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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NDA 20-859
NORVIR (RITONAVIR) LIQUID 80 MG/ML

FOR THE TREATMENT OF HIV INFECTION

Regulatory Managmaent Officer: Kimbe-'y A Btuble, R.Ph, (301) 827-2338

Voiume 1




NDA 20-680
NORVIR (RITONAVIR) CAPSULES 100 MG

FOR THE TREATMENT OF HIV INFECTION

Reg.datory Managmaen* Officer: Kimberly A. Struble, R.Ph. {301) 827-2335

Volume 1
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration

NDA 20-659 Rockvilte MD 20857
NDA 20-680

MR | 1og

Abbott Laboratories
Pharmaceutical Products Division
Attention: Jeanne M Fox

Dept. 491, AP6B/1

Abbott Park, IL 60064

Dear Ms. Fox:

Please refer to your December 21, 1998, naw drug applications submitted under
506(b) of the Federal Food, Drug, and Cosmetic Act for NORVIR (ritonavir oral
solution) 80 mg/mL and NORVIR (ritonavir capsules) 100 mg.

We acknowiledge receipt of your amendments datad:

February 1, 1996
Fabruary 2, 1996
February 8, 1996
February 10, 1996
February 15, 1996
February 19, 1986
Fabruary 23, 1986

These new drug applications provide for the use of NORVIR in combination with
nucleosida analogs or as monotherapy for the treatment of HIV infection when
therapy is warranted. As discussed in our meeting of February 29, 1996, and
indicated in your letter of that date, the indications and usage section of the
labeling for these products reflects a combined indication for traditional approval
for treatment of patients with advanced HIV disease and accelerated approval for
treatment of patients with less advanced disease. This combined indication is
reproduced below:

_NORVIR is indicated in combination with nucleosice analoguas or as monotherapy

for the treatment of HIV infection when therapy is warranted. For patients with
advanced HIV disease, this indication is based on the results from a study that
showed a reduction in both mortality and AIDS-defining clinical events for patients
who received NORVIR. Median duration of follow-up in this study was 6 months.
The clinical benafit from NORVIR therapy for longer periods of treatment is
unknown. For patients with less advanced disease, this indication is based on
changes in surrogate markers in studies evaluating patients who received NORVIR
alone or in combination with other antiretroviral agents.




We have completed the review of these applications including the submitted draft
labeling and have concluded that adequate information has been presented to
demonstrate that the drug products are safe and effective for use as
recommanded in the February 29, 1996, draft labeling. Accordingly, thase
applications are approved effective on the date of this letter.

The final printed labeling (FPL) must be identical to the Fabruary 29, 1996, draft
labeling. Marketing the products with FPL that is not identical to this draft labeling
may render the products misbranded and unapproved new drugs.

Please submit fifteen copies of the FPL as soon as it is available, in no case more
than 30 days after it is printed. Please individually mount ten of the copies on
heavy weight paper or similar material. For administrative purposes this
submission should be designated "FINAL PRINTED LABELING" for approved NDA

20-669 and 20-680. Approval of this labeling by FDA Is not required before it is
used.

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

We acknowledge your commitment to comply with the conditions of Accelerated
Approval as stated in your February 29, 1996, letter for patients with less
advanced disease. Additionally, we acknowledge your commitment to conduct
phase 4 studies as stated in your Fabruary 27, 1996, letter.

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

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

Under section 736(a)(1)(B){il) of the Prescription Drug User Fee Act of 1992, this
letter triggers the remaining 50% of the fee assessed for these applications. You
will receive an invoice for the amount due within the next month. Payment will be
due within 30 days of the date of the invoice.




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

If you have any further questions please contact Kimberly Struble, R.Ph.,
Regulatory Management Officer, at 301-827-2335.

Sincerely yours,

e
David W. Feighl, ¥/ M 0., M.P.H.

Director

Division of Antiviral Drug Products
Office of Drug Evaluation 'V

Center for Drug Evaluatic + and Research
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EXCLUSIVITY SUMMARY FOR NDA # 20-659 and 20-680
SUPPL #000 and Q00 reapectively

Name/Generic Name: NORVIR _(ritonavir oral solution) and

Applicant Name Abbott Laboratorjes  HFD # 230
Approval Date It Known fFebruary . 1996

PART I IS AN EXCLUBIVITY DETERNINATION NEEDED?

1.

appli
and I

An exclusivity determination will be made for all original
cations. but only for certain supplements. Complete PARTS I1I
11 of this Exclusivity Summary only if you answer *yes" to one

or more of the following question about the submission.

a) Is it an original NDA?
YES / X/ NO / /

h) Is it an effectiveness supplement?

[ 4]

YES /___/ NO /X /

1t yes, what type? (SEl, SE2, etc.)

c) Did it require the review of clinical data other than to
support a safety c¢liim or change in labeling :rclated 1o
safory? (I1f it required review only of bioavailability or

bioegquivalence data, «nswexy "no.")

YES / X / NO /___/
If your answer 1is "no* because you believe the study is a
bivavailablility study and, therefore, not eligible for
exclusivity, EXPLAIN why it is a bioavailability study,
includiny your reasons fcr disagreeing with any arguments made
by the applicant that the study was not simply a
bicavailability study.

If it is a supplement requiring the review of clinical data
but it is not an effectiveness supplement. dsscribe the change
or claim that is supported by the clinical data:

- A U N N



d) Did the applicant request aexclusivity?
YES / X / NO /___/

If the answer to (d) is ®yes,* how many years of exclusivity
did the applicant request?

5 vears of exclusivity

If YOU HAVE ANSWERED "NO* TO ALk OF THE ABOVE QUESTIONS, GO
DIRECTLY TO THE SIGNATURE BLOCKS ON PAGE 8.

2. Has a product with the same active ingredient (s), dosage form,
strength, route of administration, and dosing schedule, previously
been appraved by FDA for the same use?

IES / / NO /. /

It yes, NDA 4 . Drug Name __

IF THE ANSWER TO QUESTION 2 IS “"YES," GO DIRECTLY TO THE SIGNATURE
BILOCKS ON PACGE 8.

3. 1Is this drug product or indication a DESI upgrade?
YES / / NO / /

IF THE ANSWER TO QUESTION 3 IS "YES," GO DIRECTLY TO THE SIGNATURE
BLOCKS ON PAGE B (even if a study was required for the upgrade).

PART I1I FIVE-YEAR EXCLUSIVITY FOR NEW CHEMICAL ENTITIES

(Answer either #1 or #2 as appropriate)

1. gsingle aciive ingredient oroduct.

Has FDA previously approved under section 505 of the Act any drug
product containing the same active moiety as the drug under
consideration? Answar "ves* 1f the active moiety (including other
esterified forms, salts, complexes, chelates or clachrates) has
been previously approved, but this particular form of the active
moiety, e.g., this particular ester or salt (including salts with
hydrogen or coordination bonding) or other non-covalent derivative
(such as a complex, chelate, or clathrate) has not been approved.
Answer *“no* 1if t¢he compound requires metabolic conversion (other
than deesterification of an esterified form of the drug) to produce
an already approved active moiety.

YES /___/ NO /___/

Page 3




If -yes,* identify the approved drug product(s) contaiiing the
active molety, and, if known, the NDA #(s).

NDA# 20-659 ritonavir oral solution

NDA# 20-680 ritonavir capsules

2. Combination product.

It the product contains more than one active moiety(as defined in
Part 11, #1), has FDA previously approved an application under
section %0% containing any one of the active moieties in the drug
product? 1f, for example, the combination contains one never-
before-approved active molety and one previously approved active
moiely, answer "yes." (An active moiety that is marketed under an
OTC monograph, but that was never approved under an NDA, is
considered not previously approved.)

YES / / NO /X /

If “yes,* identify the approved drug product(s) containing the
acrive molety, and, if known, the NDA #(s).

NDA#

NDA#

NDA#

I" THE ANSWER TO QUESTION 1 OR 2 UNDER PART II IS "NO," GO DIRECTLY
THE SIGNATURE BLO(LAS ON PAGE 8. IF *YES* GO TO PART III.

PART III THREE-YEAR EXCLUSIVITY FOR NDA'S AND SUPPLEMENTS

To qualify for three years of exclusivity, an application or
supplement must c¢ontain *reports of new c¢linical investigations
(other than biocavailability sgtudies) essential to the approval of
the application and conducted or sponsored by the applicant." This
section should be completed only if the answer to PART II, Question
1 or 2 was "yes.*




1. Does the application contain raports of clinical
investigations? (The Agency interprets =clinical investigations*
to mean investigations conducted on humans other than
bicavailability studies.) If the application contains clinical
investigations only by virtue of a right of reference to clinical
investigations in another application, answer ‘yes," then skip to
question 3(a). If the answer to 3(a) 1is  “"yes" for any
investigation referred to in another application, do not complete
remainder of summary fcr that investigation.

YES /___/ NG /___/

1IF *NO," GO DIRECTLY TO THE SIGNATURE BLOCKS ON PAGE 8.

2. A clinical investigation is “essential to the approval" if the
Agency could not have approved the applicaticn or supplement
without relying on that investigation. Thus, the investiyation 1is
not essentrial tn the approval 1if 1) no clinical investigation is
necessary to  support  the supplement cr applicarion in light of
previously approved applications (i.e., information other than
clinical trials, such as bioavailability data, would be sufficient
to provide a basis for approval as an ANDA or 505(b) (2) application
because ot what is already known about a previously approved
product), or 2} there are published reports of studies (other than
those conducted or sponsoraed by the applicant) or other publicly
available datra that independently would have been sufficient to
support approval of the application, without reference to the
clinical investigation submitted in the application.

(a) In light of previonsly approved applications, 1is a
¢linical investigation (either conducted by the applicant or
avallable from some other source, inciuding the published
literature) necessary to support approval of the application
or supplemant?

YES /___./ NO / /

If "no," state the basis for vyour conclusion that a rlinical

trial 1is not necessary for approval AND GO DIRECTLY TO
SIGNATURE BLOCK ON PAGE 8.

(b) Did the applicant submit a 1list of publishad st dies
relevant to the safety and effectiveness of this drug product
and a satatement that the publicly availahle data would not
independantly support approval of the application?

XBS /___/ NO /__/

Page 5




(1) If the anaswer to 2(b) is *yes," do you personally
know of any reason to disagree with the applicant's
conclusion? 1If not applicakble, answer NO.

YES /__ / NO / /

I1f yes, explain:

(2) 1f the answer to 2(b) is *"no.* are you aware of
published studies not conducted or sponsored by the
applicant or other publicly available data that could
independently demonstrate the safety and effectiveness of
this drug product?

YES /___/ NO /__/

1f yves, explain:

fo) Jf the answers to (b)(l) and (b)(2) were both "no,*
identify the clinical investigations submitted in the
application that are essential to the approval:

Studies comparing two products with the same ingredient(s) are
congidered to be biocavailability studies for the purpose of this
section.

1. In addition to being essential, investigations must be *"new® to
support exclusivity. The agerncy interprets *new c¢linical
investigation" to mean an investigation that 1) has not been relied
on by the agency to demonstrate the effectiveness of a previously
approved drug for any indication and 2) does not duplicate the
results of another investigation that was relied on by the agency
to demonstrate the effectiveness of a previously approved drug
product, i.e., does not Jedemonstrate somaething the agency
considers to have been demonstrated in an already approved
application.

Page 6




a) For each investigation identified as “essential to the
approval,® has the investigation bean relied on by the agency
to demonsirate the effectiveness of a previously approved drug
product? (If the investigation was relied on only to support
the safety of a previously approved drug, answer "no.")

Investigation #1 YES /___/ NO / /

Investigation #2 YES / / NO / /

1f you have aniwered "yes" for one or more investigations,
identify each such investigation and the NDA in which each was
relied upon

———r— ——

b) For each 1investigation identified as ‘“essentia! to the
approval", dores the investigation duplicate the results of
another investigation that was relied on by the agency to
support the e&ffectivenass of a previously appreved drug
product?

Investigation #1 YES /____/ NO / /

[N

Investigation # YES /____/ NO / /

1f you have answered "yes" for one or more investigation,
identity the NDA in which a similar investigation was relied
oI

= —

c) If the answers to 3(a) and 3(b) are no, identify each "new"
investigation in the application or supplement that is
escaential to the approval (i.e., the investigations listed in
#2(c), less any that are not *"new*):

Page 7
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4. To be eligible for exclusivity, a new investigation that is
essential to approval must also have been conducted or sponsorad by
the applicant. An investigation was “conducted or sponsorad by*
rthe applicant if, before or during the conduct of the
investigation, 1) the applicant was the sponsor of the IND named in
the form FDA 1571 filed with the Agency, or 2) the applicant (or
its predecessor in interest) provided substantial support for the
study. ordinarily, substantial support will mean providing 50
percent or more of the cost of the study.

a) For each investigation identified in response to gquestion
3(c): if the investigation was carried out under an IND, was
the applicant idgntified on the FDA 1571 as the sponsor?

Investigation #1 !

IND # YES / / ' NO / /  Explain:

—

Investigation #2 !

IND # ! YES /._._./ ! NO /___/ Explain:

(b} For each investigation not carried out under an IND or for
which the applicant was not identified as the sponsor, did the
applicant certify that it or the applicant's predecessor in
interest provided substantial support for the study?

Investigation #1

YES /.__/ Explain

I
|
t NO / / Explain
!
1l

Investigation #2

YES /___/ Explain NO /__./ Explain

. swe tEn e e Sem e v o

Page 8



(c) Notwithstanding an answer of "yea" to (a) or (b), are
there other reasons to believe that the applicant should not
be credited with having *“conducted or sponsored® the study?
(Purchased studies may not be used as the Dbasis for
exclusivity. However, 1if all rights to the drug are purchased
{(not just studies on the drug). the applicant may be
considered to have sponsored or conducted the studies
sponsored or conducted by its predecessor in interest.)

YES / / NO / /
If yes, explain: ) _
Signature . ] Date
Title:
Signature of Oftice/ Date
Division Diraector
¢c: Original NDA Division File HFD-85 Mary Ann Holovau

AP € oy P | W~
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DEBARMENT STATEMENT

In compliance with the Generic Drug Enforcement Act of 1992, Section 306(k)(1) of the act
(21 USC 335a(k)(1), we, Abbott Laboratories, cartify the following with respect to this new
drug application:

The applicant did not and will not use in any capacity the services of any person
debarred under subsections (a) or (b) (sections 306(a) or (b) of the Federal Food,
Drug, and Cosmetic Act), in connection with this application for approval of a
drug product.

| %/%""DKQV Vs s

Jeanne M. Fox

Director, PPD Regulatory Affairs
Pharmaceutical Products Division
Abbott Laborutories

Abbott Park, Illinois



PEDIATRIC PAGE

(Complote Tor all anginal applications and all ellicacy supplements)

NDAIPLA # M}Qmm Supplement # @Q‘[Q{D_ Circle one: SE1 SE2 SE3 SE4 SES SEG
HFD S3°  TYrade (generic) nameldusage form: MMMWM Action: (AP) 3“ NA

Applicant mmm* Therapeutic Class ftuwad,

Indication(s) previously approved Nl A
Pediatric labeling of approved indication(s) is sdequate ___ inadequate ____
ADLVI2 1S I\ Cakiat aJone orin ambinatie, with numuwcgwmm
Indication in this apnlication T ns of HIV-INET ML 1S WY Gloay @) Ind /T,
(For supplements, answer the following questions in ulluon to the proposed indication.) Uabdae b

1. PEDIATRIC LABELING IS ADEQUATE. Appropriate information has been submitted in this or previous
applicc.wns and has been adequately summarlized in the labeling to permit satisfactory labaling for all pediatric
subgroups. Further information Is not required.

_X 2, PEDIATRIC STUDIES ARE NEEDED. There is potential for use in children, and further information is required to
permit sdequate labeling for this use.

8 A new dosing formation is needed, and applicant has agrasd to provide the appropriate formulation.

——cay

h. The applicant has committed to doing such studies as will be required.
i1) Studies are ongoing,
___ {2) Protocols were submitted and spproved.
____ 3 Protocals ware submittad and are under review.
— (4) 1f no protocol kss baen submitted, explain the status of discussions on the back of this form.

7 If the sponsor is not willing to do pediatric studies, attach caples of FOA's written request that such
studies be done and of the sponsor’s written response to that request.

_ PEDIATRIC STUDIES ARE NOT NEEDED. The drugibiologic product has Ettle potential for use in children.
, Explain, on the back of this form, why padiatric studias are not needed.

— 4  EXPLAIN. Il nona of the above apply, explain, as necessary, on the back of this form,

EXPLAIN, AS MECESSARY, ANY OF THE FOREGOING ITEMS ON THE BACK OF THIS FORM.

cc.  Orig NDAIPLA l..&"_ﬁﬂ‘l&
HFD.-S 35 _JDiv File
NDA/PLA Action Package
HFD-510/GTroendle (plus, for COER APs and AEs, copy of action istter and labefing)

NOTE: A now Pediatric Page must be comploted at the time of each action even though one was

prepared at the time of the last action.
595
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) ABBOTT

¢ Pharmaceutical Products Division

Abbott Laboraioties
100 Aboott Park Road
Abhott Park, linols 60084.3400

February 28, 1996

Ms. Kimberly Struble

Division of And-Viral Drug Products, HFD-530
Center for Drug Bvaluation and Research

Food and Drug Administration

4th Floor, Room 4355

9201 Corporats Blvd.

Rockville, Maryland 20850

Re: NORVIR (ritonavir oral solution)
NDA 20-6%9

GENERAL CORRESPONDENCE
Dear Sir nt Madam:

This letter provides exclusivity information regarding our pending new drug application NDA
20-659 for NORVIR (ritonavir oral solution), submitts December 20, 1995 for the indication,
treatment of HIV infection.

This inforroation is provided pertinent to Section 505 of the Federal Food, Drug, and Cosmetic
Act and is consistent with Agency guidance statsments, in particular FDA's guidance letter of
April 28, 1988 on exclusivity.

Abbott Laboratories requests that NORVIR for the treatment of HIV infection be accorded a five
year exclusivity for this indication. In suppart of this request, Abbott Laboratories relies upon
the following information and certifications:

A. Ths active ingredisnt in NORVIR is ritonavir. No drug product
containing this active ingredient has been approved in the United States
for the indication of “treatment of HIV infection”, or any other
indication.



a
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Division of Anti-Viral Drug Products, HFD-330
February 28, 1996
Page 2

B. Insupport of its application for NORVIR in the treatment of HIV
infection, Abbott Laboratories submitted to FDA reports concerning
clinical investigations (other than bioavailability and bioaquivalence
studies). Thase investigations have not formad part of the basis of a
finding of substantial evidence of effectiveness for a previously
approved new drug application or supplement. The applicant belisves
that these clinical investigations, sponsored by Abbott, are essential to
approval of this NDA. A listing of these clinical investigations iz
provided in Attachmeat 1.

C.  The applicant certifies that, in its opinion, there are not sufficient
published studies or publicly availabls reports of clinical investigation
to support the approval of the referenced application.

If you have any further questions or comments, please contact me at the aumber listed
below.

Jeanne M. Fox
Director, PPD Regulatory Affairs
(847) 937-5533
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Study M94-24S5

Study M94-247

Study M94-208

ATTACEMENT I

A Phase 1II, Comparative Trial of ABT-53&
Alone, ZDV Alons or the Combination of ABT-
538 and 2DV in NIV-Infected Patients
without Priocr Antiretroviral Therapy

A Safety and Efficacy Study of ABT-538 Plus
Current Therapy vs. Placabo Plus Current
Therapy in HIV-Infected Patients.

Evaluation of Safety and Antiviral Activity
of ABT=538 in Combination with AZT and ddc
in HiV-Seropositive Patients




NDA 20-659, 20-680

Group Leaders Memorandum of NDA Submission

Drug: Ritonavir (Norvir®)
Sponsor; Abbott Laboratories
Date Completed: May 28, 1996

| have read Dr. Murray's Medical Officer Review of this submission and completely
concur with his recommendations. Approval of Ritonavir is warranted for the indications
proposed.

The NDA for Ritonavir has presented several regulatory and clinical challenges well
documented by Dr. Murray. The clinical results for the pivotal study for this submission,
MS4-247, appear unassailable; Ritonavir appears associated with both a survival
benefit and a reduction in the incidence of HiV-associated opportunistic infections. This
effect is particularly important since it was observed in subjects with very advanced HIV
disease, a group often perceived to be refractory to any antiretroviral intervention. As
noted by Dr. Murray (and statistical reviewer Dr. Thomas Hammerstrom), this
conclusion is robust to different sensitivity analyses. Similarly, increases in CD4 cell
count and decreases in viral load (i.e., plasma HIV-RNA measurements) for subjects
receiving Ritonavir are substantial relative to praviously approved therapies.

Despite this, several clinical concerns exist regarding the use of Ritonavir. The
compound is clearly associated with a high rate of nausea and gastrointestinal
intolerance,; in clinical practice this is very likely to affect compliance with therapy.
However, the robustness of the clinical results observed show clear clinical benefit
despite this. (Conceivably a better tolerated regimen or preparation would be
associated with even stronger effects; the results observed were for a true intent-to-
treat analysis where compliance is not considered in assessing outcome.). Although
there was a high incidence of gastrointestinal adverse effects, in Dr. Murray's review
none appeared to be associated with irreversible morbidity (although with widespread
use such effects could be associated with a reduced quality-of-life). It appeared that
adverse effects decreased over time; this is potentially important in that ¢ arly nausea or
intolerance from short-term use would be relatively less likely to lead to cross
resistance {7 other proteass inhibitors. Despite the high incidence of immediate
adverse effects in the controlled studies, Dr. Murray found few life-threatening toxicities
associated with Ritonavir use. Longer- term effects of increased cholesterol and
triglycerides are less an immediate concern but may be of importance if there is very =
prolonged use of Ritonavir in certain populations.



Another clinical concern with Ritoravir is the large number of potential drug interactions
due to it's effect on p450 mediated metabolism of drugs; however, as also noted by the
sponsor and Dr. Murray, no irreversible mortidity due to a drug-drug interaction was
observed despite the large number of concomitant medications being used by subjects
in study M94-247 . (In this regard, the sponsor has studied Ritonavir in the population of
patients most likely to show toxicity from drug-drug interactions.) The sponsor has also
committed to developing post-marketing educational materials to be distributed with
launch of the product; we have reviewed drafts of the first of these, and it does appear
these materials will significantly aid in informing health care professionals and patients
of potential drug interactions with this agent. (It should be noted that this may emerge
as a desirable property of the agent if use with saquinavir is shown to be safe and
Ritonavir substantially increases systemic saquinavir exposure, currently limited by
poor bioavailabiltiy of saquinavir.)

Dr. Murray discusses at iength the anomalous rasults from M94.-245, i.e., that the
combination of ZDV + Ritonavir was associated with less change in surrogate markers
than Ritonavir alone. This iesult was both wholly unexpected and inconsistent with
almost all other similar comtinations studied. Despite substantial chncerns regarding
this, as well described by Dr. Murray there is supportive evidence from other studies
and from the sponsor to indicate that this result does not reflect true antagonism. In
concurrence with comments from the FDA advisory committee, we find the proposed
package insert recommending use of Ritonavir with other antiretroviral agents
appropriate pending additional studies by the sponsor.

The regulatory action recommended by Dr. Murray is for traditional approval of
Ritonavir for patients with advanced HIV disease, and accelerated approval for less
advanced patients. This recommendation is consistent with the recommendations of the
FDA Antiviral Advisory Committee. Following communication with FDA, the sponsor
has committed to do additional studies in less advanced patients in support of
traditional approval for less-advanced patients.

| fully concur with Dr. Murray's recommendations, recognizing that additional studies
will refine the use of Ritoravir in different combinations or with certain other agents;
however, with clearly demonstrated clinical efficacy and surrogate marker responses,
this agent should be immediately available to patients and physicians as a therapeutic
option.

Bl bl

Steven Gitterman, MD, Ph.D.
Medical Team Leader




PEDIATRIC PAGE

{Complete lor alt original applications and all efficacy tupplements)

NOAIPLA # L €S9 20660 Supplement # COO/OOD  Circe one: SEV SE2 SE3 SE4 SE5 S
HFD S  Trade (generic) name/dosage form: Mmm,\[w Actlun 3 AE NA

Applicant Mm&* Therapeutic Class frntyadl

Indication(s) previously approved NIR
Pediatric labeling of approved indication(s" is adequate ___ madequate _—

DLV 1S \M\(.nm aJone or in Combingiors with nueoSidd. cradog w7 A

indication in this application , f;m&mngaqu%dﬂ
(For supplements, answer the following questions in relation tn the proposed indicetion.) Munchy sl S

N PEDIATRIC LABELING IS ADEQUATE. Appropriate informati:n has beaer submitted in this or previous
applications and has been adequately summarized in the labeling to permit satisfactory labeling for all pediatric
subgroups. Further information is not required.

X 2 PEDIATRIC STUDIES ARE NEEDED. There is potential for use in children, and further information is required to
permit adequate labeling for this use.

8 A new dosing formation is needed, and applicant has agieed 10 orovide the appropriate formulation.
i— b The applicant has committed to doing such studies as will be equired.
(1) Studies are ongoing,
—_ {2) Protocols were submitted and approved,

. (3) Protocols were submitted and are under review.
____ (&) If no protocol has been submitted, explain the status of discussions on the back of this form,

.t If the sponsor is not willing to do pediatric studies, attach copids of FOA’s written request that such
studies be done and of the sponsor's written response to that request.

.. 3. PEDIATRIC STUDIES ARE NOT NEEDED. The druglbiologic product has Ettie potential for use in children.
, Explain, on the back of this form, why pediatric studies are not nieeded.

__ 4 EXPLAIN. If none of the above apply, explain, as necessary, on the back of this form.

EXPLAIN, AS NECESSARY, ANY OF THE FOREGOING ITEMS ON THE BACK OF THIS FORM.

ce: Orig NDAJPLA lZD*’oSﬁlLZDb‘Q"

HFD -3 3 (Div File
NDA/PLA Action Package
HFD-510/GTroendle (plus, for COER APs and AEs, copy of action letter and labeling)

NOTE: A new Pediatric Page must be completed at the time of each action even though one was

prepared at the time of the last action.
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Labeling
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(Nos. 1940, 9492)
NEW

NORVIR™

(ritonavir capsules)
(ritonavir oral solution)

Co-administration of NORVIR with certain nonsedsting anthistamines, sedative

hypnoucgormmhyﬁmuwmhmwmuuymwnﬁmnnmg
adverss events due to possible affects
saoaindouks See CONTRAINDICATIONS and PRECAUTIONS sections.

M

DESCRIPTICN
NORVIR (ritonavir) is an inhibitor of HIV protsase with activity against the Human
Immunodoﬂcuncy Virus

Ritonavir is chemically dmmod as 10-Hydroxy-2-methyl-3-(1-methylethyl)-1-
[2-(1-methylethyl)-4-thiazolyl]-3,6-dioxo-8,11-bis(phenylmethyl)-2,4,7,12-tetraazatridecan-13-
oic acid, S-thiazolylmaethyl ester, [$5-(SR*,8R*,10R*,11R*)]. Its molecular formuls is
CyyHNO,S,, and its molecular weight is 720.95. Ritonavir has the following structural
formula;

) %’r&u &rﬁw

Ritonavir is s white-to.light-tan powder. Ritonavir has a bittsr metallic taste. It is freely
soluble in methanol and ethanol, soluble in isopropanc] and practically insoluble in water.
NORVIR capsules are available for oral administration in a strength of 100 mg ritonavir
with the following inactive ingredients: Caprylic/cspric triglycerides, polyoxyl 35 castor oil,
citric acid, gelatin, sthanol, polyglycolyzed glycerides, polysorbate 80, and propylens glycol.
NORVIR oral solution is available for oral administration as 80 mg/mL of ritonavir in s
peppermint and caramel flavored vehicle. Bach 3- and S-ounce bottle containg benles-sentuin
7.2 and 19.2 grams of risonavir, respectively. NORVIR oral solution also contains ethanol,
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water, polyoxyl 35 castor oil, propylene glycol, anhydrous citric acid o adjust pH, sscchann
sodium, peppermint oil, sreuny caramel flavoring, sad BB-&-C FR&C Yellow No. 6.

CLINICAL PHARMACOLOGY

MICROBIOLOGY

Mechanism of agtion. Ritonavir is a peptidomimetic inhibitor of both the HIV-1 and HIV-2
proteases. Inhibition of HIV protsass renders the aoxzyme incapable of processing the gag-pol
polyprotein precursor which leads to production of non-infectious immature HIV particles. -

Antiviral activity in vifro: The activity of ritonsvir was assessed in vitro in acutely infoctad
lymphoblastoid cell lines and in peripheral blood lymphocytes. The conceatration of drug
that inhibits 50% (EC,,) of viral replication ranged from 3.8 w0 153 nM depending upon the
HIV-1 isolate and the cells employed. Thie average EC,, for low passage clinical isolaies was
22 nM (n=13). In MT, cells, ritonavir demonstrated additive effects against HIV-1 in
combination with sither zidovudine (ZDV) or didanosine (ddI). Studies which measured
cytwtoxicity of ritonavir on several cell lines showsd that >20 uM was required to inhibit
cellular growth by 50% resulting in an in vitro therapeutic index of at least 1000.

Resistance: HIV-1 isolates with reduced susceptibility to ritonsvir have been selected in vitro.
Genotypic analysis of these isolates showed mutations in the HIV protsass gene at amino acid
positions 84 (Ile to Val), 82 (Val to Phe), 71 (Ala to Val), and 46 (Met to Ile). Phenotypic
(n=18) and genotypic (n=44) changes in HIV isolstes from selocted patients treated with
ritonavir were monitored in phase VII trials over s pericd of 3 w0 32 weeks. Mutations
associated with the HIV viral protsase in isole'as obtained from 41 patients appeared to dscur
in a stepwise and ordered fashion; in sequenc's, thess mutations wers position 82 (Val to
Ala/Phe), 54 (lle to Val), 71 (Ala to Val/Thr), and 36 (Ile 10 Leu), followed by combinations
of mutations at an additional § specific amino acid positions. Of 18 patients for which both
phenotypic and genotypic analysis were performed on free virus isolated from plasms, 12
showed reduced susceptidility to ritonavir in vitro. All 18 patients possessed one or mors
mutations in the viral protsase gene. The 82 mutstion appeared to be necessary but not
sufficient to confer phenotypic resistance. Phenotypic resistance was defined & s 25-fold
decrease in viral sensitivity in vitro from baseline. The clinical relevance of phenotyyic and
genotypic changes associated with ritonavir therspy has not been established.
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Cross-resistance o other antirstrovirals: The potential for BIV cross-resistance between
protease inhibitors has not been fully explored. Therefors, it is usknown what effact ritonavir
therapy will have on the activity of cancordantly or subsequently admivissared protesse
inhibitors. Serial HIV isolates obtained from six patisats during ritonsvir therapy showed o
decrease in ritonsvir susceptibility in viro but did not demonstrste a concordsut decrease in
susceptibility to saquinavir in vitro when compared to matchad basaling isolates. However,
isolates from two of thess patients demonstrated decressed suscepribility to indinavir fn vitro
(3-fold). Isolates from S patients were also estsd for cross-resistance to VX-478 and
nelfinavir, isolates from 2 patients had a decrecss in susceptibility s nelfinavir (12- 14-fold),
and none to VX-478. Cross-resistance between ritonavir and revurse transcriptase inhibitors is
unlikely because of the different enzyme targets involved. One ZDV-resistant HIV isolate
testad in vitro retained full suscaptibility to ritonavir.

Pbarmacokinetics
The phumacokinetics of ritonavir have basn studied in healthy volunteers and HIV-infected
patients (CD, 2 50 cells/ul). See Table ! for ritanavir pharmasokine. s characteristics,

The absolute bioavailability of ritonavir has not been detarmined. After a 600 mg dose of
oral solution, peak concentrations of ritonavir were achieved spproximately 2 hours snd ¢
hours after dosing under fasting and non-fasting (514 KCal; 9% fat, 12% protain, and 79%
carbohydrate) conditions, respectively. When the oral solution was given under non-fasting
conditions, pesk ritonavir concentrations decreased 23% and the extent of absorption
decreased 7% relative to fusting conditions. Dilution of the orsl solutien, within one hour of
administration, with 240 mL of chocolate milk, Advera® or Ensure® did not significantly
affect the exter: and ratc of ritonavir absorption. After a single 600 mg dose under non-
fasting conditions, in two scparate studias, the capsule (n=21) and orul solution (n=1$) (n=18)
formulations yielded mean = SD areas under the plasma concentration-time curve (AUC3) of
129.5 = 47.1 and 3330-43$ 1290 3 193 pgh/mL, respectively. Relative to fasting
conditions, the extent of absorption of ritonavir from the cspsule formulation was 15% higher
when administered with a meal (771 KCal; 46% fat, 18% protein, and 37% carbohydrate).

Nenrly all of the plasma radioactivity aftec a single oral 600 mg doss of **C-ritonavir oral
solution (n»5) was attributed to unchanged ritonavir. Five ritonavir metabolites have been
identified in human urine and foces. The isopropylthiazole oxidation matabolite (M-2) is the
major metabolite and has antiviral activity similar wo that of parent drug; however, the
concentrations of this metabolite in plasma ase low. Studies utilizing buman liver microsomes
have demonstrated that cytachrome P450 3A (CYPIA) is the major isoform involved in
ritonavir metabolism, although CYP2D$ slso coniributas w the formation of M-2.

In a study of five subjects receiving s 600 mg doss of MC-ritonavir oral solution, 11.3 +
2.3% of the dote was axcroted into the urine, with 3.5 & 1.8% of the dose excreted as
unchanged par .t drug. In that study, 36.4 & 2.9% of the doss wus excreted in the feces with
33.8 = 10.8% of the dose excreted as unchanged psrent dsug. Upon multiple dosing, ritonavir
accumuiation iy less than predicted from a single dose possibly due o a time and dose-related
increase in clearance.
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Table 1

Parameter a Vilass Mem = 8D)

Cau S8’ 10 112 & 3.6 yg/mL

Comas 58" 10 3.7 2.6 ug/ml

VP! 9l 041 4 028 LAg

ta 3.5h

(i O, 10 $4a2l21A

SLE il 46 lElA

& 2 ' saLlAa

RRCAlumaRatia 214
~Rereont Bogad® 98 1o 9%

! Wmmmmunn

!  Single ritonavir 600 mg doss.

*  Primarily bound © humasa serum albumin and alphe-1 ssid glycoproteia over the ritoasvir
concentration raage of + 0.0 to 30 ug/ml.

Special Populations:

Gendsr, Race and Age: No age-related phannacokinetic differences have bean obasrved in
adult patients (18 o 63 years). Ritonavir pharmacokinstics have not besn studied in older
patimts. A study of ritonavir pharmacokineties in healthy males and females showed no
statistically significant differences in the pharmacokinetics of ritonavir. Pharmasokinetic
differences dus to race have not been identified

Renal Insufficiency: Ritonsvir pharmacokinetics have not besn studied in patients with renal
insufficiency, however since renal clearance is nagligible, a decreass in wotal body clearance is
not expected in patients with renal insufficiency.

Hepatic Insufficisncy: Ritonavir pharmasokinetios have not been studied in subjects with
hepatic insufficiency (see PRECAUTIONS).

Dmig-Drug lateractions: Table 2 summarizas the effects on AUC and C,_, with 95%
confidence intervals (95 CI), of co-administration of ritonavir with s variety of drugs. For
information about clinical recommendations sese PRECAUTIONS-Drug Interactions.
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153 Toble 3

154 !M-AW-‘%“W“MW&MM

185 Efiset on Ritenaviy

1356reg Risaavir Desage ) AUC % 04 CD C__%(ch
1s7c:hnnm-y.nsoo-umu-y- 200 mg oth ¢ dayn 22 T 1A% Q@ %) T o19% (2, am%)
138Didanosine 200 mg qi2h 4 days 600 mg qi2h ¢ days 12 - -
15SFlusonazole 400 mg day 1, 200 mg 200 mg qbh 4 days» (] T 12% (3, 20%) 1t 15% (0. 2%)
160aily 4 days

16 1Ptuexetine 30 mg q13h § days €00 mg single dose 16 T IO, M) -

L6 Rifampin 600 mg or 300 mg S00mgqlah20days 79° L 33% (7, S5W) 3 29% (8, 4%)
16Xdaily 10 daye®

164Zidovudine 200 mg qth 4 days 7 300 wig abh 4 days 10 - -

163 Effeat an Co-Adminisioved Drug

166Drg , ) Ritsnavir Desage n AUC % (M C)) (E%i.%mcn
16Clarithromycin 500 mg ql2h 4 days 200 mg q8h 4 days 33 T 7% (%6, 103%) T 1% (15, 51%)
168 14-OH clarithromyein metsbolite 4 100% 9%
169Desipramine 100 mg singls dose S00mg qi2h 12days 34 T 145% (103, 211%) T 32% (12, 35%)
170 2-OH desipramine metabelite 4 19% (3, 26%) & €M% (62, 1IW)
17 Didancsine 200 mg qi2h 4 days €00 mg q12b 4 days 12 1% (0, 23%) 4 1% (3, 26%)
172Ehiny! esusdicl SO ug single dose S00mg qi2h 16days 23 3 40% (31, 49%) 4 32% 24, 39W)
173Rifabutin 150 mg dally 16 days S00mg qidh 10days S11° T 4-feld 28,6.1X) T 2.5-6eid (1.9, 340
174 15-O-desacery! rifabutin mesbolite T snlds, 70X T 16.feld (14, 200
1758ulfamethoxazols 800 mg single dose' 300 mg qlih 12dsys 15 & 20% (16, 2IN) -
176Thecphyllins 3 nig/kg q8h 18 days 300 mg q12h 10 days 13,11° ¢ 43% (42, W) 1 32% (29, %)
17 Mrimsthoprim 160 mg singls dose’ $00 mg qi2h 12 days 15 T 0%0 0% -

178idovudine 200 mg qlh 4 days 300 mg q6h 4 days 9 4 25% (15,34%) 1 27% (4, 45%)
17y

180 ' Sulfamethoxazcle and timethoprim wken as single combisation tablet.

18] ¢ Prlimioary Data,

182 T Indicstss inorease.

183 ! Iodisates desrense.

184 +«» Indicses 20 shangs.

::2 ®  Panllel group design; eatries are subjests iveeiving sounbination and control regimens, respectively.

187

188 INDICATIONS AND USAGE

189 NORVIR is indicated alene-or in combination with nucleoside anslogues gr a5 monathsrany
190 for the treatmeny of HIV-infection when therspy is warranted. -based-en-elinical-end/er
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immunglogical-natus—Fhic 1 i this indicstion is based
on the results from a study-in-patientevithr-advensed-3iV-dissase that showed a redusction in
both mortality and AIDS-daflning clinical events for patients who réseived NORVIR, Median
durstion of follow-up in this study was 6 months. The clinical benefit from NORVIR therapy
for longer periods of treatment is unknown.

N COMBMRAION UWATh

MMArKan ] _EUCIAR BY] BNE BADSNIR WIS racuvad NORVIN Vi

Dascription of Clinical Studies

The activity of NORVIR as monotherapy or in combination with nucleoside snaloguas has
been svaluated in 1446 patients enrolled in two double-blind, randomised trials. NORVIR
therapy in combination with zidovudine and zalcitabine was also evaluated in an open-label,
non-comparative study of 32 patients. The clinical studies reported here wese all conducted
using ritonavir oral solution.

Advanced Patisats with Prior Antiretreviral Therapy
Study 247 was a randomizsd, double-blind trial conducted in HIV-infected patients with at
least nine months of prior antiretroviral therapy and bareline CD, call counts € 100 calla/ulL.
NORVIR 600 mg b.i.d. or placebo was added t each patient's baseline antivetrovirsl therapy
regimen, which could have consisted of up to two approved antiretroviral agents. The study
accrued 1090 patients, with mean bassline CD, cell count at study entry of 32 cella/uL.
Median duration of follow-up was 6 months,

The six month cumulative incidence of clinicul disease progression or death was 17% for
patients randomized to NORVIR compared 10 34% for patients randomized w placebo. This
diffarence in rates wae statistically significant (see Figure 1).

Figure 1
Time to Dissase Progression or Death in Study 247
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- 236 The six-month cumulative mortality was 5.8% for patients randomiasd 0 NORVIR and
237 10.1% for patients randomizsd 0 piacebo. This diffacence in rates wes stasissically

238 significant.

239 In addition, snalyses of mean CD, cell count changes from basaline over the first 16
240 weeks of study for the first 211 patients earviled (mesn baseline CD, cdll count =

241 29 cells/uL) showed that NORVIR was associsted with larger increase in CD, cell counts
242 than was placebo (see Figure 2).

243

244 Figure 2

248 Mean CD, Count Changes (solia/pl) From Baseline In Sendy 347
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263 Figure 3 summarizes the mean changes from baseline in log HIV RNA levels for Study 247.
264
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- 266 Tigare I

267 Maesa Change Frem Bascline ia Log HIV RNA Level ln Soudy 347
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285 1 The clinical significance of shanges in HIV RNA messurements has not been
286 sstablished.

87

1]

289 Patieats Without Prior Aatiretreviral Therapy

290 In ongoing Study 245, 356 antiretroviral-paive HIV-infected patiants (mesn bageline

291 CD, = 364 cells/uL) were randomized to receive either NORVIR 600 mg b.i.d., zidovudine
292 200 mg ti.d, or a combination of thess drugs. In analyses of average CD, cell count changes
29 from baseline over the first 16 weeks of study, both NORVIR monotherspy and combination
2% therapy produced greater mean increases in CD, call count than did zidovudine monotherapy
295 (see Figure 4). The CD, cell count increases for NORVIR monotherapy wers largsr than the
296 increases for combination therapy.

297
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Figuve 4

Maean CD, Count Changes (sslla/uL) From Bassline In Biudy 248
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Figure 5 summarizes the mean changes from baseline in log HIV RNA levels for Study 245.

Figure §

Mean Change Frem Baseline in Log HIV RNA Leovels in Study 245
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- 349 Combinatiea Therapy with NORVIR, Zidevudine, and Zalcitabiae in Antiretreviral-

350 Naive Patients

351 In Study 208, an open-label uncontrolled trial, 32 sntiretroviral-naive RIV-infected patients
352 , inisially received NORVIR 600 mg b.i.d monotherspy. Zidovudine 200 mg ti.d and

353 zzlcitabine 0.75 mg ti.d. wers added after 14 days of NORVIR monotherapy. Results of
354 combination therapy for the first 20 weeks of this study show medien incresses in CD, cell
355 counts from baseline levels of 83 to 106 cells/ul over the treatment period. Mean decreases
356 from baseline in HIV RNA particle levels ranged from 1.69 to 1.92 logs.

357

3ss CONTRAINDICATIONS

359 NORVIR is contrsindicated in patients with known hypersensitivity to ritonavir or any of its
360 ingredients.

361 Ritonsvir is expected to produce large increasss in the plasma concentrations of the

362 following drugs: amiodarone, astemisole, bepridil, bupropion, cisapride, clozapine, sncainide,
363 flecainide, meperidine, piroxicam, propafenone, propoxyphene, quinidine, rifabutin, and

364 terfenadine. These agents have recognized risks of arthythmias, hematologic abnormalities,
365 seizures, or other potentially serious adverse effacts. These drugs should not be

366 co-administered with ritonavir. Ritonavir co-administration is likely to produce large

367 increases in these highly metabolized ssdatives and hypnotics: alprazolam, clorazepate,

368 diazepam, estazolam, flurazepam, midazolam, triazolam, and zolpidem. Due 10 the potential
369 for extrems sedation and respiratory depression from these agents, they should not bs

370 co-administered with ritonavir.

371

in PRECAUTIONS

373 General :

374 Ritonavir is principally metabolized by the liver. Therefore, caution should be sxercised
375 when administering this drug to patients with impaired hepatic function.

376

377 Resistance/Cross-resistance

378 The potential for HIV cross-resistancs between protease inhibitors has not been fully

379 explored. Thersefore, it is unknown what effect ritonavir therapy will have on the activity of
380 subsequent protease inhibitors (see MICROBIOLOGY).

381

is2 Information For Patients

383 Patients should be informad that NORVIR is not a curs for HIV infection and that they may
384 continue to scquire ilinesses associated with advanced HIV infection, including opportunistic
385 infections.

386 Patients should be told that the long-term effects of NORVIR are unknown at this time.
387 They should be informed that NORVIR therapy has not been shown to reduce the risk of
388 transmitting HIV to others through sexual contact or blood contamination.

389 Patients should be advised to take NORVIR with food, if possible.

390 Patients should be informed to take NORVIR every dsy as prescribed. Patients should not
391 alter the doss or discontinue NORVIR without consulting their doctor. If a dose is missed,
392 patients should take the next dose as soon as possible. However, if a dose is skipped, the
393 panient should not double the next doss.
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394 Since NOKVIR interacts with some drugs when taken together, patients should be advised
395 to report to their doctor the use of any other madications, including prescription and

396 nonprescripuon drugs.

397

398 Laboratory Tests '
399 Ritonavir has been amsocisted with alterations in triglycerides, SGOT, 8GPT, GGT, CPK, and
400 uric acid. Appropriate laboratory testing should be performed prior 0 initisting NORVIR
401 therapy and at periodic intervals or if any clinical signs or sympiotms occur during therapy.
402 For comprehensive information concerning laboratory test altsrations associsted with

403 nucleoside analogues, physicians should refer 1o the complets product information for each of
404 these drugs.

405

406 Drug Interactions

407 Agents which increase CYP3A activity (e.g., phenobarbital, carbamazepine, dexamsthasone.
408 phenytoin, rifampin, and rifabutin) would be sxpected to increase the clsarance of ritonavir
409  regulting.in dacreased ritonavir plasmaconcentrations  Tobacco use is associsted with an
410 18% decrease in the AUC of ritonavir.

411 Ritonavir can produce large increases in plasma concentrations of certain highly

412 metabolized drugs. Ritonavir has s high affinity for several cytochrome P430 (CYP) isoforms
413 with the following rank order: CYPIA > CYPID6 > CYP2C9, CYP2C19 >> CYP2A6,

414  CYP1A2, CYP2El. Thers are-some-indivations W that ritonavir may increase
415 the activity of glucuronosy! transferases; thus, loss of therapeutic effeets from directly

416 glucuronidated agents during ritonavir therepy may signify the need for dosage altedation of
417 these agents. A systematic review of over 200 medications prescribed to HIV-infected

418 patients was performed to identify potential drug intsractions with ritonavir. Table 3

419 summarizes some commonly prescribed drugs, separated by the type of metabolism and

420 expected magnitude of interaction when co-administered with ritonavir, It is advised that

421 concomitant use of any of these agents with ritonavir should be accompanied by therapeutic
422 drug concentration monitoring and/or increased monitoring of therapeutic and adverse effects,
423 espacially for agents with narrow therapoutic margins (e.g., oral anticoagulanss,

424 immunosuppressants). Large dosage reductions (>50% reduction) may be required for those
425 agents extensively metabolized by CYP3A.

426 The following list provides information based ca studies of the co-administration of

427 nitonavir on the pharmacokinetic er-pharmasedynamie properties of several commonly

428 prescribed medications.

429 Clarthromycin: The mean increase in the AUC of clarithromycin in the presence of ritonavir
430 was 77%. Clarithromycin may be administered without dosage adjustment to patients with
431 normal renal function. However, for patients with rensl impairment the following dosage
432 adjustments should be considered. For patients with CL, 20 to 60 mL/min the dose of

433 clarithromycin should be reduced by 50%. For patients with CLo < 30 mL/min the dose of
434 clarithromycin should be decreased by 75%.

435 Desipramine; Co-administration of ritonavir resulted in a 143% mean increass in the AUC of
436 desipramine. Dosage reduction of desipramine should be considered in patients taking the
437 combination.

438
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Risulfizam/NMeironidazols, Ritonavir formulations contain alcohol, which can produce
440 reactions when co-administered with disulfiram or other drugs that produce disulfiram.like
a4 reactions (o.g., metronidazole).
QOnl Contacaptivas:

The magn AUC of ethinyl estradiol, a cotnponent in oral contraceptives,

443 wumwmmmmmmwmumsoouqummmw,
444 alternate contraceptive measures should be considered.
445 Saguinavir: Ritoasvir extensively inhibity the meiabolism of saquiravir resulting in greatly
446 increased saquinavir plasma concentrations. The safety of this combination has not been

447 established.
448 Theaphylline: The aysrage AUC of theophylline was reduced by 43% when co-administered
449 with ritonavir. Incoeased dosage of theophylline may be required.

450
451

452 Table 3
453 Potential Effees oa Drugs Co-adminiotored With Ritsnavir
454 Mw
455rug Category Representative Drugs by Petmtlal Inservorion Catogery —
456 Large' T AUC* Medorste' T AUC Meoderate' T or  Pomidie T AUC* Pesalble ¢ AUSY
(CYP3A) (CYP2DS) { avet (saknows CYP) (rlwewranidotion)
(CYPICY/19)
ASEnslgesics, narcetic  Alfsawall Hydrasodone Mothadese Coadeine
Feaway! Oxycodase Hydromorphoas
Trmadel Mozphine
458nslgesics, Dislolsmass Nabumerns Kotoprofan
458 nstaraidal Thuproten Sulindes Ketornlae
Indowmothasia Naproxea
460ntarrhythmice Disopyramide Mexilutine Tesainide
Lidocaine Digoxin
46dntibiotic, Erythromysia
46dacrolide
4Gnsicongulant Rewarfaria S-warfaria
48dnticonvulsants Carbemazsplae Pharytoin Phonebarbinal Divalproex
Clonazspam Lamovwigine
Exvosuximids
4Glmtihistamine Lomudiae ,
466attdeprossanns, Anivipyliae Dovepia
4GFicysiie Clemipramine )
Desipramine
Inipreaias
Mapratiline
Neotriptyline
46&&,0---. Nelanudone Floexstiac Fluversmine
468her Sertuline Paroxstine
Tmzodone Venlafaxine
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497 '

498 Carcinogenesis and Mutagenecis

499 Long-term carcinogenicity studies of ritonavir in animal systems have not been completed.
$00 However, ritonavir was not mutagenic or clastogenic in a battery of in vitro and in vivo
501 assays including bacterial reverse mutation (Ames) using S. pphimurivm and E. coll, mouse
502 lymphoma, mouse micronucleus, and chromosome aberrstions in humsn lymphocytes.

503

504 Pregnancy, Fertlity, and Repreduction

505 Pregnancy Category B: Ritonavir produced no effects on fertility in rats at drug expositres
506 approximately 40% (male) and 60% (female) of that achieved with the propased therapeutic
507 dose. Higher dosages were not feasible due o hepatic toxicity,

508 No treatment-related malformations were observed when ritonavir was adminissered to
509 pregnant rats or rabbits. Davelopmental toxicity observed in rets (esrly resorptions,

510 dccreased fetal body weight and ossification delsys and developmental varistions) occurred
s11 at a matemnally toxic dosage at an exposure equivalent to approximately 30% of that

512 achieved with the proposed therspeutic dose. A slight increase in the incidence of

513 cryptorchidism was also noted in rats at an exposure approximately 22% of that achisved
514 with the proposed therapeutic dose. '
51 Developmental toxicity obssrved in rabbits (resorptions, decreased litter size and

516 decreased fetal weights) also occurred st a matemally wxic dosage equivalent to 1.8 times
517 the proposed therapeutic dose bassd on a body surfacs area conversion factor.

518 There are, however, no adequate and well-controlled studies in pregnant women.

519 Eecause snimal reproduction studies are not always predictive of human response, this drug
520 should be used during pregnancy only if clearly nesded.

521

522 Nursing Mothers: It is not known whather this drug is sxcreted in human milk. Because
523 many drugs are excreted in human milk, caution should be exercised when ritonavir is

524 administersd to a nursing woman. However, the U.S. Public Health Service Centars for
$28 Disease Control and Prevantion advises HIV-infectsd women not to breast-feed to avoid
526 post-natal transmission of HIV to a child who may not be infacted.

5§27
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- 528 Pediatric Use

529 The safety and effectiveness of ritonavir in children below the age of 12 have not been

530 established.

531

$32 ADVERSE REACTIONS

$33 The safety of NORVIR alone and in combination with nucleoside analogues was studied in
534 1140 patients. Table 4 lists treatmeat-emergent adverse svents (st least poubly related and
$35 of at least modarats intensity) the: occurred in 2% or greater »f patisats numng NORVIR
$36 alone or in combination with nucleosides in Study 243 or Study 247. At the time of this
537 nmymmgmmdmumhswusndswuvmnud
538 2.4 months, respectively. gV A DAt ants 8.
539 Wmmﬁquwymmamwmmmqomm

540 asthenia, among patients receiving NORVIR were gastrointestinal and neurological

341 disturbances including nausea, diarrhes, vomiting, anoraxia, abdominal pain, taste perversion,
. 542 and circumoral and peripheral paresthesias. Similar adverse event profiles were reported in
343 patients recaiving ritonavir in other trials.

344
545 Table 4
546 Percentage of Pationts with Trestment-Emergont’ Adverve Events of Moderats or Severe
547 ~ Imtemsity Ocourring is > 3% of Pationts Resslving NORVIR
$48 Study 245 Seudy 247
Naive Patisnts Advansed Patisnts

549 NORVIR NORVIR DV NORVIR Plassbo
550 + 2DV

Adversa Events n= 116 o= 117 ne=]19 ow34] a=347
551 Body as » Whole
552 Abdominal Pain 4.) s 4.2 7.0 31
553 Asthenia 276 94 10,1 14.2 53
554 Fever 17 0.9 1.7 44 a2
555 Headache 78 5.1 76 63 4.0
556 Malaise 4.3 1.7 34 0.7 012
587 Cardiovascular
558 Vasodilation 26 1.7 0.8 13 0.0
559 Digestive
560 Anorexia 78 0.9 34 6.1 20
61 Constipation 2.6 00 08 0.0 0.4
562 Diarrhea 216 12.8 0.0 18.3 6.1
563 Dyspepsia 1.7 0.0 1.7 i 0.7
564 Flatulence 2.6 0.9 08 0.9 0.6
565 Local Throat Irritation 17 1.7 08 6 0.2
566 Nausea 46.6 3.1 44 262 5.7
567 Vomiting 224 128 126 152 2.6
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)atabolis and Nuiritional

fisadng Phosphakinase 12 34 34 0.9 03

Hypurlipidemia 1.7 17 0.0 4.1 0.0
Musoulosksletal

Myalgis 17 1.7 08 32 09
Nervous

Ciroumors! Pareethasia 32 1s 00 3.9 03

Dizziness 332 36 17 33 1.1

Insomnia 3.4 26 os 13 0.6

Parvsthosis 52 2.6 0.0 20 0.2

Peripberal Paresthesia 0.0 6.0 0.0 5.0 0.7

Somnolence 2.6 3.6 0.0 20 02

. Thinking Abmormal 2.6 090 08 0.7 03
Rupln!ni‘y

Pharyngitis 09 1.6 0.0 04 0.¢
Skin apd Appendagss

Rash 0.9 0.0 0.8 26 0.9

Sweating ' 26 17 13 06
Special Senses

Tasts Perversion 15.3 10.3 1.6 4 1.7
}

:’:‘c‘lt\:do“:hn;o:-“ndmﬂ‘m lriﬂyuhuuwmudm

Adverse events occurring in less than 2% of patients receiving NORVIR in all phase
I/phase I studies and considered as least possibly relsted or of unknown relationship to
treatment and of at least moderate intensity are listed below by body system.

Body as a Whole: Abdomen enlarged, accidental injury, allergic reaction, back pain,
cachexia, chest pain, chills, facial edema, facial pain, flu syndrome, hormons Jevel altered,
hypothsrmia, kidney pain, neck pain, neck rigidity, pain (unspecified), substermnal chest pain,
and photosensitivity reaction.

Cardiovascular System: Hemorrhags, hypotsnsion, migraine, palpitation, peripheral
vascular disorder, postural hypotension, syncops, and sachycardia

Digestive System: Abnormal stools, bloody diarthes, cheilitis, cholangitis, colitiy, dry
mouth, dysphagia, ecuctation, ssophagitis, gastritis, gastroanteritis, gastrointestinal disorder,
gastrointestinal hemorrhage, gingivitis, hepatitis, hepatomegaly, ileitis, liver damags, liver
function tests abnormal, mouth ulcer, orsl moniliasis, pancreatitis, periodontal abscess, rectal
disorder, tenesmus, and thirst.

Endocrine System: Diabetes mellitus.

Hemic and Lymphatic System. Anemia, ecchymosis, leukopenia, lymphsd-wpnhy.
lymphocytosis, and thrombocytopenia.

Maeabolic and Nutritional Disorders: Avitaminosis, dehydration, edema, glycosuria,
gout, hypercholestsremia, peripheral edema, and weight loss.

Musculoskeletal System: Arthralgia, arthrosis, joint disorder, muscle cramps, muscle
weakness, myositis, and twitching,
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Nervous System. Abnormal dresms, abnormal gait, agitation, amnesis, anxisty, aphasia,
ataxia, confusion, convulsion, depression, diplopis, emotional lability, euphoria, grand mal
convulsion, hallucinations, hyperesthesia, incoordination, libido decressed, nervousness,
neuralgia, neuropathy, parslysis, periphéral neuropathy, peripheral seatory neuropathy,
personality Jdisorder, tremor, urinary retention, and vertigo.

Respiratory System: Asthma, dyspnes, epistaxis, hicoup, hypoventilation, increased
cough, interstitial pneumonia, lung disorder, and rhinitis.

. Skin and Appendages. Acne, contact dermstitis, dry skin, eczema, folliculitis,
maculopapular rash, molluscum contagiosum, pruritus, psoriasis, ssborrhes, urticaria, and
vesiculobullous ragh.

Special Senses: Abnormal electro-oculogram, abnormal eleczoretinogram, abniormal
vision, amblyopia/blurred vision, blepharitis, ear pain, sye pain, hearing impairment,
increased cerumen, iritis, parosmia, phowphobia, taste loss, tinnitus, uveitia, and visual field
defect.

Urogenital Sysiem: Dysuria, hemasturia, impotence, kidney calculus, kidney failure,
nocturia, penis disorder, polyuria, pyelonephritis, urethritis, and urinary frequency.

Laboratory Abnormalities
Table S shows the percentage of patients who developed marked laboratory abnormalities.

Tabils §
Percantags of Pationts, by Study and Treatment Group, with Marked Chomibsiry and
Hematology Labarntory Valus Abaermalitios

Study 245 Study 247
Naive Patients Advenoed Patjents
NORVIR NORVIR pas)g NORVIR  Placsbe

Variable Limit + 2DV
CHEMISTRY HIGH
Glucose (>250 mg/dL) 2.0 . 0.9 0.4 1.1
Uric Acid 12 mg/dL) - . - 3.6 0.2
Creatinine (>3.6 mg/dL) . . . 0.2 0.2
Potassium (»6.0 mEqL) - . . 0.4 0.2
Chloride (>122 mEq1) . 0.9 . . .
Toul Bilirubia 1.6 my/dL) . . . 1.2 02
Alkaling Phosphatase (>$50 TUL) . 0.9 . 1.4 17
SGOT (AST) 180 TUNL) 2.9 X 1.7 38 43
SOPT (ALT) 218 TUL) 39 36 26 6.1 2.6
QoT (»300 TUL) 20 28 0.9 14.7 6.7
LDH 1170 TUA) - . - 10 02
Triglyceridss (>1500 mg/dL) 10 28 - 10.1 02
Triglycerides Fasting (>1500 mg/dL) 2.1 1.4 . 79 04
CPK 1000 TUL) 7.0 7.5 71 86 45
Arnylase 1 X ULNY . 0.9 . 0.2 .
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CHEMISIRY. oy
Albumin (<20 g/dL) - - . [ & ] 0.6
Sodium (<128 mEq1L) . . . 02 .
Potassium (<3.0 mBql) - 0.9 . 3.0 11
Chloride (<84 mEq/L) - 0.9 - . 04
Magnesium (<1.0 mBqL) . - . 0.4 0.4
Caleium (<6.9 mEg/l.) - - . 13 0.9
HEMATQLOQY, LOQW
Hwmoglobin (<8.0 gAll) - - - 28 14
Hematoorit (SI0%) 10 . - 1.7 16.0
RBC (<3.0 x 10%1) 1.0 - 1.7 149 19.7
WBC (<23 X 10°L) . - 3.3 281 514
Platslet Count (<20 X 10°L) . . - 0.4 0.6
Neutrophils (£0.5 X 10°L) . . . 4« 6.9
HEMATQLQQY,  HIGH
WBC 25 X 10°.) . . - 1.6 0.7
Neutrophils 20 X 10°1) - . . 1.8 0.9
Eosinophils (1.0 X 10°1) . 19 0.9 18 26
Prothrombin Time  (>1.5 X ULNY) 1.0 . - 1.0 13
! ULN = upper limit of the sormul rangs.
- Indicates no events raporied,
OVERDOSAGE

Acute Overdosage
Human Overdose Experience: Human experience of acute overdose with NORVIR is
limited. One patient in clinical trials took NORVIR 1500 mg/day for two days. The patient
reportad paresthesias which resolved after the dose was decreased.

The approximate lethal dose was found o be greatar than 20 times the related human
dose in rats and 10 times the related human doss in mice.

Management of Overdosage

Treatment of overdose with NORVIR consists of general supportive measures including
monitoring of vital signs snd observation of the clinical status of the patient. There is no
specific antidots for ovardose with NORVIR. If indicated, elimination of unabsorbed drug
should be achisved by amesis or gastric lavage; usual precautions should be observed
mainiain the airwgy. Adpunistration of activated charcoal may also be used 10 aid in
rsmoval of unabsorbed drug. Since ritonavir is extansively metabolized by the liver and is
highly protsin bound, dialysis is unlikely to b bensficial in significant removal of the drug.
A Certified Poison Control Center should bs consulted for up-to-date information on the
management of overdose with NORVIR.

DOSAGE AND ADMINISTRATION
NORVIR is administered orally, Adthough-the-effest-of-feed-on-the-pharmacsoldnetios-of
ritonavis-is-limitodrit [t is-proforable pacommandad that is NORVIR be taken with meals if
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possible. Patisnts may improve the tasts of NORVIR oral solution by mixing with
chocolats milk, Xnsure®, or Advera® within one hour of dosing. The effects of antacids on
the absorption of ritonavir have not been studied.

The recommended dosage of ritonavir is 600 mg twice daily by mouth. Some patients
experience nauses upon initiation of 600 mg b.L.d dosing; dose escalation may provide soms .
relief: 300 mg b.i.d for 1 day, 400 mg b.i.d for 2 days, 500 mg b.i.d. for 1 day, and then
6§00 mg b.i.d. thereafter. In addition, patients initisting combinstion regimens with NORVIR
and nucleosides may improve gastrointestinal wolerance by initisting NORVIR alone and
subsequently adding nucleosides before completing two weeks of NORVIR monotharapy.

HOW SUPPLIED

NORVIR (rizonavir capsules) are whits capsules imprinted with the corporase logo =
100 mg, snd ﬂu Abbo-Code P1. NORVIR is available as 100 mg capsules in the tollowuu
package sizes

Packages of 4 bottles of 84 capsules each

.......................................... (NDC 0074-9492.34).
Packages of 2 bonlu of 84 capsules each

.......................................... (NDC 0074-9492-02).
Packages of 4 boxes, 3 boxes of 84 capsules each and 1 box with 68 capsules in unit-dose
DliBtOrE . ... ... it it e (NDC 0074-9492-69).

Packages of 4 toxes of 84 capsules sach in unit-doss blisters . . (NDC 0074-9492-55).

Recommaeanded storage: Store capsules in the refrigerasor between 36-46°F (2-8°C). Protect
from light.

NORVIR (ntonavir oral solution) is an orange-coiored liquid, supplied in amber-colored,
multi-dose bottles containing 600 mg ritonavir per 7.5 mL marked dosage cup (80 mg/mlL)
in the following sizes.

Packages of S bottles, 90 mL each .................... (NDC 0074-1940-90).
240 mL bottdes . .............. ... 0 i, (NDC 0074-1940-63).

Recommended siorage: Store NORVIR oral solution in the refrigerstor between 36-46°F
(2-8°C) until it is dispensed.

Refrigeration of NORVIR oral solution by the patient is recommended, but not required if
used within 30 days and stored below 77 °F (25°C). Product should be stored in the original
container. Avoid exposure to excessive heat. Keep cap tightly clossd.

Revised: NEW
T™ - Trademark

Caution - Federal (U.S.A.) Law prohibits dispensing without prescription.
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The following patents for Ritonavir have been submitted and are pending
approval.

Ritonavir and It's Use for Inhibiting HIV Infection:

U.S. Patent Application No. 08/423,387, filed April 25, 1995.
Onal, Liquid Formulation of Ritonavir

U.S. Patent Application No. 08/440,277, filed May 12, 1995
Onal, Encapsulated, Semi-Solid Formulation of Ritonavir

U.S. Patent Application No. 08/402,690, filed March 13, 1995
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Medical Officer's Review of NDA 20-659 and 20-680

Medical Officer:
Submission date:
Review completed:
Applicant:

Drug name (generic):
Proposed trade name:

Chemical Structure:

~~ K

<O

Proposed Indication:

Dosage Forms:
Route of Administration:
NDA Drug Classification:

Important Related Drugs:

Jeffrey S. Murray
Dec. 21, 1985

Abbott Laboratories
Ritonavir
NORVIR

)..
.

NORVIR ig indicated alone or in combination with
nucleoside anaiogues for the treatment of HIV
infection when therapy is warranted based on
clinical and/or immunological status. This indication
is based on results from a study in patients with
advanced HIV disease that showed a reduction in
both mortality and AIDS defining events for patients
who received NORVIR. Median duration of
treatment in this study was 6 months. The clinical
benefit for longer periods of treatment is unknown.

Liquid (80 mg/mL); soft gelatin capsules

Oral
Antiretroviral, HIV protease inhibitor

INVIRASE™ (saquinavir), Hoffmann-La Roche Inc.
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Materials Reviewed:

IND serial 150, volumes 1-123: Study report for M84-247 and study M93-
169. T

NDA 20-659, section 8 volumes, 54-88, section 10 volume 1,

NDA 20-659, Clinical and Safety Update, Volumes 1-16.

Chemistry/Manufacturing Controls:

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

Animal Pharmacology/Toxicology:

Please refer to Dr. Pritam Verma's review of pharmacology/toxicology. Dr.
Verma's review raised no issues that would preclude approval of NORVIR. Dr.
Verma's comments have been incorporaced in a revision of the applicant's
proposed labeling.

Human Pharmacology, Pharmacokinetics, Pharmacodynamics:

Please refer to Dr. Kofi Kumi's review of clinical pharmacology. There are
significant ritonavir pharmacokinetic interactions with several drugs used in the
treatment or prophylaxis of AlIDS-related conditions. Refer to Overview of Safety,
Drug-Drug interactions, section 10.3.3. Dr. Kumi's review raised no issues that
would preclude approval of NORVIR. Dr. Kumi's comments have been
incorporated in a revision of the applicant’s proposed labeling.

Description of Clinical Data Sources

Table 7.1 lists the clinical studies used to support the /n vivo antiviral activity,
efficacy, and safety of ritonavir. Included are the dates the trials were conducted,
protocol design, number of patients enrolled, and primary clinical endpoints.
Studies 245, 247, and 208 are the primary trials submitted in support of the
indication. The first two studies were double-blind and randomized, the !atter was
a noncomparative, open-label trial.

Studies 112, 134 and 229 were dose-ranging studies that evaluated
pharmacokinetics and changes in surrogate markers. The first two studies were
doubie-blind, randomized, and placebo-controlled for the first 4 weeks of
treatment. Both studies 112 and 134 had open label extension phases (studies
169 and 134X, respectively) in which patients continued their originally assigned
ritonavir dose. Based on the results from these studies, Abbott determined that
treatment with the 600 mg bid regimen was associated with more sustained
activity than other dosing regimens. Study 229 was an open-label study which
evaluated ritonavir at dosing regimens of 400 mg tid and 700 mg hid. Based on
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the results from this study, Abbott concluded that the 700 mg bid dose was
associated with an unacceptable amount of gastrointestinal intolerance.
Therefore, for the liquid formulation, the 600 mg bid dose of ritonavir appeared to
be the most active and convenient regimen with an "acceptable” amount of
toxicity.
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Table 7.1. Listing of Clinical Trials used to support Safety and/or efficacy
e = T T
STupy DATES DESIGN PoPULATION/ ENDPOINTS
CONDUCTED SAMPLE SIZE
M94-245 2/14/95 randomized double blind CD4: 200-500 Change in CD4
HIV RNA: > 15,000 | Change in RNA
to ZDV 200 mg tid vs.
RIT 600 mg bid vs. 356 enrolled
9/28/95 ZDV 200 mg tid + RIT 600 mg
bid
M94-247 4/13/95 randomized, double blind; CD4: <100 1) Disease
z 9 months of prior progression
to RIT 600 mg bid vs. antiretroviral Rx or Death,
Placebo 2) Survival
12/15/95 (randomized Rx was added to 1090 enrolled 3) Change in
baseline Rx, of up to 2 CD4 and
nucleoside analogues) RNA
M94-208 3/6/85 noncomparative, open-label; CD4: 50-250, up to | Change in CD4,
Single arm; 350 if progressing | RNA
to
RIT 600 mg bid + ZDV + ddC 32 enrolled
8/25/95 |
M93-112 | 1/20/94 Dose-ranging, randomized, 76 Change in CD4, r
double blind, placebo controlied RNA
and to RIT 300 mg bid
RIT 400 mg bid
M94-169* | 2/15/95 RIT 500 mg bid
RIT 600 mg bid
M93-134 4/26/94 Dose-ranging, randomized, 61 Change in CD4,
double blind, placebo controiled RNA
and to RIT 200 mg tid
RIT 300 mg tid |
M94-134X* | 2/15/95 RIT 200 mg qid
RIT 300 mg qid
M94-229 8/11/94 Dose ranging, open-liabel CD4: 50-500 Change in CD4,
to RIT 400 mg tid 30 enrolled RNA
4/24/95 RIT 700 mg bid
YTy

S -
M94-169 and M94-134X were extension phases of studies M83-112 and M93-134, respactively

n
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8 Clinical Studies:

8.1 Indication # 1 ,
Ritonavir alone or in combination with nucleoside analogues is indicated for the
treatment of advanced HIV infection.

8.1.1 Study M94-247
A Phase 3 Safety and Efficacy Trial of Ritonavir plus Current Therapy vs.
Placebo plus Current Therapy in HiV-infected Patients.

8.1.1.1 Study 247: Protocol
8.1.1.1.1 Objectives

The protocol objectives were to evaluate the safety, antiviral activity, and
clinical efficacy of ritonavir at a dose of 600 mg bid in patients who have
had at least nine months of previous exposure to existing available
antiretroviral agents.

8.1.1.1.2 Design

The protocol was a double-plind, randomized, two-armed, parallel,
multicenter (international) study comparing ritonavir vs. placebo when
added to pre-existing antiviral treatment in HiV-infected individuals with
advanced disease (CD4 counts <100 cells/mm?®). Pre-existing antiviral
therapy could have consisted of no therapy or up to two approved
nucleoside analogues (for the U.S., ZDV, ddl, ddC, or d4t).' Targeted
enroliment was 1000 patients, 500 per treatment arm. The study was
both a clinical study and surrogate marker study. Clinical endpoints
were to be assessed on all randomized patients. The first 150 patients
with screening plasma HIV-RNA levels above 15,000 copies/mL were to
comprise the surrogate cohort for the RNA analysis. All patients
randomized at the time of accrual of the RNA cohort were to comprise
the CD4 cohort. It was expected that some patients in the CD4 cohort
would not have screening RNA levels greater than 15,000 particles/mL.

The two treatment arms in this study were:

+ Current antiviral therapy + ritonavir 800 mg bid
« Current antiviral therapy + placebo

IConcomitant use of 3-TC was not permitted since this was an investigational agent at the
initiation of study 247. Participants from countries outside the U.S. were permitted to use ZDV, ddl.
ddC or d4T, as available. Concomitant use of other protease inhibitors was prohibited.
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The protocol specified that nucleoside analogue regimens were not to
be changed during the first four months of study drug treatment;
however, any drug could be discontinued for intolerance.

Randomization and stratification

The date on which a patient received study medication was considered
to be their date of randomization. Patients were randomized in blocks
of Tour within two geographic strata (North America and
Europe/Australia) using a central randomization system.

8.1.1.1.3 Population
A summary of pertinent eligibility criteria for participation in this study
were as follows:

- At least one CD4 count < 100 cells/mm?® during screening

- At least 9 months of previous antiretroviral therapy with one or more
approved nucleoside analogues.

« No change in antiretroviral therapy within 6 weeks prior to study
day-7

« Karnofsky score greater than 70

+ No evidence of acute iiiness

Patients were excluded for the following reasons: previous enroliment in
a protease inhibitor trial, a history of acute pancreatitis during the past
two years, concurrent treatrnent with more than two reverse
transcriptase inhibitors, or the need for concurrent treatment with
contraindicated drugs.

8.1.1.1.4 Procedures

Assessments o
A summary of pertinent study assessments includes the foliowing:

Complete history and physical evaluations were performed at
basseline. Targeted exams were performed every week through week
4, every 2 weeks until week 12 and then monthly thereafter. Blood
specimens to measure surrogate markers of interest, CD4 and RNA,
were drawn at days -7 and -1 to establish baseline. They were also
drawn at weeks 2, 4, and every 4 weeks thereafter. Chemistry and
hematology labs were drawn at days -7 and -1, at weeks 1, 2, 4, 6,
8, 10, 12, 168 and monthly thereafter.
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Toxicity Mapagement “
In the toxicity management section the protocol outlined conditions for
which the dose of ritonavir could be adjusted. In summary, patients who
experiencec nausea and/or vomiting during the first three days of study
drug administration were allowed to fcllow an adjusted dose schedule of
300 mg bid for one day, 400 mg bid for two days, 500 mg bid for one
day and 600 mg bid thereafter. Patients who experienced a grade 3 or
4 toxicity were allowed to dose reduce to 300 mg tid after resolution of
the toxicity.

Patiants who discontinued blinded study drug for occurrence of a new
AlDS-defining event were permitted to take open-iabel ritonavir after a
minimum of 16 weeks of blinded treatment. Patients who discontinued
study drug and did =t receive open-label ritonavir were to be followed
monthly for evaluations and labs.

8.1.1.1.5 Endpoints

This study was both a clinical endpoint and surrogate marker study.
The primary clinicai efficacy endpoint was time to the combined
endpoint of AIDS disease progression or death. A secondary clinical
endpoint was survival. Disease progression was defined as the
occurrence of a new AlDS-defining event (according to the CDC 1993
definition for clinical AIDS defining events) or death. Recurrence of
Pneumocystis carinii pneumonia, chronic HSV, or esophageal
candidiasis were also counted as events. The clincical endpoint
included both presumptive and definitive diagnoses for some
opportunistic infections. Please refer to Appendices A and B for the
clinical endpoint criteria.

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

8.1.1.1.6 Statistical considerations

Clinical

The protocol specified that primary analysis of clinical endpoints would
be conducted after the accumulation of 191 endpoints occurring after
the first 28 days of study treatment. The surrogate marker analysis was
to be conducted after all patients had received 16 weeks of drug. For
those who discontinued drug early, the cut-off was to be 113 days after
the drug was first distributed to the patient (the day of randomization).
Sample size calculations were based on detection of differences in the
combined clinical endpoint.

f
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The agplicant's primary intent-to-treat (ITT) analysis included all
randomized patients and their first endpoints in a Cox proportional
hazards model stratified by geographic region (N. America or
Europe/Australia). Randomization group was the only factor..

Activity

The applicant's primary ITT analyses for surrogate markers were
comparisons of the time-normalized area under the curve through week
16 for the change in baseline for both CD4 csll counts and log-
transformed HIV-RNA. Baseline was defined as the mean of all values
within ten days prior to randomization excluding any screening values.
For patients whose final value was prior to day 113 (week 16), the AUC
was calculated up to the time of the final available measurement without
regard to whether the patient was on treatment. The AUC was then
normalized by dividing by the time of the last measurement. Patients for
whom no post-baseline measurements were available were regarded as
having no change from baseline.

Comment:

Assigning values of no change from baseline for patients with no
post-baseline measurements is a conservative approach which may
have the effect of reducing the apparent drug activity. This
stringent approach has been used in prior antiretroviral approvals.
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8.1.1.2 Study 247: Results

8.1.1.2.1 Patient Disposition

In this international study, 1080 patients were randomized to treatment, 547
to placebo and 543 to ritonavir. Eleven countries enrdlled patients in this
study. The majority of patients were enrolled in the U.S.

Table 8.1. shows the disposition of patienta by treatment arm at the time of
the surrogate analysis closure date (the earliv: »f the week 16 visit or Sept.
13, 1995) and at the time of the clinical endpoints closure date (Dec. 15,
1995). At the time of the surrogate marker closure date, more patients
randomized to ritonavir had discontinued double-blind treatment than those
randomized to placebo (114 and 68, respectively). The majority of patients
discontinuing double-blind treatment on the ritonavir arrn did so due to an
adverse event, while the majority of those discontinuing on the placebo arm
did so for various other reasons. By the surrogate marker analysis closure
date, more deaths occurred among patients randomized to placebo than to
ritonavir.
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Table 8.1. Disposition of patients for the surrogatu analysis and clinical
endpoint analysis clure dates (shaded rows).

Placebo Ritonavir
| Total Randomized 547 ' 543
Never took drug 2 2
Entered Jouble-blind treatment 545 541
Discontinued double-blind treatment 68 114
HiV-related avent 8 5
Adverse svent 23 89
Concurrent condition 3 0
Admission criteria 1 0
Required prohibited medication 3 0
Personal reasons 6 I 7
Lost to follow-up 3 3
Desth 14 5
Other 2 4
Entered open label 4 1 P
Drug interruption at time of closure 30 a3
for surrogate analysis
Total Deaths at surrogate analysis 21 10 ‘
closure date t

' Pg.

The clinical endpoints study closed after the protocol-specified number of 191
clinical events, occurring after the first 28 days of treatment, were achieved. This
occurred by Dec. 8, 19985 and the study was closed one week later on Dec. 15,
1995. The data submitted includes clinical andpoints and selected safety data
collected up to Dec. 15, 1995.

The applicant states in the clinical update (Feb. 10, 19968), “Since not all case

report forms have been entered into the database at this time, it is not possible to

provide a complete patient accounting at this time." Some patients were

categorized as lost to follow-up, others were classified as “assumed to be on

study.” Patients in the latter category were not known to be lost to follow-up but =
did not have serum samples processed through the central laboratory in the

month prior to the Dec. 15, 1995 closure date. Patient accountability for the

clinical endpoint data is listed in table 8.3. For both categories, lost to follow-up
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and "assumed to be on study but no recent sesxum sample", there was a larger

number of patients randomized to ritonavir compared to placebo.

Table 8.3 Patient accountability for the combined clinical endpolnt and for

endpoint of survival.

Placebo Ritonavir H
Patients included in analysis 547 543 |
Patients with disease progression or death 181 (33.4%) | 86 (15.8%)
Deaths 46 (8.4%) 26 (4.8%)
Patients counted as having no disease progression 366 (66.9%) | 457 (84.2%)
Known to be lost to follow-up 9 (1.6%) 24 (4.4%)
Known to be on study 315 (57.6%) | 362 (66.7%)
Assumed to be on study but no recent serum sample 42 (1.7%) 71 (13.1%)
Patients counted as surviving 501 (91.5%) | 517 (95.2%)
Known to be lost to follow-up 14 (2.6%) 24 (4.4%)
Known to be on study 436 (79.7%) | 422 (77.7%)
Assumed to be on study but no recent serum sample 51 (9.3%) 71 (13.1%)
ource: Clinica ate Vol. 1, pg. and pg. able
Comments:

Subsequent to receiving the clinical update, we asked the applicant to
improve the patient accountability specifically for survival status. The
applicant checked vital status on the lost to faollow-up and "assumed to
be on study” groups. The last count showed that 10 patients randomized
to placebo waere lost to follow-up and 12 patients randomizaed to ritonavir
were lost to follow-up for an overall lost-to-follow-up for survival of 2%
with balance across treatment arms. When updating the patient
accountability, the applicant found eleven additional deaths, 5 among
those randomized to ritonavir and 6 among those randomized to placebo.
All of the remaining patients were known to be alive. These changes in

patient accountability are shown in Table 8.4 below.

One should be aware that the numbers of patients known to be on study
and lost-to-follow-up differ for the combined endpoint compared to the
endpoint of survival alone. For the placebo arm, there were more
patients lost-to follow-up for the survival endpoint than for the combined
endpoint. For example, a patient who had an AIDS-defining event
endpoint and then was lost-to-follow up would be counted for the

combined endpaoint but lost for the survival endpoint.
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Table 8.4. Revision of patient accountability for survival endpoint.

Placeho Ritonavir ﬁ
Patients randomized 547 - 543 "
Clinical update: Survival Status not definitely known 65 (11.9%) 95 (17.5%)
Lost to follow-up 14 (2.6%) 24 (4.4%)
Assumed to be on study but no recent serum sample 51 (9.3%) 71 (13.1%)
Revision of Survival Status Data
Confirmed alive as of Dec. 15, 1995 49 78
Died as of Dec. 15, 1995 6 5
Unknown 10 (1.8%) 12 (2.2%)
R
Source: NDA 20058

The analyses submitted in the clinical update assumes that patienté were still
being followed for disease progression and survival unless information

regarding loss to follow-up was available.

.

Demographic r risti

The demographic characteristics of the 1090 participants are listed in Table
8.5. The demographic backgrounds of the surrogate marker cohorts were

similar to that of the overall cohort evaluated for clinical endpoints.
majority of participarts were Caucasian males.

Table 8.5.
(all patients).

The

Selected demographic characteristics for participants in study 247

gource: Cinmca' uaafe UO' Bl, Pg

PLACEBO
N=547 N=543
Gender
Male 500 91% 499 92%
Female 47 9% 4 8%
Race o
Asian 9 2% 4 1%
Hispanic 31 6% 29 5%
Black 39 7% 29 5%
White 463 85% 476 88%
Other 5 1% 5 1%
Age (yrs.)
Mean a9 39
(Range)

n
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Concurrent antiretroviral medication

Table 8.6 summarizes concurrent antiretroviral therapy immediately prior to
randomization by treatment group. According to protocol, patients were
required to maintain their antiretroviral drug regimen for at least 16 weeks after
randomization. There were slight differences in the percentage of patients on
specific regimens, but the overall distribution was similar.

Table 8.6. Concurrent antiretroviral therapy immediately prior to

randomization.
~ PLACEBO RITONAVIR

N=547 N=543

N (%) N (%)
None 106 (19%) 92 (17%)
Zidovudine (ZDV) monotherapy 125 (23%) 108  (20%)
Stavudine (d4T) monotherapy 92 (17%) 115 (21%)
Didanosine (ddl) monotherapy 50 (9%) 31 (6%)
Zalcitabine (ddC) monotherapy 30 (5%) 31 (6%)
ZDV + d4T 18 (3%) 23 (4%5
ZDV + ddi 47 (9%) 41  (8%)
ZDV + ddC 62 (11%) 78 (14%)
Other 17 (3%) 23 (a%)
ource. Clinical update Vol. 01, pg e

8.1.1.2.2  Activity

Baseline CD4, CD8, RNA

Table 8.7 shows mean and median baseline CD4, CD8 and HIV-RNA (log,,)
for patients in the surrogate marker cohorts. The protocol specified that the
first 150 patients enrolled (75 per arm) with a screening HIV-RNA greater
than 15,000 copies/ml. would comprise the surrogate analysis cohort for this
activity endpoint. A total of 159 patients were included in the RNA cohort?.

All 215 patients enrolled by this time, regardiess of screening RNA level, were

included in the analyses of CD4 and CD8 changes.

{Although the target was 150 patients, patient numbers 150-158 were all recruited on the same

day.
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Table 8.6. Summary of Baseline CD4, CD8 and log,,RNA for Surrogate Cobourt
(n=159). o
-
HIV-RNA (log,, equivalents/mL)
N 79 80
Mean 524 5.42
Median 5.24 .29
Range 3963 4.26.3
CD4
N 107 108
Mean 26 31
Median 18 21
Range 0-92 0-116
cD8
N 107 108
Mean 458 505
Median 410 447
43-1355

The baseline mean log,, RNA levels for all patients participating in the clinical

trial (n=1090) were 5.13 and 5.25 log equivalents/mL for placebo and ritonavir
treatment groups, respectively. The baseline mean CD4 counts for all patients
were 35 and 30 for the placebo and ritonavir treatment groups, respectively. In
summary, baseline surrogate marker values for the clinical cohort were similar
to that of the surrogate cohort, showing enrollment of immunologically
advanced patients.

Change in surrogate markers

The applicant's methods for analyzing changes in surrogate markers were
reviewed by members of the antiviral division prior to the NDA submission.
The primary surrogate marker analyses compares mean DAVG-16 values
(mean change in CD4 count or log,, RNA from baseline averaged over 16
weeks, using area-under-the-curve). As stated above, patients for whom no
post-baseline measurements were available were assigned a value of zero
change from baseline. For patients whose final value was prior to day 113
(week 16), the applicant calculated an AUC up to the time of the final available
measurement. The AUC was then normalized by dividing by the time of the
last measurement. For example, for some patients, a “DAVG-16 value” may
actually represent a DAVG-8 or DAVG-12 calculation. These values are used
to calculate mean DAVG-16 for the cohort. These methods, which have been
used to analyze the activity of prior antiretroviral drugs, have been regarded as
useful depending on the amount and distribution of missing data.
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Figures 8.1 and 8.2 display the percentage of missing CD4 and RNA data,
respectively, by visit and treatment arm. Up to 20% of CD4 values and 10% of
RNA values were missing by week 16 among patients randomized to ritonavir.
For study 247, the amount of missing CD4 data was balanced across
treatment groups and similar to that observed in other antiretroviral trials.
There was a lower percentage of missing RNA data on the ritonavir arm
compared to the placebo arm.

To study the impact of missing surrogate data on the overall results, we
conducted sensitivity analyses, using a conservative approach to impute values
for missing data. Like the Abbott ITT analyses, all patients who had no post-
baseline follow-up values were considered to have zero change from baseline.
For missing data after the last available post-baseline measurements, zero
change from baseline was used for all missing values after the last available
data. For missing values between non-missing data, the preceding value was
used in place of the missing value.

Figure 8.3 compares plots of mean change from baseline for CD4 using
Abbott's ITT analysis methods (left) and FDA sensitivity analysis methods
(right). Figure 8.4 shows mean change in log,,RNA for the two analyses
(Abbott ITT on the left, FDA sensitivity on the right). For both analyses,
surrogate marker changes are similar and overall conclusions remain the
same. The change in both CD4 and RNA from baseline averaged over 16
weeks was statistically significantly superior for those randomized to ritonavir
compared to those randomized to placebo. These results were robust.
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Figure 8.1. Study 247, CD4 cohort: Percentage missing CD4 data by treatment
arm,
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Figure 8.2, Study 247, RNA cohort: Percentage missing RNA data by treatment
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Figure 8.3. Mean change in CD4 from baseline over 16 weeks by treatment arm
using Abbott ITT (left) and FDA sensitivity (right) analyses.
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Figure 8.4. Mean change in log,, RNA from baseline over 16 weeks by
treatment arm using Abbott ITT (left) an‘d\FDA sensitivity (right)

analyses.
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Tables 8.7 and 8.8 compare the differences in change (DAVG-16) in CD4 and RNA -
between the ritonavir and placebo treatment arms. These treatment differentcs were
slightly larger for the more conservative sensitivity analyses which imputed zero
change for baseline for missing values. For the RNA analyses, these results may be
explained by the larger amount of missing RNA data for the ZDV arm.

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

c::mparison leference " TStat | Pvlue ]
Abbott's ITT analysis '
RIT vs. Placebo 33.9 8.07 0.0001

FDA Sensitivity analysist
RIT vs. Placebo 34.1 - 8.24 <0.0001

- - S L
mnssmg data occurnng after discontinuation was |mputed with values of no change from baseline.

Missing values between two collected values was imputed with the last vaiue present (carry-forward).
Source: FDA statistical review.

Table 8.8. Comparison of Abbott's ITT analysis and FDA sensitivity analysis for
evaluating differences in Mean DAVG 16 for HIV-RNA.

. P = - P R e R N K s
(l Comparison Difference T-Stat P-value H

Abbott’'s ITT analysis ]I

RIT vs. Placebo 0777 8.36 0.0001

FDA Sensitivity analysist
RIT vs. Placebo -0.808 8.66 <0.0G01

T missing data occurring after discontinuation was imputed with values of no change from taseline.
Missing values between two collected values was imputed with the last value present (carry-forward).
Source: FDA statistical review.

CD8 Counts

Changes in CD8 cells have often been monitored in antiretroviral trials but have
not served as a basis for prior accelerated approvals. CD8 changes in response
to treatment with nucleoside analogues have been variable. [n this study, ritonavir
treatment was associated with statistically significant increases in CD8 cells in
both phase 3 studies. Table 8.9 shows the mean change in CD8 cell counts from
baseline over 16 weeks. Treatment with ritonavir was associated with an increase
in CD8 while treatment with Z2'v was associated with a decrease in CD8 cell
counts from baseline.
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Table 8.9. Mean change in CD8 from baseline over 16 weeks (DAVG-16)
Mean Mean of Mean of Ayerage Between-
Group N Baseline | Averages Over | Change from Baseline Group
16 Weoks Over 16 Weeks (SE) p-value
Ritonavir | 107 505.8 671.9 1668.2 (21.63) <0.001
Placebo 103 457.9 4136 <443 (22.04)

8.1.1.23

Efficacy
Duration of follow-up

Because of the rapid enroliment of patients with very advanced HIV disease,
clinical endpoints were obtained quickly and meanr duration of follow-up was

Source: IND 43,718, vol. 012 pg. 189,

only approximately 6 months. Table 8.10 summarizes the duration of follow-up
by treatment group, showing the distribution over selected time intervals.

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

Methods for assessing clinical endpoints

The applicant described their methods for assessing clinical endpoints in the

PLAcCEBO RITONAVIR
N=547 N=543
N % N (%)

Mean (days) 177 177

Median (days) 178 178

S 4 Weeks 3 (1%) 6 (1%)

5-8 Weeks 11 (2%) 8 (1%)

9-12 Waeks 9 (2%) 9 (2%)
13-16 Weeks 10 (2%) 9 2%)

17-20 Weeks 10 (2%) 3 (1%) #

21-24 Weeks 47 (9%) 40 (7%)

25-28 Weeks 320 (58%) 329 (60%)

29-32 Weeks 127 (23%) 122 @3%) |

0 ) u (3%)
aource. ( , modih y medical reviewer.

clinical update. In summary, when a patient experienced an HiV-related event,
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the investigator was to submit an HiV-event case report form and any
additional documentation for the event to the Abbutt clinical monitor. The
blinded monitor requested additional information as needed and then
forwarded ail materials to the blinded external reviewer. .Each event was
reviewed according tc pre-defined protocol-specified criteria. The blinded
reviewer categorized the event, cutcome grading, and assigned a confidence
grading according to the scales listed below:

Outcome Grading

0= Not HIV related

1= HIV related but not AlDS-defining, or progression of an AluS-defining
iliness present at baseline

2= Recurrence of an AlDS-defining event that was not active at baseline

3= New AIDS defining event or death, or a recurrence of PCP, chronic
H{ 7, r esophageal candidiasis.

Events with an outcome grading of 3 satisfied the protocol specified criteria for
a clinical endpoint.

Confidence Grading

0= No confidence

1= Case report form only source of documentation available

2= Secondary documentation available

3= Documentation meeting the specifications of the definition of an AIDS -
defining event. See appenuices A and B.

The applicant conducted two clinical analyses, one using ciinical endpoints
with a confidence grade of 3 and one using endpoints with a confidence grade
of 2 or 3.

Commaents:

The methods for adjudication of endpoints were appropriate. The
confidence grading system may have allowed for greater pracision in the
assessmant of this difficult heterogenous andpoint of AIDS clinical
progression. In the clinical update, the applicant inciuded a secondary
analysis which included events with confidence grading of both 2 and 3.
The results of both anslyses were similar.

In a review of the assessmant of clinical endpoints, it was apparent that 8
few events for earh arm ware not counted as endpoints because the
external monitor judged that signs or symptoms of the iliness were
present, in retrospect, prior to randomization. For example, a patient may
have developed cryptococcal meningitis several weeks after
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randomization. If this individual had the onset of chronic headaches pre-
dating randomization, then the cryptococcal meningitis avent was not
counted as an endpoint since it was consideéred to be present at baseline.
Although these assessments were made in a blinded manner, the
presence or absence of disease at baseline was reassassed
retrospectively. Whether one agreaes with this methodology or not there
were only a few cases fitiing into this pattern. These few cases would
not impact noticeably on the overall results.

Oversll, after a raview of the monitor’s notes accompanying the
tabulation of clinical endpoints, it is apparent that the applicant was
meticulous in assessing clinical endpoints.

Figure 8.5 displays two sets of Kaplan-Meier plots depicting the time to AIDS
disease progression or death by treatment group. The first set of curves
represents the applicant's analysis for time to disease progression or death for
patients randomized to ritonavir or placebo (upper and lower curves,
respectively). The analyses assumes that patients were still being followed £
for disease progression and survival unless information regarding loss to
follow-up was available. The second set of curves (distinguished by the
presence of asterisks in the label) represents an FDA sensitivity analysis for
the time to disease prograssion or death. In this analysis, all patients on both
treatment arms who were either lost to follow-up or who did not have a serum
sample in the month prior to closure ("assumed on study") weie considered to
be treatment failures. (Refer to Table 8.4 for the breakdown of patient
accountability for the combined clinical endpoint.)

There were 96 and 65 patients randomized to ritonavir and placebo,
respectively, who were either lost-to-follow-up or who had not had a recent
serum sample processed through the central laboratory. In this conservative
analysis a treatment benefit is still apparent for patients randomized to ritonavir
compared to placebo, however the curves intersect at the later part of the
treatment period, approximately day 220. See Dr. Hammerstrom's statistical
review for a more complete description of the FDA sensitivity analysis.
According to his report, statistically significant differences between treatment
groups are present from day 50 to the end of the study for the applicant’s
analysis and from day 50 to approximately day 180 for the cunservative
sens-ivity analysis in which patients with unknown disease status are
reclassifiad as failures.
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Figure 8.5. Time to disease progression or death by treatment. Abbott ITT
analysis and FDA sensitivity analysis™.
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Dr. Hammerstrom also conducted several time-independent analyses for the primary
clinical endpoint of disease progression or death. The most conservative of these
time-independent analyses reclassified all patients with unknown disease progression
status as failures. The results of this sensitivity analysis and the applicant's ITT time-
independent analysis are displayed in Table 8.9. h

Even though the difference between treatment groups is smaller in this conservative
analysis, the difference remains statistically significant. This is an indication that the
study 247 clinical results are robust.
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Table 8.9. Time-independent analyses for the primary clinical endpoint. )

Combined Clinical Enpolnt Ritonavir . . Placebo
(disease progression or death)

| Pmslon or death

No progressioni or death 362 315 4

Difference in no progression rate = 17.3%
| Chi Square = 34.71 **statistically significant

181 (33%) 232 (42%)
i No progression or death 362 (67%) ' 315 (58%) {

f
]
‘
|

i Progression or death

Difference in no progression rate = 9.71%
Chl Square = 9,55 *“statistically significant.

For the endpoint of survival alone there were 31 deaths (5.8%) among patients
randomized to ritonavir compared to 52 deaths (10.8%) among patients
randomized to placebo. According to the applicant's time-dependent analysis
the hazard ratio was 0.60 in favor of ritonavir. The difference in mortality rates
was statistically significant. For the survival endpoint, there were 12 and 10
patients who were lost-to-follow up on the ritonavir and placebo arms,
respectively. If one assumed that all those lost to follow-up were dead the
mortality rate for ritonavir and placebo, respectively would be 7.9% and 11.3%.
A time-independent analysis shows a relative risk of 0.70 (Chi-Square = 3.65,
p-value =0.056). The observed survival advantage is fairly robust.

Exploratory Analyses

For the clinical and virologic outcomes, the applicant assessed the treatment
effects using demographic and baseline status subgroups as cofactors,
including: race, gender, age, baseline weight, and screening CD4 ccunts and
RNA levels. For the primary clinical endpoint the applicant reports that there
were no statitistically significant treatment-cofactor interactions except for race.
For the outcome of AIDS disease progression or death there was a statisticaily
significantly larger treatment effect for nonwhites compared to whites. These
results conflict with those evaluating the effect of baseline covariates on
surrogate response. For RNA response the treatment effect was larger for
whites compared to nonwhites.

For surrogate marker responses several additional covariates appeared to be
associated with outcome including: larger superiority for ritonavir compared to
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placebo for females (for both CD4 and RNA response), and larger superiority -
for ritonavir vs. placebo for higher baseline CD4 counts (for CD4 responese).

8.1.1.24  Study 247: Safety Comparisons

All patients exposed to drug were evalusted for safety, 541 in the ritonavir
group and 545 in the placebo group. The original NDA submission included
analyses on all safety data up to the closure date. For patients randomized
prior to May 25, 1985, the closure date was the week 16 visit. For those
randomized after this time the closure date was September 13, 1995. In the
original NDA submission, the time from randomization until closure of the
safety data base for the last patient randomized was 63 days and the median
duration of treatment was 2.4 months. The safety update (submitted Feb. 8,
1996) provided additional safety data to a common closure date of Dec. 15,
1995. Safety data in the update was limited to premature discontinuations due
to treatment emergent adverse events or HiV-related events, treatment-
emergent serious adverse events, and deaths. Only events that occurred
within 30 days of dosing were considered to be treatment emergent.

The most frequently reported adverse events (original NDA), considered
possibly, or probably related, or of unknown relationship are si.own in Table
8.10. A larger percentage of patients randomized to ritonavir compared to
placebo had adverse events that were considered to be treatment related. The
most frequent adverse events were those under the digestive, nervous, or
“body as a whole” COSTART categories.

Treatment with ritonavir was associated with paresthesias, mostly circumoral
and peripheral. The applicant commented that the temporal profile of the
sensory neurologic events associated with ritonavir were different from the
sensory peripheral neuropathy associated with some nucleoside analogues.
For nucleoside analogues, neuropathies tend to be related to duration of
exposure and worsen with continued treatment. For some nucleoside
analogues, particularly ddC, neuropathy was often the primary réason for drug
discontinuation. In contrast, ritonavir-associated paresthesias tended to occur
within hours after dosing, sometimes subsided at the end of the dosing
interval, and were a less common reason for drug discontinuation.



NDA 20-659, 20-680 29
NORVIR™

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

Body System Placebo Ritonavir
CQOSTART Term (n=545) . (n=541)
n % n %
Body as a Whole
Abdomen enlarged 0 0 4 0.7
Abdominal Pain a7 6.8 67 12.4
Asthenia 54 9.9 118 21.8 u
Fever 23 4.2 40 7.4
Headache 52 9.5 67 12.4
Pain 22 4.0 22 4.1
Digestive System ‘
Anorexia 25 4.6 60 1.1
Diarrhea 85 15.6 217 40.1
Dry mouth 4 0.7 15 2.8
Dyspepsia 22 4.0 54 10.0
Local throat irritation 5 0.9 K.} 6.3
Nausea 106 194 257 47.5
Stomatitis 2 0.4 0 0
Vomiting 25 44 133 24.6 |

Nervous System

Circumoral Paraesthesia 13 2.4 136 25.1
Dizziness 23 4.2 53 0.8
Hyperesthesia 0 0 28 5.2
Incoordination o 0 2 .9
insomnia 8 1.5 24 44
Paraesthesia 8 1.5 28 5.2
Peripheral Paraesthesia 28 5.1 80 16.6
Somnolence 7 1.3 21 39
Cardiovascular System .
Vasodilatation 12 2.2 35 65 |
Hemic and Lymphatic System
Lymphadenopathy 12 2.2 17 2.2
Musculoskeletal
Arthralgia 5 09 12 2.2
Joint disorder 0 0 6 1.1
Respiratory System
Cough increased 7 1.3 14 26
Upper respiratory disorder 0 0 1 0.2

Source. Sludy 247 report, vol. U712, pg <10, Table 59, modilied.
‘Related events were possibly, probably or of unknown relationship as judged by the investigators.
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Table 8.10. Continued

Placebo | " Ritonavir |
n % n P |
Skin and Appendages
Acne 1 0.2 6
Rash 19 35 45
Special Senses
Taste perversion 16 2.9 52
Uvaitis 1 0.2 3

Source. Btudy 247 repor, Vol 012, P9 270, Table U, modiied. e
*Related events were possibly, probably or of unknown relationship as judged by the invstigators.

v n ing to Premature Di i
In the original NDA the applicant reports that 91 (16.8%) ritonavir treated
patients and 32 (5.9%) placebo-treated patients discontinued treatment at
least in part due to a treatment-emergent adverce event. In order of
frequency the events that lead to premature discontinuation of ritonavir
were. nausea (54 patients 10%), vomiting (31 patients; 5.7%), asthenia (23
patients, 4%), diarrhec (19 patients 3.5%), taste perversion (11, patients
2%). In the safety update (includes data up to Dec. 15, 1995), the number
(percentage) of patients discontinuing drug due to an adverse event
increased to 108 (20%) for the ritonavir group and 38 (7%) for the placebo
group.

Other Safety analyses

Abbott performed subgroup analyses of adverse events for gender, race,
age, and geographical location. In summary, some comparisons reached
statistical significance, but these differences did not appear to be clinically
meaningful. For example, the two events with a significant gender and
treatment interaction were lymphadenopathy and folliculitis. The incidence
of lymphadenopathy was lower in ritonavir treated females compared to
placebo treated females; the incidence of folliculitis was higher in ritonavir-
treated females compared to placebo-treated females. These differences
were not observed for both genders combined or for males. Sometimes the
difference in adverse events between treatments for specific subgroups was
due to a lower than expected incidence among patients receiving placebo
rather than an increased number of events associated with ritonavir.

Since nausea was a common adverse event and a common reason for
ritonavir discontinuation, the applicant performed detailed analyses to
describe the onset and duration of this treatment effect. According to their

=
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analyses, the median day of onset of the first episode of nausea for
patients receiving ritonavir was 4 days; the median duration of the first
episode of nausea was 13 days. Over 74% of the patients who
experienced nausea during study had onset of nausea during the first
week. Fig.8.6 below shows the applicant's Kaplan Meier plots for the
percentage of patients raceiving ritonavir and placabo who were nausea-
free over 120 day period. Abbott comments that the incidence of initial
episodes of nausea declined dramatically in the ritonavir group following the
first study week. At later time points the rate of development of nausea for
the two treatment groups were similar. A similar pattern was also noted for
vomiting, and paresthesias.

Figure 8.6. Kaplan-Meier Plots. Percentage without nausea over time.
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Serious Adverse Events

In the safety update, the applicant reported that 84 patients randomized to
ritonavir and 115 to placebo experienced 175 and 239 treatment-emergent
serious adverse events, repsectively. Fever, dehydration and sepsis were
the most frequent serious adverse events among patients receiving
ritonavir. The larger number of serious adverse events among patients
randomized to placebo may be attributed, in part, to the increased number
of HIV-related events for among those randomized to placebo compared to
ritonavir.

See section 10.1.2, "Overview of Safety: significant adverse events". for
summary of case report forms reviewed from study 247.
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Laboratory abnormalities

The applicant reports that the overall hematologic profile was favorable for
patients receiving ritonavir compared to placebo. A significantly larger
percentage of patients receiving placebo compared to ritonavir-hvad
extremely low values for some hematology parameters. Table 8.11 shows
the number (percentage) of individuals with extremely low hematology
values. Denominators are the number of patients with at least one post-
baseline value. Refer to Appendix C for a definition of extreme values for

hematology parameters.

Table 8.11. Number (percentage) of patients with extremely low hematology

labs.
Hematology Lab ] Placebo Ritonavir
n % n %
Hemoglobin 13/639 24 14/505 2.8
Hematocrit 86/539 16.0° 59/505 11.7 re
RBC 108/539 18.7° 76/505 14.9
WBC 277/539 51.4* 129/505 25.1
Platelets 3/539 0.6 2/505 0.4
Neutrophils 37/539 6.9" 20/505
Source: INC _ ol012pg 288,

*Indicates significance at p<0.05

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

A significantly higher percentage of individuals receiving ritonavir as compared
to placebo experienced extremely high values of the following chemistry labs:
uric acid, SGPT(ALT), GGT, CPK, triglycerides. The number (percentage) of
individuals with extremely high chemistry values are shown in Table 8.12.
There were no significant differences for extreme low values.

i
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Table 8.12. Number (percentage) of individuals exceeding extreme limit criteria
for selected (listed if > 1%) chemistry variables.

O U
Chemistry Lab Placebo Ritonavir H
n % n % ﬁ

| Glucose 6/539 1.1 2/503 0.4
| uric Acld 1/539 0.2 18/505 6™
| Total bilirubin 1/539 0.2 6/505 1.2

‘ LDH 1/539 0.2 5/504 1.0
! SGOY (AST) 23/539 4.3 19/505 3.8

SGPT (ALT) 14/539 2.6 31/505 6.1
GGT 36/539 6.7 74/504 14.7*
CPK 24/535 4.5 43/499 8.6*
Triglycerides 1/539 0.2 511505 10.1*

17256 18/228

]

Alkaline Phecsphatase 9/539 1.7 7/505 1.4

Triglycerides (fasting)
ource: IN Vol. 012 pg 292.
“*Indicates significance at < 0.01 level

Elevation of triglycerides was clearly associated with ritonavir treatment, with
nearly 10% of individuals experiencing levels considered extreme. There were
no extreme elevations of cholesterol: however, the definition of an extreme
cholesterol level was 500 mg/dL. The applicant also analyzed laboratory
changes as mean changes from baseline at final visit. In this analysis,
treatment with ritonavir as compared to placebo was associated with
statistically significant increases in mean cholesterol. Mean change in
cholesterol from baseline at the last visit was +59.6 mg/d| for those receiving
ritonavir compared to -1.23 for placebo. An increase in cholesterol of this
magnitude could potentially have clinical significance if this elevation persisted.

Although hypertriglyceridemia is a reported risk for pancreatitis, only one
indivigual receiving ritonavir had an extreme elevation of ainylase. See
"Laboratory abnormalities”, section 10.2 of this review.
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8.1.1.3 Study 247: Medical Officer's Conclusions

Efficacy

Study 247 compared the addition of ritonavir vs. placebo to background
antiretroviral therapy in patients with advanced AIDS. Mean baseline CD4
count was less than 30 cells/mm?®, indicating enroliment of patisnts with severe
immunologic progression of HIV disease. The study showed that treatment
with ritonavir, as compared to placebo. was associated with greater increases
in CD4 counts from baseline and greater decreases in HIV-RNA from baseline
over a 16 week period. These results were robust and highly statistically
significant. Mean RNA decreases tended to project toward baseline by the
end of the treatment period but were still greater than 0.5 log equivalents/mL
below baseline at week 16. Theoretically, development of resistance to
ritonavir may be a factor in the attenuation of effect, although data regarding
the development of viral resistance in study 247 is not available.

Study 247 also showed that treatment with ritonavir compared to placebo was
associated with a reduction in AIDS disease progression and death. Reduction
in the combined endpoint of disease progression and death was approximately
50%. For the endpoint of survival, ritonavir was also associated with 2
reduction in deaths when compared to placebo. These results were
statistically significant.

The median duration of follow-up in this study was less than 6 months. Itis
not known if the clinical benefit observed with ritonavir treatment will be
sustained for longer periods of treatment. RNA data showed an attenuation of
effect by week 16. In addition, conservative ITT analyses in which zero
change from baseline is imputed for missing values may yield activity results
which underestimate ritonavir's biologic activity.

Safety .

The predominant clinical adverse events associated with administration of
ritonavir were gastrointestinal and neurologic disturbances including nausea,
vomiting, diarrhea, abdominal pain, peripheral paresthesias and circumoral
paresthesias. These toxicities frequently occurred early in the coutse of
treatment. According to the applicant, the rate of discontinuation for these
toxicities appeared to decline after the first two weeks of treatment.

Treatment with ritonavir was also associated with laboratory abnormalities.
The most frequent dose-limiting laboratory toxicities were elevation of
transaminases, and triglycerides. Other significant laboratory abnormalities
included elevations in GGT, uric acid, and CPK. Elevation of triglycerides did
not appear to be associated with pancreatitis except possibly for one
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individual. This patient was apparently off ritonavir for approximately 2 months
when this occurred. The long term clinical significance of elevation of
transaminases and triglycerides associated with ritonavir treatment is unknown
at this time. : -

Overall, ritonavir appeared to be reasonably tolerated in this population of
patients with advanced disease. However, approximately 20% of individuals
receiving ritonavir discontinued drug due primarily to an adverse event.
Patients who tolerate ritonavir probably receive benefit; however, from study
247 it is apparent that a significant proportion of individuals are unable to
tolerate the gastrointestinal and neurologic toxicities associated with this
treatment regimen,

Although drug interactions have been a concern, patients randomized to
ritonavir were using a mean of 11 concomitant medications. Given the
potential for a large amount of drug interactions, there did not appear to be a
large number of significant clinical adverse events attributed to drug
interactions. Some patients receiving rifabutin and ritonavir experienced
uveitis, arthralgia and dyspepsia. Several patients taking an antimycobacterial
with ritonavir experienced hyperuricemia or gout. These drug interactions are
discussed in more detail in the overview of safety.
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8.2 Indication # 2
Ritonavir alone or in combination with nucleoside analogues is indicated for the
treatment of HIV infection when therapy is warranted.

8.2.1 Study M94-245

The study was entitled, “"A Phase 3 Comparative Trial of Ritonavir Alone,
Zidovudine Alone, or the Combination of Ritcnavir and Zidovudine in HiV-infected
Patients Without Prior Antiretroviral Therapy."

8.2.1.1 Study 245: Protocol

8.2.1.1.1 Objectives

The objectives of this protocol were to evaluate the safety, antiviral activity,
and immunologic response of ritonavir 600 mg bid, ZDV 200 mg tid
monotherapy, and the combination of ritonavir and ZDV in HiV-infected
patients, and to study emergence of resistance to ritonavir.

8.2.1.1.2 Design

The protocol was a double-blind, randomized, multicenter (international)
and comparative trial. Approximately 360 patients (120 per arm) were to
be randomized to one of the following three treatments arms:

« RIT 600 mg bid
» RIT 600 mg bid + ZDV 200 mg tid
. ZDV 200 mg tid

According to the protocol, patients were 10 be followed for 12 months. An
interim surrogate analysis was scheduled for 16 weeks after the first day of
treatment in all patients. Patients who experienced disease progression
during the first 16 weeks of therapy were eligible to receive open-iabel
ritonavir after cornpleting 16 weeks of their randomized therapy. Patients
who experienced disease progression after 16 weeks eligible for cpen-label
ritonavir immediately. The protocol perritted open-label ritonavir to be
used alcne or in combination with up to two approved nucleoside
analogues.

8.2.1.1.3 Population
Ambulatory HiIV-infected males and females age 12 years or older with the
following baseline criteria were eligible:

a) No previous antiretroviral treatment
b) Roche PCR H!V RNA 215,000 particles/mL
c) Karnofsky scorez70



NDA 20-659, 20-680 37
NORVIR™

d) CD4 count = 200 cells/mm?®

8.2.1.1.4 Procedures

Due to poor tolerance of initiation of study drugs the protoccl was amended
to ad,ust the dose initiation schedule. Protocol amendment #2 ailowed
patients who experienced dose-limiting nausea or vomiting during the first
three days to follow the following dose adjustment s..iedule: 30C mg bid
for one day; 400 mg bid for two days; 500 mig bid for one day and then 500
mgq bid thereafter.

The screening period (study days -35 to -8) established eligibility for
participation in protocol. The lead in period (study days -7 to -1)
established baseline for CD4, RNA and other lab measurements. At least
two measurements for baseline CD4 and RNA were to be drawn during this
lead-in time period. Blood for CD4 and RNA measurments were drawn at
weeks 2, 4 and every 4 weeks thereafter.

8.2.1.1.5 Endpeoints

The primary outcome measure for the interim analysis was change from
baseline in plasma viral RNA (PCR) over the first 16 weeks of treatment.
This was to be analyzed using the DAVG-16 metric. Secondary measures
of outcome included change from baseline in CD4 cell count averaged over
16 weeks (DAVG-16).

8.2.1.1.6 Statistical considerations

The methods used for the analysis of surrogate markers in study 245 were
the same as those used for study 247. The primary ITT analyses for
surrogate markers were comparisons of the time-normalized area under the
curve (AUC) through week 16 for the change in baseline for both CD4 cell
counts and log-transformed HIV-RNA. Baseline was defined as the mean
of all values within ten days prior to randomization excluding screening
values. For patients whose final value was prior to day 113 (week 16), the
AUC was calculated up to the time of the final available measurement
without regard to whether the patient was on treatment. The AUC was
then normalized by dividing by the time of the last measurement. Patients
for whom no post-baseline measurements were available were regarded 2s
having no change from baseline.

8.2.1.2 Study 245: Results

Antiviral activity anaiyses for this study includes data from Feb. 14, 1995 (first
screening procedure date) to the earlier of Sept. 28, 1995, or the week 16 visit
(interim surrogate analysis report closure date).
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8.2.1.2.1 Patient Disposition, comparability

356 patients were randomized; 265 of these were U.S. patients. Table
8.13 shows the disposition of patients at closure of the 16 week surrogate
analysis period. The 16 week surrogate marker analysis closure date was
the week 16 visit or 113 days following the date when double-blind
treatment was first dispensed for patients who had no week 16 visit.
Overall, 63% of patients were on treatment at the study period closure;
however, this percentage excludas those who were on a treatment
interruption but had not officially discontinued diug. Fewer patients who
were randomized to the combination arm compared to those randomized to
either monotherapy arm remained on treatment at 16 weeks.
Approximately half of the patients randoemized to combination therapy had
discuiitinued trgatment by the end of the study pericd. Only one patient
who discontinued study treatment had no study follow-up.

Table 8.13. Patient disposition at closure of the 16 week surrogate analysis
period.

Disposition RIT+ZDV

Randomized 17 118 124 356

Randomized but never received treatment 1 1 2 4

Discontinued treatment (with f/u) 53 30 23 106
l ———

i Discontinued treatment (no flu) 1 0 n 1

t

Discontinued treatment entsred 1 2 2 5

% open-labul treatment

| On treatment, but with interruption 4 5 4

i

13
227 (63%)

H

Total romalningon troaent at closu | 57 (49%) 80 (68%) 90 (75%)
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Table 8.14 lists the primary reasons for discontinuation of double-blind
treatment. More patients randomized to ritonavir-containing arms
discontinued study treatment due to an adverse event. Forty-four patients
(38%) in the combination group, 28 patients (24%) in the ritonavir group
and 19 patients (16%) in the ZDV group discontinued double-blind
treatment due to an adverse event.

Table 8.14. Number of patients discontinuing double-bliid treatment according

to primary reason for discontinuation.

Patient Disposition ~ Combination Ritonavir ZDV

“Bource.

Patients Who Discontinued the Double-Blind Treatment
HiV-related event
Adverse avent
Admission criteria
Personai reasons
Lost to follow-up
Other
Entered open-label
Patients Who Discontinued Fallow-up
Adverse event 1 0 0
Fatients Who Discontinued Tren<abel Treatment

Adverse Event ' 1 1 0
"NDA Vol 8018 pg 110, tabls ©. |

-wncnogo
NO -+« a200®0m0
N O b wd wd @D -

8.2.1.2.2 Patient Demographics

Table 8.15 shows demographic characteristics tabulated by treatment group
for study participants. The stuci/ population was predominantly male,
Caucasian and homosexual or bisexual. The treatment arms were balanced
with respect to gender, race, baseline weight, and HIV risk factor. According
to the applicant, there was a statistically significant difference beiween
treatment groups for age and years since diagnosis. Patients randomized to
ritonavir-containing treatment urms were slightly older and patients
randomized to the combination arm had a slightly longar tina since HIV
diagnosis. These statistically significant differences were unlikely to be
clinically significant.
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Table 8.15. Demographic Characteristics
Combination Ritonavir Z0V
(n=117) (1=118) (n=121)
Variable n (%) n (%) n (%)
Gender
Female 12 (10) 11 {9) 8 (M
Male 105 (90) 107  (81) 113 (93)
Race
Black 7 (6) 12 (10) 7 (6)
Caucasian 102 (87) 84 (80) 100 (83)
Other 8 7) 12 (10) 14 (12)
Age (years)
MeanzS.D. 37.9148.1 35.728.1 34.618.1
Range 23-69 12-64 18-62
Weight (ib)
Male
MeantS.D. 176.32£27 1 170.7227.1 168.9227 1
Range 114-260 116-240 114-284
Female
MeantS.D. 154.6+28.4 145.2428.4 147.1£28.4
Range 131-222 108-233 116-196
Years Since HIV Diagnosis
(MeantS.D.) 4.1£3.0 3.2+3.0 3.0£3.0
Risk Factors:$
Homosexual or Bisexual 97 (83) 90 (76) 102 (84)
IV Drug User 7 (8) 9 (8 11 (8)
Transfusion Recipient 1 (1) 3 (3) 2 (2)
Sex Partner HIV Positive 23  (20) 25 (21) 23 (19)
Sex Partner IV Drug User 2 (2) 4 (3 3 (2
Unknown 1 (1) 4 (3) 2 (2
Other - 7 ) 9 (8) 5 (4)
$Fatients may have more than one nsk facto

Source: NDA Vol 8.018 pg 113

Table 8.16 shows mean, standard deviation, and range of baseline log,, HIV-
RNA measurements for each treatment group. Baseline log,, HIV RNA levels
were defined as the mean of all measurements, except screening values,
obtained within ten days prior to randomization. Twenty-onz2 patients (6%)
had baseline HIV RNA levers less than the lower limit of the entry criterion
specified in the protocol (15,000 particles/mL; 4.18 log,, particles/mL).
However, al! of these patients had screening values greater than 15,000
particles/mL, allowing study eligibility. One patient (# 143, ZDV + RIT) did not
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have a baseline level; however, this patient had a screening value that met the
entry criterion. The mean baseline log,,RNA levels were similar for the three
treatment groups. i

Table 8.16. Baseline HIV-RNA. Levels

HIV RNA Level Combination Ritonavir ZDV
(log, particles/mL) (n=117) {n=118) {n=121)
Mean 492 4.91 - 4.88
Standard Deviation 0.45 0.45 0.45
Minimum ) 37 37 3.9
Maximum 8.1 5.9 6.0

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

Table 8.17 shows the distribution of baseline CD4 counts, including mean,
median, and range, tabulated by {;eatment group. Approximately 75% of the
particinants had baseline CD4 counts between 200 and 500 cells/ul., 18% (63)
had baseline levels of 500 cells/ul or greater and 7% (26) had baseline levels
Jelow the protocol-specified lower limit (200 cells/uL). However, 24/26 patients
had screening values greater than 200 cells/uL, making them eligible to
participate. Two patients did not have screening values greater than 200
cells/uL; however, thair CD4 cell count at the Day -7 visit was greater than 200
cells/uL. Mean baseline CD4 count was similar for all treawnent arms.
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Table 8.17. Baseline CD4 Cell Count (cells/plL)

Combination Ritonavir 2DV

CD4 Cell Count (n = 147) (n = 118) (n = 121)
(celis/ulL) n (%) n (%) n (%)
100 - < 200 8 ) 12 (10) 6 (5)
200 - < 300 34 (29) 25 (21) 35 (29)
300 - < 400 a3 (28) an (26) 30 (25)
400 - < 500 24 21) 26 (22) 29 (24)
500 - < 600 12 (10) 20 (17) 13 (11)
600 - < 700 3 &) 2 (2) 5 (4)
700 - < 800 3 3) 2 (2) 1 (1)
> 800 0 (0) 0 0) 1 (1)
Missing 0 0 1 (1)
Median 351.5 381.5 351.3
Mean 360.1 365.3 386.2
Standard Deviationt 133.3 1333 133.3
Minimum 139.5 159.5 169.0
Maximum 767.5 743.0 1054.0

Source: NDA vol, B.018 pg 116 table 9.
tRoot mean squ:ared error from the analysis of variance model

8.2.1.2.3 Activity
Table 8.18 shows the number of patients with CD4 and RNA measurements
for each scheduled visit by treatment group.

Table 8.18. Number of patients with CD4 and RNA measurements by visit and
treament group.

* 3aseline 117 118 120 355 116 118 121 355

{ Day 15 106 102 106 102 106 110

MDay 29 94 100 106 91 101 102

| Week 8 o1 105 101 71 63 93

| week 12 86 100 98 70 90 92

[ Week 16 88 S5 93 276 (78%) 58 78 81 217(61%) |
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Fig 8.7 shows the percentage of missing CD4 data by treatment group for each
visit during the 168 week surrogate analysis period. The monotherapy treatment
arms had similar amounts of missing CD4 data. "The combination group had
more missing data with up to 25%-30% missing CD4 measurements at any
one visit; this was probably due to the increased rate of study drug
discontinuation for this treatment regimen.

Figure 8.8 shows the percentage missing RNA data by treatment group for
each visit over the 16 week period. For ail treatment arms there were more
missing RNA than CD4 data. The applicant commented that patients who
discontinued drug continued to have follow-up CD4 counts drawn but not RNA
levels, thus explaining the increased number of RNA measurements compared
to CD4 measurements. The applicant states that RNA levels were not
performed after discontinuation of drug because they had established in earlier
trials that RNA levels quickly return to baseline when antiviral therapy is
discontinued.

Similar to the CD4 data, there were more missing RNA measurements for
those randomized to combination treatment than for either monotherapy
treatments. Approximately half of the RNA measurements were missing for
the combination group at the week 16 visit. This may be zxplained by the poor
tolerability and higher discontinuation rate of the combination regimen.
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Fig. 8.7. Study 245: Percentage Missing CD4 Data by Treatment Group.
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Figure 8.8 Study 245 Missing HIV-RNA Data by Treatment Group.
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Figures 8.9 anu 8.10 are plots of mean change from baseline in CD4 and -
log,,RNA, respectively. The plots on the left are the applicant's ITT analyses.
The applicant's analyses censored missing data after last available
measurements. In contrast, FDA sensitivity analyses used a value of zero
change from baseline for missing values after the last available measurement.
Both analyses used values of zero change from baseline for patients who had
absolutely no post-baseline measurements. Plots of the mean change in CD4
from baseline by treatment group are similar for both analyses. Using a
conservative approach for handling missing data produced a slight attenuation
of mean CD4 response for later visits. The attenuation of changes in RNA
using the conservative approach for handling missing data was more
conspicuous particularly for the combination treatment group.

Both analyses showed that ritonavir monotherapy and ritonavir in combination
with ZDV, as compared to ZDV monotherapy, was associated with greater
increases from baselir.e in CD4 counts and greater decreases in RNA from
baseline. Unexpected findings are the superior responses of ritonavir
monotherapy to combination therapy.
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Figure 8.9. Mean change in CD4 from baseline over 16 weeks by treatment arm
using Abbott ITT analysis and FDA sensitivity analysis.
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Figure 8.10.  Study 245: Mean Change in log,,RNA by treatment arm using -
Abbott ITT analysis and FDA sensitivity analysis.
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For several antiretroviral drug applications FDA has used the DAVG-t {(where t
= the number of weeks) summary metric to compare and analyze surrogate
marker change from baseline. Abbott's proposed methods for calculating this
metric were reviewed prior to submission of the NDA and were consistent with
previous applicants’ methods. As previously statad for study 247, patients for
whom no post-baseline measurements weie available were assigned to have
zero change from baseline.’ For patients whose final value was prior to day
113 (week 16), the AUC was calculated un to the time of the final available
measurement (without reqare o ««hather the patient was on treatment or not).
The AUC was then nony:>., - § By diviaing by the time of the last
measuremant. For exzii -3, for some patients, a “DAVG-15 value” may
actually repivsent a DAVE - or DAVG-12 calculation. These values are used
to calculate mean CAVG-16 for ¢« -~ *-aatment cohort. These methods have
buen gererally regaided as usefui depending on the amount and distribution of
missing data across treatment arms. For study 245 there was a sizeable
amount of missing data, particularly for patients randomized to the combination
treatment; because of this we performed sensitivity analyses to evaluate the
robustness of the surrogate data.

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

*There were 13 (4%) patients (four on combination therapy, four on ritonavir, and five on ZOV) for
whom no post-baseline measurements were available. These patients were assigned values of zero
{no change) in the activity analyses.

I
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Table 8.19. Comparison of Abbott's ITT analysis and FDA sensitivity analysis -
for evaluating differences in Mean DAVG-16 for CD4.

I Comparison Difference T-Statistic

| Abbott's ITT analysis

P-value

RIT vs. ZDV 50.8 6.08 0.0001
ZDV+RIT vs. ZDV 25.7 3.0 0.0023
RIT vs. ZDV+RIT 25.2 2.57 0.01

| FOA Sensitivity analysist

RIT vs. 2DV 49.9 6.15 0.0001
ZDV+RIT vs. ZDV 23.2 2.84 0.005
RIT vs. ZDV+RIT 26.7 2.80 0.005

Missing values between two collected values was substituted with the last value present ‘carry-forward).
Source: FDA statistical review.

Table 8.20. Comparison of Abbott's ITT analysis and FDA sensitivity analysis
for evaluating differences in Mean DAVG-16 for RNA.
e L —————— ——

Comparison Differance ] -value
Abbott's ITT analysis
RIT vs. ZDV -0.632 8.32 <0.0001
ZOV+RIT vs. 2DV -0.396 5.19 <0.0001
RIT vs. ZDV+RIT -0.236 243 0.015

FDA Sensitivity analysis 1
RIT vs. ZDV -0.595 7.81 0.0001
ZDV+RIT vs. ZDV 0.313 4.13 0.0001
RIT vs. ZDV+RIT -0.283 2.80 0.004

T missing data occurring after discontinuation was imputed with values of no change from baseline.

Missing vaiues between two collected values was imputed with the last value present (carry-forward).

Source: FDA statistical review.

In addition to DAVG-t analyses, the applicant also reported response rates for
change in HIV-RNA. One response category examined the number
(percentage) of patients who had plasma viremia reduced to below the limit of
detection for the Roche RNA-PCR test (200 particles/mL, 2.3 log,, ). Eighteen
(16%) patients in the combination therapy group had a total of 50 post-baseline
HIV RNA measurements below the limit of detection. Thirty-three (28%)
patients in the ritonavir group and one (1%) patient in the ZDV group had a
total of 74 and 3 post-baseline HIV RNA measurements, respectively, below
the limit of detection.

Additional analyses
To investigate why the combination regimen was associated with inferior CD4
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increases and RNA decreases compared to ritonavir monotherapy, FDA
performed several on-treatment type analyses.* One possible explanation for

the unexpected findings is the higher rate of discontinuations or interruptions of

the combination regimen may have had an impact on the surrogaté-results.
Table 8.21 shows the number and type of dosing schedule alterations for the
three treatment groups. Fewer patients receiving combination treatment at

week 16 had no dose change or.interruption over the 16 week treatment period

(See shaded row, Table 8.21).

Table 8.21 Dosing schedule alterations by treatment group.

Combination RIT | ZOv |
H interruptions (no dose change) 38 39 28
|| Interruptions (followed by dose reduction) 30 1 21 9
l interruptions (followed by dose increase) 9 5 |
“ Dose reduction (no interruption) 52 24 21
No Inurruptloﬁ or dose change 20 39 59
| and on treatment at week 16 S :

; ] , -
*Note: some patlents had multlple dose interruptions or doss changes

To investigate the impact of drug interruptions on surrogate outcome, FDA
conducted an analysis including only those individuals who had no dose

interruptions. Patients who reduced their dose, but maintained treatment were
included. Table 8.22 shows comparisons of mean change in CD4 and RNA
(DAVG-16) for all patients and for the subset that had no interruptions for both
the ritonavir arm and the combination arm.

‘Refer to Dr. Hammerstrom's statistical raview tu: details regarding these
analyses.
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1 »ple 8.22. Comparison of Mean change in CD4 and RNA from baseline
(DAVG-16) for All Patients and for Patients without Dose

Interruptions.
| Variable Treatment Mean Lower | Upper
| cD4 Ritonavir i
All patients 118 85.0 5615 78.4
Excluding those with interruptions 51 922 72.8 1116
Combination
All patients 17 39.8 26.1 53.4
Excluding those with interruptions 33 51.9 20.8 83.3
RNA Ritonavir
All patients 118 -1.0 -1.1 0.9
Excluding those with interruptions 51 -14 -1.6 -1.3
Combination
All patients 117 0.8 0.8 -0.6
interruptions 33 -1.2 -1.5 0.9
g A B S e S

For both combination therapy and ritonavir monotherapy, mean CD4 increases
from baseline were greater for patients without drug interruptions compared to
all patients. The superiority of ritonavir monotberapy over combination therapy
remained apparent for CD4 change.

Table 8.23 shows the difference in CD4 and RNA DAVG-16 values between
combination treatment and ritonavir monotherapy for all patierts and for the
subset of patients with no drug interruptions. For CD4 change, the difference
favoring ritonavir over combination therapy was actually greater for patients
who had no interruptions. This difference remained statistically significant for
CD4 counts but not for RNA changes. However, there were only 33 patients
who remained on combination therapy without a drug inierruption, so the ability
to detect statistically significant chang, s is reduced based on smaller sample
size.
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Table 8.23. Comparison of all patients with those without dose interruptions for
differences in Mean RNA and CD4 DAVG-18.

r;omparison » Combination vs. RIT Ditference “T-Statistlc P-value
RIT minus ZDV + RIT . o
cD4 '
All patients 25.2 2.58 004
Excluding those with interruptions 40.3 2.14 0.03
RNA
All patients -0.238 243

Excluding those with interruptions

-0.230

1.36

Therefore, drug discontinuations or interruptions do not explain the superiority
of ritonavir monotherapy compared to ritonavir plus zidovudine combination
therapy. The applicant conducted furthe: analyses to explain this phenomenon.
These analyses were included in their advisory committee presentation (See
section 9, Overview of Efficacy).

Changes in CD8 cells have often baen monitored in AIDS trials but have not

served as a basis for accelerated approvals. The clinical significance of changes
in CD8 cells in regponse to treatment is not known. CD8 changes in response to
treatment with nucleoside analogues have been variable; howaver, treatment with
ritonavir was assoclated with statistically significant increases in CD8 cells in both

phase 3 studies.

Table 8.24 shows the mean, median and range of baseline CD8 counts for each of
the treatment arms of study 245, Mean basaline CD8 cells were similar for each

of the three treatment groups.

Tablo 8.24. Baseline CD8 Cell Count (cells/uL)

CD8 Csit Count Combination Ritonavir 0V
(cells/ulL) (n = 117) ~ {n=118) {n = 124)
Median 935.0 990.6 47,6
Mean 1024.5 1128.1 1114,20
Standard Deviation 48167 481.07 481.687
Minimum 108.5 236.0 334.0
Maximum 2710.0 3020.0 3041.5

Source. NDA Vol 8.018 pg a

Figure 8.11 is a plot of mean change in CD8 from baseline over 168 weeks.
Ritonavir treatment was associated with a transient increase in CD8 from baseline
while treatment with ZDV was associated with a CD8 decrease; the combination
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regimen was associated with a variable response. Both ritonuvir *herapy and
combination therapy produced statistically superior CD8 increases (DAVG-16)
compared to ZDV treatment. The clinical significance of these changes Is
unknown. The decrease in CD8 counts observed with ZDV therapy may
represent ZDV-associated lymphocyotaxicity.

Figure 8.11 Plots of Mean Change In CD8 from baseline over 18 weeks.
100

80

~—Ritonavir + 2DV
~o=Ritonavir
ol

-840

-1N0

Mean Change in CO8 Cell Count (celis/ul )

Source: NDA 20-889, Vol. 8.018, pg 161,

53




NDA 20-659, 20-680

NORVIR™

8.2.1,.2.3 Safety comparisons
ent Duration

Treatm

The duration of treaatment for the 16 waek study-period, as reported in the
original NDA submission, is shown in Table 25. For all patients, 89% had
received study treatment for more than 80 days by the fime of the safety
closure date and 63% of patients had received study drug for at least 80
days. The duration of blinded treatment ranged from 1 day to 127 duys. A
longer duration of study treatment was observed for both monotherapy arms

compared to the combination arm.

Table 25. Numbaer of patients exposed to Study Regimen
Treatment Regimen | 1-14 18-30 3180 8190 [ 90127 |Randomized
N Daye Days Days Days Days )
'Combination 28 13 13 [ 54 116
Ritonavir 19 2 8 7 80 117
Zidovudine 1 7 7 7 87 119
ource 0 pg 1To (apie 13
Only treatment-emargent events wore included in the analysis of uafety.

Adverse drug events were defined as treatment-emergent when the event
began during treatment or within 30 days after the cessation of treatment. For
events that occurred during treatmaent interruptions, the applicant applied the
same 30-day rule.

Table 8.28 lists the most frequent (occurring in at least 2% on any treatment
arm) adverse events of any severity. These events were considerad to be at
least possibly relatad to treatment or of unknown relationship to treatment,
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Table 8.26. Adverse Events Characterized as Treatment-Related (Possibly,

Probably, or of Unknown Relationship) occurring ln gnmr than 2% of
individuals on any treatment.

Combination Ritonavir ZDV - )
Body System (n = 118) (n=117) (n=1189) |
COSTART Terms n (%) n (%) n (%)
Body as & Whoie -
Abdominal pain 21 (18.1) 7 (6.0) 13 (10.9)
Asthenia 81 (44.0) 20 (24.8) 32 (26.9)
Chilis 4 {3.4) 0 2 (1.6)
Headache 29 (26.0) 25 (21.4) k] (27.7)
Pain 9 (7.7) 8 6.9) 3 (2.5)
Cardiovascular
System
Hypertension 0 3 (2.8) 0
Vasodilatation 15 (13.0) 19 (18.2) 3 (2.5)
Digestive System
Anorexia 16 (13.8) ] 5.1 11 (8.2)
Diarrhea 68 (58.6) 50 (50.4) 18 (16.0)
Dry mouth ] (5.2) 1 (0.9) 0
Dyspepsia 8 (6.9) (7.7 15 (12.6)
Nausea a7 (75.0) 67 (87.3) 62 (62.1)
Rectal disnrder 0 2 (1.7) 0
Local throat 10 (8.6) 7 (6.0) 2 (1.7)
Irritation
Vomiting 47 (40.5) 24 (20.8) 25 (21.0)
Hemic and
Lymphatic Syatem
Ecchymosis 0 2 (1.7) 0
Lymphadenopathy 0 1 (0.9) 3 (2.5)
ource. vol. 808 pg. 187, S —
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Table 8.26. Adverse Events Characterized as Treatment-Related (Continved)

Combination Ritonavir 2oV
Body System (n = 118) 7 (n = 117) (n = 118)
COSTART Termst n (%) n (%) - n (%)
Nervous System o
Circumoral paresthesia 37 (31.9) 43 (36.8) 2 (1.7)
Confusion 4 (3.4) 3 (2.6) 0
Dizzineas 14 (12.1) 9 .7 8 (8.7)
Hyparesthesia 8 (56.2) 6 (5.1) 1 (0.8)
insomnia 5 (4.3) 9 (7.7 1 (0.8)
Paresthesia 10 (8.8) 8 (6.8) 1 (0.8)
Peripheral puresthesiu 18 (16.4) 26 (22.2) 8 (6.7)
Reflexes decreased 4 (3.4) 1 (0.8)
Tremor 0 4 (3.4) 0
Respiratory 8)stein
Cough increased K] (2.6) 2 (1.7) 1 (0.8)
Pharyngitis 3 (2.6) 5 (4.3) 0
Rhinitis 0 1 (0.9) 1 (0.8)
Skin and Appendages
Dry ski 0 1 (0.9) 0
Pruritus 3 (2.8) 4 (3.4) 1 (0.8)
Rash 8 (4.3) 8 (5.1) 2 (1.7
Sweating 10 (8.6) 5 (4.3) 5 (4.2)
Special Senses
Taste perversion 23 (19.8) 19 (16.2) 20 (16.8)
Uroganital Systam
Dysura 3 (2.8) 0 0
~T  Adverse avenis expananced muliple Umea by & palient were counted only once In the most related
classification.

Source: NDA vui. 8.018 pg. 187.

With the axception of asthenia (fatigue) listed under COSTART category, “body
as a whole", the most frequent treatment-emergent adverse events associated
with ritonavir treatment involved the gastrointestinal, and neurologic body
systems. The most frequent adverse avents (in descending order) that
occurred among patients randomized tc ritonavir monotherapy and were
characterized as at least possibly related to treatment (or of unknown
relationship) were;

Occurring in > 10%
nausea (57%), diarrhea (50%), circumoral paraesthesia (37%), asthenia
(25%), peripheral paraesthesia (22%). vomiting (21%), headache (21%),
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taste perversion (16%), vasodilatation (16%)

Occurring in 5-10%

Dyspepsia (8%), dizzineas (8%), insomnia (8%) paraesthesia (7%),
genaral pain (7%), abdominal pain (6%), local throat irritation (6%), rash
(5%), hyperesthesia (5%), anorexia (5%).

Adverse avents that occurred in leas than 5% and occurred more frequently
among patients randomized to a ritonavir-containing regimen were: pharyngitis
(4%), hypertension (3%), confusion (3%), decreased reflexes (3%), tremor
(3%), pruritus, (3%).

The percaentage of patients experiencing asthenia or gastrointestinal toxicities
were comparable for ZDV treatment and ritonavir monotherapy treatment,
except for diarrhea which occurred more frequently among patients randomized
to ritonavir. Toxicities of the nervous system were more frequently associated
with ritonavir monotherapy than ZDV, specitically, circumoral paraesthesia,
paraesthesia, hyparesthesia, peripheral paraesthesia, insomnia and tremor.
Other toxicities that were seen more frequently among patients raceiving
ritonavir compared t2 ZDV included pharyngitis, throat irritation, vasodilatation
and rash.

Ritonavir in combination with ZDV appeared to increase the fraquency of
gastrointestinal toxicity, specifically: abdominal pain, anorexia, diarrhea,
nausea and vomiting. The combination regimen was not associated with an
increase in the neurologic toxicities observed with ritonavir monotherapy, with
the possible @)::aption of dizziness.

Table 8.27 lists the ~arcentage of patients experiencing an adverse event of at
inast moderate severity (and at least possibly related). More patients treated
with ritonavir monotherapy colpared to ZDV monotherapy expenenced an
adverse event cf at least moderate severity.
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Table 8.27. Percentage of Patients with Treatment-Emergent

Adverse Events of Moderate, Severe, or Life-Threatening
Intensity Occuining in > 2%.

Adverse Events RIT + ZDV RIT 2DV
N = 116 N = {17 N= 119
Hody as a Whole
. Abdominal Pain 4.3 34 4.2

Asthenia 276 0.4 10.1

Headache 7.8 51 7.6

Mailaise 4.3 1.7 3.4
Cardiovascular

Vasodilation 26 1.7 08
Digestive

Anorexia 7.8 0.4 3.4

Conslipation 2.6 0 0.8

Diarrhea 216 12.8 0

Flatulence 26 0.9 0.8

Nausea 46.68 23.1 24 4

Vomiting 22.4 12.8 12.6
Nervous

Circumoral Paresthesia 5.2 2.6 0

Dizziness 52 2.6 1.7

lnsomnia 34 26 0.8

Paresthesia 52 26 0

Peripheral Paresthesia 0 8 0

Somnolence 2.8 2.6 0

Thinking Abnormal 2.6 0 0.8
Raspiratory

Pharyngitis 09 26 0
Skin and Appendages

Sweating 34 26 1.7
Spocial Senses

Taste Parversion 10.3 78

16.5

Source: Abbott, NORVIR package insert.

30%, and 23% for the combination, RIT, and ZDV arms, respectively. Toxicities
involving the gastrointestinal tract were the mast common reasans for treatment
discontinuation. (See Table 8.28).
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Table 8.28. Treatment-Emergent Adverse Events Resulting in Premature
Discontinuation by Body System occurring in >1% (any treatment

arm)
Combination Ritonavir DV
Body System (n=118) (n=117) (n=119)
COSTART Term n___ (%) n___ (%) n___ (%)
Any Sign/Symptom 45 (38.8) 30 (25.6) 23 (19.3)
Body as a Whola
Abdominal pain 5 (43) r 1 (0.8}
Aathenia 12 (10.3) 4 (34) 7 (59
Headache 3 (290 5 4.3 3 (@25
Malaise 2 (17 1 (0.9) 2 (17
Digestive S8ystem :
Anorexia 4 (34) 2 (17 1 (0.8)
Diarrhea 1 (8.9) 2 (N 0
Nausea 24 (20.7) 13 (119) 12 (10.1)
Vomiting 17 (147) e @7 5 (4.2
Narvous System
Circumoral paresthesia 4 (3.4) 2 (2.8) 0
Contusion 0 2 1.7 0
Depression 1 (0.9) 2 (1.7 0
Dizziness 2 1.n 2 .n 1 (0.8)
Hyperesthesia 2 (1.7) 0 0
Paresthesia 3 (2.6) 2 1.7 1 (0.8)
Peripheral paresthesia 0 2 1.7n 0
Somnolence 3 (2.6) 1 0.9) 0
Thinking abnormal 1 0.9) 0 1 (0.8)
Respiratory System
Pharyngitis 1 (0.9) 2 (1.7 0
Skin and Appendages
Ragh 2 (1.7) 1 (0.9) 0
Special Benses
Taste loss 2 (1.7 1 (0.9) 0
JTasie paiversion 12 {10 R 1§ 1} 5 42
Source: NDA 20-859 Vol. 8018, pg. 188, Table 53,
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The apphcant pan‘ormed analysea to look for potential adverse events
resulting from drug interactions. They report that patients received a
mean of approximately 4.5 concurrent medications while an study. From a
list of all medications taken in this study, the applicant identified the
medications that were considered to have potential for interaction with
ritonavir and were of common use. These were:

Clarithromycin
Fiuconazole
Ketoconazonlc
Sulfamethoxazole
Trimethoprim
Pseudoephedrine
Acetaminophen
Ibuprofen
Acyclovir

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

Deaths
There were no deaths in study 245,

Serious Adverse Events

By Dec. 15, 1995, 15 events occurred in 8 patiants taking combinaticn
treatment, 2 events occurred in 2 patients taking ZDV, and 1 event
occurred in a patient taking ritonavir. Serious events occurring among
patients receiving ritonavir (as monotherapy or in combination) included:
accidental injury, alcohol intolerance, bone disorder, cyst, diarrhea, drug
dependence, faver, gastroenteritis, headachse, kidney calculus, muscle
weakness, nasal septum disorder, nausea, rectal disorder, rhinitis, skin
carcinoma, and melanoma. The patient who developed a kidney stone
had a history of renal calculi. Please refer to section 10.1.2 for a
discussion of potentially significant adverse events.

Laboratory Al it
In general hematologic changes ware favorable for g .tient treated with
ritonavir. There was a small mean decrease ir RBC parameters for
ritonavir (mean decrease in HGB from baseline at final visit = -0,34
mg/dL), however these decreases were larger for patients receiving ZDV.
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There were more patients randomized to ritonavir-containing regimens
who experiencad extreme elevations iri chemistry laboratory
measurements. The pattern of chemistry laboratory abnormalities in study
245 was similar to that observed in study 247, although somewhat less
fraquent in this population with less advanced disease. Extreme
chemistry abnormalities occurring in at least 1% of participants are shown
in Table 8.29. In contrasi to study 247, there were no patients in study
245 with extreme levels of uric acid.

Table 8.29 Number (percentage) of patients with abnormai chemistry labs
exceesding the extreme limit criteria.
Listed l > 1% for any treatn ‘nt arm.

CHEMISTRY Combination Ritonavir Zidovudine
LAB N =102 Nr107 N=115

n % n Y N %
Glucose 2 20 0 0 1 09
SGOT/AST 3 29 7 8.5 2 1.7

. - amad}

SGPT/ALT 4 as ;] 5.8 3 2.6
GGY 2 20 3 2.8 1 0.9
CPK 7 70 8 75 8 7.4
Trigiycerides 1 1.0 3 28 0 0
Triglxcerldelﬂ 1 2.1 1 1.4 0

EEREASRNS
#Only fasting sampies included
Source: NDA 20-659 voi. 8.018 pg 250.
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8.2.1.3 Reviewer's Conclusion of Study Results

Study 245 was conducted in HIV-infected patients with CD4 counts greater than 200
cells/mm®. Results showed that treatment with ritonavir cver a 16 week period was
associated with larger CD4 cell increases and larger plasma RNA decreases from
baseline compared to treatment with ZDV monotherapy. The combination of ritonavir
and zidovudine was also superior to ZDV alone with respect to increases in CD4 cell
counts and decreases in HIV-RNA from baseline values. Thase changes were robust
and maintained statistical significance in consarvative analyses in which missing data
was imputed with values of zero change from baseline.

The unexpected finding from study 245 was the superior performance of ritonavir
monotherapy compared to that of the combination treatment. Initiation of ZDV and
ritonavir was not well tolerated based on the large percentage (approximately 50%) of
combination treatment discontinuations by week 16. Documented treatment interruptions
and discontinuations do not appear to explain the less-than-expected surrogate marker
changes for the combir.ation regimen compared to monotherapy. FDA on-treatment e
analyses, which only included patients who had no treatment interruptions, showed that
treatment with ritonavir compared to the combination regimen was associated with
superior CD4 increases and RNA decreases. The differences in surrogate marker
changes between the ritonavir and the combination regimen were actually larger for the
on-treatment subset. After submission of the NDA, the applicant evaluated drug
concentrations in study 245 and reported in their advisory committee presentation that
ritonavir concentrations were lower among patients taking combination therapy than
those receiving ritor .vir monotherapy. Since PK studies did not show a pharmacokinetic
interaction in which ZDV altered ritonavir levels, the applicant concluded that patients on
combination therapy may have been less compliant with their drug regimen. This may
have explained the poorer performance of combination treatment in this study.

Safety

Initiation of ritonavir in this relatively asymptomatic sample of HIV-infected patients was
less tolerated than ZDV. The gastrointestinal toxicity profiles for the two drugs were
similar, with the exception of diarrhea which was reported more fraquently on ritonavir
than zidovudine. The bad taste of the liquid formulation used in this clinical trial may have
contributed to the nausea and vomiting in some cases.

Ritonavir was associated with more neurologic toxicities than ZDV. These toxicities

consisted primarily of various types of paresthesias. Circumoral paresthesia, a toxicity

that is somewhat unique, was associated with ritonavir. The mechanism for this toxicity is
unknown. Paresthasias were mostly transient in nature and less often a reason for =
treatment discontinuation than were gastrointestinal toxicities.
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The combination regimen was not well tolerated possibly due to overlapping
gastrointestinal toxicities of ZDV and ritonavir. The nausea and vomiting associated with
the initiation of these two drugs at full doses appeared to be additive. Staggering the
initiation of ritonavir and ZDV as was done in study 208 (see below) appeared to reduce
the incidence of dose-limiting gastrointestinal toxicity in that study.

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

8.3.1 Study #208: “Evaluation of the Safety and Antiviral Activity of ABT-538
in Combination with ZDV and ddC In HIV-Seropositive Patienis."”

8.3.1.1 Summary of Protocel Design/Methods

The objectives of this study were to avaluate the safety and antiviral activity of
ritonavir in combination with ZDV and ddC in antiretroviral-naive HIV-infected
individuals. The study design was open-label, muiti-center and
noncomparative. The protocol planned to enroll 30-40 patients to receive 6
months of this triple combination regimen. Patients were to receive ritonavir
alone for the first 14 days followed by the addition of ZDV 200 mg tid and ddC
0.75 mg tid. An extension phase was optional.

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

1) A single CD4 count 2 50 and s 250 cells/mm?® within four weeks prior to
initiation of study drug.

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

3) CD4 count between 250 and 350 cells/mm® associated with clinical
symptoms (fever, weight loss, diarrhea).

Comment:

The aligibility criteria for this protocol selected for patients with HIV
disease between that of protocol 245 and 247. To be eligible for this
protocol, subjects with a CD4 count > 260 mm’ were required to have
symptoms.

Virologic and immunologic activity were to be assessed at week 2 and 4, and
monthly thereatter.

8.3.1.2 Results

The study dates for this inte:im analysis were March 8, 1985, to August, 25,
1995. These dates represent the first and last study drug dosing dates,
raspectively. The study enrolied patients at 6 centers in France.

8.3.1.2.1 Patient Disposition, Demographics

As of Aug, 25, 1885, 32 patients had been enrolled in the study. Five
patients discontinued treatment prematurely, 4 because of adverse events
and one due to an HiV.related iliness. See section 8.3.1.2.3 for the
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number and type of specific adveise events.

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

8.3.1.2.2 Activity endpoint outcomes

Table 8.30 shows mean baseline levels of HIV-RNA (Roche-PCR), THEV,
and CD4.

Table 8.30 Baseline Surrogate Marker levels.

Varisble 109, HIV-RNA (particles/mL) | log.THEV (units/mi) |  CD4 |
Mean 4.65 321 .
Med!an ' . 171

Range | 2557 | 0.94.2 48-386
ource vol. B8.082 pgs. 45-52.

Table 8.31. Thange In surrogate markers from baseline at week 20

Activity assessments included viral RNA, total HIV-expressing cells (THEV),
and CD4 counts. Treatment with ritonavir in combination with ZDV and
ddC was associated with increases in CD4 from baseline and decreases in
viral RNA and THEV from baseline. The applicant reports that statistically
significant changes from baseline pre-treatment levels were observed for
the three activity variables for waeks 2 (hrough 20.

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

. > - % ]
Varisbie Numbar of patients Mean Change from baseling
(N=32) at week 20
HIV-RNA (PCR) 26 -1.76 log particles/mL
THEV ' 28 -2.19 log units/mL
Median CD4 count 25 +87 cells/mm?®
éource: NOA 20558 Vol 5052 pg 10.

8.3.1.2.3 Safety comparisons

The duration of exposure to ritonavir is listed in Table 8.32. All patients
(32/32) experienced at least one treatment-emergent adverse event. The
most frequent events were gastrointestinal in nature. The most frequent
adverse avents in descending order were: nausea (24 patients), diarrhea

I
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paresthesias (nine patients).

Table 8.32 Study 208: Duration of exposure
Days Exposure

130 | 3160 | 6190 | 81170 | 181210 | Overall

600 mg bid

4 1 2 6 18 31

300 mg bid
OUrce.

0 0

Four of the 32 patients enrolied (13%) discontinued the study due to
treatment adverse events during the first 20 weeks. Two patients
discontinued drug due to vomiting, one due to elevation of transaminases,
and another due to elevation of transaminases and diarrhea.

Deaths

There were no patient deaths during the time frame of the interim analysis.

Five patients experienced a total of saven serious adverse events. All of
the events were serious based on the fact that they required hospitalization.
The seven serious adverse events were faver (2 patients), anemia (2
patients), psychosis, extrapyramidal syndrome and Herpes Zoster. The
report of extrapyramidal syndrome was assessed as probably not related by
the investigator. Anemia may have been related to ZDV. One case of
fever was considered possibly related the other not related. The case of
psychosis was considered not related.

Two patients had hematology parameters that were considered to be
extremely low, a low RBC count and a low hematocrit, respectively. These
abnormalities were attributed to ZDV. Four patients had one d6r more
extremely high chemistry values during treatment. These are shown in
Table 8.33 along with the ctiteria for extreme levels. The applicant states
that the high amylase value may have been a lab error since this was an
isolated value and all other values were within the normal range or only
slightly high.
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Table 8.33 Chamistry laboratories exceeding the criteria for extreme values,

Abnormality Extreme Criterion Study vislt " Value
SGPT/ALT o »216 UL Week 2 1 e
| SGPT/ALT »245 |U/L Week 1 1

Week 2

»300 UL
»16.6 mmol/L

‘ Amylase




NDA 20-659 68
NORVIR™

8.3.1.5 Reviewer's Comments/Conclusion of Study Resuits

In this small group of treatment-naive patients, treatment with the triple combination
of ritonavir (800 mg bid) plus ZDV (200 mg tid) and ddC (0.75 mg tid) was associated
with large and sustained (20 weeks) surrogate marker responaes. Resuits from study
245 raised concerns about the activity of initiating ritonavir and ZDV concomitantly.

in that study, treatment with a combination regimen of ZDV plus ritonavir was
associated with less activity than ritonavir alone. Although comparisons across
studies may not be valid, the degree of activity associated with triple combination
treatment in study 208 offers some evidence that ritonavir and zidovudine
combination regimens may be associated with greater and more sustained antiviral
activity than ritonavir monotherapy. Those receiving triple combination therapy in
study 208 had larger CD4 increases and larger RNA decreases from baseline than
did patients recseiving ritonavir monotherapy in study 245. Obviously, comparisons
across studies must be interpreted with caution since differences in patient
populations and/or study methods may account for treatment differences. For
example, in study 208 baseline CD4 counts and RNA levels were lower than that in
study 245. However, for these two studies, the difference between decreases in RNA
between these two treatments was large, nearly a log (10-fold).

One major difference between studies 245 and 206 was the method by which study
drugs were initiated. In study 208, ZDV and ddC were added after 2 weeks of
ritonavir treatment; in study 245 ZDV and ritonavir were administered at full doses on
study day 1. The applicant has reported that most discontinuations for ritonavir-
associated nausea and vomiting occurred within the firat 2 weeks of treatment.
Perhaps by initiating ZDV after this time period, the study 208 investigators were able
to circumvent some of the additive gastrointestinal toxicities of initiating ZDV and
ritonavir. This may have led to better tolerability, compliance, and improved activity
of the combination regimen in this study.

Adverse events reported in this trial appeared to be similar to those reported in study
245 and 247, with gastrointestinal intolerance among the most frequent. Fawer patients
(13%) duscontmued the ritonavir combination regimen in this study compared to those
receiving ZDV and ritonavir (50% treatment discontinuation) in study 245.

8.3.2 Phase 2, Dose Ranging Studies

Study M983-112/M94-169: A safety, pharmacokinetics and antivirai activity
study of ABT-538 when administered orally to HIV-infected patients. Study
169 was the open-label extension protocol for study 112.

Study M93-134/M94-134X: Evaluation of antiviral activity, pharmacokinetics,
and safety of orally-administered ABT-538 in HIV-infected patients. 134X was
the extension phase for this protocol.
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Study M64-229: Assassment of two orally administered dosing regimens of’
ABT-538 in HIV-infected patients,

8.3.2.1. Design and Meathods

Study 112 and 134 were muitiple dose, double-blind, randomlzed placebo
controlled, multicenter studies in HIV infectad patients. Double-blind
traatment was administered for four weeks. Both studies had extension
protocols, 169 and 134X respectively.

In study 112 patiants were assigned to placebo or to one of four ritonavir
dosing regimens: 300 mg bid, 400 mg bid, 500 mg bid, or 600 mg bid. In
otudy 134 patients were assigned to placebo or ritonavir at 200 mg tid, 300
mg tid, 200 mg qid, or 300 mg qid. Primary andpoints were bDNA and CD4
responses at 28 days. The protocols defined antiviral response as an 80%
decreasa in RNA from baseline. CD4 rasponse was defined as a 20 cell or
20% increase from baseline. After 28 days patients had the option of
continuing ritonavir at their assigned dose in an extension protocol. Patients
originally assigned to placebo for the first 28 days of these protocols were
given ritonavir at one of the above doses in the extension protocols. For both
studies 169 and 134X, a protocol amendment required patients to switch to
the 800 rag bid ragimen, the regimen that had shown the best activity in the
first part of study 112,

Study 229 was a multiple dose, open-label, muiticenter study to evaluate
ritonavir doses of 400 mg tid and 700 mg bid.

Comment:

The critena for surrogate marker responses were arbitranly defined by the
applicant. For primary studies used in support of an indication, FDA has
typically analyzed surrogate markers by comparing mean changes from
baseline averaged over 16 weeks. These studies were not considered
primary but rather exploratory dose-ranging trials.

8.3.2.2 Resuits-Activity

Studies M%23-112/169 and M93-134/134X

In study 112, of the 84 patients randomized, 76 patients completed study (4
weeks), Six of the sight patients that discontinued prematurely did so due to
adverse events. In study 134, of 62 patients randomized 53, completed 28
days of study. All nine of those who discontinued ritonavir in study 134 did so
due to adverse events or HIV-related events.

in general, all regimens of ritonavir were associated with increasaes in CD4
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counts from basaline and decreases in plasma viremia from baseline when ~
compared with placebo. in study 112, treatment with ritonavir 500 mg bid and
600 mg bid regimens appearad to produce a larger number of RNA
responses, as defined by the sponsor, than lower dose regimens.- in study
112/169, although the number of patients participating was small past 16-24
waaks, the mean Jdecrease in RNA levels and mean increase in CD4 cell
counts appeared to be most sustained for patients receiving 600 rag bid.

in study 134, where doses were administered three or four times daily, a dose
response was not as apparent with respect to increases in CD4 and
decreases in RNA. The highest daily dose studied in both study 134 and 169
trials was 1200 mg/day. The 600 mg bid dose regimen in study 112/169
appeared to be associated with greater mean decreases in RNA than 300 mg
qid regimen in study 134, One explanation for this difference in response for
regimens with equivalent daily doses is possit:le noncompliance with the
higher dosing frequency of the qid regimen.®

Study M94-229

Thirty patients were enrolled in this study, 17 to the 400 mg tid dosing group
and 13 to the 700 mg bid dosing group. Eight of 30 patients discontinued
ritonavir during the first 28 days, 16 (53%) discontinued drug prematurely by
the data closure date. The frequency of ritonavir discontinuation was similar
for the two treatment arms and approximately the same as that for the poorly
tolerated ZDV + ritonavir regimen in study 245.

Mean RNA decrsases (bDNA) and mean CD4 increases from baseline were
similar for the two dose groups. Surrogate marker changes associated with
treatment with 400 mg tid and 700 mg bid appeared to be slightly greater at
some time points than those associated with 600 mg bid treatment. However,
in study 229, the number of patients with data past 6 weeks was small (5-10
patients) and comparisons across studies may not be valid.

8.3.2.3 Results-Safety

The applicant submitted detailed safety data for studies 112/169 and
134/134x up to a June 15, 1995 closure date. Safety data on deaths,
discontinuations and serious adverse avents was submitted using a closure
date of Dec. 15, 1995. Study 112 started in January and study 134 started in
April of 1994 A small number of patients had raceived ritonavir out to 52
weeks.

’Duﬂng the end-of-phase 2 meeting, the sponsor stated that the objactionable taste of the liquid
formulation may have had an impact on patient compliance of a tid of gid regimen.
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Study dates for study 229 were from August 11, 1994, to April 24, 1995. A
safety update for desths, premature discontinuations and serious adverse
events was also submitted.

Study M93-112/169: Safety

The types of adverse events eccurring in this study were similar to those
reporteq in phase 3 trials. For all dosing regimens combined, the most
common adverse events were diarrhea (53%), asthenia (29%), faver (24%),
and circumoral paraasthesia (22%). Events that appeared to be more
frequent among patiants receiving 500 mg or 600 mg bid compared to iower
doses included nausea, vomiting, and circumoral paraesthesia. Clinical
adverse events resulting in premature discontinuation of study drug were
typically gastrointestinal in nature such as vomiting, diarrhea, or abdominal
pain. One patient discontinued drug secondary to erythema muitiforme. Six
patients discontinued prematurely due to elevation of liver function tests or
hepatitis. According to the applicant, five of the six who withdrew because of
elevation of hepatic enzymes had some form of hepatic disease at baseline (3
had chronic viral hepatitis, one alcoholic liver disease, and another cirrhosis-
unspecified). The applicant concludes, ''These findings suggest that hepatic
compromise of diverse etiologies may represent an increased risk for
transaminase elevations during administration of ABT-538 (ritonavir)."

In general changes in laboratory values were similar to *hose reported in
phase 3 trials. The applicant reports that, although some patients had very
high triglyceride values, there was no instance of pancreatitis during the
conduct of the trial.

Four patients treated with ritonavir died. Three deaths occurred more than
30 days following treatment discontinuation. One death occurred after 395
days on study. An autopsy of this treatment emergent death revealed
pulmonary edema as cause of death with bronchopneumonia as an
underlying cause. The patient had presented earlier with fever, cough, and
purulent sputum. Antibiotics had been started on an outpatient basis. The
patient had expired prior to his follow-up visit for pneumonia.

As for other ritonavir studies, the most common adverse events were
gastrointestinai, particularly diarrhea, nausea and vomiting. Events observed
more frequently at 300 mg qid compared to lower doses included: asthenia,
headache, vasodilatation, anorexia, dyspepsia, nausea, and circumoral
paraesthesia, paresthesia. The most common reasons for premature
discontinuation included diarrhea, circumoral paraesthesia, nausea and
dizziness. One patient discontinued secondary to severe neuropathy. This
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individual had a baseline history of neuropathy and rheumatoid arthritis and"
an interruption of ritonavir for Bell's palsy.

Only one patient in study 134X, compared to six in study 112/169,
discontinued ritonavir due to liver function test abnormalities. Similar to cther
studies, soma patients had very high levels of triglycerides. According to the
applicant there were no instances of pancreatitis or clinically significant
increases in amylase.

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

All 30 patients in this study raported at least one adverse event. The most
frequent adverse events were diarrhea, circumoral paresthesias, headacha,
nausea, vomiting and somnolence. Fourteen of the 30 patients experienced
severe adverse events (4 experienced headaches, 2 nausea, 3 nausea and 3
CPK elevations). All severe CPK elevations occurred among patients
receiving 700 mg bid. In the 700 mg dose group, tive patients (38%) had
myalgias. According to the applicant two of these cases were considered
possibly related and there were judged to be not related to ritonavir. Two
patients had myalgias associated with CPK increases (See section 10.2, for
additional information about CPK elevations in ritonavir trials).

Adverse events leading to premature discontinuation included nausea,
diarrhea, circumoral paresthesia, elevated triglycerides, elevated liver function
tests, hallucinations and "lung disorder”. Other than the episode of
hallucinations and "lung disorder”, the events leading to premature
discontinuation are events commonly associated with ritonavir. The patient
who discontinued secondary to hallucinations had a single episode of
unknown duration, this individual also complained of dizziness-and vivid
dreams. This was considered to be possibly related to drug.

The patient with a lung disorder was withdrawn from study due to increased
cough and pulmonary congestion. These adverse events resolved and were
considered to be related to a viral syndrome and probably not related to
ritonavir.

Overall, two patients who participated in study 229 died. One patient died
during the course of the study. This was a patient receiving ritonavir 400 mg
tid, who was taken to a hospital emergency department for symptoms of
shortness of breath. The patient subsequently went into arrest and died. A
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chest X-ray had shown cardiac enlargement and dense infiltrates bilaterally.
Primary cause of death was thought to be associated with a probable
myocardial infarction and underlying aortic stenosis. The second death, as
reported in the safety update, was listed as non-treatment emergent. The
cause of death was intestinal cryptosporidiosis and wasting five months
foliowing discontinuation of ritonavir.

Laboratory abnormalities in this study were similar to those reported in other
studies and included transaminase, triglyceride, cholesterol, and CPK
elavations. The applicant states that there were no cases of pancreatitis
associated with elevation of triglycerides in this study.

8.3.2.3 Reviewer's Conclusions of Phase 2 dose-ranging trials
According to the applicant's analyses of studies 112/168 ond 134/134X, it
appears that the 600 mg bid dose regimen was associatec with the best
antiviral response as measured by the magnitude and duration of CD4
increase and RNA decrease. However, the studies were not powered to
detect these differances with statistical rigor. For equivalent daily doses, a
bid regimen appeared to be superior to more frequent dosing regimens, This
could be explained by reduced compliance with more frequent dosing. The
objectionable taste of the liquid formulation used in these trials may have had
an impact on the results of these trials if it influenced compliance with dosing.

The 700 mg bid dose may have been associated with a slightly greater
treatment effect, however, there are too few patients to offer conclusive
evidence. In addition the frequency of premature discontinuations of this
regimen was high (greater than 50%). This dose does not appear to be well-
tolerated for chronic use.

The clinical and laboratory adverse events reported in these trials were
similar to those reported in the larger phase 3 trials. Due to the small
numbers of patients receiving drug out to or beyond a year, these trials were
not particularly helpful in assessing the long-term safety of ritonavir.
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9 Overview of Efficacy
Demonstration of Antiviral Activity
Refer to Table 7.1 for a listing of phase 2 and 3 clinical studies included in this
application. Studies 112, 134, and 229 were phase 1/2 dose-ranging studies from
which the applicant identified ritonavir 00 mg bid (liquid formulations) as the
preferred dose for study in larger phase 2 and 3 trials. Resuits from studies 208, 245
and 247 showed that treatment with ritonavir 600 mg bid as monotherapy or in
combination with nucleoside analogues was associated with antiviral activity as
measured by changes in CD4 counts and HIV-RNA. Study 245, the phase 2/3 triple
arm study in antiretroviral-naive individuals and Study 247, the two arm study in
patients with advancad HIV disease, both evaluated changes in CD4 and RNA over
16 weeks. Study 208 was a noncomparative open-label study in which patients were
assigned to the triple combination, ZDV+RIT+ddC; changes in surrogate markers over
a 20 week period were cubmitted for this study. Patients randomized to ritonavir-
containing arms in these three trials had robust increases in CD4 counts from
baseline and robust decreases in HIV-RNA (PCR) from baseline. Treatment with
ritonavir-containing regimens in studies 245 and 247 was associated with statistically
superior mean increases in CD4 and statistically superior mean decreases in HiV-
RNA compared to treatment with a control (placebo for study 247 and zidovudine for
study 245). Table 9.1 compares changes in surrogate markers among treatment
arms for the two randomized double-blind studies and study 208.

Table 9.1. Comparison of Changes in Surrogate Markers by Study and
Treatment Arm.
— - m
STUDY 245 STUDY 208 STUDY 247
TREATMENT NAIVE TREATMENT ADVANCED DISEASE
NAIVE (surrogate cohort)
Treatment Regimen 2DV RIT ZDV+RIT | ZDV+ddC+RIT RIT + Placebo +
n=121 | n=118 n=116 n=32 baseline RX | baseline RX
n=211/159* n=211/189
CD4: DAVG-16 92 726 452 - B2 - 08
median CD4, week 20 |  ~ ' - 87 - -
log,o,RNA: DAVG-16 042 | -1.03 -0.80 - .79 0.01 I
mean log,,RNA, - - -1.76 - -
week 20
A

ere were
Source: NDA 20659 Vol 1 pg 129 table 2 (annotated label)

Demonstration of Clinical Efficacy

n tne

cohort an in the

conort,

In addition to producing significant increases in CD4 and significant decreases in
RNA, the administration of ritonavir was also associated with clinical benefit in
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advanced patients (Study 247). This benefit was for both the combined endpoint of -
disease progression and survival and for survivai alone. The primary endpoint for
study 247 was the clinical endpoint of time to AICS disedse progression or death (see
section 8.1.1 for a detailed description of this endpoiint). The protocol specified that
an analysis of clinical endpoints would be performed after the accrual of 191 clinical
endpoints (occurring after the first 28 days of treatrnent). This was accomplished by
Dec. 8, 1995; Abbott closed the clinical database on Dec 15, 1995. After a me dian of
5.8 months of follow-up, 8€ of 543 (15.8%) patiarits randomized to ritonavir had a
clinical endpoint compared to 181 of 547 (33.1%) patients randomized to placebo.
This was an approximate 50% reduction in disease pregression or death. Ritonavir
was also associated with a survival benefit. Thirty one of 543 (5.7%) patients
randomized to ritonavir died compared to 52 of 547 (9.5%) randomized to placebo.
Both findings were statistically significant. :

The results demonstrating clinical benefit of adding ritonavir to baseline therapy were
robust. AN FDA sensitivity analysis imputed an outcome of "progression" for all
patients with incomplete follow-up. Although this conservative analysis, showed a
smaller margin of clinical benefit between ritonavir and placebo than the applicant's
analysis, the difference remained statistically significant.

Study 245 produced unexpected resuits with respect to the antiviral and imminologic
activity of the combination regimen, ZDV + RIT. In this study, patients randomized to
ritonavir monotherapy had statistically superior CD4 increases and RNA decreases
from baseline compared to those randomized to the ~ombination treatment of
zidovudine + ritonavir. These results were not consistent with other data submitted in
the NDA. For example, in study 208, a triple combination of ZDV+ddC+RIT produced
mean increases in CD4 from baseline of 83 to 106 cells/mm® and mean decreases in
RNA from baseline of 1.69 to 1.82 log,, copies/mL over the treatment period.
Although one must be cautious when interpreting comparisons across studies and
patient populations, the triple combination in study 208 appeared to produce greater
changes in surrogate markers from baseline than did ritonavir monotheragpy in study
245.

In addition, surrogate marker and clinical data from study 247 do not support an
antagonistic effect for ritonavir and nucleoside combinations. Although study 247 was
not designed to assess the relative activity or efficacy of particular ritonavir
combinations, the various regimens did not appear to be worse than ritonavir
monotherapy. In study 247, ritonavir in combination with one or more nucleoside
analogues appeared to be associated with slightly better activity and efficacy than
ritonavir alone (see Table 8.2). None of these comparisons were statistically
significant possibly due to the relatively small numbar of patients comprising each
baseline treatment category. In making such unplanned comparisons, one should be
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cautioned to potential biases particularly selection bias, since patierits were not
randomized to the various combinations.

Table 9.2. Surrogate Marker Change and clinical marker change in study 247
number of concomitant antiretrovirals.

CD4 HIV-RNA (log ) Clinical endpoint |

i On Ritonavir N Mean N Mean Avarags N Hazerd ratio for |
Average Chango over disease progression |
Change over 168 weeks or death ‘
16 weeks

64.2 80 0.79 0.440

no antiretrovirals 17 18.4 14 -0.43 92 0.788

one antiretrovirsl 56 56 42 -0.85 288 0.568

als 6.4 4
: udy repoit vol 1Z, table 33, pg . ® 24, pg B
Clinical update table 18 vol 1 pg 37. and table10 pg 23

w2342,

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

1) A pharmacokinetic interaction between zidovudine and ritonavir reduced the
expected activity of the combination. Pharmacokinetic studies with zidovudine
and ritonavir indicate that this is an unlikely explanation; zidovudine had no effect
on ritonavir levels and ritonavir produces only modest decrements in zidovudine
concentrations. A pharmacokinetic effect of this magnitude would not be expected
to produce a clinically significant reduction in activity of the combination regimen
compared to ritonavir monotherapy.

2) Zidovudine and ritonavir are virologically antagonistic. This explanation is also
unlikely. /n vitro studies with zidovudine and ritonavir showed at least additive
activity. Patients who received the triple combination of ritonavir with zidovudine
and ddC in study 208 showed surrcgate changes of a greater magnitude than has
been observed for similar patients receiving ritonavir monotherapy in other
studies.

3) The poor tolerability and resulting poor compliance of initiating the ritonavir
liquid formulation concomitantly with zidovudine was responsible for the under
performance of this regimen. Based on several lines of evidence, this appears to
be the most plausible explanation for the unexpected findings. There were more
discontinuations and drug interruptions on the combination arm compared to the
monotherapy arms. The frequency of dose-limiting gastrointestinal intolerance
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was higher on the combination arm. In addition Dr. Leonard (Abbott) presented
data to the antiviral advisory committee that showed that patients randomized to
the combination arm had somev/hat lower ritonavir concentrations compared to
those randomized to tha ritonav.r monotherapy arm. An attituues survey
conducted after switch from the ritonavir liquid formulation to ritonavir capsule
formulation indicated that patients randomized to the combination regimen were
more likely to alter their ritonavir dosing schedule due to taste aversion compared
to those who were randomized to ritonavir monotherapy. This data has not been
reviewed by FDA; Abbott presented this data to the antiviral advisory committee
to offer possible explanations for the unexpected findings of study 245.

In summary, the applicant has shown that treatment with ritonavir is associated with
antiviral activity and clinical benefit. The total duration of activity and clinical benefit
in these trials are only known out to 6 months. The activity and clinical efficacy of
ritonavir administered for longer periods are unknown. Mean decreases in RNA
among ritonavir treated patients in study 247 were smaller at the end of the 16 week
period than at earlier time points. Development of resistance may be responsible for
this pattern of decreasing antiviral response over time.

From the data submitted in the application, it is unknown which ritonavir nucleoside
combinations are associated with the greatest treatment effect. However, there is
data to suggest that initiating both ritonavir and zidovudine at full doses in treatment-
naive individuals is not well tolerated. A waeli-tolerated and convenient antiviral
regimen appears to be an important factor in maintaining patient compliance and
producing optimal activity.
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10  Overview of Safety

‘Table 10.1 shows the number of patients included in the original NDA safety data
base and the safety update, and the respective duration of treatment exposure for
these HlV-infacted patients. In the original NDA submission, the safety data base
consisted of 1033 patients in phase 2/3 studies combined; 76% of all patients were
exposed to ritonavir for 3 months or less, 5% were exposed for greater than 7
months. This data base was updated with the submission of a clinical NDA
amendment (2/10/86) which included data on 1140 individuals in phase 2 or 3 studies
combined. Of these, 430 individuals received ritonavir for at least 5 months. Most of
the assessment of safety, including frequency of specific clinical adverse events and
laboratory abnormalities for individual studies is based on the data contained in the
original NDA (1033 individuals). Updated data for premature discontinuations due to
treatment emergent adverse or HIV-related events, deaths, and treatment emergent
serious adverse events were included in the safety update (1140 patients).

According to Abbott, nearly all of the safety data reflects use of a liquid formulation of
ritonavir.

Table 10.1. Duration of Exposure for Phase 2/3 Studies Combined in Original
NDA and Safety Update.

— R

Time interval (Days)

Days 130 | 3180 | 6150 | 91150 | 151210 | >210 | Overall
n (%) n (%) n (%) n (%) n (%)
Ritonavir 286 | 115(11) | 309(30) | 233 (23) | 38(3) | 74(7) | 1033
Original NDA (26)
Ritonavir 312 | 1049 | 837 | 211(19) | 288 (25) | 144 (13) | 1140
Safety Update (28)
Source ADDON aqvisory commitiee siae presentation. o -

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

Ongoing Studies Included in the Integrated Safety Summary ]

CUT-OFF DATE

Phase 2

MB4-134X to June 15, 1985

M94-169 to June 15,1985

M84-220 | to April 24, 1995

M4-208 through the first 5 months for all patiants

- Phases |

M94.245 to the earﬂerr of.
September 28, 1995 or study week 16

M94-247 first 16 weeks of study drug administration for those randomized bwafay 7
25, 1995 OR

through Sept 13, 1995 for patients randomized subsequently

Source: Abbott

Demographics

The ritonavir safoty data base is predominantly comprised of male and Caucasian
patients. Of the 1033 patients participating in phase 2/3 studies, 82% were male and
88% were Caucasian. The mean age was approximately 38 years.

10.1 Significant Events

Clinical Adverse events

The most frequent clinical adverse events for patients receiving ritonavir involved the
following three COSTART defined body systems: body as a whole, gastrointestinal,
and neurologic. Diarrhea, nausea, asthenia, vomiting, headache, and circumoral
paresthesia were the most frequently reported adverse events and among the most
frequent causes of premature discontinuations. Table 10.3 lists treatment-emergent
adverse events occurring in 10% or more of the 1033 patients receiving ritonavir in
either phase 2 or 3 studies. These events include those of all severity and any
relationship ¢ drug. Generally the onset of these events occurred within the first 2
weeks of treatment and for many individuals these events occurred within the first few
days.
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Table 10.3. Treatment-Emergent Adverse Events Occurring in 10% or More
Patients in Phase 2/3 Studies Combined.

RITONAVIR
BoDY SYSTEWADVERSE EVENT (N=1033)
n %

Booy Az A Wvolr

ARCOMINAL PAIN 1m 17 i

ASTHENIA 304 29

FaveEr : 197 19 ‘

HEADACHE 21 24
| P 108 10
| Dsxrrve svaram i

ANOREXIA 14 " |
§ Durrrea 872 85 '
{ Ovepersia 107 10 l
| NAUSEA 820 80 }
| VOMITING 28 27 ,
HEMIC AND LYMPHATIC SYSTEV
| LymeraDENORATHY 130 13 !
| Norvous SvsTam l
| CIRCUMORAL PARAESTHESIA are 27 f
| Dzvess 179 17 |
i PERIPHERAL PARAESTHESIA 168 18 l
i RESPIRATORY SYSTEM
% PHARYNGITIS 107 10 !
| Skev ANO ApraNOAGES :
i Rasw 159 18 }
| SrecL Sevses '[
| TasTe PerveRsioN 19 12 |

-

| F— ,
ource. NDA 20-0023, > Vol 89, pg.
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A regimen of ritonavir 600 mg bid was chosen for study in large phase 3 trials based
on activity and tolerabllity. The applicant stated that a higher dose, 700 mg bid, was
associated with an unacceptable amount of toxicity. Table 10.4 lists the number and
percentage of individuals experiencing adverse avents according to dosing regimen
from all phase 2 dose-ranging studies. This summary is based on adverse events
which began during the initial 28 days of ritonavir. In general the frequency of
adverse events was greatest for regimens of 600 mg or 700 mg BID. The fraquency
of adverse events characteristical.,’ associated with ritonavir (nausea, vomiting,
diarrhea, paresthesias) appeared to increase with dose particularly at doses above
400 mg or 500 mg BID.
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Table 10.4

Summary of TNIthM-EI;\.rgQM Advarse Everts During the First 28 Days of
Treatment for All BID Dose Regimens Across Phase 2 Placebo-Controlied and

__Uncontrolled Studies —
Body Systemv 200mg | 300mg| 400mg | 800mg | €00mMg | 700mg
Adverse Event 8ID BID 8D B8ID 8D BID
Nn12 N=30 N=28 N=29 N=33 N=1)
— a_(%) n_{(%) n (% in (% 0__(%) n_(%)
Abd. Pain 2 (1MH13 @10) 2 Mhijo 0|5 ®
Asthenie 0 o |2 M3 (2 M ] 14 (24)
Fever 1 @11 (3)| 2 M2 Mml7 (12
Headache 3 (0|3 (104 (4|3 (0|7 (12
Cardicvascular System
Vasodilatation 0 © |1 Q)| 1 4|1 Q)15 ®)
Digestive System
Anorexa 0 oo )] 1 4]0 © |0 (0)
Diarrhea 2 (NS (s @)1 (38 |22 ()
Dry Mouth 0 10 0)] 1 11 3|4 ()]
Dyspepsia o ©O|o (@1 @wjo |4 ™
Local Throat 0 ®]o 0) 1 412 Mh12 3
irritation
Nausea 0 @13 (10 1 4) | 2 Mmi2r 47
§ Vomiting 2 ™11 (4)) 1 411 @yl110 (10
Nervoug System
Circ. Pares. 0 00 )] 0 ©jie @) ] 17 (29)
Dizziness 0 (R ) 1 4|1 Q19 (18
Hyperesthasia 0 ®]0 0)} O oio 13 (5)
Hypesthesia 0 © 10 (0)] 0 ©]0 ©]1 2
Paresthesia 0 10 (0)] O 0) | 2 Mmile6e (10
Periph. Paresthesia | 0 o@1io ) 0 ()N @ADis ®
$kin and Appendages
Rash 1 @0 ol @1)]2 ORI @)
Soacial Senses
Taste Petversion 0 0 |1 )] 1 4 ]1 @10 0)

(Scuca NoAzosse 68

The frequency of selected adverse events according to dose are shown
graphically in Figures 10.1 and 10.2. Figure 10.1 is a plot of the frequency of
diarrhea, nausea and vomiting according to dose. Figure 10.2 is a similar plot
for circumoral and peripheral paresthesias.
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Figure 10.1.
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Figure 10.2.

10«  Dose relatioaship of Neuarologic Eveats
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i
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The applicant explains that the tendency for some adverse events (nausea, vomiting,
paresthesias) to occur predominantly in the first two weeks of dosing may be
correlated with the time-dependent pharmacokinetics of ritonavir. Pooling data from
studies M83-107 (phase 1 dose-ranging trial), M93-112, and M84-229, the applicant
plotted mean morning ritonavir trough concentrations over 28 days of dosing, (see
Figure 10.3). In this plot, mean ritonavir trough concentrations decrease after several
days of ritonavir dosing. This may indicate possible auto-induction of metabolism.
The applicant suggests that some of the early ritonavir-associated toxicities may be
associated with higher ritonavir concentrations which occur before steady state is
reached. This data is used in support of the dose escalation scheme (See Dosage
and Administration, package insert) for initiation of ritonavir.
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Figure 10.3
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Premature Discontinuation e

As reported in the original NDA, 223 (21.6%) of the 1033 patients participat..q in
either phase 2 or 3 studies prematurely discontinued ritonavir secondary to an
adverse event. This percentage of premature discontinuations increased slightly to
258/1140 (22.6%) for the patients included in the safety update. The type of adverse
events included in the safety update were similar to that submitted in the original
NDA.

Table 10.5 lists the types of clinical adverse events that resulted in premature
discontinuation of ritonavir in at least 1% of 1140 patients (safety update) participating
in either phase 2 or 3 studies. Nausea, vomiting, diarrhea, and asthenia were the
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most frequent events leading to premature discontinuation. Comparing tables 10.3
and 10.4 offers perspective on the significance of some.clinical events. For example,
although circumoral paraesthesia was reported in 27% of patients, it was, infrequently
reported (2% of patients) as the primary reason for premature "discontinuation of
ritonavir.

it
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Table 10.4. Treatment-Emergent Adverse Events Resulting in Premature
Discontinuation for >1% of Patients in Phase 2 or 3 Studies
Combined.

Bobpy SYSTEM/ADVERSE EVENT

DIESTIVE SYSTEM
ANOREXIA

DIARRHEA

DvspEPSIA

LIVER FCN TESTS ABNORMAL
LOCAL THROAT tRRITATION
NAUSEA

VOMITING

Merasouc
HYPERLIPIDEMIA

Nervous SYSTEM
CIRCUMORAL PARAESTHESIA
DizziNess

PARAESTHESIA

PERIPHERAL PARAESTHESIA
SOMNOLENCE

SKIN AND APPENDAGES
RASH

SWEATING

SreciaL Senses

TASTE PERVERSION

ource: : . 85, pg.

10.1.1 Deaths

- ., -, NN

FI

According to the applicant, by December 25, 1995 (the clinical and safety update
closure date), there were 36 deaths among the 1140 patients receiving ritonavir in
either a phase 2 or 3 study (safety update); 15/36 deaths were "treatment
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emergent”, occurring on treatment or within 30 days of discontinuation. Most of
the deaths (30/38)°, occurred in patients with advanced disease participating in
study 247. This study showed a survival advantage for patients randomized to
ritonavir compared to placebo. In addition to the deaths among patients
participating in study 247, there were five deaths in phase 2 uncontrolled studies
and one death in a patient participating in a clinical pharmacology study.®

Abbott considered two deaths In study 247 to be possibly related to ritonavir
treatment. These were patients #1056, whose cause of death was listed as
interstitial pneumonia and #1082 whose cause of death was listed as toxic
epidermal necrolysis. The investigator for patient 1062 considered the cause of
death as probably not related to ritonavir. Both of these cases were submitted as
10-day safety reports. A discussion of these events can be found in section
10.1.3, “10-day safety reports.”

In conclusion, causes of death among patients participating in phase 2 or 3
studies were heterogeneous and were considered to be unrelated to ritonavir in
most cases. Most deaths occurred more than 30 days after discontinuation of
ritonavir and among patients with advanced AIDS participating in study 247. It
should be noted that after submission of the safety update, an additional § deaths
were discovered among patients who were lost to follow-up on the ritonavir arm of
study 247; Abbott had not submitted the cause of death for these 5 patients at the
time of this review. These deaths are included in the clinical efficacy analysis.

10.1.2 Other Significant Events

In the original NDA_Abbott submitted narralives and case report forms for all
patients who had dic discontinued study drug due to adverse events.
Case report form requi.wiaents (for deaths and drop-outs) ware waived for the
clinical and safety update submitted on 2/8/96. As part of the FDA review, all
narrative summaries from the two phase 3 trials were reviewed for clinical
adverse events other than those most commonly reported as reasons for
treatment discontinuation (e.g., events other than nausea, vomiting, diarrhea,
and asthenia). For example, any event dealing with visual or retinal changes,
hepatitis or liver dysfunction were considered to be important, since animal
toxicology studies showed that liver and retina (rats) vrere target organs of
toxicity. Epigastric abdominal pain, pancreatitis, or severe abdominal signs or
symptoms were also considered to be of interest, since ritonavir has been

These 30 deaths among patients receiving ritonavir include patients originally randomized to
ptacebo who swilched-over to open-label ritonavir.

‘Five days after discontinuing ritonavir, this individual, with 2 histary of depression, committed
suicide by ingestion of windshield wiper fluid (methanol).
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shown to increase triglyceride levels which could potentially increase the risk
for pancreatitis. Since ritonavir has also been associated with neurologic
symptoms, primarily various types of transient paresthesias and dizziness,
severe neurologic findings, such as syncope or paralysis ware of potential
concern. Based on these broad criteria, we reviewed case report forms on all
patients who had reported adverse events that waere conceming or unusual.
Table 10.5 is an alphabetical listing of potentially significant adverse events
frorn studies 245 and 247; case report forms were reviewed for all of these

events.

Table 10.5

Study 247

acute brain syndrome
allergic reaction
amylase/ abdominal pain
grand mal seizure
hallucinations

hepatic encephalopathy
edema, facel/lip

eye pain

flank pain

hematuria (in a male),
hyperglycemia

irregular heart rhythm
kidney stone

neck rigidity
pancreatitis

palpitations

rash

retina, “brown spot” noted
tremor, persistent hand
visual changes

visual disturbances:

blindness
bradycardia

colitis, bloody stools
confusion
duodenitis, melena
hematuria

edema, tongue
edema peripheral
hepatitis

melena

muscle cramps
oral uicer
pancreatitis
paralysis, leg
photophobia

rash

retinal disorder
syncope

tremor

Patient case report forms noting the above adverse 2vents were reviewed. In

summary, the following was found:

Eve Disorders

There is no clear evidence showing that ritonavir is associated with significant
visual or retinal changes or other eye disorders, except when administered
concomitantly with rifabutin. Much of the symptomatology in patients with visual
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disturbances were vague or transient. For example, the reported case of
blindness (study 245) lasted less than a minute. There was no documentation of
follow-up for the individual reported to have a "brown spot” on the retina, The
individual in study 245 with reported “retinal disorder” had nonspecific'changes
possibly consistent with HIV-associated retinopathy. One individual with eye pain
was also receiving rifabutin. This may have represented rifabutin-associated
uveitis (see Drug-drug interactions). Another individual had photophobia that
appeared to have a temporal relationship with ritonavir administration; this was
also associated with nausea and vomiting.

Allergic Reaction

It is not clear if ritonavir is associated with a true allergic reaction per se, but
rather may produce a set of severe symptoms (such as nausea, vomiting,
paresthesias and dizziness) that patients interpret as constituting an allergic
reaction. However, there we found two cases of edema involving the tongue, face
or lips. The case report form descriptions of these findings did not appear

to be characteristic of classic anaphylactic reactions.

Abdominal Pain, Coliti iti

Ritonavir has been associated with symptoms of abdominal pain. Sometimes
abdominal pain was described as cramping and associated with diaithea. There
were a few cases of possible pancreatitis. With respect to pancreatitis, one
patient (study 245) also had cholelithiasis and elevated amylase levels at
baseline. Another patient (study 247) had LUQ pain and a normal amylase,
according to the case report form. In study 247 a well documented report of
pancreatitis occurred in a woman with concomitant elevation of triglycerides (see
section 10.2 for a more complete description). This case occurred after the
original NDA safety data closure date and was reported in a 10 day report.

There were also a few reported cases of colitis, melena and duodenitis. It is
unclear if ritonavir was responsible for the signs and symptoms suggestive of
erosive gastrointestinal disease. The patient with colitis and bloody stools (study
245) had a baseline history of colitis. One patient with melena was also taking a
NSAID The other patient reported to have duodenitis and melena (study 245)
had abdominal cramping, RLQ pain and melena that was considered to be
possibly related to ritonavir. One patient’'s cause of death was listed as fatal
gastrointestinal hemorrhage (See section 10.1.3 for a narrative).

Hepatic Dysfunction
Elevations of liver function tests have occurred temporally with ritonavir

administration; the frequency of extreme elevaiiuns of transaminases is shown in
Table 10.6. Elevations of transaminases were observed in some patients in all
phase 2 and 3 studies; liver toxicity was also observed in animal studies. The
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case of hepatitis noted in the above listing occurred in an individual with hepatitis
C who was also receiving INH. A report of hepatic encephalopathy (study 247)
occurred in a patient who was positive for hepatitis B surface antigen. Several
weeks after receiving ritonavir this patient developed elevation of liver function
tests, “episodes of staring”, and increased concentrations of serum ammonia.
This could be an example of a drug-induced exacerbation of underlying hepatitis
(See section 10.3.2, 'Drug-Disease Intaractions'). Six patients in study 112
discontinued ritonavir due to increases in transaminases. Five of these patients
had underlying liver disease at baseline, indicating a potential drug-disease
interaction.

Dysrhythmia

There were a few reports of rhythm disturbances. The case of bradycardia was
noted in a patient also receiving terfenadine. Concomitant use of this drug was
not allowed in the protocol (protocol violation) and will bhe contraindicated in the
label due to a probable pharmacokinetic interaction.

Renal calculi

Another protease inhibitor in development, has been associated with kidney
stones. In ritonavir studies 245 and 247, there were a few cases of hematuria, a
raport of flank pain and a report of kidney stones. The patient diagnosed with
kidney stones had a history of nephrolithiasis at baseline. At present, there is no
clear evidence that ritonavir is associated with renal calculi.

Neurologic symptoms

Certain neurologic symptoms, such as circumoral paresthesias, and paresthesias
were reported relatively frequently among individuals receiving ritonavir in all
studies. The mechanism of action for paresthesias is not known. Dizziness, light
headedness and incoordination have aiso been reported among patients receiving
ritonavir. A few cases of syncope, some temporally related to ritonavir
administration, were reported. Tremors (sometimes persistent and interfering with
daily activities), seizures, hallucinations, and confusion were also reported. For
one individual paticipating in study 245, confusion was described as lack of motor
coordination, but later described as a difficulty in concentrating and accomplishing
simple tasks. The case of leg paralysis (study 245) apparently lasted 4 hours
and was associated with muscle cramping. It is unclear if these cases represent
more severe manifestations of the neurologic symptoms that are more frequently
associated with ritonavir or if they are related to underlying HIV disease. The
report of acute brain syndrome (study 247) was attributed to possible CMV
ventriculitis.

"
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Otner disorders

Other events reported include: rash, muscle cramps, hyperglycemia, oral ulcer,
and peripheral edema. Rash of any severity occurred in up to 15% of individuals
and was a reason for discontinuation in 1%. Rash was sometimes described as
maculopapular and was associated with other frequently associated ritonavir
adverse effacts. The report of peripheral edema (study 245) was associated with
skin inflammation and swelling. The report of mouth ulceration (study 245) was
also associated with a “skin reaction and s velling".

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

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

10.1.3 10-Day Safety repo.ts
Serious and unexpected adverse events, submitted as 10-day safety reports, are
listed in Table 10.6.
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Table 10.6 10-day Safety Reports
[ A R R N A

Patient Study Event - Relationship | Relationship
iD investigator ~ Abbott

T+

¥
338
3232

214

2447
2493
1352
1028
2465

LI

1024
1056

1855 '

1062

1538 l

1867

. ——————ad

2243 |

2291

- = T
1926 H

*ddi/ABT interacuon stuay

**This patient was receiving rifabutin; joint pain and hepatic abnormalities may be attributed to the
interaction.

The case of pancreatitis is discussed under section 10.2 “Laboratory
Abnormalities”. A few serious and unexpected events resuited in fatalities.

£
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Narratives for these cases follow:

Patient #1062, whose cause of death was listed as TEN, had a past medical
history notable for hyperuricemia and “lli-defined kidney problems”. The patient
began ritonavir on §/13/85. On 8/6/85, the patient developed skin “bumps”
bilaterally over both legs, which were attributed to insect bites. On 9/27/85 the
patient deveioped a red itchy rash which evolved into blisters. The etiology of
the rash was thought to be possibly related to allopurinol (which was started on
9/1/85). Ritonavir was discontinued on 8/26 and allopurinol on 8/28. The
patient was admitted ‘o the hospital on 9/29/95 and expired on 10/11/95; the
cause of death was listed a TEN.

Comment:

The Zyloprim (allopurinol) package insert includes severe rashes under the
Warning section of the labal. It states, “In some instances a skin rash
may be followed by more savare hypersensitivity reactions such as
exfoliativa, urticarial, purpuric lesions, as well as Stevens-Johnson
syndroma and/or generalized vasculitis, irreversible hepatotoxicity and on
rare occasions death.” Undar the Adverse Reactions section TEN is listed
under tha category, “Incidence less than 1%, probably causally related”,

! spoke with Dr. Leonard (sae telecon minutes 11/14/965) about this event
and quastionad him if this could represent a possible drug-drug interaction
between ritonavir and allopurinol. He stated that a pharmacokinetic
interaction was unlikely as allopurinol is primearily excreted by the kidneys.
Allopuringl is not metabolized by CYP3A.

Patient #1056, whose cause of death was interstitial pneumonitis, began
blinded study ritonavir on 5/12/85. On 7/26/95, the patient began intralesional
treatment of KS with bleomycin. Starting 8/85, the patient complained of
fatigue, and shortness of breath. This worsened over time. On 10/16/95 the
patient was hospitalized with shortness of breath and cough. Two days after
thoracotomy, the patient died of progressive respiratory insufficiency and
cardiac arrhythmia. Lung biopsy showed interstitial pneumonitis with fibrosis.
This event was considered to be possibiy related to ritonavir.

Commaent:

This is the only report of unexp.ained fatal interstitial pneumanitis among
patients receiving ritonavir. The patient had received bleomycin which is
associated with pulmonary fibrosis, however, this was given
intralesionally. The package insaert for bleomycin states that puimonary
fibrosis has been observed at low doses.
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Two other deaths considered to be possibly related to ritonavir occurred after
closure of the clinical data base. Patient #1926 suffered gastrointestina!
hemorrhaging from an unknown site. Gastroscopy and colonoscopy were
negative. The investigator attributed the hemorrhage to lymphoma but this was
not confirmed. Abbott considered this event to ba possibly related since no
other likely czause was confirmed. Melena and hematochezia were reported in a
few patients in study 245. Hematochezia occurred in a patient who had a
history of colitis, melena occurred in a patient who was also taking concomitant
NSAIDS (see section 10,1.2 above).

Patient #2291 collapsed died approximately 36 hours after taking two doses of
ritonavir. The patient had a history of asthma and hypertension. Prior to his
death he h.ad been treated in an emergency room for nausea and vomiting,
which the patient attributed to ritonavir. The patient was given IV hydration,
ventolin and sant home. Early the next morning, he had another episode of
asthma and collapsed several hours later.

Comment: ,

Across phase 3 trials, ritonavir did not appear to be associated with
increased respiratory abnormalities except for a possible slight increase in
the frequency of cough. A possible allergic reaction with tongue edema
was described in one safety report, howave., tha dascription of that event
did not appear to be compatible with anaphylaxis. Nausea and vomiting,
sometimes severe, has definitely been associated with ritonavir. It is
unclear from the description of this event, I/f the vomiting continued up to
the point of the eventual collapse and death. An autopsy report is
pending.

1014 Overdosage exposure

There is essentially no clinical information regarding ritonavir overdosage. One
patient took 1500 mg/day for two days. This dose is only slightly higher than
the 1400 mg/day studied in dose-ranging study 2298. This patient reported
paresthesias which resolved after the dose was decreased.

10.2 Laboratory Abnormalities

in general, ritonavir had favorable effects on hematology parameters compared to
control arms in studies 245 and 247 (zidovudine and placebo, respectively).
However ritonavir was associated with several abnormalities in chemistry
laboratories. Table 10.6 lists the percentage of patients, occurring in at least 2%,
who experienced extreme elevations in laboratory abnormalities in phase 2 and 3
studies combined. The most frequent marked laboratory abnormality was
elevation of GGT. Sometimes GGT elevations occurred without concamitant
elevations in transaminases, which Abbutt attributed to enzyme induction rather
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than hepatic pathology. At this point it is not known what clinical effects isolated-
GGT elevations will have over time. Elevation of transaminases have heen

temporally assoclated with ritonavir administration. These abnormalities appear to
be reversible upon discontinuation of drug. Patients with chronic hepatitis (B or C)

or with abnormal transaminases at baseline may be at increased risk for ritonavir
associated hepatic toxicity.

Table 10.6. Percentage of Patientas Experiencing Extreme Laboratory
Abnormalities in Phase 2 and 3 Studies

Chemistry Lab Criteria for "Extreme” Percentage of patients
GGT ’ (300 IUIL) 12%
ALT/SGPT (>215 UIL) ) 4%
AST/SGOT ( >180 UML) 8%
CPK (1000 1U/L) 8%
Triglycerides (>1500 mg/dL) % ]
Uric Acid (>12 mg/dL) 2%
Amylase (>2 XULN) | 2% "
‘Potassium (<3 mEq/L) 2% i
ource. package inse
CPK

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

L.

e
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Table 10.7. Number of patients with extreme CPK elevations in studies 245
and 247.
Study 245 Study 247 ﬂ
2oV RIT ZDV+RIT | Placeo | Ritonavir I
Number (%) with 7(7.1) 8 (7.5) 7 (7.0) 24(4.5) 43 (8.6)
Extreme CPK elavation
Number (%) with 0 0 0 18 (3.6) 1(0.2)
Extreme Uric Acid

alevation

Uric Acid
There were no cases of extreme uric acid elevations in study 245. In study 247
there were a greater number of patients with extreme elevations of uric acid for
those randomized to ritonavir compared to placebo; 18 patients (3.6%)
randomized to ritonavir had extreme uric acid elevations compared to 1 patient

(0.2%) randomized to placebo (See Table 10.7).

There appeared to be an

interaction between ritonavir and the antimycobacterial drugs, INH, ethambutol
and pyrazinamide for this particular lab abnormality. Thirteen of 18 patients with
extieme uric acid elevations were receiving at least one antimycobacterial
concomitant with ritonavir. Four patients had episodes of gout in study 247, all
were on the ritonavir arm. Two of the four patients with gout also had extreme
elevations of uric acid; one was receiving concomitant ethambutol.

Triglycerides

Triglyceride elevations, both fasting and nonfasting, have been observed in all
ritonavir phase 2 and 3 studies. A higher percentage of patients participating in
study 247 (advanced disease) had extreme elevations compared to those in study
245 (less advanced). The concern with extreme elevations of triglycerides is the
potential for an increased risk of pancreatitis. To assess this risk, we reviewed

cases of triglyceride elevation to look for associated signs or symptoms

suggestive of pancreatitis. In study 247, 54 individuals had extreme elevations of

triglycerides (>1500 mg/dl). Of these, 21 had triglyceride levels exceeding 2000
mg/dl. None of these 21 patients had elevations in amylase levels. Of the
remaining patients with elevations between 1500 and 2000 mg/d!, only small
isolated changes in amylase were noted. In addition, abdominal pain was not
reported more frequently among patients with extreme hypertriglyceridemia
compared to those who did not develop extreme elevation of triglycerides. In
study 245, only 4/233 individuals randomized to a ritonavir-containing regimen

developed extreme eievations of triglycerides; none of the 4 patients had

concomitant abnormalit:es in amylase.




NDA 20-659, 20-680 o8
™
NORVIR

For studies 229, 112/169, line listings were reviewed for patients with elevated
triglycerides. Five patients in study 169, 5 patients in study 229 and 3 patients in
study 112 had triglycerides >1000mg/dL. None of these patients had evidence of
clinical pancreatitis. Patient #239 in study 169, with a history of diabetes
secondary to treatment with steroids for bronchospasm, had both elevated
triglyceride and amylase levels. At baseline the patient had normal triglycerides
and amylase levels. During the study, triglycerides exceeded the extreme
criterion and was associated with hyperamylasemia and vomiting. An abdominal
ultrasound at that time revealed "spienomegaly without signs of portal
hypertension.” The pancreas was noted to be normal. The amylase was not
fractionated, and in the opinion of the physician the patient did not have
pancreatitis.

There was one case of confirmed pancreatitis in study 247. This occurred in a
female patient with elevated screening triglycerides (1310 mg/dL). The patient
started study treatment on 6/1/85; on 10/16/95 her triglyceride level was 1242
mg/dL. She awoke on 10/27/95 with severe abdominal pain and vomiting and
was subsequently hospitalized. Amylase was 500 IU/mL and an ultrasound
revealed pancreatitis with a small amount of peripancreatic fluid. The patient
recovered completely and was discharged on 11/3/85. On follow-up, triglyceride
levels decreased to normal (200 mg/dL). A later follow-up safety report revealed
that the patient had been off study drug for 2 months prior to the onset of
pancreatitis.

Comments:

The one case of confirmed pancreatitis in study 247, to date, occurred in
an individual who was apparently off study drug for 2 months and who had
a history of hypertriglyceridemia prior to starting ritonavir. The potential for
pancreatitis secondary to marked elevations of triglycerides remains a
concern. Prescribing physicians will need to be cognizant of this potential.

Patients also had increases in cholesterol above baseline. Extreme
elevations, defined as concentrations greater than 500 mg/dL, were
infrequent, howaver, lesser degrees of hypercholesterolemia over the /ong
run could potentially be associated with significant clinical adverse events.

10.3 Drug interactions

10.3.1  Drug-Demngraphic Interactions

In the evaluation of adverse events, Abbott performed subgroup analyses for =
race, gender, and age. From the data submitted there did not appear to be

any consistent or clinically meaningful drug interactions for safety.
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There were several statistically significant drug-demographic interactions for
efficacy, although these results are confusing. Drug-demographic interactions
were not consistent across trials or for surrogate-versus clinical outcome. For
example, in study 247 the treatment effect of ritonavir compared to placebo
for RNA response was larger for whites than for nonwhites. The opposite
was found in this study for the clinical outcome. In study 245 the change in
RNA from baseline for all treatment groups was larger among whites;
however, the differences between pairs of treatment groups were similar for
the two racical groups.

10.3.2 Drug-Disease Interactions

Table 10.8 displays the percentage of patients, in phase 2 and 3 studies
combined, experiencing extreme hepatic chemistry abnormalities as a
function of baseline viral hepatitis serologies. A slightly larger percentage of
patients had extreme SGPT elevations if they were hepatitis B surface
antigen positive or hepatitis C antibody positive at baseline. An association
was not as apparent for other hepatic chemistry labs.

Table 10.8.
= T -
INCIDENCE OF HEPATIC CHEMISTRY ELEVATIONS AS A FUNCTION OF
HEPATIC SEROLOGY IN PHASE 2/3 STUDIES

Alk Phos Bilirubin

Positive (n= 45)

13% 5% 2% I 1% ||

10.3.3  Drug-Drug Interactions
Please refer to the review completed by members of the Division of
Biopharmaceutics for details regarding ritonavir drug interactions. Ritonavir
may inhibit the metabolism of drugs metabolized by CYP450-3A. There are

- several important pharmacokinetic interactions of interest. Table 10.9
summarizes the effect of ritonavir on other irugs, based on data from
pharmacokinetic interaction studies completed by Abbott. Ritonavir =
significantly affects the metabolism of desipramine, rifabutin, clarithromycin,
estrogen, didanosine, saquinavir, zidovudine, and theophylline. In addition to

| Negative (n=362)
M __
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the drugs studied, there are many other drugs with which ritonavir might
interact based on similarities in metabolic pathways. Abbott lists these drugs
under the CONTRAINDICATIONS or PRECAUTIONS section of the product
label.

Table 10.9. Ritonavir's effect on other drugs

32% decrease
zidovudine decreases concentrations small-moderate
25% decrease
~ A
ource: package insert

Since patients in study 247 took a mean of approximately 11 concomitant
medications, there was opportunity to observe adverse events due to potential
ritonavir drug interactions. Of the drugs shown to have clearance decreased by
co-administration with ritonavir, adverse events have been reported with the
concomitant administration of rifabutin and ritonavir. In study 247, increased
reports of uveitis, arthralgia, leukopenia, and dyspepsia occurred among
patients who took rifabutin ard ritonavir concomitantly compared to those who
did not. Table 10.10 tabulates the number (percentage) of patients in study
247 who developed adverse events according to ritonavir and rifabutin use.
Ten of 181 patients (5.5%) receiving rifabutin concomitantly with ritonavir
reported uveitis compared to one patient receiving ritonavir without rifabutin.
Due to the small number of patienis :n each grouping, Abbott did not conduct
statistical analyses to identify an interaction; however, given the magnitude of
the pharmacokinetic interaction, this difference in the number of cases of
uveitis is compelling.

Drug Direction of Effect Magnitude

clarithromycin ' increases concentrations moderate

77% increase in AUC
desipramine increases concentrations large

145% increase in AUC
didanosine decreases concentrations small )

13% decrease
ethinyl estradiol decreases concentrations moderate

40% decrease AUC
rifabutin increases concentrations large

4 fold, contraindicated
Saquinavir increases concentrations large

50 -fold

i theophylline decreases concentrations rmoderate
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Arthralgia was seen in 18 (10%) patients receiving both rifabutin and ritonavir
compared to 11 (3%) on ritonavir alone. Arthralgias were reported in
approximately 2% of patients randomized to placebo (See Table 10.10).

Comment: :

In general, while rifabutin concentrations have been shown to be elevated
when administerad concomitantly with ritonavir, the frequency of rifabutin-
associated adverse everis in patients receiving both drugs in study 247 was
relatively low (< 5%j. Uveiltis is a reversible condition, as reported in studies
of prophylaxis and treatment of Mycobacterium aviurn. Abnormalities in
hepatic chemistries are also important to consider; however, in this study of
relatively short duration there did not appear to be increased hepatotoxicity
among patients receiving the two drugs concomitantly. - The use of ritonavir
and rifabutin may cause increased adverse events; however, there may be
situations for which suitable alternatives for rifabutin are not available (e.g.,
macrolide-resistant MAC). In those particular situations one may consider
using the combination with caution. For the product label, Abbott requested
that the concomitant use of rifabutin and ritonavir be contraindicated until
further studies are completed.

Table 10.10.

ADVERSE EVENTS RITONAVIR AND RIFABUTIN

WITH RIFABUTIN WITHOUT RIFABUTIN

PLACEBD RITONAVIR PLACEBO RITOMAVIR
(N=173) (N=181) (N=372) (N=380)

$ (2.9%) 18 (9.9%) 9 (2.4%) 11 (3.1%)

12 (6.9%) 12 (6.6%) 20 (5.4%) 20 (5.6%)

11 (6.4%) 9 (5.0%) 20 (5.4%) 22 (6.1%)

8 (4.6%) 11 (6.1%) 27 (7.3%) 10 (2.8%)

2 (1.2%) 10 (5.5%) 1(0.3%) 1(0.3%)

8 (4.6%) 24 (13.3%) 26 (7.0%) 35 (9.7%)

22 (12.7%) 29 (16.0%) §5 (14.0%) 63 (17.5%)

1(0.8%) 5 (2.0%) 8 (2.2%) 13 (3.8%)

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

In addition the adverse events observed with the co-administration of ritonavir and
rifabutin, there were more patients with elevated uric acid levels when ritonavir was
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administered concomitantly with some antimycobacterial drugs, specifically INH,
ethambutol, or pyrazinamide. (See section 10.2). The mechamsm for this potential
interaction is not known.

A pharmacokinetic study demonstrated an interaction between ritonavir and
clarithromycin. Mean clarithromycin concentrations (AUC) were 1.78 times higher
when clarithromycin was administered with ritonavir compared to when it was
administered without ritonavir. Previous studies of clarithromcyin for M. avium
prophylaxis have demonstrated an increase in mortality in patients who received
clarithromeyin 1000mg BID compared to those who had received 50C mg bid.
Because of this, the current ciarithromycin label recommends a maximum dose of
500 mg BID for both the treatment and pruphylaxis of M. avium. Although there is
no explanation for the increase in all-cause mortality associated with higher doses
of clarithromycin (1000 mg bid), increased exposures to parent drug or metabolite
may a contributing factor. Abbott reports that total clarithromycin and metabolite
concentrations with clarithromycin 500 mg bid in the presence of ritonavir are less
than those reported for clarithromycin at 1000 mg bid. To expiore further the
clinical implications of this interaction, study 247 was reviewed regarding deaths
and the concomitant administration or clarithromycin and ritonavir.

Table 11 below demonstrates the tabulation of study treatment and categorical
clarithromycin usage for the outcome death. This analysis was not pre-planned
and is subject to bias. In general, both piacebo and ritonavir had more deaths with
the concomitant use of clarithromcyin.

Table 10.11.
DEATHS ACCORDING TO TREATMENT ARM AND CLARITHROMYCIN USE

CLARITHROMYCIN NO CLARITHROMYCIN

RITONAVIR 8.3% (13/156) 4.7% (18/385)
_PLACEBO_ 12.3% (18/146) | 8.5% (34/399) -

The reason for clarithromycin use may be associated with outcome. Treatment of
MAC may have a different morbidity and mortality outcome than prophylaxis of MAC
or treatment of other bacterial infections. Table 10.12 lists reasons for clarithromcyin
administration among those who died according to study treatment arm.
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Table 10.12. |

BY STUDY ARM

RITONAVIR 'PLACEBO
23% (3/13) 22% (4/18)
77% (10/13) 56% (10/18)

L 22% (4718)

Among patients who had received clarithromycin, there were four deaths that were
attributed to disseminated MAC, two on each arm. A similar percentage of
patients for the two treatment arms were treated for MAC with clarithromycin.

The number of patients in each cell were too small to draw any conclusions
regarding a ritonavir/clarithromycin clinical interaction. The frequency of death
was increased among patients receiving clarithromycin for both treatment arms.
Additional phase 4 safety data may increase understanding of a potentiai
ritonavir/clarithromycin drug interaction. At this time the product label does not
recommend dose reduction of clarithromcyin when taker concomitantly with
ritonavir except for patients with abnormal renal function.

Comment:

Dosage reduction of clarithromycin is recommended in renally impaired
patients when coadministered with ritonavir. Clarithromycin is both
metabolized and renally eliminated. In the presence of ritonavir, renal
elimination of clarithromycin is the major remaining clearance pathway. The
applicant has modeled AUCs based on information from studies M90-494
and M94-207. In order to achieve a target AUC below that achieved with a
1000 mg BID dose of clarithromycin the following recommendations were
made: Creatinine clearance between 30 and 60 mL/min dose clarithromycin
250 mg q 12 hours; creatinine clearance belew 30 dose clarithromycin 250
mg q day (See Labeling review).

Abbott is in the process of completing a drug interaction study to assess the effect
of the administration of either rifabutin or rifampin on ritonavir. Preliminary data
indicate that rifampin decreases ritonavir AUCs by 35%. Completion of this trial
may yield data that would allow a dosage adjustment scheme for indivuduals who
require concomitant treatment with rifampin and ritonavir.

n
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11 Labeling Review
During the course of the ritonavir review, labeling comments were conveyed to
the applicant. The following highlights FDA suggested modifications to the label
or changes that were prompted by feedback from the antiviral drug products
advisory committee.

11.1 Clinical Pharmacology
We recommended that Abbott include data for ritonavir cross resistance
with other antiretrovirals, specifically protease irhibitors. Emphasis
should be placed on the phenotypic susceptihility of clinical HIV isolates
from patients who had developed resistance to ritonavir to other protease
inhibitors currently marketed or in development. The amount of data
available was small and selected. Given the current amount of
information available with respect to cross resistance, FDA recommended
a cautionary statement in the product label regarding the potential for
protease inhibitor cross-resistance after treatment with ritonavir (See
Precautions section).

11.2 Indications and Usage
Abbott had initially proposed a single indication for traditional approval of
ritonavir. The proposed indication extrapolated from the clinical efficacy
results of study 247 to include a broader spectrum of HIV disease. Our
division modified the proposed indication and added some caveats as part
of the indication. The proposed indication presented to the advisory
committee was as follows:

NORVIR is indicated alone or in combination with nucleoside
anaiogues for the treatment of HIV infection when therapy is
warranted based on clinical and/or immunological status. This
indication is based on results from a study in patients with
advanced HIV disease that showed a reduction in both mortality
and AIDS defining events for patients who received NORVIR.
Median duration of treatment in this study was 6 months. The
clinical benefit for longer periods of treatment is unknown.

The antiviral advisory committee, which convened on Feb. 29, 1896,
recommended traditional approval of ritonavir for treatment of patients
with advanced disease and accelerated approval for less advanced HIV
infection (see Section 12.0 Conclusions). Therefore, the indication was
revised to reflect the duality of the approval. It now reads:

NORVIR is indicated in combination with nucleoside analogues or
as monotherapy for the treatment of HIV infection when therapy is
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warranted. For patients with advanced disease this indication is
based on the results from a study that showed a reduction in both
mortality and AIDS defining events for patients who received
NORVIR. Median duration of treatment in this study was 6
months. The clinical benefit for longer periods uf treatment is
unknown. For patients with less advanced disease this indication
is based on changes in surrogate markers in studies evaluating
patients who received NORVIR alone or in combination with other
antiretroviral agents.

11.3 Contraindications

Abbott proposed a number of medications that should be contraindicated with
ritonavir. Ritoriavir has been shown to inhibit the CYP3A metabolic pathway,
and consequently increase concentrations of drugs which are metabolized via
this route. Of particular concern is concomitant administration of ritonavir with
certain nonsedating antihistamines, antiarrhythmics, or sedative hypnotics.
Increased concentrations of these drugs could lead to serious or life-
threatening consequences including excessive sedation or dysrhythmia.

Abbott also contraindicated the concomitant use of rifabutin with ritonavir. By
the inhibition of CYP3A, ritonavir increases concentrations of rifabutin over 3
fold. In study 247 there were excess cases of uveitis, arthralgia and
leukopenia when these drugs were administered concomitantly. Although
these toxicities were not life-threatening, Abbott stated that there were
alternatives to rifabutin for the prophylaxis or treatment of MAC. The
magnitude of the interaction and current mg strength of rifabutin capsules does
not allow for dosage adjustment. Generally a pharmacokinetic interaction of
this degree could be included in the Precautions section of the label as
opposed to a contraindication, however, Abbott chose to make this a
contraindication until further studies could be completed.

11.4 Warnings e

Since there is the potential for muitiple drug interactions with ritonavir and
similarly metabolized drugs, we recommended that a statement regarding the
potential for serious or life-threatening drug interactions be included in a Box
Warning. This warning reads as follows;

Co-administration of NORVIR with certain nonsedating antihistamines,
sedative hypnotics, or antiarrhythmics may result in potentially serious
and/or life threatening adverse events due to the possible effects of
NORVIR on the hepatic metabolism of certain drugs. See
CONTRAINDICATICONS and PRECAUTIONS sections.
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11.5 Precautions

11.5.1 General

Included in this section is a precaution for the administration of ritonavir to
patients with impaired hepatic function. This precaution is based on the
fact that ritonavir is hepatically metabolized. In addition, there is evidence
from the clinical studies that patients with chronic viral hepatitis may be at
risk for more perturbations in transaminases than patients without hepatitis.

11.6.2 Information for patients

Abbott had not included this section in the label. We recommended that
Abbott include statements similar to those included in other antiretroviral
labels, stating that ritonavir is not a cure for HIV infection. We also asked
Abbott to include information on how patients should take ritonavir.
Specifically, patients are advised to take ritonavir with food, to avoid
skipping doses, and not to double doses if prior doses are missed.

11.5.3 Laboratory tests

We recommended that Abbott include information regarding what laboratory
abnormalities have been associated with ritonavir and to recommended
appropriate laboratory testing at baseline and at periodic intervals.

11.5.4 Drug interactions

Since there are many potential and known drug-drug interactions with
ritonavir and hepatically metabolized drugs, we recommended that Abbott
list this information in a user-friendly table format. Drug interactions will
also be a focus of Abbott's post-marketing patient education program.

11.5.5 Pediatric use

Although ritonavir is available as a liquid solution, there is insufficient
pediatric data to include a pediatric use statement in the label, at this time.
A pediatric dose-ranging activity trial with ritonavir is underway at the NCI.
Preliminary pharmacokinetic and surrogate marker data on a limited
number of children were available and presented to the antiviral advisory
committee. Abbott was encouraged to submit pediatric pharmacokinetic
and activity data as soon as possible.

11.6 Adverse Reactions

Abbott listed adverse reactions (at least possibly related and at least
moderately severe) occurring with a frequency of at least 2% for studies 245
and 247. In addition we recommended that Abbott list reactions of the same
severity that occurred in less than 2% of individuals.
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11.7 Dosage and Administration

We made two recommendations for this section of the label. Dr. Jenkins and
Dr. Lazor (Division of Biopharmaceutics, FDA) stated that it is important to
administer ritonavir capsules with food, if possible. Pharmacokinetic data
indicate that the capsule formuiation is slightly less bioavailable in the fasting
state than for the nonfasting state. However, given the modest decrement in
concentrations in the fasting state and the goal to have a sustained antiviral
effect, Abbott expressed that it would be better for an individual to take a dose
without food than miss a dose if consuming a meal was not possible. We
concurred with this rationale, therefore the label states that ritonavir should be
taken with food, if possible.

Our second recommendation was to include a staggered dosing schedule for
initiating ritonavir in combination with nucleosides. This recommendation was
based on the results of study 245 which showed poor tolerance of initiating
ZDV and ritonavir at full dose.

12  Conclusions
Study 247 demonstrated that ritonavir 600 mg bid as monotherapy or in
combination with up to two nucleoside analogues was associated with
unambigunus clinical benefit. In patients with advanced HIV disease there was
both a survival be" :fit and a delay in disease progression for those randomized
to ritonavir compared to those randomized to placebo. Due to the advanced
degree of immunosuppression of the participants of this study, it was possible to
establish clinical benefit over a relatively short period of time, median duration of
of follow-up was approximately 6 months.

Other studies included in this application showed that ritonavir was associated
with robust antiviral activity as measured by decreases in HIV-RNA (PCR) and
increases in CD4 counts. Ritonavir showed antiviral activity over a wide
spectrum of HIV infection, in patients with baseline CD4 counts ranging from 0 to
over 700 cells/mm?®, in effect, with varying degrees of imnmune compromise. In
clinical studies ritonavir has been combined with all currently approved
nucleosides (ZDV, ddi, ddC, d4T, 3TC’). In study 245 the activity of ritonavir
plus zidovudine was less than that of ritonavir alone. Abbott attributes these
unexpected findings to poor tolerability and compliance of this combination as
initiated in study 245, In this study patients received ritonavir liquid formulation
and initiated both drugs at full dose. The triple combination of ritonavir with
zidovudine and ddC appeared to have activity that was better than that of

"Studies with ritonavir and 3TC are ongoing. Data was not formally submitted
with the NDA
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ritonavir alone. In theory, the use of combinations of antiretrovirals may sustain
activity by delaying the development of resistance, although this hypothesis was
not evaluated in this NDA submission. B

Although the safety of ritonavir was studied in 1140 HIV infected patients in
phase 2/3 studies combined, the amount of long-term safety data available for
ritonavir is limited. Of 1140 patients in phase 2/3 studies combined, 430 had
exposures to ritonavir of at least 5 months; median duration of follow-up in the
study showing clinical benefit was approximately 6 months. Freauently occurring
acute toxicitiec associated with ritonavir use included fatigue, gastrointestinai and
neurologic disturbances. Gastrointestinal intolerance was the most frequent
cause of ritonavir discontinuation. Toxicities leading to discontinuation generally
occurred early, within the first 1-2 weeks. The most common gastrointestinal
events were nausea, vomiting, diarrhea, taste perversion, and abdominal pain.
The neurologic disturbances were paresthesias and hyperesthesias, involving the
extremities and the mouth (circumoral paresthosias). The description of these
paresthesias are not similar to the peripheral neuropathy associated with the use
of certain nucleoside analogues. Marked laboratory abnormialities occurring in
greater than 2% of individuals taking ritonavir included elevation of triglycerides,
transaminases, GGT, CPK, and uric acid. Mean changes in cholesterol were
also increased among patients receiving ritonavir. The long term clinical effects
of abnormalities of these laboratories are unknown,

In summary, the clinical benefit of ritonavir was established in patients with
advanced disease (median CD4=22 cells/mm?®) and a median follow-up of 6
months. The antiviral activity of ritonavir was established in a wide range of HIV-
infected patients. Information regarding the long-term safety of ritonavir is
limited; however, the benefit versus risk for ritonavir over a 6 month period in
advanced patients is known. The spectrum of HIV disease for which the clinical
benefit from study 247 could be applicable was the focus of considerable debate
among antiviral advisory committee members. Given the short duration of the
clinical study, the short duration of follow up in surrogate marker changes in
patients with less advanced disease, and the limited knowledge of long-term
safety, most committee members were of the opinion that the data was
applicable to patients with clinically or immunologically significant disease.
However, most found it difficult to define specific CD4 counts or clinical criteria in
describing the population who may benefit from ritonavir. Factors other than
absolute CD4 count or history of previous opportunistic infections may indicate a
need for aggressive antivirai therapy. One rmay want to consider CD4 trends or
other signs of clinical progression when considering whether initiation of ritonavir
therapy may be appropriate.

Since the mechanism of action of this protease inhibitor is the same for all
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stages of HIV disease, clinical benefit from ritonavir for individuals with less
advanced disease would be likely, if the antiviral response is reasonably
sustained and drug toxicity does not outweigh potential for benefit. Committee
members feit there was a need for longer term studies in less advanced patients
to assess long term safety and duration of antiviral activity. Based on this
reasoning, antiviral advisory committee members recommended traditional
approval of ritonavir in patients at risk of progression and accelerated approval of
ritonavir for the treatment of patients with less advanced disease.

Despite the unexpected results from 245 for the combination of ritonavir with
zidovudine, the consensus of the committee was that it was reasonable to
indicate ritonavir for use with nucleoside analogues. The application, as a whole,
supports the use of combination therapy with ritonavir, although additional
studies evaluating the effact of specific combinations are needed.
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13 Recommendations

131  Approval

Based on advice from the antiviral advisory committee, which convened on Feb.
29, 1996, we recommend traditional approval of ritonavir in the treatment of HIV
disease in patients with advanced disease and accelerated approval of ritonavir in
the treatment of HIV disease in lass advanced patients. These approvals include
use of ritonavir as monotherapy and in combination with nucleoside analogues.
The traditional and accelerated approval indications will be described in the label
as follows:

NORVIR is indicated in combination with nucleoside analogues or as
monotherapy for the treatment of HIV infection when therapy is warranted. For
patients with advanced disease this indication is based on the resuits from a
study that showed a reduction in both mortality and AIDS defining events for
patients who received NORVIR. Median duration of treatment in this study
was 6 months. The clinical benefit for longer periods of treatment is unknown.
For patients with less advanced disease this indication is based on changes in
surrogate markers in studies evaluating patients who received NORVIR alone
or in combination with other ariiretroviral agents.

13.2 Phase 4 Studies

Please refer to the correspondence from Abbott dated Feb. 27, 1996 which
outlines phase 4 commitments. It should be noted that among their phase 4
commitments, Abbott agreed to submit an analysis evaluating the relationship
between RNA PCR (and CD8) and clinical outcome in study 247.

13.3 Accelerated Approval Commitments

As part of their accelerated approval commitments, Abb:.it agreed to provide
additional data on patients treated for longer period- of time to study durability of
response, ar to conduct pediatric studies. Spe :if :ally in a letter dated Feb. 29,
1996, Abbott  nmitted to the following:

1) Providing long term follow-up safety and clinical endpoint data from ongoing
studies M94-247 and M-94-245 to assess the comparative clinical efficacy
and safety data in patients with advanced stage diseases vs. patients with
early stage disease.

2) Participating in a clinical study to define the safety and clinical efficacy of
ritonavir in pediatric patients.

3) To provide data from a study in patients with higher CD4 cell counts (>100
cells/mm?) looking for durability of response by evaluating CD4 response,

]
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HIV RNA response and safety from a study comparing ritonavir to ritonavir

plus saquinavir.

13.4 Labeling

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

Concurrences:
HFD-530/Feigal
HFD-530/Freeman

HFD-530/Gitterman S 6:d— <[23[3¢

cc:

HFD-530/orig NDA
HFD-530/Division File
HFD-530/Murray
HFD-530/Korvick
HFD-530/Kumi
HFD-530/Jenkins
HFD-530/Farrelly
HFD-530/Verma
HFD-530/Miller, S.
HFD-530/lacono-Connors
HFD-530/Struble
HFD-715/Hammerstrom
HFD-715/Kammerman

L— 6196
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Appendices

Appendix A

'Conditions Included in the 1993 AIDS Surveillance
Case Definition MMWR Vol 41/No RR-17

- Candidiasis of bronchi, trachea, or lungs

- Candidiasis, esophageal

- Cervical cancer, invasive*

- Coccidioidomycosis, disseminated or extrapulmonary

- Cryptococcosis, extrapulmonary

- Cryptosporidiosis, chronic intestinal (> 1 month's duration)

- Cytomegalovirus discase (other than liver, spleen, or nodes)

- Cytomegalovirus retinitis (with loss of vision)

- Enecephalopathy, HIV-related

- Herpes simplex: chronic ulcer(s) (> 1 months duration); or bronchitis,
pneumonitis or esophagitis

- Histoplasmosis, disseminated or extrapulmonary

- Isoporiasis, chronic intestinal (> 1 month's duration)

- Kaposi's sarcoma

- Lymphoma, Burkitt's (or equivalent term)

- Lymphoma, immunoblastic (or equivalent term)

- Lymphoma, primary, of brain

- Mycobacterium avium complex or M. kansasii, disseminated or
extrapulmonary A

- Mycobacterium tuberculosis, any site (pulmonary or extrapulmonary)

- Mycobacterium, other species or unidentified species, disseminated or
extrapulmonary

- Pneumocystis carinii pneumonia

- Pneumonia, recurrent*

- Progressive multifocal leukoencephalopathy

- Salmonella

- Seplicemia, recurrent

- Toxoplasmosis of brain

- Wasting syndrome due to HIV

Added in the 1993 expansion ol the AIDS surveillance case definition

nmna4a a4 a"
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Appendix B

List of Events and Conditloné Considered
Known Expected Manifestations of HIV Infection

The following events should be considered known expected manifestations of HIV
infection that should be handled as non-adverse events as described in Section 7.1.1.

All HIV related events, as described in Appendix I, that lead to a serious outcome (i.e.,
death from any cause, cancer, congenital anomaly, hospitalization, prolongation of
hospitalization, permanent disability, overdose, or life threatening event) must be
reported to Abbott Laboratories within 24 hours by faxing the completed HIV update
CREF puge.

1) Definitive diagnosis by microscopy using histology or cytology for diseases
indicative for AIDS:
- Cryptosporidiosis
- Isosporiasis
- Kaposi's sarcoma
- Lymphoma
- Pneumocystis carinii pneumonia
- Progressive multifocal leukoencephalopathy
- Toxoplasmosis
- Cervical cancer

2) Definitive diagnosis by gross inspection using endoscopy or at autopsy or by
microscopy with histology or cytology on specimen obtained direcdy from

tissues affected (not from a culture).

- Candidiasis

3) Cefinitive diagnosis by microscopy with histology or cytology. culture, or
detection of antigen in a specimen obtained directly from the tissucs affected
or (luid from thosc tissucs

- Coccidioidomycosis

nn4 414
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Cryptococcosis
Herpes simplex virus

Histoplasmosis

4) Definitive diagnosis by culture

M. tuberculosis
Other mycobacteriosis

Salmonellosis

5) Definitive diagnosis of HIV encephalopathy (dementia)

Clinical findings of disabling cognitive and/or motor dysfunction
interfering with occupation or activities of daily living, progressing over
weeks 1o months, in the absence of a concurrent illness or condition
other than HIV infection that could explain the findings. Methods to
rule out such concurrent illnesses and conditions must include CSF

examination and either brain imaging (CT or MRI) or autopsy.

6) Definitive diagnosis of HIV wasting syndrome

Findings of profound involuntary weight loss > 10% of baseline body
weight plus either chronic diarrhea (at least two loose stools per day for
greater than or equal to 30 days) or chronic weakness and documented
fever (for greater than or equal to 30 days, intermitignt or constant) in
the absence of a concurrent illness or condition other than HIV infection
that could explain the findings (e.g.. cancer, tuberculosis,

cryptosporidiosis, or other specific enterilis).

7)  Dcflinitive diagnosis of recurrent pncumonia

Recurrent pnecumonia deflined by more than onc episode in a onc year

period and diagnosed by culture and radiologic evidenee of pancumonia.
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- Evolving (presumptive) clinical diagnoses judyed consistent with AIDS-
delining illness diagnosed by CDC guidelines (CDC AIDS surveillance
case definition, 1993)

8) Candidiasis of esophagus
- Recent onset of retrosternal pain on swallowing; AND
- Oral candidiasis diagnosed by the gross appearance of white patches or
plaques on an erythematous base or by the microscopic appearance of
fungal mycelial filaments in an uncultured spécimen scraped from the

oral mucosa

9) Cytomegalovirus retinitis
- A characleristic appearance on serial ophthalmoscopic examinations
(e.g., discrete patches of retinal whitening with distinct borders,
spreading in a centrifugal manner, foliowing blood vessels, progressing
over several months, frequently associated with retinal vasculitis,
hemorrhage, and necrosis). Resolution of active discase leaves retinal

scarring and atrophy with retinal pigment epithelial mottling.

10) Mycobacteriosis
- Microscopy of a specimen from stool or normally stérile body fluids or
tissue from a site other than lungs, skin, or cervical or hilar lymph

nodes, showing acid-fast bacilli or a species not identified by culture.
11) Kaposi's sarcoma

- A characteristic gross appearance of an crythematous or violaccous -

plaguc-like lesion on skin or mucous membranc
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NORVIR™
Appendix C

Table A.1 Extreme Limit Criteria for Hematology Variables
Variable Extremely Low Extremely High
Hemoaglobin (g/dL) <8 > 21
Hematocrit (%) <30 > 60
RBC (x 10"/L) <3 >8
WBC (x 10°/L) <25 > 25
Platelet Count (x 10°/L) <20 N/A
Neutrophils (x 10%L) <05 > 20
Eosinophils (x 10%L) N/A >1.0
Prothrombin time (sec) . NI/IA > 1.5 x ULN
aPTT (sec) N/A > 2.3 x ULN

ULN = upper limit of the normal range.
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Appendix D

Table A.2 Extreme Limit Criteria for Clinical Chemistry Variables

Chemistry Variable Extremely Low | Extremely High
Glucose (mg/dL) < 40 > 250
Uric Acid (mg/dL) N/A > 12
BUN (mg/dL) N/A > 120
Creatinine (mg/dL) N/A >36
Total Protein (g/dL) <30 >12.6
Albumin (g/dL) <2 >8.7
Total Bilirubin (mg/dL) N/A > 386
Alk. Phosphatase (lU/L) N/A > 550
SGOT/AST (IU/L) N/A > 180
SGPT/ALT (1UL) - NA > 215
GGT (1u/L) N/A > 300
LDH (1U/L) N/A > 1170
Amylase (IU/L) N/A > 100 ..
CPK (tU/L) N/A > 800
Sodium (MEg/L) <123 > 167
Potassium (mEq/L) <3 >6
Chloride (mEq/L) < 84 > 122
Calcium, total (mg/dL) <69 >12.6
Magnesium (mEg/L) <10 >29
Cholesterol (mg/dL) N/A > 500
Triglyceride (mg/dL) N/A > 1500
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3. Summary of Sponsor's Conclusions
3.1 Trial 245

In patients at an intermediate stage of HIV disease who had
not received prior antiretroviral agents, ritonavir treatment
cesulted in substantial and sustained reductions in viral titers
in concert with increases in CD4 cell counts. The results in the
ritonavir monotherapy arm, and to a lesser degree in the regimen
combining ritonavir with zidovudine, were distinctly superior to
results using conventiona: treatment with zidovudine alone.

The superiority of the ritonavir monotherapy arm to the
combination regimen was unexpected, given previous in vitro and
in vivo data supporting the additive efficacy of combination
therapy. The possibility that a higher noncompliance rate in the
combination arm underlies this finding remains to be explored and
holds the potential for higher efficacy in this regimen. The
evidence of antiviral effect and immunologic improvement provide
compelling support for the use of ritonavir in this patient
population.

The safety assessment of ritonavir in this study was
consistent with clinical experience in other clinical studies.
The majority of adverse events associated with ritonavir were
gastrointestinal and neurologic. There was a pronounced tendency
fo. these events to occur early after the initistion of
treatment. In the majority of patients, these events were
tolerated and subsequently resolved, as reflected in the numbers
of patients remaining on therapy and the median duration of
events. Laboratory abnormalities were gensrally not of clinical
consequence. Hepatic chemistry abnormalities may be partially
attributable to induction of he_.2tic metabolic pathways by
ritonavir; mild electrolyte abnormalities may be related to
gastrointestinal adverse events. The clinical and laboratory
profile of ritonavir, described in this and other studias,
provides guidance for {he safe use of ritonavir in HIV-infected
patients.

Page 44



3.2 Trial 247

Previous studies have demonstrated that ritonavir produces
statistically significant improvements in viral burden and
immunologic status. These resulis were evidenced by decreased
HIV RNA levels measured by PCR and increased CD4 cell count in
patients administered ritonavir compared to those administered
placebo. Results from the first 16 weeks of this study confirm
these observations. Ritonavir was generally well tolerated in
this patient population. The most frequently occurring adverse
events associated with ritonavir treatment included events
involving the digestive and nervous systems. The most
frequently observed laboratory abnormalities associated with
ritonavir treatment were elevations in selected hepatic chemistry
tests, CPK, uric acid, and triglycerides; however, the majority
of cases were deemed to be of no clinical consequence.

The interim study of clinical endpoints confirmed the
efficacy of ritonavir therapy. Ritonavir was statistically
significantly superior to standard of care both with respect to
survival and time without disease progression. With respect to
both clinical endpoints, the hazard ratio of ritonavir to
standard of care was approximately constant over time and equal
to 50%, a clinically meaningful difference.
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4. Statistical Reviewer's Comments and Analyses

Several issues may still be explored. The first set of FDa
analyses all concern the surrogate markers. First, there is a
need to compare the rates of drug discontinuation between the
arms in both trials. Second, the FDA did sensitivity analyses to
explore «ffect of missing data on the reported results. Part of
these analyses entailed imputing values to the missing
observations. Others of these analyses entailed examining
separately the cohorts terminating observations at successive
visits.. Third, the FDA explored the unexpected phencmenon of
superior response with ritonavir monotherapy to that with
combination therapy in trial 245. The FDA tested the extent to
which differential non-compliance among arms may account for the
inferior performance of the combination therapy. Fourth, the FDA
supplemente . . 1@ sponsor's analysis of covariate-treatmr -
interactic on the DAVT variable by examining sex, race, age,
and baseline interactions with treatment on a tiﬁepoint by
timepoint analysis.

The next set of FDA analyses involved the clinical
endpoints. First, the FDA did some sensitivity analyses on the
survival/disease progression data in trial 247 in order to
examine the robustness of the conclusions despite the fair amount
of loss toc follow-up at the tiwne of the interim report. Second,
the FDA elaborated on the sponsor's work in verifyiing the
proportional hazards assumptions used in their Cox analyses of
survival times. Finally, the FDA did suome descriptive analyses
to display more clearly the extent of individual variability that
m. y be expected with ritonavir therapy and to explore the
strength of the associatons of the HIV RNA and CD4 surrngate
markers with eacn other and with ultimate survival.
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4.1 xaminatj op=-0Out Rates

The FDA compared the drop-out rates in all arms on both
trials. These comparisons examined both the number of subjects
who discontinued the study drug, although measurements continued
for such subjects, and subjects lost to follow-up (or temporarily
lost to follow-up at the time of the interim report). Figures
4.1 A and 4.1 B show the percent of subjects who are still
receiving treatment in each arw on trials 245 and 247,
respectively, between 0 and 113 days after start of treatment.
One should note that, in trial 245, both Ritonavir and the
Ritonavir-A2T combination loss subjects faster than does the AZT
arm. The combination arm loses most rapidly, being down to about
50% of its original enrollment by the last visit, compared to a
bit under 80% of the Ritonavir arm and a bit over 80% of the AZT
arm. In trial 247, the Ritonavir loses subjects more rapidly
than the placebo arm with final number still on treatment being
about 80% of the original enrcllment in the former arm and about
90% in the latter.

Discontinuation of Jrug did not coincide with loss of data
in these trials. Data was collected from subjects who had
discontinued drug and some data was missing from subjects who
were still on drug. Tables 4.1 A and B show the extent of
missing data in trials 245 and 247, respectively.
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TABLE 4.1 A
EXTENT OF OBSERVATION IN TRIAL 245
Number of Subjects with CD4/CD8 Observations, by Visit
Base Visit 1 Visit 2 Visit 3 visit 4

Ritonavir 115 102 1CO 103 100
Combination 111 106 94 91 86
A2T 115 106 106 101 98

Number of Subjects with an HIV RNA Observation, by Visit
Base Visit 1 visit 2 visit 3 visit 4

Ritonavir 114 106 101 93 90
Combination 110 102 91 71 70
AZT l1e6 110 102 93 .92

TABLE 4.1 B
EXTENT OF OBSERVATION IN TRIAL 247
Number of Subjects with a CD4/CD8 Observations, by Visit
Base Visit 1 Visit 2 Visit 3 visit 4
Ritonavir 104 96 92 93 88
Placebo 103 99 97 93 87

Number of Subjects with an HIV RNA Observation, by Visit
Base Visit 1 visit 2 Visit 3 visit 4

Ritonavir 77 73 70 70 69

Placebo 79 77 74 71 67
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4.2 Effect of Dropping Treatment or Missing Data on Results

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

The FDA explored the extent to which this missing data might
have affected the conclusions by interpolating -data according to
the two different algorithms. If datum for some visit is missing
but that surrogate marker was observed at a later visit, then the
value for the visit just before the missing one is carried
forward (algorithm 1) or the missing value is replaced by a
linear interpolation of the two bracketing non-missing values
(algorithm 2). If datum for some visit misssing and so are the
data for all subsequent visits, then these missing values are
replaced by the baseline value of the variable. 'One would be
extremely reluctant to assume non-informative censoring in an
AIDS trial so it is probably not unreasonable to assume that
things return to baseline or worse once follow-up ceases.

Figures 4.2 A and B show the mean and upper and lower
quartiles of the change from baseline in CD4 counts, using actual
data and linearly interpolated data. There is no noticeable
change in the means at any time point and only a slight reduction
in the spread of the interpolated data. The last observation
carried forward interpolation (not shown) was indistinguishable
from the linear interpolation. With one exception, all fthree
surrogate markers on all arms in both trials showed no more
change with the use of interpolated data than was shown by CD4
count in trial 245. The one exception was for log HIV RNA in
trial 245, where the interpolated data show a more conspicuous
rebound for the combination rebound for the combination arm and,
to a lesser extent, for the ritonavir arm, than do the actual

~data. This is shown in figures 4.2 C and D. Given that nearly a
quarter of the data are missing by visit 5 for this endpoint,
this is expected from the extrapolation rule. (Last observation

carried forward looks the same as linear interpolation and is not
shown.)
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The FDA also recomputed the DAVT for all three surrogate
markers, using the actual data and the two methods of
interpclation. The results of these computations are shown in
tables 4.2 A and B. These tables give the observed difference
between the mean DAVT's for each pair of arms, the t-statistic
for testing whether the expected values of the DAVT's are equal
between those arms, and the p-values of those tests. One can see
there is no consequential difference between the results with the
onserved and with the interpolated ¢ ta. Comparison of the means
and standard deviations of DAVT's tnr each arm (not shown)
reveal that the lack of conspicuous .-:hanges in table 4.2 A and B

is not due to larger but nearly equal changes in the results
within each arm.
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OBSERVED DATA

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

LINEARLY INTERPOLATED DATA

RIT - COMBE
RIT - COMB
RIT - COMB
RIT - A2T
RIT - AZT
RIT - AZT

TABLE 4.2 A
DAVT's OF SURROGATE MARKERS IN TRIAL 245

WITH ACTUAL AND INTERPOLATED DATA

MARKER
CD4
cDhs8
HIV RNA
CD4
CcD8
HIV RNA

CC4
cbhe
HIV RNA
CD4
D8
HIV RNA

DIFF
25.2
16.5
~0.236
50.8
115.2
~0.632

27.4
24.0
-0.282
49.4
109.5
-0.595

LAST OBSERVATION CARRIED FORWARD

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

RIT - AZT
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CD4
CcDs8
HIV RNA
CD4
cbs
HIV RNA

26.7
23.5
-0.283
49.9
109.6
-0.596

T-STAT
2.57
0.56

~2.43
6.08
3.99

-8.31

2.85
0.84
~-2.89
6.04
3.83
-7.81

2.80
0.83
-2.90
6.15
3.84
~-7.81

P-VALUE
0.01
0.57
0.015
0.0001
0.0001
0.0001

0.004
0.39
0.004
0.0001
0.0001
0.0001

0.005
0.40
0.004
0.0001
0.0001
0.0001



TABLE 4.2 B
DAVT's OF SURROGATE MARKERS IN TRIAL 247
WITH ACTUAL AND INTERPOLATED DATA

OBSERVED DATA

COMPARISON MARKER DIFF
RIT - PLAC CD4 33.9
RIT - PLAC cD8 210.4
RIT - PLAC HIV RNA -0.777

LINEARLY INTERPOLATED DATA

RIT - PLAC CD« 34.4
RIT - PLAC CD8 212.0
RIT - PLAC HIV RNA -0.800

LAST OBSERVACTION CARRIED FORWARD

RIT - PLAC CD4 34.1
RIT - PLAC cD8 208.8
RIT - PLAC HIV RNA -0.808

P~.ge 66

T-STAT
8.07
6.90

-8.36

8.23
6.84
-8.68

8.24
6.76
—8.66

P=VALUE
0.0001
0.0001
0.00C1

0.0001
0.0001
0.0001



4.3 t cts Visi

The FDA computed, for each subject, the last visits that a
measurement of CD4 count, CD8 count, and HIV RNA were observed.
For each of the three measures, the trial was then divided into §
cohorts: those last observed at visit 1 or later, those last
observed at visit 2 or later, ... , those last observed at
visit 5. These cohorts are thus nested and decr=asing in
numbers. Any noticeable shift in these cohorts would be
suggestive of a treatment effect which is differential across
length of follow-up.

For each visit of each subject, the FDA computed the change
from baseline of the subject's CD4, CD8, and HIV RNA. The weans
and standard errors of these changes were computed at each visit
for each arm in each of the five cohorts. The FDA also the
diffeiences between the changes from baseline in each pair of
arms at each visit in each of the five cohorts, along the
standard errors of these differences between treatment arms.

The upper plot in figure 4.3 A shows the differences between
Ritonaivr and AZT in changes from baseline in CD4 count, together
with the 95% confidence intervals for the differences, for each
of the five cohorts. The confidence intervals at each visit for
each of the nested cohorts are jittered slightly so that they can
be seen distinctly. In each group the right-most confidence
interval corresponds to the cohort observed all the way to visit
5, each successive interval to the left corresponds to the cohort
whose observation ends one visit sooner. The lower plot in
figure 4.3 A shows the same thing for Ritonavir minus
Combination.

Une can seen in hoth these plots, that there isn't a
noticeable difference between the cohorts. To some extent this
is due to the fact the longest observe cohort constitutes a major
fraction of the subjects in each other cohort. There does not
seem to be any evidence in these plots of subjects lost to
follow-up early having noticeably different response from those
followed to the end of the double-blind phase.
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Figures 4.3 B and C are the analagous plots for log HIV RNA
and for CD8 cell count. Again, one finds no particular
difference among the cohorts

Finally, the FDA did a repeated measures analysis of
variance to test for a treatment effect on the whole curve for
each cohort and for the cohort obtained by interpolating/
extrapolating missing values (see section 4.2 above). This
multivariate test supplements the sponsor's univariate tests
performed at 2ach separate time point. The sample sizes, F-
statistics, and p-values for a treatment difference among the
curves is given in tables 4.3 A and B. For all three surrogate
markers, table 4.3 A shows a statistically significant difference
between the response curves for ritonavir subjects and the other
two arms in each cohort and a statistically significant
difference in HIV RNA levels between the response curve for
combination therapy subjects and the other two arms.
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TRIAL 2
LAST
VISIT
1

INTER
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45

RIT

COMB

RIT
COMB

RIT
COMB

RIT
COMB

RIT
COMB

RIT
COoMB

CD4

N F-STAT
314 13.3
4.28

278 12.67
2.217

252 12.37
2.28

231 8.54
2.40

208 7.17
1.87

355 8.08
1.57

TABLE 4.3 A
RESULTS OF REPEATED MEASURES TESTS

FOR TREATMENT EFFECT AMONG CURVES OF
SURROGATE MARKERS OVER TIME

CcD8

P-VALUE F-STAT

0.0003
0.0393

0.0001
0.0952

0.0001
0.0804

0.0001
0.0512

0.0001
0.101

0.0001
0.1667

23.2
6.81

14.0
l1.68

8.44
1.92

6.27
1.27

4.34
0.94

6.29
2.16

P-VALUE
0.0001
0.0095

0.0001
0.1888

0.0001
0.1264

0.0001
U,2808

0.0009
0.4541

0.0001
0.0586

LOG HIV RNA
N F=-STAT P-VALUE
318 59.3 0.0001
48.7 0.0001

278 36.2 0.0001
25.4 0.0001

229 28.0 0.0001
i8.8 0.0001

207 18.8 0.0001
13.1 0.0%01

180 16.5 0.00C1
12.6 0.0001

355 12.5 0.0001
7.58 0.0001




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

TABLE 4.3 B
RESULTS OF REPEATED MEASURES TESTS
FOR TREATMENT EFFECT AMONG CURVES OF
SURROGATE MARKERS OVER TIME

TRIAL 247
LAST CD4 b8 LOG HIV RNA
VISIT N F-STAT P-VALUE F-STAT F-VALUE N F-STAT P-VALUL
1 195 48.6 0.0001 12.% 0.0005 150 170.3 0.0001
2 178 29.8 0.0001 17.2 0.0001 140 84.7 .0001
3 166 24.4 0.0001 15.1 0.0001 130 48 7 0.0001
4 150 16.9 0.0001 9.97 0.0001 118 29.4 0.0001
5 131 11.9 0.0001 7.5 0.0001 111 24.8 0.0001
INTER 207 14.0 0.0001 10.7 0.0001 156 30.7 o0.00Mm
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4.4 Comparison of Compliant Subjects wjith All Subijects

The sponsor's finding that subjects in trial 245, with less
advanced disease, had better results with ritonavir monotherapy
than with AZT-ritonavir combination was unexpected. As figure
4.1 A above shows, the combination had noticeably higher non-
compliance. Both the sponsor and the FDA medical reviewer
suggested that this poorer compliance may explain the reversal of
the expected ordering of treatment effects. To explore this
possibility, the FDA defined subsets of compliers and partial
compliers in each treatment arm. The subset of compliers
consisted of all subjects who had no reported interruptions of
drug before scheduled end of the double-blind phase. Subjects
who reduced dose (but not all the way to zero) weye retained in
the subset of compliers. The subset of partial compliers
consisted of the compliant subjects plus all subjects who
interrupted but later resumed treatment (their dose went down to
zero at some point but was not still at zero at the end of the
double-blind phase). One should notice that these subsets were
based on prescribed drug, not on drug actually taken. The latter
quantity is unknown.

The change from baseline for CD4 cell count, CD8 cell count,
and log HIV RNA were computed for each of the three arms at each
of visits 1 to 5. Figures 4.4 A, B, and C show the 95%
cocnfidence intervals at each visit for difference in these
changes from baseline between ritonavir and combination therapy
(lower panel, each figure) and between ritonavir and AZT (upper
panel each figure). The curves labelled with 'C' show results
using only compliant subjects in each arm; curves labelled with
'A' show results using all subjects in each arm; the third,
unlabelled curve shows the subset of partial compliers. One can
easily see that the estimated superiority of ritonavir montherapy -
over either AZT or combination increasas when only compliant
subjects are used. Furthermore, the difference between the arms
remains statistically s.gnificant despite the decrease in sample
size. However, if partial compliers are included along with the
full compliers, the difference vetween the effects of ritonavir
monotherapy and those of combinatinn therapy are smaller. This
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analysis does not find that pocrer compliance im sufficient to
explain the poorer performance of the combination therapy.

The FDA also did an analysis of the DAVT statistics
discarding the subjects who prematurely terminated or interrupted
and discarding only the subjects who prematurely terminatad. The
results of these analyses are given in tables 4.4 A and B. These
tables give the sample differerce between arms for the DAVGT for
each of the three surrogate markers, the t-statistio for H;:
Expactation of the difference = 0, and the p-value for the teat,

Table 4.4 A confirms the results in the graphs of response
ovar time. Fully compliant subjectsa actually show a larger
superiority for ritonavir monotherapy over combination therapy
for both CD4 and HIV RNA markers. As might be expected, the
estimated superiority over AZT was also increased in this subset,
Only in the larger subset of full and partial compliers does one
saen evidence that non-compliance partly explains the results,

In thie subset, the supariority of ritonavir monotharapy over
combination therapy is diminished while its superiority over AZT
is increased.

In trial 247, looking at the compliant subsets only has tha
expected results: superiority of ritonavir over placebo is largar
in the compliant and partially compliant subsets.
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TABLE 4.4 A
COMPARISON OF TREATMENT DIFFERENCES FOR
ALL, COMPLIANT, PARTIALLY COMPLIANYT SUBJECTS
IN TRIAL 245 (LESS ADVANCED DISEASL)

ALL SUBJECTS TRIAL 245

COMPARISON MARKER DIFF T=8TAT P-VALUE
RIT - COMB CD4 25.2 2.57 0.010
RIT - COMB cb8 l6.5 0.56 0.57
RIT - COMB HIV RNA -0.236 ~2.4) 0.015
RIT - AZT CD4 50.8 6.08 0.0001
RIT - A27T CcDhs 115.2 3.99 0.0001
RIT - AZT HIV RNA =0.632 -8.31 0.0001

COMPLIANT SUBJECTS TRIAL 245

RIT - COMB CD4 40.2 2.14 0.032 »
RIT - coMmB cDa 79.7 1.42 0.16
RIT - COMB HIV RNA =0.239 -1.35 0.18
RIT - AZT CD4 81.4 6.81 0.0001 «
RIT - AZT che 179.13 4,13 0.0001 ~
RIT - AZT HIV RNA -0.936 -9.40 0.0001 «

COMPLIANT OR INTERRUPTED SUBJECTS TRIAL 24

RIT - COMB CD4 2.1 1.83 0.067 ¢+
RIT - COMB cDs -4.9 ~0.13 0.89 ¢t
RIT - COMB HIV RNA =0.188 -1.48 0.14 ¢
RIT = AZT CD4 69.9 7.52 0.0001
RIT - AZT CcDs 130.2 4.04 0.0001 «
RIT - A2ZT HIV RNA =0.776 -9.38 0.0001 «

* Larger sffoct seen than in all subjecto
t Smaller effect meen than in all subjects

Page 73




TABLE 4.4 B
COMPARISON OF TREATMENT DIFFERENCES FOR
ALL, COMPLIANT, PARTIALLY COMPLIANT SUBJECTS
IN TRIAL 247 (MORE ADVANCED DISEASE)

ALL SUBJECTS TRIAL 247

COMPARISON MARKER DIFF T=8TAT P-VALUE
RIT - PLAC CD4 34.0 8.n7 0.0001
RIT - PLAC cDs8 210.5 6.90 0.0001
RIT ~ PLAC HIV RNA -0.777 -8.36 0.0001

COMPLIANT SUBJECTS TRIAL 247

RIT - PLAC CD4 43.6 6.53 0.0001
RIT = PLAC cDs 295.2 5.36 0.0001
RIT - PLAC HIV RNA -0.856 «6.70 0.0001

COMPLIANT -INTERRUPTED SUBJECTS TRIAL 247

RIT - PLAC CD4 39.3 8.16 0.0001
RIT - PLAC cD8 238,13 6.65 0.0001
RIT = PLAC HIV RNA -0.894 -8.78 0.0001

* Larger effact sean than in all subjects
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4.5 Effect of Covariates

The sponsor did tests for interactions between treatment and
a number of covariates, including age, sex, racae, waight, and
sevaral baseline measures of illnasa. Their tests used the time-
weighted averages (DAVT's). The FDA supplemented this by
comparing the full time course of sach of the three surrogate
markers on each arm in each trial at the two levels of each of
four binary covariatea: sex, age (above and below median), race
(white and non~white), and baseline value of the covariate (above
and below median).

Figures 4.5 A-~D show tha 95% coutidence intervals for the
differences in mean CD4 counts betwean the ritonavir and either
the AZT arm (top panel of each graph) or the combination therapy
arm (bottom panal of sach graph) at each visit of trial 245
(subjects with less advanced illnesas). 1In each panel of each
graph, there are two curves, showing the treatment differences at
each level of a binary covariave. Figures 4.5 E-H show the
analagous plots for differences in mean log HIV RNA. Some
individual plots for the CD4 count show suggestive but non-
significant treatment-covariate interactions. These were age in
the AZT-ritonavir comparison and CD4 baseline level in both
comparisons. These same comparisons do not re-occur when looking
at log HIV RNA. The plots for CD8 count by covariate showed
similar patterns to those of the CIM counts and are not
reproduced here.

Figures 4.% I-L and figures ¢.5 M-P give the corresponcding
plots for CD4 counts and log HIV "NA in trial 247 (subjects with
more advanced jillness). In theseé plots thare a sugyests of a
larger superiority for ritonavir over placebo for females (or
both markers), for high CD4 bameline subjects (on CD4 counts),
-and for whites (on log HIV RNA).
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4.6 sensitivitvy Analyseie on Survival and Disease Progression

There is a substantial amount of missing data with respect
to the clinical endpoints of survival and disease progression in
trial 247 (subjects with more advanced illness). This is partly
because the sponsor submitted an interim analysis of the survival
data, before data from the most recent visits could be
incorporated into the report. These missing data fall into two
groups, those actually lost to follow-up and those assumed to be
on study but for whom the last report of visit was missing at the
time that the sponsor‘'s summary was prapared. These nissing
values are given in table 4.6 A. Some placebo subjects were lost
to follow-up after disease progression but before death so
mimsing data counts vary with the choice of endpoint.

TABLE 4.6 A
MISSING DATA FOR CLINICAL ENDPOINT ANALYSES

Ritonavir Placebo
Survival as Endpoint
Lost to Follow-up 24 14
Assumed on Study but
Status Unknown 71 51

No Progression as Endpoint
Lost to Follow-up 24 9
Assumed on Study but

Status Unknown 71 42

. The FDA performed two sensitivity analyses, onu time-
dependent analysis and the other time-independent. The former
analysis was a recomputation of the Kaplan-Meier curves for
progression-free survival with missing subjects reclassified as
having failed at the time of their censoring. The results of
this reclassification are shown in figure 4.6 A. One can sees
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from this plot that, even though there is more missing data in
the ritonavir arm, reclassifying these subjects as failures does
not cause the survival curve for either arm to decline nuch below
its original value until approximately day 160. The ritonavir
curve with reclassified data does not cross the original placebo
curve until about day 190 and does not cross the placebo curve
with reclassified data until about day 220.

Examination of the Greenwood non-simultaneous 95% confidence
limits for the difference between the progression-~free survival
curves for the two arms that the ritonavir arm is statistically
superior to the placebo arm from approximately day 50 to the end
of the study with the original classification of the data. Even
with the additional failures from reclassification of the missing
data, the ritonavir arm remains statistically significantly
superior to the placebo arm from approximately day 50 to
approximately day 180. See figure 4.6 B.

Kaplan-Meier plots with reclassification of missing data
show a much more dramatic effect when the endpoint is survival.
This is because there are more missing data than there are
deaths.

The time-independent analysis used a two~-by-two table baed
on subject's status at the end of 6 months of study. The
survival status of all subjects actually observed at Dec 15, 1995
(XXX = the end of 6 months ?) is given in table 4.6 B and the
actual progression status is given in table 4.6 C.
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TABLE 4.6 B
SURVIVAL STATUS FOR NON-MISSING SUBECTS
RITONAVIR PLACEBO TOTAL

DEAD 26 46 72 R =
ALIVE 422 436 858 P =
TOTAL 448 482 930 R-P =
% ALIVE 94.2% 90.5%

DIFFERENCE IN RATES 3.7% X~2 = 4.55 =

TABLE 4.6 C
DISEASE PROGRESSION STATUS FOR NON-MISSING SUBJECTS
RITONAVIR PLACEBO TOTAL

PROG/D 86 181 267 R = 80.8%
NO PROG 362 315 677 P = 63.5%
TOTAL 448 496 944 R-P = 17.3%
% NO PROG 80.8% 63.5%

DIFFERENCE IN RATE 17.3% XA2 = 34,71 *

The sponsor's time-independent analysis counted all the
missing values as surviving or progression-free. The FDA redid
these analyses under four methods of treating the two categories
of missing data. First, all missing data were discarded.
Second, lost to follow-up were discarded but those assumed still
on study were counted as alive and not progressed, in agreement
with the sponsor's classification. Third, the lost to follow-up
were counted as dead or progressed while the others were counted -
as still alive and not progressed. Finally, both sets of
subjects with missing data were counted as dead or progressed. :
Tables 4.6 D and E give, for these four methods, the ritonavir -
and placebo survival rates, the difference between the rates and -
the chi-square statistic (on 1 degree of freedom) for testing for
equality of the rates. Chi-squares > 3.84 show a statistically
significant difference in the rates.
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Table 4.6 D uses survival as the endpoint. Here the
ritonavir superiority disappears if any of the missing subjects
are assumed to be dead. However, not counting them at all (as
opposed to counting them as alive as the sponsor does) results in
statistically significant superiority of 3.7% in ritonavir arm
survival. The non-robustness of the result is partly due to the
small number of deaths in the six months of the study.

TABLE 4.6 D
SENSITIVITY ANALYSES ON SURVIVAL
METHOD OF TREATING MISSING DATA

i 2 3 4
RITO SURVIVAL RATE 94.2% 95.0% 90.8% 77.7%
PLAC SURVIVAL RATE 90.5% 91.4% 89.0% 79.7%
DIFFERENCE IN RATES 3.7% 3.6% 1.8% -2.0%
CHI-SQUARE STATISTIC 4.55 5.41 0.93 0.64

1 = IGNORING ALL MISSING

2 = IGNORING 'LOST TO FOLLOW-UP' BUT KEEPING 'ASSUMED ON STUDY'
AS ALIVE

3 = 'IOST FOLLOW-UP' = DEAD HUT 'ASSUMED ON STUDY' = ALIVE
ALL MISING = DEAD

F-N
]
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Table 4.6 E uses progression-free survival as the endpoint.
Here the finding is much more robust. This is a consequence of
the baseline rate of progression in both groups being large
enough that missing subjects included as failures do not
outhumber the actually observed faliluras. Any method of
reclassifying either group of missing data preserves a
statistically significant superiority of ritonavir over placebo.
The estimated differance in progressiocn-free survival rates
ranges from 17% tu 9%, depending on treatment of missing data.

TABLE 4.6 E
SENSITIVITY ANALYSES ON NO FROGRESSION

1 2 3 4
RITO RATE NO PROG 80.8% 33.4% 79.7% 66.7%
PLAC RATE NO PKOG 63.5% 66.4% 65.3% 57.6%
DIFFERENCE IN RATES 17.3% 17.1% 14.5% 9.1%
CHI~-SQUARE STATISTIC 34.71 40.8 28,63 9.55

1 = IGNORING ALL MISSING

2 2z IGNORING 'LOST TO FOLIOW-UP' BUT KEEPING 'ASSUMED ON STUDY'
AS HEALTHY

3 = 'LOST TO FOLLOW-UP' = PROGRESSED/DEAD BUT 'ASSUMED ON STUDY'
= ALIVE AND NOT PROGRESSED

4 = ALL MISING = PROG/DEAD
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Cox proportional hazards regressions can give misleading
results if the assumption of constant hazard rates over tirme is
violated. The sponsor performed several checks on this
assumption as descrubed in saction 1.5.6 above. The FDA concurs
in the validity of these tests but performed a more detailed
expansion of one of them. The sponsor's first test was a
subjective assessment of the parallelism of the log hazard
functions, as estimated from the Kaplan-Meier plots. The FDA
added a formal test by computing the Greenwood non-simultaneous
confidence bounds for the difference between log hazard functions
of the ritonavir and the placebo arms. Since a horizontal line
can be fit between the upper and lower confidence bands, the
assumption of proportional hazards is confirmed.

Figure 4.7 A shows the confidence bands for the difference
of the log hazard functions in the two arms of trial 247 with
respect to the time to disease progression or death. There are
two sets of confidence bands on the plot, one for North America
and one for Europe/Australia. These two regions defined the
randomization strata. Figure 4.7 B shows the analagous
confidence bands with respect to time to death.

The FDA also plotted these confidence bands for difference
in log nazard for strata defined by sex, age, and race. In most
cases, the confidence bands included a horizontal line,
confirming proportionality of the hazards and showed no
difference in the hazard ratio between the two strata. The one
exception was for race. Here the plots showed the same
suggestion found by the sponsor of a covariate-treatment
interaction. f7The¢ non-whites showed a larger improvement with
ritonavir than did the whites. The FDA plot adds the further
-information that the imprcvement is estimated to correspond to a
lower hazard ratio in the period of 120 to 200 days after start
of treatment. -
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The sponsor's analyses are performed with means and
confidence limits and do not always give an adequate of subject
to subject variability in responsa nor of the extent of overlap
of individual responses among treatment arms. To remedy this
deficiency, the FDA computed a number of scatter plots which show
this information.

Figures 4.8 A and B show plots of individual CD4 DAVGT -
Baseline, plotted against Baseline for each of the treatment arms
in trial 245 and 247. For clarity, the responses for each
treatment arm have displaced vertically. The horizontal lines on
the plots correspond to zero values of DAVGT - Baseline for each
treatment. In figure 4.8 A, one can see little evidence of
correlation between response and baseline value, except possibly
on the combination therapy arm. One can also see the treatment
aeffect in that the zero lines run below the middle of scatter
clouds for ritonavir and combination therapy but cut the AZT
scatter cloud approximately in the middle. One should alsc
notice many AZT responses are positive, although none are as
large as the largest ritonavir and combination respones. Also, a
raspectable minority of ritonavir and combination subjects showed
a negative response.

Figure 4.8 B shows similar results for trial 247: no
obvious correlation of response with baseline and a more
noticeable superiority of response for ritonavir over placebo
than was seen in trial 245.

Figures 4.8 C and D show plots of individual DAVGT -
Baseline for log HIV RNA in trials 245 and 247. Making the
change that, on this endpoint, negative response values are

- beneficial, the comments made above for CD4 counts carry over
without change.
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The FDA also explored the extent of association between the
two surrogate markers. Figures 4.8 E and F show scatterplots of
individual DAVGT -~ Baseline for log HIV RNA against CD4 cell
counts. In these plots, clarity was most enhanced by displacing
successive treatment arms horizontally. The vertical lines
across the plot now correspond to the zero values of CD4 DAVGT -
Baseline for successive arms. In both these plots, one can see a
clear negative association between changes in CD4 and changes in
HIV RNA in the three arms that include ritonavir treatment. 1In
contrast, the association is much smaller in the AZT arm of trial
245 and the placebo arm of trial 247. One can also see that the
ritonavir and combination arms have more subjects with good
responses on both markers (negative value of log HIV RNA and
positive values of CD4 count) than do the AZT and placebo arms
and that the sizes of the largest individual improvements are
bigger on the three arms with riteonavir. Finally, one can see
that the overlap of the scatter cloud for AZT in trial 245 with
the ritonavir scatter cloud is much larger than is the overlap
between placebo and ritonavir in trial 247.

Similar effects were seen in plots of CD8 counts against CD4
counts. These plots are not included.
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Table 4.8 A gives the numeric results corresponding to these
plots. This table has the correlation coefficients among the
chree surrogate markers (using DAVGT - Baseline) for all arms
pooled and for each arm separately in each trial. As the plots
show, the association is much stronger in the ritonavir arms than
in the AZT or placebo arms.

TABLE 4.8 A
CORRELATION COEFFICIENTS AMONG DAVGT'S OF SURRCCATE MARKERS

TRIAL 245
CD4 WITH cbs/
HIV - CD8 HIV
ALL ARMS ~0.44 0.49 -0.09
RITONAVIR ~-0.54 0.49 =-0.07
COMBINATION ~0.30 0.50 ~=0.02
AZT -0.17 0.37 0.14
TRIAL 247
CD4 WITH cba/
HIV cDs HIV
ALL ARMS =-0.60 0.66 =-0.36
RITONAVIR -0.48 0.60 -0.18
PLACEBO -~0.01 0.39 =-0.03
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Finally, the FDA computed some plots intended to show the
strength of the association between surrogate markers and
clinical endpoints in trial 247. Figure 4.8 G shows the
differerce in CD4 count, over time, between subjects who have
experiencaed disease prograssion or death and those who have not.
The value, at time t, of curve marked with plus signs is the CD4
count, at time of failure, for all subjects who hava failed
(=progressed or died) by time t. The value of unmaarked curve,
at time t, is the CD4 count at time t who have all subjects who
have not failed by time t. The two curves in the lower panel of
figure 4.8 G show results for the ritonavir arm, the two curves
in the upper panel show results for the placebo arm. In the
upper panel, there was no effect of treatment on the surrogate
marker, CD4 count, and failures occur at raidom with respect to
CD4 count. No difference is observed between CD4 counts of
failures and survivors. In contrast, on the ritonavir arm, the
treatment effect on the surrogate marker was a good predictor of
clinical response. The observed CD4 count of failures was
consistently lower than the observed CD4 counts of sruvivors.

Figure 4.8 H is the comparable plot with c¢linical endpoint
still disease progression or death and the surrogate marker being
log HIV RNA. Again, the surrogate marker is a good predictor of
clinical response in ritonavir arm but not in the placebo arm.
Failures in the ritonavir arm have higher HIV RNA levels than do
survivors. Finally, figures 4.8 I and J show the comparable
results using the clinical endpoint of death. Conclusions are
approximately the same.
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The FDA finds that the sponsor has demonstrated both
clinical efficacy of ritonavir compared to current standard ol
care in patients with advanced disease and efficacy with respect
to surrogate markers relative to AZT in patients with less
advanced disease. The FDA finds that, despite substantial
differential drop-out rates among arms in the interim analysis
submitted by the srunsor, a statistically significant superiority
of ritonavir over control treatments which is robust to several
methods of imputing missing data. This robustness of the
findings holds for both surrogate markers and clinical endpoints.

The FDA finds that better compliance with the initially
prescribed drug therapy is associated with a larger estimated
superiority of ritonavir over control drugs. Since good and poor
compliers are not separated by random assignment, the FDA did not
test this finding for statistical significance.

The FDA is unable to explain the observed statistically
significant superiority of ritonavir monotherapy over combination
tnerapy. Differential compliance does not appear to account for
the differential response rates. The FDA does note that even
combination wac statistically significantly supevior to AZT
monotherapy.

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

The FDA finds moderate correlation among the surrogate
markers in both trials and between the surrogate markers and the
clinical endpoints in the trial with more advanced patients. The
strength of the associations was greater in the ritanavir arms
than in the control arms in all cases. This may be taken as
additional support for a joint causal effect of ritonavir on both
surrogate and clinical endpoints.
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The FDA also finds that there is substantial subject to
subject variability in the surrogate markers and that there is
considerable overlap in the range of individual responses among
the different arms on each trial, even though means are
statistically significantly different.
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The FDA also finds that there is substantial subject to
subject variability in the surrogate markers and that there is
considerable overlap in the range of individual responses among
the different arms on each trial, even though means are
statistically significantly different.

Thomas Hammerstrom, Ph.D.

Mathematical Statistician

Concur: Dr. Kammerman
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NDA: 20-659

Date Submitted: October 4, 1995

Date Assigned: Octobexr 6, 1995

Date Review Completed: October 31, 1995
Assigned Reviewer: Pritam S. Verma, Ph.D.
HFD-530

Illinois 60064-3500

SPONSOR: Abbott Laboratories HC j;:>
Pharmaceutical . fj/\"jw;(;E\/\xwaL
Products Division G , o
Abbott Park, Ko (, oW i ) /\I:>

DRUG: Ritonavir

Code Nameg: Abbott-84538, ABT-538
' ; 10-Hydroxy-2-methyl-5-(1-methylethyl)-1-

[(2- (1-methylethyl) -4-thyiazolyl] -3,6-dioxo-8,11-
bis (phenylmethyl)-2,4,7,12-tetraazatridecan-13-oic-
acid,S-thiazolylmethyl ester, [5S- (SR*, 8R*,10R*11R¥*)]
Molecular Weight: 720.95
Molecular Formula: CsyH,4N,O5S
Wﬁﬁuft; apowder with some small
lumps
RK,_= _pK,: 2.844 + 0.169

PORMULATIONS: Ritonaviy oral golution: a vial containing 10 ml
solution of 200 mg of Abbott-84538 per ml of propylene
glycol: ethanol:water for injection at 90:5:5 (v/v/v)
and in the presence of 2 molar equivalent of
hydrochloric acid. This soclution will be administered
in gray capsules containing 0.5 ml of solution (ie, 100
mg of Abbott-84538).

Ritonavir capgulesg: granulation form of 100 mg of
Abbott-84538 in a capsule.

DOSAGE: 600 mg, bid (approximately 20 mg/kg/day); drug exposure
(AUC = 150 pug*hr/ml)

INDICATION: Treatment of HIV infection

RELATED IND:
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INTRODUCTION:

Ritoravir (Abbott-84538) is one of a series of novel protease
inhibitors for HIV, the causative agent of AIDS. HIV protease is
a viral enzyme that is responsible for the processing of viral
proteins during virus assembly. These processing steps are
essential for the maturation of newly-formed virus particles into
infectious virions. Thus, HIV protease is thought to represent an
important target for intervention in AIDS. The HIV protease is a
member of the aspartyl family of proteases. Drugs that
specifically inhibit this enzyme without interfering with the
activity of endogenous human aspartyl protease may serve as
effective anti-HIV agents. Abbott-84538 is an orally administered
inhibitor of both the HIV-1 and -2 proteases.

HIV contains the archetypal retroviral genes gag, pcl and env.
Gag and pol encode respectively the nuclear matrix proteins and
enzymes essential for reverse transcription and integration. The
protein products of these genes are produced together in a single
precursor polyprotein that must undergo processing by the HIV
protease to generate infectious virions. The activity of the
protease is uniquely responsible and essential for the post-
translational cleavage of the viral gag and gag-pol polyproteins.
Presently, the sponsor hae submitted a NDA which describes the
development of Abbott-84538 solution for the treatment of AIDS.

BACKGROUND :

The toxicology of Abbott-84538 has been assessed in mice, rats,
dogs and rabbits in studies ranging in duration from a single
dose to six months of oral administration. Abpott-84538 has a low
order of acute toxicity in rodents by the oral route but is more
toxic when administered as an iv injection. The difference is
probably due to the fact that the acute toxicity is more related
to plasma Cmax than AUC values, and Cmax is most likely higher
following iv injection. Data generated from chronic studies
identified liver as a target organ in both rodents and dogs. In
addition, eye, kidney, stomach and thyroid, and erythrocytic
parameters were target organs in rodents only. Light microscopic
evidence of phospholipidosis in liver, kidney, lung, lymph nodes
and retinal pigment epithelium was also observed only in rodents.
The effects on stomach, thyronid, erythrocytic parameters and
thymus appeared to be reversible, but the changes in liver and
retina were still evident in rats that were held for a 3-month
recovery period. Changes in rats were dosage related and affected
hepatocellular, biliary and phagocytic elements, and minimal to
mild changes were observed even at dosages near the clinical
dosage. The greater sensitivity of the rat to hepatic toxicity
may be due to the relatively faster clearance and metabolism of
the compound by the liver; thus, exposing it to greater



NDA # 20-659 PHARMACOLOGIST'’S REVIEW Page 3

EE X2 £ F £ 5 -2 2 2 2 R 2 3 2 3 22 2 32 2 2222 2 R 2R 4 L R R R EER RS EEEEEYEEREERE Y

concentrations of both Abbott-84538 and its metabolites. Thymic
atrophy was observed only in dogs, but the most sensitive
indication of toxicity in this species was gastrointestinal
distress consisting of emesis and abnormal stool.

SUMMARY:

Acute toxicity studieg: the approximately lethal single oral dose
of Abbott-84538 was shown to be >2500 mg/kg in rats. In mice, the
LDS0 of oral Abbott-84538 was shown to be >2500 mg/kg. The NOELs
were showed be 250 mg/kg and 5 mg/kg in rats and mice,
respectively. The results and equivalent dose in humans are
summarized in Appendix # 2 (Table 1).

Multiple-doge toxicity studies: results are summarized in
Appendix # 2 (Table 2 to 6). Effects on the liver: hepatic
changes in rodentg included elevated liver enzyme activities
(ALT, AST and GGT) and histopathologic lesions such as
multinucleated hepatocytes, periportal inflammation, histiocytic
microgranuloma, single cell necrosis, increased mitosis,
pericholangitis, bile duct hyperplasia, hepatocyte vacuolization
and/or Kupffer cell aggregates (1 to 6 months oral toxicity
studies). Histopathologic alterations and increased liver enzyme
activities had not resolved in rats during the 3-month of
recovery perio” (3-month oral toxicity study). The no-
hepatotoxic-effect dosage level of Abbott-84538 in rats when
administered by oral gavage was considered to be less than 25
mg/kg/day, resulting in systemic plasma exposure of 14-25
pg*hr/ml (3- & 6-month studies). Elevated liver enzyme activities
(ALT, AST, ALP, GGT) and increased bile acid were evident in
dogs. Histopathologic changes were in general limited to
hepatocellular hydropic degeneration. Single cell necrosis,
pericholangitis with biliary hyperplasia and fibrosis were noted
in some female dogs in the 3-month oral toxicity study (100-200
mg/kg/day; AUC=200 ug*hr/ml). Thus, the rat appeared to be more
sensitive than the dog for liver toxicity.

hypertrophy of the retinal pigment epithelium (RPE) and retlnal
degeneration were only seen in rodents at dosages of 75 mg/kg/day
or higher (AUC >43 ug*hr/ml). The retinal changes seen in rats
are summarized in Appendix # 2 (Table 5). Development of the
retinal changes in rats appeared to be dependent on both systemic
exposure and duration of treatment. In a 3-month toxicity study,
hypertrophy of the RPE and minimal retinal degeneration were
present in rats, these changes were still evident in rats that
were held for a 3-month recovery period. Electron microscopic
examination of hypertrophied RPE revealed a considerable
accumulation of phagosomes which were consistent with drug-
induced retinal phospholipidosis. Therefore, the pigment ‘
epithelium hypertrophy in rats was at least partially due to the
parent compound or its metabolite(s) causing a lysosomal
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accumulation of polar lipids from rod outer segments. Effects on
the thyroid; hypertrophy of follicular cells in the thyroid gland
along with decreased T4 and elevated TSH were observed in rats
that received the drug for one or six months. All changes were
reversible following a one-month recovery period. Morphologic
effects were seen at dosages as low as 50 mg/kg/day (AUC > 25
pg*hr/ml) . No effects were observed on the thyroid gland in any
of the dog studies. Effects on the kidney: no renal changes were
observed in rat studies with durations through 3 months, but
changes were observed in the é6-month study at all dosage levels
down to 25 mg/kg/day (AUC = 14 ug*hr/ml). The most consistent
renal changes were tubular degeneration and hypoplasia. No renal
changes were observed in any of the dog studies. Effects on the
: changes seen in rats
administered the drug by oral gavage for 3 months at dosages of
75 mg/kg/day (AUC > 43 ug*hr/ml) included mild pyloric necrosis
and gastritis. These changes in the stomach were not detected in
the six month rat study at dosages up to 150 mg/kg/day (AUCs 83-
175 ug*hr/ml). The chan¢jes were reversible after a one-month
recovery period The changes were not seen in dogs. Emegis,

- - : £ g: were noted that received
50 mg/kg/day or greater in all the studies. This gastrointestinal
distress uaually occurred approximately 2-3 hr after each dosing
and the incidence was dose-related. Effectg on the Ervthron: the
changes observed in rats treated with 125 mg/kg/day or higher
(AUCs 86-128 ug*hr/ml) for three months were limited to slight
decreases in erythrocytic variables (erythrocyte count,
hematocrit, hemoglobin). Decreases in erythrocytic variables
along with an increased incidence and/or severity of anisocytosis
(erythrocytes of variable size) and poikilocytosis (erythrocytes
with abnormal shapes) were detected in rats that received 25
mg/kg/day (AUCs 14-22 ug*hr/ml) or greater for six months. The
changes were reversible in rats. Erythrocytic changes were not
detected in dogs receiving dosages up to 125 mg/kg/day (AUCs =
115 to 205 wug*hr/ml) for six months.
thymic atrophy was limited to dogs only. An increased 1n01dence
and/or severity of thymic atrophy was in the highest dosage group
of dogs in the one-month (200 mg/kg/day) and six-month (125
mg/kg/day) studies. More severe changes appeared to be associated

with very high plasma exposures of Abbott-8453 ing from 200
to 900 pg+*hr/ml. ; bilateral
testicular degeneration was observed in two mal s (one that

received 50 and one that received 125 mg/kg/day) for six months.
The degeneration was moderate and diffuse. The high dosage dog
had decreased epididymal spermatozoa as a result of the diffuse
testicular degeneration. In addition, the high dosage dog had
moderate multifocal prostatic atrophy/hypoplasia.

ity gtudieg; the results are

summar*zed in Appendix # 2 (Table 6). There were no effects on
male rat reproductive capabilities at dosages up to 125 mg/kg/day
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(AUC = 91 ug*hr/ml), the highest dosage level tested in the
Segment I study. Female rats displayed some adverse clinical
signs (emaciation, dehydration and hunched posture) following
administration of 75 mg/kg/day (AUC = 61 ug*hr/ml) which was the
highest dosage tested, this appeared to have no effect on female
fertility. In the Segment II study in rats, fetal toxicity
characterized by reduced fetal weight, delayed skeletal
ossification, wavy ribs, enlargement of fontanelles and
cryptorchidism was seen in rats at 75 mg/kg/day, a dosage that
wag also overtly maternally toxic as well. In the Segment II
study in rabbits, slight developmental toxicity (reduced fetal
gize and weight) was observed only at a dosage (110 mg/kg/day)
that was overtly maternally toxic as well. In the Segment III
study, the drug was given during late gestation through weaning.
No neonatal toxicity was evident at the highest dosage tested (60
mg/kg/day) .

i 8 ; results are summarized in Appendix # 2
(Table 4) . Abbott-84538 was found to be non-mutagenic when tested
in several in vitro and in vivo genotoxicity assays.

Pharmacokinetic and ADME studies: results are summarized in
Appendix # 3 (Table 1 to 4). Peak plasma concentrations (Cmax) of
Abbott-84538 in rats, dogs, and monkeys after oral administration
of a 5 mg/kg dose were recorded at approximately 1-2 hr. Plasma
drug concentrations declined rapidly following termination of
dosing in all species. The elimination half-life in all species
was approximately 1-2 hr. Oral biocavailability following a 5
mg/kg dose was calculated to be 70.7%, 37.4% and 29.9% for rats,
dogs and monkeys, respectively. Drug exposures (AUCs) were
generally higher in female mice and rats compared with males at
similar doses. The observed sex difference in plasma drug levels
was due to a difference in the clearance of the drug. It has been
reported that the rate of biliary excretion of drug was faster in
male rats than in females. No consistent sex difference in plasma
exposure was noted in dogs. In the 3- and 6-month studies in
rats, increased AUC values were evident at the end of the
treatment period when compared with those obtained during the
first month of treatment. The elevated AUC values may be in part
due to hepatotoxicity caused by drug, as well as to the
saturation of metabolic processes, since drug is elimlnated
predominantly by hepatobiliary clearance.

obtained from incubation of radiolabelled drug with rat and dog
hepatic microsomes was qualitatively similar to the corresponding
metabolite profiles of drug in rat and dog bile (Appendix # 6 &
7). Rat microsomal incubation samples converted Abbott-84538
primarily to the metabolites M-1, M-2, M-9 and M-11, accompanied
by minor amounts of M-10 and M-5., No G-1 (the glucuronide of
parent drug) was formed by rat liver microsomes. Incubation of
Abbott-84538 with dog liver microsomes resulted in formation of
M-1, M-2, M-11, M-5 and G-1. Human liver microsomes converted
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Abbott-84538 largely to M-1, M-2, M-11 and M-5, suggesting that
thegse metabolites would llkely be major products of hepatic
biotransformation of the drug in humans. Protein binding; Abbott-
84538 extensively bound to al-acid glycoprotein and serum albumin
in four species evaluated over a 3000-fold concentration range
(0.01-30 ug/ml). Mean plasma protein binding percentages were
97.2-99% for rats, 98.9-99.4% for dogs, 96.2-99.1% for monkeys
and 99.3-99.5% for human.

CONCLUSIONS:

In the clinic, the test compound is being administered as an oral
formulation at a dose level of 600 mg, bid or 1200 wng/day
(approximately 20 mg/kg/day). The proposed therapeutic dose
produced a mean steady-state AUC value of 150 ug*hr/ml. The
kinetic data from subchronic/chronic toxicity studies in rats and
dogs showed that the mean AUC value at the therapeuiLic dose was
found to be considerably higher than that achieved in the
nonclinical toxicity studies at the NOELs/NOAELs. Based on either
the body surface area equivalence factors or drug exposure (AUC
values), the dosages used in the clinic are higher than the
NOELs/NOAELs identified in animal studies (Appendix # 5, Table -
1).

In animal studies, toxicities were seen at doses that are
comparatively much lower than those used in the clinic (Appendix
# 2, Table 2, 3 & 5). The therapeutic dosage of the test compound
produces significant toxicity in the six-month oral toxicity
studies [the longest duration studies submitted at this time] in
rats and dogs. The histopathology evaluations revealed that
liver, eye, kidney, bone marrow and thyroid are the major target
organs. Therefore, the sponsor is requested to monitor the
patient closely for the toxicities see:n .1 animals.

Abbott-8°538 can be classified as ! r< tnancy Category B. Abbott-
84538 si. 1d not be used during pr: . :.ncy unless the potential
benefits ;ustify the risk to the fetus and mother.

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

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

Seven appendices are attached. These are listed below.

1, Non-clinical toxicology, pharmacokinetics and

pharmacology.

a. Tabulated summary of animal toxicity studies.

3. Tabulated summary of animal pharmacokinetic studies.

4. Tabulated summary of human pharmacokinetic studies.

5. Comparison of animal doses with the human therapeutic

dose.

6. Chemical structure of ABT-538 metabolites.

7. Proposed pathway of ABT-538 biotransformation in rat

and dog.
Congurrences:

/ = 3\ip
HFD-530/DFreeman ( u\
HFD-530/JFarrellyd® '|114Y
HFD-530/PVerma N \’lk'ﬁé
Disk:

HFD-530/JFarrelly

ce

HFD-S530/NDA 20-659
HFD-340
HFD-530/KStruble
HFD-530/PVerma
HFD-530/JMurray
HFD-530/PLiu
HFD-530/NBattula
HFD-345/GJames

Pritam S. Verma, Ph.D.
Reviewing Pharmacologist
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Appendix # 1

Non-clinical toxicology, pharmacckinetics and pharmacology.

NON-CLINICAL TOXICOLOGY

Toxicity Studies Summary: Studies marked with an asterisk were
performed in a manner consistent with the FDA Good Laboratory
Practice Regulations.

A;ung_xgxigixx_ﬁnndiﬁa

1. Acute Oral Toxicity Evaluation of Abbott-84538 in Mice,
Lot # 240-081-AX, Abbott Lab., Abbott Park, IL,
September 28, 1993 (TD93-311/R&D/93/554)*

2. Acute Oral Toxicity Evaluation of Abbott-84538 in Rats,
September 24, 1993 (TA93-309/R&D/93/552)+

3. Acute Intravenous Toxicity Evaluation of Abbott-84538
in Mice, Lot # 240-081-AX, Abbott Lab., Abbott Park,
IL, September 28, 1993 (TD93-312/R&D/93/555)+*

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

Repeat Doge Toxicity Studieg

5. One-Month Oral Toxicity Study of Abbott-84538 in Rats,
with a One-Month Recovery Period, Lot # 240-081-AX,
Abbott Lab., Abbott Park, IL, October 7, 1993 (TA93-
193/R&D/93/519)*

6. Three-Month Oral Toxicity Study of Abbott-84538 in Rats
(with One-Month and Three-Month Recovery Periods),
Abbott Lab., Abbott Park, IL, Lot # 77-561-AL, June 9,
1994 (TA93-284/R&D/94/043)+

7. Six-Month Oral Toxicity Study of Abbott-84538 in Rats,
1994 (TA93-299/R&D/94/229)*

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

9. Three-Month Oral Toxicity Study of Abbott-84538 in Dogs
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10.

(with a Two-Month Recovery Period), Lot # 77-561-AL,
Abbott Lab., Abbott Park, IL, June 6, 1994 (TB93-
297/R&D/94/039) *

Six-month oral toxicity study of Abbott-84538 in Dogs,
Lot # 83-501-VF, Abbott Lab., Abbott Park, IL, October
27, 1994 (R&D/94/650)~

11.

12.

13.

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

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

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

juction Toxicity Studi

14.

15,

16.

17.

Evaluation of the effects of orally administered
Abbott-84538 on the fertility and embryonic development
of the rat (Segment I), Abbott Lab., Abbott Park, IL,
Lot # 77-561-AL, June 27, 1994 (R&D/94/293)«

Evaluation of the Effects of Orally Administered
Abbott-84538 on the Embryonic and Fetal Davelopment of
Rats (Segment II), Abbott Lab., Abbott Park, IL, Lot #
77-561-AL, June 30, 1994 (TAS3-314/R&D/94/024)*

Evaluation of the effects of orally administered
Abbott-84538 on ambrvo-fetal development in New Zealand
White rabbits,

Lot # 77-561-AL, July 20, 1994
(R&D/94/342)*

Evaluation of the effects of orally administered
Abbott-84538 on the peri- and postnatal development of
the rat (Segment III DART), Abbott Lab., Abbott Park,
I', Lot # 77-561-AL, November 15, 1994 (R&D/94/651)w

; Lcity Studi

18.

Bacterial Reverse Mutation Assay (Ames Test plus E,
coli) of Abbott-84538, Lot # 240081-AX, Abbott Lab.,
Abbott Park, IL, July 16, 1993 (Study Number TX93-
222/R&D/93/399) *
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19. Mouse lvmphoma study of Abbott-84538,
. June 13, 1994
(R&D/94/175/TX93/472) *

20. In Vitro Cytogenetics Human Lymphocyte Culture Assay of
Abbott-~84538, Abbott Lab., Abbott Park, IL, October 7,
1993 (8tudy Number TX93-223/R&D/93/470)*

21. Mouse micronucleus assay of Abbott-84538, Lot # 77-561-
AL, Abbott Lab., Abbott Park, IL, January 5, 1994,
(R&D/93/706) *

brelimi roxici Y

22. Two-Week Oral Toxicity Evaluation of Abbott-84538 in
Rats (Exploratory Research Report/R&D/93/157/Study No.
TAS3-056)

23. Oral Dosage-Raage-Finding Toxicity Study of Abbott-
84538 in Dogs (Exploratory Reaearch
Report/R&D/93/169/8tudy No.TB93-036)

24. Oral palatability study of Abbott-84538 in mice, Lot #
79-594-AL, Abbott Lab., Abbott Park, IL, April 4, 1994,
(R&D/93/886)

25. Oral palatability study of Abbott-84538 in rats, Lot #
77-561-AL, Abbott Lab., Abbott Park, IL, May 12, 1994,
(R&D/93,/025)

Review of Toxicity Studies:

2 Toxicity Studi

1. Acute Oral Toxicity Bvaluation of Abbott-84538 in Mice, Lot #
(TD93-311/R&D/93/554) *

Groups of male and female mice ([weight: 21-29 g; age: 4-5 weeks;
strain: VAF Crl:CD-1(ICR)BR; 5 animal/sex/group] were
administered a single oral doses of 200, 320, 500, 800, 1260,
2000 or 2500 mg Abbott-84538/kg in a vehicle of propylene glycol
and ethyl alcohol (95:5, v/v) containing 2 molar equivalents of
p-toluene sulfonic acid monohydrate at a dose volume of 10 ml/kg.
All mice were observed frequently on the day of treatment and
daily for 13 days after treatment. No overt signs of toxicity
were observed in male and female mice treated at 200 mg/kg and in
male mice treated at a dose of 320 mg/kg. Signs of toxicity
observed in all other doses included decreased activity, ataxia,
dyspnea, squinting, prostration and tremors. Deaths (1,1,2 and 1)
occurred in male mice treated at doses of 800, 1260, 2000 and
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2500 mg/kg, respectively. Deaths (2,2 and 2) ocrurred in female
mice at doses of 800, 200 and 2500 mg/kg, respectively. All signs
of toxicity including deaths occurred in male mice on or before
day 1 of the observation period and in femiale mice on or before
day 3 of the observation period.

Comments: The oral NOEL for Abbott-84538 were found to be 320
mg/kg in male mice and 200 mg/kg in female mice The oral median
lethal dose (LDsy) was found to be greater than ine maximum
feasible dose (2500 mg/kg) that could be administered to mice in
this study.

2. Acute Oral Toxicity Evaluation of Abbott-84538 in Rats, Lot #
(TAS3-309/R&D/93/552) «

Groups of male and female rats (weight: 125-148 g; age: 6 weeks;
ctrain: VAF Crl:CD(SD)BR; 1 animal/sex/group] were administered a
single oral doses of 250, 500, 1000, 1500, 2000 or 2500 mg
Abbott-84538/kg in a vehicle of propylene glycol and ethyl
alcohol (95:5, v/v) containing 2 molar equivalents of p-toluene
sulfonic acid monohydrate at a dose volume of 10 ml/kg. All rats
were observed frequently on the day of treatment and daily for 13
days after treatment. Signs of toxicity observed in male and
female rats treated at 500 mg/kg or higher included decreased
activity, ataxia, dyspnea, lacrimation and exophthalmos. None of
the animals in the study died. All signs of toxicity were
confirmed on the day of treatment and the day after treatment.

Comments: The oral NOEL in male and female rats was found to be
250 mg/kg. The approximate lethal dose values in rats were found
to be greater than 2500 mg/kg of the test compound in the study.

3. Acute Intravenous Toxicity Evaluation of Abbott-84538 in Mice,
Lot # 240-081-AX, Abbott Lab., Abbott Park, IL, September 28,
1993 (TD93-312/R&D/93/555)*

Groups of male and female mice [weight: 22-28 g; age: 4-5 weeks;
strain: VAF Crl:CD-1(ICR)BR; 1 animal/sex/group] were
administered a single IV doses of 5, 20, 35, 50, 65 or 80 mg
Abbott-84538/kg in a vehicle of propylene glycol and ethyl
alcohol (95:5, v/v) containing 2 molar equivalents of p-toluene
sulfonic acid monohydrate at a dose volume of 1 ml/kg and at a
rate of 2 ml/min. All mice were observed frequently on the day of
treatment and daily for 13 days after treatment. No signs of
toxicity were observed in male and female mice treated at doses
of 5 and 20 mg/kg, and in the female mouse treated at 35 mg/kg.
Decreased activity was observed in the male mouse treated at 35
mg/kg and in the female mouse treated at 50 mg/kg. Clinical signs
observed in male mice (50 mg/kg and higher) and in female mice
(65 mg/kg and higher) included decreased activity, ataxia,
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dyspnea and exophthalmos. In addition, clonic convulsions and
death were noted in the male mouse treated at 65 mg/kg and in the
male and female mice treated at €0 mg/kg. All signs of toxicity
including death were confined to the day of treatment.

Comments: Intravenous approximate NOEL values were found to be 20
mg/kg in male mice and 35 mg/kg in female mice. Intravenous
approximate lethal dose values were determined to be 65 mg/kg in
male mice and 80 mg/kg in female mice.

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

Groups of male and female rats ([weight: 148-179 g; age: 6 weeks;
strain: VAF Crl:CD (SD)BR; 1 animal/sex/group] were administered
a single IV doses of 5, 20, 35, 50, 65 or 80 mg Abbott-84538/kg
in a vehicle of propylene glycol and ethyl alcohol (95:5, v/v)
containing 2 molar equivalents of p-toluene sulfonic acid
monohydrate at a dose volume of 1 ml/kg and at a rate of 2
ml/min. All rats wers observed frequently on the day of treatment
and daily for 13 days after treatment. Signs of toxicity observed
in the animals (20 mg/kg) included decreased activity, ataxia and
dyspnea. In addition to these signs, exophthalmos, prostration
and death were observed in male and female rats (35 mg/kg or
higher). All signs of toxicity observed in rats including deaths
were confined to the day of treatment.

Comments: The intravenous NOEL in male and female rats was found
to be 5 mg/kg. The intravenous approximate lethal dose values
were determined to be 35 mg/kg in this study.

Repeat Dose Toxicity Studies

S. One-Month Oral Toxicity Study of Abbott-84538 in Rats, with a
One-Month Recove:y Period, Lot # 240-081-AX, Abbott Lab., Abbott
Park, IL, Octobexr 7, 1993 (TA93-193/R&D/93/519)*

Five groups of male and female rats [weight: 125-225 g; age: 4-5
weeks; strain: VAF Crl:CD (SD)BR; 10-15 animals/sex/group) were
administered by oral gavage in a vehicle [propylene glycol and
ethyl alcohol (95:5, v/v) containing 2 molar equivalents of p-
toluene sulfonic acid monohydrate at a dose volume (NOEL) of 2
ml/kg] at dosages of 0 (T0), 15 (Tl1), 50 (T2) or 150/100 (T3)
mg/kg/day for 28 to 33 consecutive days. As result of toxicity,
the 150 mg/kg/day dosage was lowered in female rats to 100
mg/kg/day on study day 8. Up to 5 rats/sex in the control and two
high-dosage groups (50 and 150/100 mg/kg/day) were designated for
a one-month recovery period after the end of treatment. Deaths:
three female rats (T3) died on study day 11, 14 and 18. Clinical
Qbgervatjion: treatment-related clinical signs at:ributable to
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drug treatment were observed in males (T2 and T3) or females (T3)
included decreased activity, hunched posturing and weakness.
Clinical signs (T3) which were present at low incidences included
a red-colored discharge around the mouth and prepuce, urine
stained, abdominal hair and piloerection. Body Weights: male and
female rats (T3) gained statistically significant less weights
than the control group from day 4 to 25. Feoed Congumption: mean
food consumption relative to controls was significantly decreased
in male and female rats (T3) during the first week of the study,
but had no significant difference in food consumption from week 2
to the end of the treatment period. Qphthalmelogy: a single
incidence of retinal scarring was observed by indirect
examination in one male each (Tl1, T2 and T3) and in a single
female (T3) near the end of the study. In addition, one male (T2)
had retinal folding. Plasma Drug Levelsg; plasma AUCs of the
compound increased in an approximate dose proportional manner.
Plasma drug levels were sustained at substantial levels for 9, 12
and 24-36 hr in the (T1, T2 and T3) groups, respectively. AUC
values toward the end of the treatment period in males were 3.64,
27.61 and 63 32 ug*hr/ml at Ti1, T2 and T3, respectively. AUC
values toward the end of treatment period in females (T1, T2 and
T3, respectively) were 5.34, 24.5 and 91.34 ug*hr/ml. Hematology:
at the end of the treatment period, mean reticulocyte counts in
female rats (T3) were higher than the mean values of control
female rats. Mild monocytosis was present at all the three doses.
The majority of rats with monocytosis had periportal inflammation
or hepatic necrosis with fibrosis. ¢linical Chemistry: at the end
of treatment, mean serum total protein values of male and female
rats (T2 or T3) were significantly increased compared to their
respective control values. Minimal increased in serum globulin
values were dosage-related in males and correlated well with the
presence of hepatic inflammation. Mild elevations in one or more
liver enzymes (ALT, AST, GGT or ALP) were present in individual
rats. Statistically significant differences from control were
present in biochemical parameters (serum creatine kinase, total
bilirubin and glucose) of treated rats. Qrgan Weights: mean
relative and absolute liver weights were increased in T2 and T3
of both sexes and thyroid gland weights were increased in females
rats (T3). The mean relative ard absolute spleen weights of
female rats (T3) were significantly increased compared to mean
values of control female rats. There was a statistically
81gn1f1cant lower mean absolute, but not relative brain weights
in (T3) male rats. Grosg and Microscopic Obgervationg:; liver, eye
and thyroid gland were determined to have pathologic changes
resulting from the treatment. Treatment-related changes in the
liver (T2 and T3) rats were hepatomegaly, multinucleated
hepatocytes and periportal inflammation. The hepatomegaly
correlated with the increased liver weights. The treatment-
related change in the gthvyroid glandg (T2 and T3) rats was
hypertrophy of follicular epithelium. Accentuation of the hepatic
lobular pattern was observed sporadically in individual treated
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rats. The incidence and severity of the thyroid gland change was
greater for males than for females. Treatment-related changes in
the eye included hypertrophy and cytoplasmic granularity of the
retinal pigment epithelium. Minimal, segmental or diffuse
hypertrophy of the retinal pigment epithelium was observed in
4/10 male and female rats (T3).

Comments: The test compound was adequately absorbed. The NOAEL of
Abbott-84538 following oral administration to rats for a month
was 15 mg/kg/day and the mean systemic exposure at this dosage
level after approximately one month was 4.5 ug*hr/ml. Based on
body surface area, an equivalent dos< in humans would be 2.5
mg/kg/day. Histopathological examinations revealed liver, thyroid
gland and eye are the target organs.

The retinal hypertrophy or cell swelling was attributed to
filling of the cytoplasm with numerous granules. This retinal
pathology was similar to that observed in rats treated with
another protease inhibitor, Abbott-80987. An electron microscopic
examination of hypertrophied retinal pigment epithelium
determined that the cytoplasmic¢c granules were membrane-bounded
lamellar inclusions consist=d with drug-induced retinal
lipidosis. The pigment epithelial hypertrophy in rats in this
study was most likely due to involving lysosomal accumulation of
polar lipids from rod outer segments induced by the parent
compound or its metabolite(s).

6. Three-Month Oral Toxicity Study of Abbott-84538 in Rats (with
One-Month and Three-Month Recovery Periods), Abbott Lab., Abbott
Park, IL, Lot # 77-561-AL, June 9, 1994 (TA93-284/R&D/94/043)*

Groups of Crl:CD BR rats (25/sex/group) were administered Abbott-
84538 via oral gavage at dose levels of 0 (vehicle control), 15
(low), 50 (mid) or 125 (high, female) or 175 (high, male)
mg/kg/day during the first two weeks of treatment. Thereafter for
another 105-108 days, the low- and mid- dosage levels for both
males and females were increased to 25 and 75 mg/kg/day,
respectively. Up to 5 rats/sex/group were designated for each of
the one- and three-month recovery periods after the end of the
treatment to assess the reversibility of any adverse effects.
Blood samples collected on day 0, 29 and 84 revealed that
increases in plasma drug levels were less than dose proportional
and levels were greater in females compared with males. Both C,,
and AUC values were decreased after multiple dosing. The AUC
values toward the end of the treatment period (day 84) are given
in Table 1.
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Table 1
The AUC Values of Abbott-84538 on Day 84 Following Three-Month
Oral Administration to Rats

18.043.1

Female 21.045.2

Five male and seven female (high) rats died during the treatment.
Ataxia, dehydration, rough coat, hunched posture, weakness,
tremors, cold to touch, pale and squinting eyes and urine-
staining of abdominal hair were noted in rats (high). Group mean
body weights and food consumption for rats (high) were
significantly lower than the respective controls througlout the
treatment period. At the preterminal eye examination, pale
choroidal vasculature and dilated retinal vessels were scen in
rats (high). These changes were still evident in some rats at the
end of the one- or three-month recovery periods.
Electroretinograms (ERGs) recorded near the end of the three-
month treatment period revealed decreases in mean values of A-
and B-wave amplitudes in rats (high). The ERG changes were still
evident in the rats after the one- or three-month recovery
periods.

The mean values of erythron parameters (hematocrit, hemoglobin
and red blood cell) for the drug-treated rats were lower than the
controls and statistical significance was achieved for high dose
males. Treatment-related changes in clinical chemistry at the end
of the treatment period included a mild to moderate increase in
ALT and AST values in several rats at all doses. Elevations of
GGT were noted in some rats (mid and high). Increased ALP
activities occurred in rats (high). Mean serum cholesterol values
for the treatcd rats were higher than the controls and the
differences were statistically significant for the females (mid
or high) and the males (high). Mean TSH valueg for the treated
rats were higher than the controls and statistical significance
was attained for female rats (mid or high). Mean serum thyroxine
values for the treated rats were lower than the controls and the
differences were statistically significant for the males (mid or
high) .

The mean values for absolute and relative liver weights at the
end of the treatment period were increasea over the controls in
both male and female rats at all dosage levels and the
differences were statistically significant for females at all
dosage levels and males (mid or high). When compared with
controls, incrsased mean values of absolute and relative spleen
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and thyroid weightis were noted in the drug-treated rats and
statistically significant differences were achieved in rats
(high) .

At the end of the treatment period, dose-related multinucleated
hepatocytes, histiocytic microgranulema, sinusoidal
histiocytosis, single cell necrosis, subacute inflammation,
increased mitosis and karyomegaly were noted in rats at all
dosage levels. Minimal to moderate chronic pericholangitis
occurred in 11/20 rats (mid) and in 16/20 rats (high).
Histopathological ch.ages in the eye at the end of the treatment
period included the presence of focal/multifocal hypertrophy of
retinal pigment epithelium (RPE) and retinal degeneration.
Hypertrophy of the FPE was noted in 10/20 (mid) and in 19/2Z0
(high) rats. Retinal degeneration was characterized by the
presence of folds and/or rosettes, subtle vacuolation and/or loss
of photoreceptor cells together with the accumulation of
histiocytic-like cells between the photoreceptor cells and the
hypertrophied RPE. Minimal to mild pyloric gastritis was noted in
rats (mid or high). Histiocytic microgranuloma was seen in the
lung, spleen, thymus and lymph nodes (mid or high). Bone-marrow
hypocellularity was noted in two males and females (high) and
bilateral testicular degeneration were noted in four males
{(high) .

Ultrastructural evaluation of the liver and eye revealed a
considerable accumulation of phagosomes in the RPE of rats (mid
or high). Reduced or absent photoreceptor outer segment of the
RPE occurred in rats (high). The liver (high) contained abundant
irregular dense-staining inclusions.

Comments: A NOEL of Abbott-84538 following oral administration to
rats for three months could not be identified; it should be
considered less than 25 mg/kg/day (AUCs = 18-21 ug*hr/ml).
Histopathology evaluations revealed that liver, eye, stomach and
bone marrow were the major target organs of toxicity.

7. 8ix-Month Oral Toxicity Study of Abbott-84538 in Rats, Ahbott
Lab., Abbott Park, IL, Lot # 79-594-AL, June 30, 1994 (TA93-
299/R&D/94/229) *

Groups of Sprague-Dawley (VAF Crl:CD BR) rats (20/sex/group) were
administered Abbott-84538 via oral gavage at dose levels of 0
(vehicle control), 25 (low), 75 (mid) or 175 (high, female) or
125 (high, male) mg/kg/day during study day 0-79. Thereafter, the
high-dosage levela for both females and males were lowered to 150
and 100 mg/kg/day, respectively. Up to 5 rats/sex/group were
designated as satelljite subgroups for plasma drug level
determination, Blood samples were collected on days 0, 14 and
174 . Deaths: drug-related deaths included one female rat (mid),
and two males and five females (high). The drug-related deaths
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were attributed to effects of emaciation. Cljinical signs; Ataxia,
dehydration, rough coat, hunched posture, weakness, tremors, cold
to touch, pale and squinting eyes and urine-staining of the
abdominal hair were noted in rats (mid, high). Salivation and
increased incidence of matted hair also occurred in some rats in
the low dose group. Body wejghtsg: group mean body weights for
males and females (high) were significantly lower than the
respective controls throughout the entire treatment period. At
the end of the treatment period, the group mean body weight gains
for high dosage males and females were approximately 33% and 20%
less than the respective controls. Decreased group mean body
weight gains (7-11%) were noted in males and females (mid) at the
end of the treatment period. Drug absorption; data revealed that
plasma levels were higher in females compared with males. Both
Crax @nd AUC values increased with the dosing. The AUC values
toward the end of the treatment period (day 174) are given in
Table 2.

Table 2

The AUC Values of Abbott-84538 on Day 174 Following Six-Month
Oral Administration to Rats

Lz T s 1 e | sowm

Males 14.28 54.99

Females 21.582 76.22 ~ 174.48

group mean food consumptions for both the males
ana females (high) wer: generally lower than those of the
respective controls. Qphthalmology: pale choroidal vessels and/or
dilated retinal vessels were noted in five of nine females (high)
and in two of ten males (high). Hematology: treatment-related
changes were decreased hemoglobin and hematocrit values of all
dosage groups. There were statistically significant deceases from
control in hemoglobin of females (mid) and decreases in
hematocrit and hemcglobin of males (high). Reticulocyte counts of
males and females (high) were significantly increased from the
controls. RHEC morphology chanyes suggested that a mild low grade
hemclytic anemia occurred in 1ndividual rats. The mean WBC counts
of females (mid and high) were mildly increased from the
controls. gl;n;ggl_ghgm;ﬂ;rzi included a mild to marked increase
in ALT and AST in some individual rats at all dosage levels.
Elevation of GGT and total bilirubin were noted in some females
(mid and high) and males (high). Increased ALP values were noted
in males and females (mid and high). Compared to the controls,
mean cholesterol values were statistically higher in females
(low, mid or high) and in males (high). The mean triglyceride
values of males (low, mid or high) ware significantly decreased
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compared to controls, while the values of female rats (high) were
increased. There were statistically significant decreases from
the controls in mean chloride values of females (mid and high).
The mean TSH values or some individual serum TSH values for the
drug-treated rats were higher than the controls. The mean serum
thyroxine for male and female rats (mid and high) were
gsignificantly lower than the respective controls. Urinalysis:
treatment-related changes included an increased incidence of
proteinuria (low and mid) and bilirubinuria (mid and high) in
both male and females rats. Qrgap weights: the mean values of
ahsolute and relative liver weights were increased over the
control weights in male and female rats at all ¢ sage levels and
the differences were statisticully significant for females at all
dosage levels and males that received mid- and high dosage
levels. The mean spleen weights were increased over the control
weights in females rats of all dosage groups and male rats
receiv . mid and high dosages. There was a statisti~ally

signi~ ant increase from the controls in mean absc.ute kidney
weight of females (low). Histopathology: dose-related
multinucleated hepatogvteg, pericholangitis, Kupffer cell
aggregates, single cell necrosis, mononuclear infiltrates,
increased mitosis and karyomegaly were noted in rats at all
dosage levels. Bile duct hyperplasia occurred in some females
(mid and high). Histologic changes in the eve included minimal to
moderate hypertrophy of retinal pigment epithelium (RPE) and
retinal degeneration. Hypertrophy of RPE was noted in 16/30 (mid)
and in 25/30 (high) rats. Treatment-related histologic changes in
the kidney included mild to moderate, multifocal tubular
degeneration occurring in male and female rats at all doses and
mild to marked multifocal tubular hyperplasia uccurring in
females rats all doses. The incidence of proteinaceous casts was
increased compared to the controls in male and female rats (low
and mid) . Mild epithelial hypertrophy in the thyroid gland was
noted in 3/30 and 5/30 rats that received mid and high doses.
Treatment-related gkin changeg were diffuse atrophy of the
epidermis, hair follicles and sebaceous glands. Treatment-related
changes present in the lymphoid organs of selected rats were
lymphoid depletion and lymphoid necrosis. The lymphoid depletion
was most prominent in the thymus. Bope marrow hypercellularity
was observed in 18/30 rats receiving high dose. Bone marrow
cytolngy revealed that the hypercellularity was due to mildly to
moderately increased erythropoiesis.

Commonts: A NOEL of Abbott-84538 following oral administration to
rats for six months could not be identified; it should be
considered less than 25 mg/kg/day (AUCs = 14-22 ug*hr/ml). Six-
month treatment of Abbott-84538 in rats at dosage levels of 25-
150 mg/kg/day produced liver, kidney, eye, skin, thyroid and bone
marrow toxicities. Deaths were noted in rats given 75-150
mg/kg/day. In addition, dosage of 100-150 mg/kg/day produced
decreases in body weight and food consumption.
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8. One-Month Oral Toxi~city Study of Abbott-84538 in Dogs, with a
One-Month Recovery Period, Lot # 77-561-AL, Abbott Lab., Abbott
Park, IL, October 13, 1993 (TB93-192/R&D/93/512)+

Groups cf male and female beagle dogs (weight: 6-12 kg; age: 7-9
months; 3-5 animals/sex/group) were administered Abbott-84538
orally by gavage in a vehicle [propylene glycol and ethyl alcochol
(95:5, v/v) containing 2 molar equivalents of p-toluene sulfonic
acid monohydrate at a dose volume of 2 ml/kg] at dosages of 0
(control), 10 (low), 50 ‘mid) or 150/200 (high) mg/kg/day for 28
to 30 consecutive days. Dogs (high) received 150 mg/kg/day for
study day 0-9 and 200 mg/kg/day for study day 10-28. Two dogs in
the high and control groups were held without treatment for a
one-month recovery period and then euthanized.

Deaths;: there were no mortalitiers in this study. Clinical Sians:
drug-related (high) included emesis, excessive salivation and
loose stool/diarrhea. Single incidences (high) of dehydration,
ataxia, decreased activity, weakness and involuntary body
movements were observed. Sporadic episodes of emesis, excessive
salivation and diarrhea and/or abnormal stool were noted in mid-
dose group. Budy Weight: statistically significant decreases in
mean body weights and mean body weight changes wera ncted in male
and female dogs (high) when compared to confrol dojys. At the end
of the recovery period, the mean becdy weights for male and female
dogs (high) were comparable to those of respective controls. Foo¢
anggmg;;gni two female and one male dogs (high) had marked
decreases in food consumption and required supplemental overnight
feed to maintain their health. Qphthalmology: no ocular
abnormalities were noted in any of the dogs when examined near
the end of the treatment and recovery period.
Electrocardiography: electrocardiograms recorded near the end of
the treatment period revealed no abnormalities. Plasma Drug
Levels: mean plasma AUC values on day 1 were increased in an
approximate dose proportional manner being 25.9, 75.2 and 160.7
pug*hr/ml at low, mid and high doses, respectively. After repeated
dosing cn day 27, the plasma AUC values were not dose-
proportional, being 21.1, 17.1 and 240.3 ug*hr/ml for low, mid
and high doses, respectlvely Uripalysig: treatment-related
bilirubinuria was found in individual dogs (mid and high).
ﬁgmg;glggx; two drug-treated dogs (mid and high) had hematocrit
consistenc with marginal anemia (36.9 and 36.3, respectively).
Bone marrow smears from control and treated dogs were similar.
Cliiical Chemigtry: mild increases in hepatic enzyme activities
for ALP, GGT and ALT were observed in individual dogs (high).
nggn_ﬂg;gh;g* mean absolute and relative liver weights increased
in all treated groups relative to controls; statistical
significailce was attained only in high dose treated dogs. Male
dogs (high) had decreased absolute and relative thymus and
prostate weights. One dog (hlgh) had lower testes weights. Grosg
Mi ! v hydropic degeneration was noted in
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1/6, 3/6, 2/6 and 4/6 dogs which received the drug at doses of 0,
10, 50 and 200 mg/kg/day, respectively. Thymic atrophy was noted
in 2/6, 4/6, 1/6 and 4/6 which received 0, 10, 50 and 200
mg/kg/day, respectively.

Comments: The test compound was adequately absorbed. A NOAEL of
Abbott-84538 following oral administration to dogs for a month
may be considered as 50 mg/kg/day in this study. The
corresponding mean systemic exposure at this dose level at the
end of the treatment period was 17.1 ug*hr/ml. Based on body
surface area, an equivalent dose in humans would be 25 mg/kg/day.
The study revealed that liver, thymus and prostate were the
primary target organ. The sponsor did not submit the data from
recovery groups.

9. Three-Month Oral Toxicity Study of Abbott-84538 in Dogs (with
a Two-Month Recovery Period), Lot # 77-561-AL, Abbott Lab.,
Abbott Park, IL, June 6, 1994 (TB93-297/R&D/94/039)*

Groups of beagle dogs were administered Abbott-84538 via oral

gavage at dose levels of 0 (vehicle conirol), 10 (low), 50 (mid)

or 200 (high) mg/kg/day during the first three weeks of

treatment. Thereafter, for high dose animals, the dosage was -
lowered to 100 mg/kg/day due to excersive weight loss and

morbidity. Up to 2 dogs of each sex in the control and the high

dose groups were held for a two-month recovery period following
treatment. Blood samples collected on day 14 and 82 revealed that
increases in plasma drug levels were less than dose proportional -
and levels in the high dose group were greater in females ’
compared with males. Regults: the AUC values on day 82 are given

in Table 3.

Table 3
The AUC Values of Abbott-84538 on Day 82 Following Three-Month
Oral Administration to Dogs

Males 25.1411.3 80.2469.1 147.4478.1

Females 22.0+13.8 50.5.32.6 222.34255.3

One female (high, AUC 1698 ug*hr/ml on day 84) was euthanized on
day 86 in moribund condition. Dose-related clinical signs (mid or
high) included increased saiivation, decreased activity, emesis
and diarrhea. Decreased food consumption (65%) and body weight
loss (12%) occurred in dogs (high) during the first three weeks
of the treatment. At the end of tle three-month treatment period,
body weight loss was still evident in males (high) and the change
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was only partially reversed at the end of two-month recovery
period. Ophthalmoscopic examination revealed no drug-related
ocular abnormalities and electroretinograms conducted at the end
of treatment and recovery periods revealed no evidence of
functional changes. No changes were seen in electrocardiograms
conducted at the end of the treatment and recovery periods.

Treatment-related changes in clinical pathology were limited to
elevations of ALT, GGT, ALP and bile acid values in one male and
three female dogs (high) on day 21. Increased bilirubin values
were also evident in the three female dogs (high).

The mean value for absolute and relative liver weights were
significantly increased over the controls in male and female dogs
at the end of the treatment period (high). No changes in liver
weight were seen in dogs that were held for a two-month recovery
period. Histopathologic changes seen were limited to the liver.
Pericholangitis with biliary hyperplasia and fibrosis,
hepatocellular hydropic degeneration, single cell necrosis and
intracytoplasmic bile pigmentation were noted in two female dogs
(high) . One male dog (high) also showed moderate hepatocellular
hydropic degeneration. No histopathologic changes in liver were
found in dogs that were held for the recovery.

Three female and one male dogs (high) that had elevated liver
enzyme activity during the first 3 weeks of the treatment and two
female and one male dogs that exhibited hepatic lesions at the
termination had plasma drug exposure (AUC) values which ranged
from 219-636 ug*hr/ml on day 14. The AUC values for these
affected dogs remained above 230 ug*hr/ml on day 84. No liver
enzyme elevations and no hepatic lesions were seen in dogs (mid)
which produced mean AUCS of 51-80 ug*hr/ml. One male dog in this
group had AUC of 131 ug*hr/ml on day 14 and 172 ug*hr/ml on day
84.

Comments: A dosage level of 10 mg/kg/day may be considered a NOEL
in this study. Based on the equivalent body surface area, a
dosage of 3.33 mg/ky/day in humans would have a one to one safety
margin. Liver appeared to be the major organ of toxicity for this
compound in dogs. These data suggest that hepatotoxicity was only
produced in dogs in the 200/100 mg/kg/day group which achieved
Abbott-84538 plasma exposure of >200 ug*hr/ml. Furthermore, it
appears that upon lowering the dosage from 200 to 100 mg/kg/day
any liver toxicity which had been produced at least partially
recovered when the drug exposure probably fell to less than 200
ug*hr/ml. Therefore, it appears that toxic effects on liver would
occur when the plasma drug exposure is around 200 ug*hzr/ml.
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10. Six-month oral toxicity study of Abbott-84538 in Dogs, Lot #
83-501-VF, Abbott Lab., Abbott Park, IL, October 27, 1994
(R&D/94/650) *

Groups of beagle dogs (4 animals/sex/group) were administered
Abbott-84538 via oral gavage at dose levels of 0 (vehicle
control), 10 (low), 50 (mid) or 125 (high) mg/kg/day for 176 to
183 consecutive days. Blood samples were collected at
approximately 0, 1, 2, 4, 6, 12 and 24 hr after dosing on days
14, 61 and 152. Regultg;: one male dog (high) was found dead on
study day 25 following a gavage accident. Excessive salivation
was observed in all animals of all treatment groups (including
controls) during the study. Drug-related clinical signs in mid
and high dose animals were emesis (males), abnormal stool (males)
and diarrhea (males and females). Additional clinical signs were
decreased activity anc a thin and/or emaciated appearance (high).
Group mean body weights and weight gains (high) tended to be
lower than control over the course of the study. There were no
significant drug-related effects on food consumption following
six months of the treatment [Body weight and food consumption
measurements in the stucy were compromised because approximately
half of the animals in the study had an additional dietary
supplementatiorn. as a precaution against excessive body weight
loss and associated debilitation]. No drug-related abnormalities
were noted in ophthalmologic examinations or electrocardiograph
recordings near the end of the study. Mean plasm AUC values for
Abbott-84538 after 152 days of dosing generally increased in a
manner that was less than proportional to dosage and plasma
exposure was higher in females than males {Table 4).
Statistically significant increases in serum ALP values were
present (mid and high) on study days 90 and 174. In general, the
increases were dosage-related and were of a greater magnitude in
females than males. Treatment-related decreased in mean serum
albumin were noted at various time points for males and females
(high) . Liver toxicity was manifested as increased organ weights
(males and females) and hepatomegaly (females) in the high dose
group. Diffuse hepatocellular hydropic degeneration was found in
a single female (high); the dog was found to have highest
individual AUC on day 152. Decreased thymic weights and thymic
atrophy were apparent in male dogs (high). Decreased testes
weight and bilateral testicular degeneration were observed for
one dog each ( mid and high). A single dog (high) had prostatic
atrcphy/hypoplasia.
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Table 4
The AUC Values of Abbott-84538 on Day 152 Following Six-Month
Oral Administration to Dogs

Males

Females 25.7 133.6 204.6

Comments: A dosage level of 10 mg/kg/day may be considered a NOEL
in this study. Based on the equivalent body surface area, a
dosage of 3.33 mg/kg/day in humans would have a one to one safety
margin. Target organs of toxicity were the liver and thymus.

Special Toxici Studs

11. Three-month dietary maximum-toleratecd dosage study of Abbott-
84538 in mice, Lot # 86-701-AL, Abbott Lab., Abbott Park, IL,
November 13, 1594, (R&D/94/552)~

Groups of male and female mice [weight: 15-25 g; age: 44-48 days;
strain: VAF Crl:CD-1(ICR)BR; 20 animals/sex/group) were
administered Abbott-84538 in a dietary mixture at dosages of 0
(TO), 200 (T1), 400 (T2), 600 (T3) or 1000 (T4) wmg/kg/day for 92
to 96 coiasecutive days. Resultg: one male mouse (Tl) dircd on day
86 and one mouse (T4) died on day 4. Two female mice (T1l) died
during the treatment period (study days 56 and 68, respectively).
The deaths of four study mice (2d/29) that died during the
treatment period were not considered drug-treatment related since
there was no dose-response and also nc clear abnormal
morphological changes observed in these mice. The cause of one
mice was a lung abscess, but the cause of death in the other
three mice could not be determined. Increased incidences of
treatment-related clinical signs were noted at T3 and T4 groups
and included hunched posturing, alopecia and urine-stained or
matted hair. Additionally, male mice exhibited low incidences of
urine-stained hair (Tl) and alopecia, matted and urine-stained
hair (T2). Females exhibited alopecia at the T2 dose level. Mean
body weights of males (T3) and mice of both sexes (T4) were
significantly decreased (up to 20%) from controls. No drug-
related effects on food consumption were noted in the study.
Plasma drug levels of Abbott-84538 [measured on day 88] increased
in an approximately dose-proportional manner. Female mice
experienced higher AUC levels compared to males at corresponding
doses. Mean AUC values in male mice were 57.1 (Tl1l), 130.7 (T2),
219.1 (T3) and 381.4 (T4) ug*hr/ml and in female mice were 112.0
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(T1), 209.1 (T2), 320.4 (T3) and 396.7 (T4) ug*hr/ml. Treatment-
related changes in clinical hematology were limited to platelets
in dose groups (T2, T3 and T4). Differences from control in
clinical chemistry parameters included increased AST (as high as
5 fold), ALT (as high as 26 fold), cholesterol (as high as 4
fold) and triglycerides (3 fold) in a dose-dependent manner in
the treated mice. Increases in ALP (as high as 5 fold; dose-
dependent), GGT (as high as 100 fold; dose-dependent) and total
protein (up to 23%) were noted in mice (T2, T3 and T4), serum
globulins were increased (up to 32%) in female mice (T2), while
increased albumin (up to 16%) and serum calcium (up to 11%) were
apparent in mice (T3 and T4). Mean relative and absolute liver
weights were increased in all drug-treated mice of both sexes as
compared to the controls. Higtopathology in the liver consisted
of hepatocyte necrosis and histiocytic microgranuloma at all dose
levels, vacuolation and increased mitosis in hepatocytes of mice
receiving 400 mg/kg/day and higher (Table 5). Ultrastructural
evaluation of the liver from the 1000 mg/kg/day dosage group
revealed increased in smooth endoplasmic reticulum in hepatocytes
and inclusion bodies in hepatocytes, Kupffer and other phagocytic
cells. Increases in intracellular lipids were noted in
hepatocytes locatad near the central vein.

Table S
Incidences of liver lesions in mice {(number of mice displaying
lesions; 10 animals/sex/group) receiving Abbott-84538
in diet for three months

Dosage (mg/kg/day)
Lesions — o - - LA— . —
1000
Microgranuloma o 7 10 10 9
9 6 10 10 10
Single cell necrosis « ) 7 6 3
9 3 6 10 3
Hepatocellular necrosis 0 3 4 6
o 1 3 0 7
] ¢
Increased mitosis o 0 3 2 1
9 1 1 2 2
Nepatocytomegaly ¢ 9 10 10 9
) ¢ 2 10 10 9
Hepatocyte 0 b 4 8
vacuolization ¢ 0 4 8 10
Q

Note: no lesions were seen in the control mice



NDA # 20-659 PHARMACOLOGIST'’S REVIEW Page 25

=33 5 % § ¥ 24 ¢ % - S X R 2 -3 2 F 2R R R REEEEER TR REEEEET

Treatment-related pathology of the mesenteric lymph nodes
consisting of focal histiocytic microgranulomas was noted in mice
of both sexes (T2 and T4). Focal histiocytic microgranulomas were
noted in the lungs (T4). Treatment-related pathology of the eye
consisted of hypertrophy of the retinal pigment epithelium (T2
and higher). Ultrastructural evaluation of the liver (T4)
revealed increases in smooth endoplasmic reticulum in hepatocytes
and inclusion bodies in hepatocytes, Kupffer and other phagocytic
cells. Increases in intracellular lipids were noted in
hepatocytes located near the central vein.

Comments: The test compound was adequately absorbed. A NOAEL of
Abbott-84538 following oral administration in diet mixture to
mice for a 3-month period could not be identified in this study.
Target organs were identified as liver, mesenteric lymph nodes,
lung and evye.

In the three-month dietary MTD study, male and female mice that
received 400 mg/kg/day and higher exhibited moderate
hepatotoxicity which included elevations of liver enzyme
activities, hepatocellular necroeis, microgranuloma,
vacuolization and increased mitosis. Fewer hepatic changes were
seen at 200 mg/kg/day consisting of only a low incidence of
hepatocellular necrosis (although a high incidence of single cell
necrosis was still observed) and microgranuloma. Therefore, a
high-dosage level of 200 mg/kg/day was chosen for the
carcinogenicity study which would be expected to produce a
considerable insult to the liver during the two-year study. This
dosage would also be expected to produce plasma drug level
exposure of Abbott-84538 of approximately 57-112 ug*hr/ml.

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

Groups of male and female rats [weight: 75-150 g; age: 4 weeks;
strain: Crl:CD-(SD)BP; 15 animals/sex/group] received Abbott-
84538 in the diet at dose levels (0, 50, 100, 160 or 200
mg/kg/day for males and 0, 30, 75, 125 or 175 mg/kg/day for
females] for 90 consecutive days. gl;n;ggl_ﬁ;gng; emaciation,
rcugh coat and hunched posture were noted in male rats (200
mg/kg/day) . Emaciation also occurred in some female rats (175
mg/kg/day) and one female rat (125 mg/kg/day). ;
group mean body weights for male and female rats (160 or 200
mg/kg/day for males; 125 or 175 mg/kg/day for females; were
significantly lower (p=0.05) than the respective controls during
most of the treatment period. Group mean body weight gains Ior
male and female rats in these two top dosage groups were also
sigynificantly lower (p=0.05) than the respective controls. At the
end of three-month treatment period, the group mean body weight
gains for the males (200 mg/kg/day) and females (175 mg/kg/day).
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were approximately 60% anc 47% less than the respective conurols.
The male rats (160 mg/kg/day) and female rats (125 mg/kg/day) hac
approximately 42% and 29% lower group mean body weight gains than
the respective controls. Male rats (100 mg/kg/day) had slightly
decreased group mean body weight gains (approximately é% less
than the controls) at the end of the treatment period. No
biologically meaningful treatment-related effects on body weights
were seen in male rats (50 mg/kg/day) or in female rats (30 or 75
mg/kg/day) . Food Consumption:; group mean food consumption for
male and female rats (200 mg/kg/day for males and 175 mg/kg/day
for females) and male rats (160 mg/kg/day) were significantly
lower (p=0.05) than the respective controls throughout the entire
treatment period. Female rats (125 mg/kg/day) had significantly
lower (p=0.05) group mean food consumption than the controls
during most of the treatment period. During the last month of
treatment period, group mean food consumptions for male rats (50
or 100 mg/kg/day) were also lower than the respective controls,
and the difference were statistically significant (p=0.05) for
the mid-dose (100 mg/kg/day) males during days 56-83 and for low
dose (50 mg/kg/day) males during days 70-76. Hematologqy: when
compared with controls, prolonged group mean prothrombin time
(PT) and prolonged activated partial thromboplastin time (APTT)
were found in male rats (100, 160 or 200 mg/kg/day) and prolonged
APTT occurred in female rats (175 mg/kg/day). Clinical

ALT and AST group mean values were significantly
higher (ALT: 5 9 and AST: 2-3 fold) in each of the four drug-
treated male groups when compared to the controls. The same (ALT:
4 and AST: 2 fold) was true for only the highest dosage group
females (175 mg/kg/day); additionally, there were individual
examples of elevated ALT and AST values in the females down to
the lowest dosage group [this seemed to correlate well with
microscopic liver cell injury in that changes were mostly less
severe in the females]. GGT group mean values were significantly
higher than the respective controls in the two highest dosage
groups of both sexes (80 and 120 fold for 160 and 200 mg/kg/day
males; 13 and 44 fold for 125 and 175 mg/kg/day females). There
were also some large individual GGT values in the lower dosage
groups of each sex as well. [It is interesting to note the
absence of any meaningful differences between groups in the ALP
values from these animals as contrast tc the GGT findings. ALP
increases in response to chulestasis in the liver and was not
present in thege rats. GGT increases in response to irritation of
bile duct radicles as was documented in this study]. Cholesterol
levels significantly increased (1.4-2.0 fold in males and 1.7-2.3
fold in females) in the three top dosage groups of both sexes
(100, 160 and 200 mg/kg/day for males; 75, 125 and 175 mg/kg/day
for females), but slightly greater in the females. (The liver
enzymes and cholesterol increases were seen as reflective of the
liver injury which occurred in these animals and were consistent
with previous findings from similar studies with the test
compound] . Qrgan Weightg: the mean absolute and relative liver



NDA # 20-659 PHARMACOLOGIST’S REVIEW Page 27

L - - 2 5 & & & 5 2 25 2 5 2 2 2 R 324 3 2223 i RS R R RS EEEEEELE T LS5 EF

weights for males and females at the top three dosage levels were
significantly increased (p=0.05) over the controls. (.mpared to
the controls, significantly increased spleen weight occurred
(p=0.05) in rats that received the two top dosages. Plagma Drug
Concentrationsg: drug exposure (AUC) values were slightly higher
in females compared with males at most dosage levels even though
the dosages for females were lower than those of males (Table 6).

Table 6
The AUC Values of ‘Abbott-8453¢ on Day 14 Following Three-Month
Oral Administration to Rats

_

7 Apc0u (ug'hr/ml}

Males

Females 1.14 14.78 35.96 I 65.97 "

Microscopic Observationg: several organs were found with
microscopic abnormalities, they included eyes, liver, thyroid,
spleen, lungs, various lymph nodes and thymus. The eve lesions
centered on the retinal pigment epithelial (RPE) cell layer. This
single-cell layer, positioned between the choroid and the
neuroretina, revealed cellular enlargement and individual nests
of phagocytic cells (histiocytes) scattered along its length.
Retinal degeperation was characterized by the presence of
histiocytic nests with adjoining injury to the neuroretina
manifested as fragmentation and reduction of the photoreceptor
layer and attenuation of the nuclear cell layers. Retinal
degeneration was always present with some degree of RPE
hypertrophy in immediately adjoining lengths of this cell layer.
This microscopic picture was seen in 18/20 (200/175 mg/kg/day)
and 7/20 (160/125) animals. Liver: scattered, multifocal somewhat
enlarged histiocytes (macrophages) were randomly positioned in
small groups. In addition, each involved liver revealed a mix of
additional reactive microscopic changes that could include
multinucleated hepatocytes, portal areas with examples of bile
duct hyperplasia, microfoci of single cell necrosis, karyomegaly
of hepatic cell nuclei, examples of cholangitis and/or
pericholangitis and tiny foci of chronic inflammation.
Microgranuloma formation and the reactive changes were generally
greater in the male rat liver from each of the four groups as
compared to the corresponding females and generally greater
within sex groups in response to increasing dosage. The females
at 30 mg/kg/day had the least developed expression of these
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changes while the males at 200 mg/kg/day had the most. The
incidences of liver lesions are summarized in Table 7. Thyroid;
follicular epithelial cell hypertrophy was observed in all dosage
groups including controls. The incidence of occurrence was
convincingly greater and dose-r :-lated in the three highest dosage
(75, 125 and 175 mg/kg/day) fem 1~ groups. The incidence of
occurrence for males was somew!. irregular with respect to a
dose relationship. A reasonab.ie correlation seemed to exist in
the two highest dosage female groups between the presence of
follicular cell hypertrophy with smaller T4 values and larger TSH
values. Spleen, lupgs. lvmph podes and thymus: scattered foci of
histiocytic microgranulomas were found. The mesenteric lymph node
revealed a few to several microgranulomas in all the animals from
each of the four drug-treated groups with a somewhat greater
emphasis in the highest dose groups.

Table 7
Incidences of liver lesions in rats (number of rats displaying
lesions; 10 animals/sex/group) receiving Abbott-84538
in diet for three months

Dosm { /koldi )

Legsions

500/30¢

1000/ 75¢

160¢/1259

200¢/175¢

Microgranuloma ¢
?

8
0

10
2

10
2

10
7

Single cell necrosis ¢
9

10
2

10
9

9
6

10
9

Multinucleated
hepatocytes o
Q

10
7

10
9

Pericholangitis ¢
Q

10
10

Bile duct hyperplasia ¢
Q

Note: no lesions were seen in the control rats

Comments: A NOEL of Abbott-84538 following oral administration to
rats for three months could not be identified;

it should be

considered less than 30 mg/kg/day (AUCs = 1.2-1.9 ug*hr/ml).
Abbott -84538 produced dose-related hepatotoxicity in all the
treated-groups in both male and female animals.

In a six-month oral toxicity study of Abbott-84538, groups of

Sprague-Dawley (VAF Crl:CD BR) rats (20/sex/group) were

administered Abbott-84538 via oral gavage at dose levels of 0
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(vehicle control), 25 (low), 75 (mid) or 175 (high, female) or
125 (high, male) mg/kg/day during study day 0-79. Thereafter, the
high-dosage levels for both females and males were lowered to 150
and 100 mg/kg/day, respectively. A NOEL of Abbott-84538 following
the oral gavage administration to rats for six months could not
be identified; it should be considered less than 25 mg/kg/day
(AUCs = 14-22 ug*hr/ml). Six-month treatment of Abbott-84538 in
rats at dosage levels of 25-150 mg/kg/day produced liver, kidney,
eye, skin, thyroid and bone marrow toxicities.

Clinical studies in humans using bid, tid or qid dosing regimens
of 600-1200 mg/day (10-20 mg/kg/day for a 60 kg person) of
Abbott-84538 have projected the maximal plasma concentration to
be approximately 6-20 ug/ml with an exposure of approximately 71-
300 ug*hr/ml. The proposed highest doses for the carcinogenicity
studies are expected to produce plasma drug exposure levels that
are lower than those projected in humans. The hepatotoxicity seen
in rats and mice from the three-month MTD studies precludes using
any higher doses in the carcinogenicity studies.

When rats received Abbott-84538 in the three-month dietarxy MTD
study, dosages of 75 mg/kg/day and greater produced decreases in
body weight and food consumption as well as moderate hepatic
changes (microgranuloma, multinucleated hepatocy’ s,
pericholangitis, bile duct hyperplasia and single cell necrosis).
Dosages of 50 mg/kg/day for males and 30 mg/kg/day for females
produced slight hepatotoxicity (pericholangitis, bile duct
hyperplasia and single cell necrosis in both sexas and
microgranuloma and multinucleated hepatocytes in males).
Therefore, a high-dosage level of 50 mg/kg/day was chosen for the
carcinogenicity study. This dosage is expected to produce
considerable hepatotoxicity during the two-year treatment. Pl- ima
drug exposure levels of approximately 6-11 ug*hr/ml are expected
at this dosage after at least three months of treatment. The
expected drug exposure for rat is still less than 10% of the
expected maximum clinical exposure.

13. Evaluation of Abbott-84538 for delayed contact
hypersensitivity in guinea pigs, Abbott Lab., Abbott Park, IL,
Lot # 77-561-AL, August 25, 1995 (R&D/°5/514)*

Groups of guinea pigs were used to evaluate Abbott-84538
potentia. to produce delayed contact hypersensitivity according
to a treatment design described in Table 8. Induction treatments
were given on days 0 and 7 and challenge treatments on day 21.
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Table 8

Treatment groups and dosages

Concentrations

Test material

1st induction 2nd incuction challenge topical
intradermal topical
vehicle 0.2X HPHC Petrolatum 25% & 45% Abbott-
84538 in

Petrolatum (w/w)

12 10 . DNCB 0.2% in 80X ETOM 0.2X in 80X ETOM 0.1% in 80X ETOH

13 10 Abbott-84538 1% in 0.2% HPUC 45% in Petrolatum 25% and 45X in
(W/u) Petrolatum (w/w)

HPMC: Hydroxypropyl methylcellulose
DNCB: 1-chloro-2,4--initrobenzene (positive control)

Results: except for slightly patchy erythema noted in two animals
(T3) at the site exposed to 25% Abbott-84538 at 24 hr after patch
removal, no irritation was observed in vehicle or T3 animals. In
the positive control group, slight to moderate erythema was noted
in all animals. Copnc¢lusicn: under the conditions of this study,
Abbott-84538 did not induce delayed contact hypersen:itivity in
guinea pigs.

14. Evaluation of the aeffects of orally administered Abbott-84538
on the fertility and embryonic developmont of the rat (Segment
I), Abbott Lab., Abbott Park, IL, Lot # 77-561-AL, June 27, 1994
(R&D/94/293) *

Groups male and female rats (29 animals/sex/group; strain:
Crl:CDBR) were administered Abbott-84538 orally by gavage at
dosages of 0 (vehicle control), 20 (low), 40 (mid) or 75%9/1254
mg/kg/day (high) beginning 14 days prior to the initiation of
mating trials and continued through mating and until gestational
day 9 for females, and beginning 28 days prior to the initiation
of trials and continued through mating until scheduled necropsy
for males. Resultg: three animals died as a result of dosing
accidents. The cause of death of one male (high) was unknown.
gl;_;ggl_gigngd emaciation, dehydration and hunched posture were
noted in a few males and females (high) . Body weighs and food
consumption:; mean body weights and weight gains of males (high)
were lower during the entire treatment period (study days 0-56).
Females (high) had lower body weights and weight gains during the
pre-mating period. Male and female rats (high) and male rats
(mid) had decreased food intake during the pre-mating period.
Drug absorption: mean plasma AUC values for males near the end of
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the premating period averaged 8.2 (low), 19.7 (mid) and 61.0
(high) upg*hr/ml. The corresponding values for females were 14.6
(low), 33.1 (mid) and 90.5 (high) upg*hr/ml. Anatomic Pathologv:
there were no treatment-related effects on estrous cycle, and
male and female reproductive indices. Maternal survival and
pregnancy status of the drug-treated groups were comparable to
those of the controls. Uterine examination (gestational day 13)
revealed no treatment-related effects in the incidence of corpora
lutea, implantation sites, viable and nonviable embryos, and
early resorptions. There were no difterences in the incidence of
pre-implantation and post-implantation .osses. Gross examinacion
of males and females at the scheduled necropsy revealed
hepatomegaly in males (high) and females (mid and high). No gross
abnormalities in male and female reproductive organs were noted.

Comments: Oral administration of Abbott-84538 to male and female
rats during the period of premating, mating and gestation
resulted in toxicity to both male and female rats (mid and high).
A dose of 20 mg/kg/day may be considered the NOEL in FO
gz2neration male and female rats. No effects on either fertility
or reproductive performance were seen in this study.

15. Evaluation of the Effects of Orally Administered Abbott-84538
on the Embryonic and Fetal Development of Rats (Segment II),
Abbott Lab., Abbott Park, IL, Lot # 77-561-AL, June 30, 1994
(TA93-314/R&D/94/024) *

Groups (28 females/group) of mated Crl:CD(SD)BR rats were
administered Abbott-84538 orally at dosages of 0 (vehicle
control), 15 (low), 35 (mid) or 75 mg/kg/day (high) between
gestation days 6-17 to assess developmental toxicity. Results:
one rat (mid) and three rats (high) were euthanized in moribund
condition during the study. Clinical sians: treatment-related
signs largely restricted to the high dosage group were decreased
activity, emaciation, dehydration, rough and/or matted ccat,
hunched posture, tremors and noisy respiration. 1
mean C,, values of the test compound on day 16 were 2.6, 2.8 and
5.3 pg?hl at the dosage levels of low, mid and high,
respectively. The corresponding meaa AUC values were 17.3, 34.3
and 45.2 ug*hr/ml. Body weight & food consumption: when compared
to the controls, marked decreases in body weight, body weight
gain (up to 20%) and food consumption (49-75%) were observed in
the high dosage group. A significant reduction in food
consumption, accompanied by a reduction in body weight gain, was
noted in the mid dosage group between gestation days 6-9.
Anatomjic Patholoqy: three dams (mid) and one dam (high) were
observed to have hydronephrosis of one or both kidneys.
Qbsexvations at cesarean gection: developmental toxicity (high)
was characterized by increased early resorptions and post-
implantation loss, deceased fetal body weights, and an increased
incidence of ossification delays, enlarged fotanelles,
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cryptorchidism and wavy ribs. At the mid dosage, the toxicity was
characterized by a slight increase (statistically not
significant) in cryptorchidism. Egggl_ghgg;gg;;gng¢ a
significant, treatment-related increase in cryptorchidism was
observed (high) compared to the controls. Incidences of fetuses
with unoesified sternebra(e) and litters with unossified
vertebra(e) and incomplete ossifiication of the pubis were
significantly greater (high) than the controls. Although not
statistically significant, the incidence of fetusea with delayed
ossification of several other bones (ischium, long bone,
phalange) tended to be greater (high) than the controls. The
incidence of fetuses with enlarged fontanelles and wavy ribs
appeared tu be greater (high). Statistical evaluation of fetal
variation data revealed a significantly increased incidence of
total number of fetuses variations (high) relative to the
controls.

Comments: Oral administration of the test compound to pregnant
rats during the period of organogenesis resulted in maternal and
fetal toxicity at dosages of 35 and 75 mg/kg/day. Developmental
toxicity in the high-dosage group was characterized by increased
early resorptions and post-implantation loss, decreased fetal
body weights and an increasc¢ 1., ossification deiavse, enlarged
fontanelles, cryptorchidism and wavy ribs. No treatment-related
maliormations were observed in the study. The NCCL for maternal
and developmental toxicity was 15 mg/kg/day.

16. Evaluation of the effects of orally administ »red Abbott-84538
on embryo-fetal developaent in New Zealand White rabbits,

", Lot #
77-561-AL, July 20, 1994 (R&D/94/342)+

Grcups of inseminated New Zealand White rabbits (24
animals/group) were administered Abbott-84538 via oral gavage at
dose levels of 0 (vehicle contrecl), 25 (low), S50 (mid) or 110
mg/kg/day during the period of major orgauogenesis (gestation
days 6 to 19) to evaluate possible developmental toxicity of the
test compound. Regults: eleven maternal deaths occurred during
the conduct of the study (1, 2 and 8 deaths at the low, mid and
high, respectively). Four unscheduled deaths (high) were
considered drug-related; all other deaths in the study were due
to confirmed or suspected intuba“ion errors. There was an
increasea .ncidence of decreased defecation and scft stools in
all treatment groupa. The oobservation of no stool was noted (mid
and high); rales and mucoid stool occurxed only at the high
dosage. Mean Cmax values of Abbott-84538 on gastation day 20 were
0.65 (low) and 7.85 (mid) ug/ml; the AUCs values were 1.3 (low)
and 28.55 (mid) ug*hr/ml [Cmax and AUC values were not calculated
for the high dosage group because plasma samples were obtained
from each surviving rabbits at only two time pointg). When
compared to control, markedly lower body weight, body weight gain
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and food consumption were observed at the high dosage group. Upon
gross examination, two rabbits (high) were observed with
congestion or discoloration of the lungs. Developmental toxicity
was observed at the high dosage level with four whole litter
resorptions, decreased litter sizes and decreased uterine and
fetal weights. In the mid dosage group, there were two whole
litcer resorptions [this incidence was within the range of IRDC
historical controls and was not considered a drug-related effect;
the historical control data were submitted]. Postimplantation
losses, litter size and uterine and fetal weights (mid) were all
comparable to control values. The low dosage fetuses had no
evidence of developmental toxicity. There were no drug-related
fetal malformation in this study.

Comments: With respect to maternal and developmental toxicity,
the no-observable-adverse-effect level of Abbott-84538 when
administered orally to pregnant female rabbits was 50 mg/kg/day.
Developmental toxicity was observed at the 110 mg/kg/day dosage
level that was maternally toxic a: well.

17. Bvaluation of the effects of orally administered Abbott-84538
on the peri- an! postnatal development c¢f the rat (Segment IXI
DART), Abbott Lsb., Abbott Park, XL, Lot # 77-561-AL, November
15, 1994 (R&D/9¢/651)*

Groups of mateu female rats (20 vats/grouw; strain: Crl:CDBR)
were administered Abbott-84538 orally b' gavage at dosages of 0
(vehicle contreol), 15 (low), 35 (mid) or 60 mg/kg/day (high)
beginning on gestation day (GD) 6 through postpartum day 20 to
evaluate the potential of the test compound on fetal development,
parturition, lactation, neonatal growth, survival and behavior as
well as reproductive competence oi the F1 generation. Regults: no
deaths or treatment-relatea clinical signs were observed among
the FO dams. Dams (high) gained less weight and consumed less
food during GD 6-9 than did controls; food ccnsumption among dams
(mid) was reduced during this interval as well. Gestation length,
litter size at birth and F1 pup growth and survival were
unaffected. No effects of drug on the time of appearance of
developmental landmarks or learning as measured by a passive
avoidance test were evident. The ontogeny of various reflexes was
unaffected. The reproductive competence cf the F1 generation was
unaffected by possible in utero and galactic exposure to the test
compound. Conglusion: a degree of maternal toxicity, manifested
as transient diminutions in weight gain and food consumpticn -
during the first treatment interval (GD 6-9) was noted at the
high dsee. The NOEL for developmental toxicity was considered to
be f0 ny/kg/day.
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3 icity Studi

18. Bacterial Reverse Mutation Assay (Ames Test plus B. coli) of
Abbott-84538, Lot # 240081-AX, Abbott Lab., Abbott Park, IL, July
16, 1993 (8Study Number TX93-222/R&D/93/399)+

Abbott-84538 was evaluated for mutagenic activity in the
Bacterial Reverse Mutation Assay using Salmonella ;xph;mn;;nm
strains TA-1535, TA-1537, TA-98 and TA-100 and Escherichia coli
strain WP2uvrA-. The assay was conducted in the presence and
absence of a metabolic activation system using three plates per
test compound concentration over a range of 10 concentrations (1
to 10,000 ug per Petri plate). Abbott-84538 was non-mutagenic in
this assay and no toxicity was seen.

19. Mouse lymphoma study of Abbott-84538,
June 13, 1994 (R&D/94/175/TX93/472)*

Abbott-84538 was evaluated for its potential to induce mutations
at the thymidine kinase locus of the L£178Y TK +/- mouse lymphoma
cell line. Abbott-84538 was solubilized in DMSO and added
directly to a culture medium to expose the cell culture a“
concentrations ranging from 25 to 200 and 15 to 70 ug/ml without
and with exogenous metabolic activation (rat liver 39),
respectively. Regylts;: there was no evidence of any mutagenic
activity for the test compound in this assay system.

Comments: In a vange finding test of Abbott-84538, it was
determined tbit concentrations of 50 ug/ml and above were toxic
and concentrations of 10 ug/ml and below were nontoxic. Based on
the results of the range finding test, a mutation assay was
conducted at concentrations ranging from 10-200 ug/ml without
activation, and 5.0 to 50 ug3/ml with S-9. However, the results of
this assay (Bl) were unusable because of a high incidence of
contamination in the cloned cultures. As a result, the study (B2)
was repeated, and the concentrations utilized in the present
study were selected based on the results of the R2 assay.

20. In Vitro Cytogenetics Human Lymphocyte Culture Assay of
Abbott-84538, Abbott Lab., Abbott Park, IL, October 7, 1993
(Study Number TX93-223/R&D/93/470)+

The purpose of this study was to evaluate the ability of Abbott-
84538 to induce chromosome aberrations in human lymphocytes
cultured in the absence and presence of an erxongenous metabolic
activation system. Concentrations of 0.1 to 1000 ug/ml were umged
in both the non-activation and activation tests. Abbott-84538 was
non-genotoxic in this assay. Toxicity was seen at ﬂoncentratxons
of 10 ug/ml and greater.
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21. Mouse micronucleus assay of Abbott-84538, Lot # 77-561-AL,
Abbott Lab., Abbott Park, IL, January 5, 1994, (R&D/93/706)+*

Abbott-84538 was evalusted for mutagenic activity in an in vivo
mouse micronucleus assay. Male and female mice (5 mice/sex/group)
were treated with two successive daily oral doses of Abbott-84538
at levels of 0 (vehicle control), 125, 250 or 350 mg/kg. Bone
marrows were harvested approximately 30 hr after the last dose.
Results: there was no dose-related increase in the number of
micronucleated bone marrow polychromatic erythrocytes compared to
vehicle-treated control mice. Conclugion;: Abbott-84538 was non-
mutagenic in this assay and no toxicity was seen.

Prelimi Toxicity Studi

22. Two-Week Oral Toxicity Evaluation of Abbott-84538 in Rats
(Exploratory Research Report/R&D/93/157/8tudy No. TA93-056)

The purpose of the present exploratory study was to provide
preiiminary toxicity and pharmacokinetic data for Abbott-84538,
and to aid in the determination of dosage levels to be used in
subsequent toxicity study in rats. This study will not be
reviewed.

23. Oral Dosagr.-Raage-finding Toxicity Study of Abbott-84538 in
Dogs (Exploratory Research Report/R&D/93/169/8tudy No.TBS93-036)

The purpose of the present exploratory study was to provide
additiocnal toxicity and pharmacokinetic data for Abbott-84538
that will be used in the determination of dosage levels for the
one-month oral toxicity study in dogs. Drug was administered by
oral gavage for 14 days at dosages of 10, 30, 100 or 250
mg/kg/day. This study will not be reviewed.

24. Oral palatability study of Abbott-84538 in mice, Lot # 79-
594-AL, Abbott Lab., Abbott Park, IL, April 4, 1994, (R&D/93/886)

Groups of male and female mice [age: 5 weeks; strain: Crl:CD-
1(ICR)BR; 16 animals/sex/group] received Abbott-84538 in the diet
at dose levels of 0, 50, 100, 200 or 500 mg/kg/day for 20-21
consecutive days. Clipical Sians: dose-related incidences of
rough coat aid urine stain on hair were noted in some animals at
all dose levels except the controls. Hunched posture was noted in
som: mice given 500 mg/kg/day. Body Weights: when compared witn
the _aseline, body weight loss occurred in both male and female
mice (500 mg/kg/day) during the first week of treatmen:t. The
group mean body weights for both male and female mice were
significantly lower than those for the control throughout the
treatment period. Eggd_ﬂgnﬁump;ign, slgnifxcant decrease in food
consumption was noted in male and female mice (500 mg/kg/day)

during the first week of treatment. pPlasma Drug Concentrations:
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The AJC values were 1.5, 9.8, 59.7 and 229.3 ug*hr/ml for the
males at dose levels of 50, 100, 200 and 500 mg/kg/day,
respectively. The AUC values of Abbott-84538 increased in a
greater than dose proport.onal manner and were greater in female
mice than those recorded for male mice in each of the dosage
groups.

Comments: Initial poor food consumption of Abbott-84538 at 500
mg/kg/day dose level was suggestive of poor palatability for the

25. Oral palatability study of Abbott-84538 in rats, Lot # 77-
561-AL, Abbott Lab., Abbott Park, IL, May 12, 1994, (R&D/93/025)

Groups of male and female rats (age: 4 weeks; strain: Crl:CD-
(SD)BR; 10 animals/sex/group] received Abbott-84538 in the diet
at dose levels of 0, 100, 200, 300 or 400 mg/kg/day for 21
consecutive days. gl;nigal_§1gng* dose-related incidences of
rough coat and hunched posture were noted in female animals given
400 mg/kg/day. A number of females (300 mg/kg/day) were observed
with rough hair. agdx_ﬂg;gngg* dose-related decrease in body
weight was observed in both male and female rats At the end of
the treatrent period, mean body weights for male and female rats
(400 mg/kg/day) were decreased to approximately 76% of the
controel group. Percent body weight gains over the course of the
treatment period, as calculated from mean body weight values,
were 128, 100, 78 and 51% of the control group for males and 95,
77, 49 and 30% of the control group for females at the 100, 200,
300 and 400 mg/kg/day dose levels, respectively. Food
Congumption; on day 1, there was a dose-related decrease in food
consumption for treated animals of both sexes. Mean food
consumption for the 400 mg/kg/day group was markedly reduced on
day 1; the food consumption values were 42% of the control group
for males and 34% of the control group values for females. The
food consumption for this group remained significantly lower than
that ¢f the control group at the end of the treatment period (67%
for males and 65% for females). Plasma Drug Congentrations: the
AUC values were 3.4, 11.4, 39.2 and 72.6 ug*hr/ml for the males
at dose levels of 100, 200, 300 and 400 mg/kg/day, respectively.
The AUC values of Abbott-84538 increased with increasing dose in
a non-linear fashion. Plasma concentration of Abbott-84538 in
female mice were substantially higher than those recorded for
male mice in each of the dosage groups.

Comments: The degree of palatability of Abbott-84538 in the diet,
as measured by food consumption, appearad to decrease with the
increase in dose levels. The reduction in food consumption and
body weight observed in this study may have been contributed by
the poor palatability of the diet.
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NON-CLINICAL PHARMACOKINETICS

Summary of Non-clinical Pharmacokinetics Studies

1.

2.

10.

11.

Preclinical Pharmacokinetic Summary of Abbott-84538 in
Mouse, Rat, Monkey and Dog (R&D/93/667)

Pharmacokinetics of Abbott-84538 in Rats During Oral
Administration of 15, 50, 100 and 150 mg/kg Once-Daily
Regimens for 28 Days (Protccol TA93-193/R&D/93/621)

Pharmacokinetics of Abbott-84538 in Rats During Oral
Administration of 15, 50, 100 and 150 mg/kg Once-Daily
Regimens for 28 Days (Frotocol TA93-193/R&D/93/621)

Pharmacokinetics of Abbott-84538 in rats during oral
administration of 15/25, 50/75 and 125/175 wg/kg once-
daily regimens for 3 montha, L+ % # 77-561-AL, Abbott
Lab., Abbott Park, IL, April 14, 1994, (R&D/93/881)

Pharmacokinetics of Abbott-84538 in female and male

rats after ingestion of 30/50, 75/100, 125/160 and

175/200 mg/kg daily dosages mixed in the diet for 3 -
months, Lot # 86-701-AL, Abbott Lab., Abbott Park, IL,

October 21, 1994, (R&D/94/682)

Pharmacokinetics of Abbott-84538 in rats during once-
daily administration of 25, 75 and 175 (150)/125 (100)
mg/kg for 6 montha, Lot # 79-594-AL, Abbott Lab.,
Abbott Park, IL, June 30, 1994, (R&D/94/378)

Pharmacokinetics of Abbott-84538 in pregnant rats
during oral administration of 15, 25 and 75 mg/kg once-
daily regimens for 12 days, Lot # 77-561-AL, Abbott
Lab., Abbott Park, IL, June 23, 1994, (R&D/93/880)

The metabolism and diasposition of Abbott-84538-""C in
rats, Lot # 392243-BS-141, Abbott Lab., Abbott Park, IL,
August 3, 1994, (R&D/94/611)

Biliary excretion ﬂftor iv or intraduodenal
administration of C-Abbott-84538 in chronically bile
duct cannulated female rats, Abbott Park, IL, November
29, 1994, (R&D/94/878)

In Vitro Prot..n Binding of Abbott-84538-''C in Rat,
Dog, Monkey and Human Plasma (Protocol Vv93-
014/R&D/93/243)

Distribution of Radloaccivity in Tilﬂpil of Rats after
Oral Administration of Abbott-84538-C, Abbott Lab.,
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12.

13.

14.

15.

16.

17.

18.

19'

20.

210

22.

Abbott Park, IL, Lot # 239978-AX, June 3, 1994 (Report
# 23/R&D/94/438)

Distribution of radioactivity“}n tissues of male rats
after oral administration of C-Abbott-84538, Abbott
Lab., Abbott Park, IL, June 5, 1995 (R&D/9%/377)

In vitro metabolism of Abbott-84538-'‘c by rat, dog and
human liver microsomes, Lot # 4794f£-8S-09, Abbott Lab.,
Abbott Park, IL, December 8, 1994, (R&D/94/927)

Hepatic drug metabolizing activity in rats after 14
daye of oral administration of Abbott-84538, Abbott
Lab.., Abbott Park, IL, September 8, 1995, (R&D/95/552)

Pharmacokinetics of Abbott-84538 in Dogs During Oral
Administration of 10, 50 and 150/200 mg/kg Once-Daily
Dosage Regimens for 28 Days (Protocol TBS93-
192/R&D/93/632)

Fharmacokinetics of Abbott-84538 in dogs during oral
administration of 10, 50 and 200/100 mg/kg once-daily
regimens for 3 months, Lot # 77-561-AL, Abbott Lab.,
Abbott Park, IL, April 25, 1994, (R&D/94/191)

Pharmacokinetics of Abbott-84538 in dogs during cnce-
daily admiaistration of 10, 50 and 125 mg/kg for 6
monthg, Lot # 83-501-VF, Abbott Lab., AbLkott Park, IL,
Dacember 8, 1994, (R&D/94/610)

The Metzbolism and Dispozition of Abbott-84538-'‘C in
Dogs (Protocols V93-012/V93-020/R&D/93/629)

Reviged atrucﬁpral identificacion of metabolites of
Abbott-84538- C in dogs and comparison to rat
metabolites, Lot # 39226-BS-141, Abbott Lab., Abbott
Park, IL, August 22, 1994, (R&D/94/639)

Binding of Abbott-84538-['‘c] to Human al-Acid
Glycoprotein (AAG) and Human Serum Albumin (HSA), Drug
Lot No. 39226-BS-141, Abbott Laboratories, Abbott Park,
IL, November 3, 1993, (R&D/93/760)

Effect of saelected drugl“on the in vitro protein
binding of Abbott-84538-"C in human piasma, Lot #
39226-BS-141, Abbott Lab., Abbott Park, IL, November

18, 1993, (R&D/93/829)

Tabulation of concentratinn data of Abbott-84538 in
pregnant New Zealand White rabbits after oral
administration of Abbott-84538, Lot # 79-594-AL, Abbott
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Lab., Abbott Park, IL, August 10, 1994, (R&D/94/235)

23. Tabulation of concentration data of Abbott-84538
collected during fertility and embryoni-s development
evaluation in rats after oral administration of Abbott-
84538, Lot # 77-561-AL, Abbott Lab., Abbott Park, IL,
August 1, 1994, (R&D/94/290)

24, Allcmetric Analysis of Pharmacokinetic Data of Abbott-
84538 (R&D/93/677)

Review of Pharmacokinetic Studies:

1. Preclinical Pharmacokinetic Summary of Abbott-84538 in Mouse,
Rat, Monkey and Dog (R&D/93/667)

The pharmacokinetic behavior of Abbott-84538 was evaluated in
mice, rats, dogs and cynomolgus monkeys. The plasma concentration
profile of parent drug following IV administration was similar in
the animals. characterized by a rapid distribution phase (T, < 5
min; followed by an apparent elimination T, of 0.6-1.1 hr; a
slightly longer plasma elimination T, (2.26 hr) was noted
following IV administration in monkeys. Results of other
pharmacokinetic parameters are summarized in Table 1.

Table 1
Pharmacokinetic Evaluation of Abbott-84538 in Mice, Rats, Monkeys
and Dogs

Species Dose (mg/kg) vd CL, Coas ($g/ml)
& Route {(1/kg) {(1/hxr/kg)
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2. Tabulation of concentration data of Abbott-84538 in mice
after 200, 400, 600 and 1000 mg/kg/day dosages mixed in the diet
for three montha, Lot # 86-701-AL, Abbott Lab., Abbott Park, IL,
October 31, 1994, (R&D/94/734)

Groups of male and female mice were fed Abbott-84538 mixed in
diet at dose levels of 200, 400, 600 or 1000 mg/kg/day for three
months to characterize the pharmacokinetics of Abbott-84538 as a
part of the toxicity study. Blood samples were collected at
approximately 2, S5, 12 and 24 hr after the drug administration
towards the end of the study. Resgults: mean pharmacokinetic
parameter estimates for Abbott-84538 are summarized in Table 2.
The mean drug plasma concentrations generally increased with dose
size. The mean dose-normalized Cmax ana AUC values showed that
increases in both Cmax and AUC were generally linear.

Table 2
Mean pharmacokinetic parameters of Abbott-84538 in male and
female mice after 200, 400, 600 and 1000 mg/kg/day .insages mixed
in diet for three months

w —1
Dose (mg/kg/day) Cmax (pg/mt) Tmax Chr) Cmax/D (pg/ml) ALC/D CL/F
Cugthe/mi) (1/hr/kg)
200 5.1 5 0,026 0.422 2.3
400 9.6 5 0.023 . D.s24 2.3
600 12.3 12 0.020 0.449 2.2
1000 18.8 12 0.018 0.389 2.5
- ST

Comments: The mean dose-normalized AUC vaiues from a 1l4-day
toxicity study in mice, oral dosing via gavage were generally 2
to 4 times higher than the AUC/D values obtained in the present
study.

3. Pharmacokinetics of Abbott-84538 in Rats During Oral
Adminigtration of 15, S0, 100 and 150 mg/kg Once-Daily Regimens
for 28 Days (Protocol TA93-193/R&D/93/621)

This report characterized the pharmacokinetics of Abbott-84538 in
rats after an oral gavage of 15, 50, 150/100 mg/kg once daily
regimens for 28 days as a part of Toxicology Study TA93-193. Mean
pharmacokinetic estimates are summarized in Table 3.
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Table 3
Mean Pharmacckinetic Parameters of Abbott-84538 in Male and
Female Rats During the First Dose and 27th Dose After Oral Gavage

Dosage Regimens g/kg/da oral

Parameters 100

AUCqy 3¢ M 4.6 3.6 63.3
(ug*hr/ml)F 8.8 5.3 52.9 24.5 na 91.3 110.3 na
Coax M 0.7 0.6 4.2 3.4 na na 7.6 5.6
(eeg/ml) 1.1 0.7 3.9 2.1 na 5.5 7.9 na
F
Toax M 5 6.2 8.4 7.2 na ua 3.6 3.6
(hr) F 5 5.2 6.2 5.2 na 1.4 . na
Cl/F M 4.1 4.6 0.9 1.9 na na 1.4 2.6
(lﬁhr‘kg) F 1.7 3.5 0.9 2.1 na 1.2 1.4 na
S

na = not applicable

Comments: In general, concentrations of the test compound
increased roughly in proportion to the administered doses.
However, the results of ANOVA showed that there might be a
nonlinear element in the pharmacokinetics of the drug, with
AUC/Dose values varied slightly less than a factor of two over
the 10-fold range in dosage. The effects on dose normalized AUC
and peak plasma values could be due to the interplay of the
first-pass metabolism, solubility-limited dissolution and higher
fraction of dose that was not absorbed at higher dose levels. The
decreases in normalized AUC values and peak plasma concentrations
after multiple dosing could either be due to decrease in
biocavailability or due to autoinduction of the metabolizing
enzymes.

4. Pharmacokinetics of Abbott-84538 in rats during oral
administration of 15/25, 50/75 and 125/175 mg/kg once-daily
regimens for 3 months, Lot # 77-561-AL, Abbott Lab., Abbott Park,
IL, April 14, 1994, (R&D/93/881)

Pharmacokinetics of Abbott-84538 in male and female rats during
oral administration of 15/25 (day 0-14: 15 mg/kg/day, day 15-end
of study: 25 mg/kg/day), 50/75 (day 0-14: 50 mg/kg/day, day 15-
end of study: 75 mg/kg/day) or 125/175 (125 mg/kg/day for females
and 175 mg/kg/day for males) regimens for 3 months was
investigetred. Blood samples were collected at 1, 4, 8, 12 and 24
hr after - daily treatment on days 0, 29 and 84. Regults: mean
pharma w . € parameter estimates for Abbott-84538 are
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summarized in Table 4. The dose-normalized AUC (AUC/D)} values
were increased nonlinearly with dose (more than pioportionally)
during the first day of dosing. Comparison of the CL/F values on
days 29 and 84 showed that the values were relatively similar
among the three dose groups after multiple dosing. The Cmax/D
values increased less than proportionally with dose size. Gender
differences were found with females generally yielding higher AUC
and Cmax values than male rars.

_able 4
Pharmacokinetic 5 : .wneters of Abbott-84538 in rats during oral
administratior o% . /25, 50/75 and 125/175 myg/kg/day for 3 months

=t VRPN, S« w

E Doze (ma/kg/iny) Day Tmgx \he? Cmax/0 (ng/ml) AUC/D CL/F
i L (ng*hr/ml) (L/hr/kg) "
i3 0 3.5 0.08 0.51 2.37 “

25 29 S 0.10 0.57 1.85

25 84 2.9 0.10 0.78 1.36

50 0 4.1 0.09 1.09 0.93

29 7.6 0.05 0.62 1,65

84 6.9 0.06 0.77 1.43

0 1.6 0.04 0.62 1.83

0 3.4 0.09 1.13 0.94

29 1.6 0.03 0.49 2.28

29 2 0.06 1.02 1.12

84 5.5 0.04 0.55 1.85

84 a8 0.05 0.78 1.27
"/

Comments: The Cmax/D values were probably increased less than
proportionally with dose size. A number of factors might be
respoasible for the differences, including the confounding
effects of saturable metabolism and solubility-limited
dissolution.

5. Pharmacokinetics of Abbott-84538 in female and male rats after
ingestion of 30/50, 75/100, 125/160 and 175/200 mg/kg daily
dosages mixed in the diet for 3 months, Lot # 86-701-AL, Abbott
Lab., Abbott Park, IL, October 21, 1994, (R&D/94/682)

Groups of male and female rats were orally gavaged Abbott-84538
at dose levels of 30(%?)/50(d) (T1), 73i9)/100(d) (T2),

125(9) /160(8) (T3) or 175(?)/200(d) (T4) to determine the
pharmacokinetics of the test compound as part of the three-month
toxicity study. Blood samples were collected at approximately 2,
S, 12 and 24 hr after the drug administration on study days 14
and 84. Results: mean pharmacokinetic paraineter estimates for
Abbott-84538 are summarized in Table 5. The mean Cmax and AUC
values generally increased with dose gize for both male and
female rats. The increase in Cmax and AUC with dose size was more
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than proportional for both male and female rats. The increase of
Cmax/D and AUC/D with dose size was statistically significant
(P=0.001) for both male and female rats. The mean Cmax/D and
AUC/D values were higher on day 84 than on day 14 for all
gender/dose groups and the day effect was statistically
significant (P=0.001) for both male and female rats.

Table 5
Mean pharmacokinetic parameters of Abbott-84538 in rats after
daily oral administration of 30/50, 75/100, 125/160 and 175/200
mg/kg/day for 3 months

Dose (mg/kgp/day)d Cmax (ug/mt) Tmax (hr) Cmax/D (ug/ml) AUC/D CL/F
Day (3*he/ml) C(L/hr/kg)

S00; 14 0.19 7.2 0.006 0 0¢ 36.9
84 0.46 9.2 0.016 0.e% 5.20
309;14 0.12 9.5 0.002 0.023 35.18
84 0.17 10.6 0.004 0.032 41.39
100<; 14 0.62 10.6 0.008 0.121 8.3
84 1.53 7.8 0.020 0.290 3.5

759; 14 1.08 10.0 0.011 0.148 7.3
84 1.84 9.2 0.018 0.234 4.3
160¢; 14 1.67 9.2 0.013 0.197 5.2
84 3.35 5.2 0.027 0.459 2.2
1259; 14 2.33 13.0 0.015 0.225 4.49
84 3.70 5.2 0.023 0.419 2.40
2000; 14 3.9 6.0 0.023 0.283 3.6%
84 5.14 12.8 0.J29 0.532 2.23
1759; 14 3.83 6.0 0.019 0.330 n
84 5.90 13.4 0.030 0.527 1.9

Comments: The results of the present study showed that Cmax and
AUC values of Abbott-84538 increased with dcse size and the
increase was more than proportional to dose size, which miqht be
partly due to the presence of saturable metabolism. The Cmax and
AUC values increased at least 50% after dosing for 3 months as
compared to the values obtained after dosing for 2 weeks,
probably partly due to hepatotoxicities caused by the drug. Since
metabolism of Abbott-84538 may be saturable, the lower AUC and
Cmax values obtained in the present study relative to that
obtained in the 1- and 3-month toxicity studies might be partly
due to higher extents of first-pass extraction when the drug was
ingested at a slower rate via drug-diet mixture.
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6. Pharracokinetics of Abbott-84538 in rats during once-daily
administration of 25, 75 and 175 (150) /125 (100) mg/kg for 6
months, Lot # 79-594-AL, Abbott Lab., Abbott Park, IL, June 30,
1994, (R&D/94/378)

Groups of male and female rats were orally gavaged Abbott-84538
at dose levels of 25 (low), 75 (mid) or 175 (150)/125 (100)
(daily dose changed from 175 to 150 on day 80 for males and 125
to 100 mg/kg/day on day 80 for females, high) to determine the
pharmacokinetics of the test compound as part of the six-month
toxicity study. Blood samples were ccllected at approximately 1,
4, 8, 12 and 24 hr after the drug administration on study days 14
and 174. Resuylts. mean pharmacokinetic parameter estimates for
Abbott-84538 are summarized in Table 6. The mean Cmax and AUC
values generally increased with dose size. The increase in Cmax
was dose-linear for day 174, but was less than proportional on
day 14. For AUC, the increase was dose-linear for day 14, but was
more than proportional on day 174, with the mean AUC/D for female
rats (high) statistically significantly (P=0.032) higher than
male and female rats in other groups.

Table 6
Meezn pharmacokinetic parameters of Abbott-84538 in rats after
daily oral administration of 25, 75 and 175/100 mg/kg/day for 6
months

“ Dose (mg/kg/day)$s Cmax (gg/ml) Tmax (hr) Cmax/0 (mg/mi) AUC/0 CL/F
Day (ug*hr/ml) (L/hr/kg)

25; 14 1.9 3.2 0.07 0.47 3.6

174 2.2 3.7 0.08 0.71 1.7

S; 14 3.3 8.6 0.04 0.51 2.0

174 7.6 2.9 0.10 0.44 1.2

175 o;14 4,6 5.8 0.03 0.3% 3.6

125 ¢;14 5.3 5.2 0.04 0.54 1.8

150 ;176 6.2 5.3 0.04 0.55 1.9

100 9;174 11.0 8.0 0.1 1. 0.6

Comments: With the exception of female rats (high), the AUC/D
values were relatively similar for dosages ranging from 25-150
mg/kg/day for male rats and 25-75 mg/kg’day for femele rats after
dosing for 6 months. The AUC and Cmax values increased about 2-
fold after doing for six :nonths compared to the values obtained
after dosing for two weeks.
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7. Pharmacokinetica of Abbott-84538 in pregnant rats during oral
administration of 15, 25 and 75 mg/kg once-daily regimeus for 12
days, Lot # 77-561-AL, Abbott Lab., Abbott Park, IL, June 23,
1994, (R&D/93/880)

The pharmacokinetics of Abbott-84538 in pregnant rats during
embryonic and fetal development after oral gavage of 15, 35 or 75
mg/kg once daily for 12 days during gestational days 6 through 17
was evaluated. Blood samples were collected at 1, 4, 8, 12 and 24
hr after the treatment on gestation day 16. Reguylts: are
summarized in Table .7. Both Cmax and AUC values in pregnant rats
increased less than proportionally with dose size. The difference
in the mean Cmax/D values among the three dose groups were
statistically significant (P=0.001) while the difference in the
mean AUC/D was marginally significant (P=0.055). No statistically
sianificant dose effects were found for Tmax.

Table 7
The mean pharmacokinetics parameters of Abbott-84538 in pregnant
rats after once daily dosing for 12 days

Dose Cmax Tman (h) AUC (ug*hr/ml) CL/F Cmax/0 AUC/D
(mg/kg/day) (rg/mi) (i/hr/kg)

15 2.6 2.5 17.3 0.9 0.17 1.15

35 2.8 r.5 34.5 1.1 0.08 0.98

5 5.3 5.5 45.2 1.8 0.07 0.60

Comments: The dose-normalized Cmax and AUC values for Abbott-
84538 apparently decreased with the increase of dose size in
pregnant rats. The changes in Cmax and AUC values may have
resulted by changes in metabolism activity and/or fraction of
dose absorbed. It is also possible that the above differences
simply reflected the variability in the study.

8. The metabolism and disposition of AbeCt-84538-"c in rats,
(R&D/9%4/611)

The metabolism and disposition of Abbott-84538 were studied in
male and female rats given a 20 mg/kg oral dose, a 5 mg/kg IV
dose or a 20 mg/kg intra-duodenal dose of the drug bearing
carbon-14 label within the valine portion of the molecule. HPLC
with radicactivity flow detection was use to obtain the metabolic
profiles of the compound in plasma, urine, fecal and bile
samples. Regultg: within three days after oral administration of
the compound, 95.7% of the dose was recovered in the feces and
only 2.1% was recovered in urine and cagewash. Similarly, after
IV administration, 92.8% of the dose was recovered in the feces
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and 1.8% was recovered in the urine and cagewash. Intra-duocdenal
dose administration resulted in only 21.6% of the dose in the 0-6
hr bile, indicating that about 30% of the dose was absorbed from
the GI tract in this rat model.

Abbott-84538 underwent extensive hepatic biotranasformation in
rat, with only trace amounts (0.5-1.9%) of unchanged parent drug
obsarved in the 0-6 hr bile collacted atteﬁ IV or intra-ducdenal
dosing. Eight metabolites of Abbott-84538- C have been
tentatively identified in rat bile based on mass spectrometry.
All 8 metabolites were formed via oxidation reactions involving
hydroxylation of the thiazolyl isopropyl group (M-2, M-5 and M-
12), the N-methylurea moiety (M-10) or the urea moiety following
N-demethylation (M-3), oxidation of the isopropylthiazolyl N or 8
hetercatoms (M-9), and oxidative elimination of the
methylthiazolyl carbamate group (M-1, M-5) or the
isopropylmethylthiazolyl group (M 11). Unchanged parent drug and
these metabolites together accounted for 61-62% of the total dose
radicactivity recovered in rat bile after IV and intra-duodenal
dosing.

Radioactivity in rat feces consisted mainly of unchanged parent
drug (48%) afrer oral administration. M-2 (14.2%) was the moat
abundant fecal metabolite after oral dosing. Despite its nearly
complete absence in bila, Abbott-84538 contributaed 22.9% of the
fecal radioactivity after IV dosing, while the major biliary
metabolite M-9 was not present in feces. Reduction of biliary M-9
in the GI tract may be responsible for this appearance of parent
drug in feces.

Only unchanged parent drug was detected in pooled plasma samples
collected between 0.25 and 8 hr after oral administration. Out to
2 hr after IV administration, 91.5-100% of the radiocactivity in
plasma at any single time point consisted of unchanged parent
drug. M-1 was the only metabolite detected in plasma,
contributing up to 8.5% of the plasma radiocactivity at any single
timepoint.

Comments: Abbott-84538 underwent extensive hepatic metabolism in
rats to afford numerous metabolites which were eliminated
predominantly via the bile. Parent drug is converted to five
primary metabolites; the des-thiazolyl carbamate hydrolysisas
product, M-1, the isopropyl thiazolyl oxidation product, M-2, the
thiazolyl heteroatom oxidation product, M-9, the N-hydroxymethyl
urea metabolite, M-10 and the des-isopropyl thiazolyl hydrolysis
product, M-11. Several secondary metabolites are then produced by
further biotransformation of the primary metabolites. The route
of administration appeared to affect the profile of metabolitas
observed in plasma, feces and bile.
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a. Biliary excretion after iv or intraducdenal administration of
C-Abbott-84538 in chronically bile duct cannulated female rats,
Abbott Park, IL, November 29, 19%4, (RaD/94/878)

The matabolism and excretion of Abbott-84538 ware studied in
female rats with chronic bile ducr cannulas given a 20 mg/kg
intraducdenal dose or a 5 mg/kg iv dose of the drug bearing a
uniform carbon-14 radiolabel within the valine portion of the
molecule. Regultps: after the iv administration, 55.67% of the
dose wams excreted in the bile of female ratam within 24 hr.
Intraduodenal administration resulted in a maan recovery of
27.59% of the dose within 24 hr bile. For both dosages routea,
only 0.5-2.2¥% of the dose was excretad in the 24 hr urine. The
metabolite patterns obtained in bile for female rats via both
administration routes were similar, with both indicating
extensive hepatic metabolism of drug. The parent drug accounted
for 10-12.7% of the mean 0-24 hr biliary radioactivity after
either dosing route, while M-1 (11.8-18.2% of biliary
radioactivity), M-2 (15,2-22%), M-10 (11.7-14.1%) and the
combination of M-11 and M-12 (11.7-12,3%) waere the major
metabolites premsent. Comparison of biliary metabolite composition
betwean male rats (previous similar study) and female rate
(present study) indicated that a much larger percentage of total
biliary radicantivity in female rats conaisted of unchanged
parent drug than seen in male ratas (0.5-1.9%), Biliary
percentages of M-2 and M-10 were also larger in female rat bile
than in male bile (6.5%-12.6% M-2; 1.4%-3.6% M-10) collected
afrer either dosage route. After dosing by both routes, male rats
displayed much larger percentages (38.6-39.1%) of biliary
radicactivity residing as many un-characterized minor metabolites
than were seen in female bile (12.3-16%).

Comments: The differences in bile radiocactivity excretion rates
and metabolite composition between male and female rats suggested
that sex specificity in the hepatic cytochrome P450 enzymes
involved in the oxidative metabolism of the drug (eg., the
demonstrated absence of cytochrome P450 3A2 and 2Cl1l1l in female
rats) may be responaible for the slower clearance of Abbott-84538
in female rats compared to males.

10. In Vitro Protain Binding of Abbott-!453!=“c in Rat, Dog,
Monkey and Human Plasma (Protocol V93-014/R&D/93/2413)

The in vitro plasma protein binding of Abbott-84538-'C was
determined via an equilibrium dialysis technique in rat, dog,
monkey and human plasma at five different initial drug
concentrations: 0.01, 0.1, 1.0, 10 or 30 ug/ml. Binding was
extensive in all four species over the entire 3000-fold
concentration range. Mean plasma protein binding percentages of
97.2-99.2% for rat, 98.9-99.4% for dog, 96.2-99.2% for monkey and
99,3-99,5% for human were obtained. No significant sex
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differences in the degree of protein binding were observed for
any of the four apecies at any concentration.

11. Distribution of Rldiauutiviﬁy in Tissues of Rate after Oral
Administration of Abbott-84538- C, Abbott Lab., Abbott Park, IL,
Lot # 239978-AX, June 3, 1994 (Report # 23/R&D/94/438)

The distribution of radioactivity in &insu-i of female rats given
a 50 mg/kg oral dome of Abbott-84%38- 'C wasm examined at 1, 3, 6,
9, 12, 24 and 48 hr after administration. Tigaue levels; the
radioactivity in the liver was 133 ug equivalent/g of tissue at 3
hr, which was 12.4 times greater than the correasponding plasma
concentration of 11.2 ug equivalent/g. The next highest drug
concentrations at 3 hr were found in the adrenals (72 ug eq/g),
pancreas (41.1 ug eaq/g), kidneys (37 ug eq/g) and thyroid (27.4
kg eq/g). Maximum radioactivity concentration in all other
tissues except ayes and brain were roughly similar to the 2 hr
plasma concentration. The majority of the 48-hr tisasue
radioactivity was contained in the liver (2.7 ug eq/g)
corresponded to 0.24% of the dose. Plasma Jlavels:; the lavals of
radicactivity in plasma and moast tipsues declined over the first
12 hr after dosing., The plasma levels declined slowly, from a
peak concentration of 11,2 ug eq/g at 3 hr to 5.84 ug eq/g at ¢
hr. At 12 hr, plasma radioactivity concentrations declined
precipitously to 0.07 ug eq/ml, accompanied by similarly large
decreases in tissue radiocactivity levels.

Facal excretion accounted for 99.2% of the dose within 48 hr,
while 3.13%% of the dose was recovered in the urine and cagewash.
The overall recovery of radioactivity was 101Y,

12. Distribution of :adhgnutivi:y in tissues of male rats after
oral administration of C-Abbott-84838, Abbott Lab., Abbott
Park, IL, June 5, 1995 (R&D/95/377)

The distribution of radioactivity in testes, prostate ang other
selectad tissues of male rats given a 50 myg/kg dose of "C-
Abbott-84538 was examined at 1, 3, 6 and 48 hr after
administration. Rasult@: concentrations of radioactivity were
highest in all tissues and plasma at 3 and 6 hr after dosing. At
6 hr, radioactivity levels in the testes and prostrata were 1.52
and 8.64 ug eq/g, respectively, each corresponding to 0.03% of
the total dose radiocactivity. The largest amount of radioactivity
resided in the liver, the major organ of elimination of Abbott -
84538, which contained a mean concentration of 136 ug eq/g at 3
hr and 123 ug eq/g at 6 hr. The adrenals, kidneys, lungs, muscle
and spleen possessed mean maximum concentrations ranging from
6.48 to 43.3 ug eq/g at 6 hr. At 24 and 48 hr after dosing, the
levels of radiocactivity in tissues and plasma had declined
significantly from the 6-hr levels. Cell to plasma ratios ranged
from 0.48-0.51 at 1-6 hr after doaing, indicating that the
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majority of the radioactivity in the whole blood remained in the
extracellular traction. These ratios are higher than the 0.11-
0.29 ratios obtained for female rats between 1 and 9 hr,
indicating a gender difference in the extent of red blood cell
uptake of Abbott-84538 in rats.

Comments: Radioactivity concentrations in tissues, blood and
plasma were almost uniformly lower in male rats compared to
values obtained from female rats (previous study). This finding
is consistent. with tha more rapid clearance of Abbott-84538 in
male rata seen in other studies. Liver, being the primary organ
of dose radicactivity elimination, was the only tissue displaying
nearly equal concentrations of radioactivity in male and female
rata, The more rapid plaama clearance of drug in males alsmso
resulted in a T/P (tissue/plasma) ratio in male rat liver at 3 hr
that was roughly twice that of female rats and 24-hx T/P ratios
that were generslly higher in female rata,

13. In vitro metabolism of Abbott-84338-'‘C by rat, dog and human
liver microsomes, Lot # 47946-88-09, Abbott Lab., Abbott Park,
IL, December 8, 1994, (R&D/94/927)

The metabolism of Abbott-84534-'‘C by rat, dog and human hepatic
microsomes was examined with the objective of determining the
likely product of in vivo hepatic metaboliam of the drug in man.
Microsomal incubations of radiolabelled Abbott-84538 were
conducted at a concentration of 0.% and 3,0 uM in rat, dog and
human hepatic microsomes with NADPH as the only cofactor added to
apsess the metabolism of the drug by cytochrome P-450,
Incubations using UDPGA as the only cofactor were also performed
to assess the propensity for glucuronidation of the drug by each
species. gggulgg¢ tho moclbolite profiles obtained from both rat
the corresponding matabolite profiles of the drug in rat and dog
bile. Rat microsomal incubation samples converted Abbott-84538
primarily to metabolites M-1, M-2 and M-11, accompanied by minor
amounts of M-9, M-10 and M-5. Incubat.on of Abbott-84538 with dog
liver microsomes resulted in for '‘ation of M-1, M-2, M-11, M-5 and
G-1. Human liver microsomes convarced Abbott-84538 largely to M-
1, M-2, M-11 and M-5, Conclusign: the in vitro microsomal system
used in this study appeared to accurately predict the in vivo
hepatic matabolites of Abbott -R4538 in rats and dogs.

Comments: Human liver microsor~s converted Abbott-84538 largely
to M-1, M-2, M-11 and M-5, su,,aating th 't these metabolit~s
would likely be major prciuct of hepatic biotransformation of the
drug in humans, jus. ag t. 2y ure 1in rats and dogs. However, human
liver microsomes failed o convert Abbott-84538 to G-1, a major
dog bile metabolite, ‘v..cating that human metabolism would also
likely have important . ’Larences from dog metabolism.
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14. Hepatic drug metabolizing activity in rats after 14 days of
oral administration of Abbott-84538, Abbott Lab., Abbott Park,
IL, Saeptember 8, 1995, (R&D/95/%52)

Groups of male and female rats (4/sex/group) were administered
Abbott -84538 adminiatered orally via gavage at dose levels of 0,
15 (low) or 50 mg/kg/day (high) for 14 days to evaluate the
potential of the test compound to induce rat hapatic drug
metabolizing enzymesm. Phenobarbital (50 mg/kg), used as a
positive control, was adminiscerad ip for four day to male and
femala rats (4/sex). The liver microsomeas obtainead were
characterized for total microsomal protein yield, total
cytochrome P450 (CYP) content and several isoform-specific CYP
activities. Ragsults: as expected, phenobarbital treatment
produced increased levelas of CYP am well as isoform-specific CYP
activities including ethoxyresorufin O-dealkylation (CYP1lA) and
pentoxyresorufin O-dealkylation (CYP2B). In the male and female
rata (bigh), the microsomal protein content of the liver was
higher compared to the vehicle control group. The male and female
rats (low) did not show altered levels of either total CYP or any
of isoform- apecifiﬁ CYP activities compared to the vehicle
control group. i the results of this study indicated
that Abbott-84538 did not induce CYP in rats on prolonged oral
adrinistration.

15. Pharmacokinetics of Abbott-84538 in Dogs During Oral
Administration of 10, 50 and 150/200 mg/kg Once-Daily Dosage
Regimens for 18 Days (Protocol TB93-192/R&D/93/632)

The primary objective of this atudy was to characterize the
pharmacokinetics of Abbott-84%538 in dogs during an oral
administration of 10, 50 or 150/200 mg/kg once daily dosage
regimens for 28 days as a part of Toxicology Study TA93-192. Mean
pharmacokinet ic parameter estimates for Abbott-84538 in dogs are
summarized in Table 4.
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Table 8
Mean Pharmacokinetic Parameters of Abbott-84538 in Male and
Female Dogs During the Firat Dose and 27th Dose After Oral

Administratjion
| _ _ _ 5L
l , _ Dosage Regimens, mg/kg/da oral
{ ) - l B
| varamecers | 10 | s 150/200 ‘
g Day Tay 27 Day Day 27 Day 0 Day 27
0 0
} : , , . - M P MY
| AUG,,, M 15.56 19.53 104.3 15.95 116 111
il (ugrhr/ml)F 32.85 22.58 46 18.3 208 369
Cras M 4.9 5.4 18.2 4.4 13.3 12,2 ﬁ

(ug/ml) P 10.4 7.8 14.8 5.4 21.2 28.8

Trmas M 1.8 P! 1.7 2 6 3.8

(hr) F 1.3 1.7 1.3 ' 1.8 7.8

Cl/¥ M 0.68 0.73 0.59 3.8 2.8 8.2

(d/hr/kg) F 0.31 0.58 1.2 3,2 1.9 1.3

Comments: Both AUC and C,.  increased with increasing dose siza,
but less than proportionafly. The dose-normalized AUC and C,,,
decressed with increasing dose size, probably due to solubiritye
limited diassolution and higher fraction of dose that was not
absorbed at the higher dose levels. The significantly longer T,,
at the highest dcse level was probably due to prolongad
abaorption,

16. Pharmacokinetics of Abbott-84538 in dogs during oral
administration of 10, 50 and 200/100 mg/kg once-daily regimens
for 3 months, Lot # 77-5¢1-AL, Abbott Lab., Abbott Park, IL,
April 25, 1994, (R&D/94/191)

Pharmacokinetics of Abbott-84538 in male and female dogs during
oral administration of 10, 50 or 200/100 (male dogs received 200
mg/kg/day during days 0-20 and 100 mg/kg/day starting on day 21,
and the female dogs reveived 200 mg/kg/day during days 0-20, no
drug during days 21-33, and 100 mg/kg/day starting day 34) dcae
regimens for 3 months were investigated. Blood samples were
collected at 0, 1, 2, 4, 6, 9, 12 and 24 hr after the daily
treatment on days 14 and 82. RegulLp: mean pharmacokinetic
parameter estimates for Abbott-84538 are summarized in Table 9.
The dose-normalized AUC (AUC/D) values for the high dose group
averaged approximately two times lower than the low dose group
while the mean Cmax/D values were approximately four times
differant. The mean AUC/D and Cmax/D values on day 82 were higher
than those on day 14 and the differences were statistically
significant (P=0,0002).
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Table 9
Pharmacokinetic parameters of Abbott-84538 in dogs during oral
administration of 10, 50 and 200/100 mg/kg/day for 3 months

Nosa (mg/kg/day) Day Tmax (hr) Cmax/0 (ng/ml) AUC/D CL/F

L _ (ag*hr/ml) (({hr/kg)
10 16 1.6 0.60 1.8% 3.44
82 1.5 70.7761 2.64 0.45 d
30 14 2 0.27 2.93 2.16
82 2.3 Vo,zg ) 1.30 - 1.26
2007100 14 3 0.12 1.5 2.61
. 0.24 1.81 0.82

Comments: Both AUC and Cmax increased with increasing dose, but
less than proportionally. The dose-normalized Cmax decreased with
increasing dose size, probably due to solubility-limited
dissolution and higher fraction of dose that was not absorbed at
the higher dose levels. The statistically significantly longer
Tmax at he high dose level was probably due to prolonged-
absorption.

17. Pharmacokinetics of Abbott-84538 in doge during once-daily
administration of 10, 50 and 125 mg/kg for 6 months, Lot # 83-
501-VF, Abbott Lab., Abbott Park, IL, December 8, 1994,
(R&D/94/610)

Groups of male and female dogs were orally gavaged Abbott-84538
at dose levels of 10 (low), 50 (mid) or 125 mg/kg/day (high) to
determine the pharmacokinetics of the test compound as part of
the gix-month toxicity study. Blood samples were collected at
approximately 1, 2, 4, 6, 9, 12 and 24 hr after the drug
administration on study days 14, bl and 152. Regultg: mean
pharmacokinetic parameter estimates for Abbott-84538 are
summarized in Table 10. The mean Cmax and AUC values generally
increased with dose size. The normalized Cmax and AUC values were
significantly decreased (P=0.05) with dose size. Tmax values were
increased in the high dose group animals. Statistically
significant day effects were found in the dose-normalized Cmax
and AUC values, with day 14 and day 152 values statistically
significantly or marginally higher than the day 61 values, No
statistically significant gender differencas were tound in Tmax,
Cmax/D and AUC/D values.
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Table 10
Mean pharmacokinetic parameters of Abbott-84%38 in dogs after
daily oral administration of 10, 50 and 125 mg/kg/day for €

months

Dose (mg/kg/day)d Cmax (ag/mi) Tmax (hr) Cmax/0 (ug/mi) AUC/D CL/F
Day (pg'hj(lll ) (L/hr/kg)

10: 14 r.72 1.6 o.77 2.83 D.42

&1 4.27 1.8 0.42 1.39 1.90

152 5.35 2.0 0.53 2.20 0.59

50; % 12.32 1.9 0.24 0.9% 1.92

(3] 8.20 1.9 0.16 0.77 6.62

152 15.68 2.8 0.31% 1.97 0.74

125; 14 17.1% 2.5 n 13 0.77 a.n

&1 11.78 2.7 .09 0.58 2.5

20.93 5.1 1.32 1.65

Comments: The longer Tmax (high) was probably due to prolonged-
absorption. Comparison of the results of the one-, three-, and
aix-month toxicity studies in dogs suggested that the low dose
group generally had the highest AUC/D and Cmax/D relative to the
higher dose groups probably due to reduced fraction of dose that
was absorbed at higher dose levels. From the toxicity studies,
exploratory investigation of the change of serum ALP levels in
dogs suggested that female dogs were more sensitive to Abbott-
B4538. But the mechanism for the correlation are not clear at
present time.

18, The Metabolism and Disposition of Abbott-84538-"c in Dogs
(Protocols V93-012/V93-020/R&D/91/629)

The metabolism and disposition of Abbott-84538 were studied in
male and female beagle dogs given 20 mg/kg cral dose, a S5 mg/kyg
1V dose or a 20 mg/kg intra-duodenal dose of the drug bearing
carbon-14 label within the valine portion of the molecule. HPLC
with radiocactivity flow detection was use to obtain the metabolic
profiles of the compound in plasma, urine, fecal and bile
samples.

Within five days after oral administration of the compound, 93.2%
of the dose was recovered in the feces ard only 3.B8% was
recovered in urine and cagewash. Similarly, after IV
administration, 98.4% of the dose was recovered in the feces and
4% was recovered in the urine and cagewash. Intra-duodenal dose
administration resulted in only 10% of the dose in the 0-6 hr
bile,

Abbott-84538 underwent axtensive hepatic biotransformation in
dog, with only crace amounts of unchanged parent drug observed in
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the 0-6 hr bile. Three primary metabolites of Abbott -84538-'“C
have been tentatively identified in bile: M1 (3.6-4.4%), the des-
thiazolyl carbamate hydrolysis product; M2 (6.0-7.9%), the
isopropyl thiazole oxidation product; and Gl1 (9.6% IV route and
18.1% intraduodenal route), the glucuronic acid conjugate of
parent drug. Unchanged parent drug and these metabolites together
accounted for 64% and 70% of the total dose radicactivity
recovered in dog bile aftter IV and intraduodenal dosing,
respectively.

Radicactivity in dog fecesa consisted predominantly of unchanged
parent drug (66%) after oral administration. After IV
administraticn, au unknown metabolite, MB (32.5%), the major
component and unchanged parent drug (13.2%) were present in
feces. The levels of radicactivity in the whole blood cf dogs
afforded cell to plasma ratios that ranged from 0.03-0.3. These
results suggested that the majority of the radicactivity in whole
blood remained in the extracellular fraction.

Unchanged parent drug was the major circulating radioactive
component, constituting 92-98% and 72-98% of the mean total
plasma radicactivity at any single time-point to 6 hr after oral
dosing and to 3 hr after IV dosing, respectively. Three of the
metabolites found in bile were also present systemically after
dosing by both routes,

Comments: Abbott-84538 underwent extensive hepatic metabolism in
dog to afford three major matabolites which were eliminated
predominantly via the bile. The route of administration appeared
to affect the profil.: of metabolites observed in plasma, feces
and bile. IV administration produced higher plasma levels of Ml
relative to Abbott-14538 than were seen after oral dosing. Higher
plasma levels of metabolites would typically be expected after
oral dosing due to first pass metabolism in the liver. The higher
M1l levels observed after IV dosing may be due to the existence of
a secondary asite of Abbott-84538 metabolism such as kidneysn,
lungs or other tissues.

The large percentage of total dose radiocactivity recovered as
parent drug in the feces collected after dosing indicated
incomplete abmorption of Abbott-84538 as formulated in the study.
Interestingly, Abbott-84538 was also present in feces collected
after IV administration, despite the absence of parent drug in
bile collected after dosing by this route. Therefore, it would
appear that Abbott-84538 is being formed in the GI tract from a
bile conatituent (s), presumably via hydrolysis of Gl1, the
glucuronide of parent drug. This liberat.on of parent drug in the
Gl tract raised the possibility of enterchepstic cycling, which
may play a role in the occurrence of the secondary maximum in the
plasma radioactivity concentration vs time profiles.
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19. un}sad atructural identification of metabolites of Abbott-
84538- C in dogs and comparison to rat metabolites, Lot # 39226-
BS-141, Abbott Lab., Abbott Park, IL, August 22, 1994,
(R&D/94/639)

The chemical structures previously assigned to four dog bile
metabolites of Abbott-84538, namely M-2, M-3, M-4 and M-7, were
reanalyzed in light of the recent atructural identification of
several rat bile metabolites. Comparison of HPLC retention timesn
and mass spectral (MS) data of these dog metabolites to the
corresponding rat metabolites resulted in naw tentative
structural assignments for these four metabolites in dog.
Regultg: the metabolite designated M-4 in dog was found to
congist of two major compounerits, M-11 and M-13, along with one
minor component, M-12. The acructure of M-2, previously shown to
be hydroxylated in dog at an unknown position within the
isopropyl moiety, was refined to indicate hydroxylation solely on
the methene carbon to afford tertiary alcohol. The structure of
M-3 was consistent with the hydroxylamine metabolite of Abbott-
84538, resulting from N-demethylation of parent drug followed by
N-hydroxylation. No informative MS data could be obtained for M-
7.

20. Binding of Abbott-84538-lucl to Human al-Acid Glycoprotein
(AAG) and Human Serum Albumin (HSA), Drug Lot No. 39226-BS-141,
Abbott Laboratories, Abbott Park, IL, Novamber 3, 1993,
(R&D/93/760)

Abbot.t -84538- ['*C] at concentrations of 0.1, 0.5, 1, 2.6, 7, 10,
17.4, 50 and 100 ug/ml, AAG at a concenftration of 0.8 mg/ml or
HSA at a concentration of 40 mg/ml were studied geparately to
determine the in vitro binding of the drug to the proteins. The
mean drug binding to AAG at concentrations between 0.1 and 2.6
ug/ml was high and nearly constant, ranging from 96.2% to 97.5%
drug bound. The percentage of bound drug decreased significantly
at concentration of 7 ug/ml to 91.5% and continued to decrease to
89.8%, 77.8% and 59.2-63% drug bound to ARG at concentrations of
10, 17.4 and 50-100 ug/ml, respeactively. The mean binding of drug
to HSA was also high, with 98.2% and 97.8% of the drug bound at
concentrations of 1 and 10 ug/ml, respectively. Unlike AAG, the
binding of drug to HSA remained relatively high as concentration
increased, with 97% and 96% of the drug bound at concentrations
of 50 and 100 ug/ml, respectively.

Comments: Both AAG and HSA appeared to contribute significantly
to the extensive (>99%) in vitro protein binding of Abbott-84538.
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21. Effect ofupalﬁctod drugs on the in vitro protein binding of
Abbott-84538- C in human plasma, Lot # 39226-BS-141, Abbctt
Lab., Abbott Park, IL, November 18, 1993, (R&D/93/829)

The effect of selected drugs [Salicylate Sodium salt, Warfarin,
Ibuprofen, Naproxen, Claﬁithromycin and Fetoconazole] on in vitro
binding of Abbott-84538- C [at a concentration of 20 ug/ml] to
human plasma proteins was determined via an equilibrium dialysis
technique. Resultg; none of the drugs examined had an effect on
the percentage of the test compound bound to plasma proteins.
Conclueion; the results suggested that clinical plaasma protein
binding interactions between Abbott-84538 and the drugs-teated
were unlikely to occur.

22. Tabulation of concentration data of Abbott-84538 in pregnant
New Zealand White rabbits after oral administration of Abbott-
845368, Lot # 79-594-AL, Abbott Lab., Abbott Park, IL, August 10,
1994, (R&D/94/235)

Groups of New Zealand White rabbits were orally gavaged Abbott-
84538 at dose lavels of 25 (low), 50 (mid) or 110 mg/kg/day
(high) for 14 days to determine the exposure of the test compound
during gestational days 6-19. Blood samples were collected from
the ear vein at approximately 1.5, 3, 6, 9, 14 and 24 hr after
the drug administration on gestational day 19. Regultg; the
plasma concrentration and Cmax values increased with dose size,
The mean AUC value (28.5 ug*hr/ml) for the 50 mg/kg/day group was
more than 22 times higher than that of the 25 mg/kg/day group
(1.29 ug*hr/ml). The mean Cmax values were 0.65, 7.8 and 11.6
ug/ml for low mid and high dose groups, respectively.

23. Tabulation of concentration data of Abbott-84538 collected
during fertility and embryonic development evaluation in vats
&fter oral administration of Abbott-84538, Lot # 77-561-AL,
Abbott Lab., Abbott Park, IL, Auguat 1, 1994, (R&D/94/290)

Groups of male and female rats were orally gavaged Abbott-84538
at dose levels of 20 (low), 40 (mid) or 75/125 mg/kg/day (75 for
female and 125 for male, high) to determine the exposure of the
were treated daily for at least 28 days prior to mating.
Treatment continued during mating and post mating until they were
euthanized. Females were treated for at least 2 weeks prior to
mating. Treatment continued until gestational day 7. Blood
samples were collected at approximately 1, 4, 8, 12 and 24 hr
afrer the drug administration on study days 15 (females) and 28
(males) .Regults: mean pharmacokinetic parameter estimates for
Abbott-84538 are summarized in Table 11. The mean drug p.asma
concentrations for female rats were higher than those for male
rats for all dose groups (data not shown). Tmax values increased
with the increased dose size.
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Table 11
Mean pharmacokinetic parameters of Abbott-84538B in rats after
daily oral administration of 12, 40 and 125/75 mg/kg/day

Dose (mg/ke/day) Cmax (pg/m\) Tmax (hr) Cmax/D (ng/mi) AUC/D CL/F
, — (gg*hr/mi) (i/hr/kg)
20 2.1 2.4 0.10 . 0.% 2.4
40 3.3 3.3 B 0.08 0.44 ) 1.8
125/75 5.6 6.4 0.06 0.8 1.5
_ L ¥ A

24. Allomeatric Analysis of Pharmacokinetic Data of Abbott-84538
(R&D/93/677)

An allometric analysis was performed to predict the
pharmacokinetic behavior of Abbott-84538 in humans based on the
pharmacokinetics of the drug in rats, dogs and monkeys. The
plasma clearance (CLp) of total drug ranged from 0.22 l/hr/kg for
dog to 1.04 1l/hr/kg for rat after a 5 mg/kg IV dose. The
metabolism and disposition studies in dogs showed that
biotranasformation of Abbott-84538 was extensive while urinary
excretion of Abbott-84538 was minimal. Assuming the RBC/plasma
ratio ig 0.2 and the biotranaformation was mainly hepatic, the
extraction ratio {ER = £,*CL,/(Q,+f,*CL/)} wans estimated to be
approximately 0.39 for rat, 0.36 g%r monkey and 0.10 for dog,
suggesting that Abbott-84538 may not be a highly extracted drug.
The 30-80% bioavailability in animals appeared to support the
above analysis.

The hepatic clearance of drugs with limited blood cell
distribution my be dependent on three factors: 1) hepatic plasma
flow (Q, ), 2) the unbound fraction in plasma (f;), and 3) the
intrinsic clearance (CL,,) of the hepatic enzyme responsihle for
the metabolism. The matk matical relationship between these
factors io: CLy = Q, ,*£,*CL,/(Q, ,+£,*CL,). Since Abbott-84538
appeared to be not a hfghly extracted drug, its hepatic clearance
probably is not hepatic plasma flow-dependent.

The CL /Q, , ratio in the three species examined ranged from 0.12
to 0.4%, and as a first approximation, a similar ra..~ in man
would resu.it in a projectec CL, of 5.9 to 22.3 1/hr/70 ky. 1f the
CL, for man ranges from 6-22 17hr and if the metabolism is mainly
hepatic, then it would be expected that approximately 10-30% of
the absorbed dose will be eliminated by first pass metabolism,
and the apparent clearance after oral administration (CL/F) would
be approximately 6.7 to 31 1/hr/70 kg if the absorption is
quantitative. From this calculation, a daily dose of 150-750 mg
would be required to maintain an average steady-state
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concentration of 1 eeg/ml (the predicted ECy,). A NOEL of Abbott-
84538 following the oral administration to dogs for a month may
be considered as 50 mg/kg/day. Based on equivalent body surface
arca dosage conversion factor, the NOEL for human is 1750 mg/day.
Thus, the proposed dosage of 600 mg/day in huma:;: has an
approximate 3-fold safety margin.

GENERAL PHARMACOLOGY
Summary of General Pharmacology Studies

1. Central Narvous Systeam Effects of Abbott-84538
Pollowing Oral Administration in Rats and Mice and
Smooth Muscle Pharmacology in Guinea Pig lIleum
(R&D/93/587)

2. Cardiovasoular Effects of Abbott-84538 Following Oral
Administration in Normotensive Rats (R&D/93/576)

3. Cardiovascular Effects of Abbott-84538 Following
Intravenous Administration in Anesthetized Dogs
(R&D/93/486)

Review of General Pharmacology Studies:

1. Central Nervous System Effects of Abbott-84538 PFollowing Oral
Administration in Rats and Mice and Smooth Muscle Pharmacology in
Guinea Pig Ileum (R&D/93/587)

Abbott-84538 was evaluated at doses of 5, 2% or 50 mg/kg, p.o. in
propylene glycol:ethanol plus toluena. The oral administration of
Abbott-84538 in the above dose range did not potentiate the
effect of ethanol. No pharmacologically meaningful CNS effects
were ohserved in tests of motor coordination, seizure tnfeshold,
nociception and body température. Abbott-84538 (1.39*10 M) did
not have smooth muscle pharmacology in the guinea pig ileum
assay.

2. Cardiovascular Eflects of Abbott-84538 Following Oral
Administration in Normotensive Rats (R&D/93/576)

Abbott-84538 administereu orally male rats at doses of 20 or 50
mg/kg caused no pharmacologically significant effects on BP, HR
or gross behavior.

3. Cardiovaacular Effects of Abbott-84538 Following Intravenous
Administration in Anesthetized Dogs (R&D/93/486)

The objective of this study was to determine the cardiovascular
effects of Abbott-84538 following IV administration in
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anesthetized dogs. Test compound or vehicle was administered by
three IV infusions, beginning with the lowest dose and ending
with the highest dose (ie, cumulative dose response). The dosage
rates of Abbott-84538 were 1, 3 or 10 mg/kg infused over 180 min.

Hemodynamic effects (cardiac depression) were observed following
the IV infusions.

Comments: While the proposed clinical studies do not involve the
IV route of administration, the study suggested that the effect
of Abbott-84538 on cardiac performance merits attention.
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Appendix # 2

Tabulated summary of animal toxicity studies.

Table 1

Summary of acute toxicity studies

Routa & dose level
(mg/kg)

Sody surface equivelent dose in |
_Mmans (mg/ke)

oral: 300, 320,
500, 800, 126,
2000 or 2500

26.66

ive §, 50, 33, %0,

43 or 80

o= 2,08
o= 2.91

orai12%0, 500,
1000, 1500, 2000
or 2500

9
n.r

fve 8, 20, 35, 50,
6% or 80

LD = {ethal dose
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Table 2
Summary of subchronic/chronic toxicity studies

Page
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Study & Doss level Laboratery findings Target NOEL /MOAEL
route (§§/ig£¢i[) ) ) organs ‘!ll*lﬁd’lz
S-month mice 200, 400, 800 sl doses: Histiocytic microgranulome Liver and not
diet or 1000 (Liver), hepatocellular necroais, oye {dentif{ied
hepatocytomegaly; 400 and abovet
- hypsrtrophy of R <200
1-month rats 1!. mid & highi increased Liver & thyroid Liver, sye & 13
gavage i!0i11069 weights; liver- peripertal thyroid
inflesmation, multinuclieated
hepatocytes; eys: hypertrophy of the
APE: thyroid: follicular hypertroghy
3-month rats 3. n, all doses: dose-related Liver, aye & Aot
savage 1B/ 120 hopatetenieity-dense inclusions; eyes stomach fdentified
hypartrophy of RPE, retinal
degeneration; stomach: rvlorlc «25
necrosis and gastritis (mid MIM
4-month rats e5, 73 or all dosen: dose related Liver, eys, not
gavage 178/150# & hepatotoxicity-multinucleated thyroid, identified
123/100¢ hepatocytes, singie coll necroais; kidney & ,
eye: hypsrtrophy of RPl, retinal erythron <23
degerwration (high); kidney: tubular
degenetation
Jemonth rats | w0, 100, 160, all doeses: dose-related Liver, sye & not
diet 200; ¢=30, 79, hepatotoxicity; eye (mid b high): thyroid {dentified
123, 178 hypertrophy of RPE, retinal
degeneration; thyroid (mid & high) «30 ¢
folliaular epithalial cell hypertrophy _ 50 ¢
1-month dogs | 10, 50, 130/200 hight increased ALY, ALP, GGT, bile Liver, 50
gevage acid & Liver weights & decreased thymus & Q)
thymus weight distress )
3-month cogs | 10, 50, 200/100 hehi mortality, decressed body Liver & QI NOEL1 10
savays waighta) incressed AST, ALT, ALP, 0OY; distress NOARL: 30
tiver toxicity-single call necroais,
B hepatocel lular hydropic degereration
6-month dogs 10, %0, 123 mid & hight increased ALP, liver Liver, NOARL; 10
gavage mm. liver: hepstoceilular hydrnpi: !S\Fu & al
at hy! atress




NDA # 20-659 PHARMACOLOGIST’S REVIEW Page 62

Table 3

Summary of toxicities in target organs and plasma drug exposure
values (AUCs) in animals treated with Abbott-84538

_ i ___
Toricity guration of etudy AUC (pug*hr/ml)
Nepatocel lular {-santh rats 43-91
Hepatoceliular, tALY, ASY, GOY 1-month dogs 204
Hepatocelluler, Hepatobiliary J-month rats 18-21
tALY, AfY, gat 3-month dogs »200
Hepatocallular, hepatobiliary &-manth rate 14-22
T1ALT, AST, ca7
____Hepatocellular, TALP __&-month dogs_ w2 0 |
Ninimal hypertrophy of RPH 1-month rats 6391
Nypertrophy of RPE, retinal degereretion 3-month rats 43-9
{A-88-wave ampl {tudes
Hypertrophy of AR§, retingl degensration 8-month raty 01178
K {dney Tubular degeneration, hyparplastia, &-month rats t4-21
_ proteinurias : ) - _ i} 7“
Thyroid Hypertrophy of fallfeular coils 1-month rats 25-9 H
Hypertrophy of folllculer cells, {14, 1TSH 6-month rats 61-178
_Stomach Pylorie necrosis and n!!rttil _ 3-month rets 43-99
Thym 1-month

Table 4

Genotoxicity studiea summa

Teat tystem Indpoint Concentration or dosage Resul t
Aacteria (Ames test) Reverse mitation 1-10,000 ng/place (+/-99) | Negative
Wemmalian celis L5478Y mouse forward mutation 23-200 pg/ml (+19) Negative
{ymphocytes (in vitro) i - \S:?gwnl 89y
Mammalian colls human chromodoms sberration 3-30 sg/ml (+/-19) Negative
| lymphocytes (in vitro) _
~Mouse bone marrow (in vivo) microruciel 128,230,350 Negative
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Table %
Summary oi retinal changes from the rat oral gavage studies

Toxicity
) ﬁoh ~ Female
— 30 =100 w200 =300 =30 =100 2200 | =300
2 Hypertrophy af apg’ - 1/3 ¥ 4/5 - - 3/3 vy
eak Retinai rogettes - /8 . 1/% - - v -
AUC (pg*hr/ml) 18.46 19.4 120,2 306.4 50.4 | t14.4 282 287.3
- Hypertrophy of RPE - - AL - . 4710
Honth Retinal Jegenerstion - - . - - . _
_ AUC (ugthe/mt) | 3.6 7.6 | 43,3 _ i 53 2.5 1.3 o
3. Hypertrophy of RPE - 3/10 10/10 - 7/10 10/10
Nonth _Retinal degeneration - 1/1¢ 7/10 - 1/10 9/10
_ AUC (pg*hr/mi) 18 42.8 97.3 20.9 72,6 98.5
3 Hypertrephy of RPE - - /10 1710 S 2/10 0/10
j “::‘:: Retinal degeneration - - 4710 8710 - - 3/10 10710
AUC (ug*hr/mi) 6.2 21.7 37.3 93.2 1.6 23.4 | o7.1 105.4
é Hypertrophy of AdE - 5715 13/13 . 11718 P74 N N
t Retinal degenaration - 74 B MERAVA} ! : - _9/13 /s 1
- AUC (ﬁ'hr/u\) 14.3 80.7 a3.4 21.3 76.2 174.3

FPE' « retinal pigment epithelium
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Reproductive toxicity oral Abbott-84538 in rats and rabbits

a = maternally toxic dose

Study Dose level AUCs Findings NOEL/NOAEL & Body AUC equivaient
{mg/kg/day) pe*hr/ml surface equivaient doses in humans
dose in humens at 20 mg/kg/day
(mg/ky/day) (150 pg*hr/mi)
Segeent | 20 a.2¢ decreased body FO = 20 FO » 0,0%¢
(rats) 14.4¢ weights & food (humanzs2 . 83) 0.09¢
consumption (mid & Fertilicy &
40 19.7 high); hepatomegaly wdryontc Fercitity & i
) 35.1¢ (mid & high) development: 735 o & ombryonic
12%¢ (humana=10,7¢ devalopment:
125«, T3¢ b1c A17.85 o) 0.4¢
$0.%¢ 0.69
Segment 13 17.3 F0: decreasad Maternal & Maternal &
u activity, emaciation developmental: 1% davelopmental ;
{presnant (high); increased (humanse2, 14) 0.12
rats) early resorption
. %.3 (high; developmental no drug-retated
. variations: fetal malformations
cryptorchidiem
(mid), increasod
- - ossification delays,
75 (9.2 eniarged
fontanelles, wavy
ribs. cryptorchidiam
(high)
Segment 2% 1.3 F0: reduced body NOAEL for maternal Maternal &
I weights & gains, 4 developmentai: 50 developmental
(pregnant food conaumption; (humans=16,12) 0.2
rebbits) (ung discoloration
50 28.5 (high); ne drug-related
developmental fetal malformations
toxicity (reducec
I titter size,
110° increassed whole
Litter resorptions)
at meternotoxic cose
(high)
Segment 15 a slight degree of NOAEL: 60
R tranaient maternal (humanssd,%7)
(rats) 1 toxicity (diminished
body weight gain & no developmental
00 ) tood consumption) st toxicity
A _
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Appendix # 3

Tabulated summaiy cf animal pharmacokinetic studies.

Table 1
Pharmacokinetic evaluation of Abbott-84538 in mice, rate, monkeys
and dogs

Dose (mg/ig) Cose (ug/ml)
& Routae g g

a5 1V

a = the relative high F’'a may be due to saturation of metabolism
at higher doses.
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S8ingle dose pharmacokinetig;bi: ibbott-84538 in nonclinical
studies
Species Dose (mg/ky) Route Cmax Twaxt (hr) AUC 1% thr)
(ng/mi) ~{pgrhr/ml)
Mice 25¢ pe 28.6 0.7 70.07 -
2S¢ iv - - 9.4 1.1
Rats so po_ 1.3 1 3.53 0.87
10 po 1.89 2 s | e
8¢ fv ) 0.66
J 15¢ po 0.74 4-5 4.6
15¢ po 1,44 3-5 9.76
Doga ;) - po 3.58 1 8 0.86
5 iv - _ 2.7 1.07
0 po 8.1 1.4 25,94 . 1'
50 _po 16.54 1.5 75.1 - ,,h“
150 17.32 4.9 160,7 - “
Monkeys 5 po 1.08 2 2.57 1.5¢ _“
10 _po 3.82 2.1 10.38 1.37
5 v - - 8.52 2.26
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Table 3
Repeated oral dose pharmacokinetics of Abbott-84%538 in
nonclinical studies

Wmm
Species Dote (mg/kg) | Period (week) | C,,, (ng/mi) Tmax (hr) AU Ci/R
(ag*hr/mt )

25 4 2.5 5 14.3 1.8

25 12 2.5 2.9 19.49 1.3

Rats 75 4 4.2 7.6 48,14 1.6
73 12 4.6 6.9 57.7 1.4

175 4 4.5 1.6 86.08 2.2

175 12 7 5.5 97.3 1.8

10 2 ) 1.6 18.3 3.4

Dogs 10 12 8.7 ) 1.5 26.4 0.5
50 2 13.7 2 ) 46.8 2.1

50 12 14.8 2.3 65,3 1.2

200 14 r+ 1 3.5 269 2.6

Table 4
Summary of metabolism and excretion of "C-Abbott-84538 after a
single 5 mg/kg iv, 20 mg/kg intra-duodenal (id) or 20 mg/kg oral
dose in rats and dogs

14

Parameters Rats —_— Dogs
X of total dose radioactivity % of total dose radioactivity
iv po or id _ fv po or id
Urine 1.8 2.1 _ 4 3.8
Feces 7 92.8 93.7 98.4 93.2
Bfle 7.7 21.6 39.8 10
Metabolite:bile M-11 (13.2%) M-11 C(17.7%) -5 (10%) M-6 (13%)
feces M-2 (22.9%) M-2 (14.2X) M-8 (32.5%) M-8 (9%)
urine N-9 (34.8%) M-1 (30.1%) K-2 (57.5%) N-2 (48%)
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Appendix # 4

Tabulated summary of human pharmacokinetic studies.

F: 61% for 100 mg dose
85% for 1000 mg dose

Based on an average from a series of clinical studies, the plasma
drug exposure (24 hr AUC) in humans is 150 ug*hr/ml at a dose of
600 mg, bid or 1200 mg/day (approximately 20 mg/kg/day).

Table 1
Mean pharmacokinetic parameters of Abbott-84538 after single oral
doses in healthy HIV-positive male volunteezs

Dose (mg/da
Parameters :
Fasting Nonfasting
600 1000 600 1200
Cmax (pg/mt) 9.34 12.7 12.5 24.2
HVV AUCo . (ug*hr/ml) 81.1 KL 132 298
l _ Tmax (hr) 2.8 3.1 h.b 3.8
Ctr, $Y4.08) 0.077 0.103 0.1 0.094
Cl/F 10.7 8.61 6.16 4.42
Ty 8 (hr) 2.9 3.% 2.7 3.2
(X) unchanged drug in urine
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Tabla 2
Single dose pharmacokinetics of oral Abbott-84538 in HIV-positive
male volunteers

(R
Dose (mg/kg) % (hr) Coamx (pu/ml) Cmax/dose Ymax (hr) AUC AUC/dose
(ng*hr/mi)
1.4 6.4 0.41 03 | 3.8 3.92 2.8
2.9 5.1 2.1 ore 2.2 15.4 5.31
5.7 4.9 5.3 0.93 3.4 36.3 6.37
8,6 2.9 9.34 1.0% 2.8 81.1 - 9.4
11.4 3.3 12,6 1.11 3.0 111 9. 74
14.3 3.5 12.7 0.89 3.1 123 8.6
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Appendix # 5
Comparison of animal doses with the human therapautic dose.

Table 1
Comparison of kinetic data from subchronic/chronic rat und dog
toxicity studies with the human therapeutic dose of 20 wg/kg/day

Dose level Cmax AUC NOEL/ 88A: AUC:
Study (mg/kg/day (ng/mt) (ag*hr/mi) NOREL Equivalent Equivalent
dose in man dote in men
Rat 1-month 15 0.62¢ 3. 640 15 2.16 0.48«¢
0.77¢ 5.349 0.719
50 3,40 27.60
2.12¢9 24.5¢
150071009 5.660 63 .20
5.510 91.3¢ i
Rat 3-month 25 2.62¢ 180 not <2.4d
2.41¢ 219 identifi <2.8¢
ed
s 3.53¢ 42.7¢
5.72¢ 772.7@77 25 <3.57
1750/125¢ 7.03« 97.3¢
6.49¢ 98.4¢
Rat é-month 23 2.1 14.3¢ not <1.9¢
2.39 21.%¢ {dentifi <2.89
od
s 6.9 80.7¢
A.5¢ 76.29 <2% <3.57
175/150¢ b.2¢ 3.4
125/100¢ 119 1740
Dog 1-month 10 6.6 21.4 _ 50 25 2.28
50 5.2 17.4
150/200 20,6 240.3
Dog 3-month 10 8.7¢ 5.1 50 25 10.60
— _ 8,99 27.79 6.79
50 18.3¢ 80.2¢
11.49 50.5¢
2007100 23.2¢ 147.1¢
_ 26.29 222.3¢
Deg »-month 10 4.4 18.3¢ 10 3 2.b4e
6.39 _25.7¢ 3.42¢
64,20
1349
1150
204¢
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CLINICAL PHARMACOLOGY/BIOPHARMACEUTICS LABELING COMMENTS

NDA: 20-659 and 20-680 Reviewers: Drs, K. Kumi, B.Davit, K. Reynolds
Drug: Ritonavir Liquid and Capsules Date: 1/19/96
Applicant; Abbott Labs

The following comments are provided after initial review of the draft proposed label. The
racommendations as to the format and content of the label are intended to aid in the
ravision of the pharmacokinetic section of the proposed label. Additional comments will be
forwarded as they become available. The Applicant should submit a revised label
incorporating the following recommendations.

CLINICAL PHARMACOLOGY:

-Delete the first paragraph of this section and incorporate the information into the ADME
sactions as appropriate.

-Include information in the initial paragraph regarding the studies which constitute the
pharmacokinetic/pharmacodynamic data base; such as numters of heaithy volunteers,
numbers of patients, range of doses and formulations studied.

-Define non-fasting conditions (kcals, % fat, % protein, % carbohydrate).

-Delete the statement regarding the bioaquivalence of the capsule and liquid formulations.
A statement comparing tha AUC of the 2 formulations can be incorporated.

-Delete the sta.2iment regarding absolute bioavailability being greater than 60 tn 80%.

-Delete animal information.

Metabolism:
-Delete the first sentence.
-Information on the elimination of matabolites should be moved to the excretion saction.

-The first sentence refers to results from different studies and should be divided into at
least Z separate sentences which describe the irndividual studies.

-Results which come from radiolaLelled studies should be clearly identified.

-The ssction on the pharmacokinetics of ritonavir in renal insufficient patients should be
moved to special populations.

-This section should contain the results from drug interaction studies submitted in the NDA
(see general comments).

-Recommendations as to what precautions should be taken for particular drugs should be
included in the PRECAUTIONS section.



Iable 1.

-It appropriate, pool data for the clinically relevant dosing regimen and include n values,

PRECAUTIONS:

-This section should provide precautions to be taken against potential interactions when
there is coadministration of drugs based on the drug interaction studies and general
knowledge of the pharmacokinetics and metabolism of ritonavir,

GENERAL COMMENTS

-Define abbreviations the first time they are used.

-Provide sample size, dose, means and standard deviations for reported parameters and
parameter changes.

Y. Nanmad 19/ %4

Kofi A. Kumi, Ph.D.

Reviewer

Antiviral Drug Section

Office of Clinical Pharmacology and Biopharmaceutics
Division of Pharmaceutical Evaiuation iiI

Concurrence: _ /1/94

Antiviral Drug Section
Office of Clinical Pharmacology and Biopharmaceutics
Division of Pharmaceutical Evaluation IlI
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CLINICAL PHARMACOLOGY/BIOPHARMACEUTICS REVIEW

NDA: 20-659 & 20-680 REVIEWERS: Drs. K. Kumi, B. Davit, J. Lazor,

DRUG: Ritonavir oral solution 80 mg/mL K. Reynolds

and capsules 100 mg (NORVIR™) SUBMISSION DATES: 12/21/96, 2/6/96,
2/8/98, 2/14/96

APPLICANT: Abbott Laboratories REVIEW DRAFT: 2/19/96

TYPE: NME REVIEW FINAL: 4/15/98

This review contains a summary of the studies that were reviewed from the studies
submitted to Section 8 (Human Pharmacokinetics and Bioavailability) in support of NDAs
20-6859 and 20-880. Individual data are on file in the Division of Pharmaceutical Evaluation
N (HFD 880).

The applicant is seeking approval of ritonavir (NORVIR™) oral solution (80 mg/mL) and
capsules {100 mg). Ritonavir is a protease inhibitor which is indicated in combination with
nucleoside analogues or as monotherapy for the treatment of HIV infection. Inhibition of
HIV protease renders the enzyme unable to process the gag-pol polyprotein precursor
which leads to production of non-infactious immature HIV particles,

SYNOPSIS:
Mass Balance

in § male subjects given a single 800 g dose of ritonavir spiked with '*C-ritonavir, Cmax
was 13,68 + 1.9 ug-equivalents/mbL, AUCo-t+ was 135 + 20 yg-squivaients/mL, Tmax was
44+09h Tw was 6,.2+1.6 h, and p was 0.145 £0.045 h', Most of the plasma
radioactivity was due to parent drug, with a very small contribution from the M-2
metabolite. Over € days following dosing, 11.3+2.3 and 86.4 + 3.0% of the radioactive
dose was recovered in urine and feces, respectively. Five metabolites were identified in
urine and feces. Ritonavir contributed about 40% of the total facal radioactivity, and M-2
about 30%. With the limited data obtained in this study, it was not possible to accurately
determine the percentage of an oral dose of ritonavir absorbed. The major isoforms
involved in the metabolism of ritonavir are CYP 3A and 2D8. The isopropyithiazole
oxidation product (M-2) is the major metabolite and it has antiviral activity similar to
ritonavir, howaver, the plasma concentrations are low, |

Dose P.oportionality

Single dose administration of ritonavir (encapsulated liquid formuilation) to fasiing and
nonfasting subjects displayed dose-dependent pharmacokinetics. Both mean AUC. and
Cmax increased greater than dose proportionally when doses from 100 mg to 600 mg were
administered Normalized mean AUC. and Cmex values were similar across the 600 mg to
1000 mg dosu range. The dose-dependent pharmacokinetics observed at doses up to 800




mg are consistent with saturable metabolism by CYP3A4 and CYP2DS8.
Multiple Dose Pharmacokinaetics:

Muitiple dose administration of ritonavir 300 to 800 mg q12h to HIV + volunteers for 28
days also displayed dose dependent pharmacokinetics during the first 7-14 days of therapy,
however, after about 14 days, dose independent pharmacokinetics was observed. Dose
normalized AUC, Cmax and Cmin obtained on day 21 ware not statistically significantly
different betwaen doses. Day 21 CL/F was similar among the dose groups. The applicant is
recommending a dose of 800 mg q12h.

After muitiple dose administration of ritonavir 800 mg q 12h for 28 days to HIV + patients
(baseline CD4 + 60 cell counts/mm?, N=10), day 21 mean = SD AUC12, Cmax and Cmin
were 77.5 £31.6 ug*h/mlL, 11.2+ 3.8 ug/mL and 3.0+ 2.1 ug/inL, respectively. Tmax, CL/F
and T1/2 were 3.3+ 2.2h, 8.9+ 3.2 L/h and 3.2h, respectively. Trough (pre-morning dose)
concentrations decreased with time. Day 28 mean trough concantration was 80% lower
than day 3 mean trough concentration, but day 14 mean trough concentration was not
significantly different from day 28. The decrease in trough concuntrations with time is an
indication that ritonavir may be inducing its own metabolism.

Summary of Ritonsvir Pharmacokinetic Characteristics

Parameter Values (Mean £ 8D} N
Cman. 88° 11.223.08 ug/mlL - 10
Cirougn, 58’ 7 3.72.0 ug/mlL 10
VWF* | 0.4140.28 Likg 91
tvz 3-8h

AUCI12.58" 77.8231.8 ug.himl AL
cur ] 8.6:3.2Lm 10
cur 46 21.60LM e
Cin V fD‘ Lth 82
ABC/Plasma Ratio ’ 0.14 £0.09 ]
Percent Bound® 98- 99%

S5 = steady state ; patients taking ritonavic 800 mg ql2h
'Single ritonavir 800 mg dose

®Primarity bound to human serum atbumin and alpha-1-acid glycoprotein; piasma protein binding Is constant over the
concentration range of 0.01 . 30 ug/mL

Bloavailability/Food Effects

The absolute bioavailability was not determined because an intravenous formulation was
not available. A comparison of the commaercial capsule versus the commercial liquid
formulation is not available; however, the commaercial liquid (K-6) and capsule (L)
formulations were compared to formulation A, which was used in phase | and |i clinical



studies, and found to be bioequivalent under nonfasting conditions. Formulation K-5 was
used in phase Il and Ill clinical studies.

Following administration of a single 600 mg dose of ritonavir (encapsulated liquid
formulation) in the non-fasting state (968 kcal, 8569% fat), AUC- was increased 79+ 69%
and Cmax was increased by 51+ 70% when compared to administration of a similar dose of
ritonavir under fasting conditions. The increase in AUC. was statistically significant.
Variability was similar when ritonavir was administered fasting or non-fasting; %C\Vs for
AUC- were 85% and 63%, respectively. Based on these results, ritonavir was administered
with meals throughout the clinical trials.

The bioavailability of 600 mg ritonavir liquid formulation K-5 administered under non-fasting
conditions was not altered when administered mixed (within 1 hour of administration) iri
Advera, Ensure, or chocolate milk compared to when administered with water.

The administration of ritonavir as Formulation K 5 after a 514 Kcal meal (408.3 Kcal
carbohydrate, 81.7 Kcal protein, and 48.3 Kcal fat) resuited in an approximately 10%
lower AUC (Fed:Fast ratio 0.93 +0.14) and about a 20% lower Cmax (Fed:Fast ratio 0.79
+ 0.17) than when administerad under fasting conditions. Food caused a delay of about 2
to 2.5 hours in Cmax.

The administration of ritonavir as Formulation L after a 770.5 Kcal breakfast (364.4 Kcal
fat, 285.1 Kcal carbohydrete, and 138.7 Kcal protein) rasulted in an increase in AUC of
about 15% (Fed:Fest rativo 1.18 + 0.25) and a reduction in Cmax of about 10% (Fed:Fast
ratio 0.93 1 0.23). Tmax was prolonged about 2 hours when Formulation L was
administered after a high fat breakfast.

Bioequivalence

Formulation K-6 is bioequivalent to formulation A and K-4Y when administered as a single
600 mg dose after a 514.3 Kcal mea! (406.3 Kcal carbohydrate, 681.7 Kcal protein, 46.3
Kcal fat). The 90% Cls on Ln transformed AUC and Cmax were 86.4% - 103.3% and
85.0% - 99.1%, respectively, for the formulation K-5 to formulation A comparison. The
90% Cis on Ln transformed AUC and Cmax were 856.7% - 102.5% and 86.6% - 101.0%,
respectively, for the formulation K-5 to formulation K-4Y comparison.

The bioequivalence of formulation L to formulation A was irvestigated in 3 studies when
administered as single doses after low and high fat meals. Formulation L was bioequivalent
to formulation A when administered as a single 600 mg dose aftar a 514.3 Kcal breakfast
(406.3 Kcel carbohydrate, 81.7 Kcal protein, 46.3 Kcal fat). The 90% Cis for AUC and
Cmax were 89.7% - 99.6% and 94.8% - 106.9%, respectively. Formulation L was
bicequivalent to formulation A when administered as a single 500 mg dose after a 514.3
Kcal meal (408.3 Kcal carbohydrate, 81.7 Kcal protein, 46.3 Kcal fat). The 90% Cls for
AUC and Cmax were 89.8% - 101.4% and 88.4% - 100.9%, respectively.

Formulation L was aiso found to be bioequivalent to formulation A when administered as a
single 600 mg dose following a 770.6 Kcal breakfast (354.4 Keal fat, 285.1 Kcal



carbohydrate, 138.7 Kcal protein). Tha 90% Cls for AUC and Cmax were 82.6% - 96.6%
and 88.9% - 108.3%, respectively.

As stated above, formulations K-5 and L are bioequivalent to formulation A when the
formulations are administered after a meal. The proposed ritonavir label states that ritonavir
can be administered without ragard to meals. The patients in the pivotal clinical trials were
instructed to take formulation K-5 with food. Food resulted in about a 7% reduction in
ritonavir AUC and a 23% drop in Cmax, relative to fasting conditions. Administering
formulation K-5 in the absence of food should slightly increass exposure. The proposed
commercial oral solution (formulation K-5) could be administered without regard to meals,
however the reviewer feels less assured of this statement as it applies to the proposed
commaercial capsule (formulation L). Study M856-360 was designed such that a comparison
between formulation L-fasting and formulation A-fed can be made. The resulting 90% Cls
for AUC and Cmax were 71.7% - 83.9% and 98.5% - 120.0%, respectively. These resuits
raise a question as to how formulation L- fasting compares to formulation K-5 nonfasting or
fasting. Because the patisnts were instructed to take formulation K-5 after meais in the
clinical studies, and because the applicant feels that concentrations are important, and
because the only link of formulation L to formulation K-5 is through a comparison to
formulation A-fed, the labeling should state that formulation L be administered with meais.

Gender

There were no statistically significant gender differences in AUC, Cmax, Cmin, or 8 in
healthy male and famale subjects (n= 12) given 8600 mg ritonavir q12h for 6 days, and
there was no association betwean AUC and body weight or lean body mass. It is
recommended that the label state that there were no differences in the pharmacokinetics of
ritonavir in males and females.

Chronopharmacaokinetics

There was significant diurnal variation in ritonavir pharmacokinetics. In the gender study,
following the AM dose, mean Tmax was 2 h earlier, mean Cmax was 3 1% higher, and mean
AUCO-t was 14% higher than respective mean parameters obtained following the PM dose.
Similar diurnal variation was observed in multiple dose studies in HIV + patients. The
mechanism for the diurnal variation is not clear but it is postuiated to be related to increase
in bile secretion in the morning which may enhance the solubility of ritonavir. The small
diurnal variation is not considered clinically significant.

Genotype

CYP2D6 genotype was determined in the fluoxetine-ritonavir interaction study. Subjects
were determined as wt/wt (homozygous wild-type axtensive debrisoquine matabaolizers) or
B/wt (heterozygous, with one wild-type allele and one aliele for nonfunctional enzyme).
The ritonavir B was significantly lower (by 15-20%) in B/wt individuals than in wt/wt
individuais. This small effect is not considered clinically significant.

CYP2D8 genotyps was aiso determined in the desipramine-ritonavir interaction study. The



ritonavir AUC was significantly {(34%) higher in 8/wt individuals on the first day of dosing
with ritonavir alone, but after 5 and 9 days of dosing, there was no significant difference in
ritonavir AUC values of 8/wt v8 wi/wt individuals.

Drug Interactions

Clarithromycin- Clarithromycin (600 mg bid) coadministration increased the AUC24 and
Cmax of ritonavir (200 mg q8hr) by 13+ 20% and 14 +24%, respectively. Thesa changes
were not clinically significant.

Desipramina- Desipramine (single 100 mg dose) had no effect on ritonavir (500 mg q12h
tor 4 days) pharmacokinetics.

Ridapgsina- Didanosine (200 mg q12hr for 4 days) did not significantly alter the
pharmacokinetics of ritonavir (600 mg q12hr for 4 days). Ritonavir decreased the
didanosine AUC24 by 11+ 17% and Cmax by 13+ 17%. These changes were not clinically
significant.

Eluconazola- Fluconazole {single dose 400 mg on Day 1, 200 my q24h for 4 days)
significantly increased the AUC (by 12+ 8%) and Cmax (18 + 10%) of ritonavir (200 mg q6h
for 5 days), with no effects on the rates of ritonavir absorption or elimination.

Eluoxetine- Fluoxetine (30 mg q12h for 8 days) significantly increased the AUC (by
22 +23%) and aecreased B (by 17 + 14%) of ritonavir {single 600 mg dose), with no effect
on the rate of ritonavir absorption.

Zidovudine- Zidovudine (200 mg qB8h for 5 days) had no effect on ritonavir (30C mg q6h for
5 days) pharmacokinetics.

Clarithromygin- Ritonavir {200 mg q8hr} coadministration incraased the clarithromycin
(600 mg bhid) AUC24 by 86 + 568% and increased Cmax by 38 £40%. Ritonavir inhibited 14-
OH-clarithromycin formation by cytochrome P450 mediated biotransformation. The ritonavir
label should describe the effects of ritonavir on clarithromycin pharmacokinetics. The
current clarithromycin label states that in the presence of severe renal impairmant
decreased doses or prolongation of dosing intervals may be appropriate; a statement to this
effect should also be included in the ritonavir label ragarding the ritonavir-clarithromycin
interaction.

Desipramine- Ritonavir (300 mg q12h on Day 1, 400 mg q12h on Day 2, 500 mg q12h for
2 days) significantly increased the AUC (by 172+ 84%), Cmax (by 28 £ 27%) and Tmax {by
67 +68%) of desipramine (single 100 mg dose). Ritonavir decreased the desipramine by
53 + 8% in rapid debrisoquine metabolizers and by 42 + 13% in individuals with one active



CYP2D8 allele and one inactive allels. The active matabolite 2-OH desipramine Cmax and
were significantly decreased by 66 + 8% and 45+ 12%, and Tmax was about 2-fold longer.
It is recommended that the label state the effect of ritonavir on the AUCs of desipramine
and 2-OH desipramine. A reduction of the dosage of desipramine and other tricyclic
antidepressants and monitoring of plasma concentrations and adverse avents when these
drugs are coadministered with ritonavir should be considered.

Ethinyl estradiol- Ritonavir (300 mg q 12h on Day 1, 400 mg q 12h on Day 2, 500 mg q
12h for 14 days) significantly decreased the AUC (by 38 + 20%) and Cmax (by 30+ 19%)
and significantly increased { (by 21 + 16%) of ethinyl estradiol (single 50 ug dose). Itis
racommended that the label state the effect of ritonavir on the AUC of ethinyl estradiol and
mention that alternate contraceptive measures should be considered.

Bifabutin- Ritonavir (300 mg q12h on Day 1, 400 mg q12h on Day 2, 500 mg q12h for 8
days) markedly increased the AUC (by 3.5-fold) and Cmax {by 5.5-fold) of rifabutin (150 mg
q24h for 10 days). The AUC and Cmax of the active metabolite 25-O-desacetylirifabutin
were both increased about 30-fold. It is recommended that the label state the effect of
ritonavir on the AUCs of rifabutin and 25-0O-desacetylrifabutin and recommend that patients
receive alternative medication for antimycobacterial therapy.

Saguinavir- The applicant has reported {not officially submitted} that ritonavir has a
profound inhibitory effect on the metabolism of saquinavir following single and multiple
dosing, The safety of this combination has not been established and the label will indicate
that the two should not be givan concomitantly.

Theophvlline- Ritonavir (300 mg q12h on Day 1, 400 mg q12h on Day 7, 500 mg q12 hr
for 8 days) sigmficantly decreased the AUC (by 43 £ 8%}, Cmax (by 31+ 13%) and the
elimination T% (by 40-45%) of theophylline (3.2 mg/kg q8hr for 10 days). It is
recommended that the label state that plasma concentrations of theophylliine should be
monitored in patients taking both drugs and a theophylline dosage increase may be
required.

Irimethoprim/sulfamethoxazola- Trimethoprim/sulfamethoxazole (160 mg/800 mg) was
administered without ritonavir and with steady-state ritonavir (500 mg q12hr).
Suifamethoxazole AUC. decraased by 20 + 6% and elimination rate increased by 21+ 12%.
The increase in sulfamethoxazole systemic clearance could not be entirely attributed to
increased N-acetyl-suifamethoxazole formation. Trimethoprim AUC48 increased by

20+ 36%. The mechanism for the change in trimethoprim pharmacokinetics in the presence
of steady state ritonavir concentrations was not clear. Given the magnitude of the
opposing changes in sulfamethoxazole and trimethoprim AUC and the wide safety margin
of the synergistic combination, the noted pharmacokinetic changes generally are not
clinically relevant. However, some patients may experience increased adverse eavents due
to trimethoprim, particularly at the doses of trimethoprim/sulfamethoxazole administered
for active treatment of pneumocystis carinii pneumonia.

Zidovudine- Ritonavir (300 mg q8h for 6 days) significantly decreased the AUC (25 + 10%),
and increased CL/F (by 36 + 18%) of zidovudine (200 mg q8h for 5 days), but had no



effect on zidovudine glucuronide pharmacokinetics.

General Comment on Drug Interaction Studies: It must be noted that in several of the drug
interaction studies, ritonavir doses used were lower than the recommended dose of 600
mg q12h. Therefore, it is not known if the magnitude of the changes in pharmacokinetic
parameters would have been the same if the recommended dose was used.

Special Populations
Peadiatrics- Pharmacokinetics has not been studied in childran.
Eldarly- Pharmacokinetics has not been studied i1 adults over the age of 65,

Renal impairment- No pharmacokinetics studies in renal insufficient patients were
conducted but less than 2% of an edministered dose is secreted in the urine; therefore,
dosage adjustment in renal insufficient patients may not be necessary.

Hepatic impairment- Pharmacokinetic studies in hepatic impaired patients were not
conducted. Ritonavir is extensively metabolized in the liver, therefore, hepatic insufficient
patients should be carefully monitored and doses adjusted as needed.

Pharmacokinetic/Pharmacodynamic Relationships

No analyses correlating ritonavir pharmacokinetic parameters with effect were conducted.
However, in a couple of studies, exploratory ANCOVA analyses were conducted to
determine whether baseline disease state (CD4 + and Viral RNA) had any effect on AUC,
Cmex and Cmin. These analyses were evaluated by Dr. Ene Ette of the Pharmacometrica
branch of OQCPB and he detarmined the ANCOVA modals used in the analyses were
accurate. No clinically significant correlation between baseline CD4 +, viral RNA and the
pharmacokinetic parameters was observed.

The applicant conducted a preliminary evaluation in thirteen patients (from study M93-112)
comparing the rate of mutation and steady stata ritonavir AUC12. A trend of siower
resistance development with higher AUC was observed; however, confounding factors
such as immune status, viral burden and the numher of preexisting mutants that were less
susceptible to protease action were not evaluated simultaneously.

The applicant reported that the incidence of selected adverse events (nausea, vomiting and
sensory neurologic events) was higher during the initial days of drug therapy. Ritonavir
trough concentrations were also higher during the early days of ritonavir therapy and the
concentrations declined to stable levels about 7 to 14 days following initiation of therapy.
No analyses were conducted to directly correlate the higher incidence of adverse events
reported with the higher concentrations observed during the initial days of drug therapy.
Therefore, other factors, such as the bitter taste of the oral solution, cannot be ruled out as
the cause of some of the adverse events.



Dissolution

The dissolution of ritoniavir capsules significantly improves w.th age. The dissolution
specification proposed by the applicant was based on data from lots that were at least 30
days old. To prevent holding lots for at least 30 days prior to release, an interim
specification was decided upon. During the interim, additional dissolution data from
production lots will be collected both at the end of encapsulation and at least 30 days after
the manufacture of the capsules. The data will be used to set a permanent dissolution
specification no later than one year after approval.

The following interim dissclution method and specification have besn set for ritonavir
(NORVIR™) capsules:

1. if a lot fails to mest the in process digsolution specification, it may be retested after at
least 30 days from the date of manufacture. If it then meets the specification for an aged
lot, it may be reieased.

2. The applicant was asked and agreed to generate Jissolution profiles at 15, 30, 60, 90,
120, 150 and 180 minute time points for production batches of NORVIR using the
proposed method. The profiles will be generated within 5 days of the date of manufacture
and again when the lots are at least 30 days old. The 150 and 180 minute time points for
lots that are at least 30 days old may be omitted. The testing should be conducted on 12
capsules.

3. The applicant was asket " agreed to generate comparative dissolution profiles at 30,
60, 90, 120 and 180 minutes i<+ paddie speeds of 50, 756 and 100 rpem using apparatus 2
and 0.1N HCI for sufficient production scale lots (minimum of 3 lots) to enable svaluation
of paddle speeds. The data will be generated within 5 days of manufacture and again after
the lots are at least 30 days old. The 150 and 180 minute time points for lots that are at
least 30 days old may ba omitted.

4. The requested dissolution data should come from either commercial batches produced
within the first year of approval or the first twenty batches manufactured, whichever

comes first. The dissolution method and specification will be reevaluated when the data are
submitted.

The above spacification was discussed with the applicant in a teleconferance on 2/27/96
and the following interim specifications were agreed upon.



Acceptance Criteria for Ritonavir 100 mg Capsules, 1-56 Days after Manufacture

Stage No. Testsd Limits {%L.A. of Ritonavir} at 150 minutss

s 8 caps 7 Each capsule NLT? B0%

S2 12 caps Average of 12 capsules NLT 78%, no capsuie iess than 60%

S3 12 caps Average of 24 capsules NLT 76%, no more than 2 capsules isss than 60% and

no capsule less than 50%

Acceptance Criteria for Ritonavir 100 mg Capsules, 30 + Days after Manufacture

Stage No. Tested Limits (%L.A. of Ritonavir) at 90 minutes

St 8 caps Each capsule NLT 80% ) )
S2 6 caps Average of 12 capsules NLT 75%, no capsule lesg than 60%

S3 12 caps Averagse of 24 capsules NLT 75%, not more than 2 capsules less than 60% and

no capsule less than 50%

'NLT: Not Les= Than

When these interim specifications were set, the applicant informed the Agency that the
following lots 13-789-AF, 13-790-AF, 14-803-AF, 14-804-AF, 14-805-AF, 14-B06-AF, 14-
815-AF, 14-852-AF, 14-849-AF, 14-850-AF and 14-851-AF were in process and were
older than 5 days but less than 30 days. It was decided that these lots could be tested
within 6 to 29 days after manufacture and if they meet the spacification for 30 + day lots,
they may be released.

CONCLUSIONS

The applicant provided adequate information to enable the evaluation of the
pharmacokinetics of ritonavir in healthy volunteers and patients with CD4 +cell counts
250/mm?3. The pharmacokinetics in patients with CD4 + <50/mm? could not be evaluated
from the data provided. The pharmacokinetics of ritonavir appeared to be linear after about
14 days of therapy with 800 mg q12h. A direct bioequivalence study linking the two
commercial formulations (oral capsules and solution} was not conductsd; however, both
the commarcial oral capsule and solution formulations were found to be bioequivalent to
the original liquid formulation used in phase | and Il trials. The commercial oral solution was
used in the phase !l clinical trials. The applicant should continue to examine the
relationship between concentration and effect and the influence of covariates such as
diarrhea and concomitant medications on the pharmacokinetics of ritonavir. The applicant
has an ongoing study evaluating the pharmacokir.etics in the pediatric population. The
applicant should study the interaction between ritonavir and more potent CYP3A inhibitors
such as ketoconazole. The applicant is evaluating the influencs of potent inducers of
CYP3IA such as rifampin on ritonavir pharmacokinetics.

Phase IV Commitments

The applicant agreed to the following phase IV commitments. They will submit the results
of the drug interaction study between rifampin and ritonavir {study M95-289),
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The applicant will study the effect of potent enzyme inhibitors, such as ketocoi:azole,
itraconazole and erythromycin on the pharmacokinetics of Ritonavir.

The applicant will evaluate the pharmacokinetics of ritonavir in patients with hepatic
insufficiency and in patients with renal impairment in ongoing studies.

Label

A copy of the approved label is on file in the Division of Pharmaceutical Evaluation lll.

RECOMMENDATION

The Human Pharmacokinetics and Bioavailability Section of NDA 20,659 and NDA 20,680
has mat the requiremants of the Code of Federal Regulations 320 and the clinical
pharmacclogy labeling requirements of the Code of Federal Regulations 201.56 thus
supporting approval of tha NDAs.

Advisory Committee - February 29, 1996,

Biopharm Day - February 22, 19986.

Participants: Drs. N. Fleischer, L.Lesko, J. Lazor, J. Collins, M-L.. Chen, P. Hepp, R.
Baweja, J. Jenkins, K. Kumi, B. Davit, K. Reynolds, J. Murray and Ms. K. Stiuble

winen. JETRT 47 /s
K ,

ofi A. Kumi, Ph.D.

éﬂ!bﬂél Y %‘LI!!.Z‘ q/o?'m'

Barbara M. Davit, Ph.D.

oo 4/l

_Kallie S. Reynolds, Pharm.D.

QT ‘2‘// "l/m/%z

azor, Pharm.D.

nti-Viral Drug Section
Division of Pharmaceutical Evaluation Il
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DIVISION OF ANTIVIRAL DRUG PRODUCTS
Review of Chemistry, Manufacturing and Controls

NDA #: 20-659
CHEMISTRY . REVIEW #: ! DATE REVIEWED: 27-Feb-96
SUBMISSION TYRPE DOCUMENT DATE CDER DATE
Onginal 20-Dec-95 21-Dec-95 26-Dec-95
Amendment (BC) 25-Jan-96 26-Jan-96 27-Jan-96
Amendment (BC) 2-Feb-96 5-Feb-96 6-Feb-96
Amendment (BC) 19-Feb-96 20-Feb-96 27-Feb-96
Amendment (BC) 27-Feb-96 28-Feb-96 28-Feb-96
NAME / ADDRESS OF APPLICANT: Abbott Laboratories
Dé:én 491, Bldg. AP6B-1
Abbortt Park Rd.
Abbott Park, Il 60064-3500
DRUG PRODUCT NAME
Proprietary: NORVIR™
Nonpropriefary: Ritonavir
Code Name/#: ABT-538 or A-84538.0
PHARMACOLOGICAL CATEGORY: Antiviral
INDICATION: , Anu-HIV 7
DPOSAGE FORM/STRENGTH: Oral Solution, 80 mg/mL, 90- and 240-mL bottles
ROUTE OF ADMINISTRATION: Oral
CHEMICAL NAME / STRUCTURAL FORMULA:
10-Hydroxy-2-methyl-5-(1-methylethyl)-
1-[2-(1-methylethyl)-4-thiazolyl]-3,6-
dio0-8,11-bis(phenylmethyl)-2,4,7,12-
tetraazatridecan- 13-oic acid, 5- j\
thiazolylmethyl ester, [5S-(SR*, 8R*, e dh Y\K“N
10R*, 11R*)} €

, . x Hy H
Registry Number [155213-67-5] d

C37H43NgOsS; Formula Wcight: 720.95
SUPPORTING DOCUMENTS:



Chemistry Revicw of NDA 20-659

NC dated 17-Nov-95 (Response to labeling recommendation on earlier tradename)

NC dated 19-Dec-95 (Response to Environmental Assessment deficiencies)

Record of CMC questions which were raised during 5-Jan-96 meeting with Applicant.

18-Dec-96 Teleconference (Request for DMF# and LOA for artificial flavor, and schedule of
stability updates)

Facsimile of 29-Jan-96 (CMC questions regarding intermediate from Archimica S.p.A.)

Facsimile of 1-Feb-96 (Response describing Archimica intermediate)

Facsimile of 7-Feb-96 (Response to CMC questions on methods validation samples)

Desk copy dated 15-Feb-96 (Stability update on oral solution)

Facsimile of 20-Feb-96 (CMC comments on carton/container labels)

Facsimile of 21-Feb-96 (CMC questions regarding drug st bstance and oral solution)

Facsimile of 23-Feb-96 (Response to CMC questions on enantiomeric purity and batch sizes)

NC dated 23-Jan-96 (Resgonse to CMC questions of 18-Dec-95, and container/carton labels)

Facsimile of 24-Feb-96 (CMC comments regarding limits and expiry for the oral solution)

Facsimile of 26-Feh-96 (Response to proposed limits and expiry for oral solution)

Facsirgilc of 26-Feb-96 (CMC recommendations on limits and retest period for the drug
~ubstance)

26-Feb-96 Teleconference (Negotiation of limits and expiry for oral liquid)

27-Feb-96 Teleconference (Negotiation of limits and retest period for drug substance)

Facsimile of 27-Feb-96 (Final agreement on limits and expiry for DS and DP)

Facsimile of 28-Feb-96 (CMC recommendation for bulk drug storage statement)

Facsimile of 29-Feb-96 (Final agreement on bulk drug storage statement)

Chemistry Reviews of IND

Chemistry Review of NDA 20-680 (ritonavir capsules 100 mg)

Trade name reviews by CDER Labeling and Nomenclatire Committee.

Environmental Assessment reviewed by HFD-005.

Product specific inspection of four manufacturing and quality control sites.

Evaluation of stability data, impurity limits and expriry period using statistical methodology
by Daphne Lin, Ph.D., Office of Biometrics.

Data search on 3-Jan-96, by Kyung Kim, Div. Drug Information Resources, for cyrrent use in
human drugs of Florasynth's Creamy Caramel Flavor (WL-23,669).

Data search on 15-Feb-96, by Kyrung Kim, Div. Drug Information Resources, for current use
in human drugs of polyoxyl 35 castor oil.

Clarification of status of FDC Yellow #6 dye with Drs. Sandra Bell (HFS-126) and Aydin
Orstan (HFS-217) on 14/15-Feb-96.



Chemistry Review of NDA 20-659

REMARKS / COMMENTS:

DRUG SUBSTANCE: Satisfactory

Ritonavir is an inhibitor (Ki = 0.02nM) of the HIV-encoded aspartyl protease that is required
for the cleavage of the gag-pol polyprotein into its constituent proteins. Ritonavir is a highly
modified substrate analog which inhibits replication of HIV-1 clinical isolates with ECsg
values in the range of 4-40 nM. In plasma ritonavir is highly protein bound (99%), with
moderate distribution into erythrocytes (14% relative to plasma) and low levels in
cerebrospinal fluid. In clinical trials, doses of 600 mg BID have resulted in elevation of CD4
counts (+80 cells at 16 weeks), reduction of plasma levels of viral RNA (20.8 log;o at 16
weeks) and early evidence of clinical benefit.

Ritonavir is a white to tan solid with a molecular weight of 721 and a melting point of 122°C
(clarified in facsimile of 23-Feb-96). It is _Fraclically insoluble in water (<0).001 mg/mL) but
very soluble (>400 mg/mL) in methanol, THF, methylene chloride and DMF.

¢c.

Batch analyses were provided on 27 lots of drug substance in the original submission.
Additional data on assay and total impurities covering 15 commercial lots were provided
during the negotiations on limits (facsimile 27-Feb-96).

Ritonavir is highly stable in the solid state. Stability studies showed no significant time-
dependent changes in appearance, assay or total impurities. Data were presented in the NDA
covering 10 validation lots (73-139 kg batch size), covering each of the 4 manufacturing
sites, out to 6 months at 30°C/60%RH and 40°C/75%RH. Data out to 12 months at 30°C
(with 6 months at 40°C) are presented on 14 development lots (4-145 kg). This data was also
collected using lots from the four manufa *urers. Finally, supportive data on two 6 kg lots
extends out to 24 months at 30°C (6 mont.:s at 40°C). A 24-month retest period had been
requested in the NDA, but it was recommended that the retest period be 18 months for bulk
ritonavir. The Applicant agreed to this during the teleconference of 27-Feb-96. A
recommended storage statement for bulk drug containers, including a 5°-30°C temperature
range, was provided to the Applicant by facsimile on 28-Feb-96. After a counter proposal of
"store below 40°C", the Applicant agreed to the Agency's temperature range and to include
the retest date on storage and shipping containers (facsimile of 29-Feb-96).



Chemistry Review of NDA 20-659

DRUG PRODUCT: Satisfactory

Extensive formulation studies were necessary to develop oral dosage forms with acceptable
stahilit)é and bioavailability. To date, no satisfactory solid oral dosage form has been
reported.

The drug product is an 80 me/mL. solution of ritonavir in

Batch analyses are provided on 10 production-like (700 L) iots. The commercial process will
use the same equipment at the 2000 L scale. These lots are representative of manufacture
using drug substance from all 4 suppliers.

The oral solution is packaged in amber.  bottles (90- and 240-mL) which are capped with
polypropylene child-resistant closures. A polypropylene dosing cup, marked at 7.5 mL, is
included. The 90-mL bottles are packaged in boxes of 5 (1 month supply), and the 240-mL
botues are packaged individually (2-week supply). Citations to DMFs are provided for all
packaging componen’s.

The primary stability data consist of 12 months (2 lots), 9 months (3 lots) and £6 months (5
lots) at 5°C (each lot Jnckaged in both containers). These data were provided in an update to
the NDA on 15-Feb-96. Accelerated stability studies were conducted at 25°C/60%RH (out to
6 months if available) and 30°C/60%RH (1 month). All data are for 700 L batches,
manufactured on production equipment, and packaged in the NDA container/closures. There
is adequate representation from all drug substance suppliers. Additional studies support the
proposed storage of refrigeration until dispensed to patieat, followed by up to 1 month at
25°C. The supportive data include 9 and 12 month time tpoims at 5°C on the previous
formulation of oral solution (K-4Y). An expiry period of 18 months is granted (24 months
was requested) on the basis of the primary real time data supported by the lack of significant
change under accelerated conditions. The Applicant agreed to an 18 month expiry period
during the teleconference of 26-Feb-96.

ENVIRONMENTAL ASSESSMENT: Satisfactory
The EA review was completed, and the deficiencies were communicated to the Applicant,
prior to submission of the NDA. The responses were judged to be adequate, and the EA
review (with FONSI) was completed on 8-Feb-96.

¥



Chemistry Review of NDA 20-659

METHODS VALIDATION: Pending

The analyucal methodology is adequately described including the relevant vaiidation. The
Methods Validation package, covering hoth drug substance and oral solution, was submiuted
1o the Chicago District and to the Division of Drug Analysis. As of 28-Feb-96, validation of
the analytical methodology is not yet complete.

LABELING: Satisfactory

The original proprietary names, Proteact, Proteact-Pl and Proteact-PA, were judged by both
the CDER Labeling and Nomenclature Committee (L&NC) and the Division to be a source
of potential prescription error. The Applicant's second choice, Norvir, was judged to be
acceptzble by both the L&NC and the Division. We requested (facsimile of 20-Feb-96) that
the term "Liquid” be removed from the Applicant's proposed product name "Norvir Liquid
(ritonavir oral solution)”, and recommended three possible choices. The Applicant choose
“Norvir (ritonavir oral solution)". On the basis of the stability data which show much higher
rates of decomposition at 25°C relative to 5°C, we requested the following changes in the
storage statements:

Botte Labels:
"Store in refrigerator 36°-46°F (2°-8°C) until dispensed Refrigeration by patient is
recgmmended but not required if used within 30 days and stored below 77°F
(25°C)."

Box Labels:

" Refrigeration by patient is recommended but not required if used within 30 days
and stored below 77°F (25°C)."

Amended labeling, complying with these recommendations, were agreed upon 21-Feb-96.

ESTABLISHMENT INSPECTION: Satisfactory

An EER was submitted on 30-Nov-95 which covered the single product manufacturing site,
the 4 drug substance manufacturing sites and 5 additional manufacturers of synthetic
intermediates. The Abbott North Chicago bulk drug and oral solution manufacturing site was

. All inspectors recommended approval, and the
completed EER was received on 28-Feb-96. Acceptable PAI status was indicated for eight of
the nine sites. The ninth facility was judged by CDER Office of Compliance to not require
evaluation because it was a site which only manufactured synthetic intermediates.



Chemistry Review of NDA 20-659

The NDA submission and accompanying amendments provide adequate information on the
chemistry, manufacturing and controls for Norvir (ritonavir oral solution). The
Environmental Impact Assessment is complete, and the manufacturing facilities have
acceptable cGMP status. The NDA, as amended, is therefore recommended for approval
from the chemistry perspective.

P mlle. 2/29/16

Concurrence: - ‘1(‘?{# Steplen P. Miller, Ph'D.
HFD-530/DFreeman T3\ 7 Review Chemist

HFD-530/CChen € 340/,

cc:

Orig. NDA 20-659 HFD-530/DFeigal HFD-530/PVerma

Orig. NDA 20-680 HFD-530/CChen HFD-102/KStruble
HFD-530/Div. File HFD-530/SMiller HFD-530/KKumi
HFD-830/Div. File HFD-530/]Murray )

HFD-830/ESheinin HFD-530/Micro File: N 20-659\000CNR01.59i
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FINDING OF NO SIGNIFICANT IMPACT
NDA 20-659
Ritonavir
Liquid

The National Environmental Policy Act of 1969 (NEPA) requires all
Federal agencies to assess the environmental impact of their
actions. FDA is required under NEPA to consider the
environmental impact of approving certain drug product
applications as an integral part of its regulatory process.

The Food and Drug Administration, Center for Drug Evaluation and
Research has carefully considered the potential environmental
impact of this action and has concluded that this action will not
have a significant effect on the quality of the human environment
and that an environmental impact statement therefore will not be
prepared.

In support of their new drug application for Ritonavir Liquid,
Abbott Laboratories has conducted a number of environmental
studies and prepared an environmental assessment in accordance
with 21 CFR 25.31a(a) (attached) which evaluates the potential
environmental impacts of the manufacture, use and disposal of the
product.

Ritonavir is a synthetic drug which is administered orally in the
treatment of Acquired Immunodeficiency Syndrome (AIDS) and AIDS-
Related Complex (ARC). The drug substance will be manufactured
at 4 different facilities identified in the environmental
assegsment. The drug product will be manufactured by Abbott
Laboratories, North Chicago, IL. The finished drug product will
be used in hospitals, clinics and by patients in their homes.

Ritonavir may enter the environment from excretion by patients,
from disposal of pharmaceutical waste or from emisgssions from
manufacturing sites.



Chemical and physical test results indicate that the drug
ertering the environment will exist predominantly in the aquatic
environment. Ritonavir is expected to be eliminated from the
envirconment by photodegradation and biodegradation. As ritonavir
may persist in the environment for some time, the toxicity of the
substance to organisms was characterized. Studies werxe conducted
to assess the acute toxicity to water fleas (Daphnia magna),
bluegill fish (Lepomis macrochirug), Hyalella azteca and the
inhibitory effect on microbial growth. These studies indicate
that there are no expected adverse environmental effects at the
expected environmental concentrations.

Disposal may result from production waste such as out of
specification lots, returned goods and user disposal of empty or
partly used product and packaging. Pharmaceutical waste will be
disposed of by the manufacturer at a licensed landfill or
incineration facility. At U.S. hospitals and clinics, empty or
partially empty packages will be disposed according to
hospital/clinic procedures. From home u:2, empty or partially.
empty containers will typically be disposed of by a community's
solid waste management system which may include landfills,
incineration and recycling, while minimal quantities of unused
drug may be disposed of in the sewer system.

Precautions taken at the sites of manufacture of the bulk product
and its final formulation are expected to minimize occupational
exposures and environmental release.

The Center for Drug Evaluation and Research has concluded that
the product can be manufactured, used and disposed of without any
expected adverse environmental effects. Adverse effects are not
anticipated upon endangered or threatened species or upon
property listed in or eligible for listing in the National
Register of Historic Places.
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Environmental Assessment Team

Center for Drug Evaluation and Research
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Deputy Center Director for Pharmaceutical Science
Center for Drug Evaluation and Research

Attachment: Environmental Assessment



NDA SUBSECTION 3.6

ENVIRONMENTAL ASSESSMENT
Ritonavir Liquid

Abbott Laboratories
One Hundred Abbott Park Road
Abbott Park, Hlinois 60064

The National Environmental Policy Act requires Environmental Assessments (EAs) to be publii:'
documents. Subsections 3.6.1 through 3.6.15 (i.e, Items 1 through 15 of this EA) and
accompanying Appendix A and Appendix B (from Subsection 3.6.15) are suitable for public

disclosure. These nonconfidential subsections and appendices are complete with the exception of .

proprietary information. The proprietary information, which is contained in Appendices C and
D could be beneficial to competitors and therefore, must remain confidential. The text of the
pubic document (Subsections 3.6.1 through 3.6.15 and Appendices A and B) is based on the text
of Appendix C. Appendix C is intended for review as the confidential version of EA Items 1
through 15. Appendix A contains one page summaries of the environmental fate and effects
study reports. Appendix D, which is a confidential appendix, contains the full study reports on

environmental fate and effects.
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3.6.1 DATE
December 15, 1995

3.6.2 NAME OF APPLICANT
Abbott Laboratories

3.63 ADDRESS
One Hundred Abbott Park
Abbautt Park, Illinois 60064

364 DESCRIPTION OF THE PROPOSED ACTION

3.64.1 REQUESTED APPROVAL

Approval of NDA 20-659 is sought for the manufacturing of ritonavir (also
referred to in the Environmental Assessment report and its attachments as ABT-538) bulk drug’
substance, and the manufacture, packaging, distribution and use of the product designated in the
Environmental Assessment (EA) as Ritonavir Liquid, 80 mg/mlL., a liquid for oral administration.
Abbott Laboratories filed an NDA pursuant to Section 505(b) of the Food, Drug, and Cosmetic
Act for Ritonavir Liquid packaged in amber polyethylene terephthalate (PET) bottles. This EA
has been prepared and submitted in accordance with 21 CFR § 25.31a(a). All Items (1 through
15) that are presented in this document are also discussed in the confidential Appendices C and
D.

3.64.2 NEED FOR ACTION

Ritonavir is an inhibitor of the protease of HIV-1. HIV protease is a constituitive
enzyme of HIV virus that processes viral proteins essential for the maturation of infectious
virions. Thus, HIV protease plays a vital role in the viral life cycle and may represent a key
target for intervention in the development of novel therapeutic agents for AIDS (Acquired
Immunodeficiency Syndrome).

Once approved, Ritonavir Liquid will be used in the treatment of HIV infection
in patients with AIDS and AIDS related complex.

1
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3643 LOCATIONS OF MANUFACTURE
Four major locations are involved in the manufacture of ritonavir (Figure 3.6.4-1).
Abbott, North Chicago will be the major supplier of the bulk drug, ritonavir. The facilities listed
below will manufacture the bulk drug using the same chemical synthesis. Approval is sought to
manufacture the bulk drug substance at the following four locations:
1. Abbott Laboratories, 1401 Sheridan Road, North Chicago, Illinois 60064.

The bulk drug from the overseas locations will be shipped to Abbott, North Chicago. Both the
bulk drug from overseas and that manufactured at Abbott, North Chicago will be used to make
the drug product, Ritonavir Liquid. Approval is also sought to manufacture, package, and
distribute the drug product at Abbott Laboratories, 1401 Sheridan Road, North Chicago, Illinois
60064. All packaging operations are carried out at the Abbott Laboratories, North Chicago
location. )

Information on environmental settings of the facilities is described in Section 3.6.4.5.
Information concerning introduction of substances into the environment for all sites is provided

in Section 3.6.6.

3.644 LOCATIONS OF USE AND DISPOSAL

As medication prescribed to alleviate the symptoms of AIDS and AIDS related
complex, the liquid formulation in which ritonavir is present will be ingested by patients
throughout the United States. The drug substance and its metabolites are excreted by patients
which will enter municipal treatment systems through domestic sewage.

Off specification lots of bulk drug sbstance from Abbott's North Chicago facility or
any unused drug product that is returned to Abbott (beyond expiration date) will be sent to one
of a number of alternative contractors for incineration which are: Aptus, Inc., Argonite, Utah
84029 and Coffeyville, Kansas 67337; Continental Cement, Hannibal, MO; Rhone Poulenc Basi;:
Chem. Co., Hammond, IN and Baton Rouge, LA; Rineco, Benton, AR; Safety Kieen, Smithfield,
KY; and Safety Kleen Envirosystems, Dolton, IL. The USEPA permit numbers and complete
addresses are provided in Appendix C. There are no expiration dates on the licenses for these

solids incineration facilities.

NDA 20-559 VOL 22 Pg 008



364.5 ENYIRONMENTAL SETTING OF FACILITIES

3.6.4.5.1 Abbott Laboratories, North Chicago

The properties of the Abbott Laboratories are located within Lake County, Iilinois.
The North Chicago property lies 600 to 1000 feet west of Lake Michigan at an elevation ten to
fifteen feet above the average 580 foot mean sea level elevation of the lake. There are no other
significant geographic features, such as mountains, lakes (aside from Lake Michigan) or rivers
in proximity to the manufacturing site. The area is topographically flat and slopes very gently
to the cast, toward Lake Michigan. Drainage is dominantly to the east-southeast, again toward
the lake. The climate of northeastern Illinois is characterized by warm summers (74 to 94°F) and
cold winters (20 to 32°F). The average annual rainfall is 32 inches; wind directions are highly
variable.

Most industries and residences near the Abbott North Chicezgo facility are s2rved by
the City of North Chicago municipal water supply. The source of the municipal water supply
is Lake Michigan. The Abbott North Chicago facility currently uses municipal water.
Wastewater is sewered to the treatment facility of the North Shore Sanitary District. Land use
(zoning) near the North Chicago facility is primarily residential and industrial. The portion of
Lake County in which it is located is part of the Chicago metropolitan area.

The physiographic features and near surface deposits of northeastern Illinois are the
result of the late Pleistocene Wisconsonian glaciation, the most recent of four episodes of
continental glaciation. Glacial deposits of the Lake Country area consist of lake sediments (clay,
silt and sand) of the Equality Formation, and clayey o silty glacial till of the Lake Border
Morainic System. From 50 to 200 feet of Pleisto-sne glacial sediments unconformably overlie
Siluria..  lomite in this area. The Paleozoic s: = raphic section in this area from top to bottom
includes Silurian dolomite, Ordovician shale, dolomite, and sandstone, and Cambrian sandstone.

The Paleozoic section unconformably overlies Precambrian crystalline rocks.
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Three dominant aquifier systems, the Basal Bedrock, Midwest Bedrock, and 1irper
Bedrock, underlie northeastern Illinois. Principal water producing zones inciude sandstone of the
Eau Claire and Mount Simon Formations fcr the Basal Bedrock system, the Ironton-Galesville
and Glenwood-St. Peter (Ancell aquifer) sandstones for the Midwest Bedrock System, and the
Silurian Dolomite aquifer for the Upper Bediock system. Locally, Pleistocene deposits may yield
large quantities of water (greater than 1000 gpm); however, development of this aquifer is

limited. Municipal and industrial water wells in the Chicago region tap the deeper aquifier

systems.
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resin.

3.6.5 IDENTIFICATION OF SUBSTANCES THAT ARE THE SUBJECT OF THE
PROPOSED ACTION
The drug substance will be manufactured at various sites worldwide. The drug
product is a liquid formulation manufactured from the drug substance at the Abbott, North
Chicago facility. The molecular structure of ritonavir is shown in Figure 3.6.5-1. The drug
product, ritonavir, will be prepared and administered as liquid.

3.6.5.1 NOMENCLATURE

3.6.5.1.1 Chemical Name
10-Hydroxy-2-methyl-5-(1-methylethyl)- 1-[2-(1-methylethyl)-4-thiazolyi]-3,6-dioxo-
8,11-bis(phenylmethyl)-2,4,7,12-tetraazatridecan- 13-oic acid, S-thiazolylmethyl
ester, [5S-(5R* 8R*, |OR*, 11R*))-
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3.6.5.1.2 United Stales Adopied Name (USAN)

Ritonavir

3.6.5.1.3 CAS Registry Number
155213-67-5

3.6.5.1.4 Laboratory Codes
ABT-538, Abbott-84538.0, A-84538

3.6.5.1.5 Molecular Formula and Weight
C,-, H“NGOSSZ; 72095

Figure 3.6.5-1

Structure of Ritonavir
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365"  PHYSICAL DESCRIPTION

In appearance, the bulk drug, ritonavir is a white to light tan powder with no
detectable odor. Its chemical and physical properties are listed in Table 3.6.5-1 Most of the
data, including information concerning water solubility, dissociation constants, and log octanol-
water partition coefficient, in this table are taken from chemical and physical properties of
ritonavir (NDA Subsection 3.3). The sediment-water distribution coefficients and Henry's Law

Constant however, are from Appendix D of NDA Subsection 3.6.

Table 3.6.5-1
Chemical and Physical Properties of Ritonavir

Molecular tormula Cy; HNGO,S,
Molecular weight 720.95
Solubility in water <0.001 mg/mL
Henry's Law Constant ’ Non-Determinable
Log octanol-water partition coeff. o, kow) log (4.7 x 10
Sediment-water distribution coefficient (K,)

Bentonite >10,000

Des Plaines River Sediment >2,483

Skokie Lagoon Sediment >10,000

Municipal Sewage Sludge >250

Lake Bluff Beach Sand 439
Acidic dissociation (proton loss) (pK,) 2.844 £ 0.169
Electromagnetic absorption 197.5 and 240 nm

C.5.3 IMPURITIES AND ADDITIVES

The impurities that have been identified in bulk lots of ritonavir are discussed in the
NDA Subsection 3.3. All individual impurities are present at a level of less than 0.1 percent. The
impurities are not discussed individually in the present EA, because their structural similarity to
ritonavir will direct them to a similar environmental fate. The excipients of Ritonavir Liquid are
presented in Table 3.6.5-2. As seen from the table, most of the excipients (except nitrogen and

the active ingredient) are readily biodegradable.
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Table 3.6.5-2
Excipients of Ritonavir Liquid

Ingredient

Purified Water, USP

Alcohol (Ethanol), USP, 190 Proof
Acid, Citric, USP, Anhydrous, Powder
Saccharin Sodium, USP, Powder
Propylene Glycol, USP

Ritonavir

Dye, Yellow, FD&C No. 6
Peppermint Oil

Flavor, Creamy Caramel

Polyoxyl 35, Castor Oil, NF
Nitrogen, NF

3.6.6 INTRODUCTION OF SUBSTANCES INTO THE ENVIRONMENT
The manufacturing schematic for the synthesis of ritonavir is described in Appendix

C. A mass balance for the manufacturing process of ritonavir is provided in Appendix C.
3.6.6.1 SYNTHESIS OF RITONAVIR AT ABBOTT, NORTH CHICAGO

3.6.6.1.1 Substances Emitted During Manufacturing of Bulk Drug

Atmospheric Emissions ‘

The Abbott facility at North Chicago is equipped with air pollution controls, but it
must be assumed that some volatile materials from the synthesis (Appendix C) and the
wastestreams (Appendix C) are emitted. An examination of these waste streams indicate that the
major components that cou!d be emitted to the atmosphere are: ethyl acetate, heptane, ethyl
alcohol, isoprupyl alcohol, water, methanol, acetone, tetrahydrofuran, toluene, dimethyl acetamide,
dimethoxy ethane, isopropy! acetate. Other voiatile emissions present in tracc quantities are listed
in Appendix C. Total emission of volatile organic material (VOM) cannot exceed 43.38 tons per

year from the chemical manufacturing area (Appendix C).
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Wastestreams

The compositions of resulting wastestrecams are tabulated in Appendix C. The aqueous
wastestreams will be sewered from manufacturing to Abbott's North Chicago wastewater
treatment plant (WTP; wastewater permit No. 85-5A). The effluent from the Abbott, North
Chicago WTP goes to the Gumee Wastewater Treatment Plant of the North Shore Sanitary
District (Gurnee, lllinois 60031). The total estimate of ritonavir in aquecus waste that is sewered
is estimated to be 23.3 Kg. The wastestreams that are not sewered (Appendix C) will be sent
offsite for incineration or reclamation by a waste contractor (Appendix C). Specific organic
solvents from the assembly process may he directly reused back in the process. Non-hazardous
and special wastes generated from the production of ritonavir will be collected and transported
to Pheasant Run Landfill, Bristol, Wisconsin (Illinois Transportation ID #0123, Illinois Generator
ID #0971250004).

3.6.6.1.2 Controls Exercised on Residuals and Emissions

Safety precautions for handling the chemicals listed in the material balance are.
described in Appendix C. The corresponding Material Safety Data Sheets are provided in
Appendix B. Air emissions will be controlled as required by the Operating Pernits from the
Illinois Environmental Protection Agency (Appendix C). In the North Chicago facilities used for
the production of ritcnavir bulk drug substance, the air emission controls utilized involve the use
of condensers, vent condensers, water scrubbers, and dilute caustic scrubbers. Records of
emissions are maintained and inspected. Aqueous wastestreams will be sewered while the
organic wastestreams will be incinerated or reclaimed. The company names, complete addresses
and permit numbers of contractors for offsite waste disposal (both those which can incinerate the
waste as fuels and those that can reclaim the wastes) are listed in Appendix C. This listing is
not all inclusive and is dynamic in the fact that companies are added and subtracted for various
reasons (e.g. service and cost, etc.). The sewered aqueous wastestreams are treated in Abbott's
onsite wastewater treatment facility before being discharged to the North Shore §mitary District.
The non-hazardous solid waste is transported to Pheasant Run Landfill, Bristol, Wisconsin
(Illinois Transportation #0123, Illinois Generator ID #097125004).

10
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3.6.6.1.3 Compliance of Provosed Action wish Applicable Emission Requirements

Equipment in which ritonavir will be manufactured is properly permitted for air
emissions (Appendix C). The permit for release of effluent from Abbott's wastewater treatment
plant to the North Shore Sanitary District is also provided in Appendix C. Wastewater from
manufacturing must meet the General Pretreatment Standards in 40 CFR Part 403 and the
Effluent Guidelines and Standards for Pharmaceutical Manufacturing in 40 CFR Part 439.
Landfilling of solid waste by Waste Management of Wisconsin is permitted by the State of
Wisconsin, Department of Natural Resources (Permit No. 3062).

Certification of compliance with applicable emission requirements for the manufacture
of drug substance at Abbott, North Chicago is provided in Appendix B-3.

3.6.6.1.4 Effect of Proposed Action on Compliance with Current Emission Requirements
Emissions and releases from the manufacture of ritonavir bulk drug substance ar~ not
expected to exceed the limitations of current permits. If modifications of current air permits are
required, they will be processed with sufficient time to allow production to proceed. The facility
permit for release of treated effluent to the North Shore Sanitary District will not be exceeded
by the synthesis of ritonavir. Similarly, the generation of solid waste will not affect the permit

for landfilling.
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3.66.5 PREPARATION OF RITONAVIR LIOUID AT ABBOTT. NORTH
CHICAGO

3.6.6.5.1 Substances Emitied During Manufacturing

Atmospheric Emissions

The only air emissions of regulated pollutants would be particulate and Volatile
Organic Materials (VOM's). Since this material is mixed in a closed tank, all emissions are
minimal. The only time the tank is open is while the ingredients are being charged into the tank.
The amount of particulate and VOM emissions are within air permit specifications.

Aqueous Wastes

The liquid formulation of ritonavir is mixed in a closed tank and the final formulation
is a flammab'e liquid (flashpoint of approximately 76°F), thus, any waste product must be
disposed of as an RCRA Hazardous Waste (Appendix C). Wastewater from equipment and room
cleaning is directed to the chemical sewer which goes to the Abbott North Chicago Wastewater
Treatment Plant. After pre-treatment at Abbott, North Chicago, the wastewater is discharged
[Abbott Wastewater Discharge Control Document (Permit) No. 95-5A] to the sewer system of
the North Shore Sanitary District and from there to Gurnee Wastewater Treatment Plant of thé
NSSD.

12
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Solid Wastes

Solid wastes from manufacturing are expected to be zero as the final formulation is
conducted in a closed mixing tank. Packaging rejects and protecti*'e clothing worn by employees
will be collected in drums and rolloff boxes for landfilling. These soiid wastes will be
transported to Waste Management of Wisconsin, Bristol, Wisconsin (Permit No. 3062, expiration
date 9/30/95). Unused packages of Ritonavir Liquid (past the labeled expiration date) will be
returned to Abbott Laboratories where they will be accumulated, classified (as appropriate) and

sent offsite for incineration as a hazardous waste.

3.6.6.5.2 Controls Exercised on Residuals apd Emissions
No volatile o-ganic emissions will be generated during preduction of the liquid
formulation. No emission controls are required for manufacturing of the final formulation. Solid

wastes are disposed of at permitted waste facilities.

3.6.6.5.3 Compliance of Proposed Action with Applicable Emission Requirements

Since particulate and VOM emmissions are insignificant (IEPA Definition: less than
0.1 Ib./hr. and 0.44 tons per year), manufacturing the final product will be in compliance with
both USEPA and IEPA requirements.

Only tank residuals and fill line residuals will be sewered. In the event a large
amount of drug product is left in the process tanks for disposal, it will be drummed up and
disposed of as described earlier. Particulate emissions from the liquid manufacturing facility at
Abbott, North Chicago is regulated under a permit issued vy the Illinois Environmental Protection
Agency (Appendix C). Wastewater from manufacturing must meet the General Pretreatment
Standards in 40 CFR Part 403 and the Effluent Guidelines and standards for Pharmaceutical
Manufacturing in 40 CFR Part 439. The prohibitions and limitations for discharge into the sewer
system of the North Shore Sanitary District are listed in Appendix C. Solid wastes will be
landfilled by Waste Management of Wisconsin under Permit No. 3062 from the State of
Wisconsin, Department of Natural Resources.

Certification of compliance with applicable emission requirements for the manufacture
of dnig product at Abbott, North Chicago is provided in Appendix B-3.

13
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NDA

3.6.6.54 Effect of the Proposed Action on Compliance with Current Emission Requirements

Emissions and releases from the manufacture of drug substance or drug product will
not exceed the limitations of current permits. Manufacturing of this product will be scheduled
to fit within the existing framework of activities for which current emission requirements are

applicable.

3666 OQCCUPATIONAL SAFETY

Chemicals used in manufacture of the drug product are regulated by the Occupational
Safety and Health Administration. Employees are trained in the proper operation of equipment
in order to minimize potential safety, health and environmental risks. Extensive safety training
is mandated, and Material Safety Data Sheets (Appendix B) are available to personnel for
chemicals handled in the manufacturing area. Employee training is conducted on the chemical
hazards associated with manufacturing.

Specified personal protective equipment (e.g., gloves, safety shoes, eye protection, etc.)
and engineering controls designed for the equipment (e.g., exhausts to remove dust) are adequate
to protect the employees.

The safe transport of all drug-related materials is ensured by following protocols which
include formal qualification of vendors, training of personnel, and rigid specification of containers

and materials. Access to drug substances and products is restricted to authorized personnel.

3.6.6.7 AMOQUNT OF SUBSTANCES ENTERING THE ENVIRONMENT

Human drugs find their way into the environmental compartments (eg. soil, air, water)
through manufacture, use, disposal and accidental spills. The two major sources of environmental
exposure of the drug arc: 1) the patients who use the drug product; the drug product and/or its
metabolites are discharged into the domestic sewer through excreta of the patients; and 2)
release of the drug or its precursors o1 by-products through wastewater from the manufacturing
plants. In either case the municipal sewage in the wastewater treatment plant could b2 the main
recipient of these contaminant sources. The concentrations and releases in the subsections below
are estimated without taking into consideration any degradation of the drug or its products at the

manufacturing plants or during transport in the municipal sewage to the wastewater treatment

14
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plant (WTP), and, therefore, are worst case scenarios. The fate of emitted drug substances in the
environment is discussed in Section 3.6.7 and the effects of these substances are discussed in
Section 3.6.8, with a summary provided in Table 3.6.7-1. Amount of solid wastes from the
manufacture of the drug product are discussed in Appendix C. These subsections also provide

information on packaging rejects and protective clothing landfilled or incinerated at both the sites.

3.6.6.7.1 Human Elimination

The drug substance is introduced to sewage systems primarily as the parent ritonavir,
as shown from the metabolism studies (NDA Subsection 5.3). Metabolism and disposition
studies in rat showed that 48% of fecal radioactivity consisted of parcnt drug followed by 14%
of metabolite M2 and 9.9% of metabolite M1. Metabolites M1 and M2 are also present in
human microsomal preparations. Because ritonavir constituted the major component in rat feces
and bes: - v. the major metabolites formed (M1 and M2) were structura.., similar to ritonavir,
releases via human elimination are caliculated in this subsection as if ritonavir was the only
substance being released. B

The estimated concentration, i.e., Maximum Expected Emitted Concentration (MEEC),
of ritonavir at a typical wastewater treatment plant (in the fifth year following approval) is 2 ppb.
This concentration is, of course, a worst-case estimate, because: 1) the total global production of
ritonavir is included instead of the U S. production alone, 2) it is assumed that the amount of the
drug manufactured will all be ingested and eliminated by the U.S. opulation, 3) metabolism and
the removal of the drug in the human body was not taken into consideration and it was assumed
tha.t ritonavir is the only substance being excreted by patients into domestic sewage, anﬂ 4)itis
assumed that the excreted ritonavir wouid reach the WTP without undergoing any degradation
in the domestic sewage from the time of excretion to the time it enters the WTP, even though
degradation during that time is possivle. The calculation for the estimated concentration is

provided in Appendix C.
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3.6.6.7.2 Wastewater from Manufacturing

North Chicago

L.uring the synthesis of ritonavir, approximately 23.3 Kg of the ritonavir may be
released into Abbott's wastewater treatment plant where effluents are treated and the treated
effluents are discharged to the North Shore Sanitary District's (NSSD) Gurnee Wastewater
Treatment Plant (WTP). The MEEC of ritonavir at the facility of the North Shore Sanitary
District can be calculated as stated below. The Gumee WTP of the North Shore Sanitary District
operates at a flow rate of 19 million gal/day (NSSD, 1992).

Amount released in kg x 10° yglkg X 0.264 gallL
365 days/year x flow rate

23.3 ke x 10° ug/kg = 0.264 gay/L _ 6151 _ 09u/L
365 x 19 x 10° 6935
Thus, the calculated concentration of ritonavir by-products at NSSD that could result
from releases at North Chicago (under the proposed action) would be C.9 ppb or 900 ppt. This--
is a worst-case estimate, because degradation and adsorption to sludge at Abbott's North Chicago
on site treatment plant were not considered.

3.6.7 FATE OF EMITTED SUBSTANCES IN THE ENVIRONMENT

Information is presented that is relevant to the environmental transport and fate of
ritonavir. Assessment of transport and fate of ritonavir is accomplished by an evaluation of
processes affecting transport (between air, water, and soil) and processes affecting chemical and
biological degradation. The methodology involved in this evaluation and its application to
specific chemicals is discussed in Water-Related Environmental Fate of 129 Priority Pollutants
(USEPA, 1979; Howard, et al., 1990).

Ritonavir is a protease inhibitor developed for the treatment of human
immunodeficiency virus, the causative organism of Acquired liamune Deficiency Syndrome .
(Al1DS). After the drug product is ingested in the human body, it is absorbed from the intestinal
tract and eliminated in urine and feces primarily as ritonavir. The procedures outlined in the
Environmental Assessment Technical Assistance Handbook (FDA, 1987) were followed to study

the environmental fate of ritonavir.

lo
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3.6.7.1 AlIR

Minimal or no emissions of ritonavir are expected to be released into the atmosphere
during manufacture or use of th= product by patients. Ritonavir is a whitc to light tan powder
practically insoluble in water. It was stable at 80°C for 13 weeks with 100.1% of ritonavir
remaining (Abbott Report R&D/95/216; NDA Subsection 3.3.1.5). ritonavir's relative stability
in solid form suggests that volatilization in air is an unlikely phenomenon. Therefore, air
emissions in its solid form are unlikely. Dust from the manufacturing of bulk drug (Abbott's
North Chicago facility) wiil be trapped by vent filters that are collected and disposed of by
Jandfilling or incineration. If any bulk drug should escape the dust collection system, it will
either precipitate with rain or become photolyzed in the condensing moistuic as discussed in
Subsection 3.6.7.2.3 or biodegraded as stated in 3.6.7.24. The drug product is a liquid
formulation and no air emissions are expected during manufacture because of the containment
measures that are in place. Voladlization of ABT-538 from the liquid formulation is unlikely
since Henry's Law constant study demonstrated that very little ritonavir in solution was trapped
as vapor over a 21-day period when nitrogen was bubbled through the solution. The Henry's Law
constant value could not be determined because of insignificant volatile production, which.
suggests very little potential for ritonavir to volatilize. In the event of accidental release of
acrosols, ritonavir likely to photodegrade extensively in aqueous solutions.

The ccmponents of the drug product (Appendix C) are trapped by vent filters during
manufacturing which will be disposed of by landfilling or incineration as stated above. All the
equipment washes are also contained, collected and disposed of as liquid chemical waste by
incineration. Based on this information, ritonavir should have no impact in the "Air"

environmental compartment.

3672 WATER

Ritonavir will be introduced to the aqueous environment via elimination by patients
and via releases from manufacturing. Minimal release of the drug substance is expected to sewer
and no release from manufacturing of drug product to aqueous environment (sewer) is expected
due to contained handling of the wastes resulting from equipment cleaning and other operations
during formulation. Releases from the synthesis of ritonavir are anticipated to be 23.3 Kg.
Biodegradation and photodegradation in the aeration and settling tanks of WTP are expected to
decrease its concentration significantly befor: the sewage effluent is released to surface water
(Subsections 3.6.7.2.3 and 3.6.7.2.4).

17
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As stated 1n Subisection 3.6.6.7.1, the maximum concentration (MEEC) of ritonavir in
the year 2000 at a typical wastewater treatment plant that would be due to patient usage is
estimated to be 2 ug/L (2 ppb). Because of variations in plant capacity and in rates of surface
water flow, dilution factors for effluent can vary (depending on geographic location) from about
107 to essentially no dilution (Metcalf & Eddy, Inc., 1979; Linsley, et al.. 1975). A typical
dilution factor for many rivers of the United States is 10" and, thus, tiie corresponding worst-case
concentration in surface waters that receive sewage plant effluent could be 0.002 ppb (2 x 10?).
It should be noted, however, that this concentration does not account for the degradative
processes in the WTP or the dilution downstream from the effluent outiall, the impacts of the
degradation processes in the WTP are provided in Table 3.6.11-1.

The worst-case releases from Abbott's North Chicago facility based on the ritonavir
release to the Des Plaines River are estimated to be 0.9 ppb or 900 ppt [Des Plaines River
receives effluent from the North Shore Sanitary District (NSSD)] as seen in Subsection 3.6.6.6.2.
The effluent from this wastewater facility is discharged to the Des Plaines River which (near
NSSD in Gumnee, lllinois) has a mean annual flow rate of 189 ft¥/scc or 122 million gal/day
(ISWS, 1992). Therefore, the dilution factor from the NSSD facility to the river is 107, and
based on this dilution, the worst-case MEEC concentration is expected to be 0.9 ppt. The impact
on the degradation processes in the WTP on this value are provided in Table 3.6.11-2. Therefore,
the MEEC of ritonavir in WTP due to manufacturing (0.9 ppb) is lower than the MEEC through
human use (2 ppb).

In the water of a sewage treatment facility, or in the surface water that dilutes the
effluent, ritonavir (or its by-producis) would be affected by environmental processes that include
photolysis, oxidation, hydrolysis, volatilization, absorption, bioaccumulation, and biodegradation.
These processes are evaluated individually (in this subsection) before a concluding statemcat is

madz on the probable fate and concentration of released substances in the aqueous environment.

3.6.7.2.1 Yolatilization
Ritonavir did not volatilize from a deionized water solution with nitrogen flow for 21
days, suggesting no volatilization potential under such conditions. A one page summary of the

Henry's Law Constant results is provided in Appendix A-1 and the complete report is provided
in Appendix D-1.
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The adsorption coefficient, (Ko) for ritoravir with Bentonite, Skokie lagoon mud,
Milwaukee metropolitan sewage, Lake Bluff Beach sand, Des Plaines River sediment, and
Northshore Sanitary District sludge was determined. This study represents two environmental
Substrates (Milwaukee Sewage and Des Plaines River Sediment) that the drug may partition into
after human use and manufacturing operations.

Attemnpted extraction of ritonavir from the adsorbents with methanol:water (50:50) in
which the drug is very soluble, demonstrated that approximately <3, 7, 72, 39, 6 and 61% of the
drug was irmreversibly bound to Bentonite, Skokie lagoon mud, Northshore Sanitary District
processed sludge, Milwaukee metropolitan sewage, Des Plaines river mud and Lake Bluff Beach
sand, respectively. The sewage and Des Plaines river mud are two of the above matrices that the
drug is likely to be exposed to in the WTP and after its release from WTP. The percent of
ritonavir irreversibly adsorbed to these two matrices constituted 39 and 6%, respectively. Based
on these estimates the 1najority of ritonavir is likely to partition into aqueous compartments. A
one page summary of Sorption/Desorption results is provided in Appendix A-2 and the complete
report 1s provided in Appendix D-2.

3.6.7.2.3 Photodegradation in Water

The ultraviolet/visible light absorption spectrum of ritonavir exhibits absorption
maxima at 197.5 nm and 240 nm with a shoulder apparent at 210 nm (Abbott Report
R&D/95/220; NDA Subsection 3.3.1.5). Compounds with absorbance in the range of 290-800
nm are known to photodegrade upon exposure to sunlight (direct photolysis). Ritonavir was not
susceptible to direct photodegradation when aqueous solutions were subjected to simulated
sunlight (Xenon Arc Lamp). However, the same solutions of Ritonavir in the presence of a
sensitizer, photodegraded extensively. The half-lives were 5.92, 2.23, and 1.43 at pH 5, 7 and
9, respectively. During the residence time in the WTP, especially in the activated sludge and
secondary effluent tanks where the contents are exposed to natural sunlight, the drug substance,
ritonavir, is likely to be removed completely. It is quite likely that photolysis may transform all
of ritonavir into its degradate components, thus eliminating the drug product itself from the
environment. A one page summary of Photodegradation results is provided in Appendix A-3 and

the complete report is provided in Appendix D-3.
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3.67..4  Biodegradation in Water

The aerobic biodegradation of the test chemical, ritonavir, was tested in water using
activated sludge and secondary effluent from the wastewater treatment plant (WTP) as inocula.
Greater than 90% of the ritonavir was removed from the test medium within 28 days and trapped
as “C-activity in a foam plug used as a volatile trap. Only 6.1% of the applied activity remained
in the test medium. Thus, biodegradation appears to be a potential removal pathway for ritonavir
i water. Ritonavir may be completely removed in the WTP through a combination of
photodegradation (half-life of less than 4 hours) and biodegradation suggesting very little release
into the wastewater effluent or partitioning into the sludge. A one page summary of
Biodegradation in Water results is provided in Appendix A-4 and the complete report is provided

in Appendix D-4.

3.6.7.2.5 Bicaccumulation/Bioconcentration

Bioaccumulation of chemicals generally refets to their introduction into animals by
ingestion, while the bioconcentration of chemicals refers to their absorption from water by aquatic
organisms (Trabalka and Garten, 1982). Bioaccumulation of ritonavir in aquatic animals is
unlikely, because as shown in the preceding sections, ritonavir is likely to be eliminated in the
WTP. However, in order to assess the impact of any residual drug entering into the aquatic
compartment, three aquatic toxicity tests (Daphnia acute toxicity, Hyalella acut» (oxicity and fresh

water fish scute toxicity) have been conducted as reported in Section 3.6.8.

3.67.2.6 Probable Fate of Ritonavir in Aquatic Systems

Photodegradation, and biodegradation in the WTP will diminish or eliminate the
amount of drug substance likely to be released to the natural aquatic compartment. Therefore,
the actual concentrations that will be present near an effluent outfall of the WTP can be expected
to be much smaller than that entering WTP and would continue to diminish in natural waters with
dilution and with the passage of time due to biodegradation and photodegradation in natural
surface waters. Downstream from the effluent outfall, the expected environmental concentration
(EEC) of ritonavir or its by-products is expected to be essentially zero. However, worst case

estimations of EEC are presented in Tables 3.6.11-1 and 3.6.11-2.
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As seen from the fate in the WTP aquatic matrix, the majority of ritonavir in the WTP
is expected to be eliminated by photodegradation and to a smaller degree, biodegradation. Since
ritonavir has not been demonstrated to bind to sewage and river sediments, ritonavir is likely to
partition into the aqueous phase within the WTP and be released in Des Plaines River through
wastewater effluent from WTP. Thus, the most likely environmental compartment to which the
residual drug from the WTP may be exposed is the aquatic compartment. For this reason, the
environmental effects testing is focused on aquatic toxicity testing. However, a microbial growta
inhibition test was also conducted where a number of soil bacteria, fungi and an alga that could
prevail in soil were tested against various concentrations of ritona ir to assess the effect of

adsorbed drug on soil microbial activity.

3.6.8 \% WTA FECT

Four environmental effects studies have been conducted with ritonavir: (1) Microbial
Growth Inhibition; (2) Daphnia Acute Toxicity; 3) Hyalella Acute Toxicity; and 4) Fresh Water
Fish Acute Toxicity. The procedures outlined in the Environmental Assessment Technical

Assistance Handbook (FDA, 1987) were followed to study the environmental effects of ritonavir.

3.6.8.1  Microbial Growth Inhibition

The microbial growth inhibition test was conducted at a highest concentration of 35
mg/L using a solvent (<1%) to solubilize ritonavir. Soil bacteria, Pseudomonas fluorescens,
Bacillus megaterium and Azotobact.r chroococcum, a blue green alga, Anabaena flos-aquae and
three soil fungi, Aspergillus clavatus, Penicillium canescens and Chaetomium globosum were
tested. Azotobacter and Anabaena are known to fix atmospheric nitrogen, thus enriching soil
nitrogen. Pseudomonas, Bacillus, Aspergillus and Penicillium are known to degrade a variety
of chemicals. Chaetomium is known to decompose cellulose. Thus, these microorganisms
represented a broad spectrum of beneficial species in soil. No growth inhibition was noticed in
any of these microorganisms at the highest concentration tested (5 mg/L). The no observed effect

concentration (NOEC), therefore is 5 ppm for all the microorganisms tested. The NOEC
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(5,000,000 ppt) is several orders of magnitude higher than the EEC (0.045 ppt) estimated for soul,
and therefore ritonavir has no impact on the terrestrial microorganisms. A one page summan
of Microbial Growth Inhibition results is provided in Appendix A-5 and the complete report is

provided in Appendix D-5.

3.6.82  Dagphnia Acute Toxicity

The 48-hour EC,, value was >1.50 mg/L which was approximately the water solubility
of the test chemical. The results indicated a 48-hour no-observed effect concentration (NOEC)
of 1.50 mg/L based on the lack of immolility and abnormal effects at this concentration. Since
the NOEC (1,500,000 ppt) is several orders of magnitude higher than the EEC (0.08 ppt),
ritonavir should not have any impact on the Daphnia in the aquatic environment. A one page

summary of Daphnia Acute Toxicity results is provided in Appendix A-6 and the complete report
is provided in Appendix D-6.

3.68.3  Hvalella Acute Toxicity

There was no significant mortality or adverse effects on Hyalella azteca during a 96-
hour exposure period at a ritonavir concentration of 1.59 mg/L, which is also the approximate
solubility limit of the test substance. Thus a NOEC of 1.59 mg/L is assigned. Since the NOEC
(1,590,000 ppt) is several orders of magnitude higher than the EEC (0.08 ppt), ritonavir should
not have any impact on Hyaleila in the aquatic environment. A one page summary of Hyalella
Acute Toxicity results is provided in Appendix A-7 and the complete report is provided in
Appendix D-7.

3.684 Fresh Water Fish Acute Toxicity

The 96-hour LC,;, was determined to be >1.63 mg/L which was approximately the
water solubility limit of the test chemical in dilution water. The 96-hour NOEC is determined
to be 1.63 mg/L, which was based on the lack of imortality and abnormal effects at this
concentration. Since the NOEC (1,630,000 ppt) 1s several orders of magnitude higher than the
EEC (0.08 ppt), ritonavir should not have any impact on fresh water fich in the aquatic
environment. A one page summary of Fresh Water Fish Acute Toxicity results is provided in

Appendix A-8 and the complete report is provided in Appendix D-8.
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TABLE 3.6.7-1

Fate and Effects Studies for Environmental Assessment of Ritonavir

N

]

FDA
Guideline

Type of Study

Result

Significance

303

Licary's law Constant/
Vagpor Pressure

The Henry's Law constant could not be deter-
mined due to insignificant volatilization
suggesting that ritonavir has very little
volatilization potential.

Ritonavir does not appear to volatilize
significantly in deionized water solutions under
nitrogen flow.

£¢

308

Sorption and
Desorption

[rreversibly bound ritonavir vaned significantly
with matrix: Milwaukee Sewage - 39%; Des
Plaines River Mud - €%; North Shore Sanitary
Studge - 72%; Skokie Lagoon Mud - 7%;
Bentonite - 23%; Lake Bluff Beach Sand - 61%;
Ko values are: Milwaukee Sewage - >250; Des
Plaines River Mud ->2483; North Shore Sanitary
District Sludge ->250; Skokie Lagoon Mud -
>1000; Bentonite - >1000; Lake Bluff Beach sand
- 439

The binding to metropolitan sewage (39%) and
Des Plaines River Mud (sediment}, two matrices
that have a potential to be exposed to "he drug
suggests that the majority of ritonavir s 1 kely to
partition imo the aqueous phase of WT,.

310

Photedegradation in
Water

The half-life of ritenavir determined experi-
mentaily was 592, 2.23 and 1.43 hours at pH 5,
7, and 9, respectively.

Photodegradation is the major removal pathway
for ritonavir in WTP. The worst case hali-life for
photodegradation is taken as 4 hours.

'1

3.101

Aerobic Biodegrada-
tion in Water

“C-activity trapped in foam plugs accounted for
91% of the applied activity after 28 days.
Majority of the "*C-activity in foam plugs was
accounted for by ritonavir with a minor polar
component.

The removal of >90% of ntonavir from aqueous
medium containing activated sludge and secondary
effluent inocula from the WTP suggests aerobic
biodegradation as a potential removal pathway for
ritonavir in the WTP.

402

Micrcbial Growth
Inhibition

The no observed effect concentration (NOEC) for
microorganisms is S mg/L. (5 ppm), the highest
concentration tested, which is also above the
water sofubility limit.

The NOEC (5,000,000 ppt) for bacternia fungi and |
alga are several orders of magnitude higher than
the worst case concentration of EEC (0.08 ppt),
and, therefore, no impact of ritonavir on micro-
organisms is expected.
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TABLE 3.6.7-1 (CONTINUED)

H FDA
Guideline

Type of Study

Result

Significance

4.08

Daphnia

Acute Toxicity

The no-observed effect concentration (NOEC)
was determined to be 1.50 mg/L, which is
also the highest measured concentration tested
and is near the upper limit of :olubility for
ritonavir.

The NOEC for Daphnia, 1,500,000 ppt, is
several orders of magnitude higher than worst
case EEC of ritonavir (0.08 ppt) and,
therefore, no impact of ritonavir on the

aquatic species Daphnia is expected.

4.10

ajella Azteca
Acute Toxicity

The no-observed effect concentration (NOEC)
was determined to be 1.59 mg/L., which is
also the highest measured concentration tested
and is near the upper limit of solubility for
ritonavir.

The NOEC for Hyalelia, 1,590,000 ppt. is
several orders of magnitude higher than worst
case EEC of ritonavir (0.08 ppt) and,
therefore, no impact of ritonavir on the

amphipod Hyalella is expected.

4.11

Fresh Water Fish
Acute Toxicity

The no-observed effect concentration (NOEC)
was determined to be 1.6 mg/L, which is also
the highest measured concentration tested and
is near the upper limit of solubility for
ritonavir.

The NOFEC for fresh water fish, 1,600,000
ppt, is several orders of magnitude higher than
worst case EEC of ritonavir (0.08 ppt) and,
therefore, no impact of ritonavir on the fresh
water fish is expected.




3.69 iSE OF SOURCE D ENER

The proposed action requires a moderate commitment of company resources.
However, chemicals that will be used are common commodities of commerce. Moreover, no
irreversible or irretrievable commitment of limited national resources will be involved. The
estimated use of energy for the synthesis of ritonavir drug substance at North Chicago is 1.2 x
10° kwh/yr of electricity and 2.1 x 10" bru/yr of thermal energy. These amounts represent 0.5%
and 0.7%, respectively, of the total energy -onsumption at the North Chicago facility.

The estimated use of energy tor the preparation of a 2000 L batch of ritonavir Liquid
at North Chicago is 1,957 kwh of electricity. No steam or fuel gas is used.

As discussed in Subsection 3.6.8, the environmental impact of releases from
manufacturing and use of the product is negligible. Therefore, it is unlikely that threatened or
endangered species could be affected.

‘The State of Illinois does not regard property in the vicinity of the Abbott North

Chicago facility to have historical or archaeological importance (Appendix C).

3610  MITIGATION MEASURES

Controls exercised on emissions at Abbott North Chicago facility are described in
Appendix C. Compliance of the proposed action with applicable emission requirements is
provided in Appendix B-3.

Material Safety Data Sheets (MSDS) are provided in Appendix B. Unused drugs (past
the labeled expiration date) are returned to Abbott Laboratories for disposal by landfilling or
incineration (Subsection 3.6.4.4).

Waste minimization studies are an ongoing ativity at Abbott facilities. As their
results beccme available, practical measure: to increase control of wastes arz incorporated into

manufacturing procedures.

25



3.6.11 ALTERNATIVES TO THE PROPOSED ACTION

No potential adverse environmental impacts have been identified for the proposcid
action. Little or no release of ritonavir to the aquatic environment is expected (Subsection
3.6.6.6) duc to extensive photodegradation and biodegradation in WTP. The no-observed effect
concentrations of aquatic species and terrestrial microorganisms are several orders of magnitude
higher than the EEC for ritonavir, hence no environmental impact is anticipated (Tables 3.6.11-1
10 3.6.11-2). Because no adverse environmental impact is expected, alternatives to the proposed
action are not being considered. If this product were not manufactured (as a no-action

alternative), ritonavir would not become available as medication to treat HIV-Infection.

3.6.12 PREPART™ 3

The preparers' resumes are provided in Appendix C.
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TABLE 3.6.11-1

Summary of Enviornmental Impact of Ritonavir Through
Human Use (Year 2000 Production Forecast)

Maximun:Expected Emitted Concentration (MEEC) in WTP as a RCSIII[ of Human Use* =

2 pg/L (2 parts per billion
(ppb)] or 2000 parts per trillion
{(ppt)

Potential Degradation (Removal) of the Test Chemical in WTP Due to Biodegradation** = 134.14 ppt
%2 x 2 days = 6.7% of 2000 ppt
1Polential Degradation (Removal) of the Test Chemical in WTP Due to Photolysis Half-life of 4] 1750 ppt
hours - 2000 ppt x 3 half-lives = {750 ppt***; Worst Casc. 3 Half-Lives = 12 hours
Expected Environmental Concentration (EEC) in WTP 116 ppt
MEEC - Photodegradation and Hydrolysis = 2000 - (134 + 1750) = 116
Ritonavir Adsorbed to Metropolitan Sewage Sludge = 39%
| Ritonavir Remaining in Aqueous Phase = 61%
EEC of Ritonavir in WTP Wastewater Effluent 70.76 ppt
116 ppt x 0.61 (61%) = 70.76 ppt
EEC of Ritonavir in Surface Water after the Release of Wastewater Effluent from WTP 0.076 ppt
Assuming a Thousand Fold Dilution**** in the Des Plaines River = 70.76 ppt x 10 dilution
= 0.076 ppt i
EEC of Ritonavir in the Sludge 45.24 ppt I
116 ppt x 0.39 (39%) = 45.24 ppt
dEEC of ABT in Soil if the Sludge Was Applied to Soil***** = 45.24 ppt x 10”° = 0.045 ppt JJ
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TABLE 3.6.11-1 (CONTINUED)

Summary of Enviornmental Impact of Ritonavir Through
Human Use (Year 2000 Production Forecast)

Ritonavir Irreversibly Bound to Des Plains River Sediment = 6% of C.076 0.00456 ppt '
Ritonavir Remaining in the Aqueous Phase of Des Plaines River = 0.076-0.00456 00714 ppt

f NOEC for Soil Bacteria, Fungi, and Alga = 5,000,000 ppt

NOEC for Daphnia = 1,500,000 ppt

NOEC for Hyalella = 1,590,000 ppt

NOEC for Fresh Water Fish = 1,630,000 ppt

CONCLUSION: No environmental impacts due to ritonavir are anticipated since NOEC for aquatic species or terrestrial

“ microorganisms is several orders of magnitude higher than EEC for that environmental compartment.

*Appendix C, Section 6.7.1; MEEC estimation through human use.

**Biodegradation estimate takes into consideration remcval of 93.9% ritonavir in the biodegradation in water study. A residence time of 2 days in
WTP is assumed.

***Assumes a very conservalive estimate based on an average of 4 hour photodegradation half-life and rate constant of 0.1733 min"' for ritonavir and
six hours of sunlight during the day and 2 days of resident time in WTP (3 half-lives). Experimentally measured photodegradation half-life for
ritcnavir is approximately 2 hours. Under a best case photodegradation scenario, ritonavir should be completely eliminated in WTP by

photodegradation.
sssoMetcaif & Eddy, 1979 (Appendix C, Section 7.2).

ss*2+Baced on application 3,000 Ibs of drv sludge to an acre of agricvltural fand (Opera.ion of Wastewater Treatment Plants, a Manual of Practice.
Water Pollution Conrol Federation, 1976); and 2,500,000 Ibs of soil in the 5-7" surface layer (Brady, N.3.6. 1974, The Nature and Properties of 3oil,
Macmillan Publishing Co.. Inc. New York), a diiution factor of approximately 1000 (10°) is applied.
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TABLE 3.6.11-2

Summary of Environmental Impact Through Releases {rom the Manufacture of
Ritonavir Liquid (Year 2000 Production) From the Abbott, North Chicago

Manufacturing Facility

T e e e e e
Maximum Expecied Emitted Concentration (MEEC) in North Shore Sanitary District WTP as a
Result of Releases from Ritonavir at Abbott North Chicago Facility* =

0.9 pg’L (0.9 ppb) = 900 ppt

l Removal Due to Photodegradation (787.5 ppt) and Biodegradation (60.3 ppt) at the WTP** = 8478 ppt
84738
Expected Environmenial Concentration in WTP = MEEC - Removal due to Photodegradation 52.2 ppt |
and Biodegradation = 900 - 8478 = 52.2
Ritonavir Reversibly Bound to Sewage = 39% of 52.2 ppt 20.358 ppt
Ritoravir Concentration ir. Soil of All the Sewage Sludge Soli Is are Applied to Soil x 10? 0.0204 ppt

Ritonavir Remaining in the Aqueous phase in WTP

52.2 - 20.355 = 31.84 ppt

I Ritonavir Released Through Wastewater Effluent to Des Plaines River | 31.84 ppt |
i Expected Environmenial Concentration (EEC) of Ritonavir in Surface Water = 0.106 x 107+ 0.0318 ppt I
NOEC for Soil Bacteria, Fungi, Algz = 5,000,000 ppt
NOEC for D. phnia = 1,500,000 ppt
NOEC for Hyalella = 1,590,000 ppt
NOEC for Fresh Water Fish = 1,630,000 ppt

CONCLUSION: No environmental impacts dv- o nitonavir ar: anticipated since NOEC for aquatic species or terrestrial
microorganisms is several orders of magnitude higher than EEC for this environmental compartment.

e e

*Appendix C, Section 6.7.2. MEEC for manufacturing faciiity.

«+Calculation of removal due to photodegradation is calculated as fullows: Using C {amount remaining after time t) = Ce~; where C, = 90@ ppt, r = 61733, and t
= 12 hrs; C = 112.5 ppt remaining.  Therefore, amcunt removed #5 900 - 1125 = 787.5 ppt. Estimation for r is from Table 3.6.1!-1.

sseCalculation of removi! due to biodegradation is calculated s foliows: Biodegradation of 3.35% per day. Thus, for 24 hrs (2 days} of exposure. the amount

removed would be 2 x 2.35% x 900 ppt = 60.3 ppt.

**Other assumptions for photodegradation and biodegradiation of ritonavir arc similar 10 that used for esiimating the environmental iwnpact through human uce

(Table 3.6.11-1).



3613  CERTIFICATION

Preparers
The undersigned certify that the information presented is true, accurate, and iz

complete for preparation in accordance with 21 CFR (25.31(a).

Signature g/"“;’k LD'-/L}#-JU-( Date /2-/5= 94

Title

Signatur%/ l.)a-A L)::/éz__t\ Date 71215 =95

Title Program Manager. Environmental ‘ate & Assessment

Sponsor

The undersigued certifies that the information presented is true, accurate, and as
complete as provided to Ranga Valagaleti for preparation in accordance with 21 CFR
(25.31(a).

Signature /&% &Qd [ o -~ __Date /I/SH/?S#
’ ma_A:Z}@& " .

Title Product Manager, Regulal
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Section 3.6

Environmental Assessment

References

Enclosed are references cited in the environmezntal assessment for ritonavir. These
references are provided to facilitate the review of the environmental assessment. Please
note that the following references are not enclosed because they are readily available to

the FDA reviewer:;

Reference 7 A
Pharmaceutical Manufacturers Association (PMA), 1991. Interim Guidance to the
Pl ical Ind for Envi L £ . I Requi for it

FRA. Washington, D.C,, July 1991,

Reference 10
U.S. Food and Drug Administration (USFDA), 1987. Environmental Assessment
Technical Assistance Handbook. Center for Food Safety and Applied Nutrition. U.S.

Food and Drug Admunistration, Washington, D.C., FDA/CFSAN-87/30. (NTIS PB87-
175345).
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MATERIAL SAFETY DATA SHEET PAGE 1
Ritonavir Liquid ISSUED 09/22/95
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1. CHEMICAL PRODUCT AND COMPANY IDENTIFICATION

. S R S T G T D, R G G P S D Gy S e i i vy S S W - W G T G —— - —

Material Name: Ritonavir Liquid
List 1940

MANUFACTURER: Abbott Laboratories
Pharmaceutical Products Division
200 Abbott Park Road
Abbott Park, Illinois 60064-3537

EMERGENCY TELEPHONE NUMBER: 1-800-441-4987
CHEMTREC TELEPHONE NUMBER: 1-800-424-9300

2. COMPOSITION/INFORMATION ON INGREDIENTS

INGREDIENT NAME: Sodium Saccharint
CAS/RTECS NUMBERS: 128-44~9 / DE4550000
OSHA-PEL 8HR TWA: N/L

STEL: N/L
CEILING: N/L
ACGIH-TLV BHR TWA: N/L

STEL: N/L

CEILING: N/L

OTHER 8HR TWA: N/A
LIMITS STEL: N/A

CEILING: N/A
*Hazardous per OSHA criteria

INGREDIENT NAME: Propylene Glycol*
CAS/RTECS NUMBERS: 57-55-6 / TY2000000
OSHA-PEL 8HR TWA: N/L

STEL: N/L

CEILING: N/L

ACGIH-TLV 8HR TWA: N/L
STEL: N/L

CEILING: N/L

OTHER 8HR TWA: 50 ppm, total vapor and aerosol; 10 mg/m3,

alone (AIHA WEEL).
LIMITS STEL: N/A
CEILING: N/A
*Hazard»ous per OSHA criteria

aerosol




MATERIAL SAFETY DATA SHEET

Ritonavir Liquid
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2. COMPOSITION/INFORMATION ON INGREDIENTS,

continued
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INGREDIENT NAME:
CAS/RTECS NUMBERS:

OSHA-PEL

ACGIH-TLV

OTHER
LIMITS

8HR TWA:
STEL:
CEILING:
8HR TWA:
STEL:
CEILING:
8HR TWA:
STEL:
CEILING:

Ethyl Alcohol»
64-17-5 / KQ6300000
1000 ppm

N/L

N/L

1000 ppm

N/L

N/L

N/A

N/A

N/A

*Hazardous per OSHA criteria.

INGREDIENT NAME:

Ritonavir «

CAS/RTECS NUMBERS: N/A / N/A
OSHA~-PELL. 8HR TWA: N/L
STEL* N/L
CEILING: N/L
ACGTH-TLV BHR TWA: N/L
STEL: N/L
CEILING: N/L
OTHER 8HR TWA: 1 mg/m3 (Abbott Laboratories)
LIMITS STEL: N/A
CEILING: N/A

PAGE 2
ISSUED 09/22/95

* Hazardous per OSHA criteria

3. HAZARDS INFORMATION

e A G G D e P TR GE PTS IS U

EMERGENCY OVERVIEW: This product is for use in the treatment of
patients with AIDS. It is an eye irritant. Available data suggest
that target organs include the eyes, liver, thyroid,
gastrointestinal tract, fetus, and urinary system.

ROUTE(S) OF ENTRY: Skin: Unlikely

Inhalation: Unlikely
Ingestion: Clinical Route
INGESTION RATING: None
SKI!I! ABSORPTION RATING: None
INHALATION PATING: N/D
CORROSIVL . « TING: Nonre

SKIN CONTAC, NG: None
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3. HAZARDS INFORMATION, continued
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SKIN SENSITIZATION RATING: N/D
EYE CONTACT RATING: Irritant

TARGET ORGANS: Eyes, liveyr, *hyvoid, gastrointestinal tract, fetus,
urinary system: poz¢ .t ly skin.

CARCINOGENICITY RAZIM.. “TP: N/L IARC: N/L OSHA: N/L
ACGIH: N/L
Sodium z3ccharin is = minc- .omponent of this mixture. Saccharin is
listed by HTP 2. “"reasonanly anticipated to be a carcinogen" and by
IARZ as Group 2B "possibly carcinogenic to humans". Saccharin is on
the California Prop 65 carcinogen list but no significant risk value
has been set. Foods that contain saccharin must carry the FDA label
“Use of this produce may be hazardous to your health. This product
contains saccharin which has been determined to cause cancer in
laboratory animals". Beverages containing ethyl alcohol have been
classified by IARC as Group I human carcinogens.

SIGNS AND SYMPTOMS: N/D. 1In early cli.ical trials, possible
side-effects have included gastrointestinal upset (nausea, diarrhea)
and headaches. Contact with the eyes or skin could result in
irritation responses. Data from pre-clinical studies suggest
alterations in liver function, in vision and in thyroid function.

MEDICAL CONDITIONS AGGRAVATED BY EXPOSURE: N/D. Available information
suggests pre-existing liver, ocular, gastrointestinal, urinary, skin
or thyroid ailments.

4, FIRST AID MEASURES

B G - e R WS S e e — - -

EYES: Remove from source of exposure. Flush with copious amounts of
water. If irritation persists or signs of toxicity occur, seek
medical attention. No known antidote. Provide symptomatic/supportive
care as necessary.

SKIN: Remove from source of exposure. Flush with copious amounts of
water. If irritation persists or signs of toxicity occur, seek
medical attention. No known antidote. Provide symptomatic/supportive
care as necessary.

INGESTION: Remove from source of exposure. If signs of toxicity occur,
seek medical attention. No known antidote. Provide
symptomatic/supportive care as necessary.
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4. FIRST AID MEASURES, continued
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INHALATICON: Remove from source of exposure. If signs of toxicity occur,
seek medical attention. No known antidote. Provide
symptomatic/supportive care as necessary.

5. FIRE FIGHTING PROCEDURES

FLASH POINT: 76 degree F
FLASH POINT METHOD: Tagliabue closed tester/tag closed tested
LOWER EXPLOSIVE LIMIT(%): N/D
UPPER EXPLOSIVE LIMIT(%): N/D
AUTOIGNITION TEMPERATURE: N/D
FIRFE & YXPLOSION HAZARDS: N/D
EXTINGUISHING MEDIA: Use CO2 or ABC dry chemical extinguisher.

FIRE FIGHTING INSTRUCTIONS: None known.

6. ACCIDENTAL RELEASE MEASURES

SPILL OR RELEASE PROCEDURES: Small Spills: Flush with large quantities
of water and discharge into an approved sewer. Large Spills:
Contain and collect spill. Dispose as directed in Section 13. Wash
surface containing residue with large gquantities of water. Remove
all ignition/ heat sources from spill area.

7. HANDLING AND STORAGE

HANDLING: None required under normal use.
STORAGE: Flammable. Store in cool place away from heat or flame.

SPECIAL PRECAUTIONS: No special precautions required under normal use.

8. EXPOSURE CONTROLS/PERSONAL PROTECTION
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ENGINEERING CONTROLS: N/A

RCSPIRATORY PROTECTION: N/A

e .o Te e -~ -~ A=A




MATERIAL SAFETY DATA SHEET PAGE 5

Ritonavir Liquid ISSUED 09/22/95

T ok T S A S T T " S —— —————_—_— T+ W Gma Thu Wi =S Sum S T W =

SKIN PROTECTION: N/A
EYE PROTECTION: N/A

OTHER PROTECTION: N/A. Use good clinical and hygienic practices.

9. PHYSICAL AND CHELICAL PROPERTIES

APPEARANCE/PHYSICAL STATE: Practically clear orange liquid.
ODOR: Peppermint and caramel odor; slight
sulphurous odor may also be present.
BOILING POINT: N/D .

MELTING/FREEZING POINT: N/D
VAPOR PRESSURE (mm Hg): N/D
VAPOR DENSITY (Air=1): N/D
EVAPORATION RATE: N/D
BULX DENSITY: N/D
SPECIFIC GRAVITY: N/D
SOLUBILITY: N/D
pH: N/D
VISCOSITY: N/D

10. STABILITY AND REACTIVITY
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CHEMICAL STABILITY: Stable
INCOMPATIBILITIES: None Xnown
HAZARDOUS DECOMPOSITION PRODUCTS: None Known

HAZARDUUS POLYMERIZATION: Will not occur.

11. TOXICOLOGICAL INFORMATION
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ORAL TOXICITY: N/D. LDSO > 1650 to > 2500 mg/kg in animals for the
components of this product.

DERMAL TOXICITY: N/D. None expected from normal clinical use of this

product. LDS50 > 2000 mg/kg in aniwals for components of this
product.
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11. TOXICOLOGICAL INFORMATION, continued

INHALATION TOXICITY: N/D. Ncne expected from the normal clinical use of
this product. LC50 = 20,000 ppm/10 hours in rats for ethyl alcohol.

CORROSIVENESS: N/D.

DERMAL IRRITATION: N/D. None expected from the normal clinical use of
this product. Ritonavir, the active ingredient, and other
ingredients have produced mild to severe skin irritation in studies
in animals or humans.

OCULAR IRRITATION: N/D. None expected from the normal clinical use of
this product. Ritonavir, the active ingredient, produced mild to
moderate conjunctival redness with swelling in an eye irritation
test in rabbits. The irritation was mainiy reversible in 72 hours.
Ethyl alcohol is a moderate to severe eye irritant in rabbits.
Propylene glycol produced mild eye irritation in rabbits and mild
transient eye redness in humans.

DERMAL SENSITIZATION: N/D. None expected from the normal clinical use
of ¢this product. Ritonavir, the active ingredient, was negative in
the maximization assay in guinea pigs at challenge concentrations of
25 and 45% in petrolatum. Propylene glycol has exhibited some
potential to produce skin sensitization in studies in humans.

SPECIAL TARGET ORGAN EFFECTS: N/D. In pre-clinical studies in rats and
dogs, Ritonavir has produced changes in the liver, retina, thyroid .
and stomach at dosages of 30 mg/kg/day or more. In reproduction
studies in rats and rabbits, Ritonavir has produced fetal toxicity
at maternally toxic dosages of 35 mg/kg/day or more. Ethyl alcohol
is known to produce liver injury, is reported to be a mutagen, and
is a teratogen in humans (fetal alcohol syndrome). Heinz body
formation or erythrocyte dest. iction has been reported in animals
following repeated dosages of 500 mg/kg or more of propylene glycol.
Generalized irritation and other dermatological effects have been
associated with consumption of saccharin sweetened beverages.
Photosensitization reactions and notalgia paresthetica have also
been reported. The sodium salt has been reported to produce iver
and kidney injury and extramedularry hematopoeisis in rats. Adverse
reproductive effects have also been reported in animals.

CARCINOGENICITY INFORMATICN: N/D. Sodium saccharin, a minor component
of this mixture, has produced bladder tumors in studies in rats; th-
no-effect dosage was equivalent to 500 mg/kg/day in this study.
Saccharin has produced bladder carcinomas and thyroid tumors in
studies in mice.

NDA 20-980 0l 09 o ooo
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ECOLOGICAL INFORMATION:

13.

WASTE DISPOSAL METHODS: All wasta must be packagad,

ECOLOGICAL INFORMATION

N/D

DISPOSAL CONSIDERATIQNS

PAGE 7
ISSUED 09/22/95

labaled,

" transported, and disposed of in confromance with applicable local,
state and federal lawe and regulations and in conformance with qaod

engineering practices.

hazardous wasts.

14.

pDoT STATUS:
PROPER SHIPPING NAME:

HAZARD CLASS:

UN NUMBER:

PACKING GROUP:
REPORTABLE QUANTITY:

IATA/ICAO STATUS:
PROPER SHIPPING NAME:

HAZARD CLASS:

UN NUMBER:

PACKING GROUP:
REPORTABLE QUANTITY:

IMO STATUS:
PROPER SHIPPINGC NAME:
HAZARD CLASS:

UN NUMBER:

PACKING GROUP:
REPORTABLE QUANTITY:
FLASH POINT:

TRANSPORTATION INFORMATION

Regulated

This material would be classified as a RCRA

Ethanol solution (final product can be shipped as

Consumer Commodity=- ORM=-D)
3

UN1170

II

N/A

Ragulated

Ethanol Solution (final product can bec shipped as

Consumer Commodity UNB800OO Class 9)
k)

UN1170

II

N/A

Regulated
Ethanol Solution
3

UN1170

II

N/A

76 degraee F

15. REGULATORY INFORMATION

e N NS A Y -4 D WD W W Em

TSCA STATUS: FDA raegulated material is exempt from TSCA.

CERCLA STATUS: N/A

NDA 20--%9 VOL 22
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15, REGULATORY INFORMATION, continued

SARA STATUS: N/A
RCRA STATUS: Hazardous waste by ignitability.
PROP 65 (CA): N/D

16. OTHER INFORMATION
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LEGEND: N/A = Not Applicable
N/D = Not Determined
N/L = Not Listad
L= Listed
C = Celiling
S = Short-tem
(R) = Registered Trademark of Abbott Laboratoriea
(TM) = Registerad Trademark of Abbott Laboratories

The information and recommendations contained herein are basad upon
tegts believed to ba reliable. Howevar, Abbott Laboratories does not
guarantee their acauracy or completaness NOR SHALL ANY OF THIS
INFORMATION CONSITUTE A WARRANTY, WHETHER EXPRESSED OR IMPLIED, AS TO
THE SAFETY OF THE GOODS, THE MERCHANTABILITY OF THE GOODS, OR THE
FITNESS OF THE GOODS FOR A PARTICULAR PURPOSE. Adjustment to conform
with actual conditions of umsage may be required. Abbott Laboratories
assumes no responsibility for rasults obtained or for incidental or
consaquential damages arising from the use of these data. No freaedom
from infringement of any patent, copyright or trademark is to be
inferrad.

APPROVED BY: jsk

HNDA 20--59 VOL 22 —Pa 274
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ABboR LabDorsiores
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ABBOTT LABORATORIES
CHEMICAL AND AGRICULTURAL PRODUCTS DIVISION
NORTH CHICAGO

GENERAL ENVIRONMENTAL COMPLIANCE STATEMENT

Abhott Laboratories states that it iz in material compliance with, or on an
enforceable schedule to be in compliance wiih, applicable emission requirements
set forth in permits, consent decrees and administrative orders relating to the
production of Ritonavir at its facilities in North Chicago, Illinois, as well as
applicable emission requirements aat forth in federal, state and local statutes and
regulations relating to the production of Ritonavir.

%L& rs

Daniel Womiak
Environmental Coordinator
Chemical and Agrcultural Products Division
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Pharmaceutical Products Division
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ABBOTT LABORATORIES
PHARMACFUTICAL PRODUCTS DIVISION
NORTH CHICAGO

GENERAL ENVIRONMENTAL COMPLIANCE STATEMENT

Abbott Laboratories states that it is in maierial compliance with, or on an
enforceable schedule to be in complirnce with, applicable emission requirements
set forth in permits, consent decres: and administrative orders relating to the
production of Ritonavir at its facilities in North Chicago, lllinois, as well as
applicable emission requiremants sat forth in federal, state and local satutes and
regulations relating to the production of Ritonavir.

Michae! J. Warmuth
Director
North Chicago Operations
Pharmaceutical Preducis Division
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DIVISION OF ANTIVIRAL DRUG PRODUCTS
Review of Chemistry, Manufacturing and Controls

NDA #: 20-680
CHEMISTRY REVIEW #: 1 DATE REVIEWED: 27-Feb-96
Orniginal 20-Dec-95 21-Dec-95 26-Dec-95
Amendment (BL) 23-Jan-96 24-Jan-96 26-Jan-96
Amendment (BL) 8-Feb-9% 9-Feb-96 22-Fch-96
Amendment (BC) 15-Feb-96 16-Feb-96 27-Feb-96
Amendment (BC) 19-Feb-96 20-Feb-96 27-Feb-96
Amendment (BC) 19-Feb-96 NA NA
NAME/ ADDRESS OF APPLICANT: Abbott Laboratorics
Dept 491, Bldg. APSB-1
100 Abbott Park Rd.
Abbou Park, I1 60064-3500
Proprictary: NORVIR™
Nonpropnetary: Ritonavir
Code Name/#: ABT-538 or A-84538.0
EHABMA.CQLQQ&ALLA.’IEGQRX Antiviral
Anti-HIV
DQSAGEEDBMSIRE!EIH Capsule 100 mg  botdes of 84
o blister packages of 84 or 68
ROUTE OF ADMINISTFATION: Oral

10-Hydroxy-2-methyl-5-(1-methylethyl)-
1-12-(1-methylethyl)-4-thiazolyl)-3,6-
dioxo-8,11-bis(phenylmethyl)-2,4,7,12-
tetraazatridecan-13-o1~ acid, §-
thiazolylmethyl ester, 1SS-(SR*, 8R*,
IOR*, 11R*))-

Registry Number {155213-67-5)
Ci7HasNsOsS; Formula Weight: 720.95
SUPPORTING DOCUMENTS:




Chemistry Review of NDA 20-680

Record of CMC questions which were raised during 5-Jan-96 meeting with Applicant.
Facsimile of 7-Feb-96 (Response to CMC questions on methods validation samples)
Facsimile of 11-Jan-96 (Request for DMF #/ LOA and clarification regarding stability)
Desk copy dated 15-Feb-96 (Stability update on capsules)

Desk copy dated 19-Feb-96 (Additional stability data on capsules)

Facsimile of 20-Feb-96 (CMC comments on carton/container labels)

Facsimile of 21-Feb-96 (CMC questions regarding process controls and limits for capsules)
Facsimile of 23-Feb-96 (Response to CMC questions on limits, batch sizes and imprinting)
Facsimile of 24-Feb-96 (CMC comments regarding limits and expiry for the capsules)
Facsimile of 26-Feb-96 (Response to proposed limits and expiry for capsules)

26-Feb-96 Trieconferenice (Negotiation of limits and expiry)

Facsimile of 27-Feb-9¢ (Applicant's comments on the interim dissolution method)
Facsimile of 27-Feb-96 {Final agreement on limits and expiry for capsules)

Facsimile of 29-Fc¢b-96 (Applicant's justification for dissolution method paddle speed)
Chemistry Reviews of IND

Chemistry Review of NDA 20-659 (ritonavir oral solution, 80 mg/mL and drug substance)

Trade name reviews by CDER Labeling and Nomenclature Committee.

Environmental Assessment reviewed by HFD-005.

Product specific inspection of the manufacturing site.

Evaluation of stability data, impurity limits and expriry period using statistical methodology
by Daphne Lin, Ph.D., Office of Biometrics.

Data search on 3-Jan-95, by Kyung Kim, Div, Drug Information Resources, for currert use of
polyglycohzed tnglycerides (Gelucire 50/13%®) and caprylic/capric triglycerides (Miglyol
812%) in human drugs.

Search of Federal Register for withdrawals or additional actions on polyglycolized
triglycerides subsequent to the food additive petition on 19-Dec-91 by Parexel
International Corp. for use in vitamin formulations. Carried out by David E. Graham,
FDA Medical Library.

Analyses of the animal toxicology data on

by James Farrelly, HFD-530.

Ritonavir is an inhibitor (Ki = 0.02nM) of the HIV-encoded aspartyl protease that is required
for the cleavage of the gag-pol polyprotein into its constituent proteins. Ritonavir is a highly
modified substrate analog which inhibits rephcauon of HIV-1 clinical isolates with ECqg
values 1n the range of 4-40 nM. In plasma ntonavir is highly protein bound (99%), with
moderate distribution into erythrocytes (14% relative to ,%lsma) und low levels in
cerebrospinal fluid. In clinical trials, doses of 600 mg BID have resulted in elevation of CD4
counts (+80 cells at 16 weeks), reduction of plasma levels of viral RNA (20.8 log;o at 16
weeks) and early evidence of clinical benefit.

DRUG SUBSTANCE: Satisfactory ~
All specifications and controls on the drug substance ere identical to thos= mpnncd in NDA
20-659 for ritonavir oral solution, and are incorporated by referencs.




Chemistry Review of NDA 20-680

DRUG PRODUCT: Satisfactory
The capsule dosage form (formulation "L") contains a solution of 100 mg of ritonavir in a

The capsule is manufactured by formation of the solution portion which is mixed with the

Two packaging options are described: an opaque HDPE 5-o0z botue of 84 capsules, and a unit
dose blister pack with 84 capsules per box. The proposed
regulatory specifications are attached, and are supported by release data on

An expiry period of 12 months is requested, for storage at 2°-8°C.,

The proposed attributes, including appearance, identity o ‘

dissolution and microbial limit tests, are adequate to
ensure the quality and purity of the capsule dosage form. We recommended that two
additional degradants be included as specified impurities, that the limit on total impurities be
lowered, and that a specification for other synthetic impurities be included. These
modifications of the regulatory limits were based on release data from 10 production-like lots
plus 5-6 months of stability data on 3 lots. The dissolution specification was negotiated
between the Applicant and representatives of the Chemistry and Biopharmaceutics review
tcams. An interim specification was established, with the A;:Flicam to collect additional data
on the time-dependence of dissolution, and the effect of paddle speed. The revised limits, as
agreed upon with the Applicant (facsimile of 27-Feb-96), are acceptable. Both the Applicant
and the Agency agreed to re-cvaluate the limits on impurities when more data become
availabie.

Batch analyses are provided on 10 production-like lots of z g:ules
manufactured on the commercial equipment. The initial commercial scale will
capsules, with a maximum scale capsules.

Two packaging configurations are described, bottles of 84 capsules, and unit-dose blister
packages. The bottles are 5 oz white HDPE with a polypropylene child-resistant closure, ,
without pledgetting or desiccant, containing 84 capsules. The bottles are provided in boxes of




Chemistry Review of NDA 20-680

2 and 4, which contain 2-week and 1-month supplies, respectively. The blister packages are
They are

packaged in cartons of 68 (for the imtial week of therapy) and cartons of 84 for all

subsequent weeks. These cartons in tum are grouped into two different 1 month supply

packs: a

to DMFs are provided for all packaging components.

The primary stability data was updated three times (2-Feb, 15-Feb and 19-Feb-96). For the
bottled capsules it now consist of 6 months (2 lot using drug substance),
5 months (1 lot using drug substance) and 1-4 month data on 7 lots of banded and
unbanded capsules which cover all 4 drug substance manufacturers. The capsules will
currently be stored only at $°C, and accelerated stability data was collected at 25°C/60%RH
(up to 6 months) and 30°C/60%RH (1 month). All primary data are for commercial scale
batches , manufactured on production equipment. The suﬁpom'vc data include 12 months at
5°C for three 3000-capsule lots, packaged in 3 oz HDPE bottles, The rates and modes of
decompositinn are equivalent between primary and supportive lots. An expiry period of 9
months was initially recommended by the Agency. This was extended t0 12 months upon
submission of additional data (facsimile and teleconference of 26-Feb-96) which
demonstrated that significant changes would not be encountered at an accelerated
temperature of 20°C (15°C above (he storage temperature). .

The stability data for the blister presentation is much more limited. As of 19-Feb-96, 3 month
data are available on 3 production-like lots (covering 3 of the drug substance suppliers).
Although the behavior on stability closely paralleled the bottled capsules, the limited primary
data, and the absence of supportive data, led the Agency to propose a 6-month expiry period.
This was acceptable to the Applicant (teleconference of 26-Feb-96).

ENVIRONMENTAL ASSESSMENT: Satisfactory 7
No pre-submitted EA data were available for this dosage form. The EA review was initiated
on 27-Dec-95, and completed (with a FONSI) on 8-Feb-96.

METHODS VALIDATION: Pending

The analytical methodology is adequately described includiny the relevant validation. The
Methods Validation Fackagc was submitted to the Chicago District and to the Division of
Drug Analysis. As of 28-Feb-96, validation of the analyticai methodology is not yet
complete.

LABELING: Satisfactory

The original proprietary names, Proteact, Proteact-PI and Proteact-PA, were judged by both
the CDER Labeling and Nomenclature Committee (L&NC) and the Division to be a source
of potential prescription error. The Applicant's second choice, Norvir, was judged to be
acceptable by both the L&NC and the Division. We recommended three possible choices for
capsule nomenclature, as part of our request for modification of the oral solution product
name (facsimile of 20-Feb-96). The Applicant chocse "Norvir (ritonavir capsules)”. The
container, carton and pack labels (BL 9-Feb-96), and the package insert (as amended on 26-
Feb-96) are acceptable.
ESTABLISHMENT INSPECTION: Satisfactory

The EER coveriny the capsule manufacturing site at Abbott Park, Il was submitted on 2-Jan-
96. The pre-approval inspection was carried out between 8-Jan-96 and 26-Jan-96. The
inspector recommended approval, and confirmation of acceptable PAI status was received
verbally and via facsimile from Mark Lynch of CDER Office of Compliance on 28-Feb-9¢.
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CONCLUSIONS & RECOMMENDATIONS:

The NDA submission and accompanying amendments provide adequate information on the
chemistry, manufacturing and controls for Norvir (ritonavir capsules). The Environmental
Impact Assessment is complete, and the manufacturing facilities have acceptable cGMP
status. The NDA, as amended, is therefore recommended for approval from the chemistry
perspective.

% ;;;?, Wallle. 2/29 6
.Concurrcnccr rq“((‘?}- tephenP. Miller, PR.D.

HFD-5 3()/DFrecmanT.V7r Review Chemist
HFD-530/CChen c8? .347/%’

ccC.

Orig. NDA 20-680 HFD-530/DFeigal HFD-530/Pharm

Orig. NDA 20-659 HFD-530/CChen HFD-102/KStruble
HFD-530/Div. File HFD-530/SMiller HFD-530/KKumi
HFD-830/Div. File HFD-530/JMurray

HFD-830/ESheinin HFD-530/Micro File: N 20-680\000CNRO1.80i




ENVIRONMENTAL ASSESSMENT
.
FINDING OF NO SIGNIFICAMT IMPACT

FOR

Ritonavir

Capsules

NDA 20-680

FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH

DIVISION OF ANTIVIRAL DRUG PRODUCTS
(HFD-530)




FINDING OF NO SIGNIFICANT IMPACT
NDA 20-680
Ritonavir
Capsulas

The National Environmental Policy Act of 1969 (NEPA) requires all
Federal agencies to assass the anvironmental impact of their
actions. FDA is required under NEPA to consider the
environmental impact of approving certain drug product
applications as an integral part of its regulatory process.

The Food and Drug Administration, Center for Drug Evaluation and
Research has carefully considered the potential environmental

impact of this action and has concluded that this action will not
have a significant effect on the quality of the human environment
and that an environmental impact statement therefore will not be

In support of their new drug application for Ritonavir Capsules,
Abbott Laboratories has conducted a number of environmental
studies and prepared an environmental assessment in accordance
with 21 CFR 25.31a(a) (attached) which evaluates the potential
environmental impacts of the manufacture, use and disposal of the
product.

Ritonavir is a synthetic drug which is administered orally in the
treatment of Acquired Immunodeficiency Syndrome (AIDS) and AIDS-
Related Complex (ARC). The drug substance will be manufactured
at 4 different facilities identified in the environmental
assessment. The drug product will be manufactured by Abbott
Laboratories, North Chicago, IL. The finished drug product will
be used in hospitals, clinics and by patients in their homes.

Ritonavir ma, enter the environment from excretion by pat! wnts,
from disposal of pharmaceutical waste or from emissions from
manufacturing aites.




Chemical and physical test results indicate that the drug
entering the environment will exist predominantly in the aquatic
environment. Ritonavir is expected to be eliminated from the
environment by photodegradation and biodegradation. As ritonavir
may persiat in the environment for some time, the toxicity of the
substance to organisms was characterized. Studies were conducted
to assess the acute toxicity to water fleas (Daphnia magna),
bluegill fish (Lepomis macrochirus), Hyalella azteca and the
inhibitory effect on microbial growth. These studies indicate
that there are no expected adverse environmental effeacts at the
expected environmental concentrations.

Disposal may result from production waste such as out of
specification lots, returned goods and user disposal of empty or
partly used product and packaging. Pharmaceutical waste will be
disposed of by the manufacturer at a licensed landfill or
incineration facility. At U.S. hospitals and clinics, empty or
partially empty packages will be disposed according to
hospital/clinic procedures. #rom home use, empty or partially
empty containers will typically be disposed of by a community's
solid waste management system which may include landfills,
incineration and recycling, while minimal quantities of unused
drug may be disposed of in the sewer system.

Precautions taken at the sites of manufacture of the bulk product
and its final formulation are expected to minimize occupational
exposures and environmental releasge.

The Center for Drug Evaluation and Research has concluded that
the product can be manufactured, used and disposed of without any
expected adverse environmental effects. Adverse effects are not
anticipated upon endangered or threatened species or upon
property listed in or eligible for listing in the Natjonal
Register of Historic Places.
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Nancy B. sager
Acting Supervisor
Environmental Assessment Team
Center for Drug Evaluation and Research
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CONCURRED

Roger L. Williams, M.D.

Deputy Center Director for Pharmaceutical Science
Center for Drug Evaluation and Researxch

Attachment: Environmental Assessment




NDA SUBSECTION 3.6
ENVIRONMENTAL ASSESSMENT

Ritonavir Capsules

Abbott Laboratories
One Hundred Abbott Park Road
Abbott Park, lllinols 60064

The National Environmental Policy Act requires Environmental Assessments (EAs) to be public
documents. Subsections 3.6.1 through 3.6.15 (i.e., Items | through 15 of this BEA) mid
accompanying Appendix A and Appendix R (from Subsection 3.6.15) are suitable for public
disclosure. These nonconfidential subsections and appendices are complete with the exception of
proprietary information. The proprietary information, which is contained in Appendices C and
D could be beneficial to competitors and therefore, must remain confldential. The text of t,he'
pubic document (Subsections 3.6.1 through 3.6.15 and Appendices A and B) is based on the text
of Appendix C. Appendix C is intended for review as the confidential version of EA Items |
through 15. Appendix A contains one page summaries of the environmental fate and effects

study reports. Appendix D, which is a confidential appendix, contains the full stud; reports on
environmental fate and effects.

RITONAVIR CAPSULES WDA 20-680 VOL 12 001
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