assessed in
lymphoblastoid and monocytic cell ines and n penipheral blood lymphocytes. Saquinavir inhibited
HIV 2¢tivity in both aoitely and chronicatte infericn rotin ICR0 values (807, Loy congenization)
were 1n the range of 1 1o 30 nM. In celi cullure saquinavir demonstrated additive to synergistic
effects against HIV in double and triple combinalion regimens with reverse transcriptase inhibitors
Zidovuding (ZDV), zalcitabine (ddC) and didanosine (ddl), without enhanced cytotoxicity,

Resistance: HIV isolates witn reduced susceptibiity 10 saquinavir have been selected in vitro.
Genotypic analyses of these isolates showed Substitution mutations in the HIV protease at amino
acid positions 48 (Glycine to Valine) and 90 (Leucine to Meth:onine).

Phenotypic and genotypic changes in HIV 1solates trom patients treated with saquinavir were also
monitored in Phase 1/2 chinical trials. Phenotypic changes were defined as a tenfold decrease in sen-
sitivity from basel ie. Two viral protease mutations (L90M and/or G48V-the former predominating)
were fcund in virus from treated, but not untreated, patients. The incidence across studies of pheno-
typic and genotypic changes in the sudsals of patients studied for a period of 16 to 74 weeks {medi-
an observation time approximately i vear) 1s shownn Table 1 However the clinical relevance of
phenotypic and genotypic changes associated with saqinnavir therapy has nol been established.

Table 1. Frzquency of Genotypic and Phenotypic Changes in Selected Patients
Treated with Saguinavir

Cenotypic® Phenatypic!
Monotherapy . 15/33 {45%) /11 (45%)
Combination Therapy 16/52 (31%) 11/29 (38%)

" Double mutation {G48V and LIOM) has occurred in 2 of 33 patients receiving monotherapy.
' For some patients genotymc and phenotypic changes were unrelated.

Cross-resistance to Other Anuretrovirals The potential tor HIV cross-resistance between protease
inhibitors has not been tully explored Theretore. 11 1s unknown what effect saquinavir therapy
will have on the activity of subsequent nrotease inhibitors. Cross-resistance between saquinavir
and reverse transcriptase inhubitors 15 unhikely because of the different enzyme targets involved.
ZDV-resistant HIV isolates have been shown 1o be sensilive to Saquinavir in vitro.
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DRUG: INVIRASE®, Saquiravir. Ro
31-8959/003, cis-N-tert-Butyl-
decahydre-2-[2(R)-hydroxy-3-
phenyl-3(S)-[[N-(2-
quinolyicarbonyl)-L-
asparaginyl)amino]buivl](4aS.8
aS)-1soquinoline-3(9)-
carboxamide methyvisultonate. Formula: C,,H N,O4.1:1CH,O,S5. MW:
767 (free base = 671}

FORMULATION: Gelatine capsule 200 mg tas Iree base) (Inactive ingredients: lactose,
microcrystalhine cellulose, povidone K30, sodium starch glycolate, talc
and magnesium stearate)

INDICATIONS:  Monotherapy and Combination Treatment (with HIVID and ZDV) for
‘Patients with Advanced HIV Infectiors

INTRODUCTION

This NDA (saquinavir) emanated from IND that was ongunally submitted on
1172371992  Through a successtul three and half vears preclinical and clinical development
program. the sponsor 1s secking for approval of saquinavir for the treaument of HIV
infections at an oral dose of 600 mg ud  The efficacy 1s based on data collected from a
total of 920 inient-to-treat HIV + pauents that showed greater increases in CD, count and
reductions of viral RNA copies with combination therapyies including saquinavir, than
corresponding treatments without saquinavit  I'ne prechnical program of this NDA
cons:sted of more than 45 anumal toxicity studies conducted 1n rodents, marmosets, dogs,
and rabbils 1n suppon of the intended humarn uses  Most of the toxicity studies have been
reviewed under IND This feview document summanzes and comments on the up-
to-date prechuucal safery information and the proposed labeling on saquinavir.

BACKGROUND
The viral proteinase plavs a vl roie 1n the production of a number of essential proteins

duning the later stages of the rephcanon of HIV  The enzyme 1s one of the "aspartic acid”
tamily of proteinases. simuar to the Suman enzymes remn and pepsin but with a particular
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ability to catalyze the hydrolysis of pepudes adjacent to prolyl residues. Saquinavir is an
analogue of a typical substrate for the HIV proteinase and contains a hydroxyethyiamine
transition state imimeltic of the phenyl-prolyt peptide bond. It is a highly potent inhibitor of
the enzymes from both HIV-1 and HIV-2 and exhibis K, values at approximately 10'°M,
In the 1n virro models, saquinavir has potent anuviral activity against both HIV-1 and
HIV-2 and prevents the maturation of the viruses in chronically infected cells. Contrasting
to its potent innhibitory effect on HIV proteinase, saquinavir has Little activity against human
aspartic, serine, cysteine, and metallic proteinases.

SUMMARY OF PRECLINICAL SAFETY INFORMATION: SAQUINAVIR (RO 31-
8959)

Cral and iv toxicity and toxicokinetic studies on saguinavir in arumals (mice, rats,
marmosets, dogs, rabbits) have uncovered a moderate toxicity profile at plasma exposure
levels higher than those seen in the human tnals. The data would be employed to support
the drug to be used in adult patr:nts via the orai route. For a detailed review on the animal
toxicology and pharmacology studies, please refer 10 the SECTION I and Il of APPENDIX
(p. 8-62) of this document. Key preclinycal safery information 1s recapitulated and issuzs
discussed below.

(1) _TARGET ORGAN/SYSTEM_AND PROFILE OF TOXICITY

The sponsor has completed a series o repeat-dose toxicity studies in rats, marmosets and
dogs. The maximal study duration reached 10 6 months in the rat and marmoset. The
potenuial target organ/sysiem of toxicity explered {rom the repeat-dose studies are
highlighted below:

Liver Both rat, dog and marmoset studies on saquinavir showed signs of liver toxicity.
In the oral studies conducted n rats. increases 1n plasma transferase enzymes (AST
and ALT) were observed al 400 mg/kg/day or higher (13-week and 6-month study)
whereas there was no evidence of histological change in the liver of these animals.
The plasma exposure (AUC,,) of HIV patients administered the standard clinical
dose of 600 mg saquinavir tid 1s appronumately 2000 ng Xh/ml with a maximal
plasma concentration (C,,,) of approximately 240 ng/mL. Plasma exposure to
saquinavir in the rat at the 400 mg/kg/day dose (C,,, = 700 ng/ml; AUGC,,, = 6000
ng xh/ml) was approximately 3-fold greater than both the C,,, and AUC,, values
predicted in patients In the oral study corducted in dogs, cievations in ALP,
ALT, and GGT values. and transient 1ncreases in AST, cholesterol, bitirubin, and
tnglycende values were =czn at 700 mgrkp/day (AUG,,, = 177000 ng xh/m!, 4-
week dog study).  Histopathology wn dogs with aberranuy higher drug exposures
showed scatiered necrosis ot individual hepatocytes, muumal bile duct
proliferauon, light-brownush pigment in Kupfier cells, and vascular (sinusoidal)
leucocytosis. In the ongoing onc-year urai study conducted in marmosets,
increases in ALP, ALT, and AST values were also reported at 3000 mg/kg/day
(AUC,,, = 64000 ng xh/ml. by extrapolation). Abnormal liver enzymes increases
were observed in the clinucal tnals and menuoned in the drug's label under the
ADVERSE REACTIONS section
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Blood
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Decreases in the hemoglobin, hematocrit, packed cell volume and red blood cell
count {anemia), logether with alicranons 1n the number of platelets (generally a
marked increase), and increases 1n leukocytes {(pnmanly neutrophils) were often
seen in the repeat-dose studies in racs, occurring at dose levels above 30 mg/kg po
or 3 mg/kg wv. These toxiciues are generally m:ld and reversible. No related
bone marrow histological changes were observed.

Saquinavir causea emesis, and loose stocls/diarrhea 1n dogs given 700 mg/kg po.
(expeosure levels = 177000 ng xh/ml). Post-dose emesis and diarthea also occurred
in marmaosets at 1000 mg/kg po. Diarrhea 1s the most common side effects seen in
the clinical trials with this drug.

In a six-month marmose. study, myocardial fibrosis or myocarditis was reported in
176, 0/6, 5/6 and 4/6 o' the arumals wreated with 0, 50, 200 or 750/1000
mg/kg/day of saquinavir, respectively, at th~ terminal sacrifice. In the recovery
ammals, these findings were sull present 1n 1/6 each of the 0, 50, 200 mg/kg/day
dosage groups. Cardiac fibrosis findings 1n the heart did not occur in the 13-week
mouse study, 4-week/13-week/6-month rat studies, 4-week dog study or 4-week/1-
year marmoset studies. No treatment-related ECG changes were reported in both
marmnoset and dog studies. Because myvoczrdial toxicity findings in the 6-month
marmoset study were not seen in studies conducted in other species and were not
reproducible in other marmoset studies. the nxicity findings should be considered
ncidental.

Saquinavir is highly imtauve to the vein of the rat, marmoset and dog.
Chronically implanted venous cannulas in rats had induced irritative injuries in the
vein and tissues around the cathetenzauon that, in rern, caused lethal damages 1o
the adjacent tissues/organs in the peritoneal and chest cavity (death rate caused by
2-week iv infus:ions of saquinavir: 0/6, 4/6, 3/6, 5/6 ana 6/6 in the groups
receaving 0, 100, 300, 600 and 1000 mg/kg/day, respectively). The vascular
imtation toxicity of saquinavir may preclude us development for parenteral use.

Saquinavir is also very umitative to the infantile GI. At a single-dose of 1200
mg/kg, oral saquinavir caused a near S0% deaths of suckling rat pups
(admunistered from day 4 to day 21) (gross examination showed abnormal yellow
excretion, red’yellow staimune around the anus and inflammation of recto-anal
junction/vagina). At a lower dose range (125 and 375 mp/hg/day) the death rate is
around 30-40% after 8-18 days of repear-dosing. The plasma drug fevels of these
neonates after repeat dosing weie in the range of those obtained in the clinical
tnais (AUC,, ranges = 255 701 ng xt/ml). The cause of death was not known
but may be due to saquinavir’s umiative potential to the immature GI tract. This
informauon will be umponant for future pediatric use of the drug.

12-month toxicity srudy in marmosets 1s currentiy in its recovery phase (in-life

phase completed 1n September, 1995). and addiuona: toxicities observed will be evaluated
later when data become available. The sponsor will perform an additional 13-week dog
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study 1o further explore the toxicity profile of the new formulauon of this drug.

(2) REPRODUCTIVE _TOXICITY

Saquinavir did not produced sigruficant teratology ard reproductive toxicities in animals at
the doses tested (maximum dose range: 1000 mg- 1600 mg/kg).

FERTILITY AND GENERAL REPRODICTIVE PFRFORMANGE_(SEGMENT D). In a fenility and
generai reproductive performance study tn rats, no adveres cifects were scen al doses up 10
1200 mg/kg/day. In this study, toxicokinetic analysis confirmed dose-proportional and -
continuous (i.e., 24 hour) exposure 10 saquinavir, with a maximal AUC,,, reaching 9700
ng Xh/ml (¢p. HIV+ patients = 2000 ng xh/m!}). The development, fertility and reproductive
performance of the F, generation animals denved from F, generation animals were unaffected
by F, generation treatment. The growth and development to weaning of the untreated F
generation were unzffecied by Fj generauon treatment at the dose levels used.

TERATOLOGY (SEGMENT II) An embryo toxicity and teratogenicity study in rats at doses up to
1600 mg/kg/day (maximal exposure reached 11000 ng xh/ml) revealed no treatment-related
maternal toxicity, embryo toxicily or leralogerucity. Teratogenicity was also evaluated in
rabbits ai dose levels up to 1000 meg/kg/day. Several incidences of fetal defects in both control
and treament groups occurred. The abnormaliues consisied mainly of dilated brain ventricies,
folded retinae, closed nasopharyngeal ducts, shortened jaws, spina bifida, ectopic abdominal
organs, brachycaudia, fused or biparute stemebrae together with isolated occurrences of cleft
palate, acephaly (aborted fetus), hyperflexed lumbs, wlipes (aborted fetus), and dichotomy of
ribs. The numbers of fetuses and liners with malformauons elicited for each dose groups were
as follows: 5 fetuses/d liners (control), 3/3 (100 me/kg/day), 7/7 (300 mg/kg/day), and 8/7
{1000 mg/kp/day). The findings on defecis in 300 and 1000 mg/kg/day groups (drug exposure
levels = 3800 and 8000 ng x tvml. respectively) that showed a higher frequency than concurrent
control group were: closed nasopharyngeal ducts. spina hifida, ectopic abdominal organs,
brachycaudia, fused sternebrae and cieft palate. However, theses findings failed to be induced
n a pilot study using 2000 mp/kg and the incidence was below the sponsor's historical control
data. The teratologic poienual of Ro 31-8959 1n aumals can be considered minimal.

DEVELOPMENTAL REPROTOXICTTY, {SEGMENT [IT) Admunustration of saquinavir to rats ar doses
up to 1600 mg/kg/day duning late pregnancy and through lactation (Segmeni IIT) had o effects
on .gestation or parturition nor on the survival, growth and development of the offspyring to
weaning. The exposure 10 saquinavir 1t pregnant rats was confirmed that it was similar to that
reported n non-pregnant rats.  The placental transter of radioactive saquiniavir to tefuses was
munmal (24 ng equivs/g BW).

(3) MUTAGENICITY AND GENOTOXICITY STUDIES

Saquunavir did not show signufx-ant mutagenuc acuvitics in either bacterial (Ames test) or
mammalan cells (V79/HPRT 1est). 1t has po clastogeiuc activity in the mouse micronucieus
assay or 1 human peripheral blood lymphocytes and does not induce primary DNA damage in
the unscheduled DM A synihesis test.
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(4) CARCINOGENICITY STUDIES

No data from carcinogenicity swudies are yet avalable. A study in mice began in February
1995 in which saquinavir is being incorporated in the diet 10 give dose levels of 0, 200, 700 and
2500 mg/kg/day. The equivalent dietary admixture study will begin in rats in May 1995 at
dose levels of 0, 125, 350 and 1000 mg/kg/day. Both study protocols gained concurrence by
the Executive Carcinegenicity Assessment Comnmunee. CDER, FDA.

(5) DRUG METABOLITES AND DRUG INTERACTIONS

Metablite Drug metabolism in animals was quile complex (dose-dependent) and their
metabolites were not yet idenufied (see SECTION Il of APPENDIX, p. 63). In
rats, at least 7 to 50 metabolites, depending on the dosage, were suggested. The role
of drug metaboltes in the expression of toxiciues seen in various smudies is not
known.

Drug No synergistic toxic and toxicokinetic interactions were observed berween
Interaction saquinavir and z:dovudine tn a four-week oral combination study of these two drugs
in the mouse. This information was oblined 1o support saquinavir's indication for
combination use with zidovudine,

{6) RISK ASSESSMENT BASED ON PRECLINICAL TONICITY DATA

Based on the information summarwzed above. # s concluded that the toxicity of oral saquinavir
1s mild. Toxicology tests have employed sufficient dosage and exposure to explore potential
adverse effects  The systemic toxicines revealed so far n the animal studies (up to 6 months)
arc related 10 liver and hematological system. These toxicities generally occurred at expostiire
levels several fold (i.e.. above 3) iugher than 1n clinucal trials, and were considered to be
reversible. Clirucal trials on saquinavir so far have seen scattered side effects related o liver
function and the hematological system. Gl wrritauon such as diarrhea reported in: dog and
marmoser studies are the maygor cinical adverse reacuons seen with ingestion of this drug. The
drug’s ymtatve nature 10 blocd vessels (vein) and neonatal GI mught limit its development for
an iv formulauon or its use tn padiatngs.

The drug is not reprotoxk and genotoxxc w arumals (Pregancy Category B). The potential for
carcinogenicity is currently under evaluation.

CONCLUSION

vs NDA in its present form has provided adequate preclinical safery information to suppert its
approva) and labeiing. The sponsor have employed adequate levels of dosage and number of
animals of both sexes in thewr studies. Under the constraint of poor bioavailability and short
half lives, the sponsor has explored the toxacity of the drug by greatly exaggerating the drug's
exposure throught both oral and iv routes. 1t 1s unponant 1o point cut that the toxicity testing
on saquimnavir is still ongoing. including the carcinogernucity studies in both mice and rats, a one-
year marmuset study, a 13-weck dog study (new formulation) and a repeat of the segment II
reproductive srudy in rats using the new formulation.  Specific information on tumor formation
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potential will not be avauable before 1996

l.

REQUEST: The sponsor should describe in more detnt tie histopathological tindings on the
GI 1oxicity produced by saguinavir in aonatal rats.  Because of the lethal
toxicity induced th rats. the sponsor should conduct neonatai studies (betore and
after weanung) with saquinavir in dogs 1l INVIRASE 15 intended (o be used in
the pediatric pcputation

LABELING CHANGES

The propesed labeling of saquinavit 15 penerally adequate except that in the Pregnancy
Caiegory 110 Pediatric Use sections, the contents of the text needs modifications.

Proposed Werding:

The following text represenis recommended labziing changes. The recommended text 10 be
added 1s shaded:

_ Carcinogenesis, Mutagenens and Impairment of Fernluy: Carcinogenesis. Caicinogenicity sudies in
rats and muce have not vet been compleied

Mutagenesis Muageniciy and tenotoucity studies. with and withour metabolic activation where
appropniate, have shown that INFIRASE saquinavyr has no ...

Imparrment of Ferulin: Feruhn and repriduchive penormance were not affected in rats at plasma
exposures (AUC values) up 1o § umes thase achieved with the human-use dose (1800 mg/day}.

Pregnancy: Teratogerue Effecs: Cotegorn B No controlled clinucal trail was conducied n pregnant
women and £o 1nadveficnt pregamancs occurred in the ¢linical tnals at the release of this label. This
nformation will be updated as clrucal Waw accumuwated  Reproducton studies conducted with &N-\LIRASE
$3QUIDAVYT in Fals have shown no tesunem-related emdrvotoxICIly OF teratogerucity at materual drug
plasma exposures (ALC vatuoss up 10 S imes those achieved wath the human-use dose (1800 mg/day).

No embryotoxcity of teratogenucity 1n rabbus bave been demonstraled at maternal drug exposure 4 1mes
those achueved with buman use at 1800 mg/day. wem—abbisat-dosetevels-upto-2d-hmesthe-human-use
- PHE R LAttt

Nursing Mothers: It s nax known whether INVIRASE 1s excreted in human mulk..... Animal studies
indicate that admunusiration of BAIRALE agquinavar 1o rats through the lactation. ...

Pediatne Use: Saferv and effectinencws of INVIRASE in HIV-nfected chuldren or adolescents younger
tran 13 vears of age hav nex heen exablinhed  However, in @ neonatal rai toxicity study, saquinavir
cadsed death in 0% of neoratki pups thefixe weanmg) following one single 1200 mg/kg dose. Ata :
lower dose ranpe (125 and 373 myg b Jay) the death raie is berween 30 10 40% after 8-18 days of rcpeal-
dosing  The steadv-suate plaumas drup kevels aher repeat dosing (the 8ith week) in the survival neonates :
were In the
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: range of those obtained in the clinical trials (AUC,, raoges = 255701 ngxb/mi). The cause of death
© was not known but may be due 1o the drug's irmative potennal to the immamre GI tract. Thus
. INVIRASE should be used with caunion 1o pedistne pauems.

' HOW SUPPLIED: INVIRASE 200 mg capsules are light hrown and green opaque capsutes with

- “ROCHE" and “0245" \mpninted on the capsule shell - houtles of 270 (NDC 0004-0245-15).

" The capsules should be siored 1 tightly closed! botiles 3t controlied room temperarure 59° 10 86° F (15°

30°C)

 Animaj Toxicaiogy: INVIRASE is irmitative 0 the venous tissues. Animal studies conduicted in rars, dogs
§mﬂmmosushushowdmamﬂmvhadnﬂnhamdhmwwnﬂyamdhrmﬁvcdamgemmcwm§.
;mﬂnmndingﬁsmtsmndlhchymion:w. :
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