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The National Environmenta! Policy Act of 1969 (NEPR) reqguires all
Federal agencies to asgess the environmental impact of their |
acticns., 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 = significant effect on the quality of the human envircnment
and that an environmental .impact statenent therefore will not be

prepared.

In support of their new drug application for 3TC Tablets, Glaxo
Wellcome Inc. has conducted a number of environmental studies and
prepared an environmental assaessment in accordance with 21 CFR
25.31a(a) (attached} which evaluates the potential environmental
impacts of the manufacture, use and disposal of the product.

Lamivudine is a synthetic drug that is administered as an oral
tablet in the treatmsnt HIV infection. The drug substance
manufacturing operations will take place at Glaxo Cperations (UK}
Limited, Montrose, Scotland and Ulverston, England and the drug
product will be manufactured and packaged at Glaxo Wellcoma Inc,
Zebulon, NC. The finished drug product will be used 1in
hospitals, clinics and by patlents in their homes.

Lamivudine may enter the environment from excretion by patlients,
as emissions from manufacturing sites or from disposal of
pharmaceutical wastes. Chemical and physical test results
indicate that the majority of the drug substance will most likely
be rescricted to the aguatic environment. No rapid environmental
depletion mechanism has been identified.

As lamivudine is expected to persist in the aquatic environment
for some time, the toxicity of the material to organlisms was
characterized. Acute static toxicity studles 1n water fleas
(Daphnia magna) and microbial inhibition testing indicate that
the drug substance would not be toxic to organiems a. the maximum
expected environmental concentration
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BY APPLICANT

Disposal of the drug may result from out of specification lots,

discarding of unused or expired product,

and user disposal of

empty or partly used product and packaging. The manufacturer
will dispose of waste drug substance and drug product at a

licensed incineration facility. At U.S,

hogpitals and clinics,

empty or partially empty packages will be disposed according to
hospital/clinic procedures. From home use, empty or partially
empty containers will typically be disposed of by a community's
solid waste management system which may include landfills,
incineration and recycling, while minimal quantities of unused
drug may be disposed of in the sewer system.

The Center for Drug Evaluaticn and Research has concluded that
the product can be manufactured, used and disposed of without any

expected adverse environmental effects.

Precautions taken at the

sites of manufacture of the bulk product and its final
formulation are expected to minimize occupational exposures and
environmental release. 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 Scientist

Center for Drug Evaluat:.on and Research
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1.0 DATE:
May 10, 1995 Rg%’c IOk
2.0 APPLICANT: APy ICA%‘)@E

Glaxo Well:ome Inc.

3.0 ADDRESS:

Five Moore Drive
Research Triangle Park, NC 27709

4.0 DESCRIPTION OF THE PROPCSED ACTICON
4.1  Description of Requested Approval

Glaxo Wellcome Inc. is requesting approval 'o formulate, package, and market 3TC™
(lamivudine} Tablets for the treatment of HIV infection in symptomatic and asymptomatic

children and adults. Each dose of 3TC™ (lamivudine) Tablets will cortain 150 mg of

lamivudine drig substance which will be comnpressed into tablets. The marketed product will
be dispensed only on order of a licensed physician.

4.2 Need for the Action

Lamivudine is a nucleoside analog which is a potent reverse transcriptase inhibitor that will be
admunistered orally for the treatment of H'V infection. Lamivudine has a rapid oral absorption
profile with peak coucentratiors observed from 0.5 to (.5 hours after administration.
Absolute bioavailability is approximately 85 % in adults and 65% in children in well controlled
bioavailability studies. The prolonged intracellular half-life of 10-11 hours of the active
moiety, lamivudine triphosphate allows {or twice a day dosing.

Lamivudine, therefore. 1s a novel agent that may provide a significant improvement over
existing treatments for HIV infectior:.

4.3 Locations where Products wiil be Produced

The drug substance, lamivudine, will be manufactured in bulk by Glaxo Operations (UK)
Limuted in Montrose, Scotland. One wmtermediate compound (lamivudine salicylate),
necessary for production of lamivudine at the Montrose facility, will be manufactured at the
Glaxo Cperations (UK) Limited facility in Ulverston, England. The drug product (3TC™
(lamivudine) Tablets) will be manufactured and packaged at Glaxo Wellcome Inc. in Zebulon,
Nortir Carolina.

Drug Substance Manufacturing

Glaxo Operations (UK) Ltd
North Lonsdale Road
Ulverston

CumbniaLA12 9DR
United Kingdom
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The Glaxo Operations Limited Ulverston facility is located on the uornthwest coast of England
on the shore of Morecambe Bay. Ulverston is a small town (population 12,000)
approximately 10 miles from the major industrial centcr of Barrow-in-Furness. The
surrounding area is mainly residential and commercial, with a small amount f industry. Local
industries include agriculture, fishing, and light engineering. The Glaxo Operations facility is
located on the south side of the Furness peninsula, on the site of a former iron werks. The
River Leven Estuary runs along the south side of the site to enter Morecambe Bay. The
topography in the vicinity of the facility ranges from low lying to moderately hilly. IL.ocal
weather is typical of a temperate, mantime climate. The Ulverston facility covers
approximately 60 acres and contains manufactunng departments, offices, storage areas,
laboratories, and workshops, and several small ancillary buildings.

Glaxo Operations (UK) Ltd

10 Cobden Street “

Montrose R [ DACT[

Angus DD10 SE13 ONS M
Scég:ll:nd, United Kingdom 8Y APPUCAN‘;DE

Glaxo Operations Limited's Montrose facility is located in the town of Montrose, a small town
in northeast Scotland between the cities of Aberdeen and Dundee. Other industries in the town
include agriculture, fishing and oil field supply services. The facility is located adjacent to the
North Sea at the mouth of the South Esk River. The site covers 45 acres and is approximately
one mile due east of the Montrose Basin. The site is bounded to the east by the local beach
and the North Sea, to the south by the estuary of the South Esk river and to the north by
residential, comuercial and industrial properties.

Drug Product Mrnufacturing and Packaging

Glaxo Wellcome Inc.
1011 North Arendell Avenue
Zebulon, North Carolina 27597

Glaxo Wellcome Inc.'s Zebulon, North Carolina facility is located about 25 miles east of
Raleigh, North Carolina. The Town covers two square miles and has an approximate
population of 2889, Other industries which are located in Zebulon include textile mills, metal
finishers and a plastics manufacturer. The site has a total of 224 acres. The Zebulon facility
employs approximately 750 people.

4.4 Sites of Product Use

The drug product (3TC™ (lamivudine) Tablets) will be dispensed by prescription in
pharmacies and used in private residences, hospitals and chnics, throughout the United States.

4.5 Sites of Disposal

Product that 1s introduced into the patient will be excreted in the urine and feces and distributed
Into wastewater treatment systems throughout the United States.

Returned product disposal will occur at high-temperature commercial incinerator facilities that
are pernutted to dispose of such wastes by appropriate local, state and federal regulatory
agencies. Currently, disposal of return product 1s contracted to:

Chambers Medical Technologies. Inc.
100 Nix Street
Hampton, South Carolina 29924
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Chambers Medical Technologies, Inc. holds permit number 1280-0021, issued on July 29,
1986 by the South Carolina Department of Health and Environmental Contro] (DHEC). The
permit has an expiration date of March 31, 1991. DHEC confirms that Chambers Medical
Technologies, Inc. applied for a permit renewal as required and is operating under the existing
permit until DHEC issues a new permit,

An alternative solid waste incineration facility under consideration for the disposal of returned
product is:

BFI - Mcdical Waste Systems REDACTIONS MAD
1168 Porter A
Haw R?ve?: sttrllluéarolina 27258 BY APPUCANT

BF1 - Medical Waste Systems holds air permit number 5896R7 issued June 18, 1994 by the
North Carolina Department of Environment, Health and Natural Resources (DEHNR). ~ The
permit has an expiration date of July 1, 1996.

Rejected drug substance and drug product produced at mnanufacturing sites is disposed of via
high temperature incineration either on site or at off-site facilit..s approved by the respective
governments for this purpose. Information on incineration facilities used to destroy rejects can
be found in Section 6.

5.0 IDENTIFICATION OF CHEMICAL SUBSTANCES

The chemical substances that are the subject of the proposed action can be divided into five
categories: (1) drug substance, (2) drug substance impurities and degradants, (3) drug product
excipients, (4) drug substance and drug product manufacturing waste products, and (5)
packaging materials and package disposal waste products. Information on the chemical
substances identified in each of the categories is discussed in Sections 5.1 through 5.5.




5.1 Drug Substance Information

Approved Names L.amivudine
Chemical Name (-)cis-5-(4-Amino- 1 ,2-dihydro-2-oxo-1 -pyrimidinyl)-1,3-
oxathiolane-2-methanol
Code Name GR109714X
Structural Formula
NH,
] RED
NZ ACT] ONS M
O o l:l
/"h._ 3
o]
S
Molecular Formula CgH11N303S
Molecular Weight 229
CAS Number 134678-17-4

5.2 Drug Substance Impurities and Degradants

A confidential list of drug substance impurities and degradants has been provided to FDA.
5.3 Drug Product Excipients

A confidential list of drug product excipients has been provided to FDA.
5.4 Manufacturing Waste Products

Confidentia! informauon on drug substance and drug product manufacturing wastes has been
provided tc FDA.

55 Packaging Materials
The following materials will be used in packaging of the drug substance:

polyethylene bags
polyethylene kegs

These packaging materials will enter the waste strean subsequent 10 manufacture of the drug
product with the exception of the polyethyleae kegs which will be recycled.
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The following materials will be used in packaging of the drug product:

REDACTION
Cart Paper label S Map
Caps0 " Cip;gizedsRsc cases Y APPLICANT :

Coilers Package inserts
HDPE bottles

These packaging materials will enter the waste stream as a result of product use, and when ﬂ
rejected or expired materials are returned. Information on chemical names, CAS numbers and
chemical structures is not available for these widely used commercial packaging materials.

6.0 INTRODUCTION OF SUBSTANCES INTO THE ENVIRONMENT

The drug substance and other substances associated with its manufacture can potentially enter
| the environment from four main sources: (1) the sites associated with the manufacture of the
: drug substance, lamivudine, or its interrediates; (2) the sites associated with the manufacture

and packaging of the drug product; (3) the sites of use by patients: and (4) waste disposal sites

for discarded or rejected product and packaging materials. Sections 6.1 through 6.5 discuss
potential emissions from each of these sources.

6.1 Introduction of Substances from Drug Substance Production

‘The substances expected to be emitted, emission controls, and compliance with relevant
environmental and occupational laws for the drug substance manufacturing sites are discussed
below.

6.1.1 Substances Expected to be Emitted

4 ’ The requested approval could potentially result in emissions to the environment from sites of
production of starting materials, reagents and excipients used in the manufacture of the drug |
substance and the drug product. A confidential list of these materials has been supplied to the |
FDA. ;

6.1.2 Controls on Emissions

Ulverstori

The pH adjusted process effluent from the lamivudine salicylate process is transferred by
pipeline to a udal storage tank which collects other process effluent streams from the site.
Discharges of blended effluent are made into the River Leven Esmary for a restricted time at ;4
ebb tide. ?

Seal liquors from vacuum pumps used in the lamivudine salicylate process dischaige to the
Ainslie Creek system and are collected and transferred by pipeline through a screening system
1o tidal storage tanks for discharge to the River Leven Estuary for a restricted 'ime at ebb tide.

Gaseous emissions from the Lymivadine salicylate process are controlled by wet scrubbing
systems. The vent and scrubber exhausts are monitored on a routine basis for acid and
alkaline gases and volatile organic compounds, as appropriate.

An on-site incinerator is used to dispose of waste solvent and aqueous streams generated during
the preparation of lamivudine sa'icylate and other products manufactured at the Ulverston facility.

There are no on-site facilities for the incineration of solid waste. Solid waste designated as
special waste (proess samples or materials contaminated with intermediates or flammable -




solvents and not suitable for landfill) is disposed of by incineration at licensed wmerchant
Incineration contractors. Some jiquid waste streams also may be disposed of by incineration
off-site at licensed me:chant incineration contractors. It is currently proposed to use the
following facilities for this service:

Cleanaway Ltd Rechem Intemational Ltd
Bridges Road Puntyvelin Industrial Estate RE
Ellesmere Port, South Wirral New Road BDYA 21,‘,9 Lh: g A’?ﬁ-DE
Cheshire Pontypool )
L65 4EQ Gwent
NP4 5DQ

The authorizatior. for the Cleanaway facility, issued by Her Majesty's Inspectorate of Pollution
(HMIP) on 23 August 1993, valid for four years, is AG8233. The authorizatien for the
Rechem facility, issued by HMIP on 16 July 1993, valid for four years, is AG7946.

Some packaging materials, personal protective equipment, and other general industrial waste
are landfilled. The address of the facility currently used is:

Bennet Bank
Park Farm
Dalton-in-Furness
Cumbria

UK

The facility 1s owned and operated by Caird Environmental Ltd.
Montrose

Aqueous effluent generated in the lamivudine production areas is collected in either of two
wooden vats. The contents are individually recirculaicd, brought into the required pH range
with sodium hydroxide or hydrochloric acid, sampled and tested.

Pretreated wastewater 1s discharged to the tidal storage tank which collects all other process
efluent streams from the site. Discharges of blended effluent are made into the estuary of the
River South Esk one hour after high water to ensure maximum dilution and dispersion.

There is no release of process wastewater into the storm water drainage system.

Trethylamine is used in the lamivudine manufacturing process. Any releases are extracted
using ventilation, the exhaust of which is scrubbed with hydrochloric acid before emission to
atmosphere.

All air emissions from the product finishing suite pass through prefilters and HEPA filters.

Two general purpose incinerators on the site are used to dispose of waste solvent and aqueous
streams produced dunrg the manufacture of lamivudine.

There are no on-site facilities for the disposal of solid wastes. Filter bags, HEPA. filters, filter
elements used 1n the process and / or contaminated with trace amounts of lamivudine and its
mtermediates are bulked for disposal by high temperature incineration at a licensed off-site
facility.
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The Baldovie Incineration Plant
Forties Road

Baldovie Industrial Estate
Dundee

DD4 ONS

Scotland

Non chemical wastes (eg used fiberboard kegs, general refuse) are also incinerated. The
authorization number for this facility, issued by Her Majesty’s Industrial Pol.ution
Inspectorate (HMIPI), is IPC/068/1993. The authorization is valid uatil 30 Septemnber 1997.

6.1.3 Regulatory Controls and Compliance

This Section contains discussions of environmental regulatory requiremcnts associated with
the production of lamivudine drug substance and compliance with the requirements.
Summaries of wastewater, air, solid waste and occupational requirements are included on the
following pages.

Ulverston

Table 1 contains a list of environmentai regulations applicable to Glaxo Operations Ulverston
manufacturing site.

Table 1. Overview of Environmental and Occupational Laws
Applicable to the Giaxo Operations (UK) Ltd., Ulverston Facility

WASTEWATER Water Act (1989)

DISCHARGES Control of Pollution Act (1974)
Environmental Protection Act (1990}

AIR EMISSIONS Health and Safety at Work Act (1974)

- Health and Safety (Emissions into the Atmosphere)
Regulations (1933)

- Health and Safeiy (Emissions into the Atmosphere)
Amendment Regulations (1989)

Environmental Protection Act (1990)

COLLECTED WASTE Control of Pollution Act (1974)

_ Control of Pollution (Spzcial Waste) Regulations
(1980)

- Contrcl of Pollution (Specital Waste) Amendment
Regulations (1988)

Environmental Protection Act (1990)

OCCUPATIONAL Health and Safety at Work Act (1474)
- Contro! of Substances Hazardous to Health
Regulations (1988)

Discharges of effluent {from the site to the River Leven Estuary are controlled by the Integrated
Poliution Control authorization for the cephalosporins process granted by HMIP.

Lamnivudine salicvlate is manufactured in the Development Plant, which is authorized by
HMIP. '
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Disposal of solid and liquid wastes from the site is controlled by the local autherities under the
terms of the Control of Pollution Act (1974) and the Environmental Protection Act (1990).
Under the legislation, the transporter and waste disposer are required to hold a relevant license
and to operate within the conditions of the license, with ail parties involved in the transport and
disposal chain demonstrating Duty of Care.

General industrial waste from the site is bulked for disposal and transported by Registered
Waste Carriers to the local landfill site (Bennet Bank) which is operated by
Caird Environmental Lid. Each consignment of waste is accompanied by a relevant Duty of
Care Transfer Document. Solid and liquid wastes designated as Special Waste are
accompanied by a relevant Duty of Care Transfer Document and Secticn 17 Note, and are
carried by Registered Waste Carriers for incineration at licensed merchant incineration
CORtractors. - B

Emissions to atmosphere are controlled by the Environmental Protection Act 1990. In
addition, emissions in the workplace are controlled by the Health and Safety at Work Act
(1974) and the subordinate Control of Substances Hazardous to Health Reguiations (1988).
These are enforced by the Health and Safety Executive. Occupational emissions are assessed
to ensure that exposure to substances hazardous to health are controlied and comply at least
with the provisions of the Health and Safety at Work Act ( 1974) and its supporting
regulations.

Montrose

Table 2 contains a list of environmental regulations applicable to Glaxo Operations Montrose
manufacturing site.

Table 2. Overview of Environmental and Occupational Laws
Applicable to the Glaxo Operations (UK} Ltd., Montrose Facility

WASTEWATER Water Act (1989)

DISCHARGES Conitrol of Pollution Act (1974)
Environmental Protection Act (1990)

AIR EMISSIONS Health and Safety at Work Act (1974)

Environmental Protection Act (1920)

COLLECTED WASTE Control of Pollution Act (1974)

_ Control of Pollution (Special Waste) Regulations
(1980)

- Control of Pollution (Special Waste) Amendment
Regulations (1988)

Environmental Protection Act (1990)

OCCUPATIONAL Health and Safety at Work Act (1974)
_ Control of Substances Hazardous to Healih
Reqgulations (1988)

Up until the implementation of the Environmental Protection Act (1990) in Scotland in April,
1992, legislation controlled pollution to each medium separately (i.c., emissions to
atmosphere, discharges to controlled waters and disposal of waste to licensed disposal sites).
Part 1 of the Act and its subtequent regulations include the concept of Integrated Pollution
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Control (IPC) and 1s being implemented in a phased manner to repiace the existing registration
procedure.

The process for the manufacture of lamivudine has been authorized under the terms of the
Environmental Frotection Act (1990) since October 1994.

Discharges of effluent to the River South Esk comes under the jurisdiction of the local Tay
River Punfication Board (TRPB). The Water Act (1989), Control of Pollution Act (1974),
and the Environmental Protection Act (1990) allow the discharge of effluent under the
conditions of a consent, which specifies limits on the quantity and quality of the effluent.

Details of the consent and monitoring results are held on a public register held at the offices of
HMIPI in Edinburgh. Copies are also retained by TRPB in their offices in nearby Arbroath.

Disposal of solid wastes from the Montrose site is controlled by the local authorities under the
Control of Pollution Act 1974 and, subsequently, the Control of Pollution (Special Waste)
Regulations 1980, the Control of Pollution (Special Waste) Amendment Regulations 1988 and
the Environmental Protection Act 1990. Under the legislation, the transporter and waste
disposer are required to hold a relevant license and to operate their practices within the
conditions of the license with all parties involved in the transport and disposal chain
demonstrating a Duty of Care.

Sohid waste from the site is collected and transported to the local municipal waste incinerator in
Dundee, which is opeiated by the local authority. Control of the transport and disposal
operations is exercised by Angus District Council and Dundee City Council. Each
consignment of waste 1s notified to the authority and annual returns are presented to the local
council officers.

Emissions to atmosphere are controlled by the Environmental Protection Act 1990. In
addition, emussions in the workplace are controlled by the Health and Safety at Work Act
(1974) and the subordinate Control of Substances Hazardous to Health Regulations (1988).
These are enforced by the Health and Safety Executive. Occupational emissions are assessed
tc ensure that exposure to substances hazardous to health are controlled and comply at least
with the provisions of the Health and Safety at Work Act (1974) and s supporting
regulations.

6.1.4 Effect of Requested Approval on Compliance

The manufacture of lamivudine and its iniermediates was undertaken at the Montrose 3nd
Ulverston facilities in campaigns during 1994. The processes will be operated to ensure
compliance with the Integrated Pollution Contro! authorizations for the facilities. Monitoring
data collected durning the manufacture of lamivudine salicylate and lamivudine show that the
facilities are in compliance with requirements. Therefore, the requested approval of 3TC™
(larruvudine) 150 mg Tablet~ is not anticipated to have any impact on the compliance status of
the facilities.

6.2 Introduction of Substances from Drug Product Manufacturing and
Packaging

The substances expecled to be emifted, emussion controls, and compliance with relevant
environmental and occupational faws associated with the production of 3TC™ (lamivudine)
Tablets at the Glaxo Wellcome Inc. Zebulon {aciliry are discussed helow.

10
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6.2.1 Substances Expected to be Emitted BY APPLICANT

The requested approval could potentially result in emissions to the environment from sites of
production of starting materials, reagents and excipients used in the manufacture of the drug
substance and the drug product. A confidential list of these materials has been supplied to the
FDA.

6.2.2 Controls on Emissions

There are no controls on wastewater emissions from the Zebulon facility. All wastewater is
discharged to the City sanitary sewer, where it is treated to meet State standards prior to
discharge to surface waters.

All air emissions from manufacturing equipment pass first through a dust collector and then
through a bank of HEPA filters. The control equipment is 99.97% effective at removing
particulate emissions.

Incineration of rejected and returned product residue from cleaning vessels, and spent HEPA
filters is performed by & company uader contract with Glaxo Wellcome Inc. Chambers
Medical Technologies, Inc. operates an incinerator in Hampton, South Carolina. An
alternative contract waste incinerator, currently under consideration, is operated by BFI-
Medical Waste Systems at Haw River, North Carolina (see Section 4.5).

6.2.3 Regulatory Controls and Compliance

Emissions of substances into the environment from the Zebulon production facility from all
media (air, water and selid wasie) are controlled by either the United States Environmental
Protection Agency (EPA) Regulations or by more restrictive North Carolina Department of
Environment, Health and Natural Resources (NCDEHNR) regulations.

Occupational emissions are controlied by either the United States Occupational Safety and
Health Administration (OSHA) or the North Carolina Department of Labor. In some cases
rcgulations arc specifically applied to the facilits via a permit. In other cases, compliance with
only the general regulations is required.

Wastewater discharges from Glaxo Wellcome Inc.'s Zebulon production facility are regulated
under the Clean Water Act. The wastewater is Cischarged 10 the Zebulon sanitary sewer
system. Two specific sets of regulations apply: the Pretreatment Regulations (40 CFR Part
403 et seq.) and the Effluent Guideline for Pharmaceutical Manufacturers (40 CFR 439 et
seq.).

Requirements specific to Glaxo Welicome Inc.'s facility have been placed into a site-specific
pretreatment permit issued by the Town of Zebulon.

Alr enussions at the facility are regulated under the Clean Air Act. in North Carolina the Clean
Alr Act requirements for manufacturing facilities are inpletiented through State regulations
I5A NCAC 2D et seq. and 15A NCAC 2Q. The requirements specific to Glaxo Wellcome
Inc.’s facility have been placed in an air quality perm't issued by NCDEHNR.

Storage and disposal of hazardous waste is regulated under 40 CFR part 260 et. seq. The
North Carolina Division of Solid Waste implements the hazardc.us waste program for the
State.

11
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Any hazardous waste, all rejected and returned drug product as well as most packaging
materials are transponed off-site and disposed by a contract waste handling company via
Incineration.

The following waste handling company is currently contracted to manage solid and hazardous
waste from Glaxo Wellcome Inc.'s Zebulon facility:

Rollins Chempak
1 Rollins Plaza
Wilmington, Delaware 19803

Glaxo Wellcome Inc. may ship hazardous waste to a Rollins incineration facility in Baton
Rouge, Louisiana. The incinerator operates under permit number LAD010395127-issued by
the Louisiana Department of Environmental Quality, Hazardous Waste Divisior.

Hazardous waste may be incinerated at the Glaxo Wellcome Inc. facility in Research Triangle
Park, North Carolina under permit number NCD065655599.

There are no specific permit requirements for the generation and disposal of solid waste.

Occupational emissions are regulated under the Occupational Safety and Health Act. The
specific requirements which cover occupational emissions can be found in 29 CFR Part 1910
Subpart Z (Toxic and Hazardous Substances). In the case of occupational emissions,
compliance with the general regulations is required and no specific permits are issued.

6.2.4 Effect of Requested Approval on Compliance

It is not antcipated that the manufacture of 3TC™ (lamivudine) Tablets will have any
detnmental impact on the current compliance status of the Zebulon site. As discussed above,
air emissions; types and amounts of collected wastes; and occupational emissions are not
specifically regulated at Glaxo Wellcome Inc.'s Zebulon facility. Therefore, only wastewater
emussions could potentially impact compliance.

6.3 Statement of Compliance

By signing this Environmental Assessment report, Giaxo Wellcome Inc. states that it is in
compliance, or on an enforceable schedule to be in compliance, with all environmental laws
and regulations applicable to the production of lamivudine drug substance and 3TC™
(lamivudine) Tablets at its Ulverston, Montrose and Zebulon manufacturing facilities.

6.4 introductions from Product Use

Except for the drug substance, lamivudine, all components of 3TC™ (lamivudine) Tablets are
food or pharmaceutical grade substances that are not specifically regulated under any
environmental legislation or regulations, and are discharged into the environment from a wide
range of sources. Therefore, only lamivudine is considered in this discussion.

Administered lamivadine and its metabolites will enter the environment primarily through

wastewater treatment facilites. The Maximum Expected Emitted Concentration (MEEC) of

lamivudine from product use is estimated to be 1.5 mg/l . This estimate is based on an
estumated 200 liters per capita daily wastewater discharge (EU Guidelines) and the following
WOTSL case scenario:

12
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1. all the people discharging to a wastewater treatment system are being treated
with the maximum recommended 300 milligram daily dose of Jamivudine, and

2. 100% of the drug substance passes though the patient into the wastewater.

Using this scenario provides an MEEC estimate which is independent of market volume. The
MEEC was calculated as follows:

Dz?lly Application - MEEC
Daily Water Usage
300 milligrams _ 1.5 mg/l

200 liters

6.5 Introductions from Product Disposal

It is estimated that there will be no emission to the environment from product disposal. Al
product in the United States that is returned is disposed of by high-temperature incineration at
an off site facility operated by a contract waste disposal firm. All of the drug substance,
excipients, and packaging materials are destroyed in the incineration process.

The contractor used to transport and dispose of returned pharmaceuticals is:

Chambers Medical Technologies of South Carolina, Inc.
100 Nix Street
Hampton, SC 29924

The contractor holds permit aumber 1280-0021, issued by the South Carolina Department of
Health and Environmental Control (DHEC). The permit was issued on July 29, 1986 and
expired on March 31, 1991. However, the contractor has applied for their permit renewal as
required and is operating under the existing permit until DHEC issues a new permit.

An alternative solid waste incineration facility under consideration for the disposal of returned
product 1s:

BFI - Medical Waste Systems
1168 Porter Avenue
Haw River, North Carolina 27258

BFI - Medical Waste Systems holds air permit number 5896R7 issued June 18, 1994 by the
North Carolina Department of Environment, Health and Natural Resources (DEHNR). The
perrmut has ar expiration date of July 1, 1996.

7.0 FATE OF EMITTED SUBSTANCES IN THE ENVIRONMENT

For 3TC™ (lamivudine) Tablets production and use, information presented in Section 6 of this
Environmental Assessment report indicates that only the fate of lamivudine need be
considered. Other compounds potentially emitted in production of the drug substance and in
the production or use of the drug product are introduced into the environment from a wide
variety of sources other than those associated with the proposed action. The amounts of these
compounds expected to enter the environment as a result of approval of the proposed action
are neghgible by comparison. and are not expected to result in any adverse environmental
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effects. Furthermore, the manufacturing facilities all are in compliance with applicable
environmental cr occupational health and safety regulations.

The major route of drug substance emission into the environment is excretion following
product use and subsequent release into wastewater collection and treatment systems. As
discussed in Section 6 of this Environmental Assessment report, all manufacturing losses will
be disposed of using procedures in compliance with the applicable national environmental laws
and regulations. All returned and rejected drug product will be disposed of via high-
temperature incineration, This process destroys all drug substance and excipients prior to
emission. Thercfore, the environmental fate of drug substance emitte? as a result of losses
from manufacturing processes or disposal is not considered in this section of the
Environmental Assessment report.

7.1 Metabolism i

When administered to humans, the principal route of excretion of lamivudine is the urine.
Available data indicate that the drug is, to a great extent, excreted unchanged. The only
metabolite identified in the urine following repeated oral administration is the trans-sulfoxide,
accounting for about 5% of the administered dose. This metabolite is more polar than the
parent compound. Thus, lamivudine metabolites are not expected to be emitted in large
amounts, relative to the amounts of lamivudine, as a result of usage by humans, and any
metabolites that are excreted are not expected to be more environmentally persistent than
lamivudine. Accordingly, these compounds are not considered significant for the purposes of
this environmental assessment and will not be further evaluated.

7.2 Fate Studies

The fate and effects of chemical substances in the environmeni are predominately determined
by their physical, chemical, and biological characteristics. To determine the environmental fate
and effects of lamivudine, several laboratory studies were carried out in accordance with
guidelines provided in the Food and Drug Administration (FDA) Environmental Assessment
Technical Assistance Handbook. The results of these studies are summarized in Table 3.

As noted above, the major route of drug substance emission into the environment is via
excretion in the unine and feces following product use and subsequent release into wastewater
collection and treatment systerns. Lamivudine was found to be hydrolytically stable over all
pH ranges tested; thus, hydrolysis cannot be considered an important removz! process. Based
on consideration of the Pharmaceutical Manufacturers Association/Food and Drug
Admunistration (PMA/FDA) Environmental Assessment Technical Test Matrix, the results of
the minimum data hase fate tests indicate that lamivudine will localize primarily into the aguatic
environmental compartment:

« the water solubility of this substance is much greater than 10-> Molar,
« the log octancl/water partition coefficient is much less than 2, and

= the vapor pressure 1s much less than 107 Torr.

Transport of lamivudine into the terrestrial and atmospheric compartments is expected to be
negligible by comparison.

7.3  Fate in Aquatic Ecosystems
A myor determunant of the fate of lamuvudine in the aquatic compartment is its rate of

degradation. Thus. a determination of 1ts aerobic biodegradation in water was carried out in
accordance with the FDA Environmental Assessment Technical Handbook, 3.11. The study

14
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report has been submitted to FDA. The results of this test indicated less than 1% degradation
to CO7 occurred over the 28-day test period. Thus, lamivudine does not meet the current FDA
criteria for ready biodegradability (i.e., half-life less than approximately 8 hours for aerobic
biodegradation). According to the PMA/FDA Guidelines for preparing environmental

assessments, the relatively low octanol/water partition coefficient, indicates that lamivudine is
unlikely to bioaccumulate in the tissues of aquatic organisms.

For the aquatic compartment, the worst case estimate of the drug substance's environmental
concentration from product use would be equal to the MEEC (1.5 mg/l). This worst case
estimate assumes no removal through the wastewater treatment process and discharge into a
zero flow stream.

Table 3. Summary of Environmental Fate and Effects Studies Conducted on
Lamivudine

Study Name Results - l
hydrolysis rate hydrolytically stable over all pH ranges.
vapor pressure 3.4E-8Turr at 25°C (by extrapolation)
UV/visible specra at pH 7 |peak molar absorption wavelength absorbance
coefficient
] 8680 271 379
2 (shoulder) 7480 227
octanol/water partition Logl0 Kow at
coefficient pH 5§ pH 7 pH 9
S -1.86 -1.44 -1.17
dissociation constant pK, =4.26at pH range 3.4-5.2
I water solubility at 20C pH 5 pH7 pH 9
135 2/1 77.2 g/1 84.4 g/1
{t soil sorption/desorption soil type pH Koc
clay loam 6.5 32.0
sandy loam 6.1 30.2
sandy silt ioam 4.5 108
biodegradation in soil 15 to 24% minerahization to CO7 in 6d4days _
biodegradation in water 1% mineralization to CO7 in 28 days
microbial growth inhibition Inhibitorv Concentration > 1000 mg/l Lamivudine (5 species studied)
Lacute toxicity to daphnids ECs0 = >1000 mg/l Lamivudine .
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8.0 ENVIRONMENTAL EFFECTS OF RELEASED SUBSTANCES
8.1 Environmental Hazard Assessment

No published studies evaluating the potential environmental toxicity of lamivudine were
identified. Therefore, two studies were carried out to evaluate the acute effects of lamivudine
on potential environmental receptors: (1) the Microbial Growth Inhibition Study, and (2) a test
of acute toxicity to Daphnia magna. The results of these studies are summanzed in Table 3.
These tests were determined to be most appropriate for evaluating the effects of lamivudine in
the environment. Emissions to the environment are expected to occur primarily following use
of the drug product and would result in release to wastewater treatment plants and, pltimately,
to surface water.

The Microbial Grewth Inhibition Study determined the toxicity to Pseudomonas aeruginosa,
Azotobacter beijerinckil, Trichoderma harzianum, Aspergillus niger and Nostoc commune
microorganisms, typical of those found in soils. The test was carried out according to FDA
Technical Assistance Document 4.02. under conditions sufficient to satisfy the requirements of
the FDA Good Laboratory Practice Regulations (21 CFR 58). No inhibition of microbial
growth was observed under the conditions of the test, the Minimum Inhibitory Concentration
was >1000 mg/l.

The acute toxicity to Daphnia magna was evaluated according to procedures identified in FDA
Technical Assistance Document 4.08. The test deterraines a median effect concentration
(EC50), defined as the concentration resulting in 50% immobilization of the Daphnia in the

specified time period. The Daphnia acute aquatic toxicity study identified both the 24-hour and
48-hour EC50s to be >1000 mg/L lamivudine. The no observed effect concentration at 48

hours was also »>1000 mg/i. lJamivudine.

8.2 Evaluation of Environmental Effects

Small amounts of lamivudine may be excreted by individuais using 3TC™ (lamivudine)
Tablets which ultimately may enter the aquatic eavironment through wastewater treatment
plants. Based upon the estimated maximum release of lamivudine to the aquatic compartment
and the assumptions set forth in Section 6, a Maximum Expected Emitted Concentration
(MEEC) of 1.5 mg/L for the aquatic compartment was calculated for this environmental
pathway. This MEEC 15 less than 1/100 of the EC5( for microbial inhibition and the EC5q for

acute Daphnia toxicity. Under 21 CFR 25.15(b), the estimated maximum concentration of
lamivudine in the aquatic compantment would be considered non toxic because the MEEC is
less than the no observed effect concentrations and less than 1/100 of the median effect
concentrations {median fethal concentrations were not identified) determined in environmental
effects testing.

Based on consideration of the information presented above, lamivudine, at maximum expected
environmental concentrations, 1s not expected to adverscly altect sensitive environmental
receptors in the aquatic environmental compartment.

No adverse environmental effects are expected to occur as a result of emissions associated
with 3TC™ (lamivudine) Tablets manufacturing processes. Enussions of all substances are
within regulatory limits or are collected and disposed of using appropriate, approved
procedures.
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incinerated at approved facilities capable of destroying the drug substance, excipients, and
packaging materials.

9.0 USE OF RESOURCES AND ENERGY

The raw materials used in the production of lamivudine and 3TC™ (lamivudine) Tablets,
including the substances used as excipients in the final dosage form, are readily a2vailable. The
production of this drug product wili not cause significant depletion of any natural resources,
including energy, minerals/chemicals, and land.

Energy use estimates expected to occur as a result of approval of the requested action are based
upon the estimated percentage of total facility usage tor the manufacture of 3TC™
(lamivudine) Tablets or its chemical precursors. A review of the manufacturing processes
considered in this environmental assessment indicates that the energy resources required to
produce 3TC™ (lamivudine) Tablets are in a ronge which is considered normal for production
and distribution of a pharmaceutical product.

9.1 Energy and Land Use

For all manufacturing sites considered in this assessment, the proposed action will be
performed within existing facilities and with the present work force. No additional buildings,
equipment, landscaping, or construction will be necessary. Therefore, approval of the request
to manufacture 3TC™ (lamivudine) Tablets will not affect existing land use in Ulverston,
Montrose or Zebulon,

The total annual energy for the manufaciure and packaging of 3TC™ (lamivudine) Tablets
across all manufacturing sites has been calculated and adjusted to show only the amounts
needed to support the fifth year production estimate for the requested approval. The total

annual use of electricity, natural gas and fuel oil is expected to be 8797 x 103 kilowatt hours, 4
x 107kilowatt hours and 1.1 x 108 liters respectively,

9.2 Water Use

Total water use associated with the manufacture of 3TC™ (lamivudine) Tablets is estimated to

be 88.5 x 103 cubic meters. This estimate is based manufactuning site water use iformation
adjusted to show only the water needed to support fifth year forecasts for the requested
approval.

9.3 Effects on Endangered or Threatened Species

The requested approval s not expected to affect rare, endangered, or threatened species.
Effects associated with obtaining raw materials are not a concern because manufacture of the
drug substance and drug product do not involve any biological or natural extractions. Effects
from Joss of habitat will not occur because all manufacturing will be done at existing facilities.
Adverse effects on endangered species or local ecosystems from manufacturing emissions are
not expected to occur because emission levels are minimal and well below any levels that
mught cause toxicity (see Section 6 of this environmental assessment report). It is also
uniikely that emissions after use will have any adverse environmental effects because resulting
environmental concentrations are expected te be minimal and significantly below any observed
toxicity levels.

17
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9.4 Effects on Property Listed in the National Register of Historic Piaces

The production, use, and disposal of substances associated with the requested approval will
have no effect on property listzd or eligible for listing in the National Register of Historic
Places.

10.0 MITIGATION MEASURES

For all sites, 1t is projected that no additional structural conirols will be needed in order to
comply with applicable environmentai regulations and permits. However, manv non-
structural environmental conwrols which are implemented at the facilities as standard
procedures will have the effect of being mitigation measures ior the proposed action.
Furthermore, standard emergency response procedures will have tne effect of being mitigation
measures for the proposed action.

10.1 Spill Prevention Control and Countermeasures

Glaxo Wellcome Inc. facilities have emergency procedures designed to prevent or minimize
the environmental effects of any potential release of hazardous materials from any of the
production units. Summaries of site procedures are outlined in information provided to the
FDA.

10.2 Waste Minimization

Glaxo Wellcome Inc. actively pursues opportunities to minimize waste generated at
manufecturing facilities. Additional information on the specific initiatives undertaken tc
minirize waste at each facility has been provided to the FDA.

10.3 Solid and Hazardous Waste Management Procedures

All waste disposal contractors are subjected to audits by Glaxo Wellcome Inc. or a nominated
consultant to ensure that they comply. at a minimum, with the legal standards. The e audits
consist of site visits as well as full review of the contractors’ policies and licenses. '

10.4 Chemical Hygiene Procedures

Glaxo Wellcome Inc. uses engineering controls to reduce or eliminate chemical exposure in the
workplace wherever such controls are technically and economically feasible.  When
engineering controls prove to be not feasible or provide insufficient protection, the use of
personal protective equipment is required. Prior to the start up of new equipment and/or
processes, acceptance tests are camried out on the control measures installed to prevent
employee exposure.

Prior to procuction involving a new drug substance which could potentially expose employees
10 a chemical which has no established exposure limit, a committee deelops an internal
corporate occupational exposure hmit (OEL).  The commitiee members include Med:ical,
Safety and Industrial Hygiene professionals, as well as other individuals knowledgeable about
the chemical in question and its cifects.

10.5 Emissicn Controls

In general, areas where releases are likely to contain pollutants are vented to appropriate
scrubbers. Scrubbers are monitored on a regular basis. HEPA and bag filtration are used in
appropriate manufacturing areas.
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11.0  ALTERNATIVES TO THE PROPOSED ACTION APPLICANT

The only alternative action is no action. The alternative would deny a safe and effective drug
to some segments of the public that couid benefit from its use. The alternative action is not
Justified because no adverse environmental effects have been identified in this environmental
assessment and none are expected to be associated with the production, use, and disposal of
this product.

19




REDACTIO

12.0 LIST OF PREPARERS NS MA
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Alan R. Beckham

-Environmental Engineer, Glaxo Inc., 1994 - present
-Environmental Scientist, Glaxochem Ltd, 1987 - 1994
-Scientific Officer, Glaxo Operations (UK) Ltd, 153! - 1957
- Bachelor of Science in Microbiology

University of Newcastle upon Tyne, 1980

13.0 CERTIFICATION - N

The undersigned official certifies that the information presented is true, accurate, and complete
to the best of the knowiedge of Glaxo Wellcome Inc.

c%-f“ A 7 ) ,S"_// !#/f’r
Dae

Thomas F. Cecich

Vice President, Safety & Environmental Affairs
Glaxo Wellcome Inc.

Five Moore Drive

Research Triangle Park, NC 27709
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MATERIAL SAFETY DATA SHEET /Clions
Nr

GR109714Xx
RESEARCH COMPOUND

Glaxo Inc. Emergency Contact:
Five Moore Drive Environmental Safery ﬂ
Rescarch Triangle Park, NC 27709 (©19) 248-2100

(919) 248-2700 (24 hour contact) ‘;
Revision Date: 09/23/94 |
SECTION I -- General Information )
Chemical Name: (-)cis~-S- (4~Amino-1,2-dihydro~2-oxo~-1-pyrimidinyl) -1, 3~oxathiolane~2~

methanol

Chesmical Fasnily: Therapeutic agent: anti-retrovirus
Agent Name/Synonyms: GR109714X; 3TC

SECTION 11 — Hazardous Ingredients / Identity Information

Hazxrdous Components % Glaxo Limiig OSHA Limits ACGIH Limhs Onher himits (source)
GR109714X 160.0Q0 35 MCG/M3 Not Hot Not
{8 HR TWA) established established establiahed
(OEL) {PEL) {TLV} {NIOSH
Limit)

SECTION III —~ Physical / Chemical Characteristics

Bolling Foint: Not Applicable (solid)

Vapor Density (air = 1) Not Applicable (solidj

Specific Gravity (H30 = 1): Not Applicable (solid)

Mclting Point: 178 - 182 degrees C

Solubdity: 70 mg/m) water at 20 degrees C

SECTION IV -- Fire & Explosion Hazard Data

Flash Point (test method): 131 degrees ¥ (TCC)
LEL- Unknown
VEL: Unknown

-

Disclaimer: The information hesein contained is believed 10 be acauatr based on Information currently svailable. Glaxo Inc. atsumes oo Habillty
resvhiag from wse of reliance therein, Any determination s 10 the sultabDity of the product for apy pertculer purpose, its safe use or disposal ghall be &
tre resporsitritity of the user. Gluao Inc. makes NO EXPRESS AND NO IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS FOR ANY

PARTICULAR PURPOSE OR OTHERWISE WITH REGARD TO SUCH PRODUCT, 23 \
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RESEARCH COMPOUND
SECTION IV -- Fire & Explosion Hazard Data (Continued)
Extingulshing Media: Water Spray, Foam, Carbon Dioxide (CO2), Multi-purpose Dry Chemical,

Speciaf Fire Fighting Procedures:  The igmition characteristics of the material have not been
determined. There is a potential riak of explosion in any operation
1nvolvxng small particles, especially when a dust cloud is produced
in an oxygen containing environment.

SECTION VI -- Health Hazard Data

Glaxo Occupationsl Exposure Limin

Glaxo Estimated Safe Working Level: 0.035 mg/m3 eight-hour
time-weighted average (TWA).

Pharmacologic Activhy

GR109714X is a potent and selective inhibitor of Human
Immunodeficiency Virus 1 (HIV-1) and Buman Inmunodeficiency Virus 2
(HIV-2) replication.

No information is available regarding potential physiologic effectas
of this compound.

Sigos and Symptorns of Cocupational Exposure

No data is available regarding occupational exposure to this
compound.

Ocrupatonal Health Hazards

GR109714X is a rejearch compound about which limited phammacologic
and toxicologic information is known. Therefore it should be bandled
in a manner which avoids exposure by any route.

Medicad Conditions Aggravated by Exposure
Unknown.
Tazicity D

GR103714¥ is a research compound for which limited toxicolagic
information is available. Toxicology testing for mutagenicity (change
in genetic material}, carcinegenicity {cancer), and teratogenicity
(birth defects) is incomplete. GR109714X was weakly mutagenic at
high doses in one of the standard tests for mutagenesis. GR109714X
was clastogenic (caused chromosome damage) in a test using human
white blood cells but not in other tests. In tests on bone marrow,
no significant toxic effects werc seen against the cells that
generate red and white blood cells.
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SECTION VI -- Health Hazard Data (Continued)

Emsergency and First Aid Procedures

Eves:

Skin:

Inhgiziion:

Ingestion:

Flush thoroughly with large amounts of water. Obtain medical
attention.

Remove contaminated clothing. Wash all affected areas thomoughly with
soap and water. Obtain medical attention.

Remove tc fresh air. If breathing is difficult or ceases, give oxygen
or cardiopulmonary resuscitation. Obtain medical attention.

Rinse mouth with water. Obtain medical attention.

SECTION VII — Precautions for Safe Handling and Use

Spill and Lesk Procedures’

Waste Disposal Methods:

Hundling and Swrage Precautions:

Full protective equipment including respirator, gloves, eye
protection, and protective clothing should be worn where there is
potential for skin exposure or risk of inhalation. Collect spillage
by carefully sweeping or by vacuuming with HEPA filtered vacuum and
place in labelled, sealed container for reuse or disposal. Wash area
with water and detergent to remove the last traces of spillage.

Small quantities may be discharged down the drain with copious
quantities of water. However, for final disposal, incinerate within
applicable federal, state and local regulations,

Small quantities of the compound, up to a few grams, should be
handled within a containment facility. Small quantities in solution
may be handled or open benches. When haudled in largar quantities,
either during the final stages of synthesis or purification &
1so0lation or during Pharmaceutic Development, manipulations must be
carried out in a working area where access is restricted to those
whose presence is essential. All equipment must either be totally
enclosed or provided with local ventilation designed to capture &
contain dust at the point of generation. Such facilities should
ensure HEPA filtration of their exhaust before discharje to the
atmosphere. Store between 20 and 30 degrees C in a well-sealed
container and protect from light. Allow material to reach room
temperature before exposing it to air.

SECTION Vi1 - Conirol Measures

Yentitaron:

Rapirawry Protection:

Provide local exhaust ventilation at the source of dust generation.

Respiratory protective equipment may be used to provide additional
protection. The respirator should be certified by KIOSH for dusts
with a PEL < 0.05 mg/m3. A powered air purifying or air supplied
respirator that provides full head covering should be used. K

2]
(Wa]

[



RE
GRI09714X PPLICANT Page *
RESEARCH COMPOUND
SECTION VIII -- Control Measures (Continued)
Eye Prosection: Suitable eye protection should be used to prevent dust contact.
]
Clothing: All skin contact should be avoided through use of proper protective
clothing.
Gloves: Protective gloves should be worn at all times to avoid skin contact.
Work Practices: Special care should be taken to ensure that contaminated clothing and

pzotective equipment are properly cleaned after use.
Hygienic Practices: Wash hands or potentially exposed skin before leaving the work area.

*** End of MSDS ***
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-/{C DEPARTMENT OF HEALTH & HUMAN SERVICES
kY

Public Heaith Service

Y,
N
<
riia

NDA 20-564
NDA 20-596

Glaxo Welicume Inc.

Attn: D~vid M. Cucchetto, Ph.D.
Director, Regulatory Affairs
Five Moore Drive

Research Triangie Park

North Carolina, 27709

Dear Dr. Cocchetto:

Food and Drug Administration
Rockville MD 20857

NOV |7 i5c=

.

Pjease refer to your June 30, 1995, New Drug Applications (NDA) submitted pursuant
to section 305 (h) of the Federal Food, Drug, and Cosmetic Act for Epivir™
(lamivudine) Tablets, and Epivir™ (lamivudine) Oral Solution.

We acknowledge receipt of your amendments dated:

July 13, 1995 August 21, 1895
July 18, 1985 August 25, 1995
July 20, 1895 August 30, 1935
July 27, 1995 September 6, 1995
August 7. 1995 September 8, 1995
August B, 1995(2) September 12, 1995
August 10, 1995(2) September 15, 1995
August 15, 1995 September 27, 1995
August 16, 19985 September 28, 1995
August 17, 1995(2) October 2, 1995

October 11, 1985(2)
October 12, 1995
October 13, 1995(2)
October 20, 1995(3)
October 31, 1995(2)
November 2, 1895
November 10, 1995
November 16, 1985
November 17, 1995

Epivir™ {lamivudine) Tablets, and Epivir™ (lamivudine) Oral Solution are indicated i
combination with Retrovir® (zidovudine) for the treatment of HIV infection when therapy
is warranted based on clinical and/or iImmunological evidence of disease progression

We have completed our review of these applications and have concluded that
adequate information has been presented to demonstrate that the drug product is safe
and effective for use as recommended in the final draft labeling submitted November
17, 1895, Accordingly, this application is approved effective on the date of this letter.

We acknowiedge your commitment to comply with the conditions of Accelerated
Approval as stated in your November 16, 1995 letter Additionally, we acknowledge
your commitment to conduct the phase 4 studies listed in the above referenced letter.



The final printed label (FPL) must be identical to the November 17, 1995 draft labeling.
Marketing the product with FPL that is not identical to this draft labeling may render the
product misbranded and an unapproved new drug

Please submit 20 copies of the FPL as soon as available Please individually mount ten
of the copies on heavy-weight paper or similar matenai. For administrative purposes.
this submission should be designated "FINAL PRINTED LABELING for approved NDA
20-564/20-569." Approval of this labeling is not required before It is used.

Should additional information relating tc the safety and effectiveness of the drug
beceme available, revision of that labeling may be required.

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

Please submit one market package of the drug when it 1s availabie.

Under section 736(a) (1) (B) (i) of the Prascription 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 yau have any questions, please contact, Deborah L. Kailgren. Consumer Safety
Officer, 301-443-9553.

Sincerely yours,
David W. Feigal. Jr>
Director

Division of Antiviral Drug Products

Office of Drug Evaluation i
Center for Drug Evaluation and Research

. M.PH
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Draft of November 16, 1995

PRODUCT INFORMATION
Epivir™ Tablets (lamivudine tablets)

Epivir™ Oral Solution (lamivudine oral solution)

WARNING: .

Epivir™ (lamivudine) is indicated for use in combination with Retrovir® (zidovudine) for
the treatment of human immunodeficiency virus {HIV) infection when antiretroviral
therapy is wamranted based on clinical and/or immunological evidence of disease
progression. This indication is based on analyses of surrogate endpoints. At present,
there are no resuits from controlled clinical trials evaluating the effect of therapy with
Epivir plus Retrovir on the clinical progression of HIV infection, such as the incidence of
opportunistic infections or survival,

Patients receiving Epivir plus Retrovir may continue to develop opportunistic
infections and other complications of HIV infection, and therefore should remain under
close observation by physicians experienced in the treatment of patients with
HIV-associated diseases.

DESCRIPTION:

Epivir™ (formerly known as 3TC) is the brand name for lamivudine, a synthetic nucleoside
analogue with activity against HIV. The chemical name of lamivudine is (2R, cis}-4-amino-
1-(2-hydroxymethyl-1,3-oxathiolan-5-yl)-{ 1H)-pyrimidin-2-one. Lamivudine is the
(-)enantiomer of a dideoxy analogue of cytidine. Lamivudine has also been referred to as
{(-)2'.3'-dideoxy, 3'-thiacytidine. It has a moiecular formula of CgH11N303S and a molecular
weight of 229.3. it has the following structural formula:

NHa

)\ ! OH

Lamivudine is a white to off-white crystalline solid with a solubility of approximately
70 mg/mL in water at 20°C.

Epivir™ Tablets are for oral administration. Each tablet contains 150 mg of lamivudine
and the inactive ingredients magnesium stearate, microcrystalline cellulose, and sodium
starch glycolate. Opadry YS-1-7706-G White is the: coloring agent in the tablet cgating.
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Epivir™ Tablets (lamivudine tablets} Epivir™ Oral Solution (lamivudine oral solution)

Epivir™ Oral Solution is for oral administration. One milliliter (1 mL) of Epivir Oral
Solution contains 10 mg of lamivudine (10 mg/mL) in an aqueaus solution and the inactive
ingredients antificial strawberry and banana flavors, citric acid (anhydrous), edetate
disodium, ethanol (6% v/v}, methylparaben, propylene glycol, propylparaben, and sucrose.

CLINICAL PHARMACOLOGY:

Mechanism of Action: Lamivudine is a synthetic nucleoside analogue. /n vitro studies
have shown that, intracellularly, lamivudine is phosphorylated to its active 5'-triphosphate
metabolite (L-TP), which has an intracellular half-life of 10.5 to 15.5 hours. The principal
mode of action of L-TP is inhibition of HIV reverse transcription via viral DNA chain
termination. L-TP also inhibits the RNA- and DNA-dependent DNA polymeraze activities of
reverse transcriptase (RT). L-TP is a weak inhibitor of mammalian a-, B-, and y-DNA
polymerases,

Microbiology: Antiviral Activity In Vitro: The relationship between in vitro susceptibility
of HIV to lamivudine and the inhibition of HIV replication in humans has not been
established. In vitro activity of lamivudine against HIV-1 was assessed in a number of cell
lines (including monocytes and fresh human penpheral blood lymphocytes) using standard
susceptibility assays. ICsg values (50% inhibitory concentrations) were in the range of 2 nM
to 15 uM, Lamivudine had anti-HIV-1 activity in all acute virus-cell infections tested. In
HIV-1-infected MT-4 cells, lamivudine in combination with ziduovudine had synergistic
antiretroviral activity. Synergistic activity of lamivudine/zidovudine was also shown in a
variable-ratio study.

Drug Resistance; Lamivudine-resistant isolates of HIV-1 have been seiected /n vifro.
The resistant isolates showed reduced susceptibility to lamivudine and genotypic analysis
showed that the resistance was due to specific substitution mutations in the HIV-1 reverse
transcriptase at codon 184 from methionine to either isoleucing or valine, HIV-1 strains
resistant to both lamivudine and zidovudine have been isolated.

Susceptibility of clinical isolates to lamivudine and zidovudine was monitored in
controlled clinical trials. In patients receiving lamivudine monotherapy or combination
therapy with lamivudine plus zidovudine, HIV-1 isolates from most patients became
phenotypically and genotypicaily resistant to lamivudine within 12 weeks. In some patients
harboring zidovudine-resistant virus, phenotypic sensitivity to zidovudine by 12 weeks of
treatment was restored. Combination therapy with lamivudine plus zidovudine delayed tne
emergence of mutations conferring resistance to zidovudine.

Pharmacokinetics in Adults: The pharmacokinetic properties of lamivudine have been
studied in asymptomatic, HIV-infected adult patients after administration of single
intravenous (V) doses ranging from 0.25 to 8 mg/kg, as well as single and multiple (b.i.d.
regimen) cral doses ranging from C.25 to 10 mg/kg.

Absorption and Bioavailability: Lamivudine was rapidly absorbed after oral
administration in HIV-infected patients. Absolute bioavailability in 12 aduit patierfs was

-
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86% - 16% (mean + S.D.) for the tablet and 87% + 13% for the oral solution. After oral
administration of 2 mg/kg twice a day to nine adults with Hi¥/, the peak serum lamivudine
concentration (Cme) Was 1.5 £ 0.5 ug/mL (mean + S.D.). Tre arez under the plasma
concentration versus time curve (AUC) and C,.., increased in proportion to oral dose over
thie range from 0.25 to 10 mg/kg.

#n investigational 25 mg dosage form of lamivudine was administered orally to 12
asymptomatic, HiV-infected patients on two occasions, once in the fasted state and once
with food (1,099 kcal; 75 grams fat, 34 grams protein, 72 grams carbohydrate). Absorpiion
of lamivudine was slower in the fed state (Tma 3.2 = 1.3 hours) compared with the fasted
state (Tmax 0.9 £ 0.3 hours); Crma in the fed state was 40% + 13% (mean S.D.) lower
thar: in the fasted state. There was no significant difference in sys«emic exposure {AUC o)
in the fed and fasted states; therefore, Epivic™ Tablets and Oral Soluticnh may be
administered with or without food.

The accumulation ratio of lamuvidine in HIV-positive asymptomatic adults wilh normal
renal function was 1.50 following 15 days of oral administration of 2 mg/kg b.i.d.

Distribution: The apparent volume of distribution after |V administration of lamivudine
to 20 patients was 1.3 + 0.4 L/kg, suggesting that lamivudine distributes into extravascular
spaces. Volume of distribution was independent of dose ana did not correlate with body
weight.

Binding of lamivudine to human plasma proteins is low (<36%). /n vitro studies showed
that, over the concentration range of 0.1 to 100 pg/mL, the amount of lamivudine
associated with erythrocytes ranged from 53% to 57% ana was independent of
concentration.

Metabolism: Metabolism of lamivudine is a mincr route of elimination. In man, the only
known metabolite of lamivudine is the trans-sulfoxide metabolite. Within 12 hours after a
singfe oral dose of lamivudine in six HiV-infected adults, 5.2% * 1.4% (mean + S.D.) of the
dose was excreted as the trans-sulfoxide metabolite in the urine. Serum concentrations of
this metabolite have not been determined.

Elimination; The majority of lamivudine is eliminated unchanged in urine. In 20 patients
given a single IV dose, renal clearance was 0.22 + 0.06 L/hrekg (mean + S.D)
representing 71% + 16% (mean + S.D.) of total clearance of lamivudine.

. In most single-dose studies in HiV-infected patients with serum sampling for 24 hours
after dosing, the observed mean elimination half-life (Ty,) ranged from 5 to 7 hours. Total
clearance was 0.37 1+ 0.05 L/hr«kg (mean + S.D.). Oral clearance and elimination half-life
were independent of dose and body weight over an oral dosing range from 0.25to0

10 mg/kg.

Special Populations: Adults With impaired Renal Function: The phamacokinetic
properties of lamivudine have been determined in a smali group of HIV-infected aduits

a

with impaired renal function, as summarized in Table |

“a
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Table 1: Pharmacokinetic Par: meters (Mean + S.D.) After a Single 300-mg
Oral Dose of Lamivudine in Threa Groups of Adults With Varying Degrees
of Renal Function {CrCi>60 mlL/min, CrCl = 10-30 mU/min, and CrCI<10 mL/min)

Number of subjects 6 4 6
Creatinine clearance criterion >60 mL/min 10-30 mL/min <10 mUmin
Creatinine clearance (mL/min) 111 £ 14 28+8 62
Comax (pg/mL}) 26+05 36+08 58+1.2
AUCeo (ug-h/mi.) 11.0+17 48013 15774
CIF (mL/min) 464 + 76 114 +34 36+ 11

-

Exposure (AUCx), Cma, and half-life increased with diminishing renal function (as
expressed by <reatinine clearance). Apparent total ora! clearance (CI/F) of lamivudine
decreased as creatinine clearance decreased. Tmg, was not significantly affected by renal
function. Based on these observations, it is recommended that the dosage of lamivudine
be modified in patients with renal impainment (see DOSAGE AND ADMINISTRATION).
The effects of renal impairment on lamivudine pharmacokinetics in pediatric patients are
not known.

Pediatric Patients. For pharmacokinetic properties of lamivudine in pediatric patients,
see PRECAUTIONS: Pediatric Use.

Geriatric Patients: Lamivudine pharmacokinetics have not been specifically studied in
patients over 65 years of age.

Gender: The pharmacokinetics of larnivudine with respect to gender have not been
evauated.

Race: The pharmacotinetics of lamivudine with respect to race have not been
evaluated.

Drug Interactions: Lamivudine and zidovudine were coadministered to 12 asymptomatic
HiV-positive adult patients in a single-center, open-label, randomized, crossover study. No
significant differences were observed in AUCw or total clearance for lamivudine or
zidovudine when the two drugs were administered together. Coadministration of
lamivudine with zidovudine resulted in an increase of 33% £ 62% (mean = S.D.) in Cpa Of
zidovudine.

- Lamivudine and trimethoprim/sulfamethoxazole (TMP/SMX) were coadministered to 14
HiV-positive patients in a single-center, open-label, randomized, ¢rossover study. Each
patient received treatment with a singie 300-mg dose of lamivudine and TMP 160 mg/SMX
800 mg once a day for 5 days with concomitant administration of lamivudine 300 mg with
the fifth dose in a crossover design. Coadministration of TMP/SMX with lamivudine
resulted in an increase of 44% + 23% (mean + S.D.) in lamivudine AUCa, a decrease of
29% r 13% in lamivudine oral clearance, and a decrease of 30% + 36% in lamivudine
renai clearance. The phamacokinetic praperties of TMP and SMX were not altered by
coadministration with lamivudine.

Paged Draf of 14-16-95
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INCICATIONS AND USAGE:

Epivir™ in combination with Retrovir® (zidovudine) is indicated for the treatment of
HIV infection when therapy is warranted based on clinical and/or immunoleogical
evidence of disease progression. This indication is based on analyses of surrogate
endpoints. At present, there are no results from controlled trials evaluating the effect
of Epivir plus Retrovir on clinical progression of HIV infection, such as the incidence
of cpportunistic infections or survival.

Description of Clinical Studies:

Adults Without Prior Antiretroviral Therapy: Two studies were conducted in patients
who received up to 4 weeks of prior antiretroviral therapy. A3001 was a randomized, )
double-blind study comparing Epivir 150 mg b.i.d. plus Retrovir 200 mg t.i.d.; Epivir

300 mg b.i.d. plus Retrovir; Epivir 300 mg b.i.d.; and Retrovir. 366 adults enrolled with the
following demographics: male (87%), Caucasian (61%), median age of 34 years,
asymptomatic HIV infection (8C%), and baseline CD4 ceii counts of 200 to 500 cells/mm’
{median = 352 cellslmm’). B3001 was a randomized, double-blind study companng Epivir
300 mg b.i.d. plus Retrovir 200 mg t.i.d. versus Retrovir. 129 adults enroiled with the
following demographics: male (74%), Caucasian (82%), median age of 33 years,
asymptomatic HIV infection (64%), and baseline CD4 cell counts of 100 to 400 celis/mm®
(median = 260 cells/mm’). Mean changes in CD4 counts through 24 weeks of treatment
for studies A3001 and B3001 are summarized in Figures 1 and 2, respectively.

A
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Figure 1: Mean Absolute CD4 Change (cells/mm®)

From Baseline in Study A3001
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Figure 2: Mean Absolute CD4 Change (cells/imm®)
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Adulits With Prior Zidovudine Therapy: Two studies were conducted in patients who
received at least 24 wzeks of prior zidovudine therapy. A3002 was a randomized,
double-blind study comparing Epivir 150 my b.i.d. plus Retrovir 200 mg t.i.d.; Epivir
300 mg b.i.d. plus Retrovir, and Retrovir plus zalcitabine 0.75 mg t.i.d. 254 adults enrolled
with the following demographics: male (83%), Caucasian (63%), median age of 37 years,
asymptomatic HIV infection (58%), median duration of prior zidovudine use of 24 menths,
and baseline CD4 cell counts of 100 to 300 cells/mm’ (median = 211 cells/mm’). B3002
was a randomized, double-blind study companng Epivir 150 mg b.i.d. plus Retrovir, Epivir
300 mg b.i.d. plus Retrovir, and Retrovir. 223 adults enrolled with the following
demographics: male (83%), Caucasian (96%), median age of 36 years, asymptomatic HiV
infection (53%), median duration of prior zidovudine use of 23 months, and baseline-CD4
cell counts of 100 to 400 cells/mm® (median = 241 cells/mm’). Mean changes in CD4
counts through 24 weeks of treatment in studies A3002 and B3002 are summanzed in
Figures 3 and 4, respectively.

Figure 3. Mean Absolute CD4 Change (cells/mm?)
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208 Figure 4: Mean Absolute CD4 Change (cellsimm®)
39 From Baseline in Study B3002

—
o=
[=]

Mean Actual Ghange
8850338888282 ¢

o -
0 2 4 ] 12 16 20 24
Treatment Time (Weeks}
& Epivir {150 mg b d )Retrovs
+ Epivir (300 mg b4 JiRetrovit
PARY O Hetrovy
212
213
315 HIV RNA: Mean changes from baseline HIV RNA are summanzed in Table 2.
215
216 Table 2: Mean Changes in lo¢ 10 HIV RNA From Baseline
ﬂ% in Studies A3001 and A3002 at 24 Weeks of Treatment
Mean (+ S.D.) Changes in log 10 HIV RNA from Baseline’
Epivir Epivir
150 mg b.i.d. Epivir 300 mg b.i.d.| Retrovir
+ Retrovir Ratrovir 1300 mgb.id.| + Retrovir i+ Zalcitabine
Study A3001 not
(antiretroviral- 09+08 -03108 -04+08 -1.0+08 applicable
naive adults)
Study A3002
{antiretrowviral- not not
experienced -07+08 applicable applicable -0.7+08 -07+08
adults)
219 *THE CLINICAL SIGNIFICANCE OF CHANGES IN HIV RNA DURING THERAPY IS UNKNOWN.

220

e
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CONTRAINDICATIONS:

Epivir™ Tablets and Oral Solution are contraindicated in patients with previousiy
demonsirated clinically significant hypersensitivity to any of the components of the
products.

WARNINGS:
PANCREATITIS IN PEDIATRIC PATIENTS: IN PEDIATRIC PATIENTS WITH A HISTORY
OF PANCREATITIS OR OTHER SIGNIFICANT RISK FACTORS FOR THE
DEVELOPMENT OF PANCREATITIS, THE COMBINATION OF EPIVIR™ AND
RETROVIR® (ZIDOVUDINE) SHOULD BE USED WITH EXTREME CAUTION AND ONLY
IF THERE 1S NO SATISFACTORY ALTERNATIVE THERAPY. TREATMENT WITH
EPIVIR SHOULD BE STOPPED IMMEDIATELY IF CLINICAL SIGNS, SYMPTOMS, OR
LABORATORY ABNORMALITIES SUGGESTIVE OF PANCREATITIS OCCUR (SEE
ADVERSE REACTIONS).

The complete prescrbing information for Retrovir should be consulted before
combination therapy with Epivir and Retrovir 1s initizted.

PRECAUTIONS:

Patients With Impaired Renal Function: Reduction of the dosage of Epivir™ is
recommended for patients with impaired renal function (see CLINICAL PHARMACOLOGY
and DOSAGE ANC ADMINISTRATION).

information for Patients: Enivir is not a cure for HivV infection arid patients may continue
to expenence illnesses associated with HIV infection, including copeortunistic infections.
Treatment with Epivir has not been shown to reduce the frequency of such illnesses and
patients should remain under the care of a physician when using Epivir. Patients should
be advised that the use of Epivir has not been shown to reduce the risk of transmission of
HIV to others through sexual contact or blood contamination.

Patients should be advised that the long-term eftects of Epivir are unknown at thir, time.
Epivir Tablets and Oral Solution are for oral ingestion only.

Patients should be advised of the importance of taking Epivir exactly as it is prescnbed.
Parents or guardians should be advised to monitor pediatric patients for signs and
symptoms of pancreatitis.

Drug Interaction: TMP 160 mg/SMX 800 mg once daily has been shown to increase
lamivud:ie exposure (AUC). The effect of higher doses of TMP/SMX on lamivudine
pharmacokinetics has not been investigated (see CLINICAL PHARMACOLOGY).
Carcinagenesis, Mutagenesis, and Impairment of Fertility: Long-term carcinogenicity
studies of lamivudine in animals have not yet been completed. Lamivudine »vas not active
in a microbial mutagenicity screen or an /n vitro cell transformation assay, but showed
weak in vitro mutagenic activity in a cytogenetic assay using cultured human lymphocytes
and in the mouse lymphoma assay. However, lamivudine showed no evidence of in vivo
genotoxic activity in the rat at oral doses of up to 2 000 mg/kg (approximately 69times the

.
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recommended human dose based on body surface area comparisons). In a study of
repreductive performance, lamivudine, administered to rats at doses up to 130 times the
usual adult dose based on body surface area comparisons, reveaied nc evidence of
impaired fertility and no effect on the survival, growth, and development to weaning of the
offspring.

Pregnancy: Pregnancy Category C: Reproduction studies have been performed in rats
and rabbits at orally administered doses up to approximately 130 and 60 times,
respectively, the usual adult dose and have revealed no evidence of harm to the fetus due
to lamivudine. Some evidence of early embryolethality was seen in the rabbit at doses
similar to those produced by the usua! adult dose and higher, but there was no indication
of this effect in the rat at orally administered doses up to 130 times the usual adult dose.
Studies in pregnant rats angd rabbits showed that lamivudine is transferred to the fetus
through the placenta. There are no adequate and well-controlled studies in pregnant
women. Because animal reproductive toxicity studies are not always predictive of human
response, lamivudine should be used during pregnancy only if the potential benefits
outweigh the nisks.

Antiretroviral Pregnancy Registry: To monitor matemal-fetal outcomes of pregnant
women exposad to Epivir, an Antiretroviral Pregnancy Registry has been established.
Physicians are encouraged to register patients by calling (800) 722-9292, ext.58465.
Nursing Mothers: A study in which lactating rats were administered 45 mg/kg of
lamivudine showed (hat lamivudine concentrations in milk were shghtly greater than those
in piasma. Although it is not known if lanivudine 1s excreted in human milk, there is the
potential for adverse effects from lamivudine in nursing infants. Mothers should be
instructed to discontinue nu ~ing if uwey are receiving lamivudine. This instruction is
consistent with the Centers tor Disease Control recommendation that HIV-infected
mothers not breast faed their infants to avoid risking postnatal transmission of HIV
infection.

Pediatric Use: THERE ARE NO DATA ON THE USE OF EPIVIR IN COMBINATION WITH
RETROVIR IN PEDIATRIC PATIENTS.

Lamivudine monotherapy was studied in one open-label, uncontrolled tnal (study
A2002) in 97 pediatric patients with the foillowing demographics: male (56%), Caucasian
(57%), median age of 7.7 years (range: 0.4 to 17.3 years}, symptomatic HIV (84%),
median duration of prior antiretroviral therapy (148 weeks), and median baseline CD4 of
132 cells/mm’. Pharmacokinetic properties of lamivudine were assessed in a subset of 57
patients (age range: 4.8 months to 16 years, weight range: 5 {o 66 kg) after oral and \V
administration of 1, 2, 4, 8, 12, and 20 mg/kg per day. In the 9 infants and children
receiving € mg/kg per day (the usual recommended pediatric dose), absolute
bioavailability was 66% 1 26% {mean + S.D.}, which i1s less than the 86% + 1€%

{mean t S.D.) observed in adolescents and adults. The mechanism for the diminished
absolute bicavailability of lamivudine in infants and children is unknown, -

e
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Systemic clearance decreased with increasing age in pediatric patients, as shown in
Figure 5.

Figure 5: Systemic Clearance (L/hrekg) of Lamivudine ir Relation to Age
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Systemic Clearance

After oral administration of 8 mg/kg per day of lamivudine to 11 pediatric patients
ranging from 4 months to 14 years of age, Cumax Was 1.1 + 0.6 ug/mL and half-life was
2.0 + 0.6 hours. {In aduits with similar blood sampling, the haif-life was 3.7 £ 1 hours.)
Total exposure to lamivudine, as reflected by mean AUC values, was comparable between
pediatric patients receiving an 8 mg/kg/day dose and adults receiving a 4 mg/kg/day dose.

Distribution of lamivudine into cerebrospinal fluid (CSF) was assessed in 38 pediatric
patients after multiple oral dosing with lamivudine. CSF samples were collected between 2
and 4 hours postdose. At the dose of 8 mg/kg/day, CSF lamivudine concentrations in eight
patients ranged from 5.6% to 30.9% (mean S.D. of 14.2% * 7.8%) of the concentration
in a simultaneous serum sample, with CSF lamivudine concentrations ranging from 0.04 to
0.3 ug/mL.

See INDICATIONS AND USAGE: Description of Clinical Studies, WARNINGS,
ADVERSE REACTIONS, and DOSAGE AND ADMINISTRATION sections.

ADVERSE REACTIONS:

Adults: Selected clinical adverse events with a 25% frequency 1uring therapy with Epivir™
150 mg b.i.d. plus Retrovir® (zidovudine) 200 mg t.i.d. compared with zidovudine are listed
in 1abie 3. =
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Table 3: Selected Clinical Adverse Events (25% Frequency)
in Four Controlled Clinical Trials (A3001, A3002, B3001, B3002)

Epivir 150 mg b.i.d.

plus Retrovir Retrovir
Adverse Event {n=251) (n=230)
Body as a whole
Headache 35% 27%
Malaise and fatigue 27% 23%
Fever or chills 10% 12%
Digestive “
Nausea 33% 29%
Diarrhea 18% 22%
Nausea and vomiting 13% 12%
Anorexia and/or decreased appetite 10% 7%
Abdominal pain 9% 11%
Abdominal cramps 6% 3%
Dyspepsia 5% 5%
Nervous
Neurcopathy 12% 10%
Dizziness 10% 4%
Insomnia & other sleep disorders 11% 7%
Depressive disorders 9% 4%
Respiratory
Nasal signs & symptoms 20% 11%
Cough 18% 13%
Skin & appendages
Skin rashes 9% 8%
Musculoskeletal
Musculoskeletal pain 12% 10%
Myalgia 8% 6%
Arthralgia 5% 2%

Pancreatitis was observed in 3 of the 656 adult patients (<0.5%) who received Epivir in

‘controlled clinical tnals.

Selected laboratory abnormalities observed during therapy are listed in Table 4.

b
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337 Table 4: Frequencies of Selected Laboratory Abnormalities
Bg Among Adults in Four Controlled Clinical Trials (A3001, A3002, B3001, B3002)"
Test Epivir 150 mg b.i.d.
fAbnormal Level) Plus Retrovir Retrovir
% (n) % (N}

Neutropenia (ANC<750/mm®)

Anemia (Hgb<8.0 g/dL)

Thrombocytopenia
(platelets<50,000/mm>)

ALT (>5.0 x ULN)

AST (5.0 x ULN)

Bilirubin (>2.5 ULN)

Amylase (>2.0 ULN)

7.2% (237)
2.9% (241)
0.4% (240)

3.7% (241)
1.7% (241)
0.8% (241)
4.2% (72)

5.4% (222)
1.8% (218)
1.3% (223)

3.6% (224)
1.8% (223)
0.4% (220)
1.5% (133)

340 ULN=Upper limit of normal ANC=absolute neutrophil count
gji n=Number of patients assessed

3

343 * Frequencies of these laboratory abnormalities were higher in patients
344 with mild laboratory abnormalities at baseline.

345

136  Pediatric Patients: Limited information on the incidence of adverse events in children
347 receiving lamivudine monotherapy is available from one open-labet, uncontrolled study
148 (see PRECAUTIONS: Pediatric Use section for description of study A2002). Of 97

149 pediatric patients, 14 patients (14%)} developed pancreatitis while receiving

3s¢  monotherapy with Epivir. In a second ongoing study in 47 pediatric patients (age
351  range: 3 months to 18 years) enrolled in an open-label evaluation of

352 Epivir/didanosine, Epivir/Retrovir, and Epivir/Retrovir/didanosine, 7 patients (15%)
353 developed pancreatitis (see WARNINGS).

354 Paresthesias and peripheral neuropathies were reported in 13 patients (13%) in study
355  A2002 and resulted in treatment discontinuation in 3 patients.

356 Selected laboratory abnormalities during lamivudine therapy in children are listed in
357 Table 5.

358
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Table 5: Frequencies of Selected Laboratory Abnormalities in an
Uncontrolied Phase /il Clinical Trial of Epivir in 97 Pediatric Patients

Patients With Patients With
Test Normal Baselines Abnormal Baselines
{Abnormmal Level) % (n) % {n)
Neutropenia (ANC<750/mm?>) 22% (55) 45% (33)
Anemia (Hgb<8.0 g/dL) 2% (50) 24% (46)
Thrombocytopenia (platelets<40,700/mm?) 0% (68) © 25% (12)
ALT (>5.0 x ULN) 4% (51} 29% (42)
AST (>5.0 x ULN) 0% (29) 19% (57) .
Amylase (>2.0 ULN) 3% (69) 23% (13)
ULN=Upper limit of normal ANC=absolute neutrophii count

n=Number of patients assessed

OVERDOSAGE:

There is no known antidote for Epivir™. One case of an adult ingesting 6 g of Epivir was
reported; there were no clinical signs or symptoms ncted and hematologic tests remained
normal. It is not known whether lamivudine can be removed by pentoneal dialysis or
hemodialysis.

DOSAGE AND ADMINISTRATION:

Adults and Adolescents (12 to 16 years): The recommended ora!l dose of Epivir' for
adults and adolescents is 150 mg twice daily administered in combination with Retrovir®
(zidovudine). The complete prescribing information for Retrovir should be consulted for
information on its dosage and administration.

For adults with Inw body weights (less than 50 ky or 110 Ibs), the recommended oral
aose of Epivir is 2 mg/kg twice daily administered in combination with Retrovir. No data are
available to support a dosage recommendation for adolescents with low body weight (less
than 50 kg).

Pediatric Patients: The recommended oral dose of Epivir for pediatric patients 3 months
to up to 12 years of age is 4 mgrkg twice daily (up to a maximum of 150 mg twice a day)
administered in combination with Retrovir. The complete prescribing information for
Retrovir should be consulted for information on its dosage and administration.

Dose Adjustment: It is recommended that doses of Epivir be adjusted in accordance with
renal function in patients older than age 16 years (see Table 8). (See CLINICAL
PHARMACOLOGY section.)
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Epivir™ Tablets (lamivudine tablets) Epivir™ Oral Solution (lamivudine oral solution)

Table 6: Adjustment of Dosage of Epivir in Accordance With Creatinine Clearance

Creatinine Clearance (mL/min) Recommended Dosage of Epivir
250 150 mg twice daily
30-49 150 mg once daily
16-29 150 mg first dose, then 100 mg once daily
514 150 mg first dose, then 50 mg once daily
<5 50 mg first dose, then 25 mg once daily

Insufficient data are available to recommend a dosage of Epivir™ in patients
undergoing dialysis. -

HOW SUPPLIED: Epivir™ Tablets, 150 mg, are white, modified diamond-shaped,
film-coated tablets imprinted with “150” on one side and "GXCJ7" on the reverse side.
They are available in botties of 60 tablets (NDC 0173-G470-01} with child-resistant
closures. Store between 2° and 30°C (36° and 86°F) in tightly closed botties.

Epivir™ Oral Solution, a clear, colorless to pale yellow, strawberry-banana flavored,
liquid, contains 10 mg of lamivudine in each 1 mL in plastic bottles of 240 mL (NDC 0173-
047 1-00) with child-resistant closures. This product does not require reconstitution. Store
between 2° and 25°C (36° and 77°F) in tightly closed botties.

GlaxoWellcome

Glaxo Welicome Inc.
Research Triangle Park, NC 27709

Manufactured under agreement from BioChem Pharma inc.
275 Armand Frappier Blvd.

Laval, Quebec, Canada H7V 4A7

Epivir™ Oral Solution Manufactured in England

U.S. Patent 5,047,407

©Copyright 1995 Glaxo Wellcome Inc. All rights reserved.

November 1995 RL-224 (code no.)
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TIME SENSITIVE PATENT INFORMATION
Patent Information for
3TC™ (LAMIVUDINE) TABLETS
NDA #20-564

-

The following submission is made in accordance with the Notice appearing at
page 30309 of the Federal Register dated June 8, 1985, Volume 60, No. 110.

By action of the Uruguay Round Agreements Act, Public Law 103-465, which
was signed by the President cn December 8, 1994, the original expiration date
of the foilowing patent listed in NDA #20-564 is changed as follows:

US 5,047,407 to February 8, 2009

The undersigned declares that the above-listed patent covers the formuiation,
composition, and/or method of use of 3TC™ (LAMIVUDINE) TABLETS. A
New Drug Application for this product has been submitted under Section 505 of
the Federal Food, Drug and Cosmetic Act.

Date: June 9, 1995 /m % - -ﬁT\
el

David J. Levy

Attorney for Applicant
Registered Patent Attomey
Registration No. 27,655




TIME SENSITIVE PATENT INFORMATION
Patent Information for
3TC™ (LAMIVUDINE) ORAL SOLUTION
NDA #20-596

The following submission is made in accordance with the Notice appearing at
page 30309 of the Federal Register dated June 8, 1985, Volume 60, No. 110.

By action of the Uruguay Round Agreements Act, Public Law 103-465, which
was signed by the President on December 8, 1994, the original expiration date
of the following patent listed in NDA #20-596 is changed as fellows:

US 5,047,407 to February 8, 2009

The undersigned declaras that the above-listed patent covers the formulation,
composition, and/or method of use of 3TC™ (LAMIVUDINE) ORAL
SOLUTION. A New Drug Application for this product has been submitted
under Section 505 of the Federal Food, Drug and Cosmetic Act.

Date: June 9, 1895 /D,,,&kq ‘ﬁﬂﬁ

David J. Levy

Attorney for Appllcant
Registered Patent Attomey
Registration No. 27,655




EXCLUSIVITY SUMMARY

NDA: 20-564 SUPPLEMENT. _
Trade Name EPIVIR™ Generic Name:  lamivudine (TABLET)
Applicant Name: Glaxo Wellcome Inc,  HFD #: 530

Approval Date:
(1f Known)

PARTI: IS AN EXCLUSIVITY DETERMINATION NEEDED?
|8 An exclusivity determination will be made for all original applications, but only for certain
supplements. Complete PARTS 11 and II1 of this Exclusivity Summary only if you answer
"yes" to one or more of the following question about the submission.
a Is it an onginal NDA?
YES /X _/ NO/_ /
b. Is it an effectiveness supplement”
YES / / NO/X /

If yes. what type? (SE1, SE2, et:.):

c. Dud it require the reviev of clinical data other than to support a safety
claim or change in labe'ing related to safety” (If it required review only of
bioavailability or bioeguivalence data, answer "no.")

YES/X / NO/_/

[f your answer is "no” becuuse you believe the study is a bicavailability study and,

therefore, not eligible for exclusivity, EXPLAIN why it is a bioavailability study,

including your reasons for disagreeing with any arguments made by the applicant
that the study was not simply a bioavailabiiity study




If it is a supplement requinng the review of clinical data but it is not an
effectiveness supplement, descnibe the change or claim that is supported by the
chinical data:

d Did the applicant request exclusivity?

YES/X /  NO/__/
If the answer to {d) is "yes." how many years of exclusivity did the applicant
request?

IF YOU HAVE ANSWERED "NO" TO ALL OF THE ABOVE QUESTIONS, GO
DIRECTLY TO THE SIGNATURE BLOCKS ON PAGE 8.

£

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

YES/ / NO/X J

If yes, NDA # : Drug Name

[F THE ANSWER TO QUESTION 2 IS "YES," GO DIRECTLY TO THE SIGNATURE
BLCGCKS ON PAGE 8.

3

[s this drug product or indication a DESI upgrade”

YES/ / NO/X_ /

IF THE ANSWER TO QUESTION 3 IS "YES,” GO DIRECTLY TO THE SIGNATURE
BLOCKS ON PAGE 8 (even if a study was required for the upgrade).



PART II: FIVE-YEAR EXCLUSIVITY FOR NEW CHEMICAL ENTITIES
{ Answer either #1 or #2 as appropnate)

1 Single active ingredient product.

Has FDA previously approved under section 505 of the Act any drug product
containing the same active moiety as the drug under consideration” Answer "ves"
if the active moiety (including other estenfied fornss, salts, complexes, chelates or
clathrates) has been previously approved. but this particular form of the active
molety, e g, this particular ester or salt (including saits with hydrogen or -
coordination bonding) or other non-covalent denvative (such as a complex.
chelate, or clathrate) has not been approved Answer "no" if the compnund
requires metabolic conversion (other than deesterification of an estenfied form of
the drug) to produce an already approved active moiety

YES/ / NO/X

If "yes,"” identify the approved drug product(s) containing the active moiety, and. if
known, the NDA #(s)

NDA#

NDA#

NDA#

t3

Combination product.

If the product contains more than one active moiety (as defined in Part II, #1), has
FDA previously approved an appiication under sectiori 505 containing any one of
the active moieties (n the drug product” If, tor example, the combination contains
one never-before-approved active moiety and one previously approved active
molety, answer "ves " (An active moiety that 1s marketed under an OTC

. monograph, but that was never approved under an NDA 1s considered not
previously approved.)

YES/ ¢/ NO/



If "ya- " "7 % he approved drug product{s) containing the active moiety. and, if
kn- ifs)

NDA#

IF THE ANSWER TO QUESTION 1 OR 2 UNDER PART I11S "NO,” GO DIRECTLY
TO THE SIGNATURE BLOCKS ON PAGE 8. IF "YES" GO TO PART IIL.

PART III:

THREE-YEAR EXCLUSIVITY FOR NDA'S AND SUPPLEMENTS

To qualify for three years of exclusivity, an application or supplement must contain "reports of
new clinical investigations (other than bioavailability studies) essential to the approval of the
application and conducted or sponsored by the applicant.” This section should be completea vnly
if the answer to PART II, Question | or 2 was "ves "

1.

Does the application contain reports of clinical investigations? (The Agency
interprets "clinical investigations” to mean investigations conducted on humans
other than bioavailability studies.) If the application contains clinical investigations
only by +irtue of a right of reference to clinical investigations in another
application, answer "yes," then skip to question 3(a). [f the answer to 3(a) is "yes"
for any investigation referred to in another application, do not complete remainder
of summary for that investigation

YES /_/ NO/__J

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

2.

A chnical investigation is "essential to the approval” if the Agency could not have
approved the application or supplement without relying on that investigation.
Thus, the itivestigation 1s not essental to the approval if 1) no clinical investigation
1s necessary to support the supplement or apphcation in light of previously
approved applications (i.e., information other than clirucal tnals, such as
bioavailability data, wouid be sufficient to provide a basis for approval as an
ANDA or 505(b){2) application because of what is already known about a
previously approved product), or 2) there are published reports of studies (other
than those conducted or sponsored by the applicant) or other publicly available
data that independently would have been sufficient to support approval of the
application, without reference to the clinical investigation submitted in the
application.



a In light of previously approved applications, is a clinical
investigation (either conducted by the applicant or available from
some other source, including the published literature) necessary to
support approval of the application or suppler.ient?

YES/ / NO/__J

If "no,” state the basis for your conclusion that a clinical trial is not necessary for
approval AND GO DIRECTLY TO SIGNATURE BLOCK ON PAGE 8:

b Did the applicant submut a list of published studies relevant to the safety
and effectiveness of this drug product and a statement that the publicly
available data would not independently support approval of the
application”

YES /_/ NO/__/

(1) If the answer to 2(b} is "yes." do vou personally know of anv reason to
disagree with the applicant's conclusion” If not appiicable, answer NO.

YES/ / NO/__J

If ves, explain:

(2) If the answer to 2(b) 1s "no." are vou aware of published studies not
conducted or sponsored by the applicant or other publicly available data
that could independently demonstrate the satety and effectiveness of this
drug product”

YES/ . NO/

If ves, explan




(c) If the answers to (b)(1) and (b)(2) were both "no." identify the clinical
investigations submitted in the application that are essential to the
approval

Studies companng two products with the same ingredient(s) are considered to be bioavailability
studies for the purpose of this section .

3 [n addition to being essential, investigations must be "new"” to support exclusivity The
agency interprets “new clinical investigation” to mean an investigation that 1) has not been
relied on by the agency to demonstrate the effectiveness of a previously approved 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€, does not redemonstrate something the agency considers to have been demonstrated in
an aiready approved application.

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

In estigation #1 YES/_ 7/ NO/_ /

Investigatton #2 YES/_ 7/ NO/ _/

if you have answered "ves" for one or more investigations, identify each such investigation
and the NDA in which each was rehed upon

b For each investigation 1dentified as "essential to the approval”, does the
investigation duplicate the results of another invesugation that was relied
on by the agency to support the eftectiveness of a previously approved
drug product?

Investigation #1 YES/ ¢ NO/_ /

Investigation #2 YES ¢ NO/ /



If you have answered "yes" for one or more investigation, identify the NDA 1n which a
similar investigation was relied on

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

To be eligible for exclusivity, a new investigation that is essential to approval must also
have been conducted or sponsored by the applicant. An investigation was "conducted or
sponsored by" the applicant if, before or dunng 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 supprrt for the
study. Ordinanly, substantial support will mean providing 50 percent or mo. e of the cost
of the study.

a For each investigation identified tn response to question 3(c). if the
investigation was carned out under an IND, was the applicant identified on
the FDA 1571 as the spensor”

Investigation #1-

IND# __ YES/_/ NO/__/

Explamn

[nvestigation #2.
IND # YES f"__/ NO/ /

Explain




For each investigation not carmed out under an IND or for which the
applicant was not 1dentified as the sponsor. did the applicant certify that it
or the applicant's predecessor in interest provided substantial support for
the study”?

Investigation #1:
IND # YES/ / NO/_ 7

Explain:

Investigation #2:
IND # YES/ /  NO/_/

Explain:

Notwithstanding an answer of "yes" 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 basis for
exclusivity However, if all nights to the drug are purchased (not just
studies on the drug), the apphicant may be considered to have sponsored or
conducted the studies sponsored or conducted by its predecessor in
interest.)

YES/ NO/__/

If yes, explain:

Signature
Title:

Zoud (U

Date

B

Signature of Ofﬂc@ Date

Division Director



EXCLUSIVITY SUMMARY

NDA: 20-596 SUPPLEMENT.

Trade Name. EPIVIR™ Genenc Name: lamivudine
Applicant Name: Glaxo Wellcome Inc, HFD # 530

Approval Date:

(If Known)

PART I: IS AN EXCLUSIVITY DETERMINATION NEEDED?

1 An exclusivity determination will be made for all onginal applications, but only for certain
supplements. Complete PARTS II and III of this Exclusivity Summary only if you answer
"yes" to one or more of the following question about the submission.

a. Is it an onginal NDA”?
YEE /X / NO/_ ¢

b. Is it an effectiveness supplement”
YES /__/ NO/X /

If yes, what type? (SE1, SE2, etc.):

C. Did it require the review of clinical data other than to support a safety
claim or change in labeling related to safety”? (If it required review only of
bioavailability or bioequivalence data, answer "no.")

YES/X / NO/_/
If your answer is "no" because yon believe the study is a bioavailability study and,
therefore, not eligible for exclusivity, EXPLAIN why ¢ is a bicavailability study,
including your reasons for disagreeing with any argumants made by the applicant
that the study was not simply a bioavailability study.




If it is a supplement requinng the review of chnical data but it is not an
effectiveness supplement, describe the change or claim that 1s supported by the
clinical data:

d. Did the applicant request exclusivity?

YES/X 7/ NQ/__

If the answer to (d) is "yes,"” how many years of exclusivity did the applicant
request’

IF YOU HAVE ANSWERED "NO" TO ALL OF THE ABOVE QUESTIONS, GO
DIRECTLY TO THE SIGNATURE BLOCKS ON PAGE 8,

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

YES/ / NO/X_/

If yes, NDA # . Drug Name

IF THE ANSWER TO QUESTION 2 IS "YES,” GO DIRECTLY TO THE SIGNATURE
BLOCKS ON PAGE 8.

3. Is this drug product or indication a DESI upgrade”
YES/ [/ NO/X /

IF THE ANSWER TO QUESTION 3 1S "YES.” GO DIRECTLY TO THE SIGNATURE
BLOCKS ON PAGE 8 (even if a study was required for the upgrade).




PART II:

FIVE-YEAR EXCLUSIVITY FOR NEW CHEMICAL ENTITIES

(Answer either #1 or #2 as appropnate)

1.

t2

Single active ingredient product.

Has FDA previously approved under section 505 of the Act any drug product
containing the same active moiety as the drug under consideration” Answer "yes"
if the active motety (inciuding other estenfied forms, saiis, complexes, chelates or
clathrates) has been previously approved. but this particular form of the active
moiety, e.¢., 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" if the compound
requires metabolic conversion (other than deestenfication of an esterified form of
the drug) to produce an already approved active motety

YES/ / NO/X_/

If "yes," identify the approved drug product(s) containing the active moiety, and, if
known, the NDA #(s).

NDA#

NDA#

NDA

Combination product.

If the product contains more than one active moiety (as defined in Part II, #'), has
FDA previously approved an application under section 505 containing any one of
the active moteties in the drug product? If, for example, the combination contains
one never-before-approved active moiety and one previously approved active
moiety, answer "ves " (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/_



If "yes,” identify the approved drug product(s) containing the active moiety, and, if
known, the NDA #(s).

NDA#

NDA#

NDA#

IF THE ANSWER TO QUESTION 1 OR 2 UNDER PART I1 1S "NO,"” GO DIRECTLY
TO THE SIGNATURE BLOCKS ON PAGE 8. IF "YES” GO TO PART IIL

PART HLI:

THREE-YEAR EXCLUSIVITY FOR NDA'S AND SUPPLEMENTS

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

1.

Does the application contain reports of climcal investigations? (The Agency
interprets "clintcal investigations” to mean investigations conducted on humans
other than bioavailability studies.) If the application contains clinical investigations
only by virtue of a right of reference to clinical investigations in another
application, answer "yes," then skip to question 3(a). If the answer to 3(a) is "yes"
for any investigation referred to in another application, do not complete remainder
of summary for that investigation.

YES /_/ NO/__/

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

2.

A clinical investigation is "essential to the approval” if the Agency could not have
approved the application or supplement without relying on that investigation.
Thus, the investigation 1s not essential to the approval if 1) no clinical investigation
1S necessary to support the supplement or application in light of previously
approved appiications (i.e., information other than chnical tnals, such as
bioavailability data, would be sufficient to provide a basis for approval as an
ANDA or 505(b)(2) application because of what is already known about a
previously approved product), or 2) there are published reports of studies (other
than those conducted or sponsored by the applicant) or other publicly available
data that independently would have been sufficient to support approval of the
application, without reference to the clinical investigation submitted in the
application.



a. In light of previously approved applications, is a clinical
investigation (erther conducted by the applicant or available from
some other source. includtng the published literature) necessary to
support approval of the application or supplernent”?

YES/ / NO/__/

If "ro," state the basis for your conclusion that a clinical trial is not necessary for
approval AND GO DIRECTLY TO SIGNATURE BLOCK ON PAGE 8:

b Dud the applicant submut a list of published studies relevant to the safety
and effectiveness of this drug product and a statement that the publicly
avallable data would not independently support approval of the
application?

YES /_/ NO/__/

(1} If the answer to 2(b}1s "yes,” do vou personally know of any reason to
disagree with the applicant's conclusion” If not applicable, answer NO

YES/ | NO/__/

If ves, explain’

{2) If the answer to 2(b) 1s "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/__/

If yes, explam




(c) If the answers to (b)(1) and (b)(2) were both "n0." identify the clinical
investigations submitted in the application :l.at are essential to the
approval

Studies comparing two products with the same ingredient{s) are considered to be bioavailability
studies for the purpose of this section .

3 [n addition to being essential, investigations must be “new” to support exclusivity The
agency interprets "new clinical investigation” to mean an :avestigation 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 o another investigation that was relied
on by the agency to demonstrate the effectiveness »f a previously approved drug product,
1.e., does not redemonstrate something the agency considers to have been demonstrated in
an already approved application.

a. For each investigation identified as "essential to the approval.” has the
investigation been relied on by the agency to demonstrate the effectiveness
of a previously approved drug product” (If the investigation was relied on
only to support the safety of a previousiy approved drug, answer "no.")

Investigation #1 YES/ _/ NO/_ /

Investigation #2: YES/ / NO/ /

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

b. For each investigation identified as “essential to the approval”, does the
investigation duplicate the results of another investigation that was relied
on by the agency to support the effectiveness of a previousiy approved
drug product?

Investigation #1- YES/ 7/ NO/__/

Investigation #2 YES/ NO/



If you have answered "yes" for one or rore mvestigation, :dentify the NDA in which a
similar investigation was relied on:

c. If the answers to 3(a) and 3(b) are no. identify each "new" investigation tn
the application or supplement that is essential to the approval (1 e, the
investigations listed in #2(c), less any that are not "new"). -

To be eligible for exclusivity, a new investigation that is essential to approval must also
have been conducted or sponsored by the appiicant. An investigation was "conducted or
sponsored by" the applicant if, before 51 duning 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 inicrest) 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 question 3(c): if the
investigation was carried out under an IND, was the applicant identified on
the FDA 1571 as the sponsor”

Investigation #1
IND # YES/ / NO/ 7/

Explain

Investigation #2

IND # YES/ / NO/__!

|

|

. |
Explain.



For each investigation not carmed 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:

IND # YES/ / NO/ /

Explain:

Investigation #2
IND # YES/ / NO/ /

Explain:

Notwithstanding an answer of "yes" 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 basis for
exclusivity. However, if all nghts 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/ 7/

If yes, explain:

Signature
Title:

Division Director

Signature of Ofﬁcﬁ

Date

-
-17-9¢>
Date




3TC™ (lamivudine) Tablets
NDA 20-564

Debarment Certification:

In accordance with the certification provision of the Generic Drug Enforcement Act of 1992
as outlined in correspondence dated July 29, 1992 from Daniel L. Michels, Office of
Compliance at FDA, Glaxo hereby certifies that to the best of its knowledge and belief, it did
not use in any capaciiy the services of any person debarred under section 306 (a) or (b) of the
Generic Drug Enforcement Act of 1992 in connection with this application,

Sl 6/i/75

David R. Savello, Ph.D. Date
Vice President, Regulatory Affairs

1"



3TC™ (lamivudine) Oral Solution
NDA 20-596

Debarment Certification:

In accordance with the certification provision of the Generic Drug Enforcement Act of 1992
as outlined in correspondence dated July 29, 1992 from Daniel L. Michels, Office of )
Compliance at FDA, Glaxo hereby certifies that to the best of its knowledge and belief, it did
not use in any capacity the services of any person debarred under section 306 (2) or (b) of the
Generic Drug Enforcement Act of 1992 in connection with this application.

) 4 /3)05

David R. Savello, Ph.D. Date
Vice President, Regulatory Affairs




MEMORANDUM DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE
FOOD AND DRUG ADMINISTRATION
Center for Drug Evaluation and Research

DATE: November 16. 1995

FROM: Rachel E. Behrman. M.D. M.P.H.
Team Leader. Division of Antiviral Drug Products

SUBJECT: NDA 20-564; NDA 20-596
TO: David W' Feigal, Jr. M.D. M.P.H.

Director, Division of Antiviral Drug Products
Acting Director. Office of Drug Evaluation IV

On behalf of the lamivudine review team, | am pleased to recommend that lamivudine be
approved in combination with zidovudine for the treatmeut of HIV infection when therapy is
warranted based on clinical and/or immunologic evidence of disease progression. Safety and
efficacy of lamivudine in this setuing is supported by data from 4 randomized. blinded controlled
studies that demonstrated supenionty of the lamivudine/zidovudine combination to approved
therapies as measured by changes in cd4 cell counts wath therapy, Similarly. the
lamivudine/zidovudine combination produced more pronounced declines in plasma HIV RNA
when compared 1o approved therapies.

There are no outstanding regulatory 1ssues, either clinical or preclinical. that must be resolved
before the agency can take a regulatory action on these NDAs. The letter dated November 16,
1995 from Dr. Palmer of Glaxo-Welcome summanzes both the conditions of accelerated
approval and the goals for phase IV study. There are. however, s2veral noteworthy issues that
warrant exphicit discussion.

SCOPE

Data supporting the safety and efficacy of lamivudine in combination with zidovudine are
limited to results from studies evaluating surrogate endpoints, pnmarily changes in cd4 cell
counts with therapy. Therefore. this application talls under the scope of subpart H, accelerated
approval, and must demonstrate that lamivudine in combination with zidovudine offers
meaningful therapeutic benefit over existing therapies.

This appiication has challenged us to consider accelerated approval in a new manner. In the past
this division has recommended accelerated approval only for those segments of the population
who had no satisfactory alternatives because they were either intolerant of existing therapies or
because their disease continued to progress despite receiving existing therapies.

The regulations clearly envision the circumstance under which data from surrogate endpoint
trials are sufficiently compelling to permut an accelerated approval for those patients who do



have satisfactory alternatives, but for whom the new therapy may well be an improved option
over existing therapies. This 1s the case with lamivudine in cembination with zidovudine. It is
not simply that the surrogate endpoint responses are superior when compared to approved
therapies, which they are. The resuits are replicated in four randomized, controlied and blinded
studies. The results appear to be consistent for patients who have had prolonged therapy with
other antiretroviral agents and for those who have never been treated for their HIV infection. The
results from cd4 analyses are supported by limited data on changes in plasma HIV RNA.
Furthermore, the surrogate effect is unusually durable. For the first time. changes in cd4 cell
counts are sustained above baseline values at the 24 week evaluation. In addition to this
strikingly robust surrogate effect. it is clear that the combination of lamivudine and zidovudine
has a tolerable toxicity profile. -

Therefore, it 1s jJustified to take this regulatory action which will, for the first time, include
patients who have never before received antiretroviral therapy. As with past actions. the
indication is intended to convey the potential scope of use, and its limitations. without providing
rigid critena that may inadvertentiy limit access to therapies.

PEDIATRICS

The applicant has submitted sufficient data on the pharmacokinetics in children to permit
selection of a dose for ali age ranges except underweight adolescents. The safety profile in
children is [imited and there 1s essentially no information on the safety or activity of lamivudine
in combination with zidovudine. The application. in collaboration with the has launched
a large, randomized, controlled trial in children. In the interim, the applicant has committed to
rigorous reporting of pancreatitis in children. the most troubling adverse event noted in early
studies.

CONFIRMATORY CLINICAL TRIALS

The review team has longstanding reservations about both the design and pace of the
confirmatory program that are documented 1n the regulatory record and in the records of the
advisory committee meetings. In shon, the adult tnal may have difficultly establishing a
difterence hetween lamivudine in combination with zidovudine and the comparators primarily
because of the muluple and complex possible treatment regimens. The pediatric trial is more
straightforward 1n design and 1s likely to be the primary source of efficacy data. However, it is
recruiting slowly. In addition, despite our comfort that demonstration of efficacy in children is
sufficient to confirm efficacy in adults, 1t 15 unclear how information about endpoints that are
unique to children can be applied to adults  The applicant has committed to address these
concerns.
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DRUG STUDIES IN PEDIATRIC PATIENTS
{To Le completed for all NME's recomr nended tor approval)

20-596 EPIVIRrﬁi(lamivudine) Oral Solution
Check any of the followiig that apply and explain, as necessary, on the next page:

™ . .
NDA # 20-564 ﬂmﬁ(gmmnmtmmegﬂEEIYLF‘ _f{lamivudine) Tablets

1. A proposed claim in the draft labeling s directed toward a specific pediatric illness. The
application contains adequate and well-contralled studies in pediatnc patients to support
that claim.

2. The draft tabeling includes pediatric dosing information that is not based on adequate and
well-controlled studies in children. The apphcation contains a request under 21 CFR 21.J.58
or 314.126{C) for waiver of the requitement at 21 CFR 201 .57(f} for A&WC studies in
children.

a. The application contains data showing that the course of the disease and the
etfects of the drug are sutficiently simitar in adults and children to permit
extrapolation of the data rrom adults 1o children. The waiver reques! should be
granted and a statement to that effect 1s included in the action letter.

b. The information included in the application does nat adequately support the waiver
request. The request should not be granted and a statement to that effect is
included in the action letter. (Complete #3 or #4 below as appropriate),

3. Pediatric studies {e.q., dose-finding, pharmacokinetic. adverse reaction, adequate and well-
controlled for safety and efficacy) should be done atfter approval. The drug product has
some potential for use in children, but there 1s no 'eason to expect early widespread
pediatnc use {because, fcr example, aiternative dr 1gs are available or the condition is
uncommon in chitdren.

___a. The applicant has commrtted to doing such studies as will be required.
__ Studies are ongoing.
(2} Protocols have been submitted and approved, -
__ 3 Protocols have been submitted and are under review. -
{4) If no protocol has been subtmitted, on the next page explain the status of

discussions.

- ___ b.if the sonsor is not willing to do pediatnic studies, attach copies of FDA's written
request that such studies be done and of the sponsor’s written response to that
roquost



Pace 2 -- Drug Studies in Pediatnic Patients

4. Pediawic studies do not need to be enccuraged because the druc product has hittte potential
for use 1n children.

_x 9. If ncne of the above apply, explain.

Explain, as necessary, the foregoing items:__ p o per_the fipal rule {21CFR 201.57{£f)
the pediatric usaqe statement 1s supported by pnarmacokinetics

ildren and results of clinical trial results

i adnlts. .
™ i ‘.
Slgnature of Preparer Date

cz Dna NDA
HFD-530/Div File
NDA Action Package



GlaxoWellcome

November 13, 1993

David W. Felgal, Ir, MD, MP.H -
Director, Division of Antiviral Drug Products
HFD-530, NLRC, 200

Food and Drug Adminigtration

Attention: Document Control Room

$516 Nicholson Lane

Ksatington, MD 20895

RE: NDA 20-564; Epivir™ Tablets (lamivudine tablets);
NDA 20-596; Eplvir™ Oral Solution (lamivudine oral selutlon);
Comumitments Regarding Accelsrated Approval of Lamivadine

Dear Dr. Feigal:

In aceordsnce with 21 CPR 314,500 et saq., We hareby semmit to the thllowing conditions of
sccelersted spproval:

1. Within thres to six months of complation of studies 3007 snd 300,
respectively, (where “ * iz dafined as the tims when all participans stop
randomized, blinded study madication), Glaxo Wellcoms will provide FDA with a study
mmdhqnﬂymddodwndufay.dmwhhmpmﬁnsdmm In
sdvance of the completion of each study, Glaxo Wellcome will seskk FDA agrecment oa
the specific efficacy snd safuty analyses to be conducted.

2. Glaxo Welloome will submit quartarly updates (beginning in first quarter, 1996) oa the
progress of studis 3007 and 300 to FDA. Thess quasterly updates will
include total numbers of dsaths, clinical endpoints, lost-to-thllow-up, and study
medication discontizustions. Since these studles ars blinded, the quarterly updates will
not be broken down by trestment group. Safaty reporting will continus under the usual
good clinical practioe requiremeats.

3. Major amendments of the design ol \3007 snd 300 will be submitted to,
and discussed with, the FDA prior to enactraent.

Glaxa Wellcome Research and Development

Greenford Kosd Tuephane S Wrleoms g 020 Bristipeesy
Qeventory +id el 490 3004 ot and BIRINEN Lin/tad
Middievex wu E o 0134
uBG one e v vt

Surkaloy Avanue
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4. We agree to amead protocol 3007 (adult clinical endpoint saudy) in the following
respects:

¥
b.

c.

Expand the enrcliment of patients without s hirtory of antiretroviral therapy.
Increase the power of the study to improve the likellhood of detecting a clinically
meaningful treatmant effect.

Addreas tha viability of the xidovudine monotherapy arm in light of results from
recant studic (e.g.. 178 and Delta) and prospectively redefine the study
hypothetis and primary snalysis.

S. 'We agres to amand protoco 300 in the following respects:

t 8

Submit all repnrts of diagnosed pancreatitis to FDA within 15 days of oocurrence.
Wa also agree to collaborare with to reportad all suspected cases of
pancreatitis within 15 days of cocurrence. Finally, we agres to provide quarterty
submission to FDA of the total numbers of diagnosed and suspected pancreatitis
cases by blinded treatment groups r 300.

Collabarate with the to obtaln lamivudine blood Leveis in all pediarric
patients dlagnosad with pancrestitls as so0n a8 pancrastitis is first suspected.
Devalop a propossl fiyr initiating a case~control study with the data genarated from
the monitoring of drug levals.

6. Al pediatric promotional material for Epivir Tablets and Epivir Ocal Solution will:

1))

2)
3)

prominently include the disclaimer that “There are no dats on the use of Epivir in
combination with Retrovir in pediazric patiems.”

promineatly include the warning sbout pediatric pancreatitis.

not pramote lamivudine in combingtion with zidovudine as initial tharapy in
childrea.

7. We agres to comply with the scoelorated approval withdrewal procsdures describad in

21 CFR 314.530 if naither protocal 300 nor protoco! 3007 provides
verification of clinical benefit and if FDA so requests.

We also understand that if lamivudine recsives traditional approval in the future, the
package insert will then reflect the content andi compoaltion of our corfirmstory clinical
triais. Theretbre, we understand that the indication subject to traditional approval might,
in fact, be mors restrictive than the indication for acceleratad approval.
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8. Wae hersby commit that, if’ the results from recent studiss evaluating the efflcacy of other
antiretroviral agents necoasitata revising the packags insert thr idovudine, we will revise
the affected sections of the package insent for lamlvudine and submit a Supplemental
Application to refiect any clinically relevant information within 30 days of FDA's
request.

-

We also state here our commitments to various Phase I'V activities in support of Epivir
Tablets and Epivir Oral Solution.

1. We scknowiedgn the following Phase IV commitments, as noted by the medical
officers, and state our intent to pursus thasa obligations:

a. Develop or collaborats with others in & progrum that monitors the potential for
dovelopment of resistarce to antiretrovira nuclsoside snalogues (other than
zidovudine) following lamivudine therapy.

b. Develop or collaborate with others in murrogate endpoint trials in treatment-naive
patiants that compare therapy with lanivudine in combination with zidovudine to
other clinically relevant combinatians of antiretraviral agents.

2. We agree to complate the ongolng rodent carcinogeaicity studies with lamivudine and
report the resultc in ¢ timely manner to FDA

3. Waacimowladge the following biopharmaceuntics Phase IV commitments and state
our intent to pursus thets obligations:
o Develop a program to investigats lamivudine pharmacokinetics in pediatric and
adolescent patients to provide additional dats an dose optimization.
b. Develop a program to investigate the relationzhip, if any, between systemic
exposure to lamivudine and development of pancreatitis in pediatric paticats.
c. Develop a program to (nvestigate the effects of rensl insufficlency on lamivudine
i in pediatric patients to provide data for dosing recommendations.
d. Develop s program to investigate lamivudine pharmacokinetics in patients with
advanced HIV discase.
¢. Develop s program to investigate the effects of gender and ethaicity on the
) pharmacokinetic properties of lamivudine in patients with HIV infaction.
£  Devalop a program to investigate the relationship berween surrogate markers of
Ismivudine afficacy and serum concentrations of lamivudine and othar antiretroviral

drugs.
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8

h

Develop a program o investigate (to the extent that custently svailabls technologics
allow) the relationabip between sorum lamivudine concentrations and intracellutar
lamivuding triphosphate concentratioas in patients dosed with lamivudine.

Perform and report a new mass balance study to more fully charactorize the
disposition of lamivuding in man. (We acknowledge that FDA specificelly
requested that an study be conducted uting radiolabeled lamivudina in
pxtients. However, we belisve that alternstive methods may be suitable, while
avolding the nesd to administer 1 radiolahaled drug to humans. Therefore, we
hersby commit to discuss and agree with FDA personnel on the specific
methodology 1o be used for arriving at acceptable information on the disposition of
lamivudine in msn).

In regard to thesc biopharmacsutics commitmests, we also gratefully acknowlsdge the
offer from FDA's sciantific reviewers 1o review and discuss any proposed protocols
prior to implsmentation. We fully intend to take advantage of this offer.

Wa balieve these commitments will meat your nceds as you procead towerd aceeleratod
approval of NDA 20-564 and NDA 20-556. Tbls submission is provided in duplicate. A

desk copy

has basn transmitted via FAX to Debbie Kallgren. Please contact David

Coachetto st (919)-990-5127 for any mattery regarding these applications. Thank you.
Sincerely,

20y ol

James B.D. Palmer, M.D.
Senior Vice Presidemt and Director, Group Medical Operations
QGlaxo Wellcame Inc.



NDA 20,564
NDA 20,596

Spousor:

Drug.
Generic:
Trade:
Chemical:

Route:

Dosage form;

Related docunents:

DRAFT

Date NDA submitted: June 30, 1995
Date NDA received: July 3, 1995
Date assigned: July 5, 1995

Review completed: November X, 1995

Medical Officer's Review
(Original NDA for NME)

Glaxo Wellcome Inc. -
Five Moore Drive
Research Triangle Park, NC 27709

lamivudine (3TC)

Epivir™
(2R,cis)-4-amino—1-(2—hydroxymethyl~l.Smxathiolan-s-yl)-
{lH)-pyrimidin-Z-one

oral

tablet (NDA 20,564)
solution (NDA 20-596)

150 mg (tablet)
10 mg/mL (solution)

treatment of HIV infection

Major amendments received: Aungust 30, 1995 (Expanded
Access update); October 31, 1995 (Four month safety update).

Minutes of meetings dated: January 11, 1995 (closed session of
Advisory Committee); February 13, 1995 (pre-NDA); August
2, 1995 (post-submission); October 6, 1993 (labeling);
November 6, 1995 (Advisory Committee).

Medical reviews dated: April 28, 1995
1995 (. 300)

3007); May 30,
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1. Resume

In support of safety and efficacy of lamivudine in combination with zidovudine in adults,
the applicant has submitted the results of four adequate and well controlied surrogate
endpoint studies and safety experience from the expanded access program. In support of
use in pediatrics, the applicant has submitted safety and pharmacokinetic experience from
tvvo open-labei , uncontrolled studies in children.

The four controlled adult trials provide adequate evidence that lamivudine when given in
combination with zidovudine results in an increase in CD4 cell count through 24 weeks of
approximately 50 ceils in antiretroviral naive and 30 cells in antiretroviral experienced
adults. These CD4 changes were significantly greater than those observed when
zidovudine (in naive adults) and zidovudine or zidovudine plus ddC (in experienced adults)
were used. The results of the North American trials additionally suggest that this effect
may be sustained in some individuals beyond 24 weeks however interpretation of data
beyond 24 weeks is limited due to substantial loss to follow-up. Analyses of changes in
plasma viremia were consistent with CD4 effects and provided supportive evidence of
efficacy.

Lamivudine in combination with zidovudine was generally well tolerated. The frequencies
of most clinical and laboratory adverse events were similar between combinaiicn therapy
and zidovudine monotherapy rectpicnts. The most concerning adverse event was the
occurrence of pancreatitis is 15% of children enrolled in two open-label studies. Other
notable pediatric safety issues included the occurrences of neuropathy and neutropenia.
Although the utility of the expanded access data was limited due to incompleie and passive
data collection, the collective experience from controlled trials and expanded access
provides a reasonable measure of reassurance about the types and severity of toxicity that
may be encountered wiith lamivudine post-marketing.

Based on these changes in surrogate endpoints, the applicant has request accelerated
approval for lamivudine in combination with zidovudine with an indication for patients in
whom antiretroviral therapy is warranted based on clinical and/or immunological evidence
of disease progression. The broad nature of the proposed indication represents a departure
from previous accelerated approval applications, which have intended therapy for
populations with progressive disease or those intolerant of all other available therapy.
Because daiza in this application is supportive of clinical benefit over existing therapies, this
application and its proposed indication are approvable.

2. Regulatory history

The first IND for lamivudine was submitted on June 21, 1991. Following this, the
adult phase I/II program and the pediatric program tor lamivudine were initiated in 1991 and
1992, respectively. Controlled clinical trials with surrogate marker endpoints in adults were
initiated in May 1993. The expanded access program was imuated in October 1993. A closed
session meeting with the Antiviral Drugs Advisory Committee was held on January 11, 1995
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to discuss the contents of the NDA and the design of the clinical endpoint studies, and a pre-
NDA meeting was held on February 13, 1995. Clinical endpoint studies in cuildren ¢

300) and adults 3007) began recruitment during the second and first quarters of 1995,
respectively.

Lamivudine is not approved in any international market.

3. Summary of NDA clinical section

The clinical section of this application includes the study reports of four randomized controlled
clinical trials in HIV-infected adults, two uncontrolled trials in children and the expanded
access program.

Adult trials (see Table 1)

The four controlled clinical trials enrolied a total of 495 antiretroviral naive and 479
experienced adults; 656 adults overall were randomized to receive lamivudine (LAM) alone or
in combination with zidovudine (ZDV). The primary objectives of the swdies were 0
evaluate the effect of lamivudine therapy in combination with zidovudine on the 24 week
average difference from baseline (DAVGT) for both CD4 cell count and HIV ENA by PCR
(see Attachmeni ! for comments from the biometrics reviewer). Secondary measures of
efficacy included disease progression or death; changes in other surrogate markers (CD4
percent, neopterin, p24, and 2 micrcglobulin); and the effect on quality of life parameters.
In all studies, patients remained blinded to therapy for 24 weeks. Following the initiai 24
week treatrment period, patients enrolled in the two North American studies were given the
option of receiving continued blinded therapy. Surrogate marker analyses viere conducted
when the last patient randomized completed 24 wecks of treatment. In contiast, in the two
European studies patients who completed 24 weeks of therapy were given the option of
receiving open-label lamivudine until the las: patient randomized completed 24 weeks
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Table 1. Summary of lamivudine (LAM) controlled clinical trials in adults

Study, No. of Treatment Groups Priocr ZDV Ch4 Primary
Location patients {range of range Endpoints
medians) | colls/mm?
(median)
3001 366 LAM 100mg bid < 4 weeks 200-500 | CD4
26 North ZDV 200 mg td (352 HIV RNA PCR
American LAM 150 mg bid/ZDV 200 mg ud .
sites LAM 300 mg bid/ZDV 200 mg 1id
300t 129 ZDV 200 mg tid < 4 weeks 100400 | CD<
14 UK and LAM 300 mg bid/ZDV 200 mg nd (260) HIV RNA PCR
European (subset)
sites
o R T ———
3002 254 ZDV 200 mg tid/ddC 0.75 mg ud > 24 weeks | 100-300 | CD4
21 North LAM 150 mg bid/ZDV 200 mg tid | (72-98 wks) (211) HIV RNA PCR
American LAM 300 mg bid/ZDV 200 mg ud
sites
3002 223 ZDV 200 me tid > 24 weeks 100-400 | CD4
32 UK and LAM 150 mg bid/ZDV 200 mg ud | (83-92 wks) (241) HIV RNA PCR
European LAM 300 mg bid/ZDV 200 mg ud (subset)
sites

Pediatric trials
At the time of the NDA submission, a total of 144 pediatric patients (range 3 months to 18
years for eligibility) had been enrolled in two ongoing open-label studies of: (1) lamivudine
2002, n=97) and (2) lamivudine in combination with other nucleoside

monotherapy (

analogues

2005, n=47). In

2005, the 47 children were either randomized

{n=7) or assigned (n=40) to receive one of five possible combinations of lamivudine, ZDV
and ddl. Treatment assignments were based on prior history of antiretroviral use/tolerance
and disease progression. Of the 47 children, nine received lamivudine in combination with

zidovudine.

Expanded access program
The expanded access program has enrolled 35.267 patients as of October 4, 1995, Although the
program has been open since October 1993, the majority of patients have enrolled since
November 1994, The North American program enrolls adults and children with progressive,
symptomatic HIV disease and CDD4 counts < 300 cell/mm3 who are unable 10 participate in
controlled tnals because of disease progression or because of intvlerance or unresponsiveness to
other therapies. Patients are randomized to receive lamivudine at a dose of either 150 mg or

300 mg twice daily (or 8 mg/kg/day tor children < 12 years of age). The European program uses
similar eligibility criteria but all adults receive the 300 mg twice daily dose of lamivudine.
Approximately equal proportions of patients have received the two lamivudine doses.




Demographic and complete clinical adverse event information is available only for patients for
whom case report forms have been returned (n=10,685 as of July 12, 1995). Among this subset
of 10,685, the vast majority are adults' and 95% are male. In addition, spontaneous telephone
reports of serious adverse events and deaths have been tabulated.

'Fewer than 20 children have been enrolled in the Expanded Access Program.



4.0 Safety and efficacy in antiretroviral-naive adults

4.1 Clinical tria, 3001

Design

This study was a randomized. double-blind, multicenter study at 26 North American sites to
evaluate the efficacy, safety, quality of hife and pharmacokinetics of lamivudine monotherapy.
zidovudine, and low and high dose lamivudine/zidovudine combination therapy in HIV-1
infected patients > 12 years of age. Eligible patients were ZDV naive (< 4 weeks) with CD4
counts ranging from 200 to 500 cells/mm'. Exclusion critena included specified lavoratory
abnormalities, prior ZDV-toxicity resulting in drug discontinuation, previous antiretroviral
therapy other than ZDV lasting less than four weeks. and others. The primary surrogate
marker endpoints were CD4 cell count and log,, HIV-1 RNA by PCR. Changes in both
markers were summarized as average changes from baseline using the DAVGT metric.
Secondary surrogate endpoints included CD4 percent. p,- microglobulin, neopterin, and ICD
n24 antigen. Quality of life was assessed using the MOS-HIV Health Status Questionnaire as
determined by changes in scores between baseline and the last observed patient questionnaire.

This study was initiated in June 1993 and the study report reflects data collected throngh
October 28, 1994. Surrogate marker analyses were conducted when the last pattent
randomized completed 24 weeks, however patients were given the option of continuing blinded
therapy until the last paiient completed 48 weeks of therapy. Once the blinded period was
completed, patients were offered the option of receiving open-label lamivudine in combination
with zidovudine. Study visits occurred at weeks 2 and 4. and every 4 weeks thereafter until
either week 52 or withdrawal from the study.

Study Population

A 1otal of 366 patients were assigned to receive study drug. Across the four treatment groups,
the median age was 34 years and the majority of patients were male (87 %, range: 83-92%)
and Caucasian (61 %. range: 59-64%). The median baseline CD4 count ranged from 332-372
cells/mm*, at least two-thirds of patients in each group had asymptomatic HIV-infection and
15% of the overall population had received prior ZDV therapy. There were no significant
differences between treatment groups with respect to demographics, HIV-risk factors, stage of
disease or prior ZDV-expenience.

Medical reviewer's comment: The treatinent groups appeared to be well-balanced
at baseline with regard to the important demographic and disease characteristics.

Withdrawals and compliance

Of the 366 randomized patients, the 275 patients (75%) who completed 24 weeks on study
drug were evenly distributed between treatment groups. The reasons for discontinuation in the
91 patients included: 29 padients witl: an adverse event, 41 patienis who failed to return and 21
patients with other reasons (such a. panent choice, investgator discretion and non-
compliance). In the majoruty of cases, patients who had discontinued drug were also lost to
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CD4 follow-up.

Medical reviewer's comments:

1. Of the four controlled trials, 3001 had the highest rate of loss to follow-
up. The reason for the higher rate is unclear and larger sites with particularly high
rates of withdrawals were chosen for audit by

2. The issue of whether loss to follow-up was differential between treatment
groups and may have biased the treatment effect was addressed by Dr. Flyer. His
analyses suggest that loss to follow-up did not significantly affect the magnitude of
the treatment effect between groups. However, in all treatment orciuss, (Hose wiin
had less than 24 weeks of follow-up had lower average CD4 changes from basciiue,
suggesting thi { patients who failed to experience an initial increase in CD4 count
may have been more likely to discontinue drug than those in whom an increase was
achieved. This latter conclusion is supported by the observation that raies of drug
discontinuztion appeared to be higher within the first four weeks of the study when
compared to the rest of the studv period.

3. Reasons for drug discontinuation appeared to be evenly distributed between
treatment groups except for a slight predominance of adverse events reported in
the ZDV group.

Efficacy analyses
All efficacy results refer to the intent-to-treat population, which included all randomized
patients with confirmed HIV-1 infection, regardless of whether or not drug was actually taken.

There was a statistically significantly greater CD4 increase from baseline over 24 weeks in
both ZDV + LAM combination therapy grou, s compared to the ZDV group (Table 2).
Similarly. a staustically significant decrease in logl0 HIV RNA over 24 weeks was noted in
all three lamivudine-containing groups compared to the ZDV group. In addition, logl0 HIV
RNA changes were significantly greaier in the both LAM combination groups compared to the
LAM monotherapy group but there were no significant differences in logl0 HIV RNA changes
between the two combination groups.

Changes in HIV RNA from baseline were expressed for both the entire study population and
for the subset of patients with at least 20,000 copies/ml at randomization as follows: (1) mean
change for log,, HIV RNA, (2) median percent change from baseline and (3) median actual
change. Examination of graphical displays of changes during the first 24 weeks indicates
overall consistency of results despite different scales. In all three methods. the greatest
suppression of mean HIV RNA levels occurred within 4 weeks of inihation of therapy;
following this time icvels of HIV RNA rose and reached a plateau by eight weeks. Mean HIV
RNA levels did not nise above baseline 1n any of the four treatment groups.

Table 2. Summary of 1, \VGT Time-weighted 24-Week Analysis of Surrogate Markers - 300



Change from baseline | ZDV LAM (300 mg) ZDV+LAM (150 ZDV+LAM
mg) (300mg)
Total randomized 93 87 92 94
CD4 cell count
n 89 84 86 89
Mean 14.94 20.42 49.12 35.07
p-value* - 0.313 0.001°** 0.044
Logl0 HIV RNA .
n 86 76 83 92
Mean -0.32 -0.59 -1.02 -1.07
p-value* - <(0.001** <0.001** <0.001**

*p-value for comparison to ZDV
**indicates statistical significance at 0.05 after adjustment using Bonferroni method.

Twenty-four week analyses of changes in secondary surrogate endpoints demonstrated
statistically significant differences in lamivudine combination groups relative to the ZDV
monotherapy group for the following markers: percent CD4 cell count (both combination
groups). ICD p24 antigen (ZDV +LAM 150 mg group), and B, microglobulin and neopterin
(ZDV +LAM 300 mg group).

No effect on patient weight or quality of life was demonstrated :tween treatment groups.

Safety

All safety results refer to the as-treated population, which included all patients with confirmed
HIV-1 infection who were randomized, excluding data collected post 30 days permanent study
drug discontinuation.

The two doses of lamivudine in combination with zidovudine were generally well tolerated and
the overall frequencies and types of adverse events were similar between all four treatment
groups (range 92-98%). Three patients died during the study period and the cause of death in
these patients did not appear to be study drug related. Serious adverse events were reported in
37 patients (10%) and were distributed evenly between treatment groups. The majority of
serious events appeared to be related to manifestations of HIV disease or to trauma. Adverse
events led to withdrawal in 33 patients (9%). Withdrawal due to adverse events was highest in
the ZDV groups (12%) compared to the other treatment groups (8-9%).

Gastrointestinal symptorns, including nausea and diarrhea were the most frequently reporied
adverse events overall. Neuropathy occurred in from 7 1o 20% of all patients and occurred
significantly more frequently in the two monotherapy groups than in either of the combination
therapy groups. Other adverse events appeared to be reported in similar frequencies between
treatment groups.
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Declines from baseline values of hemoglobin, hematocrit and RBC count were observed more
frequently in all three ZDV-containing groups than in the LAM monotherapy group. Two
patients (one each from the ZDV and the ZDV +LAM 150mg groups) were withdrawn due to
anemia. Declines in WBC and neutrophil counts were observed in from 22-33% and from 27-
43% of all patients, respectively, and were most frequently observed in patients receiving
ZDV +LAM 300 mg. Two patients (one each from the ZDV and the ZDV +LAM 300mg
groups) were withdrawn due to neutropenia.



4.2 Clinical tria. 3001

Design

This study was a randomized. double-blind, multicenter study at 14 European sites to evaluate
the efficacy and safety of 24 weeks of lamivudine 300mg b.i.d. in combination with
zidovudine 200mg t.i.d. compared to zidovudine alone in HIV-1 infected patients > 18 years
of age. Eligible patients were ZDV naive (< 4 weeks) with CD4 counts ranging from 100 to
400 cells/mm’. Exclusion criteria included specified laboratory abnormalities, prior ZDV-
toxicity resulting in drug discontinuation, and any prior anti-HIV therapy other than ZDV or
ZDV lasting > four weeks, and others. The primary surrogate marker endpoints were CIMd
cell count and log,, HIV-1 RNA by PCR (both analvzed as average changes from baseline
using the DAVGT metric). Viral load measurements. including HIV RNA | were performed
on a nenrandom subset of patients. Secondary surrogate endpoints included CD4 percent. B,-
microglobulin, neopterin, and ICD p24 antigen.

This study was conducted between June 4, 1993 and April 27, 1994, Surrogate marker
analysis was conducted when the last patient randomized completed 24 weeks. After
completing 24 weeks of blinded therapy, patients were offered open label lamivudine until all
patients completed the 24 week blinded ireatment period. Study visits occurred at weeks 2 and
4. and every 4 weeks thereafter until either week 24 or withdrawal from the study.

Study Population

A total of 129 patients were assigned w receive study drug. The median ages were 35 years
and 32 years n the monotherapy and combination therapy gronps, respectively and the
majority of patients were male (75% and 72%, respectively) and Caucasian (80% and 85%,
respectively). Seven patients (11 %) in the monotherapy group had received pricr ZDV
therapy compared to none in the combination group (p=0.006). Median CD4 count was 248
and 263 celis/mm’, respectively, in the two groups. Sixty four percent of the enrolled patients
were asymptomatic and 9% were classified as having AIDS on entry. There were o
significant differences between treatment groups with respect to demographics, HIV-risk
factors or stage of disease.

Medical reviewer's comment: With the exception of prior ZDV exposure, the
~ treatment groups appeared to be well-balanced at baseline with regard to the
important demographic and disease characteristics.

Withdrawals and compliance

Overall, 88% of randomized patients compicted the 24 week treatment period, with no
difference in the rate of withdrawal between groups. Of the 16 patients (12%) who were
withdrawn from the study. seven withdrew due to an adverse event. five patients failed 1o
return, and four others were withdrawn due to their or their investigator's discretion or due to
noncompliance. Of the remaining 113 patients who completed the 24 week randomized
period. 110 (96%) entered the open label phase.
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Medical reviewer's comment: The overall rate of withdrawal from study was
considerably lower in this study than in the North American ZDV-naive study
(NUCA3001). The reason for improved retention does not appear to be due to
protocol-specified differences and likely reflects cultural differences and the
availability of other treatment options.

Efficacy analyses

In both treatment groups, an increase in mean CD4 change from baseline was observed by the
two week post-treatment visit. At each treatment visit, mean CD4 changes were greater in-the
combination group compared to the ZDV group. In the combination group, the mean CD4
change was sustained from weeks two (70.8 cells) through week 24 (77.5 cells) however in the
zidovudine group the mean CD4 changes deciined after week four (33.6 cells) and was below
baseline at week 24 (-9.1 cells). There was a statically significant difference in mean 24 week
DAVGT between the treatment groups (Table 3) in favor of combination therapy.

HIV-1 RNA PCR was pertormed for a subset of patients (enrolled in French centers, n=66)
using the Tedder method®. Of these 66 patients, 51 had detectable levels of virus at baseline.
Mean change from baseline in log;, HIV RNA was greatest for both treatment groups within
two weeks after treatment initiation (-0.44 and -0.97 for the monotherapy and combination
therapy groups, respectively). In the monotherapy group, mean HIV RNA levels approached
baseline levels by weeks 8-12. In the combination group. the mean change in HIV RNA was
greater than in the monotherapy group and remained below baseline through week 24 (-0.31).
There was a statistically significant difference in mean 24 week DAVGT HIV RNA between
the treatment groups in favor of combination therapy.

Table 3. Summary of DAVGT Time-weighted 24-Week Analysis of Surrogate Markers-NUCB3001

Change from baseline yALY ZDV+LAM (300mg)
Total randomizcd &5 o4
CD4 cell count
n 64 64
Mean 15.44 70.13
p-value* - <0.001**
Logl0 HIV RNA
{Tedder method)
n RL] 32
Mean -0.15 -0.59
p-value* - 0.007+=

*For all other patients, samples were assayed using the Roche Technique at the
laboratory of Dr. Brencan I.arder. DAVGT results were submitted as an amendment to the
NDA and are included in Table 3.
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Logi0 HIV RNA

(Breden Larder method)
n 31 k)]
Mean -0.48 -1.22
P-value* - <0.001**

*p-value for comparison to ZDV
**indicates statistical significance at 0.05 after adjustment using Bonferroni method.

Analyses of changes in secondary surrogate marker endpoints {(including rises in percent CD4,
declines in cellular viremia in a subset of 48 patients, dectines in p24 antigen, and declines in
beta-2-microglobulin and neopterin) supported the primary analyses. There was no evidence
of a difference between treatment groups in clinical parameters, which included changes in
weight, changes in Karnovsky score, or the occurrence of CDC class B and C illnesses during
the 24 week analysis period.

Safety

All safety results refer to the as-treated population, which included all randomized patients
with confirmed HIV-1 infection, excluding data collected post 30 days permanent study drug
discontinuation.

Lamivudine in combination with zidovudine was generally well tolerated and the overall
frequencies and types of adverse events were similar between treatment groups. The incidence
of reporting any adverse event was similar across the two treatment groups (95% and 85% in
the mornotherapy and combination therapy groups. respectively}. The majority of adverse
events were attributed to the patients’ underlying disease. Gastrointestinal symptoms. including
nausea and diarrhea were the most frequently reported adverse events overall.

No deaths were reported during the conduct of this study. Seven of the nine patients who
reported serious adverse events received lamivudine combination therapy. Five patients (8%)
receiving ZDV compared with nine patients (14 %) receiving combination treatment
experienced at least one grade III or IV clinical event during the study. Anemia was the most
trequently reported grade III or IV toxicity. The frequency of grades III or IV laboratory
toxicities was similar between the ZDV and combination groups (20% vs. 26%).

Adverse events led to withdrawal in seven patients (5.4%). Withdrawal due to adverse events
was higher in the combination group (8 %) than in the monotherapy group (3%). Dcse
reduction was frequently necessary in both groups: 39% and 49% of the monotherapy and
combination therapy groups, respectively. required at ieast one dose reduction during the 24
week period.

4.3 Reviewer's assessment of safety and efficacy in antiretroviral-naive adults
Trials A3001 and B3001 support the safety and efficacy of lamivudine in combination
with zidovudine as a treatment for HiV-infection in antiretroviral naive patients.
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Evidence of efficacy is primarily derived from the 24 week analyses of CD4 data, which
indicates that on average patients receiving combinatior: therapy experienced a higher and
more sustained CD4 response than ZDV-monotherapy treated patients. These results
suggest that the CD4 response with combination therapy may be sustained beyond 24
weeks. However, evaluation of the treatment effect beyond 24 weeks in probiematic
because (1) only 54% of the population was still being followed at 52 weeks in 3001
and (2) patients in 3001 were unblinded after 24 weeks.

The two studies together indicate that higher doses of lamivudine (300 mg b.i.d) in -
combination with zidovudine does not offer an advantage over the lower dose regimen of
[amivudine 150 mg b.i.d. in combination with zidovudine. Additionally, in a single study
lamivudine monotherapy was not superior to zidovudine and was not as efficacious as
lamivudine in combination with zidovudine.

Data on changes in HIV RNA by PCR provide supportive evidence that iamivudine's
antiviral effect in naive patients is greater when given in combination with ZDV. The
peak effect on HIV RNA occurred within weeks of treatment initiation and appeared to
lessen and plateau by 8 weeks. Due to limitations in our understanding of changes in
plasma viremia, the clinical importance of modest differences in response are unknown.
Specifically, while changes in the HIV RNA levels between combination and ZDV
treatment groups were statistically significant, it is not known whether the magnicude of
this difference is indicative of a clinical benefit.

Because use of zidovudine is associated with several well-established adverse events and
because the study populations were at risk for development of HIV-associated events,
characterization of lamivudine's safeiy profile is probiematic. Despite this limitation, the
proposed combination appeared to be generally well tolerated and the types and
frequencies of adverse events did not differ markedly from patients treated with ZDV
alone. Further, there were no clinically significant differences in the frequencies of
adverse events reported between the two doses of lamivudine.

In conclusion, lamivudine in combination with zidovudine appears to be a reasonable
initiat therapy for treatment naive patients based on its sustained ¢ffect on surrogate
endpoints and its lack of dose-limiting toxicity beyond that experienced with zidovudine.
There are several qualifications to this statement, however. First and most importantly,
combination therapy's impact on clinica! parameters (progression and death) has not been
demonstrated. Secondly, the safety of longterm use of lamivudine has not been
established. Third, there is no data that compares the surrogate marker response of
lamivudine in combination with zidovudine in naive patients with other treatment
regimens of potential importance (such as ddl, ZDV +ddl and ZDV +ddC). The first two
qualifications have been addressed in the current package insert and through the ongoing
clinical confirmatory program. The issue of comparisons te other regimens with proven
clinical benefit in naive patients will be addressed as soon as results of these trials are
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reviewed.
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5.0 Safety and efficacy in antiretroviral-experienced adults

5.1 Clinical tria, 3002

Design

This study was a randomized, ddC double-blind (ZDV open label), multicenter study at 21
North American sites to evaluate the efficacy, safety, quality of life and pharmacokinetics of
low and high dose lamivudine/zidovudine combination therapy with ddC/ZDV combination
therapy in HIV-1 infected patients > 18 years of age. Eligible patients were ZDV
experienced (> 24 weeks) with CD4 counts ranging from 100 to 300 cells/mm’. Exclusion
criteria mncluded specified laboratory abnormalities and prior ZDV-toxicity resulting in drug
discontinuation and others. The primary surtogate marker endpoints were CD4 cell count and
log,, HIV-1 RNA by PCR (both analyzed as average changes from baseline using the DAVGT
metric). Secondary surrogate endpoints included CD4 percent, p,- micrnglobulin, neopterin,
and ICD p24 antigen. Quality of life was assessed using the MOS-HIV Health Status
Questionnaire and changes in scores between baseline and the last observed patient
questionnatre were determined.

This study was initiated in June 1993 and its study report reflects data collected through
November 9, 1994, The evaluation period was 24 weeks for purposes of surrogate marker
analyses, however patients were given the option of continuing to receive blinded therapy until
the last patient completed the 24 week period. Once the blinded period was completed.
patients were offered the option of receiving open-label lamivudine and zidovudine. lnterim
study visits occurred at weeks 2 and 4, and every 4 weeks thereafter until either week 52 or
withdrewal from the study.

Study population

A total of 254 patients were assigned to receive study drug: 86 patients were randomized to
the ZDV/ddC group. 84 patients to the ZDV/LAM 150 mg group and 84 patients to the
ZDV/LAM 300 mg group Across the three treatment groups. the median age was 37 years
ana the majority of patients were male (83 %) and Caucasian (63%). The median baseline
CD4 count ranged from 206-221 cellssmm’ and 58% of patients overall had asymptomatic
HIV-infection. Median durations of prior antiretroviral therapy ranged from 510 to 689 days
across treatment groups. There were no significant differences between treatment groups with
respect to demographics, HIV-risk factors. stage of disease or prior ZDV-experience.

Medical reviewer's comment: The treatment groups appeared to be well-balanced
at baseline with regard to the important demographic and disease characteristics.

Withdrawals and compliance

A total of 57 (22 %) patients discontinued study drug within the 24-week analysis period.
Rates of drug discontinuation were 17 %, 22.6% and 27 4%, respectively in the ZDV +ddC,
ZDV +LAMI150mg and the ZDV + LAM300mg groups. respectively. Within the first two
weeks after randomization, 17 patients (7 %) discontinued srudy drug.  Of the 57 patients who
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discontinued study drug, the majority were also lost to surrogate marker result follow-up.

The primary reason for drug discontinuation was adverse events, which occurred in 10.5%.
9.5% and 15.5% of the treatment groups. respectively.

Medical reviewer's comment: The high rate of withdrawal is similar to that
observed in the other North American study 3001). In addition to study
withdrawal there is a high frequency of missing efficacy data. Across the three
treatment groups 35%-44% of patients had one or more missing CD4 values. For
any given week, there was highest frequency of missing data for the week 24 visit,
wherein 17%-27% of patients had a missing value.

Ffficacy analyses

increases in mean CD4 change from baseline were evident in both lamivudine combination
treatment groups beginning at the first two week post-treatment visit. The rise in mean CD4
counts at eight weeks was 32.5 and 54 .2 cells for the lamivudine 150 mg and 300 mg
combination groups, respectively. By 24 weeks, the mean rise from baseline was 30.9 and
15.4 cells, respectively. In compariser. mean CD4 counts remained at slightly above or
shightly below the baseline for patieni- .n the ZDV +ddC group throughout the 24 week
period. There was a statically significi.w difference in mean 24 week DAVGT between the
treatment groups (Table 4) in favor of the two lamivudine combination groups.

Mean change from randomization in log,, HIV RNA was greatest for both lamivudine
treatment groups within two weeks after treatment initiation (-0.1.38 and -1.43 for the 150 mg
and 300 mg lamivudine combination groups, respectively) and levels of HIV RNA increase
thereafter but remained below baseline throughout the treatment period. In the ddC
combination group, mean HIV RNA levels were lowest within 2-4 weeks following
randomization and thereafter closely approximately levels seen in patients treated with
lamivudine. There was a statistically significant difference in mean 24 week DAVGT HIV
RNA between the higher dose lamivudine group and the ddC group, only.

Medical reviewer's commeni: Although tliere was a statistically significant

~ difference in DAVGT HIV RNA between the higher dose lamivudine and the ddC
groups, this difference appears tc have been due to differences during the first
eight weeks only. Overall, levels of HIV RNA with time for each of the three
treatment groups were similar except for the previously noted early differences.

Table 4. Summary of DAVGT Time-weighted 24-Week Analysis of Surrogate Markers - NUCA3002
Change from baseline | ZDV+ddC ZDV+LAM (150 mp) ZDV+LAM (300mpg)

Total randomized 86 B4 84
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CDM cell count
(cells/mm*)
n 81 81 80
Mean -2.01 32.47 34.58
p-value® - <0.001** <0.001**
Logl0 HIV RNA
{copies/mL)
n 80 80 75
Mean -0.62 0.78 -0.86
p-value® - 0.016** 0.003%* "

*p-value for comparison to ZDV +ddC
**indicates statisticel significance at 0.05 after adjustment using Bonferroni method.

In analyses of secondary endpoints, there was a statistically significant difference in %CD4
count between the ZDV +LAM150mg and ZDV +ddC groups, and in p,-microglobulin and
neopterin lev-ls between the ZDV +LAM300 mg and ZDV +ddC groups. There were no
differences between treatment groups in Karnovsky scores or weight change.

Safety

More than 95% of patients in each of the three treatment groups experienced adverse events.
No patients died within the study period. A total of 47 patients (19%) experienced serious
adverse events. The proportion of patients who experienced a serious adverse event was
highest in the ZDV +LAM300mg group (25%) compared to the ZDV +LAM150mg group
(13%) and the ZDV +ddC group (17%). There were no statistically significant differences
across groups in the number of patients experiences serious adverse events in any body system
category.

A total of 42 patients (17%) were withdrawn due to an adverse event. The proportion of
patients who withdrew due to an adverse event was highest in the ZDV + LAM300mg group
(21%) compared to the ZDV +LAM150mg group (11%) and the ZDV +ddC group (17%).
Neurological events accounted for 15 withdrawals with neuropathy been the reason most
frequently in the ddC combination group.

-
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5.2 Clinical trial 3002

Design

This study was a randomized. lamivudine double-blind (ZDV open label), multicenter study at
32 European sites to evaluate the efficacy and safety of low and high dose
lamivudine/zidovudine combination therapy compared with ZDV monotherapy in HIV-1
infected patients > 18 years of age. Eligible patients were ZDV experienced (> 24 weeks)
with CD4 counts ranging from 100 to 400 cells/mm®. Exclusion criteria included specified
laboratory abnormalities, prior ZDV-toxicity resulting in drug discontinuation. > 4 weeks or
ddI therapy, prior anti-HIV therapy vith agents other than ZDV or ddl. and others. The -
primary surrogate marker endpoints were CD4 cell count changes and changes in iog,, HIV-1
RNA by PCR (for a subset of patients). For both surrogate markers. changes were
summarized using the DAVGT metric. Secondary surrogate endpoints included CD4 percent,
p,- microglobulin, neopterin, and ICD p24 antigen.

This study was initiated in August 3. 1993 and its study report reflects data collected through
September 13, 1994. Surrogate marker analyses were conducted when the last patient
randomized completed 24 weeks of blinded treatment. After 24 weeks. patients were offered
open-label lamivudine and zidovudine until the last patient completed the 24 week period.
Study visits occurred at weeks 2 and 4, and every 4 weeks thereafier until either week 52 or
withdrawal from the study.

Study population

A total of 223 patients were assigned 1o receive study drug: 73 patients were randomized to
the ZDV group, 75 patients to the ZDV/LAM 150 mg group and 75 patients to the
ZDV/LAM 300 mg group. Across the three treatment groups. the median age ranged from
33.8 to 36.5 years and the majority of patients were male (77-88%) and Caucasian (>95%).
The median baseline CD4 count ranged from 247-253 cells/mm’® and 46.6-57.3% of patients
overall had asymptomatic HIV-infection. Median durations of prior antiretroviral therapy
ranged from 617-748 days across treatment groups. There were no significant differences
between treatment groups with rzspect to demographics. HIV-risk factors, stage of disease or
prior ZDV-experience.

~ Medical reviewer's comment: The treatment groups appeared to be well-balancc
at baseline with regard to the important demographic and disease characteristics.

Withdrawals and compliance

Completion of 24 weeks on study drug was lowest 1n the ZDV group (81 %) and highest in the
two combinatior. groups (93% and 89%in the 3TC 150 mg and 300 mg groups respectively).
Reasons for discontinuation included adverse events, failure to return and CD4 decline and
were each reported more frequently in the ZDV grcap. In general. patients who discontinued
study drug were also losi to CD4 analysis in each ot the three groups.

Efficacy analyses
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In the ZDV group, no increase in mean CD4 was demonstrated throughout the 24 week
treatment period. In comparison, a mean increase in CD4 was found in both combination
groups, which was greatest at week two (45.8 and 47.5 cells for the 150 mg and 300 mg
groups, respectively) and which declined slightly and remained above basehine throughout the
treattnent period. As shown in table 5, the DAVGT 24-week analysis of CD4 was
significantly higher in both combination groups than in the ZDV group.

HIV RNA levels were determined for a subset of patients using three different methods.

Table 5. Summary of DAVGT Time-weighted 24-Week Analysis of Surrogate Markers 3002
Change from baseline | ZDV ZDV +LAM (150 mg) ZDV+LAM (300mg)
Total randomized 73 75 75
CD4 cell count
{cells/mm")
n 72 75 T
Mean -16.87 35.28 32.56
p-value®* - <0.001** <0.001**
Logl0 HIV RNA
(copies/mL)
Tedder assay
n 12 8 8
Mean -0.02 -0.25 0.30
p-value* - 0.5¢ 0.23
Logl0 HIV RNA
(copies/mL)
Bienden-Larder assay
n
Mean 16 16 15
p-value®* 0.07 0.71 0.60
- <0.001** <0.00]**
Logld HIV RNA
(copies/mL)
NASBA assay
n 8 12 12
Mean -0.12 0.59 -0.81
p-value* - 0,002~ 0.007**

**p-value for comparison to ZDV group

** indicates statistica] significance at 0.05 after adjustment using Bonferroni method.

Safety analyses

Death

Serious adverse event:
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Withdrawals due to adverse events
All adverse events
Laboratory abnormalitics

5.3 Reviewer's assessment of safety and efficacy in antiretroviral-experienced adults
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6. U lled studies in pediatric pati

There is no information from controlled clinical trials on the use of lamivudine in combination
with zidovudine in children. Limited information on the safety of lamivudine in pediatric
patients is derived from two ongoing, open-label studies that have enrolled a total of 144
pediatric patients. Of the 144 pediatric patients, 97 have been enrolled in a study of lamivudine
monotherapy 2002) and 47 have been enrolled in a study of combination therapy

2005). Of the 47, only nine have been treated with lamivudine in combination with
zidovudine.

2002
The objective of this ongoing open-label. uncontrolled study is to determine safety, preliminary
activity and the pharmacokinetic profiie of lamivudine monotherapy in 97 HIV-infected children
aged from 3 months to 17 years. The study was initiated on April 7, 1992 and the study report
inctudes data collected through November 1. 1994. The study enrotled 18 antiretroviral-naive
(arm A), 71 antiretroviral experienced (arm B) and eight "compassionate” treatment (arm C)
patients. Eligibility was determined as follows: asymptomatic or mildly symptomatic HIV-
positive children and an age-corrected CD4 count rendering them at risk for an opportunistic
infection (arm A); intolerance or refractory to prior antiretroviral therapy and P-2 class
symptomatic HIV infection and/or an age-corrected CD4 count below the age-corrected specified
values (arm B); active opportunistic infection (arm C). Treaiment consisted of a single
intravenous dose of lamivudine, followed by oral lamivudine dosed initially at 1.0 mg/kg/day
and escalated 0 4, 12 and 20 mg/kg/day in subsequent dose groups. Starting in October 1992,
patients at the lower dose had the option to receive an intermediate dose of 8mg/kg/day. After 24
weeks of treatment, patients receiving the 20 mg/kg/day dose had a dose reduction to 8
mg/kg/day. In addition to pharmacokinetic analyses of lamivudine concentrations in the biood.
urine and CSF, the following efficacy parameters were assessed: CD4. serum p24 antigen,
neoplerin, p2-microglobulin, HIV RNA by PCR. weight, growth and neurocognitive function.

2005

2005 is an open-label trial to evaluate pharmacokinetic interactions, toxicity and
tolerability of varying combinations of lamivudine, ZDV and ddi. The study is conducted at
two sites and enrolls children age 3 months to 18 years. Children who had received
antiretroviral therapy for less than 6 weeks were randomized to one of two triple-drug
regimens (n=7): those who had failed antiretroviral therapy due to intolerance or progression
(n=40) were assigned to receive one of three possible combinarions of lamivudine, ZDV and
ddl. Treatment assignments were based on prior history of antiretrovira! use/tolerance and
disease progression. Of the 47 children, nine received lamivudine in combination with
zidovudine

Medical Reviewer's Comment: The pediatric studies contained in this application
were reviewed primarily as a source of safety data because the studies were
uncontrolled and because very few children (n=9) received lamivudine in
combination with zidovudine. Because of the advanced nature of HIV disease in the
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patient populations and because of the uncontrolled study designs, interpretation of
safety data from these studies is also problematic.

Safety
Pancreatitis in children receiving lamivudine was the most noteworthy safety issue in these
studies. Pancreatitis was reported in 14/97 (14%) and 7/44 (15%) of children enrolled in

2002 am 2005 respectively (see appendix 1 for a further discussion of features of
these cases). The 21 patients who developed pancreatitis ranged in age from 2 to 17 vears (with
a median age of 12 vears, which is slightly higher than the median age for either of the two -
studies). Duration of exposure prior to pancreatitis was highly vanable and ranged from § 10 96
weeks.

All of the children had advanced HIV disease and several had concurrent HIV-associated
ilinesses such as MAC bacteremia or cryptosporidiosis and many of the children. in particular the
adolescents, had lower than ideal body weights. Although prior history is not available for all
patients, it is notable that a prior history of pancreatitis was reported in four patients. In addition,
concomitant medications may have been an additional nsk factors in others, particularly for those
who received pentamidine, ddl, or ZDV+ddl.

Other notable adverse experiences in 2002 1ncluded penpheral neuropathies and/or
paresthesia in 13 patients (13%) and neutropenia in eleven patients (11%). The majority of these
cases occurred while patients were receiving the 8mg/kg’day dose. Neuropathy was the reason
for withdrawal in three patients and neutropenia resulted in withdrawal in three and dosing
interruption in iwo patients. The frequencies of other adverse events that have been previously
observcd with cther nucleoside analogues are as follows: elevated liver function tests (15%) and
anemia (26%). For each adverse event, there was no apparent relationship with lamivudine dose.

Medical reviewer's comment: The incidence of pancreatitis in children (15%) was
notably higher than in adult controlled trials (<0.5%). The reason for this
difference is not known however differences in baseline disease severity may explain
this observation in part. Because most of the children had advanced HIV disease
and other risk factors for pancreatitis (including concomitant medications), no

- definitive conclusions can be reached about lamivudine's association with
pancreatitis. However, the high frequency of pancreatitis is disturbing and
warrants further investigator to define the safety profile of lamivudine use in
children. In addition, the package insert will contain a warning that reflects this
information and that urges extreme caution when administering lamivudine in
combination with zidovudine to children with a history or other visk factors for
pancreatitis,
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7. Expanded Access
The expanded access program includes three open-label trials in the U.S. and Canada
3004), Europe 3004) and the United Kingdom 3003). In 3004,

children and adulis with progressive, symptomatic HIV disease and CD4 counts <300 cells/mm’
who were unable to participate in controlled trials because of disease progression or because of
intolerance or unrespon-iveness to other therapies were randomized to tamivudine at a dose of
either 150 mg or 300 mg twice daily (or 8mg/kg/day for children < 12 years of age). In

3004 and 3003, children and adults with the same entry criteria as in NUCA3004
were given twice-daily doses of lamivudine 300 mg (or 8mg/kg/day for children < 12 years of
age).

The original NDA submissicn included information on death and other serious adverse events on
8.815 patients enrolled in the expanded access program as of January 10, 1995, Inan
amendment dated August 30, 1995, updated information on the following rates was included: 1)
death and other serious adverse events on 23,622 persons through June 15, 1995, 2) non-serious
adverse events on 10.685 persons through July 12, 1995, and 3) clinical laboratory abnormalities
on 7,328 persons through April 1, 1995.

The numbers of persons on whom there 1s information for each of the above types of adverse
events varies depending on how the data are collected. Investigators were instructed to report
deaths or serious adverse events immediately by phone and therefore, the denominator for these
rates is the entire expanded access population as of the cut-off date. Information on non-serious
adverse events is abstracted when case report forms are submitted. however the frequency of case
report form submission is variable between investigators. Similarly, information about the rates
of laboratory abnormalities is abstracted when laboratory CRFs are submitted.

Among the 23.622 subjects enrolled as of June 15, 1995, 9235 and 14.387 subjects received
lamivudine 150 mg and 300 mg, respectively. In the subset of patients for whom case reports
have been submitted (n=10.685), the mean age was 40.9 vears and the majority were male (95%.
Less than one percent of subjects were under 12 vears of age. Ethnicity and CD4 cell count were
not reported.

In spomtaneous telephone reports, death was reported 1n 2% and 3% of the lamivudine 150mg
and 300mg groups, respectively, and withdrawal due to serious adverse events was reported in
1% of cach group. None of the deaths were judged by the investigator to be artributable to
lamivudine. Serous adverse events were reported for 3% and 4% of the lamivudine 150mg and
300mg treatment groups, respectively. The tvpes of senous adverse events that were reported
were generally similar to those reported in controlled clinical tnals of lamivudine. The majority
of events appeared to be related to complications of advanced HIV-intection and to have
occurred in low frequencies. A few notable serious adverse events inciude the following: blood
and lvmphatic abnormalities (predominately decreased WB(C and anemia) were reported in 15]
patients (<1%). serious pancreatitis was reported in 48 subjects (0.2%).
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Non-serious adverse event CRFs were submitted in 10,685 patients (42%). The mean baseline
CD4 was 94,9 cells/mm3. At least one non-serious adverse event was reported in 33% and 40%
of the lamivudine 150mg and 300mg groups. respectively. Most of the adverse events appeared
to be related to complications of advanced HIV-infection and to have occurred in low
frequencies. A few notable exceptions include the following: neuropathy reported in 6% of each
group and blood and lymphatic abnormalities reported in 6% of each group (including
predominately decreased WBC and anemmia). Non-serious pancreatitis, which was observed in
11% of lamivudine-treated children. was reported in 64 (<1%) of lamivudine-recipients in the
expanded access programs. -

Medical Reviewer's Comment: While the expanded access program was successful
in providing drug to a large number of patients in need for therapy, the value of the
data generated is limited in several important respects.

1) First is the issue of length of exposure. Of the total enroflment of 35,267 as of
October 4, 1995, a figure which was reported to FDA subsequent to the safety
update, the majority have been enrolled since Dec. 1994. In fact between February
1 through September 30, 1995, over 24,000 of the total 35,267 were enrolled.
Therefore, the majority of experience in the Expanded Access program represents
shorter term use of lamivudine. This is an important limitation when considering
lamivudine in combination with zidovudine as initial therapy for patients at early
stages of disease.

2) Second is the issue of under-reporting. Interpretation of the Expanded Access
data is limited by certain aspects of how the data are collected, Demographic
information is not available for the majority of enrollees because receipt of drug was
not dependent on return of the baseline demographic form. Further, adverse event
and withdrawal case report forms have not been returned for the majority of
enrollees and information on serious adverse events and deaths is obtained from
investigator-initiated telephone reports. The completeness of this passive method of
data coilection for serious events has not been verified by audit. Therefore, as one
would expect from data collected in this manner, the rates of serious adverse events
are substantially lower in the expanded access program than in the controlled trials.

- Because the types of adverse events were similar in the adult controlled trials and in
the expanded access program, it can be reasonably concluded that lamivudine’s
safety profile during shorter term administration in adults has been reasonably well
characterized pre-marketing. However, as noted, the expanded access program
does not contribute reliable information about: the rates of these events in adults,
the safety of longer-term lamivudine exposure in adults, nor about the safety of
lamivudine use in children.
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8. Reviewer's assessment

In support of safety and efficacy of lamivudine in combination with zidovudine in adults,
the applicant has submitted the results of four adequate and well controlled surrogate
endpoint studies and safety experience from the cxpanded access program. In support of
use in pediatrics, the applicant has submitted safety and pharmacokinetic experience from
two open-label , uncontrolled studies in children.

The four controlled adult trials provide adequate evidence that lamivudine when given in
combination with zidovudine results in an increase in CD4 cell count through 24 weeks of
approximately 50 cells in antiretroviral naive and 30 cells in antiretroviral experienced
adults. The results of the North American trials suggest that this effect may be sustained in
some individuals beyond 24 weeks however data beyond 24 weeks is less compelling
because of substantial loss to follow-up after 24 weeks.

Analyses of changes in plasma viremia provided supportive evidence of efficacy in three
respects. First, consistent patterns in mean changes ia CD4 and HIV RNA levels provide
reassurance that the observed mean CD4 changes are due to an antiviral effect. Second,
the HIV RNA analyses suggest that the antiviral effect of lamivudine in combination with
zidovudine is sustained over the 24 week treatment period. Third, Dr. Flyer’s exploratory
analyses suggest that mest individuals who have a CD4 response can expect a decrease in
plasma viremia, but with the following two gqualifications: concordance of responses was
not universal and the magnitude of CD4 response did not predict the magnitude of the HIV
RNA response.

Lamivudine in combination with zidovudine was generally well tolerated. The frequencies
of mest clinical and laboratory adverse events were similar between combination therapy
and zidovudine monotherapy recipients. The most concerning adverse event was the
occurrence of pancreatitis is 15% of children enrolled in two open-label studies. Other
notable safety issues include the occurrences of neuropathy and neutropenia.
Notwithstanding the limitations of the expanded access data, together the collective
experience from controlled trials and expanded access provides a reasonable measure of
reassurance about the types and severity of texicity that may be encountered with
lamivudine post-marketing.

Based on these changes in surrogate endpoints, the applicant has request acceierated
approval for lamivudine in combination with zidovudine with an indication for patients in
whom antiretroviral therapy is warranted based on clinical and/or immunological evidence
of disease progression. Because of the broad nature of the proposed indicatior. for
lamivudine in combination with zidovudine, this application represents a depsrture from
previous accelerated approval applications, which have intended therapy for populations
with progressive disease or those intolerant of all other available therapy. The scope of the
regulations extends accelerated approva! to those drugs and products used in the treatment
of serious or life-threatening diseases, where the products provide meaningful therapeutic
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advantage over existing treatment. Examples of "meaningful therapeutic benefit over
existing therapies” include the ability to treat unresponsive or intolerant natients or
improved response compared to available therapy.

The data in this application is supportive of clinical benefit over existing ther.nies in the
following respects. First, there are consistent findings between each of the 2 studies
conducted in similar patient populations. In each of the studies the mean increase in CD4
was greater in lamivudine combination recipients than in coatrol recipients. Also, the
changes in CD4 count with combination therapy were repiicated at both the 150 mg bid.
and 300 mg bid lamivudine doses. Second is the issue of durability of response. The four
studies snggest that there is a sustained CD4 response to at least 24 weeks. Third, it is
reassuring that CD4 response did not appear to be limited te any one subgroup of patients,
such as those with a particular baseline CD4 count. Rather, as suggested by Dr. Flyer’s
analysis, it appears that within the CD4 range studied, a similar CD4 response was
achieved regardless of baseline CD4. Fourth, the magnitude of surrogate marker change
from baseline was greater in naive than in experienced patients.

Data in this application is insufficient to answer several important questions. Availabie
comparative efficacy information in adults is limited. For treatment naive adults with CD4
> 100 cells, the application contains data comparing zidcvudine and LAM in combination
to zidovudine alone, and for experienced adults, there are data cemparing the combination
both to ZDV and ZDV+ddC. Therefore, there is no comparative efficacy data for agents
that may be likely to demonstrate clinical benefit, such as ddI , ZDV+ddI and ZDV+ddC in
naive patients and ddI and d4T in experienced patients. In the time since these trials were
designed, our approach to antiretroviral therapy has evolved. As more choices of
antiretroviral agents become available and as our perception of "optimal” therapy evolves,
we will be increasingly unable to rank antiretroviral drugs based on data coliected during
the typical course and timeframe of premarketing drug development. Comparisons to
historical data are problematic because of underlying differences in patient populations
that may influence the degree of response.

9. mmendati u action
This application is approvable. The draft final label and commitments for acceleratea
approval and phase IV are provided in Appendices 2 and 3, respectively.

' M.P.H.
AVDP

Medical OE‘

Concurrences:




Appendix 1. Characteristics of pcdiatric patients with pancreatitis
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Appendix 1. Characteristics of pediatric patients with lamivudine-associated pancreatitis

Patient #
Age/Sex
Weight

Lamivudine exposure

Dose
(mg/kg/day)

Duration

Prior
history of
pancreatitis

Prior use of
anti-
retrovirals

Qutcome

Other

Study NUCA 2002

L

—_—
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Patient # Lamivudine exposure Prior Prior use of Outcome Other
Age/Sex history of anti-
Weight Dose Duration | pancreatitis | retrovirals
(mg/kg/day)
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Patient # Larivudine exposure Prior Prior use of Quicome Other
Age/Sex T history of anti-
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Appendix 2. Draft finail lamivudine label
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Appendix 3. Accelerated Approval and Phase IV Commitments
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" Analysis of the Clinical Significance of Surrogate Marker Changes in the Zidovudine Study”

To support the use of plasma HIV RNA as a surrogate endpoint. the appiicant in
collaboration with the conducted a
retrospective analysis of the 298 study to determine the degree to which changes in ,
plasma HIV RNA could explain the treatment effect that was observed in this study From the
analyses conducted 1t was concluded that a decline in plasma HIV RNA was a useful marker for
antiretroviral drug efficacy and that it predicted from 59% to 104% of the observed treatment
effect. depending on the measure of change in HIV RNA that was used in the analysis Because
the analyses were conducted retrospectively, two important factors imit the conclusions that may
be drawn for the analyses. These include the relevance of the chinical endpoint that was used as
the treatment effect and the integnty of the
samples that were used tor the HIV RNA
determinations. Afier a brief review of the T e s
overall study. these issues will be discussed T T o T

. . _Spomsor
in more detail. -
_locaton 'S o o
Dates Part [ . January 1987 to January 199]
e Part[] - January 1991 to Januany 1994
. , .
The 298 Study Design Randomized. double blind. comparison ol
S, carly versus late ZDV.
2068 was a chimical trial Population Veteran eligible for care at :
. . . AlDS-related complex as delined by
companng early versus late zidovudine for Walter Reed stages 2-5 (HIV posttive,
the treatment of patients with symptomatic “:" 200 to. 300, "“\2“’;“;1“' of an ().
. . . L. subjects with prior AZT therapy
HIV infection. The design of the tnal is  excluded -
shown in Table 1 C Stauticaton ______ Center and CD4 (200-299 or }0-500)
) , , JDese o __ovovudine 250 mg gdh
The pnmary' endpo”" as defined in Frimars endpont Time 10 progression from ARC to ALDS
the protocol was time to progression (o ) oL prdeah
AIDS or death  As shown in Table 2. there Treatment O Earh AZT . Lae AZT
was not a statistically significant difference D _ , T B &
in the pnmarv endpoint between the two Stratum 1 LCD4 200-3991 19(29%) 35(2795;
treatment groups nor was there a _ Stratum 2 CDS W00-500) 12070y 1237
stansticelly significant difference wiien Tostwtollowap (% 6w
death alone was Compared between the two Treatment [hscontinuation Subyects were to receive open-label A2
- If recc AIDS i1 their CIM cell count dropped below
treatment _l_.lOUpS pros:ressl:)n 10 200 on two conseculive determinations at
(censoring on death) was compared, there . , | leastsixweeksapant .
was a statisticatly sigmificant ditferance Virchogy - FRMC Lo Basehne {two determunauons), at 1. 4. K.
T ulture 12 months and every 4 months

between the treatment groups  The events  thereaticr
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included in this endpoint are

listed in Table2. TR -
Farly Late p value Relative
TS - Risk
N 168 170 Py
Validation Analyses for Plasma AIDS or death ® 4K 0128 129
HIV RNA Changes in e e e — B LU
298 Deaths 23 Mi] 04K 0Kl
< AIDS related 13 12 (044, 1 %9
Non-ALDS related
i , H1V progression 6
Description of the Methodology o progession 3 o .
. Progression lo AIDS 2K 4R 002 [
To validate the use of KS 6 1 [110.2%0)
Lvmphoma 1 )
plasma HIV RNA as measured P " s
by RT-PCR. the metiod Other Ol X 14
Dement ] 6
proposed by Freedman o \}’_ev!m;__,,ﬁ._,__,,l et 0 .
(Freedman, 1992, Machado, *Source N Engl J Med 1992,326 43743

et.al, 1992) wasused. The

approach is based on the use of

Cox proportional hazard models to determine the ability of the surrogate marker to "explain” the
observed treatment effect. This procedure consists of five Cox proportional hazard models.

Model | Baseline surrogate rmarker effects

Model 2 Treatment effect (termed as the unadjusted treatment effect) and baseline surtogate marker effects

Mode! 3 Surrogate marker effect (based on the meine) and baschine surrogate marker etfects

Maodel 4 Treatment effect (termed as the adjusted treatment effect;, swrogate marker etfect (based on the
raetnic), and baseline surrogate marker etfects

Modei 5 Model 4 plus surrogate marker by trealment interaction

In the absence of a significant interaction in Model 5, the coefficients for the unadjusted (Model
2) and adjusted (Model 4) treatment effects are compared to determine the ability of the surrogate
marker to explain the observed treatment effect The result of the comparison 1s expressed as a
percentage of the treatment effect and 1s calculated as

percentage of treatment eftect explamed =
[(Mudel 2 coeflicient-Mode] 4 coetticientModel 2 coetlicient | X100

The application of this methodology requires the observation of a clear treatment effect
and the ability to appropnately measure changes 1n the surrogate endpoint. In the anaiyses
presented in the report. the climical endpoint was progression to AIDS within 365 days of the end
of Part I of the study and the measure of change 1ip plasma HIV RNA was the mean change from
baseline over 6 months Using these parameters. ¢! .age in plasma HIV RNA explained 104%> of
the observed treatment etfect The conclusions that mav be drawn from the analyses are affected
by limitations of both the chimcal endpoint chosen for the analyses and measurement of plasma
HIV RNA that are the result of the retrospective nature of the study These issues will be
discussed 1in more detail



(lmcal Endpoint - Treatment Effect

Adequate samples for HIV RNA S ——— . e
RT-PCR were available for only 270 of the fable 6 - Climcal Endpounts Over Parts land 1

subjects in the study Because this harly Late p value®
represented only & subset of the subjects o - g S

enrolled in the study, the data for these IS Desth o e 039
subjects were analvzed to determirnc if Deah B LI
there was a significant treatment effect for DS * A 009

this subset. The number of clinical . ARC . 6. L 0oy _
endpoints that occurred in the subjects . ARCAIDS S0 Li€ 002
included in the validation analysis is shown _ARCAIDS Death 95 LIR vos
in Table 6. These NUMbETS are 0ased ON AN oo Tae r s he coarvan reny | Pasehine €D4

intent-to-treat analysis over the total seven

vears of follow-up. For the pnmary

endpoint of progression to AIDS or death the difference between the treatment groups was not
statistically significant. Neither was there a statistically significant difference between the
treatment groups for the endpoints of death alone or progression to AIDS {censoning death)

Because of the lack of a significant difference for any of the endpoints examined for the
validation subset, the data tor these subjects were reanalyzed, censonng their follow-up at 6
month intervals following the end of Part I of the study The log rank test stratified by baseline
CD4 cell count was used for these analyses The relative nisk for AIDS in these 270 subjects at
various times 1s shown in Table 7

__Table 7 - Relative Risk (Early Late) and p value®

e 6 Months 1ZMonths M Monmths 24 Momths 30 Months
SAbS o oeney e w0604 o b7l o0k hooe
JDeah o4y 0 RASORS  tue XS w7087 0 0gboTy
, ADS Death e JhRwOsS . GRLO2S 0 bRTO4Z 0 URT O OB U0
CARC = - L LEL O R 02 . BRO.OT . URDOle D 77010
CARC AIDS e 074006 . o700 . brTooy 073003 R N0z

ARC AIDS Death } 079 014 uTLO0K o 0TTLOLK TR Uk DT6 U6

*From Table B of the anabvas rcp_nn_

The first ime pomnt at which a significant difierence in the progression 1o AIDS was 12 menths
after Part | Censonng the data at that point resulted 1n a hazard ration of 662 (p=0.03). Based
on these analvses, the endpoint of AIDS at 365 days afier the end of part | of the study was
selected for use in the validation of HIV RNA as a surrogate endpoint.



Table 8 shows the number
of events for each of the analyzed
clinical endpoints censoring the Farky Late Relauve Rish  p value®

Table X - Chincal Endponts Pant | - 165 davs

data at 365 days after the end of A 1 (earhy late)
Part I of the study AIDS 15 57 062 003
[D¢ath 12 32 11 ) ¥
The clinical endpoint that AIDS Death i ¥ eLl 0.2t
was selected for use in the analyses ARC bh L) ukl 02
has two important charactenistics: ARC AIDS 74 101 U 004
1) it does not include death; 2) the ARC AIDS Death %0 102 077 0 0K

fGllOW up perﬁod for the endpoim *p-value trom fog rank 125t suratitied by baseline CD4 From Table C of the analysis report

was censored at a point when there
was a significant difference in the two treatment groups These charactenstics limit the clinical
relevance of the analysis based on this endpoint

Measurement of HIV RNA - Imtegrity of the Plasma Samples

The samples of plasma and serum used in the determination of HIV RNA -vere stored in
two locations, Baltimore. Maryland and
Durham. North Carohna. Storage conditions
were different at each site. Samples at the
Baltimore site were stored at -20°C and

Table 9 - ¢ mpanson of HIV RNA Copy Number in Pared Samples

HIV RNA (comes 50mucrolter)

those at the Durham site were stored at - o _Durham Baumore _ "oChange
70°C. Ten pairs of samples which had been Sample] 6632 s 91 4
separated at the time of collection and sent to Sampl 2 o442 2974 701
both the Baltimore and Durham sites were Sample 1 ke 47 ass
assayed for HIV RNA apd the copy numbers Gamples 2an xS0 sy
were compared to examine the effect of the N
. .. Sample * 2017 L . -
different storage conditions on the samples. - T T
. Sample & 11584 135 .1 3]
As shown in Table Y, the mean percent - - S e
. v 5 e ¥ 412 1 57
deCTCaSC in the HIV RNA copy number in the L hamplet S L
samples stored at Baltimore was 71 4% and tample SRR 1087 S
the range was 45 9% to 96 3% These data Sample® oL M. W
indicate that there was sigmficant Semple 10 R U | L B T
degradation of the RNA in the sampies that Mean o Change 71 4%
Range el o A5910963)

were stored at the Balimore site

The 6-month mean change from baseline was used as ithe measure of HIV RNA response.
Subjects were included 1f thev had at least one early tollow-up sample The mean change from
baseline was calculated as the mean of the iog,, HIV RNA copy number measurements obtained
over the first six months post-randormization, minus the baseline measurements. The results are
shown in Table 10 The six month baseline values for the subjects in the early treatment group



showed a decline from the
baseline value The values
for the subjects in the late

Table 11 - Baseline and Six Month Mean Values for HIV RNA

Earlv Trestment

Late Treatment

treatment group showed a Balumore Durham Batumore Durham
slight increase in value. n=K9 n=40 n=109 n-32
For the early treatment Basehine RNA
; Mean 162 101 248 294
group the six month mean STD 102 087 1M 0 68
Change in log plasma HIV Range 10479 10 4.09 Ot 4 5% F211-399
RINNA was -0.65 for those 6 month HIV RN A values
Mean 197 265 261 11y
samples stored at STD 099 0 B8 0.89 065
Baltimore and -0.36 for Range Uto 435 0103 R} 010447 | 780415
the samples stored at 6 month change 1 HIV RNA
h l Mean -) 68 -0.36 013 0.20
Durham. For the late STD 093 059 0.76 0.32
treatment group’ the mean Range 32010199 -1.60t0 1 98 -1 8510 23R8 -0.50100.81

change 1n log plasma HIV

RNA was 0.13 for the

samples storad at Baltimore and 0.20 for the samples stored at Durham. For both treatment
groups, the six month mean HIV RNA values for those samples stored at Baltimore was less than
the mean values for the samples stored at Durham. The six month mean change in log plasma
HIV RNA was also different within each treatment group when compared across the storage
sites. This difference is likely to be due to degradation of . NA in the samples stored at the
Baltimore site.

These data show that there was significant degradation in the samples that were stored at
the Baltimore site. To adjust for this, the analvses in the study report were stratified by the
storage location of the samples However. since 73% of the samples were stored at the Baitimore
site this problem adds additional uncertainty to the analvses.

Method of Measurement of the Surrogate

The inttial design of the validation study specified that the primary analyses were to be
based on the use of the six month mean change from baseline as the measure of change in plasma
HIV RNA. \nalyses were also performed which used a defined magnitude of the change in
plasma HIV RNA as a categoncal resnonse vanable. The results of these analyses are shown in
Table 11 The percent of the treatment effect explained when the magnitude of the drop in
plasma HIV RNA was used as the measure of change ranged from 42% to 60%. This differs
from the results obtained when the six month mvan change was used as the measure of change n
plasma HIV RNA It is apparent from this companison that the method chosen for the
measurement of the change in the surrogate may affect the resuits of the analysis. It is not clear
which of these two particular approaches is more appropriate when considering the
pathophysiology of the disease process. A potentially useful measure of a surrogate, in this case
plasma HIV RNA, could be defined either on the basis of some pathophysiologic principle (e.g.,




complete suppression of viral replication) or on the basis of a purely empinc observation derived
from exploratory analyses (e.g., the relationship of an observed mean change in the surrogate over
a specified time period and chnical outcome). In either case, confirmation of the usefulness of the
measure should come from prospective studies

Table 11 - Peak Decreass in Plasma HIV RNA

Late Therapy (N=139) Eariv Therapy (N=124) % Treatment

_ HIVRNA ¢ ("o} with change ¥ (®o) with AIDS % (%o) with change 2 (%s) wath AIDS Effect Explaned

IX decrease 7% 6(35%) T 14(19%) 6%

4X decrease ‘ 15(11°0} 6 (40°0) 62(S0% 11 (18%) 599,

5X decrease 12 (3%} ‘ 5 (42°0) 6(45%) 9 (16%) _59%
' 7X decrease 9 (6%) 3(33%) 46 (37° 6 (1350} 589,
| 10X decrease 7 (5%) 1 {14%0) 29123%) 3 (1%} 42%,

Conclusions
While the data available from this retrospective analysis of the 298 study provide

information on the relationship of changes in plasma HIV RNA and the climical outcomes that
were observed in this study, the limitations that have been discussed do not allow firm
conciusions to be drawn avout the utility of changes in plasma HI'V RNA as a surrogate endpoint
Prospective studies to corroborate the observations from this study are required to establish the
relationship of changes 1 plasma HIV RNA and clinical outcome.

Garv K Chikami, M.D.
Med:.al Officer, HFD-530

Coneirences:
HF1-530/SMQO/RBehrman
HFD-330/DivDir/DFeigal
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Statistical Review and Evaluation
NDA#: 20-564 (tablet) & 20-396 (oral)
APPLICANT: Glaxo Wellcome Inc.
NAME OF DRUG: 3TC (lamivudine)
INDICATION: In combination with Retrovir® for the treatment of adult and pediatric

patients with human immunodeficiency virus (HIV) infection

DOCUMENTS REVIEWED: Volumes: 3.40. 3.54, 3.66. 3.67, 3.97, August 10, 1995 response to FDA
request, September 15, 1995 response to FDA request

MEDICAL INPUT: H. Joison (HFD-530)

A. Background

The applicant is seeking an indication for the combination of 150 mg. lamivudine (BID) and ZDV under
the accelerated approval regulations. Four controiled clinical trials have been submitted to support this
indication. Separate clinical trials are underway to confirm clinical benefit. The primary focus of this
review will be the combination with ZDV at the 150 mg. lamivudine dose.

The applicant and the FDA held a preNDA meeting (February 13, 1995) during which the summary
statistic (DAVGT) to be used in the statistical analyses to be presented in the NDA was discussed. This
summary statistic will be described after the designs are summarized in the following section.

The primary endpoint is the change in CD4 from baselme over the first twenty-four weeks after
randomization. The designation of CD4 as the primary endpoint was discussed at the postsubmission
meeting between the applicant and the FDA (August 2. 1995). HIV RNA was discussed as being of great
interest, but the applicant and FDA agreed that it would be viewed as supportive.

1) Summary of the Designs

Four controlled clinical trials were submitted to support the applicant’s request for an indication. Two

studies were conducted in the United States and Canada 300! and 3002) and two studies were
conducted in Europe | 3001 and 3002). The studies were conducted either in ZDV naivs
3001 and . 3001) or in ZDV experienced subjects 3002 and 3002). The remainder

of this section describes each of these studies with respect to the aspects of each study which have a
major impact upon the statistical evaluation of the study results.

3001

Title: A Randomized, Double-Blind Multicenter Trial to Compare the Safery and Efficacy of 3TC™
Monotherapy Versus Zidovudine (ZDV) Monotherapy versus 3TC™ Administered Concurrently with

1395



ZDV in the Treatment of HIV-1 Infected Patients Who are ZDV Naive (<4 Weeks) with CD4 Cell
Counts of 200-500/mm’

Patient Population

This randomized, double-blind, multicenter study was designed to enroll patients at least 12 years of age
with 4 or fewer weeks of prior ZDV use and CD4 cell counts from 200 to 500 cells/mm’. Three-hundred
and twenty subjects were to be enrolled in 10-15 centers in the US, its territories and Canada.

Study Treatments -

S 1bjects were randomized equally (80 per arm) to one of the following four treatment arms: (1) ZDV
200 mg, (2) 3TC 300 mg, (3) ZDV 200 mg + 3TC 150 mg, or (4) ZDV 200 mg + 3TC 300 mg.
Treatment was to last for at least 32 weeks with patients allowed to continue treatment through 52 weeks.
Randomization was conducted within certer.

Endpoints and Schedule of Evaluation

The protocol listed a number of faboratory parameters as endpoints: CD4 count, percent CD4, HIV RNA
PCR, p24 antigenemia, Pr-microglobulin and neopterin. No particular laboratory parameter was
described as primary.

In addition to having a screening CD4 (at least 14 days prior to randomization), subjects were to be
evaluated with respect to CD4 at baseline (two measurements: at least 72 hours prior to randomization
and at randomization) and at weeks 2 and 4 and then every 4 weeks through week 32. RNA PCR was
conducted following a similar schedule, but with no screening value and only one measure at baseline.

Statistical Analysis

Each treatment arm involving 3TC was to be compared to ZDV as the control. For each parameter,
NAUC was to be used as the primary summary measure of change with adjustments for the following:
baseline value, AIDS defining condition at baseline and rate of change in CD4 prior to randomization. A
protocol amendment specified that Dunnett’s method for multiple comparisons would be used to produce
an overall (two-sided) .05 ievel of significance. The covariate adjustment for rate of change in CD4 prior
to randomization was deleted from the revized protocol. The amended protocol also specified that
averdge CD4 adjusting for baseiine CD4 would be used rather NAUC as the primary summary measure.
The day of randomization was used to define day 1.

The amended protocol specified that treatment by center interaction would be investigated to determine if
centers may be pooled. A qualitative interaction at the .| level of significance was specified. Centers
were not 1o be pooled if such an interaction were found at the time of analysis. No interim statistical
analyses were planned.

(¥




NUCA3002

Title: A Randomized 3TC™, ddC Double-Blind (ZDV Open-Labeled) Multicenter Trial to Evaluate the
Safety and Efficacy of 3TC™ (low dose) Administered Concurrently with Zidovudine (ZDV) Versus
3TC™ (high dose) Adninistered Concurrently With ZDV Versus Dideoxycytidine (ddC) Administered
Concurrently With ZDV in the Treatment of HIV-1 Infected ZDV-Experienced (>24 Weeks) Patients
with CD4 Cell counts of 100-300/mm’

Patient Population

Subjects were to be at least 18 years of age, have HIV-1 infection, had prior use of ZDV for at least 24
weeks and have a CD4 count of 100-300/mm’.  Two-hundred and twenty-five subjects were to be
assigned equally to the treatment arms within 10-15 centers within the United States and Canada.

Study Treatments

Subjects were randomized equally (75 per arm) to one of the following three treatment arms (1} ZDV
200mg + ddC .75 mg, (2) ZDV 200 mg + 3TC 150 mg or (3) ZDV 200 mg + 3TC 300. Treatment was to
be administered for 32 weeks with the option of continuation through week 52. Randomization was
conducted within center.

Endpoints and Schedule of Evaluation

The endpoints for this study are change from baseline in the following: CD4 count, HIV RNA PCR,
development of resistance, p24 antigenemiz, Br-microglobulin and neopterin. The protocol was amended
(amendment 3) to specify that CD4, HIV RNA PCK and B:-microglobulin were the primary endpoints.

CD4 measurements were to be made twice before treatment and once every 4 weeks for the duration of
the study. RNA PCR measurements were to be made at randomization, week 2, week 4 and then every 4
weeks. The protocol was amended (amendment 4} te limit the period of surrogate marker analysis to 24
weeks. This amendment also stressed that CD4 measurements should be made through week 52
regardless of treatment status.

Statistical Analysis

The “tvio treatment arms involving 3TC in combination with ZDV were to be compared to the
combination of ddC plus ZDV as the control. NAUC was to be used as the primary summary measure for
change from baseline with adjustments for the following: basefine value, AIDS defining condition at
baseline and rate of change in CD4 prior to randomization. The protocol was amended (amendrient 5) to
specify that only baseliie value would be used as a covariate in the primary analysis which would be
based upon the 24 week average. In this analysis, treatment by center interactions would be tested and
retained in the analysis if they were found to be significant at the .1 level. Centers associated with the
interaction were t> be pooled in the analysis. No interim statistical analysis was called for in the
protocol. The protocol was amended (amendment 5) to include the use of Dunnett’s multiple comparison
procedure.

L



NUCB3001

Title: A Randomised, Controlled 3TC Double-Blinded Trial to Compare the Safety and Efficacy of 3TC
in Combination with Zidovudine (ZDV) versus Zidovudine Monotherapy in Treating HIV-1 Infected
Patients Who Are Zidovudine Therapy Naive with a CD4 Celi Count Between 100-400 Cells/mm’

Patient Population

Subjects were to be at least 18 years of age and have a screening CD4 of between 100 and 400 (within 14
days of randomization). One-hundred and thirty subjects were to be enrolled in approximately 10
European sites.

Study Treatments

Randomization in this study was to either (1) the combination of 3TC (300 mg bid) and ZDV (200 mg
tid) or (2) ZDV (200 mg tid) alone. Sixty-five subjects were to be randomized to each arm for at least 24
weeks of treatment. Randomization was conducted within center. This was expected to yield 50 subjects
per study arm with endpoint measurements. The protocol was modified to allow subjects to continue on
open labeled therapy after 24 weeks on study. Additionally, subjects with a new AIDS defining event or
50% drop in CD4 were offered open fabel 3TC to allow combination with ZDV.

Endpoints and Schedule of Evaluation

CD4 was to be assessed at screening and then two additional times preceding the administration of
medication (72 hours prior to randomization and then immediately prior to the administration of
medicauon). CD4 was measured after randomization two weeks and then every 4 weeks starting at week
four.

The original protocol specified that RNA PCR will be a secondary endpoint for this study. This
measurement was to be made twice at baseline and then ai week 2, 4, 8, 12 and 24,

Statistical Analysis

The original protocol specifies the primary endpoint as change from baseline in CD4. Normalized area
under the curve (NAUC) was specified in the original protocol as the primary summary statistic. The
following covariates were specified in the protocol: baseline CD4, diagnosis with an AIDS defining
event prior to randomization and baseline HIV-1 p24 antigenemia. The protocot was modified to include
ali of the following as primary endpoints: CD4 count, CD4%, p24 antigen, B-2 microglobulin and
neopterin. The protocol was again modified to specify CD4 count as the primary endpoint. The
covariates 6 included in the analysis were listed in the modified protocol as diagnosis with priot CDC
defined AIDS event (categories A, B or C) and baseline CD4. Centers were to be pooled for the purpose
of analysis by country and possibly by geographic region as well.

Two nterim analyses were planned. An O’Brien-Fleming stopping rule was specified in the original

protocol. This was later modified to not formally review this trial for efficacy. Instead, the modified

protocol specified that should “totaily unexpected firdings be observed in this analysis, statistical
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inference will be based on a criterion for significance of p<.0001. the use of this approach to the interim
analysis ensures that no adjustment of P-values in the final analvsis will be necessary.”

'3002

Title: A Randomised, Controlled Lamivudine (3TC) Double-blinded Trial to Compare the Safety and
Efficacy of Zidovudine (ZDV)} Monotherapy versus Lamivudine Plus ZDV versus Zidovudine
Monotherapy in Combination in Treating HIV-1 Infected Patients Who Are Experienced with a CD4 Cell
Count Between 100-400 Cells/mm’ [V69] .

Patient Population

Subjects were to be at Jeast 18 years of age. with at least 24 weeks of prior use of ZDV and have a
screening CD4 of between 100 and 400 (within 14 days of randomization). Two-hundred twenty-five
subjects were to be enrolled using 20 European sites.

Study Treatments

Subjects were randomized equally (75 per arm) to one of the following three treatment arms; (1) ZDV
600mg/day, (2) ZDV 600mg/day + 3TC 150 mg/day, or (3) ZDV 600 mg/day + 3TC 300 mg/day.
Subjects were to receive study drug for at least 24 weeks.

Endpoints and Schedule of Evaluation

The original protocol specified that a number of endpoints were to be examined for their change from
baseline: CD4 count, HIV RNA PCR. cellular viremia, B,-microglobulin, neopterin, p24 antigen. viral
resistance and time to new AIDS defining event. CD4 measurements were to be made twice prior to
treatment administration (in addition to the screening value) and then at weeks 2, 4 and every 4 weeks for
the remainder of the study. HIV RNA PCR mezsurements followed the same schedule starting with a
measurement at the time immediately prior to treatment administration. Follow-up for CD4 was to be
obtained for all subjects regardless of treatment status.

Statistical Analysis

NAUC was to be used as the primary summarv measure for change from baseline with adjustments for
the following: baseline CD4, AIDS defining condtion at baseline and baseline HIV-1 p24 antigenemia.
The protocol was amended (#5) to use the following as covariates: baseline for the surrogate being
modeled and AIDS defining condition at baseline.

An interim statistical analysis was described in the original protocol. This analysis was deleted from the
protocol by a protocol amendment (#1).

) Statistical Methods Used in the NDA
All four controlled trials were to use DAYGT to summarnze both CD¢ and RNA PCR da:a. This

summary siatistic was calculated using the following formuia:
5




DAVQGT = AUC — baseline .

time

AUC (area under the curve) was calculated based upon the trapezoidal rule using the actual time elapsed
between measurements. [t should be noted that the time period between baseline and the first
postbaseline CD4 measurement was excluded from the calculation of the AUC. “Time" in the above
formula is the amount of time between the first postbaseline measurement and the last postbaseline
fmeasurement. An exception to using the actual time of measurement occurred when multiple CD4
measurements were available within “windows™ defined by the number of days (week) since
randomization: 3-23 (2), 24-41 (4), 42-69 (8). 70-97 (12), 98-125 (16). 126-153 (20) and 154-181 (24).
The multiple values were averaged and this average was treated as if it was measured on the average day
of the component measurements. These averages were used to replace the observed data values. Data
values up through week 26 were used in the calculation for the 24 week DAVGT.

Wilcoxon's test stratified by investigator was used by the applicant for conducting pairwise tests between
the control treatment arm and the experimental treatment arms. A Bonferroni adjustment was specified
to adjust for multiple comparisons. Additionally, Van Elteren’s test was used to make an overall
comparison for those studies with three or more treatment arms. The results of this test were not used in
the evaluation of the pairwise treatment differences.

B. Applicant’s Resalts
3001

This study was conducted in 26 outpatient clinics beginning on June 10, 1993, The NDA analyses are
based upon data collected through October 28, 1994. Three-hundred and sixty-six subjects are included
in the data analysis (340 had been specified in the protocol).  Enrollment varied from 1 to 44 subjects
per investigator.

The subject population was largely male (87%) with a median age of approximately 34 vears. Whites
made up the majority of subjects (59%) with the largest remaiming group (24%) made up of Hispanics.

The follcwing table summarizes the number of subjects with incomplete treatment duration and with
incompiete CD4 follow-up by treatment arm for the firs® 24 weeks after randomization (the categories
presented are not mutually exciusive). The NDA lists the reasons for treatment discontinuation prior to
24 weeks. The reasons for discontinuation were comparable over the treatment arms (text table p 66)
with most discontinuations listed as either due to adverse events (32%) or failure to return (44%).



CD4 Foliow-up and Duration of Treatment (n)

ZDV+ ZDV~+
ZDV LAM 300 LAM 150 LAM 300
n=93 n=87 n=92 n=94
CD4 Follow-up < 2 values' 8 7 9 9
Status <24 weeks™ 21 18 i9 23
Treatment <24 weeks' 25 19 23 24
Duration
Source' 'Tables 27, 28, 29,30, V.40 -
Table 5 V. 40.

Text table p 66, V. 40.

Pairwise stratified Wilcoxon tests were used to compare each treatment arm 0 ZDV. The Bonferroni
procedure was used to adjust for the three multiple comparisons versus ZDV; tests were conducted at the
017 level for an overall .05 level test.

The results for CD4 and HIV RNA are summarized below by treatment group using the 24 week
DAVGT. HIV RNA was presented in terms of log base 10. Only subjects with at least 2 post-
randomization values were included by the applicant in these analyses. The means for these parameters
as well as the results for the pairwise comparisons relative to ZDV are presented in the follow table. All
three comparisons to control were statistically significant (taking into account multiple comparisons).
The combination of ZDV + LAM 150 produced the greatest response relative to control. The point
estimate of the relative benefit of this combination i1s 38 cells.

CD4 and HIV RNA Change from Baseline
24 week DAVGT

ZDV+ ZDV+
Variable statistic ZDV LAM 300 LAM 150 LAM 300
CDh4 mean {n. 5.¢.) 17 (85, 9) 24 (80,7 S5(8B3,11) 45 (85, 9)
p-value* <.001 002 015
RNA PCR - log | mean (n.s.e) | -.31(86,.03) | -.59(77..04) | -1.12(80,.07) | -1.15 (88, .07)
p-value* <.001 <.001 <.001

Source: Tables 33 and 34, V. 40
*Wilcoxon Test for compansons to ZDV

The study report presents analyses by age (<34 versus >=34), gender and race. In the study report. the
applicant reported findings similar to those found for the overall study population. It was noted that non-
Caucasians showed smaller effects relative to control for both CD4 and HIV RNA.

In order to explore the impact of incomplete follow-up on the overal! findings, the applicant presented
analyses characterizing the trextment effect for subjects with 24 weeks of treatment * 2rsus those subjects
with less than 24 weeks of treatment. The applicant has concluded that compieters and non-completers
are comparable at baseline. DAVGT was less for non-completers than for completers across treatment
arms with the ZDV group exhibiting the largest gifference between completers and noncompleters.
This result led to a smalier difference between the lamivudine treatment arms relative to ZDV for
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subjects with ar least 24 weeks of treatment n comparison to Subjects with fess than 24 weeks of
treatment,

DAVGT . cpy
Mean (s.e)

Completers

Non-Com nfeters

mean
Source. Tables 27,2829, 30y 0

The subject population wag largely malje (63%) with 2 median age of approximately 37 years. Whites
Made up the majority of subfects (63%) with the largest remaining group (20%) made up of Hispanics.

The foliowing table summarizes the number of subjects with incomplete treatment duration ang with
incomplete CD4 follow-up by treatment arm for the first 24 weeks afier randomization (the categories

Treatmen;
[ Duration
Source: _‘Tablcs 26.27,28 V. 54
“Table 5. v 54
‘Table 4 Vv 3§34




Pairwise stratified Wilcoxon tests were used to compare each treatment arm to ZDV+DDC. The
Bonferroni procedure was used to adjust for the two muluple comparisons versus control: tests were
conducted at the .025 level for an overall .05 level test.

The results for CD4 and RNA PCR are surmarized below by treatment group using the 24 week
DAVGT. Only subjects with at least 2 post-randomization values are included in this analysis. The
results for the pairwise comparisons relative to ZOV+ddC are presented. The point estimate of the
relative advantage of ZDV + LAM 150 to the control arm is 40 cells and is significantly different from 0
for CD4. The *reatment effect for ZDV+LAM 1350 versus control with respect to HIV RNA fails to meet
the Bonferroni criterion for significance. -

CD4 and H1V RNA Change from Baseline
24 week DAVGT

ZDV+ ZDV+
Variable statistic ZDV+ddC LAM 150 LAM 300
CD4 mezn (n,s.e.) | -2 (79, 6) 38(77.9) 39(80.7)
p-value* .00} 001
RNA PCR - log | mean(n.se.) | -.66(77..06) | -.80 (78. .07) | -.91 (74. 06)
p-value* <.139 <.010

Source: Tables 31 and 32, V. 54
*Wilcoxon Test for companson to ZDV+ddC

The study report presents analyses by age (<37 versus >=37), gender and race. The applicant reported
findings for each of these subgroup analyses similar to those found for the overall study population.

{n order to explore the impact of incomplete follow-up on the overall findings, the applicant presented
analyses characterizing the treatment effect for subjects with 24 weeks of treatment versus those subjects
with less than 24 weeks of treatment. The applicant has concluded that completers and non-completers
are comparable at baseline, but also commented that the treatment groups showed a different pattern in
terms of the comparison between completers and noncompleters. In particuiar, the ZDV+ LAM130 arms
had comparable response between groups formed on the basis of completion status while the other two
groups had a lower response for non-completers. The following table displays the DAVGT by treatment
group and treatment status

- DAVGT - CD4
Mean (5.¢.)
ZDV+ ZDV+
Varnable ZDV+DDC [ LAM 150 LAM 300
Compieters n 70 65 61
mean 0(6) I9(1 44 (8)
Non-Completers ! n 19 19 23
{ mean 1-19(23) 35(18) 23 (12)

Source: Tables 26,27 28V 54



3001

This study was conducted in 14 sites in France, Spain, Germany, Belgium and the United Kingdom
beginning on June 4, 1993. The NDA analyses are based upon data collected through April 27, 1994.
One-hundred and twenty-nine subjects were enrolled and randomized (100 specified in the protocol).
Enroliment varied from 2 to 24 subjects per investigator.

The subject population was largely maie (approximately 75%) with a median age of approximately 35
years for the ZDV monotherapy arm and 32 vears for combination therapy. Whites made up the majority
of subjects (80% and 85% for ZDV monotherapy and combination therapy, respectively). *

The following table summarizes the number of subjects with incomplete treatment duration and with
incomplete CD4 foilow-up by treatment arm for the first 24 weeks after randomization (the categories
presented are not mutually exclusive). The NDA lists the reasons for treatment discontinuation prior to
24 weeks, The reasons for discontinuation were comparable over the treatment arms (table 5) with most
discontinuations listed as either due to adverse events {44%) or failure to retumn (31%) .

CD4 Follow-up and Duration of Treatment (n)

Zbv ZDV+LAM
n=64 n=63
CD4 Follow-up <2 values' 1 1
Status <24 weeks® 6 6
Treatment <24 weeks® 7 9
Duration
Source: 'Table 21, V. 66
Table 6 V. 66.
Table 5. V. 66

A stratified Wilcoxon test, with stratification by invesiigator, was used to compare the combination arm
to ZDV for both CD4 and RNA PCR. Tests were conducted at the .05 level.

The results for CD4 and RNA PCR are summarized below by treatment group using the 24 week
DAVGT. Only subjects with at least 2 post-randomization values are included in the analysis.
Additionally, only the RNA PCR values from the French sites are included. The combination arm
showed a significant improvement over the ZDV arm for both CD4 and HIV RNA

CD4 and HIV RNA Change trom Baseline
24 week DAVGT

Variable statistic ZDV ZDV+LAM

CD4 mean (n. s.e.) i8(63.7) 75 (64, 8)
p-value* <.001

RNAPCR - log | mean(n.se.} 3.0 -60(32,.12)
p-value® J 008

Source: Table 21, V. 66
*Wiicoxon Test




The study report does not describe the results by age, gender or race.

In order to explore the impact of incompiete follow-up on the overal findings, the applicant presented
analyses characterizing the treatment effect for subjects with 24 weeks of treatment versus those subjects
with less than 24 weeks of treatment. The applicant noted that completers and non-completers differ at
baseline with noncompleters having a lcwer CD4 count at baseline. The means by completion status
were not presented by treatment.

3002

This study v-as conducted in 32 sites in France. Sprin, Germany, Holland, Denmark and the United
Kingdom beginning on August 3, 1993. The NDA analyses are based upon data collected through
September 13, 1994. Two-hundred and twenty-three subjects earolled and randomized (225 specified in
the protocol). Enroliment varied from | to 19 subjects per investigator

The subject popuiation was largely male (88% for the ZDV monotherapy arm, §5% for ZDV+LAMI50
and 77% for the ZDV+LAM300) with a median age of approximately 35 vears. Whites made up th:
majority of subjects (at least 95% in all three groups).

The following table summarizes the number of subjects with incomplete treatment duration with
incomplete CD4 follow-up by treatment arm for the first 24 weeks after randomization (the categories
presented are not mutually exclusive). The NDA lists the reasons for treatment discontinuation prior to
24 weeks. The reasons for discontinuation were comparable over the treatment arms (table 5} with most
discontinuations listed as due to adverse events (44%), failure to return (15%) or patient’s choice ( 22%).

CD4 Follow-up and Duration of Treatment {n)

ZDV+ ZDV+
ZDV LAM 150 LAM 300
n=73 n=75 n=75
CD4 Follow-up <Zvalues' |2 1 3
Status <24 weeks’ 1 5 8
. Treatrpcnt <24 weeks’ 14 5 8
Duration
Source: \'Tablc 6V, 69
*Table 5, V. 69

"Table 21. V 66

As discussed previously, DAVGT was used to summarize both the CD4 and RNA PCR data. Pairwise
stratified Wilcoxon tests were used to compare each treatment arm to ZDV. Tests were conducted at the
025 level.

The resuits for CD4 and RNA PCR are summarized below by treatment. [t can be seen that the p-values
were smaller than .025 for each comparison. Only subjects with at least 2 post-randomization values are
included in the analysis. Additionally, only the RNA PCR values from the Spe.iish sites are included.
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CD4 and HIV RNA Change from Baseline
24 week DAVGT

[ Variable statistic ZDV+ ZDV+
ZDV LAM 130 LAM 300
n=75 n=75 n=75
CD4 mean (n.sc) | -18(71.6) | 38(74.6) |32 (72.6)
p-value* <.001 <.001
RNA PCR - log | mean (n.s.e.) | -.02(12..12) | -26(8..17) |-.32(8,.13) -
p-value* <.001 <.001

Source: Tables 2}, 22 V. 69
*Wilcoxon Test for comparison to ZDV

The study report does not describe the results by age, gender or race.

The applicant presented summary data (Table 19, V. 69) characterizing the treatment effect for subjects
with 24 weeks of treatment versus those subjects with less than 24 weeks of treatment. The compieters
and non-completers appear 1o differ at baseline with noncompleters having a lower CD4 count at
baseline. The means by completion status were not presented by treatment.

C. Statistical Reviewer's Comments
1) Primary Analyses of DAVGT

The applicant submitted two set of revised analyses after the initial submission, in which DAVGT was
based upon subjects with 2 or more postbaseline measurements. The first supplemental submission
(August 10, [995) contained data sets and DAVGT recalculated baced upon all subjects with | or more
postbaseline measurements. During the review of the initial submission and the August 10 revision, a
number of issues arose regarding the calculation of DAVGT. DAVGT was again revised, and analyses
and data sets were resubmitted (September 15, 1995). The second revised DAVGT was the primary
basis for the FDA statistical review of efficacy. The remainder of this section will address the following:
a) the statistical issues leading 1o the revision of DAVGT and b) revised analyses based upon the
sub.nission of September 5.

L

a) Calculation of DAVGT

In the first set of data files suhmitted as part of the first supplemental submission (August 10), a number
of dates for CD4 and HIV RNA values were missing for th studies. In response to an FDA
question, the appiicant ciarified that when a blood sample was collected on an unscheduled visit a
computed visit date based upon session number was used. This computed value was omitted from the
data files. The applicant stated that an actual visit date was later found 1o be available on the laboratory
form and that this date could have been used rather than the computed date. This date was used to
recalculate DAVGT and was included in the data files submitted on September 15.
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The data fiies provided by the applicant as part of the August 10 submission could not be used to
reproduce the mean DAVGT for CD4 and HIV RNA provided in tables as part of the same submission.
In response to a question from FDA, the applicant responded that for subjects with only a single value
the values in the tables were based upon the simple difference between baseline and the first
measurement. In contrast. DAVGT n the data file was based upon the AUC-based formula which is
one-half of the simple difference for those subjects with only a single postbaseline measurement. Wanen
this situation was discussed with the applicant, the applicant indicaied that AUC based approach ts more
appropriate and would resubmit tables based upon this approach.

Ancther issue involved subjects with muitiple measurements (either for CD4 or HIV RNA)“in the
“windows” defined in the study report around each scheduled visit. If two or more values occurred in
specified time periods corresponding to the scheduled visi ., these values and times were averaged prior
to the calculation of DAVGT. This type of averaging was not part of the algorithm described in the
NDA. The NDA formula for AUC involved no averaging based upon the timing of measurements within
“windows”. When this discrepancy was brought to the » licant’s attention, the applicant indicated that
using the actual data values and dates is preferable and a . . Jified DAVGT was calculated accordingly.

in the calculation of the AUC. the time period between baseline and the first postbaseline mmeasurement
was treated as the naber of davs between the average of the baseline days and the first visit. Since the
number of davs fo: the first period should be the time between randomization and the first postbaseline
visit. this makes the contribution of the first period too large in the calculation of DAVGT. When this
was brought to the applicant’s attention. the applicant proposed calculating DAVGT based upon the
difference between the first visit and the day of randomization. The applicant later modified this
approach to base the time period upon the difference berween the first day of treatment and the first study
visit. This was done to allew the baseline to include the last measurement obtained prior to the initiation
of therapy. In some cases this was one day after randomization.

by Revised Analyses

The revised calculations and data files were provided in the submission of September 13, 1995, The
following table contains tue summary statistics for DAVGT for CD4 based upon the revisions described
above (taken from the submission of 9/15/93) using all subjects with at least one postbaseline CD4 value
within the first 24 weeks. The point estimates and corresponding p-values were virtually unchanged
from those provided previously by the applicant. The p-values presented in this table were based upon
Wilcoxon's test using ranks. This procedure ranks subjects within center and then combines the rank
statistic over centers. As such. the mean has been used as a descriptive statistic only and was not used
for stauistical testing. The mean in this table has been calculated by combining centers and then
calculating the mean for each arm as a whole. Means and standard errors based upon the same strategy
used for the Wilcoxon test (using the original data instead ot ranks) will be presented later in this section.

AFP]



Revised DAVGT for CD4 and Tests of Significance

B Difference Relative to Control
ZDV+ ZDV+
Study control LAM 300 LAMI50 LAM300
3001 mean 15 3 34 20
p-value 313 O 044
3002 mean -2 * 34 37
L p-vaiue * <.001 <.001
' 3001 mean 13 * * 55
p-value * * <.001
'3002 | mean -17 * 52 49
p-value * <.001 <.001

*treatmient not assigned

The following table contains the revised analyses for log HIV RNA for studies 5001 and 3002,

1001 the treatment effects are somewhat reduced relative to those contained in the NDA, but
the p-values are still well below the Bonferroni criterion for significance. For 3002 the treatment
effects were slightiv larger, but the p-v:lue for the comparison of ZDV+LAMI150 versus control now
meets the Bonferroni criterion for significance which was not met in the original submission.

Revised DAVGT orlog HIV RNA and Tests of Significance

Difterence Relauve to Control
ZDV- |  ZDv+
Study control LAM 300 LAMI50 LAM300
3001 mean -.32 -27 -70 -75
p-value <.001 <001 <.001
3002 rean -.62 -.16 -.24
p-value 016 003

*treatment not assigned

As Jdiscussed above, the applicant performed stratified Wilcoxon tests which were based upon ranking
subjects within each center and then calculating a p-value based upon the permutation variance "ound by
conditioning on iite observed sample size aliocated to each treatment. The means and standard errors
provided by the applicant have been estimated by pooling all centers and then calculating the simple
means and standard errors. This is not consistent with the weighting scheme utilized in the Wilcoxon
procedure which weights centers based upon the harmonic mean of the sample sizes within each center.
Similarlv, the standard errors presented by the applicant do not adequately refiect the design of the
chinical trials.

The following table contains CD4 means and standard errors for the treatmeat comparisons calculated

from “he data files provided by the applicant. These standard errors have been calculated using the same

procedure used by the applicant to calculate the Wilcoxon tests, but using the actual CD4 values rather

than ranks as was done with the Wilcoxon tests. The procedure is known as the extended Cochran-

Mantel-Haenszel procedure (Koch, G. Carr. G.. Amara, !.. Stokes, M. and Uryniak. T. in Statistical
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Methodology in the Pharmaceutical Sciences edited by Berry, D., Marcel-Dekker, 1990. The means
differ somewhat from the means in the above table because different weights are used to average over
centers. Also, this analysis only included subjects from centers with both treatments represented in the
pairwise comparisgn.

Means Differences and Standard Errors for CD4
Extended Cochran-Mantel-Haenszel Procedure

Difference Relative to Control
ZDV+ ZDV~+ )
Study LAM 300 LAMI50 LAM300
3001 mean -3 -34 -21
Std. Error 11 13 11
3002 mean * -33 -34
Std. Error * 10 g
3001 mean * * -34
Sud. Error - * 12
3002 mean * -35 -50
Std. Error * 10 10

*treatment not assigned

In summary, the revised analyses confirm the conclusions reached by the applicant in the original NDA
submission; lamivudine in combination with ZDV was found ({relative to control) to produce a
statistically significant increase in CD4 as well as a staiisticallv significant decrease in fog HIV RNA.
The estimated increase in CD4 (relative to control) was approximately 30-40 cells for the North
American studies and 50-60 cells for the European studies. Relative to control, the treatment effects for
ZDV-naive subjects and ZDV-experienced subjects were comparable.

2) Degree of Follow-up

One of the primary concerns in reviewing these studies is the degree of fcllow-up with respect to CD4.
The applicant’s description of the impact of follow-up focused upon completion of 24 weeks of
treayment. Additional analyses were conducted by FDA to investigate the impact of less than complete
follow-up. These analyses were conducted using the revised data sets {9/15/95). Two issues have been of
primary concern: 1) the proportion of subjects with measurements through week 24 and 2) the intensity
of follow-up for this period of time.

The following table summarizes the number of subjects with CD4 values in the interval around week 4
(22-26). The percent of subjects missing this measurement varies from 17% to 26%.



No CD4 Value at Week 24

ZDV+ ZDV+
Study control LAM 300 LAMI150 LAM300
3001 | 27 (25/93) | 23% (20/87) | 26% (24/92) | 27% (25/94)
3002 | 19% (16/86) . 27% (23/84) | 19% (16/84)
3001 | 17% (11/64) : * 17% (11/65)
L 3002 [ 19% (14/73) . 17% (13/75) | 20% (15/75)

Source: Figure 3, V. 40; Figure 3. V. 54; Figure |, V. 66. Figure 1, V. 69.
*treatment not assigned

This table does not distinguish between subjects withdrawing prior to wiek 24 and subjects simply
missing a week 24 value. It is possible that subje~ts withdrawing without a week 24 measurement may
have a different treatment effect than subjects s';~ply missing their 24 week measurement. The table on
the following page shows subjects classified by their follow-up status respect to CD4. For the
studies, subjects were categorized based upon whether or CD4 data after week 24 was present. For the
studies, subjects do not have visit data after week 24 and the classification was based upon
whether or not a subject missing the week 24 visit had withdrawn from the study prior to week 24,

As was discussed above, 3001 has the worst overaif folfow-up at week 24. For this study. it can
be seen that roughly one-third of the subjects missing the week 24 measurement were still being followed
past week 24. For the 3002 study, approximately halt the subjects misstng a week 24 CD4 were
being followed for CD4 after week 24. Similarly for the studies, approximatelyv one-half the
subjects missing their CD4 value at week 24 were siill being followed. It does not appear that the rates
of follow-up differ between the treatment arms,



CD4 Follow-up by Status at Week 24
Number of Subjects

Last CD4 ZDV+ ZDV+
Study postbaseline control LAM300 | LAMIS0 | LAM300
3001 none 4 3 6 5
<24 14 t] 10 16
24 68 67 68 69
not 24, >24 7 6 8 4 .
Total 93 87 92 94
3002 none 4 * 3 4
<24 B] * 7 3
- 24 70 * 61 68
not 2.5, >24 9 * 13 7
Total 86 * 84 84
31001 none * * ]
<24-discont. 6 . * 6
<24-cont. 3 * * 4
24 33 * * 54
Total o4 * * 65
3002 none 1 * * 3
<24-discont. 10 * 6 6
r <24-cont. 3 . 7 6
24 39 * 62 60
Total 73 * 75 75

*treatment not assigned

As mentioned previously, the most problematic subjects may be those without any CD4 measurements
after baseline and those subjects who discontinued CD4 measurements prior to week 24 due to study
withdrawal (these groups are labeled none, <24 and <24-discont. in the above table). It is therefore of
interest to see if these groups of subjects differ with respect to CD4 at baseline or their change in CD4.
The table on the following page summarizes these comparisons.

For ail four studies, there appears to be no consistent relationsiiip between average baseline CD4 and
follow-up status. This suggests that the cegree of foillow-up may not be strongly related to the patient’s
condition at baseline.

Another concern raised by the degree of missmy data, 1s the extent to which the treatment comparisons
have been distorted by the missing data. 3001 1s of special concern due 1o the degree of missing
data. For this study, when the comparison between ZDV+LAMI150 and control in terms of DAVGT is
examined. the difference 15 largest for subjects with parnal follow-un (49=35-(-14)) and smallest for
subjects with follow-up after week 24 but laching a week 2.4 measurement (10=43-33). The relative
difference for subjects with a 24 week measurernent lies between the means for these two subgroups
(32=50-18).




Mean CD4 at Baseline and Mean DAVGT for CD4 by Follow-up Status

ZDv+ ZDV+

Study CD4 Follow-up contrel | LAM300 | LAMISO | LAMS300
3001 | Baseline none 302 421 412 381
_partial 334 350 341 402
full (no 24) 406 273 290 395
full (with 24) 350 341 374 360
DAVGT partial -14 5 35 -4
full (no 24) 33 68 43 39
full fwith 24) 18 | 19 50 43
Total 4 | 20 48 33
3002 | Baseline none 224 * 219 171
partial 251 * 228 Hed!
full (nc 24) 196 * 206 208
full (with 24) 232 b 212 206
DAVGT partial 9 * 12 26
full (no 24) -8 * 19 48
full (with 24) -2 * 37 34
Total -1 * 32 35
3001 | Baseline none * * 158
<24-discont. 233 * d 181
<24-cont. 279 * " 423
23 264 * . 282
Total 263 * * 280
DAVGT | <24-discont. 9 * * 50
<24-¢ont, 31 * . 28
24 15 . » 76
T Toml B . . 70
3002 | Baseline none 331 * * 182
<24-discont. 200 * 20} 221
<24-cont. 337 * 293 234
l 24 249 . 254 251
Total 248 * 254 246
DAVGT | <24-discont. -5 * -7 40
<24-cont. -60 b 22 36
24 -13 E - 41 32
Total 47 | 35 33

*treatment not assigned



Since 3001 has also been conducted with naive subjects (this study used a combination of
LAM300, which has been found to be comparabte to LAM150). 1t is of interest to see if the same pattern
appears for this study as was seen with 3001, The overall difference in this study is 55 cells (70-
53). Numerically, the difference is smallest (-3=28-31) fo sutjects continuing on study, but lacking a
week 24 measurement. The mean difference for subjects with a week 24 measurement (61=76-15) is
very similar to the overall ditference while the mean ditference is 41 (50-9) for subjects who
discontinued with partial follow-up. The numbers of patients with no CD4 at week 24 is so small that
statistical comparisons are difficult.

The numerical comparisons suggest that the overall treatment effect is consistent over the subgroups
formed by degree of follow-up and this supports the conclusion that ZDV+LAMI50 is effective relative
to control with respect to CD4. The following table shows the mean difference relative to control for
ZDV+LAMIS50 in terms of mean change from baseline CD4 by study week as well as the number of
subjects available at each time point. The difference between the control arm and ZDV+LAMI50 is
consistently between 30 and 40 for the studies and tends to exceed 50 for 3002, This
consistency over studies suggests that the difference in DAVGT between ZDV+LAMI50 and control is
relatively unaffected by the particular time of measurement and that missing CD4 measurements may
have relatively little impact upon the overali estimate of treatment effect.

ZDV+LAMI130 vs. Contiol
Ditference in Mean Change trom Baseline

| 3001 I 3002 3002
Week n./n,* Ditf. 0. N. if. n/n, Diff.
4 §7/84 24 71/75 32 65/70 57
8 82/75 69 7472 31 65/74 62
12 80/77 34 7771 30 65/68 47
16 7371 43 73769 33 63/70 36
20 71/71 36 72/68 53 59/67 52
24 68/68 28 70/6 1 47 59762 65
DAVG 34 T 34 I

*n.=sample size for the combination arm and r.=sample size tor the control arm

3) Durability of Response

The NDA contains graphs showing the mean CDd versus time. These graphs suggest that ZDV in
combination with LAMI150 may maintain CD4 above baseline for a longer period of time than seen in
previous studies of treatments for HIV infection. In previous studics ~f anti-retroviral therapy there has
generally been seen a relatively rapid rise in CD4 (8-12 weeks) followed by a slow decline to baseline.
This pattern has been seen in studies involving subjects with extensive prior ZDV use. The following
table summarizes this infy rmation by presenting the proportion of subjects exceeding baseline at week
24 This table suggests that a higher proportion ot subjects. reiat:ve to control. exceed baseline for
combination therapy involving lamivudine. The difference 1s tairly small for the naive subjects studied
4 3001, but 1s more pronounced and consistent in the other studies.
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Proportion of Subjects Exceeding Baseline at 24 Weeks

ZDV+ ZDV+
Study contrul LAM 300 LAMIS0 LAM300

3001 55 56 61 68

3002 36 69 63

3001 45 86

3002 20 ' 71 .80

The individual data values used to create this table are displayed in the following graph for 3001
for subjects assigned to the ZDV arm and ZDV+LAMI50.
CD4 Values by Day of Visit
NUCA 3001
700 -
CDd
600 -
500 -
100 .
300 -
200 .
100
0 -
<100 -
200 -
=300 -
-400 -
0 28 56 84 1i2 140 168 Days

These examinations of the treatment effect over time suggest that combination therapy based upon ZDV
plus lamivudine 150 may provide a longer lasting increase in CD4 than has been seen in previous
antiretroviral therapy.

4) Subject Level CD4 and HIV RNA Response
Variability in CD4 Response and Relationship to Baseline CD4

As discussed above. the mean CD4 increase for ZDV+LAMI50 relative to control was approximately
30-50 cells aciors the studies. The da:a underlving these mean changes possess considerable vanability
and the treatment groups have considerable overlap. The DAVGT for each subject as well as each
subject’s baseline CD4 are shown in the fotllowing graphs produced from 3001, ft can be seen

0



that there is considerable vanability in response, with the change in CD4 varying from a decrease of 200
to an increase of 400 for all four treatments. There appears to be slightly increased variability for higher
values of baseiine CD4, tn particular for monotherapy.

With monotherapy, there appears to be little relationship between the baseline value and change over
time. For combination therapy, DAVGT tends to be greater than zero for all values of CD4 with a
noticeable smaller change for higher values of baseline CD4. Linear regression analysis finds that
approximately 10% of the variability in the change can be accounted for by baseline CD4 for
combination therapy. Similar relationships were seen in the other studies.

-

Change in CD)4 versus Baseline CD4

NUCA 3001
400 — 400
Change Change
300 - 300 -
200 - 200
100 — b 00
0 — 0 -
-100 1080
200 - 200
0 200 400 600 300 i} 100 400 600 g00

Relationship Between HIV RNA Response and Baseline HIV RNA

A somewhat different paitern is seen for the iog change in HIV RNA. These values are plotted tor study

300! in the graphs below. The limit of detection for this assay is 200 copies. Since a log change
corre3ponds to a 90% drop :n copy number, there is a limit to the amount of drop which can be seen on
the log scale. Relatively few subjects approach the limit of detection for monotherapy, but this boundary
1s quite noticeable for combination therapy for subjects with lower copy numbers at baseline.



Change in Log HIV RNA versus Baseline HIV KNA

NUCA 3001
|- .
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Relationship Between the Change in CD4 and the Change in HIV RNA

The applicant’s analyses indicate that the conclusions based on the comparison between treatments are
comparable for both CD4 and HIV RNA. This does not directly show that there is a consistent response
with respect to CD4 and HIV RNA. To further investigate this issue, the change in log HIV RNA and
the change in CD4 have been plotted against one another in the graphs on the next page for study

3001. 3002 shows a similar pattern.} !t can be seen that for all four ireatinent arms most
subjects have a decrease in log HIV RNA. This 1s not the case for CD4 for which a large number of
subjects have both increases and decreases. Subjects receiving the combination therapy arms tend to
have responses in which log HIV RNA decrcases while CD4 increases. It can be seen that the
relationship for combination arms s refatively weak with those subjects with the biggest decrease in HIV
RNA not necessarily having a ccrresponding increase in CD4 . For monotherapy subjects, there is no
clear relationship between HIV RNA and CD4. This an 'vsis suggests thai benefit for a given subject
may not be equivalently described by changss in CD4 and HIV RNA.



Change in Log HIV RNA versus Change in CD4

NUCA 3001
1 1
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In summary, the subject level data show a great deal of variability in response. The average differences
among the treatmerts are relatively small relative to the background variability in response. It was also
seen that for combination therapy the CD4 response is weakly related to both baseline CD4 and HIV
RNA response. Little relationship was seen for monotherapy between CD4 response and baseline CD4
and HIV RNA.

5) Subgroup Analyses

The applicant conducted subgroup analyses based upon race, gender and age for the studies. The
gender and age analyses do not suggest that the treatment benefir varies by age or gender. The analysis
of race presented by the applicant suggests that Black subjects in 3001 assigned to

ZDV+LAMI150 may have a smalier CD4 cell response relative to control (ZDV) than White subjects.
The applicant’s analyses suggest that the higher CD4 values at baseline for Blacks may have contributed
to this result. Black= with higher CD4 values at baseline had the least favorable response to combination
therapy. The applicant concluded that in the absence of a biclogical mechanism the observed racial
difference is likely to be an artifact of imbalances in patient characteristics.

The mean and standard errors for the racial groups provided by the applicant (V. 97) show an
approximately 100 cell difference between Blacks and Whites (-25 and 75 for DAVG, respectively) for
subjects assigned to ZDV+LAMI50. The corresponding comparison is approximately 25 for subjects
assigned to ZDV (-1 and 24, respectively). This translates into roughly a 75 cell relative treatment
difference (100-25) with an approximate standard error of 40 ceils. This standard error indicates that the
treatment differential between Blacks and Whites has not been very precisely estimated.

The applicant’s analysis of subgroups is suggestive of a difference in treatment response between Blacks
and Whites. Though these studies have not been powered to detect a difference, these studies raise the
concern that there may in fact be such a difference.
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D. Statistical Reviewer's Conclusions

The four studies used by the applicant in support of their requested indication under the accelerated
approval regulations are of similar design. All four studies are double-blind. randomized irials of
relatively short duration providing 24 weeks of CD4 data. Additionally, HIV RN A data was available
for all subjects in the North American studies. The major imitation of these studies was the relatively
high number of subjects missing surrogate marker data for each of the scheduled visits.  Analyses
conducted by the applicant and the FDA suggest that the impact of this missing data is minimal.

The analyses provided by the applicant and confirmed by the FDA indicate that a statistically significant
increase in CD4 as well as a significant decrease in HIV RNA were associated with the use of
lamivudine in combination with ZDV. There was no apparent improved response using 300 mg of
lamivudine in combination with ZDV in comparison to 150 mg of lamivudine in combination with ZDV.

The analyses provided by the applicant describe a relatively large treatment differential between Blacks
and Whites. The applicant should further investigate this issue.

The analyses conducted by FDA suggest that there 1s not good agreement between CD4 and HIV RNA at
the patient level, though the overall conclusions are comparable for these measures. This suggests that
the impact of treatrnent may be evaluated differently for the same subject depending upon the measure
chosen.

The increase in CD4 for ZDV+LAMI150 relative to contro! was almost identical for ZDV naive and ZDV
experienced subjects. [n the North American studies 3001 and 3002) the mean increase
in CD4 (relative to control) was 34 cells for both ZDV naive and ZDV-experienced subjects. In the
European studies, the relative increase was approximately 30 cells {only ZDV+LAM300 wz.. used in

3001). The standard errors of the mean differences ranged between 10 and 13 cells over the four
studies.

Vad Ao

Paul Flver, Ph.D.
Mathemarncai Staustician



DRAFT

BIOPHARMACEUTICS/PHARMACOKINETICS REVIEW

NDA: 20-564 (tablets) SUBMISSION DATE: 6/30/95
20-596 (oral solution)

GENERIC NAME: Lamivudine BRAND NAME: Epmvir™

FORMULATION: Oral tablets, 150 mg APPLICANT: Glaxo-Wellcome

Oral solution, 10 mg/mL
TYPE OF SUBMISSION: Onginal apphicatton  REVIEWERS: Barbara Davit, Ph D
Type iP Kellie Reynolds, Pharm.D.
REVIEW DATE:

SYNOPSIS: The applicant has satisfactonly addressed the following

. Pharmacclanetics of lamivudine after single and muluple doses.

- Pharmacokinetics of lamivudine in pediatnc patients,

. Absolute bioavailability ot tamivudine after oral admimstration,

. Dose-proportionality of single doses of laraivudine administered orally to pediatric patients
over the range of 0.5 to 10 mg/kg,

. Dose-proportionality of single and multiple doses of lamivudine administered orally to
acuit patients over the range of 0.25 to 10 mg/kg,

. Pharmacokinetics of lamivudine in renally impaired patients.

. Potential drug interactions between lamivudine, zidovudine, didanosine, and TMP/SMX,

. Effect of food on lamivudine absorption and exposure,

. Bioequtvalence between the clinical and commercial formulations

No gender study was submutted to the NDA  There were 7/07 temale patients enrolled in Phase
V11 Study . 2001, The number of female patients was too limited to permat statistica
evaluation.  All other pharmacokinetic studies in adult patients were conducted using male
patients

No metabolism study was submitted to the NDA  The applicant determined that excretion is
primanly renal, with approximately 70% of the dose excreted unchanged and about 5% of the
dose excreted as lamivudine sulfoxide Approximately 25°6 of a lamivudine dose 1s unaccounted
for

No attempt was made to link pharmacokinetics and pharmacodynamics of lamivudine

This review consists of the summary of studies reviewed under Section 6 of the NDA  Individual
study reports are on file in the Division of Pharmaceutical Evaluation 111




PHASE IV COMMITMENTS: The applicant should zonduct studies to investigate

. Lamivudine pharmacokinetics in pediatnc and adolescent patients to pro .ide additional
data for dose optimization,

. The relationship between lamivudine systernic exposure and the development of
pancreatitis in pediatric patients;

. Effects of renal insufficiency on lamivudine pharmacokinetics in pediatric patients to
provide data for dosing recommendations.

. Lamivudine pharmacokinetics in patients with advanced HIV disease,

. The effects of gender on lamivudine pharmacokinetics,

. The effects of ethnicity on lamivudine pharmacokinetics,

. The relauonship between markers of lamivudine efficacy and serum concentrations of
lamivudine and other antiretroviral drugs.

. The relationship between serum lamivudine concentrations and intracettular lamivudine
tnphosphate concentrations in patients dosed with lamivudine,

. ADME of radiolabeled lamivudine in patients

RECOMMENDATION: It s recommended that NDA 20-564 and NDA 20-596 be approved.

This reviewer concluded that Section 6 of this NDA contained adequate human pharmacokinetic,

bioavailability and bioequivalence data to permit a knowledgeable judgement about whether to
approve this application

This reviewer recommends doses of (1) 150 mg b1 d for patients over the age ot 12, (2)4.0
mg/kg b1 d for patients under the age of 12, (3) 2 0 mg/kg b1 d. for patients older than age 12
with body weight less than 50 kg
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INTRODUCTION: The apphicant is seeking approval of i 50 mg lamivudine tablets and 10
mg/mL oral solution (Epivir™). This NDA application is to support the approval of Epivir™
tablets and oral solutior for the treaiment of HIV-infection in combination with Retrovir®. The
proposed regimen for adults and acolescents (12 years and older) is 150 mg twice daily
administered in combination with Retrovir®. The proposed oral dose of Epivir™ n pediatnic
patients (3 months to 12 years of age) 1s 4 mg/kg twice dily (up to a maximum of 150 mg bi.d.)
administered in combination with Retrovir®. Section & of this NDA, the Human
Pharmacokinetics and Bioavailability Section, consisted of reports of 13 in vivo and 4 in vitro
studies.

CHEMISTRY:

—hemical Name (CAS): (2R-cis)-4-ammo-1-[2-(hydroxymethyl)-1,3- oxathiolan-5-yl]12(1H)-
pynmdinone

{UPAC Name: 4-amino-1-(2R-hvdroxymethyl-{ 1 3}oxathioian-5S-yl)-1H-
pvrimidin-2-one

Molecular Formula: C,H,,N,O,§

Molecular Weight: 2293

Structure:

NH
2
N
OH
O

J




pH and pK, Values:

Partition Coefficient

Melting Point:
Specific Rotation:

Stereochemistry:

Crystal forms:

The pH of a 1% w/v solution in water is approximately 6.9 The
pK, determined by UV is 4 30 (protonation of NH,).

The log of the partition coefficient between n-octanol and water
measured by HPLC atpH 7415s-07 £ 0.2

Lamivudine has two stereogentic centers and hence is one of four
stereoisomers. Lamivudine is the stereoisomer with the ZR 58
configuration and is levorotatory (-). No racemuzation of
lamivudine to its enantiomer has been observed

Lamivudine may exis: as either of two pseudopolymorphs (Form 1
or Form ). Form I is a partial hydrate (0 2 moles water) which
melts at approximately 135°C  The thermodynamically stable Form
I1 is nonsolvated and melts at approximately 176°C. The synthesis
of lamivudine is controlled to afford only Form II. Form I generally
crystallizes when a significant proportion of water is present. All
batches of drug substance are examined by infrared spectroscopy
and confirmed by companson with the spectrum of a Form 1!
reference standard. Stability studies of samples stored for up to 24
months at 30°C/50% RH demonstrate that there is no conversion
into the less thermodynamically stable Form [ in the solid state.

FORMULATION: Manufacture, packaging, quality control of the drug substance lamivudine
will be performed by Glaxo Operations UK Ltd., UK. Stage 4 will be performed by Glaxo
Operations UK Ltd.. Montrose, UK Manufacture, packaging, quality control. and stability
testing of Epivir™ tablets will be performed in accordance with current GMP at Glaxo Wellcome
Inc., Zebulon, NC. Manufacture, packaging, quality control. and stability testing of Epivir™ oral
solution will be performed in accordance with current GMP at Glaxo Pharmaceuticals UK Ltd.,

Liverpool, UK

-



The composition of the to-be-marketed 150 mg tablets is

Compoesition of Tablet Core

Componemt Theoreticai mghablet Yo wiw

larmvudine 150 00

Microcrystalline Cellulose NF

Sodium Starch Glveolate NF

Magnesium Stearate NF

Total Weight

«

Compuosition of Coating Suspension

Component Theoreucal mghablet Yo wiw

Opadry® YS-1-7706-G White

Punfied Water, USP

The composition of the to-be-marketed Epivir™ oral solution is.

Component Nominal concentration, mgmL
Larmuvudine
Sucrose NF
Methylparaben NF
Propviparaben N¥

Anificial Strawberry Flavor

Artificial Banana Flavor

Citne Acid (Anhvdrous)

Propvlene Glveol USP

Edetate Disediam USP

Alcohol USP

Puntied Water LISP

Table 1A presents the formulation of all capsules used in clinical tnals, and Table 1B presents the
formulation of all tablets used in clinical tnals (see attachments)

INDICATIONS AND USAGE: Epivir™ is indicated for the treatment of HIV-irfection in
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combination with Retrovir®.

DOSAGE AND ADMINISTRATION: The prcposed regimen for adults and adolescents (12
years and older) is 150 mg twice daily administered 1 combination with Retrovir® The
proposed oral dose of Epivir™ in pediatric patients (3 months to 12 vears of age) 1s 4 mg/kg
twice daily (up to a maximum of 150 mg b.i.d ) administered in combination with Retrovir®.
Dose reduction is recommended in patients with renal impairment-

RENAL FUNCTION (CrCl, mL/min)_ DOSING REGIMEN
250 150 mg wice daiv
30-49 150 mg once daily i
15-29 150 my first dose, then 100 mg once dailv
314 150 myg first dose. then 50 mg once daily
<3 50 mg tirst dose, then 25 mg once dailv

LAMIVUDINE PHARMACOKINETICS:

Absorption: The oral absorption properties of lamivudine have been studted in /# vitro models
and in humans. An 7 vitro model study using Caco-2 human intestinal cells incubated with
lamivudine suggested that iamivudine has high permeability and 1s absorbed by a passive diffusion
process (Study 192/028) The apparent permeability of lamivudine was 3.2 x 107 cm/sec.
All formulations tested in climical tnals, tablet, capsule, and oral solution, showed rapid oral
absorption with peak concentrations achieved 1n 0.8 to t 5 hours The estimated absorption half-
hfe (harmonic mean) was determined to be 0.133 hr (about 8 minutes) by fitting a two
compartment model to data from 10 HIV-positive patients (Studyv 1001)

Rioavailability: Absolute bioavailability values were comparable for lamivudine 100 mg
formulations of an oral solution, capsule, and tablet administered to 12 HIV-positive male patients
in a crossover study (Study 1003) Respective mean values £+ S D were 87 = 13, 88 £ |6,
and 86 £ 17%. Relative to the oral solution, bioavailability was 100 and 98%. respectively, for
the capsule and tablet formulations. Mean serum lamivudine concentrations versus time were
plotted for the oral solution, capsule, tablet. and 1V solution (Figure 1)

Compared with adult values, absolute bioavailability was lower in HIV-positive pediatric patients
{n =352, age 5 months to 16 years). with an anithmetic mean £ S.D of 69 t 28% (Study

2002) Absolate bioavailability data showed wide vanability in pediatnic patients, but
mean values were similar for the three formulations used capsule {n = 25), 1 mg/mL oral
solution (n = 11), and (0 mg/mL oral solution {n = 16) Respective anthmetic mean+ S D
values for the capsule. | mg/mL oral solution, and 10 mg/mL. oral solution were 74 + 31, 65 + 22
and 64 = 28%. Individual values of F ranged from 19 to 115%. This reviewer plotted absolute
bioavailability versus age, using data from Studies 2002, 1001 and 1003



(Figure 2A, attached) The applicant generated a sirular plot. and fit a LOESS curve to the data
to show the trend (Figure 2B, attached) As shownn Figures 1A and 1B, absolute bioavadability
was lower in pediatnc patients than in adults

Relationship of absorption to dissolution: A polyexponentizl model was fit to data from Study
1003 using (Manuscript submitted to ./ (/o Pharm. for publicaucn) The

intercepts and exponents thus generated were used to deconvuolute the rate input function from
the oral solution, tablet, and capsule serum concentration dara using PCDCON  Plots of the
amount absorbed versus time and input rate versus time were obtained from PCDCON (Figures
3A and 3B, attached). However, a number of negative input rates were obtained and were
excluded from the input rate versus time plots The applicant concluded that differences are due
primanly to vanability in absorption rather than differences due to formulation. The absolute
bioavailability of lamivudine as measured by the maximum %o of dose absorbed was consistent
with the caiculated values based on the traditional ratio of AUC,,, ,/AUC. (Figure 3A)
Inspection of the supenmposed input rate versus time plots (Figure 3B) showed similar profiles
for the solution, capsule, and tablet. The parameters MAT and MDT were calculated  The
parameter mean absorption time (MAT) was defined as the lamivudine MRT foliowing
administration of solution minus the lamivudine MRT following IV dosing. The parameter MDT
was defined as the lamivudine MRT following admuinistration of the oral solid minus the MRT
follnwing administration of the oral solution. MDT values for both the capsule and tablet were
virtually 0, suggesting that dissolution from the capsule and tablet 1s verv rapid and that
absorption of lamivudine 1s due to intnnsic absorption properties rather than to dissolution:

Fo% [ P MAT MDT

solvion | capsule tablet solution | capsule tablet solution | capsule tablet

mean R7 bt Rer oy L ER 09 132 003 -0 11
Sb 13 1ty 1 023 023 041 1 35 1o2 0 7%
% CV 15 is 19 25 A 45 103 3716 -093
median 8~ Q0 9N 078 R 0nIs 145 003 012
min 67 ol 33 s 03 UK 2252 -l 63 -1 8o
max 101 108 105 15 13 1> 272 1 89 111

B in vivo mean sbsorption time, MAT = MRT (selutony - MRT (1V)
invive mean dissolution tme. MDT = MRT roral sohdy - MR T (solution)

Effect of food: The effect of food on lamivudine pharmacokinetics in 12 HIV-positive male
patients was mvestigated (Study 1001).  Lamivudine was administered either tollowing an
overnight fast (with the fast broken 4 hours post-dosing). or immediately afier a standard meal (2
scrambled eggs, 2 slices bacon, 4 0z hash browns, 2 pieces of toast with butter, 8 oz whole milk).
The dose admimstered was 50 mg, given as two 25 mg capsules The meal provided 1267 kcal.



of which 60% of the total kcal were provided as fat

The administration of food with lamivudine significantly decreased C,,, (40+23%) and delaved
Tra by 2.28+1.22 hr. There was no significant effect on systemic exposure

' Cos To AUC, . T,, () CLy
Treatrnent (ng/ml.) ihr} (ng*hr/md. ) thr) (Yo dose? (rni./min)
Fasting 513215 U Ba0 .25 1677427 134013 69 710 345169
Fed 273156 315+t 27 1548249 30} 2 68 611 374454

-

The 25 mg capsule used in the food effect study was an investigational formulation The
composition of the 25 mg capsule formulation differed markedly from that of the to-be-marketed
150 mg tablet formulation:

Capsule formulation, Batch No F9ET05B, used 1 tood etfect studvy NUCA 1001

Microcrvstalline
Strength Fill wr Lamivudine Cellulose Magnesium Stearate
Quantity % Quantity % Quanuty %
25 mg 310 mg 25 mg 90 254 me Y} 3 1 dmg 03

To-be-marketed 1ablet tormulation, Batch No A91B107. used in BE Study NUCA 1004

Compress Microcrvstalline
W1 Lamivudine Na Starch Glveollate Celulose Magnesium Stearate
T
Quantity %o Quantitv Yo Quantity ! Ya Quantity %%
300 mg 150 mp 50.00 Y myg 300 139 46.25 225 075

Distribution: Results of clinical pharmacokinetic studies showed that iamivudine is widely
distnbuted throughout the body with modest penetration into the central nervous system. The
mean = S.D volume of distribution {V,,,.,) was 1 3 £ 0 42 L/kg in 20 asymptomatic HIV-positive
male patients (Study 1001), suggesting that lamivudine distributes into extravascular
spaces In HIV-positive pediatnc patients (Study ! 1002), V,, values were shghtly greater
than those of adults in children age 2 and younger, and comparable to adult values in children
older than age 2-3 A plot of V, versus age using data trom adult and pediatric patients was
generated by the applicant and s attached (Figure 4)  Volume of distribution was independent of
dose.

Binding of lamivudine to plasma proteins was low (< 36%) In an 1 vizro study using plasma and
red cells from a single healthy human volunteer (Studv GDM/91/010), the percentage of
lamivudine bound to piasma proteins was 36°o at a concentration of 0.1 pg/mL. Percentage
binding was less than 10%, at concentrations of 1, 10, and 100 pg/mL At tamivudine




concentrations from 0 01 to 100 pug/mL, the percentage of lamivudine in whole blood associated
with red cells was moderate (53-57%) and whole blood and plasma lamivudine concentrations
were similar, suggesting that lamivudine does not concentrate in red cells. Protein binding weuld
be expected to be low at the proposed dosing regimens. The lower concentrations used in these
in vitro studies are comparable to C_,, values observed at the proposed adult and pediairic dose in
chinical trials (about 1.6-1.9 pg/mL) and to C. anti¢ipated at the proposed adult dosing regimen
(0.6 pg/mL).

Cerebrospinal fluid (CSF) samples and simultaneous serum samples were obtained in two studies
at approximately 2-4 hours post-dosing. In 6 HIV-positive adult patients with ARC receiving
lamivudine at doses from 4 to 10 mg/kg b.1.d. (Study 2001), tne CSF/serum ratio ranged
from 4 to 8%. In 38 HIV-positive pediatric patients (Study 2002). the lamivudine
CSF/serum ratios averaged about 10% in patients receiving from 2.0 to 10 0 mg/kg bi.d and
about 20% in patients receiving 0.5 or | 0 mg/kg b.id In [0 pediatric patients receiving the
proposed dose of 8 mg/kg/day. the concentration of lamivudine in the CSF was 124.7 + 90.2
ng/mL, representing 14 2 = 7.9% of serum concentrations CSF concentrations increased in
proportion to dose.

Elimination: Followimg administration of a single IV dose ranging from 0 25 to 10.0 mg/kg,
clearance in 20 HIV-positive asymptomatic adults averaged 0 32 = 0.052 L/hr*kg (Study

1001). Renal clearance averaged G.23 + 0.014 L/hr*kg. Renal clearance averaged 71 =
16% of systemic clearance. In pediatnic patients (Study 2002), total clearance (normalized
to body weight) decreased with increasing age, approaching adult values between ages 10-12. A
plot of total clearance versus age was generated by this reviewer using data from Studies

2002, 1001, anc 1003 (Figure SA. attached) The applicant generated a
similar plot and fit a LOESS curve to the data to show trends (Figure 5B, attached) In pediatric
patients, the percentage of total clearance represented by renal clearance was similar across all
ages, and averaged 60 + 28%

Metabolism: The only metaboiite of lamivudine identified was the trans-sulfoxide metabolite
The metabolite was measured 1n unine but not in serum Lamivudine was found to be excreted
prmarily unchanged in urine within 24 hours of dosing.

The intracellular metabolism of lamivudine to the presumed active moiety lamivudine tiphosphate
was described using HIV-infected and mock-infected PHA-stimulated human penpheral blood
lymphocytes (PBLs) incubated witk *H-lamivudine *H-labeled lamivudine monophosphate,
diphosphate, and tnphosphate were 1dentified in both HIV-infected and uninfected PBLs The
formation of *H-labeled phosphorylated lamivudine intracellular intermediates increased linearly
at lamivudine concentrations up to 10 uM (Study GVR/93/013) The rate of formation of
phosphorylated lamivudine intermediates was slower at higher concentrations The concentration
of 10 uM is equivalent to 2290 ng/mL, which is comparable to the range of C,,, values (1600-
1900 ng/ml) observed in patients receiving multiple dose regimens which approximated the
proposed dose of 150 mgb.id  The intracellular T, , of the 3'-tnphosphate metabolite of *H-




labeled lamivudine ranged from 0.5 to 155 hours (Studv GVR/91/005) The initial dosing
interval of 12 hours in Phase I/11 tnals was selected based on this finding.

Excretion: The majos route of elimination of lamivudine 1s by excretion of unchanged drug in
the urine In 20 asymptomatic HIV-positive males (Study 1001). 76 6 = 11 5% of the dose
was excreted in the urine following a single 1V dose ranging from 1 0 to 8 0 mg/kg (24 hour
collection). In 59 HIV-positive adult patients with ARC receiving oral lamivudine from 0 25 to
100 mg/ke b.ad. for 15 days (Study 2001). the mean = S ID percentage of lamivudine
excreted unchanged in unne (f,) was 69 7% (12 hour collection). Following a single oral dose of
lamivudine ranging from 0 25 to 10.0 mg/kg, f, was 51 6 £ 23 4% (n=71), and an additional 4 91
+ 1.31% (f.") of the administration of the administered lamivudine dose could be accounted for in
the unine as the trans-sulfoxide metabolite of lamivudine (n=12, 12 hour collection) No ADME
study using '*C-labeled lamivudine was conducted in humans, so the fate of the remainder of the
dose i1s not known.

Renal clearance of lamivudine 1s greater than the glomerular filtration rate, suggesting that an
active secretory process or ionic trapping is involved  Studies performed in the 1solated pertused
rat kidney model {Study No UCP/93/012, Vol 1 37, submutted to Section 2. Nonclinical
Pharmacology and Toxicology, of the NDA) showed that probenecid had no effect on but
trimetheprim inhibited renal elimination of lamivudine, suggesting that a significant extent of
lamivudine elimination occurs through the organic cation transport system

Dose-proportionality: Dose-proportionality of lamnvudine C,, and AUC was invesngated in
single and muitiple dose stud:e=in adult HIV-positive patients  Study 1001 emploved a
crossover design to investigate single-dose pharmacokinetics of IV and orally-admimstered
lamivudine at doses ranging from 0 25 to 8 O mg/kg  C,, and AUC, . increased in proporuion to
doses following IV administration. However, AUC,.. did not increase in proportion to dose in
patients receiving the same doses orally Mean dose-normalized values of AUC, were higher at
the doses of 0.25 and 1.0 mg/kg than at the doses of 20, 4 0, and 8 0 mg/kg 1t 1s possible that
the lack of dose-proportionality was due to differences in formulations, as the 0.25 and 1 0 mg/kg
groups received 2.5 and 10 mg capsules, whereas the 2 0, 4.0, and 8 0 mg/kg groups also
received 100 mg capsules S D. values were not reported bv the applicant

Study 1007 singhe dose
Kouic
023 U Zu 0 80
AUC ., ng*hriml 7517 RRE IR 6707 4 124962 2 227907
Intravenous
C e N/ml IR 615 330] SIOMY 10360
AU, ng*he/mi. 695 K 31708 45748 9223 % 17933 9
Oral
L‘m_&. ngml. 227 1263 1725 2040 SR1S
In Studie. 2001 and 2001, lamwvudine was given orally bad for 15 days at doses
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ranging from 0.25 to 10.0 mg/ke. Sampling was 1o 12 hours and 8 hours in Studies 2001
2001, respectively in both studies. AUC,,, and Cru increased in proportion 1o dose in
patients given this regimen for 13 days:

\ Study 2004, Dav 15, oral lammvudine given b d “
Dose Level. —-—
mg/ke 25 03 1O Y

N 10 Y 12 RS 10

AUC, e 671160 153072408 2679902 82122105 1018523101 \ 1572045643 \ 2510929055

ng*hrimu.

. —t— ——

C,p. ng/ml 178249 467%2)1 66333 19133493 272120 421682367 777172414

=

Day 15, oral Jamnivudine given b

‘ 2000,
\ Dose level,

| gk
N 10 11
AV G £94x198 12312615 394421744 97832858 1507123819 235 1£0898
ng*hrinl
I—-— et -—————_—-—F—'
!CE!!‘ ngimb 247483 ] 3754175 10292336 16852801 306541339 1gR5+932 736442003

Plots showing median serum lamivudine concentrations versus time at the oral doses administered
in Study 2001 are attached (Figures 6A and 6B) 1n HIV-positive adults with ARC (Study

2001). the paramelers Toae 220 11 CL,. f.. Clo, and V/F were dose-independent at
doses ranging from 025 to 10 mg/kg b 1d

\r T pane DY Ay e T, b Ch,. L fe CL,. L/ Vv F. L
-
Dav | 1210 38 (1 24620 046 o) 0Y 1% 07 3 51 6223 4 3524138 14763
1N (87 (87 (R7y (7 (71 (87 (R7Y
- —

i 271-(1.53 (20120 D49 3 ARl O1 18 0285 60 T30 ) 17 T£8 5 106% 1
{700 17N {700 {99} {59 {(7M 1 1

Dav 15
(NI

No stydies evaluated dose-propomonality using a fixed dose, although 150 mg and 300 mg fixed
doses were studied 1n pivotal tnals 3001 and 3001

Steady-state Pharmacokinetics: i1 appeared that steady-state was reached by 15 davs of dosing
at the proposed regimen In Swudy 2001, the accumulation ratio (R) was 1 48 obtained
foflowing 15 days of abid regmen This value agreed well with R of 1.3 calcutated using », of
0 116 hr-1, assuming that the chnically relevant half-life is 6 hr (see Discussion section of review)
No other assessments of steady-stale were performed by the applicant.
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Bioequivalence Studies: For data anaiysis in bioequivalence studies, the applicant performed
statistical analyses of in-transformed C_,, and AUC,_ values using SAS PROC GLM
Bioequivalence for In-transformed C,_,, and AUC,_. was performed using the 90% confidence
interval using the two one-sided test. Bioequivalence studies were conducted to compare (1) the
to-be-marketed 150 mg tablet formuiation with the 300 mg tablet formulation used in pivotal
chnical tnals; (2) the 300 mg and 75 mg tablet formuiations used in prvotal chinical tnals with a
100 mg tablet formulation; (3) the 100 mg tablet formulation with an oral soiution providing 100
mg lamivudine. The 100 mg tablet formulation was also used to determine absolute
bioavailability.

Bioequivalence of capsule and tablet with vral solution: In 12 HIV-positive male patients
{Study 1003), the 100 mg capsule (Batch No F91/155B) and 100 mg tablet (Batch No
CS-3TC10006) formulations were bioequivalent with 100 mL of a 1 mg/mL oral solatioa (Batch
No. CS-3TC10004)

AUC, . ng*hr/imi. C pere N/l ‘
Compartson Ratio of means 9o Ll P Value | Rato of means 90% 1 P Value
Ceapsule Solution 1.00 0.99-1 01 0% 1.00 0.98-1.02 03
Tablet: 3olution 0.98 0 98-1 00 07 0 9% ( 98-1 01 07

Bioequivalence of tablet with capsule formulation: This reviewer also evaluated the
bioequivalence of the tablet versus the capsule formulation. The 100 mg tablet was bioequivalent
to the 100 mg capsule’

AUC, ., ng*hr/ml me ng/ml
Companson Rauo of means 90% C 1 P Value | Rato of means i 90, C ] P Value
Tablet Capsuls 097 (1.92-1 06 06 (92 082-106 (4 I

Biveguivalence of tablet formulations used in pivotal clinical trials: In 24 HlV-positive
asymptomatic male patients (Study 1006), four lamivudine 7S mg tablets (Batch No
A%3B7) and one lamivudine 300 mg tabiet (Batch No A93B6) were bioequivalent to three
lamivudine 100 mg tablets (Batch No. A92B31) The formulation of the 100 mg tablets, Batch
No A92B31 was the same as that of the 100 myg tablets used in Bioequivalence Study No

1003, Batch No CS-3TC10006 The 75 and 300 mg capsule formulations (Batches
A93B7 and A93B6, respectively) were used in pivotal chmcal tnals 3002 and 3002



Companson

4x75mguab 2x1

1 x 300 mg tab 3

X .

Bioequivalence of four
bioequivalence of four 75 mg tablets ce

1

AUC,.. ng*hriml C o ng/ml
¢ IMeans $0% C 1 P Value | Rauootmeans | 90%C1 P Value
14 (1961 13 (339 103 090-119 0 683
101 H 931 10 (783 1 0% 094-124 0348

bioequivalent to one 300 mg tablet

75 mg tablets with one 300 mg tablet: This reviewer also evaluatea the
mpared with one 300 mg tablet Four 75 mg tablets were

AUC, .. ng*hr/ml C o ng/ml
Companson Raue of means G(0% C 1 P Value | Ratuo of means 0% C 1 P Value
4x7Smgrab: il x 300 mg tab 102 0 96-1 11 e (+ 96 0 84-1 08 e
** not caleulated

Bioequivalence of commercial with clinical
tablet formulation (Batch No. A94B107) was
24 healthy male patients (Study

1004 was 400 kg, representing 10

1004)

trial formulations: The to-be-marketed 150 mg
bioequivalent with the 300 mg tablet (AS3B38) in
The batch size of the 150 mg tablets used in Study

0% of a full-scale batch  The 300 mg tablets investigated

in Bioequivalence Studies 1006 and 1004 were from batches used in pivotai climeal
trials 3( 3002
pararneter treatment geometnc mean DO eslimate 90% C 1 P value
AUC,. 2x 1530 mg 10473 V9% 0 9H-1 03 0733
ng*hr/ml 300 mg 10535
U 2 x 150 mg 3397 P03 U 9h-1 11 ) 406
ng/ml. 00 mp 3279

Figures 7A an

d 7B compare serum concentration-time plots for the 150 mg to-be-marketed tablet
and the 300 mg tablet used in the pivotal chnical tnals

Special Populations:

Gender: The effects of gender o
evaluated by stratifying the data obtained in Study

effects on these parameters. No statistical tests
women enrolled (7 women out of 87 patients)
other pharmacokinetic studies submitted to this NDA

Pediatric Patients: Two Studies,

n the pharmacokinenc parameters CL.,. T, and V/F were
2002 There appeared to be no gender

were pertormed because of the small number of
Adult females were not enrciled in any of the

2002 and

13

2005, characterized pharmacokinetics



in pediatnc patients Study 2002 investigated absolute bioavailability, dose-proportionality,
steady-state pharmacokinetics, and CSF penetration in patients ranging in age from 5 months to
16 years. For the oral dosing part of the study, patients received either a 1 mg/mL solution, a 10
mg/mL solution, or capsules Absolute bicavailability in pediatnc patients was discussed above.
CL, CL,,, Vg, and V/F (per unmit body weight) decreased with increasing age and bodyv weight
The relationships appeared to be nonlinear Plots of these parameters versus age. body weight
and surface area are attached (Figures 4, 5A and 5B. 8A and 8B, 9A through 9D, 1DA and 10B,
11). Aunnough data are quite vanable, 1t appears that CL approached aduit values in children
beginning at ages 10-12 and that V approached adult values in children beginning at ages 2-3
AUC,. and C_,, (n = 58) increased in proportion to single IV doses ranging from 1.0 to 200

mg/kg. .
Dose, mg/kg 1 ¢ 20 30 LR 120 00
N 5 9 12 12 9 11
AUC,_ 1627 £ 959 179 £ 425 | 462 = 2830 | R523 21735 L1392 & 4845 186K £ 5354
ng*hr/ml.
Co F07 £ 289 1246 £ 346 | 2442 2 1362 | 4247 £ 27143 35325 £ 299d K741 = 1261
ng/mL

AUC, . and C_,, {n = 60} increased in proportion to single oral doses ranging from 1 0to 200
mg/kg:

Dose, mg/kg 10 2o 10 N0 120 200
N 7 Y 10 12 Y 13
AUC, 045 £ 244 1547 £ 530 | 2726 £ 1405 | 3056 ¢ 2286 7041 £ 3700 14264 + 7045
ng*hr/ml
Coes 211 = Bo 4635 2 190 711+ 363 115% £ 358 2392+ [ 348 4410 £ 1852
ng/ml.
T e P21 064 1720 50 1935121 Todx )Wy 142033 142 091
hours

Plots showing median serum lamivudine concentrations versus time at the I'V and oral doses
admumstered 1n Study 2002 are attached (Figures 12A and 12B)

Renal clearance values were similar in orally (n=34) and I\’ dosed (n=23) patients In both IV
and orally dosed pudiatric patients, renal clearance (expressed as L/kg) decreased wath increasing
age and approached adult values beginming 1n patients of ages 10-12

Serurn concentrations of lamivudine were determined at random tumes on Day 4, and pre- and
post-dosing durnng Weeks 4 and 12 in selected patients It appeared that steady state had been

reached by Week 4 of dosing. as €, values at Weeks 4 and 12 were comparable
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Pancreatitis was reported in 14 patients (14%) n Study 2002 All 14 cases were classified
as serious adverse events and 13 cases were considered possiblv drug related Of the 14 cases, 13
received 8 mg/kg/day and one patient recerved 2 mg/kg/dav  Pancreatitis occurred from 12-62
weeks of treatment. Due to limited data. it was not possible to establish a relationship between
lamivudine pharmacokinetics and pancreatitis  Pharmacckinetic data were available for oniy 4 of
these patients.

Renal Impairment: The effects of decreased renal function on the pharmacokinetics of
lamivudine were investigated in 16 HIV-infected patten 1004} Pauents were grouped

as frllows
GROUP N ENTRY CRITERIA CrCl (ml/min)_meantSD (range)
Group [ Normal renal function t CrCle 60 mbimn P11£14 (9212
Group |l moderate renal imparment 4 CrCl 10-29 mbsmun 2848 (1K-36)
Group {11 end stage renal impairment 6 CrCl<i0 ml./min o {4-93

Note CrCl values were determined using the Cockcroft and Gault equation

All patients were administered a single 300 mg lamivudine capsule Blood and unine samples for
the determination of lamivudine cencentrations were collected over 48 hours. Five of six patients
in group II1 were anunc. Lamivudine pharmacokinetic parameters are summanzed (anthmetc
meantSD) below for the three groups

PARAMETER GRP T (CrCleof mbsmuny | GRPH CrCN10-30 mbamung | GRP U ¢CrCT< 10 mL/min
AUC, _ (ng*hrimb THOOR: | 740 479K1L FRRIO 136505273037

Caw tnE/ml) 25554450 15932 TON 57771182

T e thr 1 33+ K6 1 8yt 43 2214131

CL/F tmlmim) 464 2£73 11402342 60K

Agy lmg) 219223 11532 10 (une patient)

Cl oml/min 342 0251 4 17 5$23 13 2 U tone patient)

Compared with patients in Group [ (CrCl > 60 mL/min), in pauents with moderate renal

impaisment, mean AUC, _ was 336% greater,

max

was 41%, greater, CL/F was 75% lower, and

CL was 86% lower Compared with patients in Group 1, in patients with severe renal
impairment, mean AUC was 1325% greater, C_,, was 126%0 greater, and CL/F was 92% preater
CL, was only determined for one patient with severe renal impairment

A hinear relationship between CrCl (umits of ml/min) and CL/F was described b the equation

CL/FimLmm) = (4 02*CrCh ~ 125

{R2=0 94)

A lamivudine dose reduction scheme was determined by the apphicant using CL/F values predicted



using the above equation Dose reductions were determined such that the predicted total daily
exposure to lamivudine would not be lower than that predicted for a patient with normal renal
function (CrCl=100 mL/min) administered |50 mg BID

RENAL FUNCTION (CrCl. mL/min) DOSING REGIMEN j
S0 150 mg twice dailv
30-49 150 mg once daily
15-29 150 myg first dose. then 100 mg once daily
5-14 150 mg first dose. then 50 mg once dailv
5 50 mg_ﬁrst dose. then 235 mg once daily )

The applicant simulated serum concentration-time profiles in "normai” subjects and u: cne subject
with severe impairment (Figure 13, attached) The reviewer calculated the predictad dailv
lamivudine exposure (24 hour AUC) at steady state for patients with varying degrees of renal
function The predicted value assumes that patients were administered lamivudine according to
the applicant’s dose reduction scheme. AUC(0-1)ss was estimated as Dose/(CL/F)’

CrCl (b min) DOSING PREDICTED 24 HR AUCss
REGLAI';N n ‘h/ml
100 150 mg BID 12063
50 150 mg BID 3!
49 150 mg QD 11934
30 150 mg QD 18783
29 100 mg QD 12912
15 100 mg QD 22894
14 50 mg QD 12116
3 30 mg QD 25562
4 25 mg QD
8] 25 r%(_)_[)

Using the dose reduction scheme proposed by the applicant. the predicted daily lamivudine
exposure at steady-state ranges from approximately the same AUC as in patients with normal
renal function to approximately twice the AUC as in patients with normal renal functicn. Patients
with CrCl values apprcaching 0 mL/mun are an exception, the predicted AUC is almost three
times the vaiue predicted for patients with normal renal function However, since the most

severely renally impaired group will be on dialysis, AUC values will be less than the predicted
values above

The applicant included a loading dose for pattents with CrCl- 3% ml./min as a part of the dose
reduction scheme Thev state that current data on reduction in viral load suggest that the

16



inhibition of viral replication by lamivudine may occur relatively rapidly with corresponding early
declines in HIV RNA| thus supporting the need for adequate exporure to lamivudine via the initial
dose. The applicant has not provided data to support the assertion that a specific exposure to
lamivudine correlates with an eariy decline in HIV RNA  However, it is recognized by the
reviewer that patients with moderate or severe renal impairment (mean elimunation T, 14.3 and
21.6 hours, respectively} may not reach steady state conditions for up to one week. It is not
possible to rule out a benefit of reaching concentrations similar to those at steady state steady
state early in therapy Thus, the reviewer supports the apphicant's proposal to include a loading
dose of lamivudine for patients with CrCi<30 mL/min However, it 1s important that patents
understand the maintenance regimen

Based on findtngs from Study 1004, the dose reduction schedule proposed by the appficant
for patients with renal impairment is ay propnate

Hepatic impairment: No studies were conducted to assess effect of hepatic impairment on
lamivudine pharmacokinetics.

Drug interaction studies:

Zidovudine: The effects of zidovudine on lamivudine pharmacokinetics were investigated in 12
HIV-positive male and female patients 1005) Using a 4-way crossover design, each
patient received the following four treatments: (A) single 200 mg zidovudine dose; (B) single 300
mg lamivudine dose; (C) 300 mg lamivudine BID for 5 doses. 200 mg zidovudine admimistered
with the Sth dose; and (D) 200 mg zidovudine TID for 9 doses, 300 mg lamivudine administered
with the 7th dose. There was no significant change in lamivudine AUC or C_,. when lamivudine
was admimistered concomitantly with zidovudine vs when lamivudine was administered alone.

PARAMETER LAMIVUDINE i
monaotherapy with zidovudine

AUC, _tag*h/ml) 10900+1702 11069+1361

Char tnymi) 3191589 33034552

T, (h) 111052 0 93£0 33

T,- 6711 54 5420 84

CLF (L 27 83x3 33 2729+3 31

CLg LM 172547 32 18 108 73

éﬁ) 0&512+0 236 0 658&0.26_

Coadministration with lamivudine resulted in an increase (39 = 62%) in zidovudine C_,,. There
was no significant change in zidovudine AUC when zidovudine was administered concomitantly
with lamivudine vs. when zidovudine was administered alone The T, for zidovudine
glucuronide was significantly reduced (26%) when zidovudine was coadministered with
tamivudine, however. there was no significant change in zidovudine glucuromde AUC, C,,,, or



the AUC zidovudine/AUC zidovudine glucuronide ratio values.

TMP/SMX: The effects of TMP/SMX on lamivudine phammacokinetics were investigated in 14

HIV-positive male and female patients using a 2-way crossover design

1007} Each

patient received two treatments: (A) a single 300 mg dose of lamivudine, (B) one TMP/SMX DS
(160/800 mg) QD for 5 days. 300 mg dose of lamivudine coadministered with the dose on day 5.

Coadmunistration of a single 300 mg dose of lamivudine with TMP/SMX (160/800 mg)for 5 davs
altered the pharmacokinetics of lamivudine, resulting 1n a 45+23% increase in AUC,.., a 29+13%
decrease in CL/F and a 30£36% decrease in CLy. The applicant suggested that these changes in

lamivudine pharmacokinetics are due to inhibition of renal tubular secretion by TMP.

-

PARAMETER LA/ i, UDINE
monotherapy with TMP/SMX

AUC{ng*lvml.) 1051312989 132455753
Cpe (ng/ml) 31051191 32861280
T () 1.34£0 70 | 3820 73
Vo/F (L) F91£190 1462100
T, (h) 7 3040 93 6 2620 74
A, (WY 0097+C 013 0 112+0.012
CL/F (L/hY 3232418 41 2257+11.19
CLg (LY 17 1623 BR 11.03+2 49
£ (%) 60 1022263 33 R7+]3 33

The pharmacokinetic properties of TMP and SMX were not altered by coadmir.stration with

iamivudine.

Zidovudine and didanosine: Potential interacticns of lamivudine, zidovudine and didanosine
were investigated in 37 patients (age 2 to 19 vears) enrolled in an ongoing study _ 2005)
All patients received lamivudine at 4 mg/kg/day in addition to: (1) zidovudine, 180 mg/m’ and
didanosine, 135 mg/m”. (2) zidovudine, 90 mg/m* and didanosine, 135 mg/m’; (3) zidovudine.

180 mg/m’. (4) didanosine, 135 mg/m". Since this study used limited blood sampling up to 6 hr
following dosing to determine a pharmacokinetic profile, stepwise regression analysis of data from
Study 2002 was used to denive the following formula, which was used to calculate
lamivudine AUC values' Lamivudine AUC = 2.51*C, + 6 46*C, + 0.973*dose (mg/kg), where C,
= lamivudine concentration at 2 hours and C, = lamivudine concentration at 6 hours. Similar
regression equations were used to calculate the AUC values for zidovudine and didanosine.
Neither zidovudine nor didanosine had any effect on [amivudine AUC values. Lamivudine
administration had no effect on AUC values of either zidovudine or didanosine. Lamivudine AUC
values (normalized to an exact dose of 4 mg/kg/day) were
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Dav 2
larmivudine alone

Dav 3
combination dosing

Dav 2 and Dav 3 combined

Weel. 4
combination dosing

Mean 5613 5401 3509 6518
SD 2368 2774 2364 4743
N RE) 37 74 34

The applicant also determined lamivudine AUC, . values using the trapezoidal rule. The
applicant perfortned a regression analysis of AUC,,, versus AUC of lamivudine, and concluded
that the values were well correlated. The linearly fitted line was described as:

-

AUC, ;, =069 *AUC+ 365 R* =079

= (iy
Pancreatitis occurred in 7 patients from Study 2005

In vitro studies of drug-drug interactions: The effect of zidovudine on lamivudine
phosphorylation was also investigated in PELs in vitro in Study GVR/93/013 (previously
described). Concentrations of zidovudine added to incubations of PBLs at concentrations 1anging
from 5 to 50 uM did not substantially affect the phosphLorylation of lamivudine. The effects of
TMP, SMX, ddl, ddC, AZT, acyclovir, probenecid, ramtidine. and cimetidine on lamivudine
transport across intestinal epithelium were studied in the Caco-2 cell model in Study UCP/92/028
(previously described). (Drugs concentrations wzre 10 mM (ddI, ddC, ranitidine, and cimetidine)
an¢ 1.6 mM for TMP, 6 7 mM for SMX, 1.9 mM for AZT, 5.9 mM for probenecid, and 2 mM
for lamivudine). None of these drugs affected lamivudine transport

DISSOLUTION: The following dissolution specification and method are proposed by the
applicant for lamvudine tablets.

Q value of at 30 minutes
Dosage form

Apparatus type:
Temgerature

Stitier speed:

Media:

Sampling time.

Wavelength:

This reviewer recommended that the dissolution specificatior. be changed to: Q at 15
rninutes  Lamivudine is considered a highly soluble, highly permeable drug. Under SUPAC
interim guidance. this 1s the appropnate dissolution specification (using media of 0.1 N HC)) for a
drug with ihese solubility and permeability properties This reviewer communicated these
concerns (o the company via teleconference on 11/9/95  The company responded via telefax
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(11/14/95) that 1t was neither reasonable nor appropriate to tighten this dissolution specification
to Q- at 15 minutes. Their response inciuded a reference to an article summarnzing a
presentation at a recent AAPS workshop (Skelly et al | 1993, Pharm. Res. 10:313). The article,
which was coauthored by a number of agency staff, recommended that specifications for highly
soluble, highly permeable drugs be: Q at 30 munutes in media of 0.1 N HCl. At the present
time, the recommendations presented at the workshop and published in Pharm. Res wili be used
in setting specifications. Therefore, this reviewer concurs with the applicant that the
specifications be. Q at 30 minutes. The rationale for using deionmized water rather than 0. ]
N HCl1s presented below. Dissolution data (Table 2) and profiles (Figures 14A. 14B and 14C)
are attached

Dissolution data were provided for the to-be-marketed Epivir™ formulation, 150 mg tablets.
Batch No. A94B107 (Figures 14A, 14B, and 14C) Ths is the same batch of Epivir™ tablets

used in Bioequivaience Study No. 1004, vwhich compared the to-be-marketed 150 mg
tablet formulation with the 300 mg tablet formulat*niz used in pivotal clinical Tnrals 3001
‘3001

LABEL: The proposed label 1s attached, as well as initial and follow-up labeling comments.
Labeling discussions are ongoing

DISCUSSION: The lamivudine-TMP/SMX interaction study, used the Pnewmocystis Carinu
Preumoma (PCP) prophylactic regitnen of TMP/SMX, which is one TMP/SMX DS (160/800
mg) QD for 5 days. On day S, a 300 mg dose of lamivudine was coadministered with TMP/SMX.
Lamivudine exposure was increased under these conditions. The effects of higher regimens of
TMP/SMX, such as those used in treating PCP, are not known

There were discrepancies in the lamivudine elimination half-life values reported in vanous studies.
The discrepancies are most likely due to difierences 10 sampling times The half-life ranged from
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5-7 hours in studies with blood sampling to 24 hours following dosing. In studies with sampling
to 8-12 hours, the half-hfe ranged from 2-3 hours In a studv with blood sampling to 48 hours, a
mean half-life of 11.9 hours was observed. The appiicant suggested that: (1) the longer half-life
is a terminal half-life descnibing the elimination of drug from a slowly equilibrating tissue
compartment and constituting only a small percentage of the total AUC, and (2) the 5-7 hour
estimates of half-life best describe the clinically relevant half-life describing ti . vast majonty of
the AUC and accounting for accumulation upon repeat dosing  The reviewer concurs with the
conclusion that a half-life of 5-7 hours represents the chnically relevant half-life, and observed that
the accumulation ratio (R) of 1 48 obtained following 15 davsof a b1 d regimen agreed well with
R of 1.3 caiculated using 4, of 0 116 hr-1 (assuming a T,, of 6 hr)

The 25 mg capsule used in the food effect study was an investigational formulation, which
differed in composition from the to-be-marketed formulations. The applicant argued that
lamivudine commercial tablet formulation would demonstrate stmilar properties to those observed
for the capsule formulation following administration with food The following reasons were given
to support this argument: (1) food decreased the rate but not extent of absorption. sugzgesting that
the mechanism was intrinsic changes in Jamivudine absorption (primartly due to alterations 1n
gastric emptying) rather than an alteration in dissolution; (2) the mean dissolutiori ime (MDT) for
the tablet and capsule was approximately equal to 0, suggesting that dissolution is not a significant
factor in the absorption of lamivudine from solid oral formulations. It should be noted that both
the tablet and capsule were investigational formulations and the to-be-marketed formulation was
not investigated in the study of MDT. However, the Office of Clinical Pharmacology and
Biopharmaceutics concurred with the applicant's position, based on the conclusion that, since
lamivudine is a highly soluble, highly permeable drug, formulation changes would not significantly
affect the drug's dissolution in the G.1. tract

The applicant stated that since lamivudine activity is dependent on systemic availability rather than
absorption rate, the resuits of the food effect studv suggest that lamivudine may be given in either
the fasting or fed state. The applicant based this statement on the hypothesis that lamivudine
activity is related to intraceliular lamivudine tnphosphate concentrations, which would be dnven
by steady-state rather than peak levels However. no in vivo studies investigating the relationship
between serum lamivudine concentrations and intracellular lamivudine concentrations were
conducted. The Division of Pharmaceutical Evaluation [11 requested that this relationship be
investigated as a Phase 1V commitment.

The applicant used a limited sampling strategy to determine lamivudine, zidovudine, and
didanosine AUC,._. values in the pediatrnic combination (lamivudine-zidovudine-didanosine) study
2005). Although serum lamivudine concentrations were determined at 0.5, 1. 2, 3. 4 and
6 hours and lamivudine AUC,,, values were calculated using the trapezoidal rule, these values
were not reported or statistically analyzed. The applicant stated that this was to report AUC
values consistently for lamivudine, didanosine, and zidovudine  Although the applicant reported a
linear relationship between the himited sampling AUC and AUC,.. (R* = 0.79) using data from the
pediatric monotherapy study (in which full pharmacokinetic profiles were generated), a formal
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validation of the method used tc calculate AUC by limited sampling has not been submutted to the
agency.

The applicant concluded that pediatnic patients require a higher dose to achieve the same
exposures as adult patients, and proposed a dose of 4 mg/kg b1 d in pediatric patients However,
it should be noted that absolute bioavailability data in pediatnc patients showed wide vanability,
with individual values ranging from 19 to 122% Systemic and oral clearance data were aiso
highlv vanable in pediatric patients, and appeared to approach adult values by age 10-12 Thus. 1t
seems likely that a percentage of patients receiving the proposed 8 0 mg/kg/day dose may receive
higher systemic exposures than adults receiving the 300 mg/day fixed dose (providing
approximately 4 0 mg/kg/day to a 70 kg adult) However. 1t is also possible that a number of
pediatric patients would receive sub-optimal exposure if the dose were less than 8 0 mg/kg/day,
and it was observed that mean AUC values in pediatnic patients receiving 8 mg/kg/day were
cornparable to values from adults receiving 4 mg/kg/day The mean Day 1 AUC, value was 5036
+ 2286 (range 1349 to 8333 ng*hr/mL) in |2 pediatnic patients receiving 8 mg/kg/dav and 3375
1552 (range 2596 to 8467 ng*hr/mL) in 9 adult patients receivinz 4 mg/kg/day There are
adequate data supporting safety from clinical tnals in adult patients receiving 300 mg b i d
{(providing approximately 8 mg/kg/day to a 70 kg adult) Thus, based on the data available to
date, this reviewer concluded that 8.0 mg/kg/day is the most appropnate dose for patients under
the age of 12

Pancreatitis was associated with lamivudine treatment in pediatnic patients enroiled in Studies
2002 and 2005 In study 2002, pancreatitis was reported in |4 pauents
(14%). All 14 cases were classified as serious adverse events and 12 cases were considered
possibly drug related. Pharmacokinetic data were available for onlv 4 of these patients AUC
values tn these patients did not differ from the mean AUC values in their respective dose groups

ala )

——



The following table presents available pharmacokinetic and demograpluc data from patients in

Study 2002 who developed pancreatitis:
e - = —
Pauent | Age body wt mg dose/day | Weeks on AUC,, CL, Fod
No (vrs) | Sex kg bid (mghkg) | studvdrug | (ng*hrmb) | (L/hr*kg) (%) _|L Treatment
I T
d
[ R N | l 4 ¢ —
— 1 T 1 RS |
I — 1 1 R | 1 *
L o _

** Data not available as of this wniting,

There was nothing remarkable about either AUC,_ or CL values in the four patients for which
pharmacokinetic data were available. In Study
patients receiving 2 mg/kg/day orally was 1547 + 530 ng*hr/mL  The mean + S D AUC,_ for all
12 patients receiving 8 mg/kg/day orally was 5056 + 2286 ng*hr/mL. However, pharmacokinetic
parameters were obtained on Day 2 of thus study, and pancreautis did not occur in these patients

until many weeks or over a year of therapy had transpired. Thus, the pharmacokinetic evaluations
on Day 2 may not be representative of lamivudine pharmacokinetic profiles at the time at which

pancreatitis occurred.

2002, the mean + S D. AUC,_ forall 10



In study

for only 4 of these patients:

2005, pancreatitis was reported in 7 patients. All 7 cases were classified as
serious adverse events and considered possibly drug related. Pharmacokinetic data was available

Pauent Age bodv wi mg dose/dav Weeks on
Neo. (yrs) Sex (kg tad (mg/kg) studv drug AUCd2 AUCd3 AUCwd
-

The week 4 AUC values in patients
value for all 31 patients in thiz study (5056 + 2286 ng*hr/mL). The reason for the high exposures
in these patients is not known. Both patients had low body weights.

wer e markedly higher than the mean AUC

Thus, pancreatitis has occurred in approximately 15% of all pediatnc patients participating in
clinical tnals to date.  Of the patients with pancreatitis, 52% were adolescents, and 90%% of these
had low body weight (less than 50 kg)  Although it is not possible to establish a relationship
between systemic exposure and pancreatitis at this time, it was observed body weights in some
patients older than age 12 were so low (two patients between the ages of 12-13 in Study

2002 had body weights of about 20 kg) that these patients could recetve a total daily dose
as high as 15 mg/kg/day at the proposed regimen of 150 mg fixed dose b.i.d. This reviewer
concluded that it is not appropnate to administer the fixed dose 150 mg b.1.d. regimen to patients

older than age 12 with low body weight.

It was recommended to the applicant via teleconference (11/9/95) that patients 12 and older with
body weight < 50 kg receive a dose of 2 mg/kg b.1.d  The applicant responded that data are
inadeguate to conclude that this is an efficacious dose for this population. The applicant
hypothesized that since development is delayed in this group, lamivudine bioavailability and
clearance would be comparable to that of patients younger than age 12. Thus. this group of
patients would require 8 mg/kg/day to receive the same exposures as adults and adolescents of
normal body weight  For this reason, the applicant submitted a package insert stating that no
dosage recommendation could be proposed for adolescents with low body weight (< 50 kg)
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PRODUCT INFORMATION

Epivir™ Tablets (lamivudine tablets)
Epivir™ Oral Solution (lamivudine ora! solution)

WARNING:

Epivir™ (lamivudine) is irdicated for use in combination wth Retrovir® (zidovudine) for
the treatmerit of human immunodeficiency virus (HIV) infection whenr antimatroviral
therapy is wamanted baeed on clinical and/or immunological evidence of disease -
progressian. This indication is based on analyses of surogate endpoints. At present,
there are no results from controlied ciinical trials evaluating the effect of therapy with
Epivir plus Retrovir on the clinical progression of HIV infection, such as the incidenca of
opportunistic infections or survival.

Patients recelving Epivir plus Retrovir may continue to deveiop opportunistic
infections and other complications of HIV infection, and therefore should remain under
close cbservation by physicians expenenced in the treatment of patients with
HIV-associated diseases.

DESCRIPTION:

Epivir™ (formerly known as 3TC) is the brand name for lamivudine, a synthetic nucleoside
analogue with activity against HIV. The chemical name of lamivudine i8 (2R, cis)-4-amino-
1-(2-nydroxymaethyl-1, 3-oxathiolan-5-yi)-(1H)-pyrimidin-2-one. Lamivudine is the
{-lenantiomer of a dideoxy analogue of cytidine. Lamivudine has also been referred to as
(-)2' 3-dideoxy, 3'-thiacytdine. It has a molecular formula of CsH,,N1O35 and a molecular
weight of 229.3. It has the following structural formuta

Lamivudine 18 & white toc off-wnite crystalline solid with 8 solubility of approximately
70 mg/mL in water at 20°C

Epivir ” Tablets are tor oral administraton. Each tablet contains 150 ing of lamivudine
and the inactive ingredients magnesium stearate, microcrystalin 2 cellulose, and sodium
starch glycolate. Opadry YS-1-7708-G Whita 1s the coionng agent in the tablet coating.
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Epivir™ Tablets {lamivudine tablets) Epivir'® Oral Solution (lamwvudine oral solution)

Epivir™ Oral Solution is for oral administration. One milliliter (1 mL) of Epwvir Oral
Solution contains 10 mg of iamivudine (10 mg/mL) in an aqueo.s solution and the inactive
ingredients artificial st-awbery and banana flavors, atnc acid (anhydrous), edetate
disodium, ethano! (6% viv), methyiparaben, propylene glycol, propylparaben, and sucrose.

CLINICAL PHARMACOLOGY:

Mechanism of Action: Lamivudine iz a synthetic nucleoside analogue. /n witro studies
have shown that, intracellularly, iamivudine is phosphorylated to its active 5'-triphosphate
matabolite (L-TP), which has an intracellular ha'i-lifs of 10.5 to 15.5 hours. The principa!
mode of action of L-TP is inhiblticn of HIV reverse transcription via viral DNA chain
termination. L-TP aiso inhibits the RNA- and DNA-dependent DNA polymerase actvities of
reverse transcriptase (RT). L-TP is a weak inhibitor of mammalian a-, B-, and y-DNA
polymerzses.

Microbiology: Antiviral Activity In Vitro: The relationship between in vitro susceptibility
of HIV to lamivudine and the inhibition of HIV replication in humans has not been
established. /n vitro activity of lamivudine against HIV-1 was assessed in a number of cell
lines (including monocytes and fresh human peripheral blood lymphocytes) using standard
susceptibility assays. 1Csp values (50% inhibitory concentrations) were 1n the range of 2 nM
to 15 uM. Lamivudine had anti=HIV-1 &ctivity in all acute virus-cell Infections tested. in
HiV-1-infected MT-4 ceils, lamivudine in combination with Zidovudine had synergistic
antiretroviral activity. Synergistic activity of lamivugine/zidevudine was also shown in a
varable-ratio study.

Drug Resistance: Lamivudina-resistant isolates of HivV-1 have bewn selected in vitro.
The resistant isolates showed reduced susceptibility to lamivudine and genotypi¢ analysis
showed that the resistance was due to speclfic substitution mutations In the HIV-1 reverse
transcriptase at codon 184 from mathionine to elther isoleucine or valine. HIV-1 strains
resistant to both lamivudine and zidovudine have been isoilated.

Susceptibility of clinical isolatas to lamivudine and zZidovudine was monitored in
controlied clinical triais. In patients receiving lamivudine monotherapy and combination
therapy with lamivudine plus zidovudine, HiV-1 isolates from most patients became
phenotypically and genotypically resistant to lamivudine within 12 weeks. in some patients
harboring zidovudine-resistant virus, phenotypic sensitivity to zidovuding by 12 weeks of
treatment was restored. Combination tharapy with iamivudine plus zidovudine delayed the
emergence of mutshons confernng resistance 19 zidovudine,

Pharmacokinetics in Adults: The pharmacokinetic properties of lamivudine have been
studied in asymptomatic, HiV-infected aduit patents after admunistration of single
intravenous (IV) doses ranging from 0.25 to 8 mg/kg, as well as single and multip,e (b.i.d.
ragimen) oral doses ranging from 0.25 to 10 mg/kg.

Absorption snd Bioavailability: Lamivudine was rapldly absorbed after oral
administration in HiV-infected patients. Absolute bioavailability in 12 adult patients was

Page 2 DOraftof 11-15-85
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Epivir™ Tablets (lamivudine tablets) Epivir™ Oral Solution {lamivudine oral solution)

868% + 18% (mean 1 $.D.) for the tablet and 87% t 13% for the oral Zolution. After oral
administration of 2 mg/kg twice a day {0 nina adults with HIV, the peak serum lamivudine
concentration (Cme) was 1.5 £ 0.5 ug/mL (mean + S.D.). The area under the plasma
concantration versus time curve (AUC) and C,,.,, increasad in proportion to oral dose over
the range from 0.25 to 10 mg/kg.

An investigational 25 mg dosage form of lamivudine was administered oraliy to 12
asymptomatic, HIV-infected patients on two occasions, once in the fasted state and once
with food (1,099 kcal, 75 grams fat, 34 grams protein, 72 grams carbohydrate}. Absorption
of lamivudine was slower in the fed state (Tma: 3.2 = 1.3 hours) compared with the fasted
518t (Tmex: 0.8 £ C.3 hours), Cma, In the fed state was 40% x 23% (mean 1 5.0.) lower
than in the fasted state. There was no significant difference in systemic exposure (AUCc)
in the fed and fasted states; therefore, Epivir™ Tablets r<.d Orai Solution may be
anministered with or without food. '

The accumulation ratio of lamuvidine in HIV-positive asymptomatic aduits with nommal
renal function was 1.50 following 15 days of oral administration of 2 mg/kg b.i.d.

Distribution: The apparent volume of distribution after IV administration of lamivudine
to 20 patients was 1.3 + 0.4 L/kg, suggesting that tamivudine distributes into extravascular
spaces. Volume of distribution was independent of dose and did not correiate with body
wneight.

Binding of lamivudine to human plasma proteins is low (<36%). /n vitro studies showed
that, over the concentration range of 0.1 to 100 ug/mL, the amount of lamivudine
associated with erythrocytes ranged from 53% to 57% and was independent of
concantration.

Metaboilsm: Mataboiism of lamivudine is a minor 1oute of elimination, In man, the only
known metabolite of lamivudine is the trans-sulfoxide netaboiite. Within 12 hours after a
single oral dose of lamivudine in 8ix HIV-infected adults, 5.2% 1 1.4% (mean 5.D.) of the
dose was excreted as the trans-sulfoxide metabelite in the unne. Serum concentrations of
this metabolite have not been determined.

Elimination: The majonty of lamivudine is eliminated unchanged in unine. in 20 patlents
given a single IV dose, renal clearance was 0.22 = 0.08 L/hr+kg (mean t S.0BY
representing 71% + 16% (mean £ S.D.) of total clearance of lamivudine.

In most single-dose studies in HIV-infected patients with serum sampliag for 24 hours
after dosing, the observed mean elimination half-life (Ty,) rangec from 5 to 7 hours. Total
ciearance was 0.37 + 0.05 Uhrekg (mean + S D) Totat clearance and elimination halt-life
wers independent of dose and body weight over an oral dosing range from 0.25 to
10 mg/kg.

Special Populations: Adults With Impaired Renal Function: The phamacokinetic

properties of lamivudine have been determined in a small group of HiV-infected adults
with impaired renal function, as summanzed in Table 1.
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Epivir™ Tablets (lamivudine tablets) Epivir™ Oral Solution (lamivudine orat sclution)

Table 1: Pharmacokinetic Parameters (Mean + 5.D.) After a Single 300-mg
Oral Dose of Lamivudine in Three Groups of Adults With Varying Degrees
of Renal Function (CrCi>80 mL/min, CrC! = 10-30 mL/min, and CrCl<10 mL/min)

Number of subjacts 8 4 8
Creastinine clearance criterion >80 mi/min 10-30 mUmin <10 mU/min
Creatinine clearance {mL/min) 111+ 14 2818 8+2
Cmax {ng/mL) 26105 36108 5812
AUCwo (pg.-n/mL) 11.0+1.7 48.0119 167 £ 74
CUF (mUmin) 484 + 78 11434 38 + 11

Exposure (AUC), Cray, and half-life increased with diminishing renal function (as *
expressed by creatinina clearance). Apparent tota! oral ciearance (CI/F) of lamivudine
Jecreased as creatinine clearance decreased. Tn., was not significantly affected by renal
function. Based on thase observations, it is recommended that the dosage of lamivudine
be modifiad in patients with renai impairment (see DOSAGE AND ADMINISTRATION;.
The effects of renal impalment on lamivudine pharmacokinetics in pediatric patients are
not known.

Pediatric Patients: F-or pharmacokinatic properties of lamivudine in pediatric patients,
see PRECAUTIONS: Pediatric Uss.

Geriatric Patients: Lamivudine pharmacokinetics have not been specificaliy studied in
patients over 65 years of age.

Gender: The pharmacokinetics of lamivudine with respect to gender have not been
evaluated.

Race: The phamacokinetica of lamivudine vith raspect to race have not been
avaluated.

Drug Interactions: Lamivudine and zidovudine were coadministered to 12 asymptomatic
HIV-positive adult patients in a singie-center, open-label, randomizes, crossover study. No
significant differences were observed in AUC<0 or total clearance for jamivudine or
zidovudine when the two drugs were administered together. Coadministration of
lamivudine with zidovudine resuited in an increase of 39% + 62% (mean + S.D.) in Cpy, Of
zidovudine.

Lamivudina and trimethoprim/sulfamethoxazole (TMP/SMX) were coagministered to 14
MHiV-positive patients In a single-center, open-iabsl, randomized, crossover study. Each
petiont received reatment with a singla 300-mg dose of lamivudine and TMP 180 mg/SMX
800 mg once a day for 5 days with concomitant adminustration of lamivudine 300 mg with
the fifth dose in a crossover design. Coadministration of TMP/SMX with lamivudine
resuited in an increase of 44% t 23% (mean =+ S.D)) in lamivudine AUCwx, a decraase of
29% + 13% In lamivudine ars ¢learance, and a decrease aof 30% + 38% in lamivudine
renal clearance. The pharmacokinetic properties of TMP and SMX were not altered by
coadministration with lamivudine
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Epivir™ Tabiets (lamivudine tabiets) Epivir™ Oral Solution (lamivudine oral solution)

INDICATIONS AND USAGE:

Epivir™ in combination with Retrovir® (zidovudine) is indicated for the treatment of
HIV infection when therapy is warranted based on clinical and/or immunoiogicat
avidence of disease progression. This indication is based on analyses of surrogate
endpoints. At present, there are no results from controlled trials evaluating the effect
of Epivir pius Retrovir on clinical progression of HIV infection, such as the incidence
of opportunistic infections or gurvival.

Description of Clinical Studies:

Adutts Without Prior Antiretroviral Therapy: Two studies were conducted in patients
who received up to 4 weeks of prior antiretroviral therapy. A3001 was a randomized, -
doubls-blind study companng Epivir 150 mg b.l.d. plus Retrovir 200 mg t.i.d.; Eplvir

300 mg b.i.d. plus Retrovir; Epivir 300 mg b.i.d.; and Retrovir. 388 adults enrolled with the
following demographics: male (87%), Caucasian (81%}, median age of 34 years,
asymptomatic HIV infection (80%). and baseline CD4 ceii counts of 200 to 500 cells/mm?
(median = 352 cellsy/mm). B3001 was a randomized, double-blind study comparing Epivir
300 mg b.i.d. plus Retrovir 200 mg t.i.d. versus Retrovir. 129 aduit: enroiiad with the
following demographics; male (74%), Caucasian (82%), median age of 33 years,
asymptomatic HIV infection (84%), and baseline CD4 cell counts of 100 to 400 celis/mm’
(median = 260 cells/mm*). Mean changes in CD4 counts through 24 weeks of treatment
for gtudies A3001 and B3001 are summarnzed in Figures 1 and 2, respactively.
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Figure 1: Maan Absoiute CD4 Change (cells/mm®)
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Epivir"” Tablets (lamivudine tablets) Epivir™ Oral Solution (lamivudine oral solution)

Aduits Whh Prior Zidovudine Therapy: Two studies were concucted in patients who
received at ieast 24 weeks of prior zidovudine therapy. A3002 was a randomized,
doubie-blind study comparing Epivir 150 mg b.i.d. plus Retrovir 200 mg t.i.d.; Epivir
300 rng b.i.d. plus Retrovir, and Retrovir plus zalcitabine 0.75 mg ti.d. 254 adults enrolled
with the following demcgraphics: male (83%), Caucasian (83%), medlan age of 37 years,
asymptomatic HIV infection (58%), median duration of prior zidovudine use of 24 months,
and baseline CD4 cell counts of 100 to 300 ceils/mm” (median = 211 cells/mm>). B3002
was a randomized, double-blind study comparing Epivir 150 mg b.i.d. pius Retrovir, Epivir
300 mg b.i.d. plus Retrovir, and Retrovir. 223 adults enroiled with the following
demograpnics: male {83%), Caucasian (58%), madian age of 36 years, asymptomatic HIV
infection (53%). median duration of priar zidovudine use of 23 months, and baseline CPk4
cell counts of 100 to 400 cella/mm® (median = 241 cells/mm?). Mean changes in CD4
counts through 24 weeks of treatment in studies A3002 and B300Z are surnmarized in
Figures 3 and 4, respectively.

Figure 3: Mean Absolute CD4 Change (ceils/mm’)
From Baseline in Study AM002
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208 Figure 4: Mean Absalute CD4 Change {cella/mm®
398 From Basalina in Study B3062
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214 HIV RNA: Mean changes from baseline HIV RNA are summarized in Table 2.
215

216 Table 2: Mean Changes in fog 10 HIV RNA From Baseline
Bg in Studies A3001 and A3002 at 24 Weeks of Treatment
Mean (+ S.D.) Changes in log 10 HIV RNA from Baseline*
Epivir Epivir
150 mg b.id. Epivir 300 mg b.ig. Retravir
+ Retrovir Retrovir | 300 mgb.id ! +Retrovir |« Zalcitabing
Study A3001 .
(antiretroviral- 09108 -03+08 04108 -1.J0+0.8
naive adults)
Study A3002 [
{antiretrovirg;. 07108 07+08 0.7+08
axparnenced
adults) 1
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Epivir™ Tablets (lamivudine tablets) Epivir™ Oral Solution (lamivudine orat solution)

CONTRAINDICATIONS:

Epivir'” Tablets and Oral Solution are contraindicated in patients with previously
demonstrated clinically significant hypersensitivity to any of the components of the
products.

WARNINGS:
PANCREATITIS IN PEDIATRIC PATIENTS: IN PEDIATRIC PATIENTS WITH A HISTORY
OF PANCREATITIS OR OTHER SIGNIFICANT RISK FACTORS FOR THE
DEVELOPMENT OF PANCREATITIS, THE COMBINATION OF EPiVIR™ AND
RETROVIRY (ZIDOVUDINE) SHCULD SE USED WITH EXTREME CAUTION AND ONLY
IF THERE IS NO SATISFACTORY ALTERNATIVE THERAPY. TREATMENT WITH .
EPIVIR SHOULD BE STOPPED IMMEDIATELY IF CLINICAL SIGNS, SYMPTOMS, OR
LABORATORY ABNORMALITIES SUGGESTIVE OF PANCREATITIS OCCUR (SEE
ADVERSE REACTIONS).

The complete prescribing information for Retrovir should be consulted before
combination therapy with Epwvir and Retrovir is initiated.

PRECAUTIONS:
Patients With Impaired Renal Function: Reduction of the dosage of Epivir™ is
recommended for patients with impaired renal function (see CLINICAL PHARMACOLOGY
and DOSAGE AND ADMINISTRATION).
Information for Patients: Epivir is not a cure for HIV infection and patients may continue
to experience illnesses associated with HIV infection, including opportunistic infections.
Treatment with Epivir has not been shown to reduce the frequency of such ilinesses and
patients should remain under the care of a physician when using Epivir. Patients should
pe agdvised that the use of Epivir has not been shown to réduce the risk of tranamission of
HIV to others through sexual contact or biood contamination.
Patients should be advised that the long-term effects of Epivir are unknown at this time.
Epivir Tablets and Oral Selution are for oral ingestion only.
Patients should be advised of the importance of taking Epivir exactly as it is prescribed.
Parents or guardians should be advised to monitor pediatric patients for signs and
symptoms of pancreatitis.
Drug Interaction: TMP 180 mg/SMX 800 mg once daiiy has been shown to increase
lamivudine exposure (AUC) The effect of higher doses of TMP/SMX on lamivudine
pharmacokinetics has not been investigated (see CLINICAL PHARMACOLOGY).
Carcinogenesis, Mutagenesis, and Impairment of Fertility: Long-term carcinogenicity
studies of lamivudine in animals have not yet been completed. Lamivudine was not active
in a microbial mutagenicity screen or an in vitro cel! transformation assay, but showed
weak in vitro mutagenic activity in a cytogenetic assay using cultured human lymphocytes
and in the mouse lymphoma assay. However, lamivudine showed no evidence of in vivo
genatoxic activity in the rat at oral doses of up to 2,000 mg/kg (approximately 85 times the
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Epivir'™ Tablets (lamivudine tablets) Epivir™ Oral Solution (lamivudine oral solution)

recommended human dose baged on body surface area comparnsons). In a study of
reproductive performance, iamivudine, administered to rats at doses up to 130 times the
usual adult dose based on body surface area comparisons, revealed no evidence of
Impaired fertility and no effect on the survival, growth, and development to weaning of the
offspring.

Pregnancy: Pregnancy Category C: Reproduction studies have been performed in rats
and rabbits at orally administered doses up to approximately 130 and 60 times,
respectively, the usual adult dose and have revealed no evidence of harm to the fetus due
to lamivudine. Some evidence of early embryolethality was seen in the rabbit at doses
similar ta those progucad by the usual aduit dose and higher, but there was no indlcation
af this effact in the rat at orally administered doses up to 130 timas the usua)l adult dose.
Studies in pregnant rats and rabbits showed that iamivudine is transferred to the fetus
through the placenta. There are no adequate and well-controlled studies in pregnant
women, Because animal reproductive toxicity studies are not always predictive of human
responsae, lamivudine should be used during pregnaricy only if the potentiai benefits
outweigh the risks.

Antiretroviral Pregnancy Reglstry: To monitor maternal-fetal outcomes of pregnant
women expased to Epivir, an Antiretroviral Pregnancy Registry has baen established.
Physicians are encouraged to register patients by calling (B00) 722-9292, ext.58465.
Nursing Mothers: A study in which lactating rats were administered 45 mg/kg of
lamivudine showed that lamivudine concentrations in miik were slightly greater than those
in plasma. Although it is not known if lamivudine is excreted in human milk, there is the
potential for adverse effects from iamivudine in nursing infants. Mothers shou!d be
instructed to discontinue nursing if they are receiving lamivudine. Thig instruction is
consistent with the Centers for Disease Control recommendation that HIV-infected
mothers not breast feed their infants to avold risking postnatal transmission of HIV
infection.

Pediatric Use: THERE ARE NO DATA ON THE USE OF EPIVIR IN COMBINATION WITH
RETROVIR IN PEDIATRIC PATIENTS.

Lamivudine monotherapy was studied in one open-labej, uncontrolied tnal (study
A2002) in 97 padiatric patients with the following demographics: male (58%), Caucasian
(57%), median age of 7.7 years (range: 0.4 to 17.3 years), symptomatic HIV (84%),
madisn durztion of prior antiretroviral therany (148 weeks), and median baselins CD4 of
132 cells/mm’. Pharmacckinetic properties of lamivudine were assessed in a subset of 57
patients (age range 4.8 months to 18 yaars, weight range: 5 to 86 kg) after oral and [V
administration of 1, 2, 4, 8, 12, and 20 mg/kg per day. In the 9 infants and children
receiving 8 mg/kg per day (the usual reacommended pediatric dose), absolute
bioavailability was 66% t 26% (mean = 5.D.}, which is less than the 88% t 18%

(mean £ S.0.) observed in auolescents and adults. The mechanism for the diminished
absoiute bioavailability of lamuvudine in infants and children is unknown.
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Systemic clearance decreased with increasing age in poadiatric patiants, 8s shown in
Figure 5.

Figure 5: Systemic Clearance (L/hrekg) of Lamivudine in Relation to Age
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After oral administration of 8 mg/kg per day of lamivudine to 11 pediatric patients
ranging from 4 months to 14 years of agae, Cme was 1.1 1 0.6 pg/mL and half-life was
2.0 £ 0.8 hours. (In adults with gimilar blood sampling, the haif-life was 3.7 + 1 hours.)
Total exposure to lamivudine, as refiected by mean AUC valuas, was comparable between
pediatric patients receiving an 8 mg/kg/day dose and adults raceiving a 4 mg/kg/day dose.

Distribution of lamivudine into cerebrospinal fluid (CSF) was assessed in 38 pediatric
patients after multipie oral dosing with lamivudiie. CSF samples were colfectad between 2
and 4 hours postdose. At the dose of 8 mg/kg/day, CSF lamivudine concentrations in eight
patients ranged from 5.6% to 30.8% (mean 1 S.D. of 14.2% £ 7.9%) of the concentration
{n a simultaneous serum sample, with CSF lamivudine concentrations ranging from 0.04 to
0.3 yg/mi.

Ses INDICATIONS AND USAGE: Description of Clinical Studies, WARNINGS,
ADVERSE REACTIONS, and DOSAGE AND ADMINISTRATION sections.

ADVERSE REACTIONS:

Adults: Selected clinical adverze events with a >5% frequency during tharspy with Eplvir™
150 mg b.i.d. plus Retrovir® (zidovudine) 200 mg t.i.d. comparad with zidovudine are listed
in Table 3.
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Table 3: Selected Clinical Adverse Events (>5% Frequency)
in Four Controllad Clinical Trials (A3001, A3002, B3001, B3002)

Epivir 150 mg b.i.q.

plus Retrovir Retrovir
Adverse Event (n=251) (n=230)

Body as a whole

Headache 35% 27%

Malaise and fatigue 27% 23%

Faver or chills 10% 12%
Digestive

Nausea 3% 28% -

Diarrhea 18% 22%

Nausea and vomiting 13% 12%

Anorexia and/or decreased appetite 10% 7%

Abdominal pain 9% 1%

Abdominal eramps 6% 3%

Dyspepsia 5% 5%
Nervous

Neuropathy 12% 10%

Dizzinass 10% 4%

Ingomnia & other sieep disorders 11% %

Depressive disorcers 9% 4%
Respiratory

Nasal signs & symptoms 20% 1%

Cough 18% 13%
Skin & appendages

Skin rashes 9% 8%
Musculoskeietal

Musculoskeletal pain 12% 10%

Myalgia 8% 6%

Arthraigia 5% 5%

Pancreatitis was observed in 3 of the 658 aduit patients (<0.5%) who received Epivir in
controlied clinical trials. Selected grade 3/4 laboratory abncrmalities during therapy are
listed in Table 4.
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237 Table 4; Frequencies of Selectad Grade 3/4 Laboratory Abnormalities
:Hg Among Adults in Four Controlled Clinical Trials (A3001, A3002, 23001, 83002}
Tast Epivir 150 mg b.i.d.
{Abnormal Level) Plus Retrovir Retrovir
% (n) % ()
Neutropenla (ANC<750/mm®) 7.2% (237) 5.4% (222)
Anemia (Hgh<8.0 g/dL) 2.8% (241) 1.8% (218)
Thrombocytopenia 0.4% (240) 1.3% (223)
(platelets<50,000/mm™
ALT (5.0 x ULN) 3.7% (241) 3.8% (224)
AST {(>5.0 x ULN) 1.7% (241) 1.8% (223)
Bilirubin {(»2.5 ULN) 0.8% (241) 0.4% (220)
Amylase (>2.0 ULN) 4.2% {72) 1.5% (133)
340 ULN=Upper limit of normal ANC=absolute neutrophil count
34 n=Number of patients assessed
343 Note: Higher fraquencies of Grade 3/4 laboratory abnormalities were
344 reported in patients with Grade 1/2 laboratory abnormailities at baseline.
145

346 Pediatric Patients: Limited information on the incidence of adverse events in children
147  receiving lamivudine monotherapy is available from one open-tabel, uncontrolled

148 study (see PRECAUTIONS: Pediatric Use section for description of study A2002). Of
349 97 pediatric patients, 14 patients (14%) developed pancreatitis while receilving

150 monotherapy with Epivir. In a second ongoing study in 47 pediatric patients (age

351 range: 3 months to 18 years) enrolled in an open-label evaiuation of

352  Epivirididanosine, Epivir/Retrovir, and Epivir/Retrovir/didanosine, 7 patients (1 5%)
353  developed pancreatitis (see WARNINGS).

354 Paresthesias and peripheral neuropathies were reported in 13 patients (13%) in study
355  A2002 and resulted in treatment discontinuation in 3 patients.

156 Selected grade 3/4 laboratary abnormalities dunng lamivudine therapy in children are
157  listed in Table 5.

158
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Tabie 5: Frequencies of Seiected Grade 3/4 Laboratory Abnormalities In an
Uncontrolied Phase 1l Clinical Trizl of Epivir in 87 Pediatric Pationts

Patients With Patients With Abnormai

Tast Normal Baselines Baselines (Grades 1/2)
(Abnormal Leval) % (N} % (n)
Neutropenia (ANC<750/mm”) 22% (55) 45% (33)
Anemia (Hgb<8.0 g/dL) 2% {50) 24% (48)
Thrombocytopenia (platelets<40,000/mm?) 0% (68) 25% (12)
ALT (>5.0 x ULN) 4% (51) 29% (42)
AST (>5.0 x ULN}) 0% (29) 18% (57)
Amylasa (>2.0 ULN) 3% (89) 23% (13)
ULN=Upper limit of nonnal ANCa=absolute neutrophil count

n=Number of patientg assessed

OVERDQOSAGE:

There is no known antidote for Epivir'™. One case in an adult ingesting 8 g of Epivir was
reported; there were no clinical gigns or symptoms noted and hematologic tests remained
nomal. It is not known whether Iamivudine can be removed by peritoneal dialysis or
hemodialysis.

JOSAGE AND ADMINISTRATION:

Adults and Adolescents (12 to 16 years): The recommended oral dose of Epivir™ for
adults and adolascents is 150 mg twice daily admiristered in combination with Retrovir®
(zidovudine). The complate prescribing informstion for Retrovir should ba consulted for
information on its dosage and administration,

For adults with low body weights (less than 50 kg or 110 Ibs), the recommended oral
dose of Epivir is 2 mg/kg twice daily administaered in combination with Retrovir. No data are
available to support a dosage recommendation for adolescents with low body weight (less
than 50 kg).

Pediatric Patients: The recommended oral dose of Epivir for pediatric patients 3 months
to up to 12 yaars of age 13 4 mg/kg twice daily (up to a maximum of 150 mg twice a day)
administered in combination with Retrovir. The complete prescnbing information for
Retrovir should be consulted for information on its dosage and administration.

Dose Adjustment: it 1s recommended that doses of Epivir be agjusted in accordancs with
renal function in patients oider than age 18 years (see Table 8). (See CLINICAL
PHARMACOLQGY section.)
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Table 8: Adjustment of Dosage of Epivir in Accordance With Creatinine Clearance

Creatinine Clearance (mL/min} Recommended Dosage of Epivir
> 50 150 mg twice daily
30-49 150 mg once daily
15-26 150 mg first dose, then 100 mg once daily
5-14 150 mg first dose, then 50 mg once daily
<5 50 mg first dose, then 25 mg once daily

Insutficient dsta are availeble to recommsana a dosage of Epivir in patiants undergoing
dialysis. .
HOW SUPPLIED: Epivir™ Tablets, 150 mg, are white, modified diamond-shaped,
film-coated tabiets imprinted with “150" on one side and "GXCJ7" on the reverse side.
They are availabie in bottles of 80 tablets (NDC 0173-0470-01) with child-resistant
closures, Store between 2° and 30°C (368° and 868°F) in tightly closed bottles.

Epivir'™ Oral Solution, a clear, coloriegs to pale yellow, strawberry-banana flavored,
liquid, contains 10 mg of lamivudine in each 1 mL in plastic botties of 240 mL (NDC 0173-
0471-00) with child-resistant closures. This product does not require reconstitution. Store
between 2° and 25°C (36° and 77°F} in tightly closed bottles.

GlaxoWellcome

Glaxo Welicome Inc.
Research Triangie Park, NC 27708

Manutactured under agreement from BioChem Pharma Inc.
275 Armand Frappler Bivd.

Laval, Quabec, Canada H7V 4A7

Epivir™ Cral Sofution Manufactured in England

U.S. Patent 5,047,407

@DCopyright 1895 Glaxo Welicome Inc. Ali nghts reserved.

Novembar 199% RL-224 (code no.)
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ATTACHMENT 2

BIOPHARMACEUTICS LABELING COMMENTS



Initial Biopharmaceutics Comrents for the Epivir™(iamivudine) Label
Changes and line numbers refer to the September 12 submission

I Line 110 Delete sentence "The tablet and oral solution have comparable absolute
bioavaiiability " This fact - evident based on th» preceding sentence

2 Line 111 Delete sentence "After oral admirustration of 4 mg/kg. C,,. was " The sentence 1s
not relevant because doses of 4 mg/kg will not be given chmically to adults It would be more
appropnate te regort C_,. data obtained using a dose which approximates the clinically relevant
dose of 150 mg

3 Line 113 The sentence beginning "The area under the plasma concentration versus time.. "
should be changed to indicate whether the doses specified were given orally The range of C,,
and AUC values should be included and expressec as means t standard deviations (SD)

4 Line 115 The sentence beginmung "Epivir Tablets were admimustered " should be altered to
indicate that the dosage form used in the food effect study was an investigational 25 mg capsule

formulation of lamivudine, not the final formulation (Epivir)

S. Line 115 The results of the food effect study should indicate that pharmacokinetic data (fed
vs fasted) are available for 12, not 13, patients.

6 Line [19 The data presented regarding the reduction in C_,, due to food should reflect the
vanability of the results Please report the percent change in C, i he mean + SD

7 Line 120 Please include the mean = SO uime that T_, was prolongec.

8 Line |22 Plzase state the number of pauients (N) used in generating volume of distribution
data following IV administration

9 Line 124 Change the first sentence to read "Binding of lamivudine to plasma proteins 1s low
(<36%0)

10 Line 131  Delete the sentence beginming "Glucurontde conjugation has not.

11 Line 134 Please state the number of patients (N) used to determine the amount of the dose
excreted unchanged in the unne within 4 hours after oral admimstration

12 Lines 135-136 Please include mean = SD values ,or total clearance and renal ¢leaiance Also
please express renal clearance as a fraction of total clearance

13 Line 137 Please indicate that the half-hife ranged from 5 to 7 hours in single dose studies in
which plasma sampling was carned out to 24 hours

14 Line 138 Change the sentence bezinning 1n one studv" to read "In one study in which



plasma sampling was carned out to 45 hours.. " Express haif-life data as the mean = SD.

15. Line 145 The table caption should specify the critena for the difterent groups. " . with
varying degrees of renal function (CrCl>60 ml. ‘'min, CrCl 10-30 mL/mun, CrCl<10 mL/min)"

16. Line 147: Make the following changes in table |
a Between "number of subjects” and "creatimine clearance”, include the vanable ' group”
For each group, specify the creatinine clearance critena.
b. Include AUC values in the table.
c. T, values reported in this table were not determined in a manner consistent with T,
values reported elsewhere in the label. If T,, values from different studies or groups of
patient populations are compared. the manner in which they are determined shouid be
consistent.

17. Line 149: Change sentence to read. "The results show increases in exposure (AUC), C_,,,
and half-life with diminishing renal function (as expressed by creatinine clearance) ”

18 Line 153 Change "reduced creatinine clearance” to "renal impairment”

19. Line 154. This entire section discussing pediatric patients should be movec to the Pediatric
Use section (Line 405). Thus, Line 154 should read: Pediatric Patients: For pharmacokinetic
properties of lamivudine when adminustered to pediatric patients, see PEDIATRIC USE

20. Line 155 The number of pediatric patients in which pharmacokmetics were assessed should
be indicated, rather than the total number of pediatnc patients in the study.

21 Line 157  In the sentence beginning "The 97 patients ", The number of patients and the age
range should only include patients for whom pharmacokinetics were assessed. Patients greater
than 16 years old should not be included (21 CFR 201.57 defines pediatric patients as the age
group from birth to 16 years )
22 Line 158: In the sentence beginning "Absolute bioavailability was ",
2. Indicate the age range of the patients,
b Indicate any change in bioavailability with age. and
c. Delete the word "comparativelv"

-

23 Line 162  Indicate the age range of the 12 pediatric patients
24 Line 165 Delete the sentence "There were no _range of doses”

25 Lines 177172
a. St te that the distribution into CSF was assessed after multiple dosing.
b If possible, state the concentration range of lamuvudine in CSF, m additon to the % of
serum concentration
¢ Indicate the time when the CSF samples were drawn relative to dosing.



26. Line 175: A drug interaction subsection should be added at the end of the CLINICAL
PHARMACOLOGY section Information from lines 355 to 369 should be moved to this section
For both studies, this section should include a very bnef statement describing study design,
followed by the pharmacokinetic results. Unless there was reason a priori to expect a drug-drug
interaction, the phrase "the potential drug-drug interaction” should not be included. The sentence
beginning on line 365 "Pharmacokinetic analysis. . should be condensed "After coadministration
with TMP/SMX, lamivudine AUC increased by . oral clearance increased by.. . and renal
clearance decreased by..." Please express the percent changes in AUC, oral clearance, and renal
clearance as the means + SDs.

27 Line 335. Change sentence "Consideration should be * to "It is recommended that the dose
of Epivir be reduced in patients with impaired renal function™

28. Line 355  As mentioned previously, the bulk of this subsection should be moved to the end of
the CLINICAL PHARMACOLOGY section. The Drug Interactions subsection of the
PRECAUTIONS section should state only the chnicall: relevant results of the drug interaction
studies and refer back to the CLINICAL PHARMACOLOGY section

29 Line 520: The word "Adult" should precede "Patients"

30. Line 522: The sentence beginning "Doses of Epivir may be..." should be changed to "it1s
recommended that doses of Epivir be adjusted in accordance with renal function. (see Table 6}"

31 Table 6. Please simplify the first column of table 6. Since units are designated in the table
heading, there is no need to repeat them throughout the table:

Creaunine clearance (mL/min)
= 50

30-49

15-29

5-14

< 5§

32. Table 6. Please explain why a loading dose is necessary for the three groups oi patients with
creatimine clearance values < 30 mL/min.

33. Please add a statement indicating that there are insufficient data to recommend a dosage for
patients undergoing hemodialysis

34 These are initial comments. Additional recommendations may be forwarded to the applicant
as the review progresses




BIOPHARMACEUTICS LABELING COMMENTS
NDA 20-564

The following comments refer to the proposed package insert of 11/2/95

~1

Line 40

CHANGE second sentence to read: "In vitro studies have shown that, intracellularly,
lamyvudine is phosphorylated to its active 5'-triphosphate metabolite (I.-TP), which has an
intracellular half-life of 10.5to 15.5 hours."

Line 71

CHANGE sentence to read: "The pharmacokinetic properties of lanuvudine have been
studied 1n asymptomatic, HIV-infected aduit patients after administration of singie
intravenous (I'V) doses ranging from 0 25 to 8 0 mg/kg and single and multiple (b.i.d.
regimen) oral doses ranging from 0.25 to 10.0 mg/kg "

Line 73
DELETE last sentence beginning: "Patients receiving.."

Line 8¢
Express the change in C_,, in the fed state as the mean + SD.

Line 89
INSERT the following, to immediately follow the Absorption and Bioavailability section:
"The accumulation ratio of lamivudine was | 48 following 15 days of administration at the

recommended dosage regimen in HIV-positive asymptomatic adults with normal renal
tunction" OK

Line 93
DELETE sentence beginning: "The distribution of lamivudine in whole blood. "

Line 94

CHANGE sentence to read: "In vitro studies showed that, over the concentration range of
0 110 100 pug, mL. the amount of lamivudine associated with erythrocytes ranged from 53
to 57% and was independent of concentration.

Line 97

CHANGE sentence to read: " In man, the only known metabolite of lamivudine is the
trans-sulfoxide metabolite. Within 12 hours after a single oral dose of lamivudine in 6
patients, 5.20 + | 43% (mean £ S D.) of the dose was excreted as the trans-sulfoxide
metabolite in the urine. Serum concentrations of this metabolite have not been
determined "

Line 105
Please state the mean + S.D. percentage of lamivudine total clearance represented by renal




10.

11

12.

15,

16.

17.

18

clearance.

Line 107
CHANGE sentence to read: " In one study with extended blood sampling (through 48
hours), the terminal elimination half-life was 11.9 = 3.3 hours (mean+ S.D )"

Table 1:
DELETE all half-life values from table.
CHANGE Epivir to lamivudine in the title.

Line 131
Insert the following sections, to foilow the Geriatric Patients section

"Gender: The pharmacokinetics of lamivudine with respect to gender have not been
evaluated.”

“Race: The pharmacokinetics of lamivudine with respect to race have not been evaluated ”

Line 135
CHANGE sentence to read; "Coadmunistration of lamivudine did result in a mean £ $.D %
increase in the zidovudine C__, "

Lines 137 through 146
CHANGE Epivir to lamivudine throughout this section

Line 236
DELETE sentence beginning: "Patients with impaired renal function. "

Line 251

INSERT the tollowing in the PRECAUTIONS section:

"Drug Interactions: TMP/SMX DS once daily has been shown to increase lamivudine
exposure (AUC). The effect of higher doses of TMP/SMX on lamivudine
pharmacokinetics has not been investigated. See CLINICAL PHARMACOLOGY
Section.”

Line 293

INSERT the following, to precede this section: "Systemic clearance decreased with
increasing age in pediatric subjects”

Follow this sentence with a plot showing the relationshep of systemic clearance to age n
pediatnic and adult patients.

Line 296
DELETE the sentences beginning "There were no significant differences in T,," and
"AUC and C,,,,, increased in proportion to. "



19.

20

21

23.

24.

25.

Line 297

CHANGE sentence to read: "Total exposure to iamivudine, as reflected by mean AUC
values, was comparable between pediatric patients receiving an 8 mg/kg/day dose and
adults receiving a 4 mg/kg/day dose "

Line 302

CHANGE sentence to read: "At the dose of 8 mg/kg/day, CSF !amivudine concentrations
in 8 patients were 5.6 % to 30.9 % (mean = S D of 14.2+ 7 9%} of the concentration in
a simultaneous serum sample, with CSF lamivudine concentrations ranging from 0.04 to
0.3 pg/mL.

-

Line 366

INSERT the following: "For adults and adolescents with body weight < 50 kg or 110
pounds, the recommended oral dose of Epivir is 2 mg/kg twice daily administered in
combination with Retrovir"

Line 371
DELETE sentence beginning: "Adult pattents with impaired icnal function "

Line 372
DELETE sentence begtnning: "In addition, apparent total oral clearance of lamivudine "

Line 373
INSERT the following sentence: "See CLINICAL PHARMACOLOGY section."

Line 379
CHANGE sentence to read: "Insufficient data are available to recommend a dosage of
lamivudine in patients undergoing dialysis."



BIOPHARMACEUTICS LABELING COMMENTS
NDA 20-564

The following comments refer to the proposed package insert of 11/10/95:

1 Throughout label
CHANGE mcg to ug

2. Line 82
CHANGE 8 mg/kg to 10 mg/kg

3 Line 83
CHANGE 25-mg to 25 mg (remove hyphen)

4 Line 85
INSERT the following, to follow the sentence ending. "..once with food (1267 kcal, A
grams fat, B grams protein, C grams carbohydrate).

5 Line 88
CHANGE AUC to AUC=
6. Line 90

CHANGE senternce to read "The accumulation ratio of lamivudine in HIV-positive
asymptomatic adults with normal renal function was 1 50 following 15 days of oral
adminustration of 2 mg/kg bad "

7. Line 106
DELETE sentence beginning "Within 4 hours after a single [V dose in 20 patients. "

8. Lines 101 to 116
CHANGE this section as follows:

Elimination: In most single-dose studies in HIV-infected patients with serum sampling for 24
hours after dosing, the observed mean elimination half-life (T,,) ranged from 5 to 7 hours. Total
clearance was 0.37 + 0.05 L/hr*kg (mean +S.D ) Total clearance and elimination half-life were
independent of dose and body weight over an o.al dosing range from 0.25 to 10 mg/kg.

Metabolism NO CHANGES TO THIS PORTION OF TEXT (lines 101-105).

Excretion: The majority of lamivudine 1s eliminated unchanged in urine. In 20 patients
given a single [V dose, renal clearance was 0.22 + 4 06 L/hr*kg (mean = $.D ) representing 71%
+ 16% (mean = S.D ) of total clearance of lamivudine.

9 Line 122, Table 1
DELETE "Tablets" from . *le



14.

18

19.

Line 127
CHANGE sentence to read: "Exposure (AUC=), C_, . and half-life increased with
diminishing renal function (as expressed by creatinine clearance) "

Line 132
INSERT the following senience, to precede the Pediatric Patients section: "The effects of
renal impairment on lamivudine pharmacokinetics in pediatric patients are not known "

Line 141

Change sentence to read "Lamivudine and zidovudine were coadministered to 12
adymptomatic HIV-positive adult patients in a single-center, open-label, randomized, _
crossover study.”

Line 143
CHANGE AUC to0 AUC~

Line 145
CHANGE sentence to read: "Coadministration of lamivudine with zidovudine resulted in
an increase of 39% * 62% (mean = S D) in C_,, of zidovudine.”

Line 147

CHANGE sentence to read: "Lamivudine and tnmethoprim/sutfamethoxazole
(TMP/SMX) were coadministered to 14 HIV-positive patients in a single-center, open-
label, randomized, crossover study "

Line 151}

CHANGE this sentence to read: "Coadministration of TMP/SMX with lamivudine
resulted in an increase of 44% = 23% (mean = S D.) in lamivudine AUC«, a decrease of
29 = 13% in lamivudine oral clearance, and a decrease of 30 + 36% in lamivudine renal
clearance.”

Line 168
Please be consistent in use of either semicolons or commas following each treatmens.

Line 329
CHANGE Retrovir® dosage " plus Retrovir® (zidovudine) 200 mg t.i.d. compared
with "

Line 387
CHANGE sentence to read: " It »s recommended that doses of Epivir be adjusted in
accordance with renal function in patients older than age 16"

Line 391

Table 6. first column (Creatinine Clearance)
CHANGE 510 <5




21 Line 393
CHANGE lamivudine to Epivir™
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INTRODUCTION

GR109714X (3TC; Lamivudine), the (-) enantiomer of 4-amino-1-{2-
hydroxymethyl) -1, 3-oxathiolan-5-yl]-(1H)-2-pyrimidincne is a
novel dideoxynucleoside analog developed as a potential treatment
for individuals infected with HIV. Early research and development
was carried out using the racemate, GR103665X. However,
Lamivudine was found to have a more ravorable cellular toxicity
profile with an equivalent antiviral activity when compared with
the racemate. This NDA is for Lamivudine as an antiretroviral
inhibitor in combination with Retrovir or as meonotherapy.
Presently, the sponsor has submitted a Pre-NDA Submission of the
NONCLINICAL PHARMACOLOGY AND TOXICOLOGY TECHNICAL SECTION of this
NDA.

BACKGROUND

Lamivudine has been shown to be metabolized intracellularly to
its 5’ -triphosphate which has a half-life of 12 to 15 hours. It
is proposed that, because of the long intracellular half-life,
twice daily dosing in humans will allow a constant level of the
triphosphate to be maintained intracellularly. The triphosphate
has been shown to inhibit HIV-reverse transcriptase and act as a
chain terminator upon incorporation intc DNA. It is surmised that
Lamivudine has a common mechanism of action with AZT, ddC and ddl
in that Lamivudine is phosphorylated to its 5‘-triphosphate
derivative which inhibits reverse transcriptase enzyme by
competing with the natural nucleotide triphosphates for kinding
and/or acts as an alternative substrates for reverse
transcriptase leading to termination of the viral DNA chain.

For the viewpoint of safety, conceptually, a DNA chain terminator
should show little or no effect on mammalian enzymes at the
concentrations that inhibit the viral enzyme within cells. In
this context, this compound is found to be a weak inhibitor of
mammalian DNA polymerases: a, 8 and y. DNA polymerase a is though
to Pe involved in semiconservative DNA replication; polymerase {3
is involved in DNA repair; and y polymerase is ultimately
responsible for the normal functioning of mitochondria.
Mitochondrial damage has been linked to peripheral neurcpathy.
Thus, Lamivudine may have the potential to cause peripheral
neuropathy in man, although it 1s speculated by the sponsor that
the potential is less than the other dideoxynucleoside analogues
which are currently in clinical use,
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NON-CLINICAL TOXICOLOGY

Toxicity Studies Summary: The following studies marked with an
asterisk were conducted in accordance with the FDA Goocd
Laboratory Practices Regulations.

I. Acute Toxicity Studies

1. Lamivudine: Acute Oral Toxicity Study in Mice, Batch #
€1013/75/1, Glaxco Group Repearch Ltd, Ware, .
Hertfordshire, U.K., June 1991, (M12712-WPT/91/098)*

2. Lamivudine: Pilot Acute Intravenous Toxicity Study in
Mice, Batch # C1013/75/1, Glaxo Group Research Ltd,
Ware, Hertfordshire, U.K., October, 1991, (M12704-
WPT/91/087)

3. Lamivudine: Acute Intravencus Toxicity Study in Mice,
Batch # C1013/75/1, Glaxo Group Research Ltd, Ware,
Hertfordshire, U.K., November, 1991, (M12708-
WPT/91/110) *

4. Lamivudine: Pilot Acute Intravenous Toxicity Study in
Rats, Batch # C1013/75/1, Glaxo Group Research Ltd,
Ware, Hertfordshire, U.K., October, 1991, (R12705-
WPT/91/088)

5. Lamivudine: Acute Intravenous Toxicity Study ir Rats,
Batch # C1013/75/1, Glaxc Group Research Ltd, Ware,
Hertfordshire, U.K., November, 1951, (R12708-
WPT/91/111)+

II. Subchronic/Chronic/Carcinogenicity Studies

1. Lamivudine: Pilot oral 30 day study of hemato-toxicity
to mice, Batch No. C1758/233/1, Glaxo Group Research
Ltd., Hertfordshire, England, April 26, 1393,
(WPT/92/200/Study No. M13366)

2, Lamivudine and AZT: 36 day oral study of hemato-
toxicity to mice, Batch No. C1817/126/1, Glaxo Group
Research Ltd., Hertfordshire, England, April 26, 1993,
(WPT/92/419/Study No. M13367)*

3. Lamivudine: One month oral study to determine the
effects, when give in combination with interferon
(alpha), on the hematology of mice, Batch No. UFP0001,
Glaxo Group Research Ltd., Hertfordshire, England, - -
August 10, 1993, (WPT/92/572/Study No. M20009)*
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4. Lamivudine: Palatability in the diet of mice, Batch No.
C1817/116/1, Glaxo Group Research Ltd., Hertfordshire,
¥ngland, June 21, 1993, (WPT/92/322/Study No. M13284)*

5. Lamivudine: 13 week oral (dietary) to mice preliminary
to an oncoge.uicity study, Batch No. UFJ0012, Glaxo
Group Research Ltd., Hertfordshire, England, March 23,
1994, (WPT/93/196/Study No. M13285)*

6. Lamivudine: A Pilot Pive Day Oral Toxicity Study in AHA .
Rats, Batch # C1021/179/1 and C1021/181/1, Glaxo Group
Research Ltd, Ware, Hertfordshire, U.K., April, 1981,
(R12636-WPT/91/091)

7. Lamivudine: One Month Oral Toxicity Study in Rats,
Batch # 1021/181/1, Glax»o Group Research Ltd, Ware,
Hertfordshire, U.K., June, 1991, (R12637-WPT/91/104}*

8. Transmission electron microscopy of skeletal muscle
from rats after 1 month oral treatment with Lamivudine,
Batch No. UFJ0012, Glaxo Group Research Ltd.,
Hertfordshire, England, June 21, 1993,
(WPT/93/185/Study No. R12637)*

9. Lamivudine: One¢ month oral toxicity study in the rat -
supplementary histopathology report, Glaxo Group
Research Ltd., Hertfordshire, England, February 1994,
(WPT/93/563-Study # R12637)*

10. Lamivudine: Thirteen Week Oral Toxicity Study in Rats,
Batches # (€1803/128/1 and C1758/226/1, Glaxo Group
Research Ltd, Direzione Ricerche di Tossicologia, Glaxo
S.p.a., Verona, Italy, January, 1992, (R12749-
WPT/91/435)*

11. Lamivudine: Six month oral toxicity study in the rat,
Batch No. C1817/126/1, Glaxo Group Research Ltd.,
Hertfordshire, England, April 8, 1993,
(WPT/93/361/Study No. R13470)*

12. Lamivudine: Palatability in the diet of rats, Batch No.
C1817/126/1., Glaxo Group Research Ltd., Hertfordshire,
England, June 21, 1993, {(WPT/%2/323/Study No. R13287)*

13. Lamivudine: 13 week oral (dietary) rats preliminary to
an oncogenicity study, Batch No. UFP 0004, Glaxo Group
Research Ltd., Hertfordshire, England, December 23,
1993, (WPT/93/197/Study No. R13288)* - r




15.

16,

17.

18.

19.

III.
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Lamivudine: Two Week Oral Toxicity Study in Dogs, Batch
# C1803/152/1, Glaxo Group Research Ltd, Wauve,
Hertfordshire, U.K., November, 1991, (P12750-
WPT/91/222})+

Lamivudine: Thirteen Weak Oral Toxicity Study in Dogs,
Lots # C1013/111/1, C1817/86/1 and C1817/83/1, June,
1992, Direzione Ricerche di Tossicologia, Glaxo S5.p.a.,
Verona, Italy, (D12873-WPT/92/132)+*

Supplementary report to: Lamivudine: Thirteen Week Oral
Toxicity Study in Dogs, Lote # C1013/111/1, C1817/86/1
and C1817/83/1, June, 1992, Direzione Ricerche di
Tossicologia, Glaxo S.p.a., Verona, Italy,
(VTX/94/037/D12873) *

Lamivudine: 52 weeks oral (gavage) toxicity study of
dogs, Batch No. UFJ 008, Glaxo Group Research Ltd.,
Hertfordshire, England, December 2, 1953
{WPT/92/407/Study No. D13604)*

Lamivudine: Multidose toxicity study - marmosete (seven
day intravenous), Batch No. C145(/295/1, January, 1991
{WPT/90/416-Study No. Pl2148)

Lamivudine: A 14 Day Intravenous Toxicity Study in
Marmosets, Batch # C1803/74/1, Glaxo Group Research
Ltd, Wzre, Hertfordshire, U.K., June, 1991, (P12678-
WPT/%1/079)*

Special Toxicity Studies

Lamivudine: Acute eye irritation test in the rabbit,
Batch No. C1817/126/1, Glaxo Group Research Ltd.,
Hertfordshire, England, February 4, 19953,
(WPT/92/209/Study No. L13610)*

Lamivudine: Acute dermal irritation test in the rabbit,
Batch No. C1013/111/1, Glaxo Group Research Ltd.,
Hertfordshire, England, February 26, 1552,
{(WPT/91/325/Study No. L13056)*

Lamivudine: Evaluation of contact sensitizing potential
in female guinea gigs using a split-adiuvant technique,
Batch No. C17%8/226/1, Glato Group Rssearch Ltd.,
Hertfordshire, England, June 25, 1s93,
(WPT/92/207/Study No. 13034)*
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4. Lamivudine: Dose finding study for anaphylaxis test in
guinea pigs, Tsukuba Research Labs, Nippon Glaxo.
Japan, June 7, 1994, Batch No. UFJ0012,
(NTX/94/001/Study # 932001)

5. Lamivudine: Acute systemic anaphylaxis test in guinea
pigs, Tsukuba Research Labse, Nippon Glaxo, Japan, June,
1994, Batch No. UFJ0012, (NTX/94/002/Study # 200661)*

IV. Reproductive and Developmental Toxiclty Studies .

1. Lamivudine: Effects of oral administration upon the
reproductive performance of a parental dosed generation
(F,} of AHA rats and upon the peri- and post-natal
development of the resulting two successive, untreated
generations (F, and F,), Batch No. UFP 0002, Glaxo Group
Research Ltd., Hertfordshire, England, June 9, 1954,
(WPT/93/210/Study No. R13738)

2. Lamivudine: Embryotcxicity and Teratogenicity Study in
Rats, Batch # C1013/75/1, Glaxo Group Research Ltd,
Ware, Hertfordshire, U.K., wctober, 1991, (R1276B-
WPT/91/196)

3. Lamivudine: Embryotoxicity and Teratogenicity Study in
Rats, Batch # C1758/226/1, Glaxc Group Research Ltd,
Ware, Hertfordshire, U.K., not dated, (R12899-
WPT/91/305)*

4. Lamivudine: A further investigation into the effects of
twice daily oral administration on preguant AHA rats
and their progeny in utero, (Report of findings
following external and visceral or skeletal fetal
examination}), batch # C1758/233/1, Glaxc Group Research
Ltd, Ware, Hertfordshire, England, 11 December, 19851,
(WPT/91/443/R13161) *

5. Lamivudine: Embrvotoxicity and teratogenicity study -
rabbits. December, 1991, lot # C1803/152/1 and
€1578/226/1, Glaxo Group Research Ltd., UK. (Study No.
WPT/91/333/Study # L12895)

6. Lamivudine: A Second Preliminary Embryotoxicity and
Teratogenicity Study in Rabbits, Lot # Cl803/1%52/1,
Glaxo Group Research Ltd, Ware, Hertfordahire, U.K.,
December, 1991, (L13030-WPT/91/334%)
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7. Lamivudine: Segment II Embryotoxicity and
Teratogenicity Study in Rabbits, Lot # C1758/233/1,
Glaxo Group Research Ltd, Ware, Hertfordshire, U.K.,
August, 1992, (L13069-WPT/92/014)*

8. Lamivudine: A further study to assess the effects of
oral administ:ation on pregnant Dutch rabbits and their
cffspring, Batch No. C1758/233/1, Glaxoc Group Research
Ltd., Hertfordshire, England, August 3, 1993,
(WPT/92/184/Study No. L13280)* -

9. Lamivudine: A preliminary study to asaess the effects
of oral administration to pregnant and lactating AHA
rats and of direct oral administration to their
juvenile offspring, Batch No. Cl1817/116/1, Glaxc Group
Research Ltd., Hertfordshire, England, October 5, 1993,
(WPT/92/404/<tudy No. R13609)*

10. Lamivudine: The effects of oral administration to
pregnant and lactating AHA rats and of direct oral
administration to their juvenile offspring, Batch No.
UFP0001, Glaxc Group Research Ltd., Hertfordshire,
England, March 11, 1993, (WPT/93/165/Study No. R13739)*

V. Mutagenicity Studies

1. Lamivudine: Genetic toxicity study - microbial
mutagenicity screen, Batch # C1034/185/1, Glaxo Group
Research Ltd., Hertfordshire, England, September, 1990
(WPT/90/238) *

2. Lamivudine: Microbial Mutagenicity Screen, Batches #
C1469/129/4, B19216/47/2, C1619/18/3 and 31916/52/1,
Glaxo Group Research Ltd, Ware, Hertfordwhire, U.K.,
October, 1990, (Ul2455-WPT/90,/240)

3. Lamivudine: Microbial mutagenicity screen, Batch No.
TJFP0003, Glaxo Group Research Ltd., Hertfordshire,
England, March 15, 1994, (WPT/93/246/Study No. V14001)*

4. Lamivudine: Genetic toxicity study - mouse L5178Y cell
line mutagenicity assay, Batch # C1034/185/1, Glaxo
Group Research Ltd., Hertfordshire, England, June, 1991
(Repoxzt # WPT/90/271)

5. Lamivudine: An Assessment of Mutagenic Poteniial in the
Mouse Lymphoma TK Locus Assay, Batch # 90G0>B26, Glaxo
Group Research Ltd, Were, Hertfordshire, U.K., May, -
1991, (V12638-WPT/91/018)~
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6. Lamivudine: Genetic Toxicity Study in BALB/c¢ 3T3 Mouse
Embryo Cell Assay, Lot # C1758/229/1, June, 1992,
(M13156-

UTX/92/018/Study # M13156)*

7. Lamivudine: Pharmaceutical data to support study
M1315618. Genetic Toxicity Study in BALB/c 3T3 Mouse
Embryo Cell Assay, Lot # C1758/229/1, June, 1992,

(WPT/94/296)

8. Lamivudine: Cytogenetic Evaluation Using Cultured Human
Lymphocytes, Batch # 1916/47/2 and 1916/52/1, Glaxo
Group Research Ltd, Ware, Hertfordshire, U.K., April,
1994, (Y12629/Y12850-WPT/90/393)

9. Lamivudine: Metaphase analysis in human lymphocytes in
vitro, Batch No. UFP0003, Glaxo Group Research Ltd.,
Hertfordshire, England, July 2%, 1983,
(WPT/93/120/Study No. V14104)*

10. Lamivudine: Genetic toxicity study - rat micronucleus
test, Lot # 1916/52/1, Glaxo Group Research Ltd.,
Hertfordshire, England, June 1991, (WPT/90/275)

11. Lamivudine: Lack of induction of metaphase chromosome
damage in Sprague Dawley CD rat bone marrow cells
following oral administration, Batch No. UFP0003, Glaxo
Group Research Ltd., Hertfordshire, England, April 30,
1993, (WPT/93/195/Study No. R14051)*

12. Lamivudine: Genetic toxicity study - rat unscheduled
DNA synthesis, Batch # c1034/200/1, Glaxo Group
Regearch Ltd.,, Hertfordshire, England, June 1391
(WPT/90/408/Study No. R12395)¢

13, Lamivudine: Lack of activity in male rat liver
unscheduled DNA synthesis (UDS) assay following oral
administration, Batch No. C€1953/195/4, Glaxo Group
Research Ltd., Hertfordshire, England, March 25, 1994,
(WPT/93/536/Study No. R20104)*

Toxicity Studies Review:

I. Acute Toxicity Studies

1. Acute Oral Toxicity Study in Mice, Batch # C1013/75/1, Glaxo
Group Research Ltd, Ware, Hertfordshire, U.K., June 1951,
{(M12712-WPT/91/0598)* - r

A group of 10 male and 10 female RB6C3F1 mice were fed by gavage
Lamivudine in acetate buffer, pH 3.7, at doses of 2 g/kg two




NDA 20-564 PHARMACQOLOGIST'S REVIEW Page No. 9

times, four hour apart. A group of 5 males and 5 females servec
as vehicle controls. The animals were observed for signs of ill
health throughout the study and individual body weights were
recorded at days 1, 3, 8 and 15. On day 3, five males and five
females from each treatment group were killed. The luncgs, hearts,
stomachs, kidneys, livers and small intestines of each animal
were preserved in buffered formalin and examined microscopicallv.
The remainder of the animals were killed on day 15 and similarly
necropsied.

An increase in sexual behavior was reccorded in all the treatad
males following both doses with frequent mountings for ten m.n
after the first and twenty min following the second dose. All the
treated animals exhibited an increase in general activity for a
period of up to two hr after dosing. Thers weres no other
pathological findings. The maximum non-lethal dose was therefcre
greater than 2 g/kg bid.

2. Pilot Acute Intravenous Toxicity Study in Mice, Batch #
C1013/75/1, Glaxo Group Research Ltd, Ware, Hertfordshire, U.K.,
October, 1351, (M12704-WPT/31/087)

Two male and two femal= B6C3F1 mice were administered Lamivudine
in acetate buffer, pH 3.7, intravenously a: a dose of 2 g/kg. The
animals were watched for adverse signs for the first six hr after
dosing and twice daily for the remainder of the study. Body
weights were recorded cr the day of dosing and on days 3 and 8
after dosiny. All animals were killed on day 8 and subjected to a
macroscopic examination.

There were no deaths seen during the srudy. The only adverse,
recorded effects were seen during the first 30 min after Josing.
These included wa.king on tiptoe gate, closed eyes and swept back
ears as well as flicking movements of the tail. Thus, a lethal
dose of Lamivudine in mice is greater than 2 g/kg when the
compound is administered intravenously.

3. Acute Intravenous Toxiuity Study in Mice, Batch # C1l013/75/1,
Glaxo Group Research Ltd, Ware, Hertfordshire, U.K., November,
1991, (M12708-WPT/91/i10)*

Ten male and ten female B6C3F1 mice were administered Lamivudine
in acetate buffer, pH 3.7, intravenously at a decse of 2 g/kg.
Five male and five female contrcl animals were administered
vehicle alone by the same route. The animals were watched for
adverse signs for the first six hr after dosing and twice daily
for the remainder of the stuay. Body weights were recorded on the
day of dosing and on days 3, 3 and 15 of the study. Half the
treated animals were killed or. day 3 of the study. The remainder,
including the controls, were killed on day 15. A macroscopic
examination was carried out on all animals in the study on the
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day of their death. Samples of the lungs, hearts, injection
sites, kidneys and livers were examined microscopically.

One female control animal convulsed immediately after dosing.

The animal exhibited subdued posture and subdued behavior for ten
min. One male control was prostrate for 30 min after dosing. This
animal exhibited subdued behavior, half closed eyes and hunched
posture for the first two hr after which he appeared normal. One
male and a female died immediately after dosing. The male was
convulsive prior to death. Both animals had congested lungs at
necropsy but the sponsor did neot consider this ancmaly to be
sufficient to cause death. No cause c¢f death was given. One other
male convulsed immediately after dosing but appeared normal by 30
minutes. Other signs including rapid breathing, hunched posture,
walking on tiptoed gait and half closed eyes were noted among
both dosed and control animals. All animals appeared normal
within two hr. Other than in the two animals which died, there
were no drug related abnormalities recorded either
macroscopically or microscopically during the study.

In conclusion, Lamivudirne at a single dose of 2000 mg/kg was
lethal to 10% of mice. There were no reported histelogical
anomalies considered to be related toc treatment with the drug in
the surviving animals.

4. Pilot Acute Intravenous Toxicity Study in Rats, Ba:ch #
C1013/75/1, Glaxo Group Research Ltd, Ware, Hertfordshire, U.K.,
October, 1991, (R12705-WPT/91/088)

Twce male and two female AHA rats were administered Lamivudine in
acetate buffer, pH 3.7, intravenously at a dose of 2 g/kg. The
animals were watched for adverse signs for the first six hr after
dosing and twice daily for the remainder of the study. Body
weights were recorded on the day of dosing and on days 3 and 8
after dosing. All animals were killed on day 8 and subjected to a
macroscopic examination.

There were no deaths seen durlng the study. After dosing, the
animals exhibited severe signs of distress for up to 1.5 hr.

These included prostration, rapid breathing, reddened
extremities, hunched posture, loss of body tone and
disinclination to move. No adverse effects ~f the drug were noted
otherwise thrcoughout the study.

5. Acute Intravencus Toxicity Study in Rats, Batch # C1013/75/1,
Glaxo Group Research Ltd, Ware, Hertfordshire, U.K., November,
1991, (R12709-WPT/91/111)*

Ten male and ten female AHA rats were administered Lamivudine in
acetate buffer, pH 3.7, intravenously at a dose of 2 g/kg. Five
male and five female control animals were administered vehicle
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alone by the same route. The animals were watched for adverse
signs for the first six hr after desing and twice daily for the
remainder of the study. Body weights were recorded on the day of
dosing and on cays 3, 8 and 15 of the study. Half the treated
animals were killed on day 3 of the study. The remainder,
including the controls, were killed on day 15. A macroscopic
examination was carried out on all animals in the study on the
day of their death. Samples of the lungs, heart, injection site,
kidneys and liver were examined microscopically.

One control male, one control female and one drug treated male
died shortly after dosing. The three animals exhibited shallow or
labored respiration with gasping immediately after dosing. The
female convulsed shortly before dying. The only microscopic
anomalies seen in these animals were bleood in the urinary bladder
of the female and a mottled liver in the male which had been
dosed with the drug.

Comments: Dosing intravenously with acetate buffer, pH 3.7, 1is
obviously a life threatening operation. Administration of the
buffer probably contributed to the deaths seen in the single dose
mouse study reviewed above. After dosing, many animals exhibited
severe signs of distress for up to 2 hr. These included
prostration, rapid breathing, hunched posture and disinclination
to move. Amorg the animals that were necropsied at 3 and 15 days,
the only macroscopic anomaly was a black area on the liver of a
control female at day 15 while a few of the dosed animals had
evidence of a reddened thymus at day 3. Microscopic examination
of the site of injection of the contiols as well as the dosed
animals showed that the vehicle was slightly irritating.

In general, ilutravenous administration of 2 g/kg of Lamivudine in
a single dose was well tolerated in AHA rate.

II. Subchronic/Chronic/Carcinogenicity Studies

1. Lamivudine: Pilot oral 30 day study of hemato-toxicity to
mice, Batch No. Cl1l758/233/1, Glaxo Group Research Ltd., |
Herffordshire, England, April 26, 1993, (WPT/92/200/Study No.

M13366) ¥

Groups of male and female mice (age: 7-8 weeks; strailn: BeC3¥l; 5
animals/sex/qroup) were administered lamivudine as a solution

. twice daily via cral gavage at
dosage levels of 0 {vehicle contrel), 250, 500, 1000 or 2000
mg/kg/day for 30 consecutive days. Results: males (1000 or 2000
mg/kg/day) demonstrated slightly higher values of packed cell
volumes, hemoglobin concentrations and red blood cell counts than
control values; a similar eftect was not noted for the females.
Mean corpuscular hemocglobin concentrations for males (2000
mg/kg/day) were marginally lowe: than those of controls.
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Comments: In this study, dosages of 500 and 2000 mg/kg/day may be
considered NOELs for males and females, respectively.

2. Lamivudine and AZT: Hemato-toxicity to mice by repeated oral
administration for 36 days, Batch Numbers: Lamivudine-
C1817/126/1, AZT-2N0075, Glaxo Group Research Ltd, Hertfordshire,
England, 10 September 1992, (WPT/92/419/GX0433/921460)

Groups of male and female mice (age: 42 days; weight: within 3 g;
10 animals/sex/groupi were administered orally the test materlals
(Lamivudine and AZT) at dosage levels of 180 mg/kg/day Lamivudine
+ 150 mg/kg/day AZT; 600 mg/kg/day lamivudine + 150 mg/kg/day
AZT; 2000 mg/kg/day Lamivudine + 15C mg/kg/day AZT; 2000
mg/kg/day Lamivudine; 150 mg/kg/day AZT; or control vehicle twice
daily for a period of 36-37 days. The objective of the study was
to assess the hemato-toxicity of Lamivudine, both in combination
and in comparison with AZT, when given to mice by repeated oral
administration. Mortality: one unscheduled death from an
intubation accident. Clinical gigns: darkening of the tail was
noted for all groups receiving AZT, either in combination with
Lamivudine or alone. Body weights: there was no treatment-related
effect. Hematology: mice of either sex receiving Lamivudine and
AZT in combination showed an anaemic response which was evidenced
by reduced packed cell volumes, hemoglobin concentrations, red
cell counts and reticulocyte counts. Absolute indices indicated
increased individual cellular volume and hemoglcobin content,
Inclusion bodies (Heinz bodies) were noted at all combination-
treated dosages. Platelet counts were increased for a.l
combination-treated groups. A slight decrease in total white cell
counts, associated with decreased neutrophil counts, was noted
for males (2000 mg/kg/day Lamivudine + 150 mg/kg/day AZT). Male
groups receiving Lamivudine or AZT alone demonstrated
significantly reduced neutrophil counts. Biochemistry: all
combination-treated groups showed a tendency towards increased
inorganic phcsphorus and chloride levels; the effect on chloride
was not dosage-dependent. Cholesterol levels for mice of either
sex receiving 600 or 2000 mg/kg/day Lamivudine + 150 mg/kg/day
AZT were marginally higher than those of controls. Marginally
increased chclestercl levels were also ncted for males receiving
Lamivudine or AZT alon' . Bone marrow examination: mice of either
sex receiving Lamivudi: » and AZT in combination showed higher
total myeloid countc; the effect was rot dosage-dependent. For
males receiving the high dosage level, a marginally redu :ed
erythroid fracrion and increased myeloid to erythroid ratio was
noted. Counts of bone marrow cell types other than myeloid or
erythroid tended to be reduced for all treatment groups receiving
combination dosages or AZT alone. Orgun weights: spleen weights
for mice of either sex receiving 60U or 2000 mg,'kg/day Lampvudine
+ 150 mg/kg/day AZT were marginally higher than those of
controls. Microscopic pathology: no treatment-related =ffects
were noted.
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Comments: All groups receiving Lamivudine and AZT in combination
demonstrated mild anemia at all dosage levels. This effect may be
assoclated with an increase in the myeloid fraction in the bone
marrow and the increased spleen weights for mice receiving the
mid and high dosages. These effects alsoc occurred in the group
receiving AZT alone. With regard tao Lamivudine, females receiving
2000 mg/kg/day Lamivudine alone were marginally anemic; however,
there was no effect on the bone marrow or the spleen weights.
Thus, the results suggest that Lamivudine has a lower hemato-
toxic potential compare to AZT. However, a combination of -
Lamivudine and AZT would increase the hematc-toxic potential of
AZT .

3. Lamivudine: One month oral study to determine the effects,
when give in combination with interferon {(alpha), on the
hematoiogy of mice, Batch No. UFP0001l, Glaxo Group Research Ltd.,
Hertfordshire, England, August 10, 1993, (WPT/92/572/Study No.
M20009)

Groups of male and female mice {(age: 7-8 weeks; strain: Be6C3F1l;
12 animals/sex/group) were administered Lamivudine as a solution
{(Baxter'’'s Water For Irrigation) twice daily via oral gavage at
dosage levels of 0 (vehicle control), 180, 600 or 2000 mg/kg/day
for 30 days. For the last 14 days, Lamivudine was given in
combination with 10,000 units daily of interferon {alpha).
Appropriate control groups were included in the study. The
objective of _he study was to assess the hemato-toxicity of
Lamivudine in combination with interferon {alpha)l. Results: a
slight, but statistically significant, increase was seen 1n mean
cell volume, mean cell hemoglckin and spleen weight in the 2000
mg/kg/day group.

Comments: In the combination study, interferon (alpha) did not
enhance the hemato-toxic potential of Lamivudine.

4. Lamivudine: Palatability in the diet of mice, Batch No.
C1817/116/1, Glaxo Group Research Lrd., Hertfordshire, England,
June 21, 1993, (WPT/92/322/Study No. M13284)«

Groups of male and female mice (age: 7-8 weeks; strain: Be6C3F1l;
10 animals/sex/group) received Lamivudine in their diet at dail/
dose levels of 0 (control), 90/180 (dosage level increased at the
end of one week $0 to 180, low), 425/600 (dosage level increaced
at the end of one week 425 to 600, mid), 1000 or 2000 (high)
mg/kg/day for 21 days. All mice were housed singly. Blocd samples
were collected on the last day of treatment. Results: weight gain
was significantly reduced (4-9%) in both males and females
(high) . Absorption: mean plasma concentration (low) was 0.% and
1.3 pug/ml in male and female animals, respectively. In
conclusion, mice may be given Lam.vudine in their diet
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5. Lamivudine: 13 week oral (dietary) to mice preliminary to an
oncogenicity study, Batch No. UFJ0012, Glaxo Group Research Ltd.,
Hertfordshire, England, March 23, 19%4, (WPT/93/196/Study No.
M13285}) *

Groups of male and female mice {age: 6 weeks; strain: B6C3Fl; 12
animals/sex/group) received Lamivudine in their diet at daily
dose levels of 0 (control), 2000 (low), 3000 {(mid), 4000 (high)
mg/kg/day for 13 weeks. Blood samples were collected on the last
day of treatment. Results: weight gain was significantly reduced
(10-14%) in both males and females at all dose levels. Hematology
showed slight reduction of erythrocyte parameters and also
lymphocyte counts at all dose levels. Histologically, the
treatment-related change was a slight reduction of fat deposits
in the liver at all dose levels. Absorption: at the end of the
treatment, absorption studies showed AUCs of 196 (low) and 448
ug*hr/ml (high), with little differences between the sSexes.

Comments: A NOEL dose could not be determined in the study. The
sponscr has selected a 2000 mg/kg/day for the subsequent
carcinogenicity study as the potential maximum tolerated dosage
level.

6. Lamivudine: Pilot Five Day Oral Toxicity Study in Rats, Batch
# C10212/179/1 and €1021/181/1, Glaxo Group Research Ltd, Ware,
Hertfordshire, U.K., April, 1991, (R12636-WPT/91/091)

Five male and five female AHA rats (weight: 152.7 - 235.3 g for
males and 149.1 - 203.9 g for females; age: 5 - 7 weeks; strain:
Wistar/Sprague-Dawley derived with Wistar characteristics) were
administered by gavage Lamivudine in acetate buffer, pH 3.7,
twice daily at 12 hr intervals at doses of 0 {vehicle control),
1500 or 2000 mg/kg/day. These groups were designated as the main
study. For an absorption study, two separate groups (4
animals/sex/group) were gavaged with two doses of drug (15300 or
2000 mg/kg/day} for 5 days twice-a-day (10 doses). The animals
were observed daily for signs of ill health and their body
weights recorded at day 1 and 6. All animals were treated for 5
days and killed on day 6. Blood samples were drawn for various
determinations. The main study animals were submitted to necropsy
at which time six organs were welghed and samples of ten organs
or tissues were examined microscopically for histolegical
lesions.

In the high dose animals, an increase in monocyte counts and an
increase in the plasma alkaline phosphatase and calcium levels
were found tcgecher with a slight increase in the inorganic
phosphate levels tor both sexes. There was no treatment effect at
the lower docse.
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Table 1 shows that the C,, and C,, levels observed throughout
this study. C,, levels indicate that there was continual systemic
exposure to drug.

Table 1
Plasma Levels of Lamivudine in Rats Following Oral Administration
of the Drug Twice-a-Day For Five Days

l Absorption Male Female
Pararmneters {ug/mi)
Dose # Doses of Lamvudine
1.5 grig 20 kg ! 1.5 g/ig I 20gp/kg

1 Can 98 9 1€70 8i 8 107.0

Ca. 32 LR 27 69
b Can 9212 1) g 772 128.0

C.. 17 43 57 s
3 C.. 97 1720 9.0 133.0

Cou 2K LR ] 36 43
5 Ca 78 154 0 9.5 146.0

Ca. b 13 43 68
7 — 919 1280 843 1100

Ca 12 44 15 62
9 C.. .2 149 ¢ 953 987

Ca. 24 45 313 71
10 Co. N6 1190 102.0 1030

Ca. 6l 44 33 136

Comments: The NOEL was 1500 mg/kg/day in this study. In both
males and females, there is an evidence [elevated ., at dose #
10]) " for accumulaticn of drug in plasma.

7. Lamivudine: One Month Oral Toxicity Study in Rats, Batch #
1021/181/1, Glaxo Group Research Ltd, Ware, Hertfordshire, U.K.,
June, 1991, (R12637-WPT/91/104)

Twenty male and twenty female AHA rats per group were fed by
gavage with 0 (vehicle}, 45, 300 or 2000 mg/kg of Lamivudine in
acetate buffer, pH 3.7. The animals were dosed twice daily for 35
to 37 days. They were observed daily for signs of ill health and
reaction to treatment . Body weights and food consumption were
recorded weekly throughout the study. The eyes of all the animals
were examined prior to dosing and on days 35 and 59 and a hearing
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test was administered pretreatment and on day 35. Blood was
collected for hematclogy and chemistry evaluations. Samples for
urinalysis were collected from individually caged animals. On day
36, 37, 38 and the day after the final dose, 12 animals of each
sex were killed. Twelve tissues were weighed while these and
another 30 were prepared for histological examination. Six
animals per group were held until day 62 or 63, after which they
were killed and subjected to necropsy. Blood samples were taken
for pharmacckineric studies. Each animal was bled only once on
each occasion. .

At the high dose, the males showed a slight lowering of
hemoglobin and red blood cell counts with a decreased hematocrit
at day 13 and a lower red blood cell count at day 28. At day 28,
the males also had a slightly higher mean cell volume, with an
increased monocyte and basopnhil count, and a decrease 1in the
prothrombin time. The mean cell hemoglobin was increased in the
females at day 13 and 28. The serum urea in males and serum total
protein and albumin in females were raised at day 14 and 28.
There were slight elevations in alkaline phosphatase and
inorganic phosphate levels in the males and slight reductions in
alanine aminotransferase and creatinine in the females at day 28.
Urinary proteins were increased in both males and females at both
day 16 and 30. Slight reductions in relative organ weights were
noted in the females in lung, liver, brain and spleen.

Very few anomalies were seen in the intermediate dose arimals.

In the males, the mean cell volume was slightly higher than
controls and there was an increase in the monocyte count on day
28. The females had a slight decrease in alanine aminotransferase
and creatinine at day 28. At the end of the recovery period, all
hematological and chemistry values had returned to normal in bcth
the high as well as in the intermediate level,

Results of abscrption studies are summarized in Table 2. The
values for males and females have been pooled. The compound was
well absorbed following administration at all doses with peak
plasma concentrations occurring at one hour after dosing. C_, and
AUC were found to increase with dose in a linear manner and the
values obtained were similar on day 1 ana 35.
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Absorption of Lamivudine in the Rat#

Table 2

‘ Day 1 l Day 35 l
Drose
{mg/kg/day) Cus AUC (ug*hrimi) Cou AUC (xg*hriml)
(ug/mby (up/mly
43 13 1?7 41 n7
300 26 865 300 190 -~
2000 91| 4150 170 590.0

* Blood samples were pooled for both males and females in a group

Comments: The sponsor concluded that the NOEL in the study was
300 mg/kg twice a day. However, there were slight effects at this
level. The true NOEL was 90 mg/kg/day. There is an indication at
day 35 that there 1is an accumulation (elevated AUCs at all 3
doses] of this agent in plasma.

8. Transmission electron microscopy of skeletal muscle from rats

after 1 month oral treatment with lamivudine, Batch No. UFJ0012,

Glaxo Group Research Ltd., Hertfordshire, England, June 21, 1993,
(WPT/93/185/Study No. R12637)*

Two groups of rats (3 animals/sex/group! received Lamivudine via
gavage twice daily at dose levels of ¢ (control) or 2000
mg/kg/day (high) for 35 or 36 days. The purpose of the study was
tc study whether Lamivudine treatment resulted in degenerative
changes in muscle mitochondria or changes in other components of
skeletal muscle fibers similar to that was seen with the AZT
treatment. Transmission electron microscopy (TEM) was performed
on quadriceps muscle of rats following the treatment. Results:
TEM 1indicated no changes in the ultrastructure of mitochondria,
myofibrils, sarcoplasmic reticulum and T-tubules. Conclusion: the
Lamivudine treatment did not cause ultrastructural changes in
quadriceps muscle tibers in rats.

9. Lamivudine: One month oral toxicity study in the rat -
supplementary histopathology report, Glaxo Group Research Ltd.,
Hertfordshire, England, February 19%4, (WPT/93/563-Study #
R12637) *

This report provided additional histopatholeogical information for
study R12637, a one month oral toxicity study of Lamivudine in
the rat (WPT/91,104). The caecum trom all animals and the liver
from control and high dosage group animals were examined by light
microscope at the end of the treatment period. The additional
histopatheology was performed becauss of scme treatment related
findings noted in the caecum 1n a suvsequent £ix month rat study
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(WPT/93/361) and because of serious adverse hepatic toxicity
leading to death in some cases in patients with another compound
in this class, fialuridine (FIAU). Results: there was rno
histopathological findings in any tissue that were considered to
result from treatment with Lamivudine and therefore the
conclusions in the criginal report (WPT/91/104) remain
unaffected.

10. Lamivudine: Thirteen Week Oral Toxicity Study in Rats,
Batches # C1803/128/1 and C1758/226/1, Glaxo Group Research Ltd,
Direzione Ricerche di Tossicologia, Glaxo S.p.a., Verona, Italy,
January, 1992, {(R12749-WPT/91/435)*

Twenty male and twenty female AHA rats were administered
Lamivudine in acetate buffer, pH 3.7, by gavage, twice daily (12
hours apart) at doses of 0 (vehicle control), %0, 600 or 4000
mg/kg/day for 91 days. All animals were observed for clinical
signs at least 5 times daily. Individual kody weights were
recorded twice pretreatment, twice a week during the first 4
weeks of dosing, then once a week. Food consumption was
determined weekly. The eyes were examined by indirect
ophthalmoscopy once during pretreatment, at week 13 of the study
and at week 17 during the recovery period. Blood was taken for
hematological studies and for clinical chemistry evaluations at
weeks 5, 9, 13 and 17; urina.ysis studies were also carried out
during the same weeks. Twelve of each group of animals were
killed at week 14 and submitted to necropsy. The remaining eicht
animals were allowed to recover for four weeks and were killed at
week 18 for necropsy. Eleven organs were weighed from each animal
and 45 tissues and organs were examined histoclogically from the
control and high dose animals as well as for animals dying during
the test period.

Two high dose animals died during the study, a male at day 59 and
a female at day 71. The male was killed as a result of the
deterioration of his general conditicn and the female was found
dead in her cage during the second dosing period.

At 13 weeks, both males and females had reduced red blood cell
counts with a reduction in the total ircn binding capacity,
increased y-globulins and increased urine specific gravities. The
males had slight increases in body weight, alkaline phosphatase,
urine potassium, chloride and protein aund a reduction in urine
volume and pH as well as a reductira in liver weights. The
females had an increase in aspartate and alanine aminotraansferase
and blood glucose and a decrease in amylase, chloride and
cholesterol levels.

The only histopathological anomalies were seen in the kidneys of
the males. At the high dose, dilated tubules were seen at the
high dose and in one animal in the 1ntermediate dose group.
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There was an increased incidence in renal pelvic dilation in the
high dose males killed at the end of dosing. All the kidneys at
all doses were examinad.

Copmments: The NOAEL in this study was 600 mg/kg/day. Tnis irs
equivalent to a human dose of approximately 85 mg/kg/day based on
relative body surface areas for a 70 kg human.

11. Lamivudine: Six month oral toxicity study in the rat, Batch
No. C1817/126/1, Glaxo Group Research Ltd., Hertfordshire, -
England, April €, 1993, (WPT/93/361/Study No. R13470)

Groups of AHA rats (weight: 147-354 g; age: 7-8 weeks; 20-32
animals/gex/group) received Lamivudine (solution) twice daily via
gavage at dosage levels of 0 (vehicle control}, 90 (low), 425
(mid) or 2000 mg/kg/day {(high) for a period of 138 days after
which animals were killed. Only in control and high dosages, 11
animals/sex/group were maintained untreated from 199 to day 268
as recovery groups. Blood samples were collected on days 1, 38,
100 and 177. Mortality: twenty animals {(control: 9; low: S5; mid:
3; high: 3) were killed for humane reasons or found dead during
the study. Clinical signs that were described prior to their
deaths appeared to show no relationship to dosage and comprised
one or more of noisy and/or labored breathirg, subdued behavior,
piloerection, hunched posture, coldness to touch, thin
appearance, hair loss, convulsions and red discharge on or around
the mouth and snout. Clinical observations: hair loss and or scab
formation on various parts of the body, ncisy breathing
{generally characterized by rattling, croaking or whistling) and
red staining and/or discharge from, on or around one or more of
the snout, eyes, forepaws, mouth and perineum were noted (high).
No abnormal clinical observations were noted during the recovery
period. Hematology: reductions in erythrocyte and reticulocyte
counts, and increases in mean cell hemoglobin, mean cell volume
and reticulocyte count were noted on day 30 (high). Mean cell
hemoglobin concentration (high) was statistically significantly
increased on day 188. The changes in erythrocyte count, mean cell
voluime and mean cell hemoglebin were still apparent following a
recovery period on day 224 but rerurned to normal by day 255.
Clinizal chemistry: slight but statistically significant
increased in mean ccium ALT and AST were seen on day 188 {(high).
Statistically significant reductions in serum cholesterol and
trigiyceride throughout the treatment pericd and 1in bilirubin on
days 90 and 188 were noted for both sexes (high). The change in
triglycerides was still apparent on day 224 fcllowing a period of
recovery but had returned to normal by day 255. Urine analysis:
animals showed a slight but statistically significant increase 1in
urine potassium, chloride and specit:c gravity compared LOe
controls during the treatment period generally from day 92

{high); the changes were reversed during the reccvery period.
Absorption studies:; Lamivudine concentration versus time profiles
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on days 1, 38, 100 and 177 indicated that the majority of animals
from all dosage groups were continually exposed to the test
compound throughout the study. Peak plasma concentrations of
Lamivudine were similar after the firsc and second doses and
occurred generally by approximately 1 to 2 hr after dosing.

Organ _Weights; statistically significant reductions in liver
weights compared to control were noted at the end of the
treatment (high); the change was reversed at the end of the
recovery period. Pathology: at the end of the treatment period a
slight or moderate diffuse mucosal hyperplasia, often assocciated
with a degree of inflammatory cell infiltration was noted in the
caecum of seven males and eight females (high). Diffuse
subepithelial eosinophilic material was alsoc recorded in the
caecum for five males at this dosage. The mucosal hyperplasia and
inflammatory cell infiltration showed evidence of reyression but
subepithelial eosinophilic material was still present in three
males and one female (high) at the end of the recovery period.

Comments: Lamivudine was well tolerated by rats at oral dosages
up to 2000 mg/kg/day bid administered over a period of 6 months
and there were no findings that would preclude further controlled
clinical evaluation of the test compound in man. The dosage oI
425 mg/kg/day bid may be considered a NOEL in the study.

12. Lamivudine: Palatability in the diet of rats, Batch No.
C1817/126/1, Glaxo Group Research Ltd., Hertfordshire, England,
June 21, 1993, (WPT/92/323/Study No. R13287)*

Groups of rats {age: 27-29 days; strain: HanIbm WIST; 5
animals/sex/group) received Lamivudine in their diet at daily
dose levels of 0 (control), 180, 600, 1000 or 2000 mg/kg/day for
21 days. Results: the test compound was adegquately absorhed.
Dietary intake was unaffected. There were no treatment related
effects. Conclusion: the diet was palatable at all dosage levels.

13. Lamivudine: 13 week cral (dietary) rats preliminary to aa
oncogenicity study, Batch No. UFP 0004, Glaxo Group Research
Ltd., Hertfordshire, England, December 23, 1993,
(WPT/93/197/Study No. R13288)*

Groups of male and female rats (age: 6 weeks; strain: HanIbm
WIST; weight: 115-187 g; 12 animals/sex/group) received
Lamivudine in their diet at daily dose levels of 1002 or 2000 for
male rats and doses of 1500 or 3000 mg/kg/day for female rats for
i} weeks. Blood samples were collected on the last day of
treatment. Results: there was a transient body weight retardation
tor females (high! and for males rec2iving either of the Joses,
with couasequent impact on feood urilization efficiency. . -
Absorption: at the end of the treatment, absorpticn studies
showed AUCs of 328 and 356 pg*hr/ml in males, and 342 and 74°%
ug*hr/ml in females. Conclusion: doses of 1000 mg/kg/day in the
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males and 1500 mg/kg/day in the females may be considered NCELs,
respectively. The sponsor has not decided the dosage levels for
the subsequent carcinogenicity study.

14. Lamivudine: Two Week Oral Toxicity Study in Dogs, Batch #
C1803/152/1, Glaxo Group Research Ltd, Ware, Hertfordshire, U.K.,
November, 1991, (D12750-WPT/91/222)*

Three male and female beagle dogs {(weight: 7 - 8.5 kg for males
and 5.6 - B.4 kg for females; age: 3 - 6 months) were dosed by
gavage for two weeks with 1500 mg/kg/day of Lamivudine dissolved
in a-etate buffer, pH 3.7. Dosing was carried out twice a day 12
hours apart. An additional male and female were dosed with
vehicle as controls. All animals were observed daily for adverse
clinical signs while their food consumption was recorded daily
and their body weights were recorded predose and on days 1, 4, 8,
11 and on day 15, the day of necropsy. Blood was obtained for
hematological, clinical chemistry and drug level evaluations
Urine was collected for examination. On day 15, the day after the
final dose, the animals were killed and subjected to necropsy.
The animals were exsanguinated and a full macroscopic examination
was carried out. Thirteen organs were weighed and 38 tissues or
organs were subjected to histological examination.

There were no deaths in the study. Loose feces and isolated cases
of emesis were seen in both treated and control animals. There
were otherwise, no treatment related adverse clinical
observations. Slight reductions in hemoglobin, hematocrit and red
blood cell counts as well as moderate reductions in leukocyte and
neutrophil counts were seen in both males and females at the end
of dosing. A slight increase of aspartate and alanine
aminotransferase was seen in both males and females at the end of
dosing. Treated females nad slightly smaller thymuses and
slightly larger ovaries compared to the control animal and
treated males had slightly smaller prostates. On microscopic
examination, the greatest effect of the drug was to the liver of
both treated males and females. The lesions, which ranged from
very slight to very severe, included the presence of mixed
inflammator s foci, centrilobular mixed inflammatory cell
infiltrate, centrilobular coarse vacuolation and focal necrosis
(in one female). In general the liver lesions were more severe
than slight. $light thymic atrophy was seen in a number of
animals.

The mean plasma levels for males and females on day 1 and 14 are
presented in Table 3 and pharmacokinetic parameters calculated
for the mean plasma level-time data are depicted in Table 4. The
parameters indicated that repeated administration of drug for 14
days at this dose level caused a decrease in plasma clearance in
both males and females dogs, leading to increased in plasma AUCs
and hence drug exposure.
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Table 3
Mean Plasma Levels of Lamivudine in Beagle Dogs Receiving
Repeated Oral Administration of at 1500 mg/kg/day BID

Mean Plasma Levels (ug/mi}

o S bW - O

—
L)

Table 4
Pharmacokinetic Parameters of Lamivudine in Beagle Dog

Male Femnale
Day 1 Day 14 Day | Day 14
e ———————
AUC (ug*hr/ml) 94 1169 650 1578
Clearance (Vhr/kg) 112 12 2.2 08
Volume of Distnbivon (1/kg) 37 45 { as 42

Comments: In view of the fact that livers of all 6 treated dogs
in this study are moderately/severely affected (mixed
inflammatory foci, centrilobular mixed inflammatory cell
infiltrate or centrilobular coarse vacuolation) and that focal
liver necrosis is present in one treated female, coupled with
elevated ALT and AST, taken together suggest that liver is a
target organ for this compound in dogs. The thymic atrophy seen
may be a treatment-related toxicity.

Repeated administration of Lamivudine bid for 14 days caused a
redvction in plasma clearance of this agent in both male and

female dogs leading to an increase 1in systemic drug exposure.
- =




NDA D0-564 PHARMACOLOGIST’S REVIEW Page No. 23

15. Lamivudine: Thirteen Week Oral Toxicity Study in Dogs, Lots #
C1013/111/1, C1817/86/1 and C1817/83/1, June, 1992, Direzione
Ricerche di Tossicologia, Glaxo S.p.a., Verona, Italy, (D12873-
WPT/92/132)

Six male and 6 female beagles per group were fed Lamivudine in
acetate buffer, pH 3.7, at dose of 0 (vehicle), 90, 520 or 3000
mg/kg/day for 13 weeks. All solutions were administered twice
daily (at equal doses) at approximately 12 hr intervals by
esophageal catheter. All animals were observed at least 4 times
daily during the dosing period and 2 times daily during the
recovery period. Body weights were recorded 5 times prior to
dosing on the day of the first dose and weekly thereafter.
Ophthalmoscopy was carried cut 3 times prior to dosing and at the
end of the dosing or the recovery period. Electrocardiography
studies were carried ou:¢ 2 times prior to dosing and during weeks
4, 12 and 16 (during the recovery period). A panel of
neurological reflexes and reactions were carried out 2 times
prior to dosing and during weeks 4, 12 and 16 (during the
recovery period). Blood was collected once prior to dosing and
during weeks 5, 13 and 17 (during the recovery period) for
hematology and clinical chemistry measurements. Urine for
analysis was collected overnight to coincide with the collection
o blood. The day after th-> final dose, 4 male dogs per group and
all the remaining female dogs were killed. The remaining 4 males
were allowed to continue without dosing for an additional 4 weeks
(recovery) . At death, a full macroscopic examination was carried
out on all animals. Bone marrow smears were prepared for
examination and 12 organs were weigned. Samples of 41 organs and
tissues from all groups were prepared for histological
(microscopic) examination.

There were five mortalities during the study. Two of the
fatalities were caused by dosing accidents during the first week
of the study. The two animals were replaced. Three females dosed
at 3000 mg/kg/day died, one on day 32, the second on day 42 and
the final animal on day 48.

The first female which died {day 32), ate no food from day 26.
At week 5, this dog had elevated alanine transaminase (5 times
normal) and lactic dehydrogenase levels and a slight increase in
lymphocytes. There was a 4-fold increase in the urinary sodium
and a slight increase in urinary potassium. At necropsy, the
liver was markedly yellowish with severe diffuse fatty changes
confirmed with 0il Red O (ORO) staining and centrilobular
congestion. The stomach was distended and filled with a large
amount of transparent mucous but no evidence of microscopic
findings. The animal also had slight congestion of the xenal
parenchyma but no evidence of microscopic abnormalities. There
was severe congestion of intestinal mucosae with multifocal
mucosal ulceraticons. This was accompanied by multifocal
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mononuclear-cell infiltrates in the small intestine and focal
hemorrhage in the large intestine. There was edema and hemorrhage
in the lungs with severe bronchopneumonia. The animal showed
thickening of the pericardium with diffuse hemorrhage of the
endocardium and focal hemorrhage of the pericardium as well as
pale coloration of the heart. The animal had moderate lymphoid
depletion of the spleen with diffuse congestion, focal
hemorrhage, multifocal germinal center depletion and diffuse
erythrophagocytosis of the lymph nodes. Death was attributed to
severe congestive cardiopulmonary failure with a superimposed.
bacte:ial and fungal infection.

A second female was killed on day 42 due to the deterioration of
its ceneral condition. From day 32, all food (including canned
food) was left uneaten. From day 31, the animal showed subdued
behavior and salivated during dosing on a number of occasions.
At week 5, there was a slight increase in the alanine
transaminase and lactate dehydrogenase levels and a decrease 1n
the urinary chloride level. At necropsy there was a severe
discoloration of the liver with diffuse ORO positive stailning.
The lungs were slightly reddened and were slightly congested.
The spleen had a slight lymphoid depletion and was slightly
reduced in size. The stomach had miltifocal small eroded areas
with some superficial edema. The intestines were slightly
congested with moderate edema in the large intestine. The kidneys
were diffusely congested with diffuse tubular cell vacuolation.
The cells of the bone marrow were severely depleted.

A third female showed subdued behavior and reduced appetite from
day 38. Canned meat was fed to the animal from day 42 without
appreciable resulrs. The animal was killed on day 48 because of
the deterioration of its general condition. At week 5, there was
a slight increase in red blood cell counts and hemoglobin values
and a slight decrease in lymphocytes. There were increases in
alanine and aspartate transaminase levels as well as lactate
dehydrogenase and blood urea nitrogen levels. The animal showed
decreases in the blood glucose and o-amylase levels. There was an
increase in urinary potassium and a decrease in urinary chloride.
At necropsy, the lungs were moderately distended with reddening,
severe congestion, edema and a localized inflammatory cellular
infiltrate. There was emphysema in cone lobe. The liver was yellow
colored and friable with severe fatty changes (ORO positive). The
spleen was reduced in size with slight lymphoid depletion. The
stomach had multifocal erosicns with marked biliary reflux. The
small intestines had moderate diffuse congestion. The kidneys
showed yellow discoloration with diffuse tubular-cell vacuolation
and eosinophil deposition. The animal had fccal ulceration of the
tongue and a pituitary cyst. The bone marrow was severely o
depleted of cells.

The most common clinical sign during the study was salivacion and
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difficulty with gavage insertion in the high dose animals. Body
welght and food consumption decreases were seen only in the 3
females which died or were killed during the study. There was a
decrease 1in red blood cells at the intermediate and high dose in
males at both 5 and 13 weeks and in the high dose females at 13
weeks. At the high dose, there was an increase in the mean
corpuscular volume in the males at 5 weeks and in the females at
13 weeks. At 13 weeks, the 1lncrease was seen in the males at the
intermediate as well as the high dose. At the high dose, there
was an increace in the mean corpuscular hemoglobin in the males
and females at 5 weeks and in the females at 13 weeks. AL 13
weeks, the increase wa. seen in the males at the intermediate as
well as the high dose. At 13 weeks, there was a slight i1ncrease
in the activated partial thromboplastin time at the intermediate
and the high dose in males. At the high dose, there was a
decrease in total white blood cells in the females at 5 and 13
weeks and in the males at 13 weeks. At weeks 5 and 13, there was
an increase in the total protein in the males at both the
intermediate and high dose and in the females at the high dose.
At 13 weeks, there was a decrease in the levels of o-1 globulin
at the intermediate and high dese in the males and an increase in
- and y-globulin in both the males and females at the high dose.
At the high dose, the specific gravity of the urine was increased
in the males and females at both 5 and 13 weeks and the volume
was decreased at 13 weeks. At 13 weeks, the urinary chlorine
levels were increased at the intermediate and high dose and the
potassium levels were increased at the high dose in both the
males and females; urinary proteins were increased at the high
dose in the females. The kidney weight was increased at the high
dose ip the males. Drug related changes were seen in the liver
and thymus of the high dose animals only. The liver lesions were
centrilobular lipid deposition and a diffuse depletion of
cellular glycogen (confirmed by periodic acid Schiff stain). A
moderate atrophy of the thymus was observed in 2 male high dose
animals.

Couments: The dose at which there were no adverse effects in this
study was 90 mg/kg/day. This is equivalent to a human dose of
approximately 50 mg/kg/day based on relative body surface areas.

16. Supplementary report to: Thirteen Week Oral Toxicity Study in
Dogs, Lots # C1013/111/1, C1817/86/1 and C1817/83/1, June, 1892,
Direzione Ricerche di Tossicclogia, Glaxo S.p.a., Verona, Italy,
(VTX/94/037/D12873) *

This report contained sugpiementary information to Verona report
number VTX/22/011/WPT/92/132 which described the findings of a 13
week oral toxicity study of Lamivudine in dogs. The micxosgopic
examiration of the caecum, which was included in the original
protocol design, was performed on all dogs following Jetection of
caecal changes in the 6 month rat study {(WPT/23/3€1,. Kesults:
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no microscopic changes related to Lamivudine administration were
cbserved in the caecum of all animals killed feoilowing the
treatment or recovery periods. The conclusion drawn in the main
report was considered valid.

17. Lamivudine: 52 weeks oral (gavage} toxicity study of dogs,
Batch No. UFJ 008, Glaxo Group Research Ltd., Hertfordshire,
England, September 1994, (WPT/92/407/Study No. D13604)

Groups of male and female beagle dogs (weight: 7.8-11.8 Kg; age:
23-27 weeks; 4 animals/group) received Lamivudine by oral gavage
at dose levels of 0 (vehicle), 45 (low), 260 (mid) or 1500 (Jd},
1000 (%) mg/kg/bid (high) for a period of 52 weeks. On completion
of the 52-week dosing pericd, the control and high dose groups (2
animal /sex/group) were maintained for an 8-week recovery period.
Clinical signs: treatment-related increased incidence of liquid
feces was recorded in high dose animals. One male experienced a
single incident of liquid feces during the recovery period.
Hematology: lower RBC counts, associated with increased mean cell
volumes, were noted in male and female aniwmals (mid and high)
throughout the treatment period. Packed cell volumes and
hemoglobin concentrations were reduced in females (high} in week
S and decreased packed cell volumes and increased mean
corpuscular hemcglobin concentraticns were not:d for male and
female animals at all doses in week 51. These trends demonstrated
reversibility by week 8 of the recovery period. A significant
decease in white cell count (associated with decreases in
neutrophils and lymphocytes) for high dose animals was noted
during the treatment period; in week 4 of the recovery periocd, a
degree of improvement was seen in the parameter. Biochemistry:
increased total protein levels, associated with increased
globulin levels, were noted for males (high) when compared toc the
controls. Increased activity of GPT and GOT were recorded for
male animals at all dose levels. Slightly elevated GOT levels
remained apparent during the recovery period for males (high}.
Increased vitamin B, levels were noted for animals in all treated
groups and increased folate levels were recorded in mid and high
dosg animals. During the recovery period, the vitamin B, levels
reverted to similarity with the controls. Urinalysis: a slight
increase in specific gravity was noted for male and femrale
animals (high) during the treatment pericd. At week 4 of
recovery, the specific gravity was comparable to the contrels.
Organ weights: thymus weight were lower in terminally killed male
dogs (high). Slightly elevated spleen weights were recorded in
recovery killed female dogs (high). Histopathology: an increase
incidence of splenic hemosiderosis was found in 2/4 terminal male
and 3/4 terminal female dogs (high). Liver: subcapsular fibrosis
at the median cleft (one terminal high dose and one recoevery high
dose males}) and focal portal fibrosis (one high dose recovery
male) were noted. Absorption studies: AUC data for the doses are
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presented in Table 5 and clearly show 1ncreased exposure on week
52 relative to day 1 for all three dose groups.

Table 5
The AUC Values of Lamivudine Following 12-Month Oral
Administration to Dogs

Malc T Female I

Dose

mg/kg/biwi Day | Week 52 Week 52 Day t Week 52 Weex 52
15t Dosc 1st Dose Ind Dose ist Dosc Ist Dose 2nd Dose

45 43 L] 130 9 55 n

260 185 4256 588 172 159 319
1500 (3) 435 948 1610 417 872 1170
1000 (%)

Comments: Lamivudine was well tolerated by dogs. Since an effect
on red blocd cell parameters was noted at all desage levels, a
NOEL could not be identified in the study. The results of
absorption studies indicate that repeated administration of
Lamivudine at all dosages leads to increased systemic exposure of
both male and female dogs.

18. Lamivudine: Multidose toxicity study - marmosets (seven day
intravenous), batch C1450/295/1, Report # WPT/90/416 January,
1991

One male and one female marmoset were administered the racemate
GR103665X (+) in 0.9% sodium chloride solution intraverously at a
dose of 100 mg/kg/day for four days, followed by a dose of 300
mg/kg/day for three days and finally at a dose of 300 mg/kg twice
a day {with a four hour interval between doses). This was
designated group A. A second pair of marmosets received a dose of
300 mg/kg twice a day for seven days (grcup B). The animals were
kilied on the day after their final dose. Monitoring was daily
for the duration of the study and body weights were determined at
intervals throughout. Blood was drawn predose and immediately
prior to necropsy for hematology and clinical chemical studies.
Urine samples were collected once on days 8/9 for group A and on
days 4/5 for group B. Ten organs and tilssues were examined tc_-
histological lesions. Blood was drawn from both groups for plasma
drug concentrations. Groups A and B were bled predose, and at 30
minutes and four hours after dosing on the first day of
treatment. Animals in group A were bled 30 minutes and 4 hours
after each occasion that the dose increased as well as 30 Whinutes
and four hours after the first dose and 30 minutes cfter the
second dose on day eight. Animals in group B were bled 30
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minutes, four hours and 24 hours after dosing on day seven.

Lesions were seen around the dosing site on all animals. These
were described as mild bruising to surface sores. Animals from
both groups had a reducticn in hemoglobin, aematocrit and
erythrocyte counts and a slight reduction in plasma albumin and
total protein. There was a slight increase in bilirubin, urea and
creatinine phosphokinase in both groups. Blcood and protein was
detected in the urine of animals in both groups. The animals in
group B also had a markedly decreased platelet count and an .
increased leucocyte count. Plasma samples taken four hours after
dosing showed a large reduction in drug concentration while
comparison of samples taken 30 minutes after the first ard second
dose on a single day showed no incication of accumulation. The
plasma concentrations are shown in Table 6.

Table 6.

Plasma Concentrations of GR103665X (+) in Marmosets

Day Dose GR103665X (+) Concentration (ug/ml) Group
A
mg/kg
30 min (dose 1) 4 hr (dose 1) 30 min (dose
2)
1 150 d
150 ¥
5 300 d
300 ¢
12 300 bid &
300 bid ¢
Dayh Dose GR103665X (+)} Concentration (ug/ml) Group
B
mg/kg
Predose 30 min 4 hr 24 hr
1 300 bid &
300 bid ¥
7 300 bid &
300 bid ¥

- No sample taken
ND indicates no compound detected
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19. A 14 Day Intravsenous Toxicity Study in Marmosets, Batch #
C1803/74/1, Glaxo 3roup Research Ltd, Ware, Hertfordshire, U.K.,
June, 1991, (Pl267B-WPT/91/079)~

Two groups of male common marmosets (weight: 273 - 328 g; age: 12
- 18 months; 4/group) were administered either vehicle or
Lamivudine (450 mg/kg/day bid for first 4 days and €00 mg/kg/day
bid for next 10 days) intravenously in 0.9% sterile sodium
chloride solution for 14 days. The primary purpose of the study
was to determine the effect of the drug on the heart. The animals
were examined at least twice a day for signs of distress while
body weights were recorded pre-treatment and on days 1, 5, 8, 12
and the day of necropsy. An electrocardiographlc examination was
carried out on days 1 and 10. Blood was drawn for h=matological
and clinical chemistry evaluations predose and on days 9 and 15.
On the day after dosing, the animals were killed and submitted to
necropsy. The hearts were welghed and samples from 40 tissues or
organs examined for histological anomalies.

Bruises, akrasions and scarring was found in all animals at the
site of injection. There were slight decreases in the red blood
cell counts, hematocrit and hemoglobin concentrations in the
treated animals at day 15. There were slight rises in the serum
bilirubin and potassium concentrations at the same time point. No
electrocardiograph effects were seen that could be related to
treatment. Since there was only a single test article group, a
NOEL was not seen in the study.

Commentsg: The various electrocardiograph studies reported 1in this
IND were examined by Dr. Kuei Meng Wu. He agreed that no adverse
effects were reported throughout the studies.

III. Special Toxicity Studies

1. Lamivudine: Acute eye irritation test in the rabbit, Batch No.
C1817/126/1, Glaxo Group Research Ltd., Hertfordshire, England,
February 4, 1993, (WPT/92 20%/Study No. L13610}*

Two male and one femole New Zealand White rabbits (weight: 2.55-
2.91; age: 12-16 weeks) received 10 mg of the test material into
the conjunctival sac of the right eye. The eyelids were then held
together for approximately one second. Assessment of ocular
damage/irritation was made approximately 1, 3, 6, 4, 48 and 72 hr
after the treatment. Results: no ocular reactions were noted in
any treated eye during the study.

2. Lamivudine: Acute dermal irritation test in the rabbit, Batch
No. C1013/111/1, Glaxo Group Research Ltd., Hertfordshire,r
England, February 26, 1992, (WPT/91/325/Study No. L13056)*

Two male and one female New Zealand White rabbits (weight: 2.24-
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2.99; age: 12-16 weeks) were clipped free ot fur from the
dorsal/flank area. A quantity of 0.5 g of the test material,
moistened with 0.5 ml of distilled water, was introduced under a
2.5 cm * 2.5 cm gauze patch and placed in position on the shorn
skin. The patch was secured in position with a strip of surgical
adhesive tape. Four hr after the application, patches and any
residual test material were remcved by gentle swabbing with
cotton wool socaked in distilled water. The test sites were
examined for evidence of primary irritation at 1, 24 and 72 hr
after removal of the patches. Results: very slight erythema was
noted at one treated skin on 1 hr after patch removal. All
treated skin sites appeared normal 24 hr and 72 hr after the
treatment. Conclusion: Lamivudine was non-irritant to rabbit skin
under the conditions of the study. No corrosive effects were
noted.

3. Lamivudine: Evaluation of contact sensitizing potential in
female guinea gigs using a split-adjuvant technique, Batch No.
C1758/226/1, Glaxo Group Research Ltd., Hertfordshire, England,
June 25, 1993, (WPT/92/207/Study No. 13034)*

Female Dunkin and Hartley derived guinea pigs {weight:
approximately 300 g; age: 6 weeks; 10 animal/sex/group) were
tested for potential contact sensitivity by repeated dermral
application of the test material as 10, 5, 2.5 or 1% w/v solution
(initial), together with intradermal administration of Freund’'s
Complete Adjuvant {challenge). Initial irritancy titration: all
concentrations of the test material produced negligible
irritancy. The maximal concentration (10% w/v) of the test
material was selected for the challenge procedure., Challenge:
none of the treated animals showed a positive reaction with a 10%
w/v solution of the test material. Conclusion: the contact
sensitizing potential of Lamivudine was considered to be very low
in the study.

4, Lamivudine: Dose finding study for anaphylaxis test in guinea
pigs, Tsukuba Research Labs, Nippon Glaxo, Japan, June 7, 1994,
Batch No. UFJ0012, (NTX/94/001/Study # 932001)

Groups of male guinea pigs {3,/group) were administered Lamivudine
at dose levels of 0.01, 0.1, 1.0 or 10 mg/animal via ip, sc or im
routes to determine the doses of the test compound for
sensitization and elicitation in an active systemic anaphylaxis
test. Results: no deaths occurred and no abnormalities were
observed due to Lamivudine in any animals. 10 mg/animal was
considered to be appropriate for administration of Lamivudine for
the sensitization and elicitation systemic anaphylaxis test.

- L
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5. Lamivudine: Acute systemic anaphylaxis test in guinea pigs,
Taukuba Research Labs, Nippon Glaxoc, Japan, June, 1994, Batch No.
UFJ0012, (NTX/S54/002/Study # 200661)*

Groups of male guinea pigs (5/group) were administered Lamivudine
at a doze level of 10 mg/ml/animal via 1p or sc routes 3
times/week for 3 weeks to investigate the antigenicity of
Lamivudine. Results: no systemic anaphylaxis reaction was
observed with any group treated with Lamivudine alone or mixture
of Lamivudine and protein for sensitization and challenge. -
Conclusion: Lamivudine has a low possibility of causing allergic
adverse reactions in clinical use since Lamivudine did not show
any immunogenicity under the experimental conditions.

IV. Reproductive and Developmental Toxicity Studies

1. Lamivudine: Effects of oral administration upon the
reproductive performance of a parental dosed generation (F,) of
AHA rats and upon the peri- and post-natal development of the
resulting two successive, untreated generations (F, and F,), Batch
No. UFP 0002, Glaxo Group Research Ltd., Hertfordshire, England,
June 9, 1994, (WPT/93/210/Study No. R13738)

Groups of parental (F;) generation of AHA rats (24 animals/group)
were administered Lamivudine via oral gavage at dosages of 0
{(control) 90 {(low), 450 (mid) or 2000 mg/kg/bid (high)

throughout gametogenesis, pairing, pregnancy and lactation. Fetal
development and offspring growth, development and maturation (F}
and development of subsequent F, generation were assessed.
Results F,: Mortality: ten male and eleven female rats died [due
to gavage accidents] during the dosing period. Body weight and
food consumption: statistically significant increases 1in
bodyweight gain and food consumption were noted in high dose
animals. Males (mid) showed increased bodyweight gain. Absorption
data: 2 hr after dosing on one occasion in the week pricr to
paring, mean plasma levels for male rats were 6.3, 34.4 and 89.0
and for females were 9.9, 37.5 and 133 ug/ml in the low, mid and
high dose groups, respectively. F, _offsprings: survival, growth
and development of the offsprings to weaning were unaffected. E,
generation: bodyweight gain of males and females (high) was
reduced before mating. Mean number of vertical movements and
vertical antivity (rearing) were reduced for males {(high). An
increase in gestation length (high] was noted. Post mortem
examination revealed significant increase (p<0.05) in prostate
weight in the high dose males. F, offsprings: survival, growth
and development of the offsprings were unaftfected.

Comments: Changes seen in the study do not contra-indicaterthe
proposed clinical use of Lamivudine. A dosage of 450 mg/kg/bid
may be considered a NOEL.
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2. Lamivudine: Embryotoxicity and Teratogenicity Study in Rats,
Batch # C1013/75/1, Glaxo Group Research Ltd, Ware,
Hertfordshire, U.K., October, 1991, (R12768-WPT/91/196)

In this preliminary study, five pregnant female AHA rats per
group were administered Lamivudine 1in acetate buffer, pH 3.7, by
gavage twice a day at 0 {(vehicle control) 45, 500 or 2000
mg/kg/day. Dosing was carried out on days 7 through 16
inclusively. The animals were observed daily for adverse effects
of the drug and body weights were recorded throughout the study.
On days 7 and 16 of pregnancy, blood was collected from two rats
in each group at 1 hour after the first dose for the
determination of drug plasma levels. On day 21 of pregnancy, all
the surviving rats were killed, a post mortem examination was
carried out and all abnormal tissues were preserved for
histological examination. The ovaries and uterus, together with
its contents, were removed and the position in the uterus of each
live fetus together with early and late implantation deaths were
recorded. Live fetuses were examined for gross external
abnormalities, weighed and killed. One half of the fetuses were
dissected for examination of their viscera. They were then fixed
and stained with Alizarin Red S for skeletal examination. The
remaining fetuses were fixed in Bouin’'s fluid prior to & visceral
examination and sex determination. Three fetuses from the
control, one from the low dose, three from the intermediate dose
and one from the high dose groups were retained in Bouin’'s fluid
and examined histologically after visceral examination.

No deaths occurred during the study and the drug was without
clinical effect on the dams. Drug levels determined one hour
after the first dose showed linearity betwsen the two lowest dose
levels but not between the intermediate and highest dose level.
The mean body weights of the animals administered the highest
dose were marginally increased over those of the other three
roups. Macroscopic examination of the fetuses at term showed
four major abnormalities in the 45 mg/kg/day group. Three of the
abnormalities occurred in litter mates from one dam. One fetus
had _unilateral microphthalmia and internal hydrocephalus, the
diaphragm of a second was pdartially non-muscularized while retro-
esophageal aorta was found in a third. Umbilical hernia was
recorded in another fetus from a second litter. No anomalies were
recorded in the other groups. The incidence of skeletal anomalies
was similar among groups. The only other adverse effect was the
appearance of a liquid effusion in the pericardial sac of the
animals which had been fixed 1in Bouir's fluid.

Comments: The sponsor considered the usion to be a possible
artefact since it was seen only in tue .ixed fetuses and net in
those examined immediately after death. The conclusicn of the
study was that dosages up to 2000 mg/kg/day would be suitable tor
a full organogenesis study in AHA rat.
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3. Embryotoxicity and Teratogenicity Study in Rats, Batch #
C1758/226/1, Glaxo Group ResBearch Ltd, Ware, Hertfordshire, U.K.,
not dated, {(R12899-WPT/91/305/Draft Report)®

Groups of pregnant AHA rats {(weight: 160 - 230 g; age: B8 weeks;
36 animals/group; were administered Lamivudine in acetate buffer,
pH 3.6, twice a day, twelve hr apart, at doses «i 0 (vehicle
control), 45, 30C and 2(00 mg/kg. Dosing took place between days
7 and 16 of pregnancy. Twenty-four animals from each group were
killed at term while the remaining 12 were allowed to litter.. The
animals were observed for clinical signs while their body weights
and food consumption were recorded throughout. In the litters
villed at term, the number of corpora lutea on each ovary, the
position of each fetus and whether there occurred early or late
embryonic/fetal death, fetal weights or external abnormalities of
the fetuses were recorded. The live fetuses were killed and half
were examined for visceral abnormalities, fixed and examined for
skeletal abnormalities. The mothers were kiiled and subjected to
a postmortem examination. In the litters allowed te wean, the
litter size and number of animals of each sex were recorded while
the pups were observed for clinical abnormalities and their body
we.ights were recorded at days 2, 4, 8, 12, 16 and 20 after birth.
The pups were killed at 21 days post birth and their hearts and
lungs examined and preserved in Bouins solution for further
histological examination. The pups were subjected to a postmortem
examination and discarded.

An additional four pregnant females per group were treated with
drug in an identical manner to these animals described above.
Blood samples were taken from these animals at 2 and 24 hours
after treatment on the first and last day of dosing for the
estimation of plasma levels of the drug. Two hr following the
administration of doses »f 45, 300 or 2000 mg/kg/day to the
additional four pregnant females on day seven of gestation .(the
day of the first dose), the plasma concentrations were 3.5, 15.2
and 66.6 ug/ml respectively. Although the dose response is not
linear, the high doge prcduces a plasma concentration four times
greater than the next lower. Plasma concentrations determined at
two hr after the last dose indicated that there is little
accumulation of the drug with time.

There was a slight increase 1in body weilght gain at the high dose
between days 12 and 16 of pregnancy. Absclute body weights were
not statistically effected throughout the study. There was no
effect of the drug on either the gestation length or index. There
was an increase in the incidence of renal pelvic cavitation seen
in the intermediate and high dose groups ot females killed at
term {(incidences of 2, 1, 4 and 8 in the control, low, . .
intermediate and high doses, respectively). Only one high dose
female in the group allowed to litter was found to have pelvic
cavitation in one kidney. No other treatment related ancmalies
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were noted. There was no effect of dosing on the number of
implantations or the number of pre- or post-implantation losses
nor was gestation length affected by treatment. The number of
live fetuses, fetal sex ratioc, and fetal body weight were all
unaffected by treatment. There was no effect of treatment on the
viscera or on the incidence of skeletal findings. In all cases,
the body weights of the affected fetuses were consistently higher
than those which did not exhibit the effusion. In this study,
this effusion was seen in control animals as well as treated. The
incidence was 0.6% in the control animals and 1.0, 2.4 and 0.6%
in the low, intermediate and high dose groups respectively. The
sponsor considers the dark colored effusion to be a post mortem
fixat.ion artefact related to the larger size of the affected
fetuses and the associated delay in fixation of the tissues. The
general conditiocn as well as the number of offspring born, the
survival, the offspring sex ratio, the birth index and the body
weights of the Fl offspring were all unaffected by treatment. On
necropsy, other than the syndrome discussed below, no
abnormalities were cbserved that could be related to treatment.

Four fetuses from the intermediate dose group in which the mother
was killed at term had a syndrome which included ablepharia (also
called cryptophthalmos, a developmental anomaly in which the skin
is continuous over the eyeballs without any indication of the
formation of eyelids), kinked tail, protruding tongue, and renal
hypoplasia. Skeletal examination revealed degrees of curving,
shortening and/of thickening of the radius or tibia. The same
syndrome was noted in one of the F1 pups from the low dose group
(found dead at day two after delivery) in the groups allowed to
live until weaning. The results are presented in Table 1.

Table 1
Teratogenicity of Lamivudine in Rats

Dose No of Affected No. of Affected
(mg/kg/day bid) ; P

Comrol Wiz w23 O/ 160 iz
45 03 0724 1187 L1
300 4339 124 154 042 _
2000 (U5 1) 24 147 012

Comments: In this study, a litter containing pups with renal
hypoplasia, ablepharia and protruding tongue is recorded. ¥
Although the syndrome 1s seen in only two litters in the present
study, because of the rare nature of the defects and the
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similarity of defeccs seen in teratcogenicity studies with a
closely related compound (ddC) in a second species (mice}, one
must conclude that the spectrum of major malformations are a
result of treatment with Lamivudine. The sponsor is aware of this
and indicates that further studies will be carried out to assess
the teratcgenic potential of this drug.

4. Lamivudine: A further investigation into the effects of twice
daily oral administration on pregnant AHA rats and their progeny
in utero (Report of findings following external and visceral pr
skeletal fetal examination), batch # C1758/233:/1, Glaxo Group
Research Ltd, Ware, Hertfordshire, England, 11 December, 1991,
(WPT/91/443/R13161)*

Three groups of mated female AHA rats {strain: Wistar/Sprague
Dawley derived with Wistar chara- =ristics; age: 7 weeks; weight:
220 g; 30 animals/group (50 animc _/control); day 1 of pregnancy
= day of mating} were administered Lamivudine, twice daily
approximately 12 hr apart, by oral gavage at a standard dosage
volume of 10 ml/kg (in acetate buffer, pH 3.5-3.7) during
gestation days 7 to 16 at dose levels of 0 (vehicle control), 45
or 300 mg/kg/day. All mated females were killed by inhalation of
carbon dioxide on day 21 of pregnancy, and ovaries and uterus
were removed from each dam for examination. All live fetuses were
killed by ip injection of sodium pentobarbital. A total of 1435
fetuses were examined and major abncrmalities were recorded in 8
of these specimens (4 in controls, 2 in each of the 45 and 300

mg/kg groups). Abnormal digits, comprising malpositioning, fusion
and absence unilaterally, (1 fetus, 1 dam in 300 mg/kg); internal
hydrocephalus (1 fetus, 1 dam in contrel}; microphthalmia (1

fetus in each dam in contrel and 300 mg/kg); retro-
oesophageal/tracheal aorta (2 fetuses, 2 dams in control, and 2
fetuses, 2 daris in 45 mg/kg) were recorded. External/Visceral
Findings: there was congsidered to be no eftect of treatment of
Lamivudine on either of the findings recorded. Skeletal Findings:
incidence of non-ossification of the hyocid bone was increased
compared to the contrel group at 45 and 300 mg/kg, the incidence
being 5.2, 9.9 (p<0.05) and 7.4 in control, 45 and 300 mg/kg,
respectively. The incidence of supernumery rib formation,
bilateral, was statistically increased at 300 mg/kg only.
Variants: there were statistically significanft increased
incidences of poor ossification of the 6th sternebra at 300
mg/kg, the incidence being 74.6, 71.4 and 80.9% in control, 45
and 300 mg/kyg.

Comments: Abnormal digit formation was found in one fetus from
360 mg/kg bid treated group. Because of its isoclated occurrence,
it is unlikely that the digit defect is associated with .- .
treatment. Digit defects, 1in association with other defects in
various animal species, have been recorded with nucleoside
analogues, particularly with ddC (a drug very similar in
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structure to Lamivudine) treatment (Teratology 42: 131-136,
1990) .

5. Lamivudine: Embryotoxicity and teratogenicity study - rabbits.
Study No. WPT/$1/333, December, 1991, drug lots C1803/152/1 and
C1578/226/1.

Five pregnant Dutch rabbits per group were administered
Lamivudine in sodium acetate buffer pH 3.7 by gavage twice daily
{12 hours apart) at doses of 0 (vehicle control), 250, 1000 and
2000 mg/kg/day between days 8 and 20 of pregnancy inclusively.
These animals were designated as the dose groups. They were
examined at least once daily for clinical signs. The animals were
weighed on day 1 of pregnancy, on days 4, 6, 8-20 and every other
day until the termination of the study. On day 7, all animals
were bled for the determination of progesterone levels. All
surviving animals were killed on day 30 for the examination of
their uterine contents. The number of corpora lutea on each
ovary, the number of implantation sites, the position of each
fetus and early or late embryonic/fetal deaths and the fetal
weights were recorded. Each live fetus was examined for external
abnormalities. They were killed, dissected and examined. They
were examined for skeletal abnormalities after staining with
Alizarin Red S. Any erternal, visceral or skeletal abnormalities
werz recorded. All the fetal tissue was retained in buffered 4%
formaldehyde. An additional 2 pregnant females per group were
treated with Lamivudine identically for the estimation of pliasma
drug levels. This group of animals was designated as the
absorption group. The animals were examined at least once dally
for clinical signs. The animals were veighed on day 1 of
pregnancy, on days 4, 6 and from 8 to 20. Blood samples were
collected from each of the animals in the absorption group on day
8 of pregnancy at 0.5, 1, 2, 4, 8 and 12 hours after the first
dose, on day 9 predose and 2 hours after dosing and on day 20
predose and 0.5, 1, 2, 4, 8, 12 and 24 hours after the first dose
(the only dose given). On day 21, the absorption groups were
killed.

One low dose and one high dose animal were killed due to dosing
accidents. One intermediate dose animal aborted on day 30. On
postmortem examination, the animal was fcund to have a pale liver
and lungs with liquified cecal contents. One high dose animal
aborted on day 23 and one was found dead on day 20 but no
postmortem abnormalities were found. One high dose animal in the
absorption group was killed cn day 18 due to its poor condition.

"pon initiation of dosing, there was a decrease in body weight in
all the animals. Except in the lose dose animals, the bedys-weight
was lower at the end of the study than at the beginning of
dosing. In the low dose animals, the body weight at the end of
the study was approximately equal to the starting body weight.
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At postmortem examination, several animals at all doses had few
or no fecal pellets in the lower intestine. Th? incidence of pre-
implantation loss was increased 1n all treatment groups. The
percentages were 3.6 in the controls and 39.1, 31.4 and 29.4 in
the lcw, inucrmediate and high dose groups respectively. Post-
imp antation loss was unaffected by treatment although this
observation may have been compromised by the fact that one
control litter had a 100% incidence of intra-uterine deaths.
Compared with historical values, the mean fetal body weights from
the dams in the vehicle control group were markedly reduced. The
mean fetal weight in the low and intermediate groups were higher
than those of the controls (and barely within historical limits).
The high dose fetal weights were markedly reduced compared to
those in the concurrent controls. A total of 64 fetuses were
examined, 2% of which had major abnormalities. The number of
fetuses examined (with the number of major abnormalities in
parenthesis) was 19 (7), 12 (2), 22 (10) and 11 (11) in the
control, 250, 1000 and 2000 mg/kg groups respectively. There was
delayed skeletal development in the fetuses from the two high
dose groups. A syndrome of abrormalities in the group treated
with 2000 mg/kg/day was recorded. The syndrome consisted of
subcutanecus edema 1in the neck and torseo region with feorelimb
arthrogyropsis (persistent flexure or contracture), lncomplete
formation of the abdominal muscles, lateral cerebral ventricle
dilation, non-eruption of upper incisors, abnormally bulbous
heart, shortening or thickening of the ribs and curving or
thickening of the long bones. Four of the eleven fetuses had
palate cleft or other palatine defects.

Comment: The sponsors state that while an involvement of
Lamivudine in the fetal findings cannot be excluded, the poor
maternal tolerance of the pH 3.7 acetate buffer may also be a
contributing factor. The sponsor further states that a
preliminary oral organogenesis study was carried out using

sterile water (see below),

The pharmacokinetic data reported 1in this study were very
sketchy. A significant increase in plasma levels was observed
between the first and last occasicn of administration while there
was an increase in the placma levels as a function of dose.
However, the variation among animals was too great and the
quantity of data too sparse to say much more.

6. A Preliminary Embryotoxicity and Teratogenicity Study in
Rabbits, Lot # C1803/152/1, Glaxoc Group Research Ltd, Ware,
Hertfordshire, U.K., December, 1991, (L13030-WPT/91/334)

In this preliminary study, five pregnant Dutch rabbits peregroup
were administered Lamivudine in water by gavage twice daily {12
hr apart) at doses of 0 (venicle control), 500 and 1000 mg/kg/day
bid between days 8 and 20 of pregnancy inclusively. The animals
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were examined at least once daily for clinical signs. The animals
were weighed on day 1 of pregnancy, on days 4, 6, 8 - 20 and
every other day until the terminaticn of the study. On day 7, all
animals were bled for the determination of progestercne levels,
while on days 8 and 20 of pregnancy, blood was collected from two
animals in each group at 1, 2, 4 or 8 hr after dosing for the
determination of drug plasma levels. All surviving animals were
killed on day 30 for the examination of their uterine contents.
The: number of corpora lutea on each ovary, the number of
implantation sites, the position of each fetus and early or late
embryonic/fetal deaths and the fetal weights were recorded. Each
live fetus was examined for external abnormalities. They were
killed, dissected and examined. They were examined for skeletal
abnormalities after staini-~g with Alizarin Red S. Any external,
visceral or skeletal abnormalities were recorded. All the fetal
tissue was retained in buffered 4% formaldehyde.

No animals died during the study. One control animal had what
appeared tc have blood in the cage on two occasions. On
postmortem it was found to have only implantation scars in utero
and was considered to have aborted. Several low dose animals had
reduced feces and one had colored urine on days 23 - 25. All the
high dose animals had loose feces, reduced intake and were thin.
Several had colored urine (orange) and sociled coats. One animal
was found not to be pregnant. Two high dose animal were found to
have aborted on postmortem examination. One high dose animal had
a viable litter and one was =+ *n to have delivered her litter
early {(day 27). The body weight gain was similar in the control
ana low dose group. The high dose group body weight was only
based on one animal since the other four had either abkorted,
delivered early or were not pregnant. The one animal which had a
viable litter lost weight rapidly from the time of dosing until
the end of the study. The food consumption of the high dose group
was dramatically reduced by day 10 of the study and remained low
throughout. At postmortem, one low dose animal was found to have
extensive dark areas on the surface of the kidney. Pre-
implantation loss was higher in the low dose group than in the
controls (43.8 to 14.3%). The mean fetal weight in the high dose
group was markedl reduced (however, only one litter survived to
term) compared to those in the low dose and control groups. The
only fetal effect considered to be related to treatment was a
delay in skeleta. development at both dosage groups.

The plasma level: at day 8 and 20 for the high and low doses are
shown Table 2.
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Table 2
Plasma Levels ot Lamivudine in Pregnant Rabbits Receiving
Repeated Oral Administration of Lamivudine

Dose bid (mg/kg/day)

Sample Time 500 | 1000
(hr} -

Plasma | evels of Lamivudine {ug/mi)

It can be seen from Table 2 that the drug accumulates over time
and that the plasma concentration increases with increasing dose.

Comments: The sponsor concluded that oral dosages up to 500

mg/kg day formulated in sterile water would be suitable for twice
daily administration in a full organogenesis study in the Dutch
rabbit.

7. Segment II Embryotoxicity and Teratogenicity Study in Rabbits,
Lot # C1758/233/1, Glaxo Group Research Ltd, Ware, Hertfordshire,
U.K., August, 1992, (L13065-WPT/92/014)*

Groups of pregnant Dutch rabbits (weight: 2.1 - 2.3 kg; age: 16
weeks; 16 animals/group) were administered by gavage Lamivudine
in water at doses of 0 (vehicle control}, 45, 150 or 500
mg/kg/day bid, at 12 hr intervals, between days 8 to 20 of
pregnancy inclusively. All the animals were examined daily before
and after treatment for signs of ill health or clinical signs.
Body weights were recorded on days 1, 4, 6, 8 - 20 inclusive and
every other day thereafter until day 30. Food and water
consumption was recorded daily. The surviving animals were killed
on day 30 and examined for the number of corpora lutea and number
of implantation sites, the position of each fetus and early or
late embryonic or fetal death and fetal weight. Each live fetus
was examined for external abnormalities. Visceral examination was
carried out after dissection after which the cranial caps were
removed, fixed and stained with the evisce-ated carcasses 1n
Alizarin Red § for skeletal examination. Approximately 50% of the
h1eads were removed, fixed ir Bouin’'s fluid and examined by _serial
section. On day 8 and day 2¢, blcod was taken from each of two
animals per group per time point at 2, 4, 8 and 12 hr after the
first dose for the determination of drug plasma concentrations.
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The animals dosed at 500 mg/kg/day bid lost weight compared to
the other groups throughout the course of the study. Between day
1 and day 30, the control, low and intermediate dose animals
gained between 5.6% {(control) and 9.9% (intermediate dose) of
their starting body weight but the high dose animals lost 0.5%.
This was reflected in a lower focod and water consumption for the
high dose animals throughout the course of the study. The high
dose animals also had an increased 1incidence of clinical signs
compared to the other groups. The clinical signs included reduced
or loose feces, orange urine, solled coats with watery salivagfion
and vocalizing. There was signif:cant evidence of a drug-related
trend in pre-implantation losses in all the dosed groups. The
incidence was 16.8, 52.1, 32.1 and 41.0% in the control, low,
intermediate and high dose groups, respectively (p-value for
trend <0.01). Three females (2 intermediate and one high dcse)
showed complete resorption of the whole litter and 9 females (1
contreol, 2 low, 2 intermediate and 4 high dose animals) showed no
evidence of pregnancy at day 30 despite positive progesterone
assays suggestive of pregnancy. These findings indicate that
treatment with Lamivudine may have had an effect at early post-
implantaticn {(which would have been described as pre-implantation
losses). A summary of caesarian data 1s provided in Table VII.

A significant reduction of the number of live fetuses was seen at
term. The incidence was 5.9, 3.8, 4.4 and 4.7 live fetuses per
dam in the control, low, intermediate and high dose groups (p-
value for trend <0.05). Major defecte were recorded in 11
fetuses, 1 each in the control and high dose group, 3 in the low
dose group and 6 in the intermediate dose group. The defect in
the control group animal was an abnormal closure of the coronal
suture. This same defect was found in the 6 animals of the
intermediate dose group (in 3 litters). The low dose defects were
an interrupted aortic arch in one fetus, sternebral fusion in a
second and one animal with multiple defects (hydranencephalus,
severely domed skull, olfactory bulb cavities, cleft palate and
areas of non-fusicn of premaxilla to palatal shelves). At the
high dose, there was one animal with multiple defects
(hydrocephalus, fusion of the uprer jaw incisors, partial
formation of the nasal turbinates, cardiac atrial and ventricular
septal defects, persistent truncus arteriosus, severe tail
shortening and marked fusion between the sternebrae). Skeletal
examination showed a reduction in epiphyseal ossification at the
high dose. There were no significant findings during external and
visceral examinations.

Results of absorption studies are summarized in Table 3. The
data. Plasma levels of this compound 1ncreased with dose and
sustained systemlc exposure of the rabbits was achleved..- Hewever,
the results showed that there was a significant increase 1in the
plasma levels (3.5 - 5 cimes) ot Lam:vudine between the first ard
last administration at all three doses.
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Table 3
Summary of Caesarian Data
- e ———
Conurol Low Mud High

Effecis on Pregnancies

No. of Pregnancies
No. of Abortions
No. with Resorpuons

No. of Femaics with Litters

Group

Dose Dose

Dose

No. of Viable {etuses/Liers 59 38 44 47
Pre-implaniation Loss (%) 16 & 521 2.1 41
Post-implaniation Loss (%) 53 22 i58 10.6
(Including Towal Resorptions)
- Post-implantation oss (%) (Exciuding Total Resorpuons) 513 22 127 87
Table 4

Mean Plasma Levels of Lamivudine in Pregnant Rabbits After
Repeated Cral Administration

Dose

(mg/kg/day)
bud

Tirv: of
Srmpic
(hr)

Ptasma Lamivudine Levels
(ug/mi)

45

[: B N )

1

—
-
E I )

ra

'
m ks ot
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Ccmments: An increased pre-implantation loss and a consequent
decreased in mean number of viable fetuses per litter is seen in
all treated groups suggesting a possible early embryolethal
effect of Lamivudine in rabbits. The sponsor is planning to
conduct a further organogenesis study to determine the
reproducibility of this effect and to determine the no effEct
level for this observation. The incidence of affected fetuses in
control group in this study 1is 1.1%. The fact that no abnormal
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suture closures are seen in the high dose animals does complicate
the interpretation of the data as to whether the drug is
teratogenic. At the high dose, one animal shows abnormal skeletal
development {(a reduction in epiphyseal ossification and increased
incidence of unilateral supernumerary rib) It is possible that
the abnormality is related to maternal effects (body weight loss
and reduction in food consumption) at this deose level. The higher
neccurrence abnormalities in the intermediate dose group may have
been an incidental finding not related to drug administration.

8. Lamivudine: A further study to assess the effects of oral i
administration on pregnant Dutch rabbits and their offspring,
Batch No. Cl1758/233/1, Glaxc Group Research Ltd., Hertfordshire,
England, August 3, 1993, (WPT/92/164/Study No. L13280C)~

Groups of pregnant rabbits (17 animals/group) were administered
Lamivudine via cral gavage twice dally on days 8-20 of pregnancy
at dosages equivalent to 0 {(control), 7.5 {(low), 20 (mid) or 45
mg/kg/day (high). There was no significant effect of treatrent on
maternal body weight gain, food consumption and water
consumption. There were no significant abnormal findings at
necropsy of females on day 30 of pregnancy. Genera. condition:
clinical observations included reduced and loose feces, colored
urine and hair loss and were similar for all groups with the
exreption of slightly increased severity and frequency of reduced
feces (high). Absorption studies: plasma levels increased with
dose, but sustained systemic exposure of the rabbits to
Lamivudine was achieved only in high dose group of animals.
Uterine examination: pre-implaatation loss was slightly increased
{mid and high). The increase was considered treatment-related;
though it did not achieve statistically significance. Post-
implantation loss was slichtly increased {(mid and high). Fetal
body weight: was slightly .increased {(mid and high) when compared
to the control group. Fetal examination: there was considered to
be a possible treatment-related effect on the incidence of
skeletal defects, specifically the induction of supernumerary
ribs at all dose levels (3.7, 14.1, 17.5 and 13% in the control,
low, mid and high, respectively) employed.

=

Comments: The incidence of skeletal defects (supernumerary ribs)
in the fetuses had alsc been observed in a perviocus study
(WPT/92/014) . The sponsor has cited twe references from the
scientific literature that the occurrence of supernumerary ribs
in the fetuses has been shown in some species to be indicative of
maternal toxicity or stress and 1t appears Lo be a temporary
state, reversible postnatally, and so has no permanent structural
effect on fetal skeleton. Regardless, there appeared to be a
possible treatment-related effect [maternal toxicity or stxess]
that may have caused the skeletal detects.
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9. Lamivudine: A preliminary study to assess the effects of oral
administration to pregnant and lactating AHA rats aand of direct
oral adminigtration to their juvenile offspring, Batch No.
C1817/116/1, Glaxoc Group Research Ltd., Hertfordshire, England,
October 5, 1993, (WPT/92/404/Study No. R13609)~

Groups of pregnant rats (12 animals/group) were administered
Lamivudine via oral gavage twice daily from day 17 of pregnancy
until litter day 21 at dosages equivalent to 0 {control) or 2000
mg/kg/day (high) and offsprings were dosed orally once daily _at
levels of 0 {(control), 500 (low), 1000 (mid) or 2000 mg/kg/day
(high) from day 3 to litter day ~8. The purpose of this
preliminary study was to provide information to determine
suitable oral dosages of Lamivudine for administration in a full
Segment III study. Conclusion: this study will not be reviewed in
detail. The sponsor has concluded that dosage levels of 2000
mg/kg/day bid (dams) and 2000 mg/kg/day once daily (offsprings)
should be used as a high dose level in the main Segment III
study.

10. Lamivudine: The effects of oral administration to pregmant
and lactating AHA rats and of direct oral administration to their
juvenile offspring, Batch No. UFP0001l, Glaxc Group Research Ltd.,
Hertfordshire, England, March 11, 1993, (WPT/93/165/Study No.
R13739)

Groups of pregnant AHA rats (15 animals/group) were administered
Lamivudine via coral gavage twice daily from day 17 of pregnancy
until litter day 21 at dosages equivalent to 0 (control) 90

{low), 450 (mid) or 2000 mg/kg/day (high) and their offsprings
were dosed orally once daily at levels of 0 (control)}, 90 (low),
450 {(mid) or %000 mg/kg/day (high) from litter day 3 to litter
day 16 22 or 13. The purpose of this study was to assess the
effects of oval administration of Lamivudine on pregnant and
lactating rats and their offsprings. Absorption data: plasma
concent.rations achieved in the dams were similar to results
obtained in adult female rats receiving similar dosages in the
six month toricity study (WPT33/361). Plasma Lamivudine
contentrations at 2 hr post dose 1in juveniles rats increased with
increasing dose and were approximately three times greater than
those in adults receiving an eguivalent dose. General
observations: food consumption during late pregnancy was reduced
(high), clinical observations (swollen/reddened anus/rectum) were
noted during the lactation period with associated inflammatory
changes of the anus {(high). These changes consisted of chronic
inflammation, hyperplasia and erosion or ulceration of the
squamous epithelium of the anorectal junction and sebaceous gland
hyperplasia. Examinaticn of the cecum of dams (high) reveaded a
minimal or slight diffuse epithelial hyperplasia. Offsprings
{high) showed a pattern of clinical observations and pathological
changes similar toe the dams. An increased lncidence of urination
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upon handling was observed in some offsprings (mid or high!.
Compared to controls, statistically significant decreased in
absolute mean spleen weight were observed in male and female
offsprings (mid or high); no abnormal pathcology was observed. A
reduction in testes weight and dilation of the seminiferous
tubules were noted in offsprings {(high}). A dose related delay in
incisor eruption (male and female offsprings at high) and
precocious eye opening were recorded at all treatment groups in
male offsprings and at mid and high doses in the females.
Clinical chemistry: a slight increase 1n mean sSerum urea .
concentration was seen in cffsprings (high}. Statistically
significant decreases were also seen in mean serum bilirubin
concentvation in temale offsprings (low and high!}.

Comments: Decrease in testes weight and seminiferous tubule
dilation in offsprings was attributed to the treatment (high).

A dosage level of 450 mg/kg/day bid may be considered no
toxicological eifect level for the dams. Toxicity was seen at all
dose levels for male offsprings.

V. Mutagenicity Studies

1. Lamivudine: Genetic toxicity study - microbial mutagenicity
screen Report # WPT/90/238 September, 1990

Four preliminary microbiclogical screens were used to determine
the genetic toxicity of ithe racemate GR1U56¢SY (+) (bacch
C1034/185/1). The screens were the Ames test using §. typhimurium
strains TA98, 100 1535 and 1537, a vyeast gene conversion assay
using S. cerevisiae, an E. coli mutagenicity test using strains
WP2 (pKM101) and WP2uvrA(pkKM101), and a liquid pre-incubation Ames
test using $. typhimurium strains TA93, 100, 1535 and 1537. All
tests but the fourth were carried cut in the presence and absence
of an S-9 mixture from phenobarbitc =/fR-naphthoflavone induced
rat liver. The other was carried out only in the presence of the
S-9 mixture.

GR103665X (+) was mutagenic in the Ames test at doses of 5000 ug
per ‘plate. The compound was active in strains TAl00 and TA1535
and only in the presence of an $-9 activating system.

2. Microbial Mutagenicity Screen, Batches # C1460/129/4,
B1916/47/2, C161%/18/3 and B1916/52/1, Glaxo Group Research Ltd,
Ware, Hertfordshire, U.K., October, 1990, (Ul2455-WPT/90/240)

This mutagenicity screen tested GR109712X (+) and Lamivudine 1in
the Ames test against S. typhimurium strain TA1535 in the
presence and absence of activation with $-9 mixture from r
phenobarbitone/f#-naphthoflavon: induced rat liver. It was found
that the (+) enantiomer GR1097.2X was mutagenic at doses of 3000,
4000 and 5000 ug per plate in the presence of $-9 activation. The
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enantiomer Lamivudine was not active at any dose tested in the
presence or absence of 5-9 activation.

3, Lamivudine: Microbial mutagenicity screen, Batch No. UFP0003,
Glaxo Group Researca Ltl1., Hertfordshire, England, March 15,
1994, (WPT/93/246/Study No. V14001)~

Lamivudine war tested in both Ames and liquid pre-incubation
{Yahagi) assays at test concentrations up to 5000 ug/plate (free
base) using Salmonella typhimurium TA1535, TAl1537, TA98 and
TA100. The fluctuation tests were carried out up to a maximum
concentration of 1000 ug/ml (free base) using Escherichia coli
WP2 pKM1U1l) and WP2 uvrA (pKM10l). All tests except Yahagi were
carried out in the absence and presence of a rat liver S9-mix
that had been derived from the livers of rats pre-treated with
phenobarbitone/f-naphthoflavone. Results: Lamivudine was not
detectably mutagenic towards any of the bacterial tester strains
used in the study.

4. Lamivudine: Genetic toxicity study - mouse LS5178Y cell line
mutagenicity assay Report # WPT/90,/271 June, 1991

The racemate GR103665X (t) (batch C1034/185/1) was tested for
mutagenicity in the mouse L5178Y cell line mutagenicity test.

The compound was not mutagenic in the presence of rat liver
aroclor 1254 induced S-9 at doses as high as 5000 ug/ml.

However, in the absence of $-9, the compound induced mutations 1in
this cell line at all doses tested between 1000 and 2500 ug/ml
{(the highest dose tested in the absence of S-9). At the highest
doses, increases in small colonies relative to controls indicated
that the activity could probably be related to a clastogenic
efrect.

S. An Assessment of Mutagenic Potential in the Mouse Lymphoma TK
Locus Assay, Batch # 90G03B26, Glaxo Group Research Ltd, Ware,
Hertfordshire, U.K., May, 1991, (V12638-WPT/91/018)~*

The compounds GR103665X, GR109712X and Lamivudine were tested at
dosés of 0, 100, 1000, 1500, 2900 and 2500 upug/ml in the absence
of S-9 activation for mutagenicity in the mouse L5178Y cell line
mutagenicity test. GR109712X induced increases 1n the mean
mutational frequency of 3.6 to 5.3 t.mes the controcl between
concentrations of 1000 to 2500 ug/ml. Lamivudine was not
mutagenic at doses up to 1500 ag/m'. At doses of 2000 and 2500
pg/ml, it induced an increase 1n rutational frequency of 2.0 and
2.9 times the control value. Aga‘n, at the highest doses,
increases in small colonies relative to controls indicated that
the activity could probably be related te a clastogenic effect.

Comments: Although Lamivudine is mutagenic in this test system,
it is less mutagenic than 1ts enantiomer GR109712X.
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6. Genetic Toxicity Study in BALB/c 3T3 Mouse Embryo Cell Assay.
Lot # Cl1758/228/1, June, 1992,
. {M13156-UTX/92/018/Draft Report)

In a BALB/c 3T3 cell transformation assay, Lamivudine was found
to be negative at concentrations up to 320 ug/ml in the absence
of an Aroclor 1254-induced rat liver S$-9 preparation. In the
presence of the activating system, the test compound was negative
at concentrations as high as 5000 ug/ml.

7. Pharmaceutical data to support study M1315618. Genetic
Toxicity Study in BALB/c 3T3 Mouse Embryc Cell Assay, Lot #
C1758/229/1, June, 1992,

{M13156-UTX/92/018)

In a BALB/c 3T3 cell transformation assay, Lamivudine was found
to be negative at concentrations up to 320 ug/ml in the absence
of an Aroclor 1254-induced rat liver S$-9 preparation. In the
presence of the activating system, the test compound was negative
at concentrations as high as 5000 ug/ml.

8. Cytogenetic Evaluation Using Cultured Human Lymphocytes, Batch
# 1916/47/2 and 1916/52/1, Glaxo Group Research Ltd, Ware,
Hertfordshire, U.K., April, 1991, (Y12629/Y12850-WPT/90/393)

The compounds: GR109712X and Lamivudine were evaluated for
cytotoxicity using cultured human lymphocytes in the absence of
5-9 activation. Both compounds induced a dose related and
statistically significant increase in aberrant cells at doses of
100 and 300 pg/ml and therefore they are clastogenic. GRI03712X
was clastogenic at doses of 30 ug/ml whereas Lamivudine was not.
Thus, Lamivudine 1s somewhat less clastogenic than the other
enantiomer although both are genotoxic.

9. Lamivudine: Metaphase analysis in human lymphocytes in vitro,
Batch No. UFP0003, Glaxo Group Research Ltd., Hertfordshire,
England, July 29, 1593, (WPT/93/120/Study No. V14104)*

In ¢itro, human lymphocytes were treated with Lamivudine at dose
levels of 30, 100 or 300 ug/ml in the absence or presence of S9
mix (derived from rat liver homogenates) to evaluate chromosome
aberration potential of the test compound. -“2sults: Lamivudine
(300 ug/ml) demonstraved a statistically significant increase in
the frequency of cells with aberrations both 1n the presence and
absence of metabolic activation (S9-mix). Greatest activity was
seen in the absence of metakoclizing enzymes. No clastogenic
effects were seen at 30 or 100 ug/ml. Conclusion: Lamivudine was
found to be a direct acting c¢lastogen to human lymphocytesein
vitro.
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10. Lamivudine: Genetic toxicity study - rat micronucleus test,
Lot # 1916/52/1, Glaxo Group Research Ltd., Hertfordshire,
England, June 1991, (WPT/90/275)

Fourteen male AHA rats per group were administercd the racemate
GR103665X (1} in 0.9% sterile saline by ilntravenous injection at
doses of 0 (vehicle contrel), 75, 150 and 300 mg/kg at time O and
4 hours. At 24 and 48 hours, seven animals of each group were
killed and their borne marrow cells examined for detectable
chromosome damage 1in the form of micronuclei. A group of five
animals were administered a single dose of cyclophosphamide atr 20
mg/kg and examined at 24 hours as a positive control. GR103665X
{+) showed no evidence of clastogenic activity, nor did it induce
cytotoxic or cytostatic effects on erythroblast formation after
intravenous administration.

11. Lamivudine: Lack of induction of metaphase chromosome damage
in Sprague Dawley CD rat bone marrow cells following oral
administration, Batch No. UFP0003, Glaxoc Group Research Ltd.,
Hertfordshire, England, April 30, 1993, (WPT/93/195/Study No.
R14091) ~

Groups of rats (S animals/sex/group: were gilven a single oral
dose of Lamivudi.e at 0 {vehicle control!, 0 {cyclophosphamide 10
mg/kg, positive control), 500, 1000 or 2000 mg/kg to assess the
clastogenic effects in bone marrow cells. Animals were killed at
6, 24 or 28 hr atter the administraticn and bone marrow cells
were scored for the presence of chromosome aberrations. Regults:
there was nc evidence of an increase 1n the incidence of
chromosome aberrations in animals treated with Lamivudine when
compared to the vehicle control group. The positive control
material produced a marked 1increase in the frequency of
chromcsome aberrations. Conglusjon: Lamivudine was consideved to
be non-clastogenic under the conditions of the study.

12. Lamivudine: Genetic toxicity study - rat unascheduled DNA
synthesis, Batch # cl1034/200/1, Glaxo Group Research Ltd.,
Hertfordshire, England, June 1991 (WPT/90/408/Study No. R12393)*

Three male AHA rats per group were administered two 1lntravenous
injections, four hours apart, of the racemate GR103665X (1)

(patch C1034/200/1) 1in 0.9% sterile saline at doses of 0 (vehicle
control), 150 or 300 mg/kg/dose. Twc or 12 hours after the second
dose, the animals were killed, hepatocytes were isolated and
incubated in medla contalning tritiated thymidine.
Autoradiographs were prepared and exposed for 14 days in the
cold. They were developed, fixed, stained and read for the number
of cells in repair as well as for tne mean net number of ggzailns
{the number of “rains in the nuclieus - the number of grains in
the cytoplasm). A positive control ! a sinalie dose by gavage of
78 mg/ka ot 2-acetylaminoflucrine was administered to two
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animals which were examined after 12 hours. The studies were
repeated two times. The racemate GR103665X (+} did not iInduce
unscheduled DNA synthesis at total doses of 200 or 600 mg/kg in
either of the two studies.

Comments: The sponsor has indicated that three month toxicity
studies are underway in rats and dogs. The results of these
studies should be submitted in the support of the IND without
delay.

13. Lamivudine: Lack of activity in male rat liver unacheduled
DNA synthesis (UDS) assay following oral administratiom, Batch
No. C1953/195/4, Glaxo Group Research Ltd., Hertfordshire,
England, March 25, 1994, (WPT/93/536/Study No. R20104)*

Groups of male rats (5 animals/group) were given a single oral
dose of Lamivudine at 0 (vehicle control), 0 (2-
acetylaminoflucrene 75 mg/kg, positive control), 500, 1000 or
2000 mg/kg to assess unscheduled DNA synthesis (UUIDS) in the
hepatocytes. Animals were killed at 2 and 12 hr after the
administration and hepatocytes were isolated from all animals and
incubated in media containing radiolabelled thymidine.
Autoradiographs were prepared and subsequently analyzed for
induction of UDS. Results: The positive control material gave the
expected positive response inducing marked levels of UDS.
Lamivudine did not induce UDS in the hepatocytes of male rats.
Conclusion: under the conditions of the study approximately 2 and
12 hr after the oral ¢dmin.stration, Lamivudine did not induce
UbS in the hepatocyte. of male rats.

NON-CLINICAL PHARMACOKINETICS AND TOXICOKINETICS

Summary of Absorption, Distribution, Metabolism and Excretion
(ADME) Studies:

1. Bioanalytical support data for Lamivudine and AZT:
Effect on hematology of mice (GDM/93/009/Study No.
- M13367)
2. Bicanalytical support data for Lamivudine: One month

oral study to determine the effects when given in
combination with interferon (alpha); on the hematology
of mice (GDM/94/014/Study No. M20009)

3. Bicanalytical support data for Lamivudine: Palatability
in the diet of mice (GDM/93/010/Study No. M13284)

4. Bicanalytical support data for Lamivudine: 90 days-orgl
{dietary) toxicity for mice preliminary to an
oncogenicity study (GDM/93/075/Study No. M13285)
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The metabolism of Lamivudine in mouse, rat, dog and man
(GDM/94/123)

Radicactivity balance study and metabolic profile of
radicactivity in urine following & singla oral or a
single intravenous dose of [’H] -Lamivudine (45 mg/kg}
in the mouse (GDM/92/045/5tudy No. 32/DM/45)

Pharmacokinetics of a Single Oral or Intravenous Radicactive
Dose in Rats, Batch # Cl282/75/4, Glaxo Group Research Ltd,
Greenford, Middlesex, U.K., April, 1931, (GDM/91/015)

The pharmacokinetics of Lamivudine and total
radicactivity following a single cral cr single
intravenous dose of [’H]-Lamivudine (45 mg/kg) in the
female AHA rat, Study No. GDM/91/77, March, 1992, Glaxo
Group Research Ltd., Greenfid. iaiddlesex, United
Kingdom, Drug lot Cl1013/75/1 (non-radiocactive drugj,
C1282/75/4 (radiocactive drug;.

Pharmacokinetics of a Single Intravenous Dose in Rate, Batch
# Cl404/194/1, Glaxo Group Research Ltd, Greeniord,
Middlesex, U.K., May, 1991, (GDM/91/021"

Pharmacokinetics of Single Oral Doses in Rats, Batch #
C1021/179/1, Glaxe Group Research Ltd, Greenford,
Middlesex, U.K., February, 1991, {(GDM/91/003)

Bicanalytical support data for Lamivudine: Metaphase
analygis in the rat bone marrow in vivo
(GDM/93/037/Study No. R14091)

Lamivudine: Pharmacokinetic study in the juvenile AEHA rat,
batch # C1758/233/1, Glaxoc Group Research Ltd, Ware,
Hertfordshire, England, 1 April, 1992, (WPT/92/190/R13355)

Bioanalytical support data for Lamivudine: A pilot 5
day oral toxicity study in AHA rats (GDM/91/012/Study
No. R12636)

Plasma levels of Lamivudine monitored during a one
month oral toxicity study in the AHA rat
(GDM/91/020/Study No. R12637)

Bioanaly*tical support data for Lamivudine: Effects of
oral administration upon the reproductive performance
of a parental dosed generation (F,) of AHA rats and
upon the peri- and pest-natal development of the O
resulting two successive, untreated generatiuns (F; and
F,}. Batch No. UFP (0002, Glaxo Group Research Ltd.,
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18,

19.

20.

21.

22.

23,

24,

25.

Hertfordshire, England, June 5, 1994,
(GDM/94/059/WPT/¢>/210/Study YNo. R13738)

Bioanalytical support data for a 13 week oral toxicity
study of Lamivudine in the AHA rat, Study No.
GDM/91/089, February, 1992, Glaxo Group Research Ltd.,
Greenford, Middlesex, United Kingdom, Drug lot
C1013/75/1.

Bioanalytical support data for Lamivudine: Six month .
oral toxicity study in the AHA rat (GDM/93/024/Study
No. R13470)

Bicanalytical support data for Lamivudine: A
preliminary study to assess the effects of oral
administration to pregnarnit and lactating AHA rats and
of direct oral administration to their juvenile
offspring (GDM/93/031/Study No. R13608)

Bioanalytical support data for Lamivudine: Effect of
oral administration to pregnant and lactating AHA rats
and effect of direct oral administration to their
juvenile offspring (GDM93/038/Study No. R13739)

Bioanalytical support data for Lamivudine: Palatability
in the diet of rats (GDM/92/055/Study No. R13287)

Bioanalytical support data for Lamivudine: 90 days oral
(dietary) toxicity to rats preliminary to an
oncogenicity study (GDM/93/076/Study No. R13288)

Bioanalytical support data for GR109714x: effects of
oral administration upon pregnant AHA rats. Study No.
GDM/91/083, January, 1992, drug lot Cl1013/75/1.

In Vitro Red Blood Cell Binding and Plasma Protein Binding
of Radiolabelled Lamivudine in Rat, Dog and Man, Batch #
£1284/257/2, Glaxo Group Research Ltd, Greenford, Middlesex,
U.K., February, 1991, (GDM/91/010)

Whole body autoradiography - rats Report # GDM/90/040
January, 1981

Excretion balance study {(day 19) and placental transfer
of radicactivity {(day 12 and day 19) in the pregnant
female AHA rat after oral administration (45 mg/kg) of
[*H] -Lamivudine. Report No. GDM/91/050, January, 1992,
non-radiocactive drug lot €1013/75/1, radioactive drugr
lot C1282/75/4.
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Lamivudine: A study of the milk transference following
oral administration (45 mg/kg) to the rat
(GDM/92/017/Study No. 92/DM/17)

The renal dispeosition of Lamivudine in the isolated
perfused rat kidney (UCP/93/012)

To investigate the interaction of Lamivudine with rat
and human hepatic microsomal cytochrome P450‘s

utilizing testosterone as probe substrate N
(GpM/93/028/Study No. 93,DM/028)

The expression of Cytochrome P450 isoenzymes in hepatic
microsomes from male und femals rats after oral
administration of Lamivudine in a 90 day toxicity study
(GDM/94/125/Study No. R13288)

Radioactivity Balance Study of a Single Oral or Intravenous
Radiolabelled Dose in Rats, Batch # Cl1284/275/2, Glaxo Group
Research Ltd, Greenford, Middlesex, U.K., March, 1991,
(GDM/91/014)

To investigate the excretion balance and metabolic
profile of radiocactivity in urine following a single
oral dose of [‘H]-Lamivudine (45 mg/kg) in the Han
Wigtar rat (GDM/94/076/Study No. 94/DM/76)

Radioactivity Excretion Balance and Metabolic Profile in
Urine After One Moenth Oral Toxicity Study cof an Oral Dosge in
Rats, Batch # C1282/75/4, Glaxo Group Research Ltd, Ware,
Hertfordshire, U.K., April, 1991, (GDM91/017)

The Pharmacockinetics of Lamivudine and Total
Radioactivity on Day 20 of Fregnancy in the Female
Dutch Rabbit After Oral Administration of [*H]-
Lamivudine, Lot # Cl758/226/1, C1282/75/4, Glaxo Group
FPegearch Ltd., Greenford, Middlesex, U.K., March, 19592,
(GDM/91/058)

Biocoanalytical Support Data for Lamivudine: A Study to
Asgess the Effects of Oral Administration on Pregnant Dutch
Rabbits and Their Progeny, Lot # Cl1404/194/1, Glaxo Group
Research Ltd., Greenford, Middlesex, U.K., March, 19952,
(GDM/92/008)

Bicanalytical support data for Lamivudine: A further
study to assesB the efiects of ora’ administration on
pregnant Dutch rabbits, ktatch # Cl013/75/1, Glaxo Growyp
Research Ltd, Ware, Hertfordshire, England, 3 June,
1992, (GDM/92/035/L13280)+
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Excretion Balance and Placental Transfer of Radioactivity in
the Pregnant Female Dutch Rabbit After COral Administration
of [‘H] -Lamivudine, Lot # C1758226/1, Cl1282/75/4, Glaxc
Group Research Ltd., Greenford, Middlesex, U.X., March,

1992, (GDM/91/0589) )

Pharmacckinetics and Excretion of a Single Oral or
Intravenous Doge in LCogs, Batch # Cl284/275/2, Glaxo Group
Research Ltd, Greenford, Middlesex, U.K., May, 1991,
(GDM/91/008)

An Investigatiorn. of the Pharmacokinetics and Total
Radicactivity ar< the Fxcreticn Balance of
Radioactivity in the Female Beagle Dog Following the
Administration of [’H]-Lamivudine (30 mg/kg) By the
Oral and Intravanous Routes, Lot # C1758/233/1,
C1282/75/4, Glaxc Group Research Ltd., Greenford,
Middlesex, U.K., March, 1992, (GDM/S1/080)

Determination of tke Pharmacokinetics of Lamivudine in
the Dog Pollowing a Single Oral Dose, Lot # C1013/75/1,
C1803/125/1, Glaxo Group Research Ltd., Greenford,
Middlesex, U.K., January, 19592, (GDM/91/036)

Bioanalytical support data for Lamivudine in the dog
following a single dose ranging rom 250 to 2000 mg/kg
{GDM/94/161)

Two Week Oral Toxicity Study in Dogs, Batch # C1803/152/1,
Glaxo Group Respearch Ltd, Ware, Hertfordshire, U.K.,
November, 1991, (D12750-WPT/91/222)

Biocanalytical support data for Lamivudine: A 1l3-week oral
toxicity study in beagle dogs, batch # C1013/75/1, Glaxo
Group Research Ltd, Greenford, Middlesex, England, 23 April,
1992, (GDM/92/034/D12873;

Bicanalytical support data for Lamivudine: A 52-week
oral toxicity study in beagle dogs (GDM/94/081/Study
No. D13604)

Transport mechanism of Lamivudine and drug interactions
in Caco-2 cells (UCP/92/028)

Investigation into the potential for interaction
between midazolam and Lamivudine with the human liver
Cytochrome P450 isoenzyme CYP3A (GDM/S4/124/Study No.
L18/54/014) - ¥
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Review of Absorption, Distribution, Metabolism and Excreticon
(ADME) Studies:

1. Bicanalytical support data for Lamivudine and AZT: Effect on
hematology of mice (GDM/93/009/Study No. M13367)

Plasma levels of Lamivudine and AZT were monitored at the end of
a 36 day oral toxicity study in mice (WPT/92/419). Male and
female mice were divided into six groups receiving twice daily
oral doses of Lamivudine amounting to 0, 180, 600 or 2000 .
mg/kg/day with co-administration of AZT at 150 mg/kg/day or 0 cr
2000 ma/kg/day without co-administration of AZT. On the last day
of treatment, blood samples were taken from two animals per sex
per group at 0, 1, 2, 4 and 8 hr post dose. Flasma derived from
these samples was assayed for Lamivudine and AZT using HPLC
following protein precipitation. Results: plasma level data
indicated that the oral co-administration of Lamivudine and AZT
at the dose levels had no eftect on the pharmacokinetics of
either Lamivudine or AZT in the mouse.

2. Biocanalytical support data for Lamivudine: One month cral
study to determine the effects when given in combination with
interferon (alpha); on the hematology of mice (GDM/94/014/Study
No. M20009)

Plasma levels of Lamivudine were monitcored at the end of a 30 day
oral toxicity study in mice (WPT/92/572). Male and female mice
were divided into six groups receiving twice daily oral doses of
Lamivudine amounting to 0, 180, 600 or 2000 mg/kg/day with co-
administration of interferon {(alpha) at 10,000 units daily or 0
or 2000 mg/kg/day without co-administration of interferon
(alpha). On the last day of treatment, blood samples were taken
from two animals per sex per group at O, 1, 2, 4 and 8 hr post
dose. Plasma derived from these samples was assayed for
Lamivudine using an HPLC method. Results: plasma level data
indicated that the oral co-administration of Lamivudine and
interfercon (alpha) at the dose levels had no effect on the
pharmacokinetics of Lamivudine in the mouse.

3. Bioanalytical support data for Larmivudine: Palatability in the
diet of mice (GDM/93/010/Study No. M13284)

Plasma levels of Lamivudine were monitored during the course of a
palatability study (WPT/92/322) in which male and female mice
received dietary dosage of Lamivudine at levels of 0, 180, 600,
1000 or 2000 mg/kg/day for 21 days. Blcod samples were taken from
three animals/sex/group at 0, 2, 6, 8, 12, 16 and 20 hr post dose
on the last day of treatment. Plasma was assayed for Lamdivudine
using an HPLC method. Results: AUC calculated for the 2000
mg/kg/day group (170 ug*hr/ml) are similar to 202 ug*hr/ml
achieved after gavage administration (Study No. M13367) 1n mice.
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Conclusiocon: the study suggest that systemic exposure of the
animals teo Lamivudine was approximately equivalent for the two
methods of oral administration (dietary and gavage).

4. Biocanalytical support data for Lamivudine: 30 days oral
(dietary) toxicity for mice preliminary to an oncogenicity study
(GDM/93/075/Study No. M123285)

In a preliminary study prior to the full onceogenicity study,
plasma levels of Lamivudine were monitored during the course of a
13 weeks oral (dietary) study (WPT/93/196) 1n which male and
female mice received Lamivudine at dose levels of 0, 2000, 3000
or 4000 mg/kg/day. Blood samples were taken from 2
animals/sex/group on one occasion during week 12 at 4, 8, 12, 16,
20 and 24 hr. Plasma was assayed for Lamivudine using an HPLC
method. Results: AUCs calculated cver 24 br increased with
increasing dosz level. This increase in AUC was proportional to
the dose in both male and female mice. The /.UCs were comparable
to thcse ohtained from gavage administration at equivalent dose
levels (Study No. M13367) in mice.

5. The metaboliasm of Lamivudine in mouse, rat, dog and man
(GDM/94/123)

Mouse; ‘H-Lamivudine (45 mg/kg) was administered by oral and iv
routes to male and female on separate dosing occasicns. Results:
unchanged drug accounted for approximately %0% of the urinary
radiocactivity following both oral and iv administration of *H-
Lamivudine to the mouse. The remainder of the urinary
radioactivity was accounted for by two unidentified metabolites
present in approximately equal portions, for both dose routes.
The chromatographic retention time of one of these metabolites
corresponded to that of GI138870X, the trans-sulfoxide of
Lamivudine.

Rat: *H-Lamivudine (45 mg/kg) was administered by oral and iv
routes to male and female on separate dosing cccasions. Results:
unchanged drug accounted for approximately 96% of the urinary
radicactivity following both oral and iv administration of *H-
Lamivudine to the mouse. The remainder of the urinary
radicactivity was accounted for by two unidentified metabolites
neither cf which accounted more than 5% of the urinary
radicactivity. NMR analysis identif.ed one of these metabolites
as GI138870X, the trans-sulfoxide of Lamivudine.

Dog: following both oral and iv administration of ‘H-Lamivudine
{45 mg/kg) to dogs, chromatographic analysis of the urine
revealed the presence of two major metabolite peaks {desigmated
MET 1 and MET 2} in addition to unchanged drug. In total these
metabolite peaks accounted for $7% of tne urinary radicactivity
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following oral administratior (MET 1 = 20% and MET 2 = 37%), and
41% following oral iv administraticn (MET 1 = 14% and MET - -
27%) .

Man: following oral administration of ’H-Lamivudine {45 mg/kg) to
man, up to 85% of the dose was found to be excreted unchanged in
the urine. Subsequent capillary electrophoretic analysis of urine
samples coliected over a single oral dose interval of 12 hr from
patient taking part in Study 2001 revealed that in addition
to parent drug, a peak was present with a migration time which
corresponded to that of standard GI238870X, the trans-sulfoxide
of Lamivudine. The total amount of sulfoxide excreted by each
patient in this study expressed as percentaue of the total dose,
accounted for about 5% of the administered Lamivudine.

6. Radiocactivity balance study and metaboiic profile of
radioactivity in urine following a single cral or a single
intravenous dose .f [’H] -Lamivudine (45 mg/kg} in the mouse
(GDM/92/045/Study No. 92/DM/45)

Male and female mice received a single oral or an intravenous
dcse of [’H]-Lamivudine (45 mg/kg) to determine the excretion of
radicactivity and the metabolic profile of radiocactivity in
urine. Urine and feces were collected for up to 48 hr after
dosing. Results: the mean total recovery cf radicactivity over
the 48 hr sample collection pericd following the 1iv
administration was about 68% (range 50.9-97.9%). Urinary
excretion accounted for about 55% (range: 37.6-79.6) of the
nominally administered dose, the majority in the first 24 hr
after dosing. Fecal excretion accounted for about 5% (range: 0.5-
16.3%) of the administered dose.

The mean total recovery of radicacrivity over the 48 hr sample
collection period following the orzl administration was about B89%
{range: 83.3-97.9%}. Urinary excretion accounted for about 54%
(range: 36-81.3%) of the administered radiocactivity, the majority
in the first 24 hr after dosing. Fecal excretion accounted for
about 29% (range: 12.6-41.3%) of the administered dose.

Metabolic profiling of the 0-24 hr urine samples indicated that
the metabolic profiles following iv and oral administrations cof
the labelled compound were qualitatively similar. Unchanged
Lamivudine accounted for approximately 30% of the urinary
radiocactivity for both routes of administraticon. The remainder of
the urinary radioactivity was accounted for by two metabclites
(Met 1 and Met 2} in approximately egual proportions, for both
dose routes. The chromatographic retentiorn time of one of these
metabolites corresponded tc that of GI38870X, the trans-sutfoxide
of Lamivudine.
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7. Pharmacokinetics of a Single Cral or Intravenous Radiocactive
Dose in Rats, Batch # Cl1282/75/4, Glaxo Group Research Ltd,
Greenford, Middlesex, U.K., April, 1991, (GDM/91/015)

Three male AHA rats per time point were fed orally by gavage with
‘H-Lamivudine in distilled water at 45 mg/kg. At predose, 20 and
40 min and at 1, 1.5, 2, 2.2, 3, 4, %, 6, 8, 10, 12 and 24 hr. a
group was bled for the determination of plasma radicactivity and
concentration of drug. A second group of 45 rats were dosed
intravenously with the same formulation at the same dose. Threge
rats were bled at 0, %, 10, 20, and 40 min and at 1, 1.5, 2, 3,
4, 6, B, 10, 12 and 24 hr for the same determinations as above.

The plasma concentrations of Lamivudine and total radicactivity,
expressz»d as equivalents of Lamivudine were in very close
agreement throughout all the measurements indicating that there
is little systemic exposure to metabolites at the dose used in
the study. After intravenous administration, the drug exhibited
biexponentia” elimination with half-lives of approximately 20 min
and 1.5 hr. The bicavailability calculated from the areas under
the concentration curves was about 60%. The pharmacokinetic data
are summarized in Table 1.

Table 1
Mean Pharmacokinetic Parameters of Lamivudine After Single Dose
in the Rat

e
Route of Adminisusiion & Dose II
Parameters m|
Oral Intravenous
(45 mg/kg) {45 mg/kg)
C.. (ug/mit 404 834
Taw thr) 1.8 na
AUC, 1pg*hriml} (L3} 3.7
-
Cl (ml/min) na 4
T, . tmin na 20
T.. ) pa 1.58
Vd mh n 542

na = not applicable

- L 4
Comments: The apparent volume of distriburion of the terminal
phase was about 540 ml suggesting that the distribution of drug
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was greater than could be attributed to distribution in total
body water in rat. The serum clearance of the drug was calculated
to be 4 ml/min after iv administration of which renal clearance
accounted for about 3.3 ml/min. This value is higher than the
maximum GFR for drug indicating the importance of active tubular
secretion in the renal elimination of the compound in rat.

8. The pharmacokinetics of Lamivudine and total radiocactivity
following a single oral or single intravenous dose of [’H]-
Lamiviudine (45 mg/kqg) in the female AHA rat, Study No. GDM/S%1/77,
March, 1992, Glaxo Group Research Ltd., Greenford, Middlesex,
United Kingdom, Drug lot C1013/75/1 (non-radiocactive drug),
C1282/75/4 (radicactive drug).

Forty-five female AHA rats were dosed, by gavage, with [V} -
Lamivudine in water at a dose of 45 mg/kg. Blood was taken from
groups of 3 rats at times of 0 (undosed animals), z0 and 40
minutes, 1, 1.5, 2.5, 3, 4, 5, 6, 8, 10, 12 and 24 hours after
dosing for the determination of the concentration of the drug in
the plasma. A second group of 45 rats were dosed intravenously
with [’H]-Lamivudine in water at a dose of 45 mg/kg. Blood was
taken from 3 animals at times of 5, 10, 20 and 40 minutes and at
1, 1.5, 2, 3, 4, 6, 8, 10, 12 and 24 hours after dosing for the
determination of the concentration of the drug in the plasma. The
pharmacokine~ic parameters are shown in Table 2.

Table 2

Pharmacokinetics of Lamivudine in Female Rats at 45 mg/kg

Parameter Oral Intravenous
Cmax (ug/ml) 4.50 + 0.95 72.7 + 15.8
Tmax (hr) 1.5° -
AUC,,, (ug*hr/ml) 17.6 25.5
a. Calculated using nominal bleeding times.

For the intravenous dose, the clearance was 4.5 ml/min, the T¥ o
was 24 minutes, the T, % was 1.2 hours and the volume of
distribution was 449 ml. The bicavailability of the orally
administered dose was 69%. Fcllowing dosing, there was close
agreement between the number of equivalents of radiocactivity and
the number of equivalents of unchanaged drug in the plasma as
determined by HPLC (indicating little metabolism).
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Comments: That most of the radicactivity was in the form of the
parent drug 1is nct surprising. In an earlier study in rats, about
90% of an intravenous dose of radiocactive tamivudine was found to
be excreted in the urine. Of this, approximately 9$6% of the
radicactivity was found to be parent drug.

9. Pharmacokinetics of a Single Intravenous Dose in Rats, Batch #
C1404/194/1, Glaxo Group Regearch Ltd, Greenford, Middlesex,
U.K., May. 1991, (GDM/S1/021)

Five male AHA rats were administered Lamivudine at 2000 mg/kg in
0.02 M acetate buffer, pH 3.5, by intravenous injection. At 5,
10, 20, 40 min and at 1, 1.5, 2, 3, 4, 6, 8, 12 and 24 hr, the
animals were bled from the tail vein for the determination of
plasma concentrations of drug. The compound was eliminated
biexponentially with an initial T, of 40 min and a terminal T, of
6.5 hr. Other pharmacokinetic parameters are shown in Table 3.

Table 3
Mean Pharmacokinetic Parameters of Single 1.V. Dose of Lamivudine
{2000 mg/kg) in the Rat

Clearance

{ma/mind

Comments: After intravenous dosing of the drug at 45 mg/kg
(previous study), plasma clearance was about 4.0 ml/min compared
to the value of about 2.0 ml/min found in this study. The large
apparent volume of distribution of Lamivuiine suggests that the
compound may be distributed extravascularily in rats.

10. Pharmacokinetics of Single Oral Doses in Rats, Batch #
Cl021/17%/1, Glaxo Group Research Ltd, Greenfced, Middlesex,
U.K., PFebruary, 1991, (GDM/91/003)

Groups of AHA rats (3/group) were administered Lamivudine by
gavage in acetate buffer, pH 4.4, at doses of 600, 800, 1000,
1200 and 1500 mg/%y, A separate sample was administered in a 1%
solution of hydroxypropyl methylcellulose at a dose of 2000
mg/kg. Blood was taken by tail bleeding at 20 and 40 min and at
1, 2, 3, 4, 6, B, 10, 12, 16, 20 and 24 hr for the determination
of plasma concentrations of the drug. The mean pharmacok;ngtic
parameters are giver. in Table 4.
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Table 4
Mean Pha> ¢ Parameters of Single Doses of Lamivudine in
the Rat
¥ _ -
Parameters l Dose (mg/kg)
600 800 1000 1200 1500 2000
———————_—.—-——_—.—__———_—-————-——-—-——l——l
Co. 4t 2 520 581 62.5 827 107
{ug/ml)
T... 20 10 20 10 70 20
(hr)
ALC 227 324 9 416 557 )]
(pg*hr/mi)
T, 17 39 15 40 46 46
(hr)

The observed T, was 2 hr for all but the 800 mg/kg dose. The
plasma half-life increased from 3.7 ar at 600 mg/kg tc 4.6 hr at
1500 and 2000 mg/kg doses. A plot of AUC and C,, against doses
indicated that a linear relationship existed for both parameters
(plot not shown).

Comments: First, the linear relationship that exists between AUCs
and doses when Lamivudine is administered to rats between 600 and
2000 mg/kg indicates that neither the absorption nor the
elimination processes are saturated at these doses. The linearity
also indicates that there was no significant difference between
the 2000 mg/kg dose formulated as a suspension and the other
doses which were solutions. Secondly, the increases in plasma
half-lives (3.7 - 4.6 hr) suggest that, at higher doses for this
compound, the drug absorption would continue for a prolonged
period; under these circumstance, the plasma half-life derived
will reflect the rate constant for both absorption and
elimination rather than that for elimination alone.

11.. Bioanalytical support data for Lamivudine: Metaphase analysis
in the rat bone marrow in vivo (GDM/93/037/Study No. R14091)

Plasma levels of Lamivudine were measured in rats as part of a
chromosome aberration study (WPT/93/195). Rats were allocated
into five dose groups receiving either cyclophosphamide (positive
control), vehicle control or Lamivudine at dose levels of 500,
1000 and 2000 mg/kg by oral administration. Plasma was assayed
using an HPLC method. Results: all plasma samples taken two hr
after dosing (500, 1000 or 2000 mg/kg; contained detectable
levels of Lamivudine confirming exposure of the animals to the
test compound.
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12. Lamivudine: Pharmacokinetic study in the juvenile AHA rat,
batch # C1758/233/1, Glaxo Group Research Lcd, Ware,
Hertfordshire, England, 1 April, 1992, (WPT/92/1%0/R13355)

Two groups of juvenile AHA rats (strain: Wistar/Spraguz Dawley
derived with Wistar characteristics; age: 16 days; 21
animals/group; source: six females were mated by males, and were
allowed to litter. On litter day 16, litters were randomly
allocated to one of the two treacment groups) were administered a
single dose of 45 or 2000 mg/kg Lamivudine, by oral gavige at, a
standard dose volume of 10 ml/kg (in acetate buffer, pH 3.7).
Blood samples were taken by exsanguination under isoflurane
anaesthesia, three pups in each treatment group were assigned to
each of the following time points: predcse, 1, 2, 4, 8, 12 and 24
hr post dose, and assayed by a validated HPLC-UV assay method to
determine plasma Lamivudine concentrations. This study was
designed to provide information on the pharmacokinetic profile of
oral administration of drug in juvenile rats. General condition:
no reaction to the treatment was recorded. Absorption of
Lamivudine was adequately demonstrated in both dose groups (Table
5, 6 and 7).

Table 5
Mean Plasma Levels of Lamivudine in Juvenile Rats Following a
Single Oral Dose of Lamivudine

Mean Plasma Le sels of Lamivudine
(upiml}

Tune
(hr) Dose img/kg)

Predase

ta

nd: not detectable by the analytical melhod.
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Table 6
Mean Plasma AUCs of Lamiwvudine in Juvenile and Adult Rats
Following a Single Oral Dose of Lamivudine

—
Mean Plasma AUCs of Lamsvudine
(ug*hr/ml)
o
Age -~ PN
hra—— g
Juveniie
Aduit
=

Table 7
Comparison of Juvenile and Adult Rats C,, Values {ug/ml)
Following & Single Oral Dose of Lamivudine

N ST = |

Mean Plasma C, values of Lamivudine
(ug/mi}
Dosc tme/kn)

==

e
I
| Adeill

—— i

Comments: The mean plasma AUC and C,, values obtained at both
dnse levels in juvenile rats are at least double of those
calculated from adult rats (previous single dose studies). Thus,
the data indicate that systemic exposure and intensity to
Lamivudine of a juvenile rat is appreciably greater than that of
an adult rat receiving an equivalent dose. The major differences
between the adult and juvenile plasma level-time curves appear to
occur during the early part of the profile, which would suggest
that the differences are due to changes i1n absorption and
distribution rather than clearance of the compound.

13. Bioanalytical support data for Lamivudine: A pilot 5 day oral
toxicity etudy in AHA rats (GDM/91/012/Study No. R12636)

Two groups (4 ra:is/sex/group) were administered Lamivudine via
gavage twice daily at 12 hr intervals at doses of 1500 or 2000
mg/kg/day for 5 days (10 doses). Plasma samples were takeneat 2
and 12 hr after dosing. Table 8 shows the C,, and C,, levels
observed throughout this study. C,, levels indicate that there
was continual systemic exposure, with the lowest observed plasma
level above 2 ug/ml, at both dose levels. and showed little
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evidence of accumulation.

Table 8
Plasma Levels of Lamivudine in Rats Following Oral Administration
of the Drug Twice-a-Day For Five Days

Absorpton Male Female
Parameters (ug/mly o e
Dosc # Doses of Lamivudine
1.5 pig 20 kg 1.5 p/fkg 2.0 g/ig
i C... 98 9 1670 81.8 1070
[ 32 31 27 6.9
2 C., 9.2 140.0 712 128.0
Co. 17 45 5.7 51
3 c.. 927 2.0 %0.0 133.0
C.. 2.8 6.8 16 83
5 Co. 7S 194 0 9% 5 146.0
C.. 2 43 43 6.k
7 Cow 91 ¢ 1280 843 119.0
Con 2.2 “a 2.5 8.2
9 Ce 792 1490 953 98.7
c.. 24 as 13 7.1
10 Can 90 6 180 102 0 103.0
C.. 61 44 33 12.6
e - T T e T ———

14. Plasma levels of Lamivudine monitored during a one month oral
toxicity study in the AHA rat (GDM/91/020/Study No. R12637)

Groups of male and female rats were administered Lamivudine via
oral gavage at dose levels of 45, 300 or 2000 mg/kg/day bid for a
period of one month. Plasma levels of Lamivudine were monitored
on days i, 7, 21 and 35. Resultg: pharmacokinz2tic parameters are
summarized in Table 9. The values for males and females were
pooled. The compound was well absorbed following administration
at all doses with peak plasma concentrations occurring at one
hour after dosing. C,,, and AUCs were found to increase with dose
in a linear manner.
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Table 9
Pharmacokinetic parameters of Lamivudine in rats* receiving oral

dosing of Lamivudine for a month

r Day | Day 35
Dose
{mg/kg/day) Cau AUC (ug*hrimi) Co AUC (ug*hriml}
(ug/mi) (pg/mil}
45 13 117 41 7
300 2.6 4 5 0 119.0
2000 931 4150 1170 590.0

* Blocd samples were pooled for both males and females in a group

Comments: There 1s an indication at day 35 that there is an
accumulation [elevated AUCs at all 3 deses] of this agent in
plasma.

15. Bicanalytical support data for Lamivudine: Effects of oral
administration upon the reproductive performance of a parental
dosed generation (F¥,) of AHA rats and upon the peri- and post-
natal development of the resulting two succesgsive, untreated
generations (F, and F,), Batch No. UFP 0002, Glaxo Group Research
Ltd., Hertfordshire, England, June 9, 1994,

(GDM/94 /059 /WPT/593/210/Study No. R13738)

Croups cf male and female rats were administerec Lamivudine via
oral gavage at dosages of 0 {(contrcl) 90 {low}, 450 {(mid) oxr 2000
mg/kg/bid (high) for 10 weeks prior to pairing in the case of the
males, and 3 weeks prior to pairing for the females. Results
Absorption data: 2 hr after dosing on one occasion in the week
prior to paring, mean plasma levels for male rats were €.3, 34.4
and 89%.0 and for females were 9.9, 37.5 and 133 ug/ml in the low,
mid and high dose groups, respectively.

Cominents: Plasma levels in both the male and female rats
increased with increasing dose and were in close agreement with
those seen at 2 hr post-dose in previous studles using the same
or similar dose level of drug (GDM/93/024/GDM/93/038).

16. Bioanalytical support data for a 13 week oral toxicity study
of Lamivudine in the AHA rat, Study No. GDM/%1/08%, February,
19%2, Glaxo Group Research Ltd., Greenford, Middlesex, United
Kingdom, Drug lot C1013/75/1.

- 2
Thirty-eight male and 38 female AHA rats per group were
administered Lamivudine in water, by gavage 1in two doses, 12
hours apart for 92 consecutive days. Blood was taken from each cf
2 mal:s and 2 females per time point for the determination of
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plasma levels of the parent drug according to the ftollowing
schedule:

Day 1 1st dose - predeose, 1, 2, 4, 8 and 12 hours post
2nd dose - 1, 2, 4, 8 and 12 hours post

Day 38 lst dose - predose, 2 and 12 hours post

Day 91 2nd dose - 16, 24 hours post

Day 92 lst dose - 1, 2, 4, 8 and 12 hours post. )

Comments: Unfortunately, the 1lst dose at the 45 mg/Kg level was
administered at a concentration 30% higher than it should have
been. This alters only one set of results and does not compromise
the conclusions (see Table 10).

The results of the study after the first dose on day 1 and the
dose on day 92 are shown in Table 10. The AUC,,, for the second
dose on day 1 was not calculated. In general, the plasma
concentrations were somewhat higher after the second douse.

Table 10

AUC,,, (ug*hr/ml) for Rats Dosed With Lamivudine

Dose Males Females
mg/kg bid Day 1 Day 92 Day 1 Day 92
45 19.4% 18.0 16.3" 23.7
300 84.9 127 60.9 162
2000 441 519 530 B60O

a. This dose was actually 60 mg/kg. Assuming that, at low doses,
the exposure is linear, this value should have been approximately
14.9 ug*hr/ml.

b. This dose was actually 60 mg/kg. Assumina that, at low doses,
the expcsure is linear, this value should have been approximately
12.5 ug*hr/ml.

The plasma levels increase with dose. At day 92, they are higher
than at the beginning of the study with the difference being more
marked in the female than the male. Although the results ar¥e not
shown in Table 2, Lamivudine was detected at all time points
examined including days 38 and 92 {(the limit of detection was 0.1
pug/ml) .



NDA 20-564 PHARMACOLOGIST'S REVIEW Page No. &5

17. Biocanalytical support data for Lamivudine: Six month oral
toxicity study in the AHA rat (GDN,53/024/5tudy Neo. R13470)

Plasma levels of Lamivudine were measured during the course of a
6 month oral toxicity study (WPT/93/361) in which rats received
Lamivudine at oral dose levels of 0, 90, 425 or 2000 mg/kg/day
bid. Blood samples were taken from two animals/sex/group at
various times after dosing. Plasma was assayed using an HPLC
method. Results: plasma AUC values calculated for days 1 (137
ug*hr/ml for males at 425 mg/kg/day bid) and day 177 {127 “
ug*hr/ml for males at 425 mg/kg/day bid} for each dose level did
not show any consistent increase oOr decrease in exposure over the
¢ month dosing period except for female rats in the high dose
group where an increase was observed. All plasma samples taken
after dosing from rats in the 90, 425 and 2000 mg/kg/day bid dose
groups containea detectable levels of Lamivudine, with the
exception of three samplecz taken 12 post dose from animals (90
mg/kg/day bid) . These data indicated continual exposure of these
animals to the test compound.

18. Bioanalytical support data for Lamivudine: A preliminary
study to assess the effects of oral administration tc pregnant
and lactating AHA rats and of direct ocral administration to their
juvenile offspring (GDM/33/031/Study No. R13609)

Plasma levels of Lamivudinc were measured during the course of a
preliminary toxicity scudy (WPT/92/404). Based on the conclusions
of this preliminary study, the sponsor has conducted a following
definitive toxicity study; hence, this study will not be
reviewed.

19. Bioanalytical support data for Lamivudine: Effect of oral
administration to pregnant and lactating AHA rats and effect of
direct oral administration to their juvenile offspring
(GDM93/038/Study No. R13739)

Groups of pregnant AHA rats were administered Lamivudine via oral
gavage twice daily from day 17 of pregnancy until litter day 21
at dosages eqguivalent to 0 (control) 90 (low}, 450 (mid) or 2000
mg/kg/day (high) and their offsprings were dosed orally once
daily at levels of 0 {control), 90 (low), 450 (mid) or 2000
mg/kg/day {(high) from litter day 3 to litter day 16, 22 or 43.
Plasma levels of Lamivudine were meacured in dams on litter day
12 and in male and female juveniles on litter day 16. Plasma was
assayed for Lamivudine using an HPLC method. Results: plasma
levels of Lamivudine in adult and juvenile rats are shown in
Table 11. The drug levels in adult and juvenile rats increased
with increasing dose, but the amcunts in juvenile rats were
approximately three times greater than those in adults receiving
an eguivalent dose. There was no apparent difference in plasma
levels between male and female juvenile rats.
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Table 11
Mean Plasma Levels of Lamivudine Two Hours Post Dose in Adult and
Juvenile Rats Receiving Repeat Oral Administration of Lamivudine

TR
Litter Mean Plasma Levels {ug/ml)

Generation Sex Day
Low Mid High

Adult Female 12
Juvenile Male 16 .

Juvenile Female 16

3

20. Bioanalytical support data for Lamivudine: Palatability in
the diet of rats (GDM/92/055/Study No. R13287)

Plasma levels of Lamivudine were measured during the course of a
palatability study (WPT/92/323) in which male and female ra s
received dietary doses of Lamivudine for 21 days. The dose levels
were equivalent to 0, 180, 600, 1000 or 2000 mg/kg/day. Blood
samples were taken from three animals/sex/group receiving 180 and
2000 mg/kg/day at 2, 4, 6, 8, 12, 16 and 20 hr post dose on the
last day of treatment. Plasma was assayed by an HPLC method for
Lamivudine. Results: AUCs appeared to have proportional
relationship between the two dose levels investigated during the
study. AUC for the 2000 mg/kg/day group (487 pg*hr/ml) was
comparable to those {441 ug*hr/ml) calculated in a previous study
after administration of an equivalent dose by gavage (Study No.
R12749) . This suggest=>d that the systemic exposure of the animals
to Lamivudine is equivalent for the two methods of oral
administration.

21, Biocanalytical support data for Lamivudine: 90 days oral
(dietary) toxicity to rats preliminary to an oncogenicity study
(GDM/93/076/Study No. R13288)

In a preliminary study prior to the full carcinogenicity scudy
(WPT/93/198), plasma levels of Lamivudine were measured during
the course of the 90 day study in which rats received Lamivudine
by dietary administration at dose levels eqguivalent to 0, 1000 or
2000 mg/kg/day for males and 0, 1500 or 3000 mg/kg/day for
females. Blood samples were taken from two animals/sex/group on
one occasion during week 11 at 4, 8, 12, 16, 20 and 24 hr. Plasma
was assayed using an HPLC method. Results: AUCs increased with
increasing dose. The increase in AUC was prcportional to the
increasing dose in the females but not in the males In the
females, AUCs were comparable (dietary: 342 ug*hr/ml at 1500
mg/kg/day) to those calculated in Study No. R12749 after
administration of Lamivudine by gavage (379 ug*hr/ml). A similar
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comparison of AUCs in the male suggested that systemic exposure
in the male receiving 1000 mg/kg/day was greater than expected.

42, Biganalytical support data for GR109714x: effects of oral
administration upon pregnant AHA rats. Study No. GDM/%1/083,
January, 1992, drug loc C1013/75/1.

Thirty-six pregnant AHA rats per group were administered
Lamivudine in acetate buffer, pH 3.6, twice a day by gavage,
twelve hours apart, at doses of 0 (vehicle contreol), =5, 300 and
2000 mg/kg. Dosing took place between days 7 and 16 of pregnancy.
An additiocnal four pregnant females per group were treat=d with
drug in an identical manner to those animals described above.
Blood samples were taken from these animals at 2 and 24 hours
after treatment on the first and last day of dosing for the
estimation of plasma levels of the drug.

The plasma levels found on days 7 and 16, two hours after the
first dose are shown in Figure 1. The figure shows that there
were only slight differences in the plasma levels upon multiple
dosing of the drug. This is in contrast with studies carried out
in rabbits, in which the drug was seen to accumulate with time.
It also shows that the plasma levels as a function of the dose
approached linearity. Limited data were reported when the plasma
levels were determined 12 hours after dosing. At the low dose,
very few of the samples contained detectable drug.

Figure 1
Plasma Levels of Lamivudine in Pregnant Rats



NBA 20-564 PHARMACOLOGIST’'S REVIEW Page No. 68

23. In Vitro Red 38lood Cell Binding and Plasma Protein Binding of
Radiolabelled GR109714 in Rat, Dog and Man, Batch # C1284/257/2,
Glaxo Group Research Ltd, Greenford, Middlesex, U.K., February,
1991, (GDM/S1/010)

Blood was obtained from healthy AHA rats, beagle dogs and humans.
All the donors were male. Five ml aliquots of freshly collected
heparinized whole blood were placed into a water bath for ten
min. A 50 ul aliquot of ’H-Lamivudine in distilled water was
added to give final concentrations of 100, 10, 1 and 0.1 ug/mil.
The mixtures were incubated for 30 minutes at 37°C. The
percentage of Lamivudine associated with the cellular fraction
(F) was calculated according to the equation, F = [1-{(C,/C,) X
(1-H))] X 100% where C, is the radicactivity 1in the plasma, C, is
the blood radiocactivity and H is the final hematocrit value.

Fresh plasma was placed into dialysis bags and aliquots of the
radiolabelled Lamivudine was placed into the plasma to give
concentrations of either 100, 10, 1 or 0.1 upg/ml. The dialysis
bag was placed into a test tube containing buffered saline and
incubated overnight. Protein binding was calculated according to
the equation percentage = T-F/T X 100% where T 1s the
concentration of radiolabelled drug in plasma at equilibrium, F =
0.948B, B is the concentration of radiolabel in the saline at
equil.trium and 0.948 is the ratio of plasma water content to
buffer water content. The results of the two studies are
presented in Table 12.

Table 12
Binding of Lamivudine to Red Blood Cells or Plasma Proteins (Rat,
Dog and Human)

Concentraton of Lamivudine Percentage 1n Percent Binding 1o Plasma
I%Fw—ﬂ;{J::‘;ﬁ—:%" ﬁm‘;ﬁJ
= g
100 4h.8 <10
Ral 10 441 < 0
1 46 5 16
0l 41.0 49
11 1] WA <10
Dog 10 427 <1
| 425 12
[ 40 0 42
100 S0 1 <10
Human 13 sS4 3 < 10
; S18 10T
th! 547 16
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The placsma protein binding was dependent on the concentration

rance of the drug and the extent of binding was similar in all
species. At the lowest concentration studied (0.1 ug/mi), the

protein binding increased to 36% in man, 42% in dog and 49% 1in
rat.

Comments: First, the extent of association of the drug with red
blood cells was of similar magnitude in rat, dog and human.
Second, the binding of drug to plasma proteins was concentration
dependent. .

24. Wbole body autoradiography - rataz Report # GDM/90/040
January, 1991

Eight male and eight female AHA rats and orc male KH rats were
fed ’H labeled racemate GR103665X () {(patch 21290) in water by
gavage at a dose of 30 mg/kg. Ac 0.25, 0.5, i, 2, 4, 8, 24 and 96
hours, one male and one female AHA rat was killed and subjected
to autoradiography. The RH rat was autoradiographed after eight
hours of dosing

Fifteen minutes after dosing, radicactivity was found in the
stomach, small intestine, kidney, bladder with lesser amounts
seen in the liver. A low level of radiocactivity could be seen
throughout the body. Over the first hour, the levels of
radioactivity generally increased in the tissues with the highest
level being in the kidney and bladder. A trace of radicactivity
was seen in the brain and the tissue concentrations were
generally higher than those in the bloud. After one hour the
tissue radiocactivity declined. after eight hours, only the kidney
and large intestine had appreciable radiocactivity with a trace in
the testes. By 24 hours, radiocactivitv could be seen only in the
lower gastrointestinal tract. By 96 hours, no radiocactivity could
be detected in the animals. In general, the male and female AHA
rats showed similar patterns of labeling. After eight hours, the
only significant labkeling in the RH rat was in the kidney. By 24
hours, no radioactivity could be detected 1n any tissue. The
sponsors were specifically looking for binding of radicactivity
to melanin in this animal.

The study showed that the drug was rapidly distributed throughout
the body and that the major route of elimination was renal.

25. Excretion balance study (day 19) and placental transfer of
radicactivity (day 12 and day 19) in the pregnant female AHA rat
after oral administration (45 mg/kg) of ['H]-Lamivudine. Report
No. GDM/S1/050, January, 1992, non-radioactive drug lot
€C1013/75/1, radiocactive diug lot C1282/75/4. -

Twc pregnant AHA rats were dosed by gavage with 45 mg/kg of {’H]-
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Lamivudine in distilled water on day 12 of pregnancy. One hour
after dosing, the rats were killed and prepared for whole body
autoradiography. On day 19 of pregnancy, five additional animals
were dosed by gavage with 4% mg/kg of ['H]-Lamivudine and placed
in metaboclism cages. Urine and feces were collected at 24 hour
intervals for two days. The animals were killed, their bodies
macerated in alkali and the radiocactivity of the carcasses was
determined. The cages were washed to collect residual
radicactivity. An additional 3 pregnant animals were dosed by
gavage with 45 mg/kg of (’H]-Lamivudine in distilled water on day
19 of pregnancy. At 1, 4 and 24 hours after dosing, one rat per
time point was killed and prepared for whole body
autoradiography.

On day 12, the radiolabeled material was widely distributed
throughout the maternal tissues with the exception of the central
nervous system. The levels in the maternal blood and the placenta
were significantly higher than in the fetus. On day 19 of
pregnancy, at the 1 hour time point, the distribution of material
in the maternal tissues was similar to that seen on day 12. The
concentration of material in the placenta was slightly higher
than in the maternal blood. The concentration in the fetus was
approximately half that of the placenta and did not seem to
accumulate in any fetal organ. By 4 hours post-dose, the level of
radicactivity had decreased in the maternal tissues and had risen
slightly in the fetus. All radicactivity had been cleared by 24
hours.

Jrinary excretion of radiocactivity accounted for about 55% of the
administered dose. Most (about 96% of the excreted material) was
excreted during the first 24 hours. Excretion in the feces
accounted fer about 50% of the administered dose. Approximately
96% of the material in the urine and feces was unchanged drug.
Two minor but unidentified, metabolites were seen con HPLC. Less
than 3.5% of the radivactivity was recovered from the cage washes
or the carcass. The total recovery of radicactivity over a 48
hour periocd was about 108%.

26. Lamivudine: A study of the milk transference following oral
administration {45 mg/kg) to the rat (GDM/92/017/Study No.
92/DM/17)

Plasma and milk concentrations of Lamivudine were determined
following a single oral administration (45 mg/kg) of Lamivudine
to lactating female rats. Blood and milk samples were collected
at various time points up tc 24 hr post-dose. Plasma and milk
samples were assayed for Lamivudine using an HPLC method.
Results: peak plasma concentrations of Lamivudine were observed
in the 0.5 hr samples with a mean plasma concentration of 11.1
#g/ml. Lamivudine levels in plasma then decreased steadily to a



NDA 20-564 PHARMACOLOGIST'S REVIEW Page No. 71

concentration of 0.3 ug/ml a2Zter 8 hr. Peak concentrations of
Lamivudine in milk of about 14 ug/mi were found at 4 hr post-
dose, falling to 4.8 ug/mi after 8 hr. Lamivudine was not
detected in either milk or plasma after 24 hr with the exception
of one plasma sample in which the concentration was 0.9 ug/ml.

Commente: Lamivudine was absorbed into the systemic circulation
of the dams and then Lamivudine was transferred into the maternal
milk. From this study it may be concluded that during the Segment
III pre- and post-natal reproductive toxicity studies for orally
administered Lamivudine suckling pups would be exposed to the
drug.

27. The renal disposition of Lamivudine in the isoclated perfused
rat kidney (UCP/93/012)

Kidneys were isolated from male Sprague-Dawley rais and perfused
to screen for potential drug interactions between Lamivudine and
several other clinical relevant drugs likely to be concomitantly
administered to AIDS patients. Eight drug interactions were
studied along with Lamivudine alone at a concentration of 500
ng/ml. Lamivudine was added to the recirculating perfusate alone
or with relevant concentration of either AZT (1 ug/ml) ddC (2
pg/ml), 4ddl (1 pg/ml), probenecid (50 ug/ml), trimethoprim (4
pg/ml), ranitidine (400 ug/ml), sulfa-methoxazole (80 ug/ml) or
cimetidine (2 ug/ml). Viability was assessed in all perfusions by
monitoring glomerular filtration rate and fractional reabsorption
of glucose and sodium. Renal clearance and excretion ratio (ER)
were determined to assess the effect of concomitant drug
administration on Lamivudine disposition in the perfused kidney.
Results: renal clearance and ER of Lamivudine were 3.06 ml/min
and 3.67, respectively. Renal clearance and ER were significantly
reduced to 1.25 ml/min and 1.43, respectively, by trimethoprim. A
slight but significant reduction in ER was observed by co-
administration of ddC with Lamivudine. No other significant drug
interactions were observed.

Comments: These results suggest that drug interactions between
Lamivudine and trimethoprim, and to a lesser extent ddC, warrant
further clinical study.

28. To investigate the interaction of Lamivudine with rat and
human hepatic microsomal cytochrome P450‘s utilizing testoaterone
as probe substrate (GDM/93/028/Study No. 93/DM/028)

The potential interaction between Lamivudine and various hepatic
cytochrome P450s (rat: ncrmal, phencbarbitone and f3-
naphthoflavone; man: normal hepatic microsomes) involved imn the
met.abolism of rtestcstercne was investigated in vitro using
microsomes prepared from male AHA rats and man. "“C-testosterone
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was 1ncubated in the presence of Lamivudine, cimetidine and
ketoconazole. Cimetidine and ketoconazole (1-500 uM for rat and
10-100 uM for human) were included as reference inhibitors of
CYP2Cll and CYP3A, respectively. HPLC radiochromatograms of the
microsomal ext..acts were examined to ascertain inhibition of
testostercne metabolites. Results: inhibition of the expected
testosterone metabolites was demonstrated by the references.
Lamivudine (1-500 uM) in the normal rat microsome inhibited the
formation of 68, 2«, l6a-hydroxy testosterone and
androstenedione. In the induced microsomes, Lamivudine (100 and
£00 uM) inhibited the formation of éa, 7a, l6a, 168 and a2t 100 uM
onl, 2a-hydroxy testosterone. In the two human microsomal sumples
studied, Lamivudin= (1-500 uM for one sample and 10C uM for the
other} inhibited the formation of 6G-hydroxy testosterone by 50%.

Comments: From these results, there are implications of
Lamivudine interactions with cytochrome P450 in rat and man.

29. The expression of Cytochrome P450 isoenzymes in hepatic
microsomes from male and female rats after oral administration of
Lamivudine in a 90 day toxicity study (GDM/%4/125/Study No.
£13288)

Hepatic microsomes were prepared from liver samples obtained from
male and female rats which had received Lamivudine by oral
{dietary) administration for 90 days at dose levels of 0, 1000 or
2000 mg/kg/day for males and 0, 1500 or 3000 mg/kg/day tor
females (Study No. R13288). The purpose of this study was to
determine the effect of Lamivudine on the expression of
cytochrome P450 isozyme (CYP) in male and female rat hepatic
microsomes. Results: the expression of CYPlA2, CYP.El, CYP3Al and
CYP4A appeared to be unaffected by the administration of
Lamivudine in both male and female rats at the specified doses.
Hepatic CYP2B2 was below the limit of quantificaticn 11 all
sarples. Hepatic CYP1Al was not detected in any of the samples.

Comments: The findings of this study suggested that Lamivudine
might not interfere in the hepatic clearance of other substances
which might be administered concomitantly.

30. Radioactivity Balance Study of a Single Oral or Intravenous
Radiclabel)led Dose in Rats, Batch # C1284/275/2, Glaxo Group
Research Ltd, Greenfcrd, Middlesex, U.K., Marck, 1991,
{GDM/S91/014)

Four male and four female AHA rats were fed 'H-Lamivudine in
water by gavage at a dose of 45 mg/kg. A second group of three
males and females were administered the same drug intraveneusly.
Urine and feces were collected at 24 hr intervals for 48 hr. The
amount of radicactivity in the urine, teces, carcass and cage
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washings was determined. The total recovery of radiocactivity
after either route »f administration was about 96%. After an oral
dose, the amount of radiocactivity in the urine was 61% after 48
hr (59% after 24 hr). The total recovery in the feces was 34%.
When the route of administration was intraveanous, the majority
(87%) of the excreted dose was in the urine after 24 hr. By 48
nr, the total had reached 90%. Fecal excretion accounted for only

5% of the dose. Chromatographic analysis showed that the
majority, approximately 35 to 98 % of the excreted doses were. Jue
to unchanged drug. The bioavailability calculated frowm ‘'he
urinary recovery was approximately 68%.

31. To investigate “he excretion balance and metabolic profile of
radioactivity in urine following a single oral dose of [‘H]-
Lamivudine (45 mg/kg) in the Han Wistar rat (GDM/94/076/Study No.
94/DM/76)

Four male rats were orally dosed by gavage with a single dose of
‘H-Lamivudine (45 mg/kg) to determine the excretion and metabolic
profile of radiocactivity in urine. Urine and feces were collected
for up to 48 hr after dosing. Results: the mean total recovery of
radicactivity over the 48 hr sample collection period following
administration of the dose was about 93% (range 84.6-102.5%).
Urinary excretion accounted for about 57% of the administered
radicactivity, the majority in the first 24 hr after dosing.
Fecal excretion accounted for about 35% (range 28-47.5%) of the
administered dose. Metabolic profiling of the 0-24 hr urine
samples revealed that unchanged drug accounted for approximately
92% of the urinary radiocactivity. The remainder of the urinary
radiocactivity was accounted for by two metabolites, Met 1 (2%)
and Met 2 (6%} of the urinary radicactivity. The chromatographic
retention time of Met 2 corresponded to that of GI138870X, the
trans-sulfoxide of Lamivudine.

32. Radiocactivity Excretion Balance and Metabolic Profile in
Urine After One Month Oral Toxicity Study of an Oral Dose in
Ratg, Batch # C1282/75/4, Glaxo Group Research Ltd, Ware,
Hertfordshire, U.K., April, 1991, (GDMS1/017)

Two male and two female AHA rats per group were administered
Lamivudine in acetate buffer, pH 3.7, by gavage at doses of 0
(vehicle control, the vehicle control was dosed with 45 mg/kg of
the drug spiked with radiocactivity at day 36), 45, 300 and 2000
mg/kg/day twice dai.y for 35 days. On day 36, the animals were
dosed with the same concentratior of unlabeled compound which had
been spiked with 'H-Lamivudine. Tiie 24 hr urine and feces samples
were collected and the radicactivity determined. The percemtages
of rad:oactivity found in the samples are shown in Table 13.
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Table 13
Excretion of Lamivudine in the Rat at 24 Hours

Dase Percent Eacrenon
‘mﬂkl, AT
Urine ! Feces Total

45 (Conrol V) 47 R RE |

-

45 irs L 87

300 34 49 R RE |

2000 00 350 650

Analysis of the urine samples with HPLC indicate that most
(approximately 94%} of the radiocactivity is due to parent drug
(Figure not shown) .

Comments: There are no differences in the drug recovery in urine
and feces or the metabolic profiles of radicactivity in urine of
rats receiving drug. The data suggest that the extent of
absorption is independent of dose (up to 300 mg/kg).

33. The Pharmacokinetics of Lamivudine and Total Radioactivity on
Day 20 of Pregnancy in the Female Dutch Rabbit After Oral
Administration of [’H]-Lamivudine, Lot # C1758/226/1, C1282/75/4,
Glaxo Group Research Ltd., Greenford, Middlesex, U.K., March,
1992, (GDM/91/058)

Four pregnant Dutch rabbits were dosed orally by gavage with

[(*H] -Lamivudine in water at 45 mg/kg. The animals were bled at 20
and 40 min and at 1, 2, 4, 6, 8, 10, 12, 24, 28, 32 and 48 hr
after dosing for the determination of radiocactivity anrd
concentration of the parent drug in the plasma. The mean
concentrations of each are shown in Figure 2.
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Radioactivity and Drug Levels (Rabbit)

Single Orat Dos2 of 45 ma/ko

Tsme {howr 3¢

— s e ey
| —=- Rodooclinty - GRID9TI AN {-) '

In this study, the parent drug accounted for approximately 69% of
the radiocactivity. After 12 hr, a majority of the radicactivity
in the plasma was due to in vivo tritium exchange. This was shown
by measuring the radiocactivity after the samples were dried.

Comments: One often expects some exchange with water when
metabolism experiments are carried out using tritiated drug.
Unless there was a significant exchange, the conclusions would
not change to any great extent. In this experiment, the amount of
exchange was small. There was a great deal of variability among
the animals. The C,, ranged between 8.5 and 23.3 ug/ml (with a
Tm. between 0.35 and 1.07 hr) while the AUC,, ranged from 20.1 to
76 ug*hr/ml. The haif-life ranged between 2.7 and 5.1 hr.

34, Bioanalytical Support Data for Lamivudine: A Study to Assess
the Effects of Oral Administration on Pregnant Dutch Rabbits and
Their Progeny, Lot # C1404/194/1, Glaxo Group Research Ltd.,
sreenford, Middlesex, U.K., March, 1992, (GDM/92/008)

Two pregnant Dutch rabbits per group were administered Lamivudine
in water by gavage, at doses of 0 (vehicle control}, 45, 150 or
500 mg/kg twice daily from day 8 to day 20 o. pregnancy
inclusive. Blood was drawn from each animal at 2, 4, 8, and 12 hr
on days 8 and 20 for the determination of plasma drug levels.

The mean plasma drug levels are presented in the followingeTable
14. The results showed that there was an increase in the plasma
levels between the first and last administration at all three
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doses. Plasma levels increased with increasing dose and continual
exposure was achieved at all dose levels.

Table 14
Mean Plasma levels of Lamivudine in Pregnant Rabbits
After Repeated Oral Administration?®

M = mq
Piasma Levels of Lamivudine
Dose Time of Sample {ug/ml)

{mg/kg) bid ) ]
Day § I Day 20 I

-

W Ao

e

o & b

-

a: Dosing was rLrom day 8 to day 20 of pregnancy inclusive.

35. Bioanalytical support data for Lamivudine: A further study to
asgess the effects of oral administration on pregnant Dutch
rabbits, batch # Cl1013/75/1, Glaxoc Group Research Ltd, Ware,
Hertfordshire, England, 3 June, 1932, (GDM/92/035/L13280)+*

Three groups of pregnant rabbits {strain: Dutch; 2 animals/group
{4 animals/high dose}; day 1 of pregnancy = day of mating} were
administered Lamivudine, twice daily approximately 12 hr apart,
by oral gavage at a standard dosage volume of 10 m'/kg {(in
acetate buffer, pH 3.5-3.7) during gestation days 8 to 20 at
dosage levels of 7.5 {(low dose}, 20 (mid dose) or 45 mg/kg/day
{high dose). Blood samples were collected via the marginal ear
vein at 2, 4, 8 and 12 hr after the first dose on day 8 and 20 of
pregnancy, and assayed by a validated HPLC-UV assay method to
determine plasma Lamivudine concentrations. This study was
designed to form part of a toxicology evaluation for the
compoun:d. Results are presented in Table 15 and 16. There was a
significant increase in the plasma levels of Lamivudine between
the first (day 8) and last (day 20) administration at all three
dose levels. Plasma levels increased with dose and continual
systemic exposure of the rabbit to drug for 12 hours was achieved
only in high dose animals on day 8.
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Table 15
Mean Plasma Levels of Lamivudine in Pregnant Dutch Rabbits After
Repeated QOral Administraticn

Plasma l.amm_adim (pg/mi) I

Dose Time

—
5]

20

-

[

45

[- - S N

r~
<

nd: not detectable by the analytical method

Table 16
Plasma AUCs of Lamivudine in Pregnant Dutch Rabbits After
Repeated Oral Administration

Dose Plasma Lamividine AUC
{mg/kg} (xg*trimb)

20

45

-

Comments: Repeated administration of Lamivudine in pregnant
rabbits can lead to accumulation ¢f the drug in the animals.

36. Excretion Balance and Placental Transfer of Radioactivity in
the Pregnant Female Dutch Rabbit After Oral Administration of
[*H] -Lamivudine, Lot +¢ C1758226/1, Cl1282/75/4, Glaxo Group
Research Ltd., Greentord, Middlesex, U.K., March, 1992,
(GDM/91/059)

- r
Three pregnant Dutch rabbits were dosed orally by gavage with
[*H] -Lamivudine in water at 42.2 mg/kg. At 1, 4 and 24 hr after
dosing, the animals were killed and a wample of amniotic fluid
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was collected from each and analyzed by scintillation counting.
Two fetuses from each dam were prepared for whole body
autoradiography.

No images were found after exposure of film for 12 weeks. The
level of radiocactivity in the fetuses was below the limit of
detection (17 ng equivalents/mg of tissue). Amniotic fluid had
very low levels of radicactivity. No more than 0.0032% cf the
administered radicactivity reached the fetuses.

In an additional study, four pregnant Dutch rabbits were dosed
orally by gavage with [’H] -Lamivudine in water at 45 mg/kg on day
20 of pregnancy. Urine and feces were cocllected at 24 hr
intervals for 2 days. The animals were killed and radioactivity
was determined in selected tissues. The metabolic cages were
washed and residual radicactivity was determined.

At the end of this portion of the study, it was tound that only 2
of the rabbits were pregnant. There was no ditfference in the
route of excretion between pregnant and non-pregnant animals,

The total recovery of radioactivity over the 48 hr collection
period was approximately 67%. Urinary excretion accounted for 50%
of the dose, the majority being excreted during the first 24 hr.
Of this, approximately 80% was unchanged parent. Two polar
metabolites {accounting for 7 and 16% of the urinary dose
respectively) were found but not identified. Fecal excretion was
variable and accounted for between 3 and 30% of the dose. 0Of
this, 95% was unchanged drug. About 4.5% of the dose was
recovered in the cage washes. The metabolic products were similar
in the pregnant and non-pregnant animals. The level of
radicactivity remaining in the tissues was very low except in the
gastrointestinal tract, indicating that there was little
retention of compound. Levels in the fetuses of the pregnant
animals showed less than 0.007% of the total radicvactivity.

Comments: There seems to be a little effect of pregnancy on the
metabolism and excretion of the drug.

37. 'Pharmacokinetics and Excretion of a Single Oral or
Intravencus Cose in Dogs, Batch # C1l284/275/2, Glaxo Group
Research Ltd, Greenford, Middlesex, U.K., May, 1991, (GDM/91/008)

Four male beagles were dosed with ’H-Lamivudine in water at 30
mg/kg by intravenous infusicon. After an unspecified recovery
time, the same animals were dosed with the same compound by oral
adminis:ration. Blood was drawn at various times after dosing (up
to 96 hr) for the determination of the drug in the plasma. Urine
and feces samples were collected for the determination of »
radiocactivity every 24 hr for 96 hr. The pharmacckinetic
parameters are summarized 1n Table 17.
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Table 17
Mean Pharmacokinetic Parameters of Lamivudine in the Dog

Dose (mgfkg) & Route AUG, Cou T Tu cl
{pg*hr/ml) (ug/mi) {hr) thr) )

3, oral 6l.6 6.6 067 16 56

30, iv 744 . \ - 1.7 5.2

-

The pharmacokinetic parameters showed a close agreement between
the oral and intravenous routes of administration. The volume of
distribution calculated for this compound ranged from 10.1 to
15.5 liters (mean = 12.5 liters or 0.87 1/kg; rat vd = 2.92 1l/kg)
which is equivalent to the volume occupied by total beody water in
dog confirming the low distribution intc tissues which would be
expected from a polar compound such as this. The plasma clearance
was about 5.4 1l/hr, indicating a relatively rapid clearance. This
was reflected by the climination half-life (1.65 hr).

Following the intravenous dose, B1.7% of the radicactivity was
found in the urine and 1% in the feces after 24 hr. By %6 hr, the
totals were 86.7 and 1.8% respectively. Following the oral dose,
89.5% of the radicactivity was found in the urine and 1.5% in the
feces after 24 hr. By 96 hr, the totals were 97.3 and 2.0%
respectively. The compound was extensively metabolized in the
dog. Two major metabolites were found in the urine. These
accounted for 57% of the equivalent radiocactivity after oral and
41% after intravenous administration. The biocavailability in this
study was approximately 83%.

Comments: No differences in the mechanism of clearance of
Lamivudine were noted between the two routes of administration.
The drug accounted for only 39% of the urinary recovered
radiclabel after oral and 48% and after intravenous
administrations. The remaining radiolabel was shown to consist of
two metabolite regions on HPLC.

If the GFR of the dog is taken toc be approximately 3.2 1/hr, the
maximum rate at which drug could be cleared by filtration can be
derived by GFR x fu, where fu is the fraction of drug unbound in
the plasma. Plasma protein binding studies have shown Lamivudine
to be approximately 10% protein bound in dog plasma at the
conicentraticons detected after administration at 30 mg/kg. This
means that clearance by glomerular filtration could occur no
faster than 0.9 x 3.2 = 2.9 1l/hr which when compared to the
overall mean value for renal clearance of 2.3 1l/hr suggest that
tubular secretion does not play a significant role in thHe ©
elimination of Lamivudine in dogs.
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38. An Investigation of the Pharmacokinetics and Total
Radicactivity and the Excretion Balance of Radiocactivity in the
Female Beagle Dog Following the Administration of [°H]-Lamivudine
(30 mg/kg) By the Oral and Intravenous Routes, Lot # C1758/233/1,
C1282/75/4, Glaxo Group Research Ltd., Greenford, Middlesex,
U.K., March, 1992, (GDM/91/080)

Four female beagles were administered either a single intravenous
or a single oral (by gavage) dose of [’H]-Lamivudine in water at
a dose ¢f 30 mg/kg. They were placed in metabolism cages for 86
hr. After intravenous dosing, blood was collected from each
animal at 5, 10, 20 and 40 min and 1, 1.5, 2, 3, 4, 6, 8, 24, 48,
72 and 96 hr for the determination of radicactivity and parent
drug levels. After oral dosing, blood was drawn at 20 and 40 min
and at 1, 1.5, 2, 3, 4, 5, 6, 8, 10, 24, 48, 72 and 96 hr again
for the determination of radicactivity and parent drug levels.
Urine and feces were collected at 24 hr intervals over 96 hr for
the determination of radiocactivity and parent drug levels. The
cages were washed and the amount of residual radioactivity
determined. The pharmacokinetic parameters which were calculated
using a computer program called SIPHAR are shown in Table 18.

Table 18
Pharmacokinetics of Lamivudine in Female Dogs After
Administration of 30 mg/kg

e e,
Route Con T AUCop Ta
(ug/mi) (hr) (ug*hr/mi) (hr)
S~ S —
Qral 154 128 40.1 13
Inravenous - . 58.6 17
=t —— =

after intravenous administration, the plasma clearance was 5.7
1/'hr, the renal clearance was 1.5 l/hr and the volume of
distribution was 13.4 liters. The bicavailability was 67%. The
mean concentration of radiocactivity and parent drug after orai
and intravenous administration are shown in Figures 3 and 4.

It is obvious that Lamivudine is metabolized to a great extent in
the female dog. Excretion occurs mainly into the urine where
approximately 90% of the dose (oral or intravenous
acministration) appeared within the 96 hours of the study. Of the
material appearing in the urine, onlv 27% was parent drug after
oral and 37% as parent after intravencus administration. Only 2

to 4% of the radicactivity appeared in the feces. .
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Figure 3 Figure 4
Radioactivity and Druq Levels {Dogs) i Radioactivity and Drug Levels (Dog)
Snge Oral Dose of 10 mg/kg S.noi nirovenous Dose ol 30 mg/hg
A.”I — _ s ]
-
i
:
0 1 H 3 . 5 b ; L] LY Tt ' H s 4 ) ) ? ]
Tens (noury) Terw {nmare)
|- Nodowmaty  —— GRI0YT 143 () 1 i+ [Tera— —— CRIpY7 141 {-) |

Comments: The pharmacokinetics of the plasma levels of parent
drug is very similar in the female rat and the female dog after
intravenous administration. The bicavailability is 69% in the rat
and 67% in the dog. In the dog, the clearance is 5.7 1/hr and in
the rat it is 0.27 1/hr. 1f one examines the clearance as a
function of body surface area, one finds that for the dog, the
clearance is 1.0 ml/hr*cm? and for the rat it is 0.83 ml/hr+*cm?.
If one examines the clearance as a function of body weight, the
value for the dog is 0.48 l/hr*kg and for the rat, 1.35 l/hr*kg.
Obviously, interspecies scaling for this parameter (clearance) is
best estimated on the basis of body surface a:rea, not surprising
for a drug eliminated mainly in the urine. The volume of
distribution is 13.4 liters for the dog and 0.449% liters for the
rat. This gives a ratio of 29.8 for the value 1n the dog divided
by that in the rat. The ratio of surface areas for the dog and
the  rat is 17.7 and that of body weights is 60, indicating that
the volume of distribution should best be described by some
combinaticn of the two for interspecies scaling. However,
Lamivudine is metabolized extensively in the dog but not in the
rat.

39. Determination of the Pharmacokinetics of Lamivudine in the
Dag Following a Single Oral Dose, Lot # C1013/75/1, C1803/125/1,
Glaxo Group Research Ltd., Greenford, Middlesex, U.XK., January,
1992, (GDM/91/036) - e

Three male beagle dogs per group, were administered a single dose
of Lamivudine in acetate buffer, pH 3.5, by gavage, at doses of
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250, 1000, 1500 or 2000 mg/kg. Blood was taken at 20, 40 min and
at 1, 1.5, 2, 2.5, 3, 4, 5, 6, 8, 10, 12, 24, 2¢, 28, and 30 hr
after dosing for the determination of plasma levels of the drug.
A compilation of the pharmacokinetic parameters are given in
Table 19. Examination of the table indicates that in order to
achieve maximum exposure in the dog, a single dose of
approximately 1500 mg/kg is sufficient. Beyond that, little
increases in systemic exposure will be achieved.

Table 19
Pharmacokinetic Parameters of Lamivudine in the Dog

[ : o
Dese Coa Te: ALC T
(mg/kg) {ug/mb) (hr} {ug*hrim)) (hr)
500 140 2.5 149 1.6
1000 224 20 1370 17
150G 392 s 1961 2.8
2000 267 17 1353 11

40. Bicanalytical support data for Lamivudine in the dog
following a single dose ranging rom 250 to 2200 mg/kg
(GDM/94/161)

Two male conscious beagle dogs with extericrized carotid artery
loops were administered a single oral dose «f Lamivudine via oral
gavage at dose levels of 0 (vehicle control), 100 (low), 300

(mid) or 600 mg/kg (high) on separate study days with a minimum
interval of 7 days (Study No. $20599;. Blcod samples were taken
after the dosing; plasma derived was assavod for Lamivudine.
Results: all plasma samples taken after dosing from the dogs
contained detectakle levels of drug. The Cmax levels ranged from
28.6 to 54.6 ug/ml for the low dose, from 85.C to 124 ug/ml for
the mid dose and from 157 to 199 ug/mi for the high dose. The AUC
values were 85 to 170, 349 to 607 and 564 to 959 ug*hr/ml for the
low, mid and high dose groups, respectively. The plasma level
data for dog K65 showed a proportional increase in AUC with
increasing dose. Data from the other dog (K67) demonstrated a
non-linear increase in AUC with increasing dose.

Comments: Plasma data from one dog demonstrated a non-linear

increase in AUC values with increasing dose indicating an

apparent saturation of clearance at the higher dose levels.
-
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41. Two Week Oral Toxicity Study in Dogs, Batch # C1803/152/1,
Glaxce Group Research Ltd, Ware, Hertfordshire, U.K., November,
1991, (D12750-WPT/91/222)*

Three male and female beagle dogs (weight: 7 - 8.5 kg for males
and 5.6 - 8.4 kg for females; age: 3 - 6 months) were dosed by
gavage for two weeks with 1500 mg/kg/day of Lamivudine dissolved
in acetate buffer, pH 3.7. Dosing was carried out twice a day 12
hours apart. An additional male and female were dosed with
vehicle as controls. All animals were observed daily for adverse
clinical signs while their food consumption was recorded daily
and their body weights were recorded predose and on days 1, 4, 8,
11 and on day 15, the day of necropsy. Blood was obtained for
hematological, clinical chemistry and drug level evaluations
Urine was collected for examination. On day 15, the day after the
final dose, the animals were killed and subjected to necropsy.
The animals were exsanguvinated and a full macroscopic examination
was carried out. Thirteen organs were weighed and 38 tissues or
organs were subjected to histological examination.

There were no deaths in the study. Loose feces and isolated cases
of emesis were seen in both treated and control animals. There
were otherwise, no treatment related adverse clinical
observations. Slight reductions in hemoglobin, hematocrit and red
blood cell counts as well as moderate reductions in leukocyte and
neutrophil counts were seen in both males and females at the end
of dosing. A slight increase of aspartate and alanine
aminotransferase was seen in both males and females at the end of
dosing. Treated females had slightly smaller thymuses and
slightly larger ovaries compared to the control animal and
treated males had slightly smaller prostates. On microscopic
examination, the greatest effect of the drug was to the liver of
both treated males and females. The lesions, which ranged from
very slight to very severe, included the presence of mixed
inflammatory foci, centrilobular mixed inflammatory cell
infiltrate, centrilobular coarse vacuolation and focal necrosis
(in one female). In general the liver lesions were more severe
than slight. Slight thymic atrophy was seen in a number of
anitals.

The mean plasma levels for males and females on day 1 and 14 are
presented in Table 20 and pharmacokinetic parameters calculated
for the mean plasma level-time data are depicted in Table 21. The
parameters indicated that repeated administration of drug for 14
days at this dose level caused a decrease in plasma clearance in
both males and females dogs, leading to increased in plasma AUCs
and hence drug exposure.
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Table 20
Mean Plasma Levels of Lamivudine 1n Beagle Dogs Receiving
Repeated Oral Administration of at 1500 mg/kg/day BID

Mcan Masma Levels (ugrmh

Table 21
Pharmacokinetic Parameters of Lamivudine in Beagle Dog

.

AUC (ug*hr/mlh)
Clearance (Vhr/kg) 22 0.2 22 08
Volume of Distribution (I/kg) 3 45 35 4.2

Comments: In view of the fact that livers of all 6 treated dogs
in this study are moderately/severely affected {(mixed
inflammatory foci, centrilobular mixed intlammatory cell
infiltrate or centrilobular coarse vacuclation) anu that focal
liver necrosis is present in one treated female, coupled with
elevated ALT and AST, taken together suggest that liver is a
target organ for this compound in dogs. The thymic atrophy seen
may be a treatment-related toxicity.

Repeated administration of Lamivudine bid for 14 days caused a
reduction in plasma clearance of this acent in both male and
female dogs leading to an increase 1ln systemlc drug exposure.



NDA 20-564 PHARMACOLOGIST'S REVIEW Page No. 85

42. Biocanalytical support data for Lamivudine: A 13-week oral
toxicicty study in beagle dogs, batch # C1013/75/1, Glaxo Group
Research Ltd, Greenford, Middlesex, England, 23 April, 1992,
(GDM/92/034/D12873) *

Four groups of dogs (strain: beagle; 6 animals/sex/group) were
administered Lamivudine, twice daily approximately 12 hr apart,
by oral gavage at a standard dosage volume of 10 ml/kg (in
acetate buffer, pH 3.5-3.7) at dosage levels of 0 (control), 45
{low dose), 260 (mid dose) or 1500 mg/kg/day (high dose) for 31-
96 days. Blood samples were collected at various time points on
day 1, day 14, day 35, day 42, day 46, day 48 and day 91 of the
study; urine collections were made over a 12 hr period after the
first dose on day 89. All the samples were analyzed by a
validated HPLC-UV assay method to determine Lamivudine
concentrations in plasma and urine. This study was designed to
form part of a toxicology evaluation for the compound. The mean
plasma levels of Lamivudine in samples from the three treatment
groups on day 1 and day 91 are presented in Tables 22, 23 and 24.
The results showed adeguate absorption of drug in both male and
female dogs. In both male and females, plasma AUCs increased cn
day 91 cowpared to the ones on day 1 (Table 25). Mean percentage
urinary recovery of Lamivudine in G-12 hr collections taken from
animals in the three treatment groups after the first dose on day
89 are presented in Table 26. These data showed that there was no
significant differences between males and females or between
treatment groups in the urinary recovery of unchanged drug.

Table 22
Mean Plasma Levels of Lamivudine in Beagle Dogs Receiving
Repeated Oral Administration of 45 mg/kg Twice Daily

Mean Pla ma Lamivudine Concentranons (ug/mib) & 45 mp/kg

Time Male Feraic |

Day ! Day 9i Day 51 Dav 1 Day %1 Day 91
| Dose 2 Dose I Dose 2 Dose
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Table 23
Mean Plasma Levels of Lamivudine in Beagle Dogs Recelving
Repeated Oral Administration of 260 mg/kg Twice Dailly

Mean Piasma Lamuivudine Concentralions (sg/mi} 2 260 mg/kg J
Time Male Femzle ]
(hr) — I
Day | Dazy 91 Day 91 Day | Day 91 Day 91
1 Dose 2 Dose i Dose 2 Dase
[ e e e
Pre
1
P4
4
6 1
8
12
Table 24

Mean Plasma Levels of Lamivudine in Beagle Dogs Receiving
Repeated Oral Administration of 1500 mg/kg Twice Daily

—
Mean Plasma Lamivudine Concd -rations (gg/ml) ai 1500 mg/kg
—_ ————————  ———— e —
Time Male Fremaic
(hr} T =
Day 1 Day 91 Day 91 Day 1 Day 91 Day 91
1 Dose 2 Dose 1 Dose 2 Dose
|
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Table 25

REVIEW

Mean Plasma AUCs in Beagle Dogs Receiving Repeated Oral

Administration of Lamivudine Twice Daily

{mg/kg)
(bid)

45

Plasma Lamivudime AUCs (ug*hiiml)

Male

Femake

¥

B

Day 91
! Dose

57

Day 9
2 Dose

3

Day |

Day 91
| Dose

75

Day 91
2 Dose

260 257 387 49 182 M6 293

1500 1084 1652 2162 S65 £512 i

Table 26
Mean Percentage Urinary Recovery of Lamivudine on Day 89 in 0-12
Hr Collections From Dogs After Receiving Repeated Oral
Administration of Lamivudine Twice Daily

Percentage Recovery of Lamivudine in Urine

= — ——
e A ———— |

e | |

Comments: There are some apparent differences in plasma levels
between day 1 and day 91 and between dose 1 and dose 2 on day 91
in the three treatment groups. At all three dose levels, the T,
appears to be later after the second dose on day 91 than after
the first dcse on either day 1 or day 91, which could suggest
that the rate of absorption or the rate of plasma clearance was
slower after the second dose of the day relative to that of the
firgt. Secondly, increased AUCs on day 91 compared to day 1
suggest that repeated administration of Lamivudine at the dose
levels leads to accumulation of drug in dogs.

43. Bioanalytical support data for Lamivudine: A 52-week oral
toxicity study in beagle dogs (GDM/%4/081/Study No. D13604)

Groups of male and female beagle dogs (weight: 7.8-11.8 kg; age:
23-27 weeks; 4 animals/group) received Lamivudine by oral gavage

at dose levels of o (vehicle), 45 {(low), 260 (mid) or 1500 (3),
1000 (9) mg/kg/bid (high) for a period of 52 weeks (Study No.
D13604). Plasma levels were meonitored on day 1 and weeks &, 26

and 52. Results: the mean plasma levels ot Lamivudine 1in samples
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taken from the three treatment groups on weeks 6 and 26 of the
study are presented 1n Table 27. AUC data for the doses are
presented in Table 28 and clearly show increased exposure on week
52 relative to day 1 for all three dose groups.

Table 27
Mean Plasma lLevels of Lamivudine in Dogs
L — ¢
Male Female
R
Doe mgrkg/bid Nominal Tune {hry Lamivudine (ug/ml)
WK WK In WK b wK 26
45 n
260 0
1500 & il
1000 ¢ l
Takle 28
The AUC Values of Lamivudine Follewing 12-Month Orail
Administration to Dogs
—
Male Female
Dose — - — R Aun—
mg/kgibwd Day | Week 52 Week 52 Day ! Wek 52 Week 52
11t Dose 15t Dose ind Dose st Dose It Dose ind Dose
45
26l
1500 (&)
LK (%)
bl

Comments: At all dose levels the plasma AUC values calculated for
the first and second doses on week 52 of the study are higher
than those calculated for the tirst dose on day 1. This
observation suggested that repeated acdministration of Lamivudine
at these dose levels leads to increased systemic exposure of both
male and female dogs.

44. Transport mechanism of Lamivudine and drug interactions in
Cacc-2 cells (UCP/92/028) - e

Transport and cellular uptake of Lamivudine at concentrations ot
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0.02, 0.2, 2.0, 20 and 200 uM across Caco-2 cell monolayers were
studied to investigate the interaction of Lamivudine with drugs
which mav be used concurrently with Lamivudine clinically. The
effect of trimethoprim (1.6 mM), sulfamethoxazole (6.7 mM), ddI
(2 and 10 mM), ddC (2 and 1C mM), AZT (1.9 and 2 mM), acyclovir
(6.7 mM), probenecid (5.9 mM), ranitidine (10 mM} and cimetidine
{i0 mM) on Lamivudine (2 mM) was studied. Results: the transport
rate waz linearly related to the concentration of Lamivudine from
0.02 to 200 mM, suggesting a passive diffuslon process. None of
the compounds tested sianificantly changed the transport of -
Lamivudine in Caco-2 cells.

45. Investigat'on into the potential for interaction betwesn
midazolam and lLamivudine with the human liver Cytochrome P450
iscenzyme CYP3A (GDM/94/124/Study No. L18/94/014)

Midazolam is a specific probe substrate which is hydrolyzed at
the C-1 and C-4 positions specifically by human liver cytochrome
P450 1socenzyme CYP3A. Human liver microsomes were pooled and
incubated with Lamiwvudine (1 to 500 uM) in the presence of
midazolam. The aim of this study was to investigate the findings
of an interaction study carried out using testostercne as a probe
substrate, which indicated that might be a possible interaction
of Lamivudine with the human liver cytochrome P450 isozyme, CYP3A
{GDM/93/028) . Ketoconazcle (0.1 mM), which specifically inhibits
CYP3A, was used as a positive control. An incubation of midazolam
with human liver microsomes in the absence of NADPH wae included
{(negative control) to demonstrate that the metabolism of
midazolam was P450 mediated. Results: the HPLC analysis of the
incubates showed that, in the .bsence of inhiritors, midazolam
was metabolized to 1-hydroxy and 4-hydroxy midazolam. There was a
negligible turnover of midazolam when incubated with human liver
microsomes in the absence of NADPH, indicating that the
metabolism of midazolam was P450 mediated. incubation of
midazolam in the presence of ketoconazole greaily reduced the
formation of the hydroxy metabolites. The incubations containing
Lamivudine showed no overall drop in the formation of the hydroxy
metabolites produced when compared to the midazolam control .,
Conclusion: these data showed that there was no interaction of
CYP3A with Lamivudine.

PHARMACOLOGY STUDIES
1. Ancillary Pharmacology Studies:

1. Overt central and peripheral pharmacodynamic effects
following a~ute oral administration of Lamivudine in the
conscious r.t and dog, Batch # C1803/84/1, Glaxo Group
Research Ltd., Greenford, Middlesex, U.K., June, 1991,
(WBA/91/005) *
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The effects of intravenously administered Lamivudine on the
cardiovascular and respiratory systems of anesthetized cats,
Batch # Cl803/84/1, Glaxc Group Research Ltd., Greenford,
Middlegex, U.EK., June, 1991, (WBA/91/003)+

The effects of acute oral administration of Lamivudine
on cardiovascular function and respiration rate in
conscious beagle dogs, June, 1994 (WPT/94/218)*

Drug interaction study: effects of orally administered .
Lamivudine on the duration of pentobarbitone-induced
loss of righting reflex (sleeping time) in mice
(WBA/90/035)

II. Cytotoxicity and Mechanism of Action Studies

l.

Cytotoxicity tests in uninfected primary and
egtablished lymphocytes and monocyte/macrophages, Batch
# Cl1758/244/1, June 1991, (GVR/91/006)

Cytotoxicity and therapeutic index in human peripheral
blcod lymphocytes, Batch # C1460/141/1, June 1954,
(GVR/94/017)

Effect on human T-cell activation in tro, Batch #
Cl1013/75/1, June 1994, (GVR/93/032)

Myelotoxicity studies on human bone marrow progenitor
calls: a final report on a study by

, Batch # Cl055/185/1, December 1991,
{GVR/91/030)

Metabolism in uninfected and HIV-1l infected peripheral
blood lymphocyte cells in vitro, Batch # C1460/141/1,
June 1991, (GVR/.1/005)

Concentration-dependence and the effect on AZT on the
pheosphorylation of Lamivudine in human peripheral blood
lymphocytes in vitro, Batch # C1291/38/1, June 1994,
(GVR/S53/013)

Studies with human platelet phosphorylase, Batch #
C1055/185/1, June 1991, (GVR/91/003)

Effects of Lamivudine 5’-triphosphate on the HIV-1
reverse transcriptase, Batch # Cl460/209/2, June 1291,
(GVR/91/008) - e
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S. Effect on Lamivudine triphosphate on the DNA-dependent
ONA polymerase activity of HIV-1 reverse transcriptase,
patch # Cl460/209/2, December 1991, (GVR/91/026)

10. Chain termination studies with Lamivudine triphosphate,
Batch # Cl1460/209/2, June 1991, (GVR/91/009)

11. Steady state kinetic studies confirm that Lamivudine
5’ «triphosphate exerts its anti-HIV activity primarily
by chain termination, Batch # C1460/209%9/2, December -
1992, (GVR/92/013)

12. The incorporation of Lamivudine 5’-monophosphate into
DNA by HIV-1 reverse transcriptase and iiuman DNA
polymerase, Batch # C1653/21/1, 1994, (GVR/94/007)

13. Effect of Lamivudine on deoxynucleotide pools in
cultured U937 cells, Batch # Cl1013/75/1, December 19551,
(GVR/91/027)

14. Effect on mitcchondrial DNA content, Batch #
Cl1013/75/1, June 1991, (GVR/91/017)

15. Effect of Lamivudine triphosphate on mammalian DNA
polymerases, Batch # C1460/209/2, June 1991,
(GVR/91/010)

Pharmacology Studies Reviews:
I. Ancillary Pharmacolcogy Studies:

1. Overt central and peripheral pharmacodynamic effects following
acute oral administration of Lamivudine in the conscious rat and
dog, Batch # C1803/84/1, Glaxo Group Research Ltd., Greenford,
Middlesex, U.K., June, 1991, (WBA/91/005)*

Three male RH rats per dose were treated by gavage with
Lamivudine in acetate buffer, pH 3.7, at doses <f 100, 300 or 600
mg/kg. Three control rats per group were dosed with vehicle. The
animals were placed in clear chambers and observed for changes in
behavior, skeletal muscle tone, reflexes and overt
gastrointestinal, neurolcgical and autonomic effects by
comparison with controi animals using an extensive check list.
The "nimals were observed for the first 30 min and at 1, 2 and ¢
hr a ter dosing. They were examined every day for 7 days.

The only adverse effects noted in the animals were slight «
diarrhea in all the anirals at 100 mg/kg and one of the animals
at 600 mg/kg.
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Groups of two male and two female beagle dogs were treated by
gavace with Lamivudine in acetate buffer, pH 2.7, at doses of 0
(vehicle control), 300 or 600 mg/kg. They were observed for
changes in behavior, skeletal muscle tone, reflexes and overt
gastrointestinal, neurological and autonomic effects using an
extensive check list. Observations were carried out continuously
for the first hr and at 2, 3 and 5 hr after dosing. Recordings of
he~rt rate, body temperature and respiration rate were carried
out at predose and at 1, 3, 5 and 24 hr post-dose. The animals
were kept for 7 days for observat:ion. -

The only recorded adverse effect was vomiting in the male dog at
600 mg/kg at approximately 15 min after desing.

2. The effects of intravenously idministered Lamivudire on the
cardiovascular and respiratory systems of anesthetized cats,
Batch # C18(63/84/1, Glaxo Group Research Ltd., Greenford,
Middlesex, U.K., June, 1991, (WBA/91/003)*

One male and one female BGF cat were anesthetized, cannulated for
the infusion of test material and set up for the recording of
arterial blood pressure, heart rate, tracheal inflation pressure
and EKG. At 45 minute intervals, each was intravenously infused
with 0 (vehicle), 10, 30 and 100 mg/kg of Lamivudine in 0.9%
saline. Measurements were made throughout the study. Arterial
blood samples were taken prior to dosing and 30 minutes after the
infusion of each new dose for the determination of pH, pCO, and

po, .
No adverse effects were seen in the study.

Comments: Dr. K.M. Wu, a reviewing pharmacologist in the DAVLP,
who has expertise in the area, examined this study as well all
other studies in this subwmission which dealt with measurements of
heart function. In all cases, his conclusions concurred with
those of the sponsor as to the interpretation of the test
results.

In éeparate studies, the racemate GR103665X (+) administered by
gavage to conscious beagle dogs at 100 or 300 mg/kg had no effect
on blood pressure, heart and respiration rates and
electrocardiographic examinations. The general well being and
behavior of the animals was not adversely affected.

The effect of the racemate GR103665X (+) at oral doses of 100,
300 and 600 mg/kg in mice had no effect on the pentcobarbitone
induced sleeping time.

- v
The racemate GR103665X (+) administered by intravenous injection
to anesthetized cats had no adverse effect on the heart rate or
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arterial blood pressure nor any adverse effect on
electrocardiograms. The drug had no adverse effect on tracheal
inflation pressure or blood values of pH, pCO, or pO;.

The racemate GR103665X {(+) administered by gavage to rats or dogs
at doses of 10, 30 or 100 mg/kg induced minimal adverse events.
One rat out of three in the two high dose groups had slight
diarrhea. No adverse effects were seen in dogs.

3. The effects of acute oral administration of Lamivudine on.
cardiovascular function and respiration rate in conscious beagle
dogs, June, 1994 (WPT/94/218)~*

Two male conscious beagle dogs with exteriorized carotid artery
loops were administered a single oral dose of Lamivudine via oral
gavage at dose levels of 0 (vehicle control), 100 (low), 300
(mid) or 600 mg/kg (high) on separate study days with a minimum
interval of 7 days to investigate the acute cardiovascular,
respiratory and electrocardiographic effects. Results: there were
no effects on gross behavior or clinical state after any dose of
Lamivudine in either dog. There were no significant effects on
arterial blood pressure, heart rate or ECG rhythm or intervals.
All plasma samples taken after dosing with Lamivudine showed
detectable levels of drug indicating exposure to the test
compound. The Cmax values were 54.6, 85.0 and 124.0 ug/ml for the
low, mid and high dose groups, respectively. Conclusion: the lack
of adverse effects in the dog of oral doses of Lamivudine up to
150-fold higher than that required for pharmacological activity
or the anticipated acute clinical dose (4 mg/kg bid) supports the
clinical use of this compound.

4. Drug interaction atudy: effects of orally administered
Lamivudine on the duration of pentobarbitone-induced loss of
righting reflex (sleeping time) in mice (WBA/90/035)

Groups of male mice (10/group) were administered Lamivudine at
dose levels of 0 (vehicle control or pesitive contrel: cimetidine
150 mg/kg), 100 (low), 300 (mid) or 600 mg/kg {(high) via oral
gavage to study the effect of the test compound on the duration
of righting reflex loss (sleeping time)} induced by
pentobarbitone. Cne hr after the dosing, each mouse received
pentobarbitone (40 mg/kg; iv) to induce loss of righting reflex.
Results: Lamivudine did not affect the duration of
pentobarbitone-induced loss of righting reflex (sleeping time) 1in
mice., Cimetidine (positive control; known to interact with
hepatic drug metabolizing enzymes) signilicantly prolonged
sleeping time. Conclusion: these findings indicate that
Lamivudine was unlikely to interact with drug n=tabolizinge
enzymes in the liver.
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II. Cytotoxicity and Mechanism of Action Studies

1. Cytotoxicity tests in uninfected primary and established
lymphocytes and monocytes/macrophages, Batch # C1758/244/1, June
1991, (GVR/91/006)

In initial cell proliferation studies with several lymphocyte
cell lines and one monocyte/macrophage cell line, the
cytotoxicity of Lamivudine was studied in comparison with the (+)
enantiomer, GR109712X and, the racemic mixture, GR103665X. -
Results: these studies showed that Lamivudine was not cytotoxic
to most of the cell lines tested up to 440 uM concentration. In
contrast, GR109712X and GR103665X were cytotoxic; ID50% [value
represents the concentrations of compound required to inhibit
cell proliferation or thymidine uptake by 50%] were 13-394 uM and
4-153 uM, respectively. Conclusion: the cytotoxicity exhibited by
the racemic mixture, GR103665X, resided in the (+) enantiomer.

In more extensive studies in vitro, the cytotoxicity of
Lamivudine relative to AZT, ddC and ddl was investigated.
Results: in general, Lamivudine was the leas” cytotoxic of the
four compounds, followed closely by ddI. The most cytotoxic
compound was ddC.

2. Cytotoxicity of Lamivudine, A2T, ddC and ddI in human
peripheral blood lymphocytes, Batch # C1460/141/1, June 1554,
(GVR/94/017)

In in vitro experiments, the cytotoxicity of Lamivudine to human
PBLs relative to AZT, ddC and ddlI was determined by studying
thymidine uptake in the PBLs. Results: the overall trend with the
PBLs is that Lamivudine and ddI were the least inhibitory, with
ID50% values in the range of =437-2838 uM and »423-2371 uM,
respectively. AZT was the most consistently toxic inhibitor of
the thymidine uptake in PBLs with ID50% values in the range of
34-94 uM; ddC was more cytotoxic than AZT to cells from some
donors but much less toxic to others, producing IDS0% values of
6-2464 uM.

3. Effect on human T-cell activation in vitro, Batch #
Cc1013/75/1, June 1994, (GVR/93/032)

The effect of Lamivudine, AZT and ara-AMP on the uptake of
thymidine in human T-cells after activation by
phytohaemagglutinin (PHA) or anti-CD2 antiserum was studied.
Results: both PHA and anti-CD3 antiserum activated normal human
T-cells. In both cases, inhibiticon ~t thymidine uptake was
greater with AZT (ID50% = 6.7-13.5% uM) than ara-AMP (ID50%e= 60.5
uM) and areater with ara-AMP than with Lamivudine (IDS50% = 436
uM) . Conclusion: there was no =vidence for immnunosuppression by
Lamivudine in the system.
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Comments: This type of assay did not distinguish between
compound-related cytotoxicity and immunosuppression at the
cellular level. Thus, the mode <of action of AZT or ara-AMP in
inhibiting the thymidine uptake by T-cells was not clear.

4, Myelotoxicity studies on human bone marrow progenitor cells: a
final report on a study by

- C1055/185/1,
December 1991, (GVR/91/030)

In in vitro comparative studies with AZT dd4C, ddI, ara-C, 3FT,
and d4T, Lamivudine was tested for activity against several
hemopoietic progenitor cells. Results: Lamivudine was found to
have an ID50% >100 pgM against pluripotent progenitor cells,
erythroid progenitor cell, early and late granulocyte-macrophage
progenitor cells, stromal progenitor cells, hemopoietic
supportive stroma, non-adherent hemopoietic cells and stromal
fibroblasts. Lamivudine was at least 10-10000 times less
cytotoxic (depending on the cell type) than AZT and ddC in these
studies. Lamivudine had no marked effect oun GM-CSF production by
bone marrow stromal cells at 1 mM concentrations under conditions
where AZT stimulated GM-CSF production at 10 uM.

S. Metabolism in uninfected and HIV-1 infected peripheral blood
lymphocyte cells in vitro, Batch # C1460/141/1, June 1991,
{GVR/91/005)

Intracellular metabolism of [’H] -Lamivudine was examined in HIV-
infected and mock-infected phytohemagglutinin-stimulated PBLs in
vitro. Results: Lamivudine triphosphate accumulated equally in
HIV-infected and mock-infected PRLs, and reached 40% more of the
total intracellular metabolites after 4 hr. The rate of decay of
Lamivudine triphosphate [measured as t%] in HIV-infected and
mock-infected PEBLs ranged from 10.5-15.5 hr.

Comments: The results indicated that metabolism of Lamivudine to
its 5'-triphosphate was not dependent on viral infection of
cells; and hence, good intracellular levels were detectable in
both .nfected and uninfected cells.

6. Concentration-dependence and the effect on AZT cn the
phosphorylation of Lamivudine in human peripheral blood
lymphocytes in vitro, Batch # C1291/38/1, June 1994, (GVR/93/013)

The phosphorylation of [*H]-Lamivudine was examined in both HIV-
infected and mock-infected phytohemagglutinin-stimulated PBLs at
different extracellular concentrations of up to 500 uM in vitro.
Results: the formation of intracellular metabolites was -dependent
on the extracellular concentration of the test compound. The
amount of Lamivudine triphosphate formed was linear up to 10 uM
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concentration after 4 hr of incubation. Combination studies with
10 uM Lamivudine in the presence of AZT showed that AZT had no
substantial effect on the phosphorylation of Lamivudine.

7. Studies with human platelet phosphorylase, Batch #
C1055/185/1, June 1991, {GVR/91/003)

Lamivudine was incubated with human platelets to study the
catabolism of the test compound. Results: no deamination product
or base was detected in the platelet rich suspensions at various
incubation periods. The natural substrate for thymidine
phosphorylase, thymidine and deoxyuridine, were found to be
phosphorolysed to their corresponding bases after the incubation
in platelet rich suspensions. Conclusion: under these conditions,
Lamivudine was shown to be resistant to both deamination and
phosphorolysis by human platelet pyrimidine nucleoside
phosphorylase.

8. Effects of Lamivudine 5‘-triphosphate on the HIV-1l reversge
transcriptase, Batch # C1460/209/2, June 1391, (GVR/91/008)

The ability of Lamivudine 5’ -<riphosphate to inhibit HiV-1
reverse transcriptase in a novel heteropolymer assay system
[using either a bacteriophage MS2 RNA template with a specific
oligo-deoxynucleotide as primer of specific homopolymer
template/primers] was examined. The reaction conditions were
optimized for the template and the kinetic constants were
determined ([data not shown]. A comparison of inhibition kinetics
was made with ddC 5'-triphosphate (ddCTP}, ddA 5’ -triphosphate
(ddATP) and AZT S'-triphosphate (AZTTP) Results: Lamivudine 5'-
triphosphate inhibited HIV reverse transcriptase with an apparent
Ki (Kiapp) of 8-18 uM dependent on the template/primer system
utilized and in a competitive manner with respect to dCTP for
binding to the enzyme. The Kiapp for ddCTP, ddATP and AZTTP were
0.32-2.8, 0.08-0.1 and 0.01-0.05 uM, respectively. Conclusion:
Lamivudine S5'’-triphosphate was a competitive inhibitor of the
HIV-1 reverse transcriptase and Lamivudine might, in part,
inhibit HIV replication by direct competition for the binding
sites of the enzyme.

9. Effect on Lamivudine triphosphate on the DNA-dependent DNA
polymerase activity of HIV-1 reverse transcriptase, Batch #
Cl1460/209/2, December 19391, (GVR/S1/026)

The effect of Lamivudine 5‘'-triphosphate was investigated acalnst
both the DNA-dependent DNA polymerase and RNA-dependent DNA
polymerase activities of HIV-1 reverse transcriptase. Results:
for Lamivudine 5'-".riphosphate, at [dCTP] = Km, the averaaga value
for IC50 {(the concenrration giving 50% inhibition’ was 23.4 uM.
The average IC50 valucs for ddATP, Jdd4dCTP and AZTTP were 0.4, 1.44
and 0.48 uM, respectively. Conclusicn: Lamivudine triphosphate
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was equally active against both the DNA-dependent DNA polymerase
and RNA-dependent DNA polymerase activities of HIV-1 reverse
transcriptase. It was less potent as an inhibitcr towards these
activities than ddATP, ddCTP or AZTTP.

10. Chain termination studies with Lamivudine triphosphate, Batch
# C1460/209/2, June 1991, (GVR/S1/009)

The ability of Lamivudine 5’'-triphosphate to serve as a substrate
for reverse transcriptase was studied using a modification of .
Sanger dideoxy-DNA sequencing method. Results: Lamivudine 5’ -
triphosphate terminated transcription by HIV-1 reverse
transcriptase at positions identical toc those where ddCTP
terminated. Conclusion: the results suggested that Lamivudine 5'-
monophosphate was incorporated into the newly synthesized DNA and
terminated transcription at that point. Lamivudine might, in
part, inhibit HIV replication by activity at the triphosphate
level and by chain termination of reverse transcription.

11. Steady state kinetic studies confirm that Lamivudine 5'-
triphosphate exerts its anti-HIV activity primarily by chain
termination, Batch # C1460/209/2, December 19592, (GVR/92/013)

In study-state kinetic studies using a primer extension/chain
termination assay, it was determined whether HIV-1 reverse
transcriptase catalyzed the incorporation of Lamivudine 5'-
monophosphate (using Lamivudine 5’ -triphosphate as the substrate)
into a DNA primer annealed to a RNA template. Results: the
efficiency of Lamivudine S’ -triphosphate as substrate for HIV-1
reverse transcriptase was less by greater than 2 orders of
ragnitude for the enzyme when compared with AZTTP. Conclusion:
the study provided evidence that Lamivudine exerted a major
proportion of its antiviral effect by chain termination of the
elongated viral genome and not as a competitive inhibitor.

12. The incorporation of Lamivudine 5’ -monophosphate into DNA by
HIV-1l reverse transcriptase and human DNA polymerase, Batch #
C1653/21/1, 1994, (GVR/94/007)

The effect of Lamivudine 5’-triphosphate on HIV-1 reverse
transcriptase (RNA dependent DNA polymerase activity) and human
DNA polymerase gama was investigated. Results: Lamivudine 5°'-
triphosphate was approximately 33-fold less effective as a
substrate for DNA dependent DNA polymerase than RNA dependent DNA
polymerase activities. Lamivudine 5’ -triphosphate was a substrate
for human DNA polymerase gama (DNA dependent DNA polymerase
activity). The product of this reaction (with Lamivudine 5’-
monophosphate incorporated at the 3’ end) was also a substyate
for the 3’-%' exonuclease ot DNA polymerase gamma.
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Comments: The results indicated that although Lamivudine 5°-
triphosphate was a substrate for the DNA dependent DNA polymerase
activity of human DNA polymerase gamma, the product of this
reaction was also a substrate for che 3'-5' exonuclease activity
and therefore may explain the lack of mitochondrial toxicity
exhibited by Lamivudine (GVR/91/017).

13. Effect of Lamivudine on deoxynucleotide pools in cultured
U937 cells, Batch # Cl1013/75/1, December 1991, (GVR/91/027)

The effect of Lamivudine upon deoxynucleotide pools ian U937 cells
{(a human monocyte-like cell line) was inv=stigated. Results:
Lamiv''dine had no effect upon the level of any the four natural
deoxynucleoside triphosphates an any concentration of the test
‘ompound. In contrast, 200 uM AZT reduced dGTP levels and
increased dCTP levels. Conclusion: this study provided no
indication that Lamivudine interfered with normal deoxynucleotide
metabolism.

14. Effect on mitochondrial DNA content, Batch # Cl1l013/75/1, June
1991, (GVR/9%1/017)

This study compared the e.lects of Lamivudine, AZT, ddC and ddI
upon mitochondrial DNA synthesis in CEM cells obtained from ATCC,
Rockville, MD. Results: relative to nucliear DNA content,
Lamivudine had no effect upon mitochondrial DMNA up to S00 uM
concentration for up to 8 days. In contrast, AZT, ddC and to a
lesser extent, ddI, all reduced mitochondrial DNA content. ddC
had the most potent effect upon levels of mitochondrial DNA which
fell by approximately 50% after 4 days at concentrations greater
than 50 uM.

15. Effect of Lamivudine triphosphate on mammalian DNA
polymerases, Batch # C1460/209/2, June 1991, (GVR/91/010)

The effect of Lamivudine S'-triphosphate on DNA polymerases: «o, 6
and gamma from HeLa Ohio cells was investigated. At [dCTP}s = Km,
IC50 values (the concentration giving 50% inhibition) were
determined. Results: the =est compound produced mean IC50 values
of 175, 24.8 and 43.8 uM for o, 13 and gamma polymerases,
respectively. In contrast, ddCTP and ddATP are potent inhibitors
of DNA polymerases gamma (IC50 values = 0.027-0.07 uM) and 3
(IC50 values are bhetween 0.5 and 0.8 uM}. Conclusion: Lamivudine
triphosphate was significantly less i1nhibitory towards DNA
polymerases gamma and 8 than ddATP or ddCTP. It was, however,
more inhibitory to these enzymes than AZTTP. None of the tested
compounds was potent inhibitor of o polymerase.
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CONCLUSIONS

There are no nonclinical pharmacology and toxicology issues which
would preclude the approval of this Pre-NDA. The sponsor
submitted protocols, which have been approved by the ECAC. to
initiate the two-year carcinogenicity studies in mice and rats.

With the submission of the NDA, the doses used in the animal
toxicity studies will be equated to the doses in humans. The
igsue of labelling will be addressed when the NDA is submitted
and the review of the labelling appended to this ~eview.

Pritam S. Verma, Ph.D.
Reviewing Pharmacelogist
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DRUG: Lamivudine

A: (2R-cis)-4-amino-1-(2-
hydroxymethyl-l,3-oxathiolan
-5y1l) - (1H) -pyrimidin-2-one

B: (2R-cis)—4-amino-1—[2-hydroxy
methyl) -1, 3-oxathioclan-5-

Y1) -2 (1H) -pyrimidinone
;. GR109714X
arc™

CeH,1N,0,8
Molecular Weight - 229.3

REK&: 4.30 (protonation of NH,}
11 In water at 20°C about 70 mg/ml
White to off-white crystalline solid

FORMULATIONs: 3TC™ Tablets are for oral administration. Each
tablet contains 150 mg of lamivudine and the inactive
. ingredients microcrystalline cellulose, sodium starch
glycolate and magnesium stearate. Opadry YS-1-7706-G
White is the coloring agent in Lie rfablet ccating.

3TC™ Oral Solution is for oral aaministration. One
milliliter (1 ml} of the solution contains 10 mg of
lamivudine (10 mg/ml} in an dqueous solutioir and the
inactive ingredients artificial strawberry and banana
flavors, citric acid lanhydrous), edetate discdium,
ethanol (6% v/v), methylparabon, propyl=ne glycol,
propylparaben and sucrose .
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RELATED INDs and NDAs: IND 1d
NDA Z0-564

INDICATION: Treatment of HIV infection in selected patients

INTRODUCTION .

GR109714X (3TCm; Lamivudine), the (-) enantiomer of 4-amino-1-

(2-hydroxymethyl) -1, 3-oxathiolan-5-yl]-(1H)-2-pyrimidinone is a
novel dideoxynucleoside analog developed as a potential treatment
for individuals infected with HIV. Early research and development
was carried out using the racemate, GR103665X. However,
Lamivudine was found to have a more favorable cellular toxicity
profile with an equivalent antiviral activity when compared with
the racemate. The sugar ring of lamivudine is novel in that it
contains a sulfur at the 3’ position as a second hetercatom. The
sponsor has submitted NDA 20-596 which describes the development
of 3TC Tablets and 3TC Oral Solution fcr the treatment of
selected parients with HIV infection. The NONCLINICAL
PHARMACOLOGY AND TOXICOLOGY TECHNICAL SECTICON of the NDA has been
reviewed previously and 1s incorporated here as an appendix # 1
by reference from NDA 20-564. Presently, the sponsor has
submitted four additional reports of toxicology studies in NDA
20-564. These additional studies were specifically designed and
conducted to characterize the toxicity profile of novel
degradation products of lamivudine that were recently observed in
the agqueous solution product (IND - Serial No. 179).

BACKGROUND

Lamivudine has been shown to be metabolized intracellularly to
its 5’'-triphosphate which has a half-life of approximately 10.5
to 15.5 hours. It is proposed that, because of the long
intracellular half-life, twice daily dosing in humans will allow
a constant level of the triphosphate to be maintained
intracezllularly. The triphosphate has bezen chown to inhipit HIV-
reverse transcriptase and act as a chain terminator upon
incorporation into DNA. It is surmised that Lamivudine has a
common mechanism of action with AZT, ddC and A&dI in that
Lamivudine is phosphorylated to its 5‘'-triphosphate derivative
which inhibits reverse transcriptase by ccmpeting with the
natural nucleotide triphosphates for binding and/or acts as an
alternative substrate for reverse transcriptase leading to
termination of the viral DNA chain.

For the viewpoint of safety, conceptually, a DNA chain terminator
should show little or no efiect on mammalian enzymes at the



concentrations that inhibit the wviral -noyme within cells. In
this context, this compound is found to be a weak inhibitor ot
mammalian DNA polymereses: «, 0 and y. DNA polymerase o 1s thcugh
to be involved in semiconservative DNA replication; polymerase £
is 1involved in DN repair; and y polymerase is ultimately
responsible for the normal functioning ot mitochondria.
Mitochondrial damage has been linked to peripheral neuropathy.
Thus, Lamivudine may have the potential to cause peripheral
neuropathy in man, although 1t 1s speculated by the sponsor that
the potential 1s less than the other dideoxynucleoside analogues
which are currently in clinical use.

NON-CLINICAL TOXICOLOGY

Toxicity Studies Summary: The following studies were conducted in
accordance with the FDA Goed Laboratory Practices Regulations.

1. Lamivudine (spiked with degradation products GI166910X
and GI2?9457X): Acute Oral Toxicity Study in the B6C3F1
Mouse, Batch # UFP1l0l17., C2551/258/4 and U4669/3/1,
Glaxo Group Research Ltd, Ware, Hertfordshire, U.K.,
May 1S5, 1995, (M20635/WPT/94/264)

3]

Lamivudine: 29 Day Oral Toxicity Study in the Rat to
Assess the Effect of Degradation Products GI166910X and
GI223457X), Batch # UFPP1020, (C2514/284/1 and
U4681/38/1, Glaxo Group Research Ltd, Ware,
Hertfordshire, U.X., May 23, 1995, (R20744/WPT/95/072)

3. Lamivudine: Mammalian cell mutation test at the
thymidine kinase locus in mouse lymphoma L5178Y cells:
Comparison of activity of lamivudine alone with a
sample of lamivudine spiked with two breakdown products
(GI166910X and GI229457X) identified in the 10 mg/ml
oral solution for pediatric use, Batch # UFP1017,
C2551/258/4 and U4669/3/1, Glaxo Group Research Ltd,

~ Ware, Hertfordshire, U.K., May 16, 1995, (Study No.
V20642 /WPT/94/399)

4. Lamivudine: 29 Day Oral Toxicity Study in the Rat to
Assess the Effect of Degradation Products GI166910X and
GX229457%) : Appendix 1. Toxicological evaluation,
(R20744/WPT/95/072)

Study #4 has been reviewed as a toxilcologic evaluation section of
Study #2; hence, 1t will not be reviewed.



Toxicity Studies Review:

1. Lamivudine (spiked with degradation products GI166910X and
GI229457X) : Acute Oral Toxicity Study in the B6C3IF1l Mouse, Batch
# UFP1017, C2551/258/4 and U4669/3/1, Glaxo Group Research Ltd,
Ware, Hertfordshire, U.K., May 15, 1995, (M20635/WPT/94/264)

Three groups of male and female mice (10 animals/sex/group)
received two oral doses [approximately 12 hr apart] of either
2000 mg/kg of lamivudine alone or 2000 mg/kg of lamivudine spiked
with 80 mg/kg of GI166910X (4% w/w) and 30 mg/kg of GI229457%
(1.5% w/w), or vehicle to assess the acute toxicity of lamivudine
together with twoc of its above menticoned degradation products.
Results: there were no deaths. There were no clinical
observations related to treatment with either lamivudine alone or
lamivudine spiked with the two degradation products. On day 2 and
14, scabs were noted on the abdomen for a few males from all
treated groups including controls {(day 2 only); these were
occasionally associated with hair loss on day 14 only. On day 14,
hair loss from the head was present for all control females.
These findings were considered to be incidental observations for
this strain of mouse. On day 7, body weight was statistically
significantly higher (p=0.05) for females treated with lamivudine
alone compared to females treated with lamivudine spiked with the
two degradation products. Body weight for the females treated
with lamivudine spiked with the two degradaticn products was
similar to vehicle controls. Histopatholocy: chronic dermacitis,
characterized variously by skin ulceration, epithelial
hyperplasia and hyperkeratosis was present in males noted to have
ccahs at autopsy. The severity of splenic extramedullary
hematopoiesis was increased in males killed on day 14 treated
with lamivudine alone c¢r spiked with the degradation products.
There was a strong correlation between the occurrence cf scab
formation and increased ceverity of splenic hematopoiesis.
Conclusion: the acute toxicity of lamivudine in the mouse was
unaffected when it was administered in combination with two of
its degradation products, GI166910X (4% w/w) and GI229457X (1.5%
w/w) s

2. Lamivudine: 29 Day Oral Toxicity 3tudy iu the Rat to Assess
the Effect of Degradation Products GI166%10X and GI229457X),
Batch # UFP1020, C2514/284/1 and U4681/38/1, Glaxo Group Research
Ltd, Ware, Hertfordshire, U.K., May 23, 1995, (R20744/WPT/95/072)

Four groups of male and female AHA rats {(12-20 animals/sex/group)
recelved via gavage twice dally (approximately 12 hr apart) oral
doses of vehicle or lamivudine (spiked with the degradation
products of lamivudine: GI166910X and GI229457X) for 29-32
consecutive days to investigate whether the presence of whe
degradation products affects the toxicicy of lamivudine according
ro a study design and dosages in Table ! on rthe last dayv of the




study, 10 animass/sex/group wers killog tor pest morvem studles;
the remarning animals (centrol and high) wers maintained atfrer
the treatment period teor 30/31 day to study the
regression/progression of an abnormalities. Results: one female
(controll was found dead on day 21. All other animals survived
until schedules autopsy. Clinical Observarions: there were no
signs that were considered to have arisen from the treatment.
Body Weight and Food Consumpticon; mean body weight of male rats
in all ireated groups was siightly but significantly decreased
(p=0.05) compar~=d to the contrel on day 7 and for males (low)
throughout the remainder of the rreatment period. Mean food
consumption was slightly but statistically significantly higher
than control for males (high) netween davs 7-28 and for females
between days 17-21.

Table 1
Study design and dosages
Dosage img/kg/haidl
Group Name
lamivudine GLlibeH 10X G1229457X
.7 wWiw! {0.18% w/w}
Controd 0 5 C ]
Toow 3% 0ol .08
] 117 300 ! V.54
H
i Hiagh 24000 14 3.6

Hematolooy: statistically significant changes in red blood cell
parameters. compared to contrcl, were noted in both sexes {(high)
and in females (low and mid). These changes comprised reductions
in hematocrit (females only), erythrocyte and platelet counts and
elevations in mean cell volume, mean cell hemoglobin and mean
cell hemoglobin concentrations (female only). They were generally
apparent in females by day 21 but wirh the exception of platelet
count wevre not €&2n 1n males until aay 4:+ (Enllowing a 14 day
recovesy perioda) . Changes in erythrocvte count and mean cell
hemoglebin in both sexes were still present on day 53R but
remained slight and generally showed signs of regression.
Clinical Chemistry: a statistically significant elevation in
serum triglycerides compared to contrel was noted in all males
(mid and high} on days 9 and 21. The effect persisted in males
and appeared for the first time in females ‘bigh) on day 43R but
was ot noted 1n either sex on day 5S3R. This finding has not been
noted in previous studies with lamivudine and therefore may have
been influenced by the presence of the degradation prcducts.
Changes in one or more urinary parameters were noted during the
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treatment period and consisted ot & marg:inal elevaticon 1n urinary
pH and, statistically significant (p=0.0% elevation in urinary
sodium and petassium and a reductlon 1N urinary total protein,
These changes were noted in males (high} on day 24 (with the
exception of a marginal elevation in urinary pH 1in females at
this dosage) and were not present during the recovery period.
Organ Weights: when using terminal body weight as covariate,
statistically significant reductions (p=0.05) compared to control
were noted (high) for lung weight (both sexes) and liver and
kidney weights (male}. Thymus weight was reduced in all treared
females. When using initial body weight as covariate,
statistically sgignificant reductlons compared to Controls were
noted for kidney weight 1irn all males treated grnup, thymus weight
in all female treated groups and ..eart weight .n males (high). At
the end of cthe recovery period comvared to the control animals,
liver weight was reduced in males ihigh) when initial body weight
was used as the covariate. Toxicokinetic Evaluaticn: 1is
summarized in Table 2. Plasma leve. data from both male and
female treated animals showed an approximately proportional
increase in Grax and AUC.

Table 2
Mean values (in terms of lawivudine) of toxicokinetic parameters
_ Dosage of lamiwvudine (mg/kg/bid)
Lamivudine
Parameters 45 ip0 2000
Day 1 Day 28 Day O Day 28 Day 0 Day 28
d: Tmax (hri i 2 1 2 2 2
Cmax (ug/ml; 2.6 2.3 24.2 17.6 90.9 88.3
| AUC (puavhr/ml) 9 14 93 a5 524 669
?: Tmax (hr) 2 1 2 p 1 1
o Cmax (ug/ml] 3 3.6 24.4 19.2 80 86.2
. MO ¥ e 5% kIR NN S SRS S -0 S SN I S R SOy 2 S S 6hd

Gross Patholegy: one male (high) showed caecal distension with
fluid contents. Histopathology: treatment-related, very slight,
diffuse mucocsal hyperplasia of the caecum characterized by
variable degrees of hyperplastic glands with recuced numbers of
mucous cells and increased mucosal height with oasophilia and
nuclear crowding, was present at the end of the treatment period
in 10/12 males and 5/12 females (high). The other microscopic
finding ccomprised very slight focal ercsion of the gastric antrum
and was present 1n a few animals from beth treated and control
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groups. This finding was not considered reatment-relatad. In the
recovery group, there were nc treatment related microscopic
findings noted in the caecum or stomach.

Comments: The presence of the degradation products GI169910X
{0.7) and GI229457X (0.18%) appeared to alter the toxicity
profites of lamivudine slightly. Those not previously associated
with lamivudine treatment included increased serum triglycerides
and changes in urinary pH and protein but these were not
associated with anv apparent histological findings. The sponsor
concluded that the maximum no (toxicological) effect level in the
study was 300 mg/kg twice a day. However, considerable changes
were rnioted at this level. A dosage of 45 mg/kg/bid may be
considered a NOAEL. On the basis of body surface area conversion,
and equivalent dose of lamivudine in humans would be 6.42
mg/kg/bid.

3. Lamivudine: Mammalian cell mutation test at the thymidine
kinase locus in mouse lymphoma L5178Y cells: Comparison of
activity of lamivudine alone with a sample of lamivudine spiked
with two breakdown products (GI166910X and GI229457X) identified
in the 10 mg/ml oral solution for pediatric use, Batch # UFP1017,
C2551/258/4 and U4669/3/1, Glaxo Group Research Ltd, Ware,
Hertfordshire, U.K., May 16, 1995, (Study No. V20642/WPT/94/399)

Both lamivudine alone and lamivudine spiked with its degradation
products: GI166910X (4% w/w) and GI229457X (1.5% w/w) were tested
at doses of 0, 1000, 1500, 2000 or 2500 ug/ml in the absence of
S-9 activation in the mouse L5178Y cell line mutagenicity test.
Resultg: both lamivudine and lamivudine-spiked were weakly
mutagenic at the TK locus of mouse lymphoma cells in the absence
of rat liver S9-mix. There was no significant difference in
mutant frequency between the two regimens. Additionally, there
was no evidence that the lamivudine-spiked increased the
cytotoxicity of the test materia®l. Conclusion: these data
indicated that the presence of the two breakdown products
[GI166910xX {4% w/w) and GI229457X (1.5% w/w)] in a lamivudine
sampdie did not exacerbate the toxicity or mutagenicity of the
test material.

DRAFT LABELLING AND LABELS

A suggested redraft of the label is civen in Appendix # 7.
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APPENDICES
Seven appendices are attached. These are listed below.

Review of NDA # 20-564 dated 3/16/95.

Summary of animal toxicity studies.

Summary of animal pharmacokinetic studies.
Summary of human pharmacokinetic studies.
Comparison of animal doses with human doses.
Comparison of rat, dog and human ADME parameters.
A suggested redraft of the label.

~ o U b W e

CONCLUSIONS

Acute toxicity studies: lamivudine has a low acute toxlclty via
the oral or iv routes in both mice and rats. The acute oral or iv
administration of lamivudine (4000 mg/kqg) was adequately
tolerated by both mice and rats and was not associlated with any
target organ toxicity.

Chronic texicity studies: lamivudine was adequarely tolerated in
the rat at doses up to 2000 mg/kg/bid for 6 months. Treatment-
related effects included minor hematological (mainly red blood
cell parameters), clinical chemistry and urinalysis changes, and
mucosal hyperplasia of the caecum. A dose of 450 mg/kg/day was
identified as a NOEL. Based on the drug exposure comparisons, a
dose of 16.9 mg/kg/day would be considered an equivalent dose in
humans. In degs, doses of 1500/kg/bid in males and 1000 mg/kg/bid
in females for a period of 12 months were adequately tolerated.
Treatment-related changes included reductiocons in red cell counts
at all dose levels, associated with increased MCV and MCH, and
reductions in total leucocyte, neutrophil and lymphocyte counts
inn high dose animals, but with no effect on bone marrow cytology.
A dose 0of 45 mg/kg/day was identified as a NOEL. Based on the
drug exposure comparisons, a dose of 9.5 mg/kg/day would be
considered an equivalent dose in humans.

AOME stucdies in rat, dog dard man; trtoirlowing 1v auniinlistratlion to
the rat, lamivudine showed a bi-exponential elimination with
dominant half-life of uabout 20 min. Lamivudine was cleared almost
entirely by renal elimination in rats. The value for renal
clearance (3.3 ml/min) exceeded the GFR in rats and thus tubular
secretion must play a significant role in the elimination of
lamivudine in this species. Lamivudine was rapidly and
extensively absorbed fcllowing an oral administration as
evidenced by a Tmax of about I hr and oral bicavailability of
about 60% 1n the rat and 80% in the dog. The oral bicavailability
cf lamivudine in man was appreximately 80%. Data from studies
with radiolabelled lamivudine :n dog followilng an cral or iv



auministration showed that lami-udine accounced for 49% of the
plasma radiolabelled drug due tc the presence of circulating
metabclites. Following an oral administration to the dog,
approximately 97% of a radiolabelled dose of lamivudine was
recovered in the urine The biocavailability of lamivudi.e in the
dog was limited by metabolism rather than absorption. This was in
contrast to the rat where about 35% of an oral dose was recovered
in feces as unchanged lamivudine suggesting that in this species
the bicavailability was limited by incomplete absorption.
Folliowing the oral or iv administration of radiclabelled
lamivudine to the rat, the majority of the radiolabelled drug was
excreted 1in the urine. Thus, approximately 90% of the iv dose and
60% of the oral dose was excreted in the urine in the firstc 24
hr. The unchanged drug accounted for up to 96% of the urinary
excreted radioactivity for both the routes of administration.
Urinary excCretion was also predominant following the oral or iv
administration of lamivudine to dogs, with up to 99% of a
radiolabelled dose excreted in the urine in the first 24 hr. In
contrast to the rat, metabclic clearance played a significant
roie 1in the clearance of lamivudine in rthe aog.

Studies performed in man showed that the renal clearance of
unchanged drug was the predominant mechanism of clearance for
lamivudine. Approximately 85% of an iv dose and 70% of an oral
dose was excreted as unchanged drug in the urine. The trans-
sulfoxide metabolite of lamivudine was identified in urine
samples from patients following the repeated oral administration,
accounting for about 5% of the administered dose. Lamivudine dia
not undergo extensive first-pass metabolism. The absolute
biocavailability of the compound is likely to be same as the
amount absorbed. Tnus, about 90% of the orally absorbed drug was
accounted for in the urine as either parent or the trans-
sulfoxide of lamivudine. The remaining portion of the oral dose
was likely to be material unabsorbed from the gastrointestinal
tract. In conclusion, the excretion and metabolic profile of
lamivudine in man was more like that seen in the rat than in dog.
Comparison of doses from the rat and deog toxigcity studies to the
therapent il wose 1L humaus: bhasea on the 2oy surface ares
equivalence and drug exposure values {AUCs}), the NOELs from the
rat and dog toxicity studies were ccmpared with the human
therapeutic dose [approx. 4.0 mg,/kg/day; AUC=7.8 upg*kg/ml]. For
instance, 1n the é6-month rat and 12-month dog toxicity studies,
the NCELs were 425 mg/kg/bid (AUC = 132 wgg*hr/mi) and 45
mg/kg/kbid (AUC = 74.5 upug*hr,/ml), respectively. Thus on the basis
of the drug exposure comparisons from the rat and dog NOELs,
équivalent doses in humans would be 16 % mg/kg/day and 9.5
mg/kg/day, respectively. -

There are ne nenclinical pharmacology and toxicology issues wnhich
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would preclude the approval ot this NDA. The sponsor submitted
protoccls, which have been apprcved by the ECAC, to initiate the
two-year carcinogenicity scudies in mice and rats and will be
completed as a phase 4 commitment.

Pritam S. Verma, Ph.D.
Reviewing Pharmacologist
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Appendix # 1

See review NDA 20-564



Appendix # 2

Summary of animal toxiclty studies.

Table 1
Summary of acute/subacute toxicity studies
Species {strain} Mode of administration Approximate 10" (mg/kg) Approx. NOAEL (mg/%g/day)
v »>2000 - -
Mice {(B&C3IF1) acute
oral »>2000
iv »>2000
Rats {AHA} acute
oral >2000 -
Mice 13-week oral - 600
Rats S5-day oral 3000
Rats S-week oral 600
Table 2

Summary of subchronic/chronic toxicity

studies in rats and dogs

Study Dose level
[mg/kg/bid)

Laboratory findings

Fost mortem findings, NOELs &
equivalent doses in man

45

statistically sigmificant

Rat 1 month 100

(p=0.05) increases in
cholesterol & ALP:
reduction 1n ALT,

2000

treatinine, albumin &
amylase (high)

statistically significant (p=0.0%)
relative weight reduction of lung,
liver, brain and spleen (high}

45

“he degree of severity

Rat 3 month 0

increased compared tec 1
month study plus
statistically significant

2000

changes in urinalysis
parameters (high)

micruscopic changes consisted of
slightly increased incidence of renal
tubutar ditation in males (high)

90

a mmber of hematulogical,

Rat % month
425

cnhemistry & urine
parameters showed

cane

t sionificant (p=0.05)
changes (high,

a diffuse mucosal hyperplasia; diffuse
subepithelval eosinophi'ic materjal in
caecum thigh). NOEL= 425 mg/kg/dav;
Ra-ed on AUL = 17 mg/kygscay in hunans

decreased erythrocytes (mid

Dog 3 month 260

& high}; increased ALY,
creatinine, CK & AST (mid &

1500

high)

absolute kidney weight increased
thigh); nypoplasia and focal pileural
adhesyon of the lung (high)

45

statisticall, significant

Dog 1 month 260

changes occurrad in .,
chemistry, hematology &

1000 (%)

urine parameters {(mid &
high)

1500 ()

Minimal hemosiderosis was observed in
274 (¢ high}; focal subcapsular,;portal
fibrosi1s in {iver ot one high dose
male, NDEL = &5 mg/kg/day; Base on AUC=
.5 mg/kg/day 'n hunans
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Summary of animal pharmacokinetic studies.

Table 1

Mean pharmacokinetic parameters cof single iv and oral dose of

lamivudine in rats
Parameters Intravenous dose {45 mg/kg) Jral dose (45 mg/kg}
AUC, (ug*he/ml) 25.5 17.6 "
Tty (hr) 1.2
Plasma clearance (ml/hr) 4.5
Renal clearance (ml/hr)** 3.7 -
Volume of distribution (ml)$ 449 -
Tmax (hr} 1.5
Cmax (pg/ml) 72.7 L5
F (%) 100 69
Urine recovery {(X)*** 90

of active tubular secretion in the elimination of this compound.
Unchanged drug accounted for approximately 94% of the urinary recovery for both the iv and oral rouces of

“This value was higher than the maximum glomerylar filtration rate for Lamivudine indicating the importance

adminigtration.
‘The apparent volume of distribution suygested greater distribution than could be attributed to total body

sater in rats,

Table 2

Mean pharmacokinetic parameters of single oral or iv dose of

lamivudine in dog

"The renal and metabolic clearance are approx'mately equal 1mportance in

Purameters Intravenous dose {30 mg/kg) Oral dose (30 mg/kg)
AUC, {ug*hr/m!) 764 £1.6
t, o (hr} 1.7 1.6
Plasma clearance (l/hr) 5.2 5.6
:!enal clearance (L/hr)** 2.5 2.1
valume of distrmibution (1Y% | 12,4 12.46
Tmax (hr} 0.&7
Cmax (ug/ml) 26.6
FoR) 100 83
Urinary recovery (%) 92-10¢ 82-91
dog. The data suggest that tubutar

secretion does not play a significant role tn the elimination ot lamivudine,

'
The volume of distribution was eguivalent to tortal body water 1n dogs
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Table 3
Finetic data trom subchronichchronic rtoxioity studies 1n rats and
deygs
I T
Dose level Cow. fug/mly ! pUC (ug'hr/mlL__J
Dose {mg/kg/bid) — i —
{mg/kg/day} 1st sample 2rd samy.. e st sample Znd sample
45 3.3 4.1 13.7 22.7
T
Rat 1 month 300 23.5 30 92.7 119
2000 111 17y 530 590
45 5 &7 17.9 209 1
Rat 3 month 300 20 30.9 72.% 145
2009 90.6 94 .4 486 690
90 9 1.8 37.5 69.3
Rat & month 425 38.8 31.7 152 133
2000 15 113 507 624
45 | 16.2 21,5 43.9 66.2
Dog 1 month 260 &9 89.8 220 367
1500 164 331 825 1582
&5 12.3 22.9 41,2 76.5
Daq 12 month 260 5%.8 85.9 179 343
[ 1000 ¥ 134 213 L17 872
1500 « 149 216 435 948

Approximate Cmax values were either 1 hr or 2 hr post dose.

For the rat 1 month study the first sample was ccllected after
the second dose on day 1 and the second sample 1s atter the

second dcse during the final week of dosing.

studies,

For che other
the first sample was collected after the first dose on

day 1 and the second sample was after the first dose during the

firal

wealk of dosing.
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Appendix # 4

Summary of numan pharmacckinetlc studies.

Table 1

Mean pharmacokinetic parameter of four different formulations of
lamivudine administered as a single 100 mg dose in 14 patients

Treatment AUC, (#g*h/ml) Cmax {(ug/ml}) Tmax (h) th (h) F (%
v 4.4 1.7 - 8.3
Orat selution 3.8 1.0 0.9 8.3 87
Oral capsule 3.8 1.0 0.8 8.4 38
Oral tablet 3.7 1.0 0.9 8.3 84
Table 2

Mean pharmacckinetic parameter of three different regimens of
lamivudine oral tablet administered as a single dose in 20

patients
Treatment AUC_ (ug*h/ml} Cmax (ug/ml) Tmax (h) t'h (h)
A: 4*75 mg tablet 12.1 2.?_ ) 0.9 .4
B: 3*100 mg tablet 11.7 2.8 1,2 5.1
C: 1*300 mg tablet 1.8 3.0 0.9 5.3
Table 3

Mean pharmacokinetic parameter of single iv doses of lamivudine

in 18 patients.

- — S —— — ——e e =
Iv doues (ny/kg/aay; wul_ {ug*h/ml} I Cmax (ug/mt) th {(n) CL (L/hr/kg) ‘ vdss (i1/kg)

1.0 1.3 G.6 1.4 0.3 0.9

2.0 §.7 1.2 1.6 0.5 1.1

4.0 3.€ 2.1 1.9 0.5 1

8.0 7.9 3.7 1.6 0.5 1.2

12.0 10.6 4.9 . 1.5 0.5 1.2

2C.0 17.8 8.1 1.« Q.5 - 1.2
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Table 4
Mean pharmacokinetic parameter of single orail doses of lamivudine

in 18 patients.

Mean pharmacckinetic parameter of repeat oral doses of lamivudine
E

in 104 patients.

Ora! doses (mg/kg/day} AUC_ (ug*h/ml) Cmax {ug/ml) t% (h) Cl (t/hr/kg)
1.0 0.5 0.1 1.9 0.8
2.0 1.4 0.4 2.1 0.6
4.0 2.3 3.6 2.3 0.8
8.0 L 1.0 2.0 G.9
12.0 6.7 1.8 1.9 .8
L 20.0 12.7 4.0 1.7 0.8
Table &

Study days Day 1 Day 15
Doses AUC Cinax th (h) AUC Cmax (pg/ml) th (h)
(mg/kg/day) (ag*h/ml) (ug/ml) (ug*h/ml)
n.5s 0.5 0.1 2.3 0.6 9.2 3.5
1.0 0.9 0.3 2.6 1 0.3 3.0
2.0 1.9 0.6 2.2 3.3 0.9 3.3
4.0 3.5 1.1 2. 4.6 1.4 3.2
8.0 8.8 3.0 2.1 9.4 2.7 2.7
12.0 12.7 3.9 2.4 14.6 3.7 3.5
20.0 22.5 7.2 2.5 22.8 6.8 2.6
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Appendix # 5

Comparison of animal doses with the human therapeutic dose.

Table 1
Comparison of kinetic data from subchronic/chronic rat and dog
toxicity studies with the human therapeutic dose [approx. 4.0
mg/kg/day; AUC=7.8 ug*kg/ml] )

Dose level Cmax AUC NOEL Body surface area (BSA &
Study (mg/kg/bid) (ng/ml) (ug*hr/ml) AUC) equivalent dose in
man
45 3.3 22.7 45
mg/k 3/ bid BSA = 12.8 mg/kg/day
Rat 1 month 300 23.5 e AUC = 1 moskgsday
2000 111 590
45 S 20.9
300 RBSA = &2.8 mg/kg/day
Rat 3 month 300 20 145 mg/kg/bid AUC = 1B.6 mg/ky/day
2000 0.6 690
90 9 69.3
Rat & month 425 BSA = 60.7 mg/kg/day
425 38.8 1. 133 mg/kg/bid AUC = 17 mo/kg/uay
2000 115 624
45 16.2 66,2
49 BSA = 4% mg/kg/day
Dog 3 month 260 69 Jo7 mg/kg/bid AUC = B.S5 mg/kg/day
1500 164 1582
45 12.3 74.5
45 BSA = 45 mg/kg/day
Dog 12 month 260 53.8 343 mg/kg/bid AUC = 9.5 mg/kg/day
1000 (&) 138 872
1500 () 149 P48

-

The Kinetic data from subchiroanic, chironic texkiclity studies in rars
and dogs showed that the proposed therapeutic dose of 300 mg/day
(approximately 4 mg/kg/day) produced a mean steady-state Cmax of
1.9 ug/ml. The corresponding mean AUC value at this dose was 7.8
ug*hr/ml. Thus, the clinical expcs .re was considerably lower than
that achieved in the toxicity studies. Based on the body surface
area equivalence, the proposed clinical dose is also sate to
proceed. :
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Appendix # 6

Comparison ot rat, dog and huran ADME parameters.

Table 1
Comparison of rat, dog and human ADME parameters
— -
Parameters Rat Oog Human -
Tmax ¢hr) 1.5 0.67 1.5
t,  (hed arat 2,3 «; 1.2 7 1.7 5-7

Plasma clearance (L/hr) 4 ml/min oral, 5.6 20-2%

Renal clearance (l/hr)** 3.3 mi/min oral, 2.1 15-20*
Volume of distribution (L) 0.5 12.4. (3.7 L/kq) 1.02-1,47 :l/ng_J
Percent in red blood cells 61-47 40-47 54-56

Protein binding (%) 10-49 10-42 10-34
F (%) 60 B0 80
——
Urinary recovery (X)* 60% of oral dose; 96% 99% ot oral dose; 80X Q0% of oral cose;
unchanged drug unchanged drug 60-70% unchanged
Fecal recovery (%) 35% of oral dose 3% of oral dose 107
unchanged
5% of oral dose; ST% of yrinary 5% of dose;
GI138B70X & trans- rartioacyivity; trans-sul foxide
Metabol ites sulfoxide 'n urine metabol 1tes{MET1=20%; metabolite in
MET2=37%,trans- urine
L sul foxidescis-sulfoxide)

**It was likely that ionic trapping in the acidic urine or an
active secretory process was involved in renal elimination as
renal clearance was greater than GFR (1.8 ml/min). Renal
clearance was predominant mechanism of elimination in the rar,
with active tubular secretion playing a significant role. In the
dog renal and metabolic clearance were of approximately equal
importance. Thus, the pharmacokinetic behavior of lamivudine in
man ;as more like that geen in the rat than in doas. Theveiore,
in the toxicological studies. the rat would be an appropriate
species for predicting the safety of lamivudine and its
met~bolites.
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Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term carcinogemicity studies of
tamivudine i amimals are 11t progress, but have not yet been compieted. Lamivudine was
not active In a mucrabial mutagericity screen or an 0 vitro cell transtormation assay, but
showed wealk 17 vitro mutagemic achivity 1n a cyrtogenetc assay using cultured human
lymphocytes and in the mouse lymphoma assay. Rewevee— Lamivudine showed no .
evidence ot /1 vivo genotoxic activity 1n the rat at oral doses of up to 4.000 mg/kg per day
{approximately 150 times the recommended human dose hased on body surface area

COIMpansons). RW%WMMM%&M%W

studv of reproductive per{ormance lamivudine, administered to rats at doses up to 150 times
the recommended adult dose based on body surface area comparisons, revealed no evidence
of impaired fertility and no effect on the survival, growth and development to weaning of the
offspring.

Pregnancy: Pregnancy Category-8 C: Reproduction studies have been pertormed in rats and
rabbits at orally administered doses up 10-+-006-and-2b0 approximately 45 and 2 times,
respectively, those determined at the wswal recommended adult dose, based on lamivudine
AUC measuraments. and-haverevealed-re-ewdenceobtnpaediertittyorharm to—the
fetus—due—to-tamvueine. Some evidence of early embryolethality was seen in the rabbit at
desus exposures similar to those produced by e4—30-t#res the usuat recommended adult
dose and higher, but there was no indication ot this effect in the rat at-deses eXposures up
to 45000 45 umes those at the uswdl recommended adult dose. Seme delays in
development were seen in rats at exposures above 4 times those seen at the
racommended adult dose. Studies in pregnant rais and rabbits showed that lamivudine is
transferred to the tetus through the placenta. There are no adequate and well-controlled
studies in pregnant women. Because anima! reproduction studies are not always predictive
of human response, ts-drad lamivudine should be used during pregnancy only if elearly
Aoeeded the potential benefit justifies the potential nisk to the fetus

OVERDOQSAGE: There 1s no knawn antidote for 3TC~ One case of acute overdose in an
aduit 'ngesting 6 g of 3TC was reported; there were no clinical signs or symptoms noted
and hematoloquc tests remained normal. One other adult patient errantly ingested 3TC
1,280 ma der dav nlos Restovn dzdevodinet 1,200 ng wer dav tur aparoxmaely 2
weeks; he had a Grade 3 decrease In absotute neutrophil count that resalved upon
reduction of doses of 3TC and Retrovir. In Phase | studies, 3TC was administered at doses
up to 2CG mgrkg per day L.e ., approximately five ttimes the usual recommended dose in
adults} without serious consequences. Lamivudine has very low acute toxicity in laboratory
animals. The maximum tolerated dose i the mouse and rat s in excess of 4,000 mg/kg
per day by the oral route tapproxmately 75 and 150 times the exposure due 1o tiie
recommended human dose based on body surtace area comparisons 080 Hmes-the-usuat
adut-humandese). It1s no' known whether iamivudine can be removed by perironeal
dialvsis or hemodialvss,



DIVISION OF ANTIVIRAL DRUG PRODUCTS
Review of Chemistry, Manufacturing and Centrols

NDA #: 20-564

CHEMISTRY REVIEW #: | DATE REVIEWED: i4-Nov-95
SUBMISSION TYPE DOCUMENT DATE CDER DATE  ASSIGNED DATE
Onginai 23-May-095 24-May-95 25-May-95
Amendiment (NC) 8-Aug-95 10-Aug-95 14-Sep-9°
Amendment (NC) 10-Aug-95 11-Aug-95 22-Aug-95 -

Amendment (BC) 8-Sep-95 11-Sep-95 [4-Sep-95
Amendment (BC) 28-Sep-95 29-Sen-95 12-Oct-95
Amendment (BC) 2-Oc¢t-95 3-Oct-95 12-0ct-95
Amendment (BL.) 12-Oct-95 13-0ct-95 7-Nov-95
Amendment (BC) 13-Oct-95 16-0Oct-95 13-Nov-95
Amendment 18-Oct-95 NA NA

Amendment (BC) 20-Oct-95 23-Oct-95 23-021-95
Amendment (NC) 2-Nov-95 3-Nov-95 13-Nov-95
Amendment 13-Nov-95 NA INA

NAME ! ADDRESS OF APPLICANT: Glaxo. Inc.
5 Moore Drive
Research Triangle Park, NC 27709

D JICTN

Proprietary: Epivir™ Tablets

Nonproprietary: lamivudine

Code Name/#: GR109714X
PHARMACOLOGICAL CATEGORY: Antiviral
INDICATION: Anti-HIV
DOSAGE FORM/STRENGTH: 150 mg film-coated tablets
ROUTE OF ADMINISTRATION: Oral
CHEMICAL NAME /STRUCTURAL FORMULA:

NH
2(1H)-Pyrimidinone. 4-aminc-1-[2-tiydroxymethyl- ’
l,3-9xalhiolan-S-yl]-(ZR-cis) N7 |
Registry Number [134678-17-4] o)\n oH
u,_}'BTCu | o
"(-)-BCH-189" t<5 2

S
CgH;N30:S  Formula Weight: 229.26 H H

SUPPORTING DOCUMENTS:



Chemistry Review of NDA 20-564

RELATED DOCUMENTS:
Facsimile of 5-Oct-95 (CMC comments on carton/container jabels)
Facsimile of 10-Oct-95 (CMC questions regarding drug substance and tablets)
Facsimile of 28-Sep-95 (CMC comments on package insert)
Facsimiie of 8-Nov-95 (CMC comments regarding limits and expiry)
I1-Aug-95 Teleconference (Stability update and eiectronic copy of NDA)
17-Oct-95 and 20-0Oct-95 Teleconferences {Cameo container)
29-Sep-95 Teleconference (CMC comments on package insert)
Chemistry Reviews of DMF -
Chemistry Review of NDA 20-596 (lamivudine oral solution)
Chemistry Reviews of IND

CONSULT REVIEWS:
Reviews of proprietary names by CDER Labeling and Nomenclature Commitiee:
11-Jul-95, 3TC™
7-Sep-95, Epivir™
Environmental Assessment reviewed by HFD-004.
Product specific inspection of Ulverston UK, Montrose UK, Zebulon NC and Research
Triangle Park NC manufacturing and quality control sites.

REMARKS / COMMENTS:

DRUG SUBSTANCE: Satisfaciory

Lamivudine is a nucleoside analog which is related to the unnatural enantiomer of
deoxycytidine Intracellularly it is converted to the triphosphate which acts as a chain
terminator of HIV reverse transcription. The unusual chirality of lamivudine may be
responsible for its low toxicity relative to other nucleoside analogs. In clinical trials, the
combination of lamivudine and zidovudine results in deiayed acquisition of zidovudine
resistance (and reversal of pre-existing zidovudine resistance in some patients).

Lamivudine is a non-hygroscopic white solid with a meltinig point of It exists in two
pseudopolymorphic forms, Form I (partial hydrate) and Form I, both of which have high
aqueous solubility (150 and 180 mg/mL at 35°C). Adequate evidence is presented to shiow
that the manufacturing method of the drug substance consistently produces only Form II, and
that interconversion does nut occur on storage. The proot o structure, including absolute

[2*]



Chemistry Review of NDA 20-564

Reprocessing options for lamivudine and a svnthetc intermediate were briefly
autlined in the NDA without giving criteria. examples, or details of the procedures. This
deficiency was conveyed to the Applicant on 11/8/95. Additional details were then provided
in NC 13-Nov-95, and are found satisfactory.

Batch analyses are provided on 14 commercial scale lots of drug substance, either in the
original submission or, after request, in the 13-Oct-95 and 13-Nov-95 amendments. Cross
references to clinical and stability lots of drug product are also supplied.

Stability studies show no time-dependent changes in appearance, assay or impurity tevels. A
48-month retest period had been requested in the NDA, but it is recommended that a retest
period of 24 months for bulk lamivudine be granted on the basis of 12 months of nrimary
stability data with 36 months of supportive data.

DRUG PRODUCT: Satisfactory

The drug product is a white, film-coated. modified diamond-shaped tablet, engraved GX CJ7
on one side and 150 on the other. The tablet cores are prepared by ordered blending and
direct compression. The excipients are microcrystalline cellulose, sodium starch glycolate
and magnesium stearate, and the pigmented film coating is Opadry® YS-1-7706-G. All
excipients are USP or NF grade with the exception of the Opadry film coating, which is
described in DMF All components have a target proportion
listed in the batch formula, with a range of £10% for the inert ingredients. The excipient
ranges are considered acceptable because they do not exceed the Level 1 composition limits
defined in the Immediate Release Scale-Up and Post Approval Change (SUPAC-IR) Intertm
Guidance.

The drug product specifications proposed in the NDA include appearance, identity (HPLC or
IR), lamivudine content by HPLC, drug-related impurities by HPLC, dissolution and content
uniformity. Based upon release data from 6 commercial scale batches, we recommended that
the total impurity limit be lowered and, after consulting a member of the Drug Product
Committee, we requested that a specification for water content aiso be added. The sponsor
has agreed to these changes (NC 13-Nov-95). Discussions regarding the dissolution media
and sampling time points have peern lield between Chemistry and Biopharmaceutics
representatives in this Division, with input from the Applicant (see Biopharmaceutics review
of NDA 20-564 and CMC review of IND . The negotiated
dissolution parameters (Q= at 30 min in water at  rpm) are acceptable.

The container/closure proposed in the NDA is a round 80-ml. HDPE bottle (holding 60
tablets) with a child-resistant closure, a polyester coiler, and a heat-sealed, tamper-evident
liner. All packaging components are covered by DMFs, with appropriate letters of .
authorization, and 12 months of stability data are provided on 4 lots of tablets in the proposed
container. The Applicant has amended the NDA (20-Oct-95} to request approval of an
additional packaging presentation, a "cameo bottle” also holding 60 tablets, but without the



Chemistry Review of NDA 20-564

need for a coiler. The cameo bottle 1s composed ot the NDA comaner/closure with an
additienal concentric HDPE nsert which reduces the effective internal volume to
approximately 30 mL. The cameo bottle 1s judged to be acceptable on the basis of the
equivalent construction materials, the {act that the container/closure seal remains unchanged
(verification provided in . . and with the support of 3 months of stability data
(room temperature and accelerated) on 3 lots of tablets in the cameo container.

The primary stability data consist of 3 months (1 lot of MRt4 tablets) and 12 months (3 lots
of R4 tablets) at 30°C/60%RH. The supportive data include 18 months at 30°C/50%RH on 2
lots of tablets made from drug substance. All daw are for commercial scale batches (400
kg), manufactured on production equipment, and packaged in the NDA container/closure. No
time-dependem changes occur during these studies or under accelerated storage conditions.
The sponsor has agreed to an expiry period of 18 months (24 months had been requested in
die NDA). We support the Applicant’'s statement that full stability testing of three post-
approval batches 1s not necessary due 1o the inclusion of data from four production-like
batches in the NDA. At our request, the Apphicant agrees that a pre-approval supplement wili
be submitted prior to discontinuing any time points i the commercial stablity protocol.

ENVIRONMENTAL ASSESSMENT: Satisfactory

The EA for this new molecular entity was subrmitted for consulatative review to HFD-005 on
7-Jul-95. This review is complete, and a FONSI (signed by Nancy Sager and Robeit Jerussi)
was issued on 28-Aug-95.

METHODS VALIDATION: Pending

LABELING: Satisfactory

The original proprietary name, 3TC, was 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, Epivir, was judged to be acceptable by both the L&NC
(with reservations) and the Division. At our request, the product name was modified to
"Epivir™ Tablets (lamivudine tablets)” so that the dosage form descriptor is inciuded in both
the proprietary and established names. On the basis of the stability data which show no
degradation at 30°C and 2°C, we requested that the storage statement be changed from "Store
at, cr below 30°C (86°F) in tightly closed bottles” 1o read "Store between 2° and 30°C (36°
and 86°F) in tightly closed bottles". The package insert. as amended, is acceptable.

ESTABLISHMENT INSPECTION: Sansfactory

In the intended commercial process ' for manufacture of the drug substance,
the first tiree steps are carried out at Ulverston, UK. The final step (conversion of the
salicylate salt to lamivudine) is carried out at Montrose, UK. Because of a planned shut-down
of the Ulverston site in Aug/Sep 1995, all UK inspections were scheduled for Jun/Jul 1995.
The Ulverston and Montrose bulk drug sites, as well as the Zebulon NC (tablet manufacture)
and Research Triangle Park, NC (NDA siability testing) sites have all been determined to
have acceptable Pre-Approval Inspection status, with inspection cates between 14-Jun-95 and
26-Jul-95. A final update request was submitted on 8-Nov-95.



CONCLUSIONS & RECOMMENDATIONS:

Chemistry Review of NDA 20-564

The NDA submission and accompanying amendments provide adequate information on the
chemis:ry. manufacturing and controls for Epivir™ Tablets (lamivudine tablets). The
product specific inspections of the manufacturing facilities and the Environmental Impact
Assessment are acceptable. The NDA, as amended. is therefore approvable from the

chemistry perspective.

Concurrence:
HFD-530/DFeigal

HFD-530/CChen o4&

cc:

Orig. NDA 20-564
Orig. NDA 20-596
HFD-530/Div. File
HFD-830/Div. File
HFD-830/ESheinin

1 1/16/ %~

HFD-530/DFetgal
HFD-530/C'Chen
HFD-530/SMiller
HFD-530/MO
HFD-530/Micro

P UM /ol

Steplten P. Miller, Ph.D.
Review Chemist -

HFD-530/Pharm
HFD-102/CSO

File: N 20-564\000CNRO1.64b



DIVISION OF ANTIVIRAL DRUG PRODUCTS
Review of Chemistry, Manufacturing and Controls

NDA #: 20-596

CHEMISTRY REVIEW #: 1 DATE REVIEWED: 14-Nov-95
DOCUMENT DATE CDERDATE ad

Oniginal 23-May-95 24-May-95 25-May-95
Amendment (BC) 28-Sep-95 29-Sep-95 12-Oct-95
Amendment (BC) 2-Qct-95 3-0Oct-95 12-Oct-95
Amendment (BL) 12-Oct-95 13-Oct-95 7-Nov-95
Amendmert (NC) 23-Oct-95 NA NA
Amendment {NC) 2.Nov-9§ 3-Nov-95 13-Nov-95
Amendment 13-Nov-95 NA NA

NAME / ADDRESS OF APPLICANT: Glaxo, Inc.

5 Moore Drive
Research Triangle Park, NC 27709

DRUG PRODUCT NAME
Proprietary: EPIVIR™ Oral Solution
Nonproprietary: lamivudine
Code Name/#: GRi09714X
LEIAB_MAQIMCAL-QAJE_GQRXI Antiviral
INDICATION: Anti-HIV
DOS AGE FORM/STRENGTH: Oral Solution, 10 mg/mL., 240 mL bottle
ROUTE OF ADMINISTRATION: Oral
QWMMME
NH;
2(1H)-Pyrimidinone. 4-amino-1-[2-hydroxymethyl- /k
l.3-pxalhioian-5—yl]-(2R-cis) N7 P
Registry Number [134678-17-4] o)\N’J of
"(-)-3TC" G
"(-}-BCH-189" 5 2
.S
CgH{IN;0:S  Formula Weight: 229.26 H H
DMF
DMF
DMF
DMF
RELATE

Fac..mile of 5-0ct-95 (CMC comments on carton/container labels)

Fa. <:mnile of 8-Nov-95 (CMC comments regarding limits and expiry)

17. C:1-95 and 20-Oct-95 Teleconferences (CMC questions on oral solution)
Ct>istry Reviews of IND

Cheristry Review of NDA 20-564 (lamivudine 150 mg tablets)




Chemistry Review of NDA 20-596

CONSULT REVIEWS:

Trade name reviews by CDER Labeling and Nomenclature Committee.
I1-Jul-95, 3TC™
7-Sep-95, Epivir™

Environmental Assessment reviewed by HFD-004,

Product specific inspection of Ulverston UK, Montrose UK, Speke UK, Zebulon NC and
Research Triangle Park NC manufacturing and quality control sites.

Microbial tests and specifications reviewed by Carol Vincent of HFD-805.

REMARKS / COMMENTS:
Ali specifications and contrcls on the drug substance are identical to those reported in NDA
20-564 for the lamivudine tablets. and are mcorporated by reference. .

The majority of clinical studies were carried out using oral solution manufactured from
lamivudine which was produced by the The pediatric
clinical endpoint study 300) will use several lots of oral solution derived fror

_ The proposed commercial product will be
manufactured from bulk lamivudine which is synthesized by the

The drug product is a 10 mg/mL solution of lamivudine in a water/ethanol/propylene glycol
mixture . . Sucrose and artificial flavors (strawberry and banana) are used to
mask the bitter taste of the drug substance. Methylparaben and propylparaben in conjunction
with the ethanol and sucrose act as preservatives. Citric acid and edetate (EDTA) disodium
are used to control the pH to 5.0 - 6.5. The developmental history of the formulation with
emphasis on stability and preservative effectiveness has been described in the literature (Ref
1). All components conform to USP specificanions with the exception of the arificial flavors
which are covered under DMF

The oral solution is packaged in white HDPE botties which are capped with polypropylene or
polypropylene/HDPE child-resistant closures. The portion of the closure liner that contacts
the product is composed of biaxialiy-oriented polyethyiene terephthalate film» All
components are manufactured from FDA food grade materials which comply with CFR
specifications. The bottle and the film meet the specifications for extractables (21
CFR 177.1520 and USP <661>). No monitoring for extractables was carried out in the
stabilitv studies. although the samples were stored honzontally.

The drug product specifications include appeararce, identity (HPLC and TLC), laizivadine
concentration by HPLC, drug-related impunties by HPLC, pH, methylparaben and
propylparaben by HPLC, ethanol by GC and microbial limit tests. Negotiations with ine
sponsor resulted in tightening of limits on four of the drug-related impurities and ethanol (NC
13-Nov-95). In this arnendment, the sponsor has also provided the in-house action lmits to
further define the impurity profile that is typically encountered at release. The microbial
limits and antimicrobial preservative effectiveness testing (as clarified in NC 23-Oct-95)
were reviewed by Carol Vincent (HFD-805). and judged to be appropriate for this product.

9



Chemistry Review of NDA 20-596

The primary stability data consists of 3 months at 25°C/60%RH on one lot of ral
solution and 12 months on three Jots of oral solution. Supportive data consists of 18
months at 30°C/50%RH on two lots of product. All lots are procuction-like. Unlike the
behavior of the drug substance and tablet, measurable decomposition of the oral solution
occurs on storage. The primary modes of decomposition are hydrolysis and ethanolysis of the
exocyclic amine, cleavage of the glycosidic bond. and oxidation to the sulfoxides. An expiry
period of 18 months is granted (24 months was requested) on the basis of the 12 months of
real time data supported by the 18 months under intermediate accelerated conditions
(30°/50%RH). Disparity of the accelerated data from the single lot relative to the three
Rt4 lots may be due to anomalously high imitial data for the former (NC 23-Oct-95). The
sponsor has agreed to place one of the initial commercial tots of oral solution on the full
stability protocol in order to provide further evidence of the equivalence of th .
products.

The sponsor has amended the container and carton labels to include a statemert of the
alcohol content, and a revised storage condition. The package nsert, as amended, 15
acceptable.

The Ulverston UK and Montrose UK bulk drug manufacture sites were inspected on June 26-
30 and July 3-7. respectively, and found to be acceptable. However, the Speke (Liverpool)
site of drug product manufacture and QC testing was iuspected on June 19-23, and a 483 was
issued. Through two meetings between the sponsor and the Office of Compliance, a plan for
redesign and validation of purified water systemn was established, and this site now
has acceptable status. The Zebulon, NC plant (secondary site for packaging and labeling) and
the Research Triangle Park, NC site {(NDA stabiiity testing) have acceptable cGMP status.

The analytical methodology is adequarely described including the relevant validation. The
Methods Validation package was submitted to the Internationai Operations Branch. HFC-
133, on 25-Sep-95. As of 14-Nov-95, validation of the analytical n'=thodology for the oral
solution is not yet complete.

The EA review is complete, and a FONSI (signed by Nancy Sager and Robert Jerussi) was
issued on 28-Aug-95.

The NDA submission und accompanying amendments provide adequate information on the
chemistry, manufacturing and contrals for EpierM Oral Solution (Jamivudine oral solution).
The Environmental Impact Assessment 1s compiete. and the manufacturing facilities have
acceptable cGMP status. The NDA. as amended. is therefore approvable from the chemistry

perspective. gmd uﬁg/ﬂf’

Concurrence: Stephen P. Miller, Ph.D.
HFD-530/DFeigal Review Chemist
HFD-530/CChen

cc:

Ong. NDA 20-596 HFD-530/DFeigal HFD-53C/Pharm

Orig. NDA 20-564 HFD-530/CChen HFD-102/CS0O

HFD-530/Div. File HFD-530/SMiller

HFD-830/Div. File HFD-530/MO

HFD-830/ESheinin HFD-530/Micro File: N 20-596\000CMRO1.96b



DRAFT
MICROBIOLOGY REVIEW

DIVISION OF ANTIVIRAL DRUG PRODUCTS (HFD-530)

NDA #: 20-564
REVIEWER : N. Battula
CORRESPONDENCE DATE : 12-22-94
CDER RECEIPT DATE : 12-23-94
REVIEW ASSIGN DATE : 07-06-95
REVIEW COMPLETE DATE : 11-15-95
SPONSOR: Glaxo Weilcome Inc. .
Five Moore Drive
Research Triangle park, NC 27709
SUBMISSION REVIEWED: Original
DRUG CATEGORY: Anti-HIV, nucleoside analogue
INDICATION: Treatment of HIV infection in selected patients
DOSAGE FORM: Tablets

PRODUCT NAMES:

a. PROPRIETARY: Epivir™
b. NONPROPRIETARY: Lamivudine
c. CHEMICAL.: (2R cis)-4-amino-1-(2-hydroxymethyl-1,3-oxathiolan-5-yi-

(1H)-pyrimidin-2-one. Molecular weight = 229.3
Molecular formula = C,H,;N,0,S

STRUCTURAL FORMULA:
NH,
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SUPPORTING DOCUMENTS: IND



BACKGROUND: This original New Drug Application for Epivir™ (previously used names,
Lamivudine and 3TC™), submitted by Glaxo Wellcome Inc. 1s proposed for the treatment of HIV

infections in selected patients. Epivir™ like Retrovir™

1s a nuclecside analogue and both are
inhibitors of HIV reverse transcripiase. The applicant 1s seeking the approval of the FDA for
combination treatment of Epivir™ with Retrovir™ under the Accelerated Approval of New Drugs
for Serious or Life-Threatening Ilinesses. The indication proposed is that Epivir™ in combination
with Retrovir™ be approved for the treatment of Retrovir-naive and Retrovir-experienced HIV-
infected adult patients with CD,+ T cell counts 500 cells/.l and for pediatric patients who meet
the Centers for Disease Control and Prevention guidelines for antiretroviral therapy. | The
indication requested is based on the results of immunologic and virologic surrogate endpoint

responses.

Human immunodeficiency virus, the etiological agent of the acquired immunodeficiency syndrome
is an RNA virus that replicates through a DNA intermediate. The DNA copy of the viral RNA
(proviral DNA) integrates with the cellular DNA (forming the provirus), thus establishing the viral
infection. Transcription of the proviral DNA and translation of the viral transcripts results in the
production of the progeny HIV. Thus, the HIV rephcation cycle can be divided into phases. The
pre-integration early phase in which viral DNA synthesis i1s carried out by HIV reverse
transcriptase, an enzyme which comes | repackaged in the virion, and the pos:-integration late
phase 1n which the progeny virions are produced by the combined action of both the host cell and
viral coded functions.

All of the currently apr.roved anti-HIV chemotherapeutic agents act by inhibiting HIV reverse
transcriptase-directed v:ral DNA synthesis which is essential for establishing viral infection. As
such these drugs car. only effect one part of the virus life cycle mediated by viral RT 1.e.,
prevent virus spread "y blocking new rounds of infections oniy. HIV RT inhibitors, however,
have no effect on .dready established infections from which HIV replication can cont.nue.
Therefore, nucleosic> analogues can reduce the virus load incompletely but fail to effect the virus
produgtion from the large reservoir of a'"rady infected cells in HIV positive subjects. Chronic
treatment with nucleoside analogues w..ch 15 essenual to keep virus load down leads to
mechanistic icxic.ty since theses drugs also tnhibit cellular DNA polymerases albeit to different
degrees. Therefore, there 1s a great need for additional drugs that repress viral replication and
mininize side eitects to the patient population.

An apparently unaveidable consequence of treattnent of HIV infections with anti-HIV agents is
the davelopment of resistan.+ to the challenging drug due to variants emerging in the presence of



the drug and due to preexisting variants (natural polymorphism). HIV replication is remarkably
inaccurate both by virtue of it being an RNA virus and because of the greater infidelity of DNA
synthesis mediated by the viral RT. The higher rates of replication errors (10™) result in the
production of progeny virions, of which the genomic RNA of each is molecularly different from
each other. Combination of this inherent variability and prolonged treatment with currently
available antiviral agents resuits in the emergence and selection of viruses with reduced
susceptibility to the challenging drug. The fintte therapeutic effectiveness of the anti-HIV drugs
may be due to the emergence of resistance to these drugs. Therefore, novel approaches to seek
new therapeutic agents that could stall the emergence of resistance and the resurgence of virus
production to provide a greater and prolonged benefit in HIV-infected individuals 1s awaited.

Epivir is a nucieoside analogue and thus shares some of the structural and mechanistic properiies
with other nucleoside anaiogues clinically approved for the treatment of HIV infection but also
differs from them in several respects. The shared properties include its prodrug status . equiring
metabolic activation by cellular enzymes for inhibition of HIV-RT activity. The distinguishable
properties include its stereospecificity. It is the (-) enantimer of 2'3'-dideoxycytidine with a
structural difference evidenced by presence of a sulfur as a second heteroatom instead of a
methylene group at the 3' position in the sugar ring. In addition, orientation of the cytosine base
is in the opposite configuration to that in the natural nucleoside cytosine. Unlike nucleoside
analogue drugs 3TC induces rapid resistance, at rates similar to the experimental nonnucleoside
RT inhibitors. with decreased sensitivity to 3TC: a consequence conventionally considered
undesirable. Paradoxically, the rapid induction of 3TC resistance unexpectedly in AZT resistant
HIV restores sensitvity to the virus making the combination use of these two drugs (3TC+AZT)
a net benefit in terms of decreased virus load and increased CD,+ T cells in the treated patients.
Furthermore, in spite of the 3TC resistant mutation with decreased in vitro sensitivity the virus
appears to grow slowly in patients { 3002). Recent preliminary evidence also suggests that
3TC resistant virus containing mutation at position 184 of HIV RT seem to replicate with greater
fidelity (1.2). A consequence of increased fidelity is a reduction in the rate of emergence of HI*’
variants.

In the microbiology portion of this NDA review a gencral summary of the preclinical
microbiology is provided. The studies include: (1) the in vitro enti-HIV activities of 3TC and its
selectivity in different cell types infected with a variety of labcratory and clinical HIV isolates,
(2) antiviral activity in combination with other anti-HIV compounds, (3} drug sens!*:vity profiles
(phenotypic and genotypic resistance) of HIV treated with *TC in combination with other
retrovirals and (4) metabolism and mechanism of action of 3TC



measured, syncytial cell formation in which adjacent cells fuse due to the action of virion gpi20
to form giant cells and cytopathic effect (CPE) or cell death. CPE 1s zenerally determined by
counting the remaining *iable cells electronically or by measuring selective dye uptake such as
trypan blue or by measuring the metabolism of tie cells using the MTT dye assay. The advantage
of the MTT assay is that it allows a parallel assessment of the antiviral and cvtotoxic effects of test
compounds in virus infected cells and in parallel mock-intected cells, respectively.

HIV RNA in cell culture studies and in clinical studies was quantified using the reverse
transcription coupled polymerase chain reaction (RT-PCR) developed by the Roche Molegular
Systems. Based on its design, the assay appears to be specific, sensitive and reproducible with
a 4-5 log unit dynamic range for RNA quantification. The lower detection limit of viral RNA
by this assay is 200 copies/ml which corresponds to 100 HIV virions. The major deficiency of
the assay is that it measures the physical amount of 142 base viral RNA out of approximately
9200 base long HIV RNA and does not give a clue as to its functionality or dysfunctionality. For
example, for same decrease in plasma HIV RNA in response to RT inhibitor drug therapy and
protease inhibitor drug therapy, the RNA couid be functionaily different because of the different
mechanism of action of these two classes of drugs. In spite of the draw backs RT-PCR is still the
most widely used and accepted assay for quantifying HIV RNA.

The concentrations of the test compound required to reduce each of the virus-induced effects (such
as p24, syncytia etc.) by 50% and 90% are referred to as IC,, and IC,, respectively. These
values were determined graphically from plots of inhibition against concentration of the test
compound. Similariy, the cytotoxicity of the test compounds were determined by plotting
cytotoxicity against concentration of the test drug. The values arc expressed as 1D, and 1D, (i.e.,
concentrations of drug producing 50% and 90% cytotoxicity in cell culture, respectively).
Therapeutic Index (TI) i a calculated value which represents the ratio of cytotoxicity ID,, to
antiviral activity 1C,,,.

Antivjral activity and cytotoxicity in established cell lines: Table | is a summary of the anti-
HIV activity of 3TC determined in a variety of established lymphocyte and monocyte/macrophage
cell lines infected with HIV-1 isnlates from difterent geographical locations. In each host cell-
virus strain combination a multipiicity of nfection (MGI. representing the ratio of units of
infectious virus to target celis) of 1x10” infectious doses/cell was employed.



Table 1. Antiviral actvity’ of 3TC in established cell lines infected with lab isolates of HIV-1

Host cell | Virus strain Assay endpoint | Antiviral activity (M)
IC,, IC,,
MT-4 HIV-1 o RT 0.004 0.032
M HIV-1 s Syncytium 0.15 1.6
M HIV-1 g, pl4 0.07 0.39
C8166 HIV-1 Syncytium 0.10 1.53
Csl66 HIV-1 & p24 0.61 1.77
C8166 HIV-1 & RT 0.02 0.15
H9 HIV-1 ;s Syncytium 0.02 0.65
HS HIV-1 |, p24 0.01 0.13
U337 HIV-1 s syncytium 0.15 1.4
U937 HIV-1 s p24 0.13 1.1
CEM HIV-2 oon Syncytium 0.04 0.13

* The values are averages compiled from 2-4 different experiments.

The data presented in Table | indicates that 3TC exerts anuviral activity against » ~ange of HIV-1
strains isolated from different geopraphical locations. The table also shows that 3TC 1s active
against one strain of HIV-2 tested. The antiviral activities vary depending on the cell type, virus
strain and the assay used to measure such activity. The IC,, values were in the range of 0.01-0.61
uM and the 1C,, values were 1n the range of 0.03-1.77 uM.

-

Tables 2, 3 and 4 show a summary of the antviral activitv, cytotoxicity and calculated TI of 3TC
along with AZT, ddC and ddl. The uctivities were determined in different host cell/virus
strain/end point assays. In all these assays the four nucleoside analogues were run in parallel to
minimize variation.  The data presented are average values calculated from 3 different

experiments.



Tabie 2. Antiviral activity and therapeutic indices tor 3TC. AZT, ddC and ddl in MT-4 cells
infected with HIV-i strain RF

Aniiviral acuvity | Cytotoxicity Antiviral activity
Compound | 12, («MY? IDg (M) ® | TI IC,, (M) RT assay | TI
iTC 0.67 2067 3085 | 0.004 516750
AZT 0.11 <3.7 <34 |0.0003 < 12333
ddC 0.07 86 1229 | 0.001 86000
ddi 8.5 833 98 0.68 1225

(A) Antiviral activity and cell viability was determined by MTT assay
(B) Cytotoxicity was measured in mock-infected MT-4 cells

Table 3. Antiviral activity and therapeutic indices for 3TC, AZT, ddC and dd! in C8166 cells
infected with HIV-1 strain RF

Com- | Cytotoxicity | Antiviral Antiviral Antiviral
pound | IDg (uM) Activity activity activity
Syncytial TI 24 assay | Tl RT assay | TI
assay
.TC ﬁsm 0.1 87330 | 0.61 14316 | 0.015 582200
AZT | 3700 0.033 160270 | 0.08 46250 | <0.003 | 1110000
ddC- | >4625 0.13 32808 |0.89 4792  [0.027 157962
dd! 7338 23 3190 >21 <349 | 1.35 5436

Antiviral activity is expressed as the micromolar concentration of the test drugs requived for 50%
hibition (ICy) of the product of the assay. Cytotoxicity was measured in mock-infected C8166
cells.



®  NpA 20-S64 4 OF 4



Table 4. Antivirai activity in JM cells infected with HIV-1,,, U937 monocvte/macrophage cell
line infected with HIV-1,,,,; and CEM cells infected with HIV-2,,,,

Com- | Antiviral activity | Antiviral activity | Antiviral activity | Antiviral activity B
pound | Syncytial assay p24 assay Syncytiai assay Syncytial assay
in JM cells in JM cells in U937 cells in CEM cells
3TC 0.44 0.13 0.1 0.13
AZT >374 >374 0.13 0.02
ddaC 0.09 0.01 N[ ND
ddl 2.1 1.95 ND ND

The data in Tables 2, 3 and 4 permit an c¢valuation of the rank order of antiviral acuvity ot 3TC,
AZT, ddC and ddl by comparison of their [C,, values. The values varied depending on the host
cell-virus strain combination and the assay endpoint. The general conclusion from the data is that
3TC was consistently more active than dd} andg consistently less active than AZT but showed
activity similar to that of ddC. Compartson of IC,, values of nucleoside analogues show a trend
similar trend as 1C,, value. Comparison of Tl values show that 3TC exhibits favorable TI
indicating that it is more selective than AZT, ddC and ddl.

To shed light on the target of 3TC in HIV and the stage of HIV infection that 3TC exerted its
antiviral effects the sponsor investigated two other variables that could potentially influence the
effect of 3TC.
observed drug effects if the target is virus rather than the cell and (2) the effect of the time of

(1) The effect of varying the multipiicity of infection which would change

addition of drug to determine if the drug acts at an early stage (pre-integrauon effects mediated
by HIV-RT) or late stage in infection ( post integration effects). In these assays two independent
and different host cell-virus strain combinations assays were used (C8166/HIV-1, ., /CPE and
MT-4/HIV-1g;). Inparallel experiments AZT. ddC and ddl were aiso included for comparison.
The racemic mixture of 3TC, hereafter represented as (+)3TC, was used in this set of
experimenits,



In assays tn which varying the muluplicity of infection (MGI) was varied by 64 fold, a consistent
increase in 1Cg, (10-1000 fold) with all of the four test compounds was observed indicating a
similar mechanism of action of these four nucleoside analogues. The result is consistent with the
interpretation that increased MOl increases the expression of virus coded target which in turn is
expected to increase the amount of drug required to achieve an IC,, concentration of the test
compounds and therefore the drug is virus specific. Varying the time of addition of (:) 3TC
showed that the drug 1s effective until 6 hours post-infection and delaying addition resulied in a
significant loss of antiviral activity. The results indicate that the anuviral target of 3TC is a
tunction that i1s required early (before 6 hours; atter infection. The effect of time of addition of
AZT, ddC and dd! were similar to (:) 3TC. The data are consistent with belief that these four
nucleoside analogues are inhibitors are HIV-1 RT.

Antiviral activity of 3TC in chronically infected cells: Acutely infected cells differ trom
chronically infected cells in that the latter have stably integrated prcvirus and the progeny HIV
1s produced from the proviral DNA without the involvement of the viral reverse transcriptase.
[n acute infection, however, reverse transcription of the HIV RNA genome into DNA and its
integration nto the host cell genome 15 required. The expectations of RT inhibitors is that they
would have no effect on the virus produ tion from chronically infected cells but interfere with the
imitiation o new infection.

H9 celis chronically infected with HIV-14: or HIV-2,,, have stably integrated viral DNA from
which infectious progeny virions are produced. The effect of (=) 3TC on the production of both
HIV-1 or HIV-2 from chronically infected H9 cells was tested by the addition of drug up to 219
puM (whichiis > 100 times the IC, value 1n acute infection). Resuits from these studies showed
in less than 20% inhibition of virus yield compared to untreated controls. (The replication of
these two viruses has previously been shown to be inhibited by 3TC in acute infections}. The
resul indicates that 3TC while inhibiting virus production from acutely infected cells showed no
effect.on virus productinn from chronically infected cells.

In parallel experiments the effect of nucleoside analogues AZT. ddC and ddl on HIV production
trom chronically infected cells was aiso investigated. The response of these nucleoside analogues
was similar to that of 3TC in that even at 100 times the IC,, concentrations there was marginal
or no effect on virus yield. The small percent (<Z0%} inhibition of virus production at high
concentrations could be due to reduced cell growth and viability in the infected cultures.



The combined studies on the anti-HIV activities of 3TC indicate that the target of 3TC is an early
function required for the establishment of virus infection. 3TC had no effect on virus proauction
from established infections (1.e.,chronically infected cells). These results ar2 consistent with the
notion that the target of nucleoside analogues is the viral RT.

Table 5. Ar:- HIV-1 activities of 3TC, AZT, ddC and ddl in human PBMC as determined by
p24 inhibition assay*.

HComp- Strain 111B Strain LAV Strain Mn Strain RF Strain U455
ound IC,, IC,, | 1C,, 1IC, | 1C,, IC,, |1C, IC, [IC, IC,
3TC 0.002 0.031 | 0.089 0.996 {0.019 0.84 |0.006 0.111 |0.032 0.24
AZT 0.002 0.014 {0.002 0.606 |0.002 0.041 | 0.003 0.020 | 0.002 0.029
ddC 0.003 0.035 {0.096 097 |0.048 087 |0.009 0.16 |0.018 0.21 |
ddl 0.188 545 [1.16 11.2 10.376 6.52 [0.326 11.7 (0.96 11.43

*The antiviral concentrations, IC,, and [C,, represent the concentrations (in ..M) of compound
required to inhibit p24 synthesis by 50% and 90 % respectively. The values given are an average
from 3 indenendent assays.

Antiviral activity against HIV-1 and HIV-2 in human PBMC: The antiviral activity of 3TC
in PBMC infected with HIV-1 isolates from different geographical locations (HIV-1 strains RF,
LAV, MN, U455 and 111;) was determined. Nucleoside analogues AZT, ddC and ddl were also
tested in parallel with 3TC to determine the relative antiviral activity and rank order of these
compounds. To minimize the effects of differences in donor ceil metabolism, PBMC from one
donor were used to assay all four compounds for activity against any one vi.us strain. The assay
endpojm in these studies was the production/inhibition of the viral p24 antigen.

The results presented in Tabie 5 show that 3TC exerts antiviral activity against a diverse range of
HIV-1 isolates in human PBMC cultures of different donors. The IC,, values ranged from 0.002-
0.11 .:M and the IC,, values ranged from 0.031-1.0 «M. The rank order of antiviral activity show
that 3TC is consistently more active than ddl but less active than AZT. The antiviral activities
in PBMC are similar to those found in studies using established cell lines.
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In studies designed to determine the cytotoxicity of 3TC to PBMC and macrophages it was found
that 3TC in the concentration range of 0.1 - 3 mM was not cytotoxic as determined by trypan
blue exclusion and cell survival by MTT assay indicating a therapeutic advantage of greater than
300 foid. At these concentrations cell growth and viability were not aftected indicating that these
concentrations were neither cytotoxic nor cytostatic.

[n comparative cvtotoxicity studies (expressed as ID,, and IDy, 11 «M) the effect of 3TC relative
to three other nucleoside anaiogues AZT, ddC and ddl on PBMC was Jetermined and the
summary results are presented in Table 6. Each row in the table represents the same pqol of
PBMC in which the effect of the four nucleoside analogues was determined.

The results in Table 6 show that 3TC was consisiently less cytotoxic than AZT or ddC and similar
to ddI. The cytotoxic effect of 3TC to PBMC was similar to that observed in established cell
lines. The therapeutic index calculated in different experiments ranged from 25000-76000
indicating that 3TC monotherapy is unlikely to be cytotoxic to lymphocytes in vivo.

Table 6. PBMC cytotoxicity as determined by [*H}-thvmidine uptake

3ITC AZT ddC ddI

D’ Dy ID,, ID,, D, D, ID,, ID,,
>437 | >437  |o 318 189 >474 | >423 | »423
>437 > 437 37 187 i >474 >423 >423
>437 | >437 |47 281 379 >474 | >423 | >423
1659 | 4367 47 262 107 >4739 {2371 >4234
2620 >4367 |34 195 33 >4739 | 2286 >4234
2533 6769 9% 674 2464 >4739 2032 | 3599

* The 1D, and IDy, are concentrations in .M.

Mvelotoxicity studies: In vitro studies on v ..& marrow toxicities bave been predictive of n vivo
bone marrow toxicity. Previous reports comparing the etfects of AZT and ddl on in vitro

myelotoxicity have suggested that the former inhibits hematopoietic precursor cell replication and
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ike latter showed minimal or no myelotoxiciy. These in viro studies correlated well with the
known induction of anaemia in AZT-treated patients and minimal or no bone marrow suppression
in ddI-treated patients. Thus, to evaluate the potential toxicity of 3TC 1o the bone marrow 1n man
the sponsor carried out cytotoxicity studies with precursor cells of the hematopoietic lineage and
compared the efiects of 3TC with the other nucieoside anaiogues AZT, ddC and ddl.

Results of 3TC myelotoxicity studies indicate that even at concentrations as high as 10™ M there
was no toxic effect in colony assays against erythroid. granulocyte/macrophage, pluripotent or
stromal progenitor cells from healthy donors. On the other hand in paralle} assays both AZT, and
ddC were found to be much more toxic to these cells. The cytotoxicity profile ot ddi however
was similar to that of 3TC. These results suggest that 3TC at the proposed clinical dose of 150
mg bid (approximately 4 mg/kg) is unlikely to induce bone marrow toxicity. These in vitro
observaiions are consistent with th: lack of significant bone marrow suppression in Phase 1/2 dose
escalation studies with 3TC monotherapy. Significant bone marrow toxicity howeve- was
observed in NUCA 2001 trial at the high dose of 20 mg/kg/day.

Antiviral effects in combination with other anti-HIV compounds: Treatment with nucleoside
analogues requires chronic and continuous treatment to reduce the rate of HIV repiication. The
use of regimens containing combinations of several anii-HIV agents is increasingly considered to
be the most effective use of such agents, since the current drugs provide at best temporary benefit
when used alone and in all cases drug-resistant virus can be isolated from treated patients. The
use of drug combinations s considered likely to improve efficacy and to reduce the potential for
selection of resistant virus. In vitro studies of combination therapy provide a guide to determine
the best combination. To select appropriate drug combinations which would reduce development
of low cross-resistance, exhibit nonoverlaping cytotoxicities, and demonstrate in vitro synergy,
the sponsor tested the combination of 3TC with the nucleoside analogues AZT. ddC and ddl to
select the combinations which displayed enhanced drug activity and reduced cytotoxicity.

The antiviral activities of each of the test compounds alone and in combination were tested in MT-
4 cells infected with HIV-1 strain RF. The assay endpoint was the measurement of the fraction
of cells protected against virus cytopathic effect by the drug. 1C,, values were calculated from
the dose response curves of 3TC in combination with AZT. ddC or ddi. The effect ot drug
combinations expressed as combination index {CI) was calculated by the median effect principle
to indicate whether each combination was synergistic (CI < 1), antagonistic (CI > 1) or additive
(Cl =1).
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The antiviral effects of the combination of 3TC with each of AZT, ddC and ddl were examined
by the MT-4/HIV-1 strain p¢/ cell viability method and the CI calculated. The anuviral CI vaiues
for the combination 3TC with ddC (0.93) or ddl (0.73) were near to unity which reflect the
additive activities of these compounds. However the CI value for the combination of 3TC with
AZT (0.36) showed synergistic effect. In other studies the combination of 3TC with RO 31-8959
(Roche protease inhibitor) and a non-nucleoside RT inhibitor R82150 aiso showed svnergistic
effects. The cytotoxicity of these drug combinations, determined by measuring [3H]-thymidine
uptake, showed that the combination of 3TC with AZT was no more cytotoxic than either
compound alone indicaung that the antiviral synergy is not due to increased toxicity to the infgcted
cells.

As a more direct representation of the clinical situation the in vitro antiviral effects of the
combination ¢f 3TC with AZT were analyzed in PBMC infected with four clinical 1solates. All
of the isolates were from treatment natve patients and were only cultured in human PBMC. The
isolates included three of European origin (CO008, C0019 and WP34/29) and a fourth isolate of
North American origin (MCK). The results obtained in the combination studies of PBMC infected
with clinical isolates were mixed. In the case of isolate MCK the combination appeared
synergistic and in the case of isciate WP34/29 the combination was antagonistic; results with the
other 2 strains showed that the combination was additive. Thus, the 3TC+AZT combination
results in PBMC were different from the synergistic combination effect observed with established
cell line MT4 infected with lab isolate HIV-1 strain RF.

Triple drug combinarion studies: Triple combinations of 3TC with nucleoside RT inhibitors AZT,
d4T and ddi and with nonnucleoside RT inhibitor nevirapine were analyzed in 5 sets of 3-drug
combinations. The triple combirations include 3TC with d4T and AZT: d4T and nevirapine; AZT
and nevirapine: dd! and nevirapine; and AZT and ddl. All of the combinations were tested at a
fixed equimolar ratio except that the combination of 3TC+AZT +dd] was evaluated at variable
ratios, The host cell-virus strain combination of MT4 celi: infected with HIV-1 strain RF was
used. The end point used was surviving cells which measured by the MTT assay. Mock-infected
and test compound treated cells provided a measure of cytotoxicity of the test compounds and
correspondingly treated virus infected cells provided a measure of antiviral activity.

The IC,, and 1C,, concentrations 1n each of the triple combinations were as good as any single or
dual combinations which indicates thar there was no antagonism of anuviral activity. In all cases
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the combinations were additive to synergistic. The triple combination of 3TC+AZT +ddl was
synergistic. Similarly. there was no evidence of increased cytotoxicity with any double or triple
combinations.

It is important to note that these studies on the combination effects were based on 4 series of
calculations and extrapolations in complex cellular systems. For example, 1t 1s not «nown if the
differences in the intracellular levels of the activation enzymes and haif-lives of 5" -phosphoryliated
derivatives ot these nucleosides could contribute to differences in combination eftects observed
in vitro and in vivo. Within the limits of this study a combination of 3TC with AZT showed an
apparent advantage. The conclusions drawn by these studies mwust be interpreted with caution
because of the simple experimental design. The conclusions drawn from the triple combination
studies have no bearing on this NDA since the NDA does not propose triple combination therapy
in HIV-1 infected individuals.

Activity of 3TC in SCID-hu mouse model: The SCID-hu mouse 1s a model in which human
fetal lymphoid organs (liver, thymus or lymph node) are transplanted nto a CB-17 scid/scid
mouse which lacks functional T-cells and B-cells. Upon transplantation of stem cells
differentiation occurs and human CD,+ and CD8+ T-cells and IgG appear in the peripheral
circulation. HIV replication occurs in the human cells and can be measured by in situ
hybridization of sections of the transplanted human tissue using HIV genomic probes or,
alternatively, viremia can be measured by RT-PCR.

The SCID-hu mice were infected with HIV-1 strain JR-CSF on the day following initiation of
antiviral treatment.  Anuviral activity was assessed by the presence or absence of HIV RNA in
mouse plasma by PCR. In these mice 3TC was inactive at 500 mg/kg BID. However, 3TC at
higher concentrations of 1000 mg/kg and 2000 mg/kg BID cleared plasma viremia in 1/8 mice and
3/8 mice, respectively. In paraliel experiments AZT at 100 mg/kg BID suppressed infection
all mice tested. The testing of 3TC effects in SCID-hu mouse was incomplete and therefore no
conclysions could be drawn trom the study.

Effect of anti-infective agents on anti-HIV activity of 3TC in vitro: Treatment of HIV infected
patients generally involves not only anti-HIV drugs but also other anti-intective agents to control
opportunistic infections. Therefore. the sponsor evaluated the effect of a range of anti-intective
agents on the antiviral activity of 3TC. The drugs studied include the antibiotics: amikacin,
azlocillin, ceftazidime. ciprotlonacin, gentamicin, benzylpenicillin, piperacillin, and vancomycin;
antivirals: acvciovir, ganciclovir and GR95168X (a Glaxo compound which has anti-viral activity
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against human herpes viruses), and anti-fungals: clotrimazole, flucanazole, and ketoconazole
along with pentamidine which has activity against pneumocvstis carnii.

The antiviral activity of the racemic mixture of 3TC in combination with one of the anti-infective

agents was investigated using the MT-4/HIV-1 strain RF/MTT assay. The results presented
indicate that none of the anti-infective agents tested in vitro in combination with the racemic
mixture of 3TC affected the antiviral activity of the compound at concentrations noncvtotoxic o
the host cells. There is therefore no indication from the in vitro studies that combination therapy
with any of these agents studied would intertere with anti-HIV activity of 3TC. .
Activity against viruses other than retroviruses: To determine the antivirz] specificity of 3TC
the sponsor determined the antiviral activity against a variety of viruses other than retroviruses.
The viruses tested include the human herpesvirus; HSV-1, HSV-2, VZV. CMYV and EBV, the
respiratory viruses, rhinoviruses types 2 and 14, influenza viruses A and B, and the respiratory
syncytial virus. Antiviral assays were performed in cell lines chosen for susceptibility ¢+ the
viruses under test. The results suggest that 3TC had no activity against any of the viruses tested
in the study even at the highest dose used (438 .M). Additonally, 3TC did not show cytotoxicity
up to 438 .M the highest concentration tested in these assays, The lack of activity against viruses
unrelated to HIV suggests that 3TC activity 1s HIV-1 specific.

Activiry of 3TC against hepatitis B virus in vitro: Hepatitis viruses utilize reverse transcriptase in
the replication of theiv DNA. The sponsor investigated the effect of 3TC on the replication of
hepatitis B virus. It was found that in vitro 3TC inhibited the production of repiicative HBV-
DNA intermediates and mature virion HBV-DNA. 3TC also decreases duck hepatitis B virus
DNA in chronically infected duck hepatocytes with an IC,, of 0.44 .M. The sponsor stated that
ITC is also being developed as for treatment ot hepatitis B and this indication will be the subject
of a separate NDA.

In other studies the sponsor showed that 3TC at 438 ..m was not active against the protozoan
parasite Entamoeba histolytica, Gram-positive and Gram-negative bacteria S. aureus, E.coli,
Enterobacter cloacae and P. aeruginosa, mycobacteria species, M. avium, M. bovis and M.
tuberculosis and opportumstic fungal infections including Candida species, Crvptococcus
neoformans, Aspergillus fumigatus. and Prneumocvstis camii. Based on the results of these in
vitro studies the sponsor suggests that 3TC 1s unihikely to have any etfect on these organisms in
the clinic.



RESISTANCE STUDIES: Upon administration of any of the chinicallv available nucleoside
analogues and nonnucleoside analogue RT inhibitors, HIV infected i1.dividuals develop resistance
to these drugs. In viiro experiments have been predictive of this potential for the emergence of
resistance. The rate of emergence of resistance appears to differ from drug to drug, To explore
the potzntial for the emergence of resistance the sponsor attempted to select for 3TC-resistant
variants in vitro by serial passaging of HIV-1 on permissive cells in the presence of increasing
concentrations 3TC.

The host cell/virus strain/end point assay system used for selecting virus with reduced
susceptibility 10 3TC was C8166/HIV-1,,/ CPE assay. The antiviral assay system used to test for
the toss of susceptibility to 3TC was MT4/HIV-1,,/MTT formazan assay. Drug suscepubiliiy
profiles of HIV-1 variants were determined by analysis of antiviral activity and cytotoxicity
agatnst al] tested anti-HIV agents in MTT assay. The compounds tested for cross-resistance to
3TC resistant isolates include the nucleoside analogue RT inhibitors AZT, ddC and ddl, the
nonnucleoside analogues 1.-697,639. R-81250 and nevirapine and the protease inhibitor Ro 31-
8959. In addition cross-resistance was also investigated against the (+) enantimer ot thiacytidine
and the data are presented in Table 7.

Table 7. Drug Sensitiviiy profile of the 3TC- resistant variant of HIV-1"

Wild-type HIV-1 RF ! 3TC-Resistant Variant
Compound IC,, («M) Toxicity (M) | ICq (M) | Toxicity(uM)
3TC(-) 0.36 >4.57 >457 457
ITC(+) 2.31 45.7 3.88 45.7
AZT 0.03 >3.7 0.015 >3.7
ddcC 0.16 >4.74 0.2 >4.74
ddl 7.34 424 12.3 >424
R82150 0.18 31 0.083 31
Nevirapine 0.095 >38 0.015 >38
L-697.639 0.008 >0.28 0.008 >0.28
Ro-318959 0.035 >1.5 0.03 >1.5

*Data 1n the table represent average values ot 3 experiments
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The data in Table 7 show that the 3TC resistant variants remain sensitive to nucleoside analogue
RT inhibitors AZT, ddC and ddl; the nonnucleoside analogue RT inhibitors L-697,639, R82150,
Nevirapine and the Roche protease inhibitor R-318959. However. (-)3TC resistant variants were
sensitive to (+)3TC suggesting the enantiomeric specificity tor the selected mutant virus. The
data suggests the potential benefit of the use of muiti-drug therapy to treat HIV-1 infections.

The sponsor investigated the potential to select tn vitro HIV-1 variants resistant to both 3TC and
a second RT inhibitor like AZT. Tables 8 and 9 show a summary of the drug sensitivity profiles
of HIV-1 variants selected by in vitro passage of AZT-resistant HIV-1 in increasing concentrations
of 3TC without and with maintaining AZT pressure. The sponsor stated that no cytotoxicity was
found with any of the drugs at the concentrations tested with any ot the viruses, so only antivirai
data was presented.

Table 8: Drug sensitivity” profile of an HIV-1 variants selected by in vitro passage of AZT-
resistant HIV-1 in increasing concentrations of 3TC only.

i “"Vims Selection pressure 3TC AZT | ddC Ro 31-8959
AZT-resistant HIV-1 None 0.7 >3.71 0.12 0.003
AZT-resistant HIV-1 ATC >437 0.11 0.16 0.005
HIV-1 strain RF None 1.35 0.12 0.79 0.005

* Values are average of two experiments

The data in Table 8 shows that AZT resistant virus when passaged in increasing concentrations
of 3TC only i.e.. in the absence of AZT pressure, selected HIV-1 vanants with phenotypic
resistance to 3TC (> 625 x reduction in sensitivity) but with restored sensitivity to AZT ( > 40-
fold increase in sensitivity). Such phenomenon ov suppressed phenotypic AZT resistance due to
induction of other mutations in RT have been reported previouasly. The data in the table also show
that the selected variant remained sensitive to ddC and the Roche protease inhibitor.



Table 9- Drug sensitivity” profile of an HIV-1 vanant selected by in vitro passage of AZT-resistant
HIV-1 in increasing concentrations of 3TC while maintaining AZT pressure.

HIV-1 vanant Selection IC,, (uM)

prossure 3TC | AZT | ddC | ddl | Nevirapine | Ro31-8959
3TC-resistant None >»437 | 0010 [080 243 014 0046
AZT-resistant None 096 =37 016 94 009 0018
AZT- esistant 3TC+AZT | »437 =37 314 234 012 0037
HIV-1 strain RF | None 037 013 014 17 4 0.12 0 046

* Values are an average of 3 experiments

The results in table 9 show that AZT-resistant virus when passaged in the presence of both AZT
and 3TC selected variants that are phenotypically resistant 1o both drugs. > 1000-told to 3TC
compared to the parent virus and there was no change in the susceptibility to AZT 1.e.. the AZT-
resistance was sustained. These double resistant variants remained sensitive to ddl, nevirapine and
Roche protease inhibitor with comparable values as the parent. However. the variants showed
reduced sensitivity to ddC of 15-24 fold in different experiments.

The sponsor stated that attempts to 1solate a virus resistant to both AZT and 3TC by passaging
3TC-resistant virus in increasing concentrations of AZ7T while maintaining 3TC pressure or
passage of the sensitive HIV-1 RF in simultaneously increasing concentrations of 3TC and AZT
were unsuccessful. In a recent report (3) not included tr the submission, dual resistant virus
isolation only from AZT-resistant virus passaged in the prese.ice of constant concentration of AZT
and increasing concentration of 3TC was described.  The results indicate thar there is no
evolutionary barrier for the acquisition ot resistance to both AZT and 3TC. Ccnsistent with the
in virro findings it was recently reported that dual resistance was acquired in patients treated with
both of these drugs.

The relative ease or time taken to achicve the in vitro selection of vanants cannot be used as a
measure of the in vivo situation. However, these data may be usefui in predicting the likelihood
of HIV-1 drug resistance 1n the clinic.
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Genotypic characterization of the phenotypically resistant HIV: The nature of mutation
elicited in the HIV RT by in vitro szlection of drug resistant 1solates with both nucleoside
aralogues and the nonnucleoside analogue RT inhibitors is 1o a large extent predictive of the
mutation pattern observed in the patients during treatment. The nature of the mutation in 3TC
resistant isolates in vitro and cross-resistance effects may also be of predictive value in the clinic.
In an effort to define the genetic basis of resistance phenotypically 3TC-resistant HIV-1 vanants
were generated by standard procedures of serial passing of three lab strains of HIV-1 and one
primary isolate in successively increasing concentrations of the test drug.

Table 10. Drug sensitivity profiles of HIV isolates selected tn vitro.

IC, (uM) Codon at
[solate Status ITC AZT ddI ddC 184
HIV-1 4 ‘Wild-type 0.16 0.056 7.63 0.22 Met
Selected > 437 0.015 12.3 0.22 Ite
HXRB2 Wild-type | 0.39 0.02 3.18 0.42 Met
Selected >437 0.00! 3.82 0.4 He
C19y’ Wild-type 1.25 ND ND ND Met
Selected g2 ND ND N[O lle
HIV-1,,,4 Wild-type | 0.8 0.04 19 0.45 Met
Selected 936 0.05 76 2.5 1 Val

*The.results represents the averagz of at least two experiments each performed in duplicate
" HIV-1 clinical isolate obtained trom an antiretroviral naive patient

Results presented 1n Table 10 show that all preselecuon HIV 1solates were susceptible to 3TC,
AZT. dd! and ddC. Most of the cionss selected for 3TC resistance showed resistance of more
than 100 fold. In order to determine the genetic changes the nucieotide sequence of the RT gene
was determined for the three 3TC-resistant strains. In each case there was a single amino acid
substitution in the RT gene ot 3TC resistant strains at position |84 from methionine to isoleucine
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or valine. The isoleucine substituted at 184 conferred greater specific resistance to 3TC and
these viruses retained their ddC and ddI sensitivity. Valine substtution at codon 184 conferred
reduced sensitivity to ddl and ddC. The valine substitution at 184 of HIV RT confers resistance
to 3TC and low level cross resistance to dd! and ddC.

The biological significance of the amino acid change at position 184 was confirmed by
construction of recombinant viruses containirg isoleucine at position 184 of RT and subsequent
testing of their susceptibilities. HXB2 (F1-3/1841) is the 184 mutant derived from the wild type
recombinant viruz HXB2 (F1-3). H257-6 was an AZT-treated patien isolate containing mutations
at positions 41 and 215 and into this genetic background a recombinant mutation at 184 was
introduced to generate H237-6/1841. As shown in table 10 recombinant viruses containing 184
isoleucine showed a > 100 fold increase in thew IC,. In addition introduction of isole. “ine
substitution at codon 184 into a background of two known AZT-resistant mutations {amino acid
positions 41 and 215} in a clinical tsolate resorted the susceptibility of this virus to AZT. There
was a decline of approximately 50-fold resistance to AZT. This provides further support for the
clinical use of AZT and 3TC together in delaying the development of resistance.

Table 11. 3TC sensitivities ot recombinant virusas

| KecP XL INaNt Amtno Acid at Position” IC50% Values(uM)
virus 41 215 184 3TC AZT
HXB2(F1-3} wl wt wit (.6 ND#
HXB2 wi wi M > 100 ND
(F1-3/1840)
H257-6 M M wl 3.4 2.8
H257-6/1841 M M M > 100 0.03

* Wild-type amino acids are Methionine 41, Threonine 215 and Methionine 184; mutant amino
acids are 41 Leucine, 213 Tvrosiiie and 184 [soleucine.
# ND, Not dore.



MECHANISM OF ACTION: The presumed mechanism of action of nucleoside analogues is
that they are initially metabolized to their respective 5'-triphosphates (ANTPS) by cellular
nucleoside and nucleotide kinases. Accordingiy the prodrug 3TC 1s converted into the active drug
form, 3TCTP. The 3TCTP competes with natural (physiological) nucteoside triphosphates for
the nucleotide binding site on the viral RT. This competition is believed to inhibit the rate of
viral DNA synthesis (both RNA-directed and DNA-directed DNA polymerase activities of RT)
by decreasing the incorporation of the natural ¢ xyribonucleotides. In addition, the triphosphates
of the nucleoside analogues also serve as ©  nate substrates and become incorporated into the
growing DNA chain of the HIV DNA -¢ the incorporated nucleotide of 3TC lacks the 3'-
hydroxyl group no phosphodiester b .mation can occur with the next incoming nucleotide:
consequently, the DNA chain ~ ... stops. As a result tull length proviral DNA synthesis
required for integration and establishment of infection 15 prevented.

Metabolismn of 3TC: Upon entering cells nucleoside analogues are subject to biotranstormation
by cellutar enzymes. Therapeutic etfects depends on the anabolic metabolism which leads to the
formation of their triphosphates and their decay inside cells. These metabolic conversions are host
cell and nucleoside analogue dependent. The sponsor investigated the metabolic activation of 3TC
11 HIV-1 strain RF infected and mock-infected PBMC prepared from different donors. The
kinetics of metabolic conversion of radioactive [*H]-3TC in the PBMC was analyzed by HPLC
radiochromatography after up to 2¢ hours ..{ incubation.

The results of the time ceurse of phosphorylation of 3TC show that four components representing
the parent nucleoside and its mono, di and triphosphate derivatives were detected in both HIV-1
infected and mock infected cells. The active drug, the S-triphosphate of 3TC, by 4 hours of
exposure represents 40% or more of intracelluiar phosphates. After 24 hours the triphosphate
level dropped to approximatety 20%. Althougl. there 1s variation in the extent of phosphoryiation
trom donor to donor the 3TCTP tormation appeared independent ot viral intection of the cells.
Studies on the effect of the external concentration ot 3TC on the formation of ntracellular
phosphate derivatives show that the rate of termation of 3TC- TP was linear up to 10 zM and then
increased at a slower rate at higher concentrations. The reaction was not saturable at the highest
concentrauon (500 uM 3TC) in the extracellular medium. The intracellular concentration of
ITCTP at 300 uM of 3TC in the extracellular meium was {7 pmol/ 10" PBMC.



The effect of 3TC phosphorylation in uninfected PBMC in drug combination studies was carried
out with [*H]-3TC fixed at a concentration of 10 uM and varying concentrations of (5-20 uM)
AZT for 4 hours. The results showed that AZT had no substantial effect on the phosphorylation
of 3TC ir uninfected PBMC indicating that these two drugs can exert antiviral effect independent
of each other.

In order to determine the rate of 2+ »v ot 3TCTP. PBMC were incubated with [*H]-3TC for 4
hours to allow build up of detectable intracellular levels of 3TC-TP. Subsequently, the compound
was removed and samples were taken over the following 24 hours to be analyzed by HPLC for
3TCTP. The rates of decay were determined from the peak areas of 3TC-TP and the 50%
reduction (half-life) in the peak area determtned. The results suggest that the haif-life in mock
infected cells was 12-15.5 hours and in HIV infected cells was 10.5-13.5 hours. The haif-life of
3TC-TP is substantially longer than the half-lives for AZTTP (! hour), ddC-TP (2.6 hours), d4T-
TP (3.5 hours) and similar to that of ddI-TP (12 hours). These in vitro results support the use of
3TC wwice daily in the clinical trials.

Catabolic degradation pathway: Nucleoside analogues are also subsirates for cellular
phosphoroiyases which degrade the nucleosides to their bases and sugar. Humar platelets are a
rich source of these catabolic enzymes. After 93 hours of incubation in platelet enriched medium
no detectable degradation of 3TC was detected indicating that it is not (or is a poor) substrate
for the deaminases and phosphoroiyases.

Effect of 3TC on HIV RT: To define the mechanism of action the sponsor investigated the
effect of 3TCTP on the RNA-dependent DNA polymerase activity, Tne DNA-dependant DNA
polymerase activity and DNA chain termination during DNA polymerizatica. In the analysis ot
RNA-directed DNA synthesis heteropolymeric (MS-2 RNA) and homopolymeric (poly rl. oligo
dC) RNA templates were used. In the analysis of DNA-dependant DNA polymerase activity
activated calf thymus DNA remplate was used and :n the case of DNA chain termination studies
MS2 RNA templaie hybridized to a complementary deoxy oligonucleotide 5'-
CACTCCGAAGTGCGT-3" was used. In all cases purified recombinant HIV-RT was employed
in DNA potymerization
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Table 12. Effect of deoxyribonuc!eoside triphosphate on HIV RT activity’

K, (uM} Calf thymus DNA

Compound -1 as template
MS2 RNA | Poly rl I” at [ANTP]=K_uM
as template | as template

3TCTP 12.4 10.6 234 -
ddATP 0.09 NR 0.4

ddCTP 0.33 1.9 1.4

AZT-TP 0.03 NR 0.48

K, dATP = 1.0 uM
K_dCTP = 1.7 uM
K_dTTP = 1.1 uM

* The values are an average of 2 or 3 experiments
* I, is the concentration of the compound giving half the uninhibited (controi) rate

The results presented in Table 12 show that 3TCTP inhibited the RNA-dependent DNA
polymerase activity of RT with an apparent inhibition constant (K, ) of 10.6-12.4 uM depending
on the template used. The K, for DNA dependent DNA-polymerase activity was 23.4 uM.
Studies on the kinetics of inhibition suggested that 3TCTP inhibition is competitive with respect
to the physioiogical substrate {dCTP) for binding to the HIV-RT.

In tests designed to determine the DN4 chain termination by 3TCTP, the DNA polymerization
reaction consisted of MS2 RNA template hybridized to a complementary deoxy oligonucleotide
5'.-CACTCCGAAGTGCGT-3’ primer, the four deoxyribonucleoside triphosphates, 3TCTP and
the HIV reverse transcriptase, The synthetic product was then analyzed on a DNA sequencing
gel. Comparison of the primer extension products with ddCTP control showed that 3TCTP
monophosphates were incorporated at identical positions to the ddCTP control. The results show
that incorporation of 3TC monophosphate caused DNA chain termination thus blocking HIV DNA
replication in infected cells.
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mhibitory 10 the 3 DNA polymerases. Polymerase « was least inhibited by any of the four
rucleoside analogue substrates. Polymerases p and vy are significantly inhibited by ddATP and
ddCTP bui 3TCTP is less inhibitory than ddATP and ddCTP. The general conciusion from this
report is that 3TCTP has a favorable inhibitory profile on the tested DNA polymerases by being
less inhibitory than ddATP and ddCTP.

Tabie 13. Effect of dideoxyribonucleoside triphosphates on human DNA polymerases

DNA Iy, (50%nhibitory concentration of the compound in uM) -
Polymerase 3TC-TP ddATP ddCTP | AZTTP
Polymerase « 175 >50u > 500 > 850
Polymerase § 25 0.75 0.056 >475
Polymerase v 44 0.068 0.031 147

The K, values of each of the 4 natural nucleos:de triphosphates for DNA polymerases «, f and
y were approximately 3.5 uM, 0.20 xuM and 2.5 uM, respecuvely.
1, . Concentration of the compound giving half the uninhibited control rate.

CONCLUSIONS: 3TC is metabolically opumized to biotransform into the active drug form
3TCTP. At identical input concentrations, 3TC builds higher concentrations of its triphosphate
than any of the clinically available nucleoside analogues AZT, ddC, ddf and d4T. This desired
effect seem to be achieved by virtue of its stereochemical nature, by being a poor substrate for
catabolic/degradative enzyines which otherwise would break it down to its component sugar and
base and by being a superior substrate for anabolic/activation enzymes essential for its conversion
into the active drug form. In addition, the active form of the drug 3TCTP has a half-life of 10-15
hours which is much longer than the half-hives of AZTTP, ddCTP and d4TTP but some what
similar to ddATP. This longer half-life allows BID dosing of 3TC in HIV-infected individuals.
The lﬁajor disadvantage of 3TC, however, is that the concentrations of its triphosphate required
to inkibit HIV is greater than the triphosphates of AZT. ddC and d4T but similar to that of ddA.

The antiviral target of 3TC is HIV reverse wranscriptase. The data from virelogic studies showing
inhibition of HIV by 3TC. the data from the multiplicity of infection studies showing that 3TC
acts on a target specific to the virus, the time of addition studies showing that 3TC acts early after
infection (within the first 6 hours) and lack of effect post 6 hours. and the data showing lack of
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effect on virus production in chronically infected cells are consistent with HIV RT being the target
of 3TC. Biochemical studies on the kinetics of enzyme inhibition and viral DNA synthesis
support that 3TC competes with the physiological substrate for the nucleoside binding site thus
clowing the rate of DNA polymerization by HIY RT. Chain termination studies by HIV RT show
that 3TCMP was incorporated at sites identical to the natural substrate JCMP anad terminate DNA
chain from turther elongation. The data from the combined virologic and biochemical studies
confirm that the target of 3TC is the HIV RT anc 1t inhibus the enzyme by competing wit:: natura!
nucleoside substrates and terminates the viral DNA synthesis by incorporating into the growing
DNA chain. .
3TC is an incomplete anr-HIV agent. The consequences of specific HIV RT targeting limits the
antiviral effect of 3TC to the early phase (acute infection) of the virus replication cycle with no
effect on the late phase (chronic infection). In the continuous presence of 3TC only new rounds
of infection and viral spread are inhibited without effect on virus production from proviral DNA
of latently infected cells. In addition 3TC which requires activation by phosphorylating enzymes
for exerting its effects further limit its antiviral activity to those cells that are endowed with the
capacity to phosphorylate 3TC. Terminally differentiated cells such as macrophages with no
replication potential either lack or shed the very enzymes required for the activation of 3TC to
serve as a drug. These reservoirs of HIV in infected individuals go unchallenged by 3TC.

HIV rupidly develops resistance against 3TC. Cell culture studies show that HIV rapidly adapts
to overcome 3TC pressure with loss of susceptibility to the drug (phenotypic resistance). The
acqu:sition of resistance has been attributed to a single amino acid substitution in the viral RT
(genotypic resistance) at codon 184 from methionine to isoleucine or valine. Emergence of
resistance is an unavoidable consequence of treatment with anti-HIV drugs. The combination of
an inherently high mutation rate (approximately 1x10™ per replicaticn) and exposure to 3TC
permits selection of resistant variants. The codon 184 is in the highly conserved Tyr, Met'® | Asp.
Asp (YMDD) region which 1s adjace.nt to the putative catalytic site of the HIV-RT. What is
remarkable of 3TC is the very rapid rate of emergence of resistance and in this regard resembies
the rate of emergence of resistance elicited by experimental nonnucleoside RT inhibitors.
Paradoxically, the mutation at codon 184 of RT restores AZT sensitivity to AZT resistant HIV.
The restoration of sensitivity suggested potential combinatton therapy for antiviral activity.

In viro 3TC resistance is predictive of in vivo 3TC resistance. Analysis of viral RNA from 3TC
monotherapy showed the emergence of resistance mutation (3.4) as early as 7 days after the
initiation of treatment and by 8 weeks all ot the 20 patients in the trial had the resistant strain.
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Similarly, analysis of blinded clinical RNA samples collected longitudinally from NUCB300! trial
(50 of 129 analyzed, 25 individuals from AZT monotherapy arm and 25 individuals from
3TC+AZT combination arm) showed that the 184 mutation was deticted in the combination by
8 weeks in 95% of the patients (5). At week 24 more of the combination group contained wild
type at the AZT resistance co:lons (75% compared with 31% for AZT alone) All samples except
one from the combination group contained the 184 mutation and none of tiie AZT group contained
this mutation. The data suggest combination therapy with 3TC+AZT delay the emergence of
mutations conferring resistance to zidovudine.

3TC resistance is apparently beneficial. Clinical resistance emerges in 93% of the treated
patients as early as 8 weeks in both 3TC monotherapy and combinatien therapy with AZT.
Therapeutic benefit as measured by surrogate marker responses (viral RNA copy number and
CD,+ T cells) 1s derived in combination therapy of 3TC with AZT up to 24 weeks (up to about
50 weeks in some patients). The mutation at 184 of RT restored AZT sensitivity to AZT resistant
virus and also delayed the emergence of AZT resistant mutations thus sustaining the antiviral
activity of AZT longer than otherwise. It is interesting to note that in monotherapy with 3TC
{(n=20) although there was 3TC resistant mutation as early as | week the viral RNA and p24
remained below the base line in most patients up to the 12 weeks tested. The benefit may not last
beyond approximately one year since co-resistance to both the drugs (with multiple mutations) has
been reported (6) with rise in viral RNA 1o the base line.

PHASE 4 CONSIDERATIONS: In vitro and in vivo studies indicate the emergence of co-
resistance to both 3TC and AZT, suggesting no evolutionary barriers for the acquisition of
simultaneous resistance to the combination. In future clinical trials including the clinical endpoint
trials in longitudinally collected patients samples plezse examine HIV for phenotypic resistance
and viral RNA for genotypic resistance (to both of the Jd.rugs) in a subset of patients.

In HIV-infected patients treated with non-nucleoside and nucleoside RT inhibitors including 3TC
(3.5.7) drug resistant mutants of HIV emerge. The appearance of resistant mutants in serum is
followed by an increase in viral RNA and by a decrease in CD,+ T cells. Please evaluate the
effect of the emergence HIV variants co-resistami to AZT and 3TC on the HIV RNA copies and
CD, + T cells.

During the course of anti-HIV therapy, in addition to drug resistance in HIV changes in
biological phenotype, a switch between non-syncytial inducing (NSI) and syncynal inducing (S
phenotype has been observed. A recent report (7) described the conversion of NSI to S during
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3TC weatment and the presence of SI was clearly associated with an increased risk of developing
3TC resistance. Please investigate in a sub set of patient population the potential link between
NSI/SI viral phenotype and the emergence of resistance.

RECOMMENDATIONS: The microbiology section of the draft label as currently written is
acceptable (lines 41-69, copy attached). With respect to microbiology this the NDA is approved.
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Epivir™ Tablets (lamivudine tabiets) Epivir'™ Oral Saiution (lamivudine orat solution)

Draft Label: Microbiolcgy

CLINICAL PHARMACOLOGY:

Mechanism of Action: Lamivudine s a synthetic nucleoside analogue. In vitro studies
have shown that, intracellularty, lamivudine is phosphorylated to its active 5'-triphosphate
matabolite (L-TFP), which has an intraceilular haif-life of 10.5 to 15.5 hours. The principal
mode of action of L-TP is inhibltion of HIV reverse transcription via viral DNA chain
termination. L-TP also inhibits the RNA- and DNA-dapendent DNA polymerase activities of
reverse transcriptase (RT). L-TP is a weak inhibitor of mammaltian a-, p-, and y-DNA _
polymerases,

Microbioclogy: Antiviral Activity in Vitro: The relationzhip between in vitro susceptibility
of HiV to lamivudine and the inhibition of HIV replicaton in humans has not been
eslablishiad. in vitro activity of lamivudine against HIV-1 was assessed in a number of cell
lines (including monocytes and fresh human pernipheral blood lymphocytes) uging standard
susceptibility assays. [C.q vatues (50% inhibitory concentrations) were in the range of 2 nM
to 15 uM. Lamivudine had anti~HIV-1 activity In all acute virus-cell Infections tested. in
HiV-1—infected MT-4 cells, lamivudine in combination with zidovudine had synerglstic
antiretroviral activity. Synergistic activity of lamivudine/ziduvudine was also shown in a
vanable-ratio study.

Drug Resistance: Lamivudine-resistant isolates of HiV-1 have bean selected in witro.
The registant isolates showed reduced susceptibility to amivudine and genotyoic anaiysis
showed that the resistance was due to speclfic substitution mutations in the HiV-1 reverse
transcriptase st codon 184 from methionine to elther isoleucine or valine. HIV-1 strains
resistant to both lamivudine and zidovudine have been isofated.

Susceptibility of clinical isolates to Iamivudine and zidovudine was monitored in
controlied clinical trials. (n patients receiving lamivudine monctherapy and combination
therapy with lamivudine plus zidovudine, HiV-1 isolates from most patients became
phenotypicailv and genotypically resistant to lamivuding within 12 weeks. In some patients
harboring zidovudine-resistant viius, phenotypic sensitivity to zidovudine by 12 weeks of
treatment was restored. Combination tharapy with lamivudine plus 21dovudine delayed the
emengence aof mutations confernng resistance to zidovudine.
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the drug and due to preexisting variants (natural polymorphism). HIV replication is remarkably
inaccurate both by virtue of it being an RNA virus and because of the greater infidelity of DNA
synthesis mediated by the viral RT. The higher rates of replication errors (10™) result in the
preduction of progeny virions, of which the genomic RNA of each is molecularty different from
each other. Combination of this inherent vanability and prolonged treatment with currently
available antiviral agents results in the emergence and selection of viruses with rec.ced
susceptibility to the challenging drug. The finite therapeutic effectiveness of the anti-HIV drugs
may be due to the emergence of resistance to these drugs. Thercfore. novel approaches to seek
new therapeutic agents that could stall the emergence of resistznce and the resurgence of yirus
production to provide a greater and pioionged benefit in HIV-infected individuals is awaited.

Epivir is a nucleoside analogue and thus shares some of the structural and mechanistic properties
with other nucleoside analogues clinically approved for the treatment of HIV infection but also
differs from them in several respects. The shared properties inciude 1ts prodrug status requiring
metabolic activation by cellular enzymes for inhibition of HIV-RT activity. The distinguishzble
properties include its stereospecificity. It is the (-) enantimer of 2'3'-dideoxycytidine with a
structural difference evidenced by presence of a sulfur as a second hetercatom instead ot a
methylene group at the 3’ position in the sugar ring. In addition, orientation of the cytosine base
is in the opposite configuration to that in the natural nucleoside cytosine. Unlike nucleoside
analogue drugs 3TC induces rapid resistance. at rates similar to the experimental nonnucleoside
RT inhibitors, with decreased sensitivity to 3TC. a consequence conventionally considered
undesirable. Paradoxically, the rapid induction of 3TC resistance unexpectedly in AZT resistant
HIV restores sensitivity to the virus making the combination use of these two drugs (3TC+AZT)
a net benefit in terms of decreased virus load and increased CD,+ T cells in the treated pauents.
Furthermore, in spite of the 3TC resistant mutation with decreased in vitro sensitivity the virus
appears to grow slowly in patients 3002). Pecent preliminary evidence also suggests that
3TC resistant virus containing mutation at position 184 of HIV RT seem to replicate with greater
fidetity (1.2). A consequence of increased fidelity is a reduction in the rate of emergence of HIV
variants.

In the microbiology portion of this NDA review a general summary of the preclinical
microbiology is provided. The studies include: (1) the in vitro anti-HIV activities of 3TC and its
selectivity (n different cell types infected with a vanety of laboratory and clinical HIV isolates,
(2) antiviral activity in combination with other anti-HIV compounds, (3) drug sensitivity p:ofiles
(phenotypic and genotypic resistance) of HIV treated with 3TC in combination with other
retrovirals and (4) metabolism and mechanism of action ot 3TC



Throughout the microbiology portion of the NDA the sponsor emphasized the properties and
potenti2l benefits of 3TC as a monotherapeutic agent. In the ./aluation of 3TC it is important to
remember that the proposed use of this drug is in combination witir Retrovir and therefore the
beneficial and detrimental properties of each of these circumstancs need consideration.

SUMMARY

Anti-HIV activity of 3TC in vitro: Nucleoside analogues are prodrugs and inside cells they
undergo biotransformation by sequential phosphorylation to form tie active drugs. The active drug
forms of nucleoside anzlogues correspond to their 5'-triphosphate derivatives and in he case of
3TC it is 3TC 5 -triphosphate. Due to the differential leveis of phosphorylating enzymes in
different cell types, the extent of phosphorylation and consequently the active drug tormation
varies. Therefore, the antiviral activities of 3TC can be host cei! dependent. In addition,
differences between HIV strains at the level of gene sequences coding tor the RT, tiie target of
3TC, could lead to strain differences in antiviral activity. Therefore, to avoid these host ceii-
virus strain biases and tc lend support and perspective to the antiviral activities of 3TC, the
sponsor examined the anti-HIV activity of 3TC in different host cell-virus strain combinations
to approximate the balance of cells and viruses in vivo.

Set up of antiviral assays: Materials and Methods: The choice of establisiied cell lines. primary
cells, and viruses used for infecting the host cells depends on the type of viral attribute intended
for quantification and tropism of the virus for a particular cell type.

Cells and viruses used: Established CD,+ T lymphocyte lines, MT-4 cells, C8166 cells, CEM
cells, H9 cells, JM cells, CEM cells and the primary cells PBMC were used. Laboratory-
passaged lymphotropic HIV strains selected from different geographic locations such as: HIV-]
strain RF, an isolate from Haiti; HIV-1 strain GB8. a strain isolated from the UK; HIV-1 strain
[I1B (USA); HIV-1 strain U455 a monocyte-macrophage tropic strain isolated from Uganda,
HIV-1 strain LAV (France) and HIV-1 strain MN (USA): HIV-1 strain BRU (France) and HIV-
2 strain ROD a lymphotropic strain isolated from Senegal. were used in the experiments.

Endpoints and their measures: Siandard assay methods were used and they are essentia'ly of two
kinds: (1) assays based on the yield of viral components in the culture medium: In this system
there are 3 viral components usually measured, virion associated RT acuivity (radioisotope
incorporation measurements), viral p24 (immune assay) and viral RNA {(quantitative PCR), and
(2) Assays based on cell damage due i infection: generally two etfects on infected cells are



measured, syncytial - ~ in which adjacent cells fuse due to the action of virion gp120

to Jorm giant cel’ ¢ effect (CPE) or cell death. CPE is gencrally determined by
counting the rer eils electronically or by measuring selective dve uptake such as
trypan biue or b; e metabolism of the cells using the MTT dye assay. The advantage
of the MTT assay .. . . atlows a parallel assessment of the antiviral and cytotoxic effects of test

coempounds in virus infected cells and in parallzl mock-infected cells. respectively.

HIV RNA in cell culture studies and in clinical studies was quantified using the reverse
transcription coupled polymerase chain reaction (RT-PCR) developed by the Roche Molegular
Systems. Based on its design, the assay appears to be specific. sensitive and reproducible with
a 4-5 log unit dynamic range for RNA quantification. The lower detection litmit of viral RNA
by this assay is 200 copies/ml which corresponds to 100 HIV virions. The major deficiency of
the assay is that it measures the physical arnount of 142 base viral RNA out of approximately
9200 base long HIV RNA and does not give a clue as to its functionality or dysfunctionality. For
example, for same decrease in plasma HIV RNA in response to RT inhibitor drug therapy and
protease inhibitor drug therapy, the RNA could be funciicnally different because of the different
mechanism of action of these two classes of drugs. In spite of the draw backs RT-PCR is still the
most widely used and accepted assay for quantifying HIV RNA.,

The concentrations of the test compound required to reduce each of the virus-induced effects (such
as p24, syncytia etc.) by 50% and 90% are referred to as IC,, and IC,, respectively. These
values were determined graphically from plots of inhibition against concentration of the test
compound. Similarly, the cytotoxicity of the test compounds were determined by plotting
cytotoxicity against concentration of the test drug. The values are expressed as ID,, and ID,, (i.e.,
concentrations of drug producing 50% and 90% cytotoxicity in cell culture, respectively).
Therapeutic Index (TI) is a calculated value which represents the ratio of cytotoxicity Dy, to
antiviral activity 1C,,.

Antiviral activity and cytotoxicity in established cell lines: Table | 1s a summary of the anti-
HIV activity of 3TC determined in a variety of established lymphocyte and monocyte/macrophage
cell lines infected with HIV-1 isolates from different geographical locations. In each host cell-
virus strain combination a multiphicity of infection (MO, representing the ratio of units of
infectious virus to target cells) of 1x10” infectious doses/cell was employed.



Table 1. Antiviral activity’ of 3TC in established cell lines infected with lab isolates of HIV-1

Host cell Virus strain Assay endpoint | Antiviral activity (.M)
IC., IC.,
MT-4 HIV-1 4 RT 0.004 C.032
M HIV-1 s Syncytium 0.15 1.6
M HIV-1 gpy p24 0.07 0.39
C8166 HIV-1 3¢ Syncytium 0.10 1.53
C8166 HIV-1 & p24 0.61 1.77
C8166 HIV-1 & RT 0.02 0.15
H9 HIV-1 s Syncytium 0.02 0.65
H9 HIV-1 s p24 0.01 0.13
U937 HIV-1 ). syncytium 0.15 1.4
U937 HIV-1 s p24 0.13 1.1
CEM HIV-2 o0 Syncytium 0.04 0.13

* The values are averages compiled from 2-4 different experiments.

The data presented in Table | indicates that 3TC exerts antiviral activity against a range of HIV-1
strains isolated from different geographical locations. The table aiso shows that 3TC 1s active
against one strain of HIV-2 tested. The antiviral activities vary depending on the cell type. virus
strain and the assay used to m:easure such activity. The 1C, values were in the range of 0.01-0.61]
u#M and the IC,, values were in the range of 0.03-1.77 uM.

-

Tables 2, 3 and 4 show a summary of the antiviral activity, cytotoxicity and calculated Tl of 3TC
along with AZT, ddC and ddl. The acuvities were determined in different host cell/virus
strain/end point assays. In all these assays the four nucleoside analogues were run in paralie! to
minimize varation. The data presented are average values calcutated from 3 different
experiments.



Table 2. Antiviral activity and therapeutic indices tor 3TC, AZT. ddC and ddl 1n MT-4 cells

intected with HIV-1 strain RF

Antiviral acuvity | Cytotoxicity Antiviral activity
Compound { IC,, (.M)* ID, (M)® | TI IC («M) RT assav | TI
3TC 0.67 2067 3085 | 0.004 516750
AZT 0.11 <3.7 <34 | 0.0003 < 12333
ddC 0.07 86 1229 | 0.001 86000
ddl 8.5 833 98 0.68 1225

(A) Antiviral activity and cell viability was determined by MTT assay
(B) Cytotoxicity was measured in mock-infected MT-4 cells

Table 3. Antiviral activity and therapeutic indices tor 3TC, AZT, ddC and dd! in C8166 cells

infected with HIV-1 strain RF

Com- | Cytotoxicity | Anuviral Antiviral Antiviral
pound | IDy, (vM) Activity acuvity activity

Svncvual | TI pl4 assay | TI RT assay | TI

assay
3ITC | 8733 0.1 87330 | 0.61 14316 {0.015 582200 |
AZT 3700 0.023 160870 | 0.08 46250 | <0.003 | 1110000
ddC- > 4625 0.13 32808 | G.RY 4792 0.027 157962
dd! 7338 2.3 3190 >2] < 349 | 1.35 5436

Anuviral acuivity 1s expressed as the micromolar concentranon of the test drugs required for 50%
inhibition (IC.) of the product of the assav. (‘yiotoxwcity was measured in mock-infected C8166
cells.



Table 4. Antiviral activity in JM cells infected with HIV-15,. U937 monocyte/macrophage cell

line infected with HIV-1,,,, and CEM celis intected with HIV-2..,,

Com- | Antiviral activity | Antiviral activity | Antiviral activity | Antiviral activity

pound | Syncytial assay p24 assay Syncytial assay Syncytial assay
in JM cells in JM cells in U937 cells in CEM cells

iTC 0.44 0.13 0.1 0.13

AZT >374 >374 0.13 0.02

ddC 0.09 0.01 ND ND

ddl 2.1 1.95 ND ND

The data in Tat'.s 2, 3 and 4 permit an evaluation of the rank order of antiviral actt- «ty of 37C,
AZT, ddC and ddl by comparison of their IC,, values. The values varied depending on the host
cell-virus strain combination and the assay endpoint. The general conclusion from the data is that
3TC was consistently more active than ddl and consisicntly less active than AZT but showed
activity similar to that of ddC. Comparison of IC,, values of nucleoside analogues show a rend
similar trend as ICy, value. Comparison of Tl values show that 3TC exhibits favoraple Tl
indicating that it is more selective than AZT, ddC and ddl.

To shed light on the target of 3TC in HIV and the stage of HIV infection that 3TC exerted its
antiviral effects the sponsor .nvestigated two other vaniables that could potentially influence the
effect of 3TC. (1) The effect of varying the multiplicity of infection which would change
observed drug effects if the target is virus rather than the cell and (2) the effect of the tuime of
addition of drug to determine if the drug acts at an early stage (pre-integration effects mediated
by HIV-RT) or late stage in infection ( post integration eifects). In these assays two independent
and different host cell-virus strain combinations assays were used (C8166/HIV-1,,, /CPE and
MT-4/HIV-1y.). In parallel experiments AZ7, ddC and ddl were also included for comparison.
The racemic mixture of 3TC, hereafrer represented as (+)3TC, was used in this set of
experiments.



In assays in which varying the multiplicity of infection (MOI) was varied by 64 fold, a consistent
increase in IC,, (10-1000 fold) with all of the four test compounds was observed indicating 2
similar mechanism of action of these four nucleoside analogues. The result is consistent with the
interpretation that increased MOI increases the expression of virus coded target which in turn 1s
expected to increase the amount of drug required to achieve an IC,, concentration ot the test
compounds and therefore the drug is virus specific. Varying the time of addition of (-} 3TC
showed that the drug is effective until 6 hours post-infection and delaying addition resulted 1n a
significant loss of antiviral activity. The results indicate that the antiviral target of 3TC is a
function that is required early (before 6 hours) after infection. The effect of time of addition of
AZT, ddC ard ddl were similar to () 3TC. The data are consistent with belief that these four
nucleoside analogues are inhibitors are HIV-1 RT.

Antiviral activity of 3TC in chronically infected cells: Acutely infected cells differ from
chronicaily infected cells in that the latter have stably integrated provirus and the progeny HI%
is produred from the proviral DNA without the involvement of the viral reverse transcriptase.
In acute infection, however. reverse transcription of the HIV RNA genome into DNA and its
integration into the host cell genome is required. The expectations of RT inhibitors is that they
would have no effect on the virus production from chronically infected cells but imerfere with the
initiation of new infection.

H9 cells chronically infected with HIV- 1. or HIV-2,,, have stably integrated viral DNA from
which infectious progeny virions are produced. The effect of () 3TC on the production of both
HIV-1 or HIV-2 from chronically infected H9 cells was tested by the addition of drug up to 219
uM (which is > 100 times the IC,, value in acute infection). Results from these studies showed
in less than 20% inhibition of virus yield compared to untreated controls. (The replication of
these two viruses has previously been shown to be inhibited by 3TC in acute infections). The
result indicates that 3TC while inhibiting virus production from acutely uifected celis showed no
effec on virus production from chronically infected cells.

In parallel experiments the eftect of nucleoside analogues AZT. ddC and «dl on HIV production
from chronically infected cells was also investigated. The response of these nucleoside analogues
was similar 1o that of 3TC in that even at 100 times *he 1C,, concentrations there was marginal
or nu effect on virus yield. The small percent (<20%) inhibition of virus production at high
concentiaiions could be due to reduced cell growth and viability in the nfected cultures.



The combined studies on the anti-HIV activities of 3TC indicate that the target of 3TC 18 an early
function required for the establishment of virus infection. 3TC had no effect on virus production
from established infections (i.e.,chronically infected cells). These results are consistent with the
notion that the target of nucleoside analogues is the viral RT.

Table 5. Anti- HIV-1 activities of 3TC, AZT, ddC and dd! in human PBMC as determined by
p24 inhibition assay™*.

r
Comp- | Strain 111B Strain LAV Strain Mn Strain RF Strain U455

ound (IC,  IC, |IC,  IC. |IC, ICq |ICk 1C. |IC, ICy
3ITC | 0.002 0.031 |0.089 0.996 [0.019 0.84 [0.006 0.111 [0.032 0.24
AZT |0.002 0.014 [0.002 0.606 [0.002 0.041 |0.003 0.020 |0.002 0.029
ddC  {0.003 0.035 |0.096 0.97 [0.048 0.87 |0.009 0.16 [0.018 .21
ddl 0.188 5.45 |1.16 11.2 {0376 6.52 |0326 11.7 109 11.43

*The antiviral concentrations. iC,, and IC,, represent the concentrations (in M) of compound
required to inhibit p24 synthesis by 50% and 90% respectively. The values given are an average
from 3 independent assays.

Antiviral activity against HIV-1 and HIV-2 in human PBMC: The antiviral activity of 3TC
in PBMC infected with HIV-1 isolates from different geographical locations (HIV-1 strains RF,
LAV, MN, U455 and 111,) was determined. Nucleoside analogues AZT, ddC and ddl were also
test.d in parallel with 3TC to determine the relative antiviral activity and rank order of these
compounds. To minimize the effects of differences in donor ceil metabolism, PBMC from one
donor were used to assay all four compounds for activity againsi any one virus strain. The assay
endpojnt in these studies was the production/inhibition of the viral p24 antigen.

The results presented in Table 5 show that 3TC exerts antiviral activity against a diverse range of
HIV-1 isolates in human PBMC cultures of different donors. The IC,, values ranged from 0.002-
0.11 M and the IC, values ranged from 0.03}1-1.0 «uM. The rank order of antiviral activity show
that 3TC is consistently more active than ddl but less active than AZT. The antiviral activities
in PBMC are similar to those found in studies using established celi lines.
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In studies designed to determine the cytotoxicity of 3TC to PBMC and macrophages it was found
that 3TC in the concentration range of 0.1 - 3 mM was not cytotoxic as determined by trypan
blue exclusion and cell survival by MTT assay indicating a therapeutic advantage of greater than
300 fold. At these concentrations cell growth and viability were not affected indicating that these
concentrations were neither cytotoxic not cytostatic.

In comparative cytotoxicity studies (expressed as [D,, and ID,, in ..M) the effect of 3TC relative
to three other nucleoside analogues AZT, ddC and ddl on PBMC was determined and the
summary results are presented in Table 6. Each row in the table represents the same pogl of
PBMC in which the effect of the four nucleoside analogues was determined.

The results in Table 6 show that 3TC was consistently less cytotoxic than AZT or ddC and simiiar
to ddl. The cytotoxic effect of 3TC o PBMC was similar to that observed in established cell
lines. The therapeutic index calculated in different experiments ranged from 25000-76000
indicating that 3TC monotherapy is unlikely to be cytotoxic to lvmphocytes in vivo.

Table 6. PBMC cytotoxicity as determined by [’H]-thymidine uptake

3TC AZT ddC ddl
D’ Dy’ ID,, ID,, ID,, ID,, Dy, Dy,

>437 | >437 |94 318 389 >474 | >423 | >a23
>437 | >437 |37 187 6 >474 | >423 | >423
>437 | >437 |47 281 379 >474 | >423 | >423
1650 | 4367 |47 262 107 >4739 | 2371 >4234 |
2620 >4367 | 34 195 33 >4739 | 2286 > 4234
2533 | 6769 ) 674 2464 >4739 | 2032 3599

* The ID,, and ID,, are concentrations in ..M.
Mvelotoxicity studies: In vitro studies on bone marrow toxicities have been predictive of in vivo
bone marrow toxicity. Previous reports comparing the effects of AZT and ddl on in vitro

myelotoxicity have suggested that the former inhibits hematopoietic precursor cel! replication and
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the latter showed minimal or no myelotoxicity. These in vitro studies correlated well with the
known induction of anzemia in AZT-treated patients and minimal or no bone marrow suppression
in ddl-treated patients. Thus, to evaluae the potential toxicity ot 3TC to the bone marrow in man
the sponsor carried out cytotoxicity studies with precursor cells of the hematopoietic lineage and
compared the effects of 3TC with the other nucleoside analogues AZT, ddC and ddl.

Results of 3TC myelotoxicity studies indicate that even at concentrations as high as 10* M there
was no toxic effect in colony assays against erythroid, granulocyte/macrophage, pluripotent or
stromal progenitor cells from healthy donors. On the other hand in parallel assays both AZT and
ddC were found to be much more toxic to these cells. The cytotoxicity profile of ddl however
was similar to that of 3TC. These results suggest that 3TC at the proposed clinical dose of 150
mg bid (approximately 4 mg/kg) is unlikely to induce bone marrow toxicity. These in vitro
observations are consistent with the lack of significant bone marrow suppression in Phase 1/2 dose
escalation studies with 3TC monotherapy. Significant bone marrow toxicity however was
observed in NUCA 2001 trial at the high dose of 20 mg/kg/day.

Antiviral effects in combination with other anti-HIV compounds: Treatment with nucleoside
analogues requires chronic and continuous treatment to reduce the rate of HIV replication. The
use of regimens containing combinations of several anti-HIV agents is increasingly considered to
be the most effective use of such agents. since the current drugs provide at best temporary benetit
when used alone and in all cases drug-resistant virus can be isolated from treated patients. The
use of drug combinations s considered likely to improve efficacy and to reduce the potennal for
seiection of resistant virus. In vitre ctudies of combination therapy provide a guide to determine
the best combination. To select appropriate drug combinations which would reduce development
of low cross-resistauce, exhibit nonoveriaping cytotoxicities, and demonstrate in vitro synergy,
the sponsor tested the combination of 3TC with the nuclecside analogues AZT, ddC and ddi w0
select the combinztions which displayed enhanced drug activity and reduced cytotoxicity.

The antiviral acrivities of each of the test compounds alone and 1n combination were tested in MT-
4 cells infected with HIV-1 strain RF. The assay endpoint was the measurement of the fraction
of cells protected against virus cytopathic effect by the drug. 1C,, values were calculated from
the dose response curves of 3TC in combination with AZT, ddC or ddl. The effect of drug
combinations expressed as combination index (Cl) was calculated by the median effect principle
to indicate whether each combination was synergistic (Cl < 1). antagonistic (Cl > |) or additive
(CI =1).
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The antiviral effects of the combination of 3TC with each of AZT, ddC and ddI were examined
by the MT-4/HIV-1 strain p/ cell viability method and the CI calculated. The antviral CI values
for the combination 3TC with ddC (0.93) or dd! (0.73) were near to unity which reflect the
additive activities of these compounds. However the CI value for the combination of 3TC with
AZT (0.36) showed synergistic effect. [n other studies the combination of 3TC with RO 31-8959
(Roche protease inhibitor) and a non-nucleoside RT inhibitor R82150 alsc st wed synergistic
effects. The cytotoxicity of these drug combinations. determined by measuring [3H]-thymidine
uptake, showed that the combination of 3TC with AZT was no more cytotoxic “han either
compound alone indicating that the antiviral synergy 1s not due to increased toxicity to the intgcted
cells.

As a more direct representation of the clinical situation the in vitro antiviral effects of the
combination of 3ATC with AZT were analzed in PBMC infected with four clinical isolates. All
of the isolates were from treatment naive patients and were only cultured in human PBMC. The
isolates included three of European origin (C0008, C0019 and WP34/29) and a fourth isolate of
North American origin (MCK). The results obtained in the combination studies of PBMC infected
with clinical isolates were mixed. In the case of isolate MCK the combination appeared
synergistic and in the case of isolate WP34/29 the combination was antagonistic: results with the
other 2 strains showed that the combination was additive. Thus, the 3TC+AZT combination
results in PBMC were different from the synergistic combination effect observed with established
cell line MT4 infected with lab isolate HIV-1 strain RE.

Triple drug combination studies: Triple combinations of 3TC with nucleoside RT inhibitors AZT,
d4T and ddl and with nonnucleoside RT inhibitor nevirapine were analyzed in 5 sets of 3-drug
combinations. The triple combinations include 3TC with d4T and AZT; d4T and nevirapine: AZT
and nevirapine; ddi and nevirapine: and AZT and ddl. All of the combinations were tested at a
fixed equimolar ratio except that the combination of 3TC+AZT+ddl was evaluated at variable
ratios, The host cell-virus strain combination of MT4 cells infected with HiV-1 strain RF was
used. The end point used was surviving cells which measured by the MTT assay. Mock-infected
and test compound treated cells provided a measure of cytetoxicity of the test compounds and
correspondingly treated virus intected cells provided a measure of antiviral activity.

The IC,, and IC,, concentrations in each of the triple combinations were as pood as any single or
dual combinations which indicates that there was no antagonism of antiviral activity. In all cases
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the combination:s were additive to synergistic. The triple combination of 3TC+AZT +ddl was
synergistic. Similariy, there was no evidence of increased cytotoxicity with any double or triple
combinations.

It is important to note that these studies cn the combination effects were based on a series of
calculations and extrapolations in complex cellular systems. For example, it is not known if the
differences in the intracellular levels of the activation enzymes and half-lives of 5'-phosphorylaied
derivatives of these nucleosides could contribute to differences in combination effects observed
in vitro and in vivo. Within the himits of this study a combination of 3TC with AZT showed an
apparent advantage. The conclusions drawn by these studies must be interpreted with caution
because of the simple experimental design. The conclusions drav/n from the triple combination
studies have no bearing on this NDA since the NDA does not propose tripie combination therapy
in HIV-1 infected individuals.

Activity ot 3TC in SCID-hu mouse model: The SCID-hu mouse is a mode! in which human
feral lymphoid organs (liver, thymus or lymph node) are transplanted into a CB-17 scid/scid
mouse which lacks functional T-cells and B-cells. Upon transplantation of stem :ells
differentiation occurs and human CD,+ and CD8+ T-cells and IgG appear in the peripheral
circulation. HIV replication occurs in the human cells and can be measured by in situ
hybridization of sections of the transplanied human ussue using HIV genomic probes or,
alternativeiy, viremia can be measured by RT-PCR.

The SCID-hu mice were infected with HIV-1 strain JR-CSF on the day following initiation of
antiviral treatment. Antiviral activity was assessed by the presence or absence of HIV RNA in
mouse plasma by PCR. In these mice 3TC was inactive at 500 mg/kg BID. However, 3TC at
higher concentrations of 1000 mg/kg and 2000 mg/kg BID cleared plasma viremia in 1/8 mice and
3/8 mice, respectively. In parallel experiments AZT at 100 mg/kg BID suppressed infection in
all mice tested The testing of 3TC effects in SCID-hu mouse was incomplete and therefore no
conclysions could be drawn from the study.

Effect of anti-infective agents on anti-HIV activity of 3TC in vitro: Treatment of HIV infected
patients gererally invoives not only anti-HIV drugs but also other anti-infective agents to contro!
opportunistic infections. Theretore, the sponsor evaluated the eftect of a range of anti-intective
agents on the antiviral activity of 3TC. The drugs studied include the antibiotics: amikacin,
azlocillin, ceftazidime. ciprofloxacin, gentamicin, benzvlpeniciilin, piperaciilin, and vancomycin;
antivirals: acyclovir, ganciclovir and GR95168X (a Glaxo compound which has anti-virat activity
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against human herpes viruses), and anti-fungals: clotrimazole, flucanazole. and ketoconazo'e
along with pentamidine which has activity against preumncvstis carnii.

The antivira: actsvity of the racemic mixture of 3TC in combinauon with one of the anti-intective
agents was investigated using the MT-4/HIV-1 strain RF/MTT assay. The results presented
tndicate that none of the anti-infective agents tested 1n vitro in combination with the racemic
mixture of 3TC affected the antiviral activity of the compound at concentrations noncytotoxic to
the host cells. There is therefore no indication from the n vitro studies that combination therapy
with any of these agents studied would interfere with anti-HIV activity of 3TC.

Activity against viruses other than retroviruses: To determine the antiviral specificity ot 3TC
the sponsor determined the antiviral activity against a variety of viruses other than retroviruses.
The viruses tested include the human herpesvirus; HSV-1, HEV-2, VZV,  CMV and EBV. the
respiratory viruses, rhinoviruses types 2 and 14, influenza viruses A and B, and the respiratory
syncytial virus. Antiviral assays were performed n cell lines chosen for susceptibility to the
viruses under test. The resulss suggest that 3TC had no activity against any of the viruses tested
in the study even at the highest dose used (438 uM). Additionally. 3TC did not show cytotoxicity
up to 438 M the highest concentration tested in these assays. The lack of activity against viruses
unrelated to HIV suggests that 3TC activity is HIV-1 specific.

Acnivity of 3TC against hepatins B virus in vitro: Hepatitis viruses utilize reverse transcriptase in
the replication of their DNA. The sponsor investigated the effect of 3TC on the replication of
hepatitis B virus. It was found that in vitro 3TC inhibited the production of replicative HBV-
DNA intermediates and mature virion HBV-DNA. 3TC aiso decreases duck hepatitis B virus
DNA in chronicaily infected duck hepatocytes with an I1C,, of 0.44 .M. The sponsor stated that
3TC is also being developed as for treatmeni of hepatitis B and this indication will be the subject
of a separate NDA.

In other studies the sponsor showed that 3TC at 438 ..m was not active against the protozoan
parasite Entamoeba histolvtica, Gram-posiuve and Gram-negative bacteria S. aureus, E.coli,
Enterobacter cleacae and P. aeruginosa, mycobacteria species, M. avium, M. bovis and M.
tuberculosis and opportunistic fungal infections including Candida species, Crvptococcus
neaformans, Aspergillus fumigatus, and Pneumocystis carnii. Based on the results ot these in
vitro studies the sponsor suggests that 3TC s uniikelv to have any effect on these organisms in
the clinic.
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RFSISTANCE STUDIES: Upon administration of any of the climcally available nucleoside
analogues and nonnucleoside analogue RT inhibitors, HIV infected individuals develop resistance
to these drugs. In vitro experiments have been predictive of this potential for the emergence of
resistance. The rate of emergence of resistance appea: s to differ from drug to drug, To explore
the potential for the emergence of resistance the sponsor attempted to select for 3TC-resistant
varianes tn vitre by serial passaging of HIV-1 on permissive cells in the presence of increasing
concentrations 3TC.

The host cell/virus strain/end point assay system used for selecting virus wiih reduced
susceptibility to 3TC was C8166/HIV-1../ CPE assay. The antiviral assay system used to test for
the loss of susceptibility to 3TC was MT4/HIV-1,./MTT formazan assay. Drug suscepuibility
profiles of HIV-1 variants were determined by analysis of antiviral activity and cytotoxicity
against all tested anti-HIV agents in MTT assay. The compounds tested for cross-resistance to
3TC resistant isolates include the nucleoside analogue RT inhibitors AZT, ddC and ddl. the
nonnucleoside analogues L-697,439, R-81250 and nevirapine and the protease inhibitor Ro 31-
8959. In addition cross-resistance was also 1nvestigated against the (+) enantimer of thiacytidine
and the data are presented in Table 7.

Table 7. Drug Sensitivity profile of the 3TC- resistant variant of HIV-1"

Wild-type HIV-1 RF JTC-Resistant Variant
Compound IC,, (uM) Toxicity («M) | IC, (uM) | Toxicity(M)
3TC(-) 0.36 >4.57 >457 457
3TC(+) 2.31 45.7 3.88 45.7
AZT 0.03 >3.7 0.015 >3.7
ddC 0.16 >4.74 0.22 >4.74
ddI 7.34 424 12.3 >424
R82150 0.18 3] 0.083 31
Nevirapine 0.095 > 38 0.015 >38
L-697.639 0.008 >0.28 0.008 >0.28
Ro-318959 0.035 >1.5 0.03 >1.5

*Data 1n the table represent average values of 3 experiments
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The data in Table 7 show that the 3TC resistant varianis remain sensitive to nucleoside analogue
RT inhibitors AZ i, ddC and ddl. the nonnucleoside analogue RT inhibitors 1.-697.639, R82150,
Nevirapine and the Roche protease inhibitor R-318959. However. (-)3TC resistant variants were
sensitive to (+)3TC suggesting the enantiomeric specificity for the selected mutant virus. The
data suggests the potential benefit of the use of multi-drug therapy to reat HIV-1 infections.

The sponsor investigated the potential to select 1n vitro HIV-1 variants resistant to both 3TC and
a second RT inhibitor like AZT. Tables 8 and 9 show a stmmary of the drug sensitivity profiles
of HIV-1 variants selected by in vitro passage of AZT-resistant HIV-1 1n increasing concentrations
of 3TC without and with maintaining AZT pressure. The sponsor stated that no cytotoxicity was
found with any of the drugs at the concentrations tested with any of the viruses, so only antiviral
data was presented.

Table 8: Drug sensitivity” profile of an HIV-1 variants selected by in vitro passage of AZT-
resistant HIV-1 in increasing concentranons of 3TC only.

Virus Selection pressure 3TC AZT }ddC Ro 31-8959
AZT-resistant HIV-1 None 0.7 >3.7 | 0.12 0.005
AZT-resistant HIV-1 3TC >437 0.11 0.16 0.005
HIV-1 strain RF None 1.35 0.12 0.79 | 0.005

" Values are average of two experiments

The data in Tabie 8 shows that AZT resistant virus when passaged in increasing concentrations
of 3TC only 1.e.. in the absence of AZT pressure, selected HIV-1 variants with phenotypic
resistance to 3TC (> 625 x reduction in sensitivity) but with restored sensitivity to AZT ( > 40-
fold increase in sensitivity). Such phenomenon of suppressed phenotypic AZT resistance due to
induction of other mutavions in RT have been reported previously. The data in the table also show
that the selected variant remained sensitive 1o ddC and the Roche protease inhibitor.
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Table 9 Drug sensitivity” profile of an HIV-1 vaniant selected by in vitro passage of AZT-resistant
HIV-1 mncreasing concentrations of 3T( while maintaimng AZT pressure

HIV-1 vanant Selection IC,, (M) i
pressure 3TC AZT ddC ddl Nevirapine | Ro31-8959
3TC-resistant None >437 0010 | 080 243 014 0.0a6
AZT-resistant None 0.96 >3 7 016 94 009 0018
AZT-resistant 3ITC+AZT | >437 | =37 314 234 012 0037
HIV-{ strain RF | None 037 013 0t4 174 012 0046

" Values are an average of 3 expeniments

The results 1n table 9 show that AZT-resistant virus when passaged in the presence ot both AZT
and 3TC seiected variants that are phenotypically resistant to both drugs, > 1000-fold to 3TC
compared to the parent virus and there was no change in the susceptibility to AZT i.e., the AZT-
resistance was sustained. These double resistant variants remained sensitive to ddl. nevirapine and
Roche protease inhibitor with comparable values as the parent. However, the variants showed
reduced sensitivity to ddC of 15-24 fold in different experiments.

The sponsor stated that attempts to isolate a virus resistant to both AZT and 3TC by passaging
3TC-resistant virus in increasing concentrations of AZT while maintaining 3TC pressure or
passage of the sensitive HIV-1 RF in simultaneously increasing concentrations of 3TC and AZT
were unsuccessful. In a recent report (3) not included in the submission, dual resistant virus
isolation only from AZT-resistant virus passaged in the presence of constant concentration ot AZT
and increasing concentration of 3TC was described. The results indicate that there 1s no
evolutionary barrier for the acquisition of resistance to both AZT and 3TC. Consistent with the
in vitro findings it was recently reported that dual resistance was acquired in patients treated with
both of these drugs.

The relative ease or ume taken to achieve the 1n vitro selection of variants cannot be used as a
measure ot the in vivo siuation. However, these data may be usetu! in predicung the likelihood
of HIV-1 drug resistance in the clinic.
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Genotypic characterization of the phenotypically resistant HIV: The nature of mutaton
elicited in the HIV RT by in vitro selection of drug resistant isolates with both nucleoside
analogues and the nonnucleoside analogue RT inhibitors is to a large extert predictive of the
mutation pattern observed in the patients dur'ng treatment. The nature of the mutation in 3TC
resistant isolates in vitro and cross-resistance effects may also be of predictive value in the clinic.
In an effort to define the gen_tic basis of resistance phenotypically 3TC-resistant HIV-1 variants
were generated by standard procedures of serial passing of three lab strains of HIV-1 and one
primary isolate in successively increasing concenirations of the test drug.

Table 10. Drug sensitivity profiles of HIV isclaies selected 1n vitro.

IC,, (uM) Codon at
[solate Status 3ITC AZT ddl ddC 184
HIV-1 & Wild-type 0.16 0.056 7.63 0.22 Met
Selected > 437 0.015 12.3 0.22 lle
HXB2 Wild-type | 0.39 0.02 3.18 0.42 Met
Selected > 437 0.001 3.8 0.4 lle
C19° Wiid-type | 1.25 ND ND ND Met
Selected 92 HD ND ND lle
HIV-1,,, [ Wild-type | 0.8 0.04 19 0.45 Met
Selected 936 0.05 76 25 Val

*The.results represents the average of at least two experiments each performed in duplicate
* HIV-1 clinical isolate obtained trom an antiretroviral naive patient

Results presented in Table 10 show that all preselecticn HIV isolates were susceptible to 3TC,
AZT,. ddl and ddC. Most ot the clones selected for 3TC resistance showed resistance of more
than 100 fold. In order to determine the genetic changes the nucleotide sequence of the RT gene
was determined for the three 3TC-resistant strains. In each case there was a single amino acid
substitution in the RT gene of 3TC resistant strains at position 184 from methionine 10 isoleucine
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or valine. The isoleucine substituted at 184 conterred greater specific resistance to 3TC and
these viruses retained their ddC and ddl sensinvity. Valine substitution at codon 184 conferred
reduced sensitivity to ddl and dd(C. The valine substitution at 184 of HIV RT confers resistance
to 3TC and low level cross resistance to ddl and ddC.

The biological significance ot the amino acid change at position 184 wsas confirmed by
construction of recombinant viruses containing 1soleucine at position 184 of RT and subsequent
testing of their susceptibilities. HXB2 (F1-3/1841) is the 184 mutant derived from the wild type
recombinant virus HXB2 (F1-3). H257-6 was an AZT-treated patient isolate containing mutations
at positions 41 and 215 and into this genetic background a recombinant mutation at 184 was
introduced to generate H257-6/1841. As shown in table 10 recombinant viruses containing 184
isoleucine showed a > 100 fold increase in their IC,,. In addition introduction ot isoleucine
substitution at codon 184 nto a background of two known AZT-resistant mutations {amino ucid
positions 41 and 215) in a clinical isolate resorted the suscepubility of this virus 1o AZT. There
was a decline of approximately 50-fold resistance to AZT. This provides further support 1or the
clinical use of AZT and 3TC together in delaying the development of resistance.

Table 11. 3TC sensitivities of rccombinant viruses

Recombinant Amino Acid at Position” IC50% Values(uM)
virus 41 215 184 ITC AZT
HXB2(F1-3) wi wl wi 0.6 ND#
HXB2 wi wl M > 100 ND
(F1-3/1841)

H257-6 M M wi 4.4 2.8
H257-6/1841 M M M > 100 0.05

* Wild-1ype amino acids are Methionine 41, Threomne 215 and Meathionine 184; mutant amino
acids are 41 Leucine. 215 Tyroswne and 184 Isoleucine.
# ND, Not done.




MECHANISM OF ACTION: The presumed mechanism ot action ot nucleoside analogues 15
that they are initially metabolized to their respective 5'-triphosphates (dANTPS) by ceilular
auclecside and nucleotide kinases. Accordingly the prodrug 3TC 1s converted into the active drug
form, 3TCTP. The 3TCTP competes with natural (physiological) nucleoside triphosphates tor
the nucleotide binding site on the viral RT. This competition 1s believed to inhibit the rate ot
viral DNA synthesis (both RNA-directed aud DNA-directed DNA polymerase activiiies ot RT)
by decreastng the incorporation ot the natural deoxyribonucleotides. {n addition, the triphosphates
of the nucleoside analogues also scrve as alternate substrates and become incorporated into the
growing DNA chain of the HIV DNA. Since the tncorporated nucleotide of 3TC lacks the 3'-
hydroxyl group no phosphodiester bond tormation can occur with the next incoming nucleotide:
consequentlv, the DNA chain growth stops. As a resu!t full length proviral DNA svnthesis
required for integration and establishment of infection is prevented.

Metabolis of 3TC: Upon encering cells nucleoside analogues are subject to biotranstormation
by cellular enzymes. Therapeutic ettects depends on the anabolic metabolism which leads to the
tormation of their wiphosphates and their decay inside cells. These metabolic conversions are host
cell and nucleoside analogue dependent. The sponsor invesugated the metabolic activation of 3TC
in HIV-1 strain RF infected and mock-intected PBMC prepared from ditferent donors. The
kinetice of metabolic conversion of radioacuive ['H]-3TC in the PBMC was analvzed by HPL.C
tadiochromatography aticr up to 24 hours ot incubauon.

The results of the time course ot phosphorylation ot 3TC show that four components representing
tie parent nucleostde and 1ts mono, di and triphosphate derivatives were detected in both HIV-1
infected and mock infected cells. The active drug. the 5-triphosphate of 3TC, by 4 hours of
exposure represents 40% or more ot intracellular phosphates.  Atter 24 hours the triphosphate
level dropped to approximately 20% . Although there 1s varniation in the extent of phosphorviaiion
trom donor to denor the 3TCTP formation appeared independent of viral intection of the cells.
SurJdies on the ettect of the external concentration ot 3TC on the formaton of intraceflular
phosphate derivatives show that the rate of tormation ot 3TC-TP was linear up to 10 uM and then
increased at a slower rate at higher concentrations. The reaction was not saturable ac the highest
concentration (500 uM 3TC) (n the extracellular medium. The intracellular concentration of
3TCTP at 500 uM of 3TC in the extraceliular medium was 17 pmol/10° PBMC.



The effect of 3TC phosphorylation n uninfected PBMC in drug combination studies was carried
out with |*H]-3TC fixed at a concentration of 10 uM and varying concentrations of (5-50 uM)
AZT for 4 hours. The results showed that AZT had no substantial cffect on the phosphorylation
of 3TC in uninfected PBMC indicauing that these two drugs can exert antiviral effect independent
! cach other.

[n order to determine the rate of decay ot 3TCTP, PBMC were incubated with [*H]-3TC for 4
hours to allow build up of detectasle intracetlular levels of 3TC-TP. Subsequently, the compound
was removed and samples were taken over the following 24 hours to be analyzed by HPLC f r
3TCTP. The rates of decay were deterauned rrom the peak areas of 3TC-TP and the 50%
reduction (half-life) in the peak area det. “mined. The results suggest that the half-life in mock
infected cells was 12-15.5 hours and in HIV infected cells was 10.5-13.5 hours. The half-life of
3TC TP is substantially longer than the half-lives for AZTTP (1 hour), ddC-TP (2.6 hours), d4T-
TP (3.5 hours) and similar to that of ddI-TP (12 hours). These in vitro results support the use of
3TC wwice daily in the clinical trials.

Catabolic degradation pathway: Nucleoside analogues are also substrates for cellular
phosphorolyases which degrade the nucleosides to their bases and sugar. Human platelets are a
rich source of these catabolic enzymes. After 93 hours of incubation in platelet enriched medium
no detectable degradation of 3TC was detected indicating that it is not (or is a poor) substrate
for the deaminases and phosphorolyases.

Effect of 3TC on HIV RT: To define the mechanism of action the sponsor investigated the
effect ot 3TCTP on the RNA-dependent DNA polymerase activity, The DNA-dependant DNA
polymerase activity and DNA chain termination during DNA polymerization. In the analysis of
RNA-directed DNA synthesis heteropolymeric (MS-2 RNA) and homopolymeric (poly rl. oligo
dC) RNA templates were used. In the analysis of DNA-dependant DNA polymerase activity
activated calf thymus DNA template was used and in the case of DNA chain termination studies
MS2 RNA emplate hybndized to a complementary deoxy oligonucieotide 5'-
CACTCCGAAGTGCGT-3" was usec. In all cases purified recombinant HIV-RT was employed
in DNA polymerization.
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Table 12. Effect of deoxyribonucleoside triphosphate on HIV RT activity’

K, (uM) Calf thymus DNA
Compound as template

i ]
as template | as template

3ITCTP 12.4 10.6 23.4 -
ddATP 0.09 NR 0.4
ddCTP 0.33 1.9 1.4
AZT-TP 0.03 NR 0.48
K_ dATP = 1.0 uM
K_dCTP = 1.7 uM
K, dTTP = 1.1 uM

* The values are an average of 2 or 3 cxperiments
* I is the concentraticn of the compound giving half the uninhibited (controi) rate

The results presented in Table 12 show that 3TCTP inhibited the RNA-dependent DNA
polymerase activity of RT with an apparent inhibition constant (K, ) of 10.6-12.4 M depending
on the template used. The K|, for DNA dependent DNA-polymerase activity was 23.4 uM.
Studies on the kinetics of inhibition suggested that 3TCTP inhibition is competitive with respect
to the physiological substrate (dCTP) for binding to the HIV-RT.

In tests designed to determine the DNA chain termination by 3TCTP, the DNA polymerization
reaction consisted of MS2 RNA template hybridized to a compiementary deoxy oligonucieotide
5'-CACTCCGAAGTGCGT-3' primer, the four deoxyribonucleoside triphosphates, 3TCTP and
the HIV reverse transcriptase, The synthetic product was then analyzed on a DA sequencing
gel. Comparison of the primer extension products with ddCTP contro! showed that 3TCTP
monophosphates were incorporated at identical positions to the ddCTP control. The resuits show
that incorporation of 3TC monophos, hate caused DNA chain termination thus blocking HIV DNA
replication in infected cells.

23



[t 1s important to note that all of the assays used in the mechanism of action studies are artificial
systems which bear little resemblance to natural templaie-primer that the HIV-RT would encounter
in the infected cells.

Effect of 3TC on deoxvribonucleotide pools in U937 cells: The relative amounts of
deoxynucleoside triphosphates in U937 cells (human monocyte-like cell line) were determined
after treatment with high concentration (200 uM) ot AZT. which is cytotoxic to most cells, while
the cells were treated with noncytotoxic concentrations of 3TC. At this cytotoxic concentration
it is expected that AZT would alter the levels of ANTPs to a greater degree than 3TC used at pon
cytotoxic concentrations. The sponsor's claim that 3TC had not interfered with the normal
metabolism of deoxyribonucleotides 1s based on this poorly designed experiment and the
conclusion is not supported. Furthermore, these studies were conducted in a single cell line with
single time point exposure of 12 hours and the general conclusion regarding all
deoxyribonucleotides is inappropriate.

Effect of 3TC on the mitochondrial DNA content: In studies designed to test the potential
incorporation of 3TC-TP into the mitochondrial DNA. the sponsor examined the kinetics of
incorporation and excision of 3STCMP into the DNA by the mitochondria! DNA polymerase-vy.
As expected 3TCTP served as a substrate for the miutochondrial polymerase and was incorporated
inro the growing DNA chain. The sponsor then examined the ability of the enzyme tor its proof
reading ability (by virtue of the polymerase associated 3°-5' exonuclease activity) by testing
excision of the incorporated 3TCMP. In paraliel experiments DNA products with chain
terminating ddCMP and the non-chain terminating natural dCMP were also included. The rates
of excision by the mitochondrial DNA polymerase-y 1n all three cases were simiiar. Based on this
data the sponsor claimed that 3TCMP was excised from the mitochondrial DNA and this reflected
in the fow mitochondriza! cytotoxicity. The results show that in terms of incorporation and excision
the DNA rolymerase-y does not distinguish the natural substrate dCMP and the chain terminating
analogues ddCMP or 3TC-MP. The evidence does not support the sponsor's conclusion but argues
that 3TCMP effect on mitochondrial polymerase is similar to that of ddCMP.

Effect of 3TCTP on human cellular DNA polvmerases; The relative inhibitory effect of 3TC-TP
on 3 major cellular DNA polymerases was compared with nucleoside analogues AZT, ddC and
ddl. Cellular DNA polymerase «, p and y are believed to piay a major role in semi-conservative
DNA replication, DNA repair synthesis and mitochondrial DNA synthesis, respectivety. The
effect of the nucleoside analogues on the DNA polymerases & and « was not investigated as these
enzymes are difficult to purify. The results presented in the Table 13 show AZTTP is the least
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It is important to note that all of the assays used in the mechanism of action studies are artificial
systems which bear little resemblance 10 natural template-primer that the HIV-RT would encounter
in the infected cells.

Effect of 3TC on deoxvribonucleotide pools in U937 cells. The relative amounts of
deoxynucleoside triphosphates in U927 cells (human monocyte-like cell line) were determined
after treatment with high concentration (200 M) of AZT, which is cytotoxic to most cells, while
the cells were treated with noncytotoxic concentrations of 3TC. At this cytotoxic concentration
it is expected that AZT would alter the levels of INTPs to a greater degree than 3TC used at_non-
cytotoxic concentrations. The sponsor's claim that 3TC had not interfered with the normal
metabolism of deoxyribonucleotides 15 based on this poorly designed experiment and the
conclusion is not supported. Furthermore, these studies were conducted in a single cell line with
single time point exposure of 12 hours and the general coenclusion regarding all
deoxyribonucleotides 1s inappropriate.

Effect of 3TC on the mitochondria! DNA content: In studies designed io iesi the poicniial
incorporation of 3TC-TP into the mitochondrial DNA, the sponsor examined the kinetics of
incorporation and excision of 3TCMP into the DNA by the mitochondrial DNA polymerase-v.
As expected 3TCTP served as a substrate for the mitochondrial polymerase and was incorporated
into the growing DNA chain. The sponsor then examined the ability of the enzyme for 1ts proof
reading ability (by virtue of the polymerase associated 3'-5' exonuclease activity) by testing
excision of the incorporated 3TCMP. In paraliel experiments DNA products with chain
terminating ddCMP and the non-chain terminating natural dCMP were also included. The rates
of excision by the mitochondrial DNA polymerase-y in all three cases were similar. Based on this
data the sponsor claimed that 3ITCMP was excised from the mitochondrial DNA and this reflected
in the low mitochondrial cytotoxicity. The results show that in terms of incorporation and excision
the DNA polymerase-y does not distinguish the natural substrate dCMP and the chain terminating
analogues ddCMF or 3TC-MP. The evidence does not support the sponsor’s conclusion but argues
that 3TCMP effect on mitochondrial polymerase is similar to that of ddCMP.

Effect of 3TCTP on human cellular DNA polvmerases; The relative inhibitory effect of 3TC-TP
on 3 major cellular DNA polymerases was compared with nucleoside analogues AZT, ddC and
ddl. Cellular DNA polymerase «, p and vy are believed to play a major role in semi-conservative
DNA replication, DNA repair synthesis and mitochondrial DNA synthesis, respectively. The
effect of the nucleoside analogues on she DNA polymerases & and e was not investigated as these
enzymes are difficult to purify. The resuits presented in the Table 13 show AZTTP is the least
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inhibitory to the 3 DNA polymerases. Polymerase e was least inhibited by any of the four
nucleoside analogue substrates. Polymerases § and v are significantiy inhibited by ddATP and
ddCTP but 3ITCTP is less inhibitory than ddATP and ddCTP. The general conclusion from this
report is that 3TCTP has a favorable inhibitory profile on the tested DNA polymerases by being
less inhibitory than ddATP and ddCTP.

Table 13. Effect of dideoxyribonucieoside triphosphates on human DNA polymearases

DNA I, (50%nhibitory concentration ot the compound in uM) .
Polymerase 3TC-TP ddATP ddCTP AZTTP
Polymerase « 175 > 500 >500 > 850
Polymerase p 25 0.75 0.056 >475
Polymerase y 44 0.068 0.031 147

The K, values of each of the 4 natural nucleoside triphosphates for DNA polymerases «, p and
vy were approximately 3.5 uM, 0.20 uM and 2.5 uM, respectively.
I, - Concentration of the compound giving half the uninhibited control rate.

CONCLUSIONS: 3TC is metabolically optimized to biotransform into the active drug form
3TCTP. At identical input concentrations, 3TC builds higher concentrations of its triphosphate
than any of the clinically available nucieoside analogues AZT, ddC, ddl and d4T. This desired
effect seem to be achieved by virtue of its stereochemical nature, by being a poor substrate for
catabolic/degradative enzymes which otherwise would break it down to its component sugar and
base and by being a superior substrate for anabolic/activation enzymes essential for its conversion
into the active drug form. In addition, the active form of the drug 3TCTP has a half-life of 10-15
hours which is much longer than the half-lives of AZTTP, ddCTP and d4TTP but some what
similar to ddATP. This longer half-life allows BID dosing of 3TC in HIV-infected individuals.
The n;ajor disadvantage of 3T, however, is that the concentrations of its triphosphate required
to inhibit HIV is greater than the triphosphates of AZT, ddC and d4T but similar to that of ddA.

The anuviral arget of 3TC is HIV reverse ranscriptase. The data from virologic studies showing
inhibition of HIV by 3TC, the data from the multiplicity of infection studies showing that 3TC
acts on a target specific to the virus, the time of addition studies showing that 3TC acts early after
infection (within the first 6 hours) and lack of effect post 6 hours, and the data showing lack of



effect on virus production in chronically infected cells are consistent with HIV RT being the target
of 3TC. Biochemical studies on the kinetics of enzyme inhibition and viral DNA synthesis
support that 3TC competes with the physiological substrate for the nucleoside binding site thus
stowing the rate of DNA polymerization by HIV RT. Chain termination studies by HIV RT show
that 3TCMP was incorporated at sites identical to the natural substrate JCMP and terminate DNA
chain from turther elongation. The data from the combined virologic and biochemical studies
confirm that the target of 3TC is the HIV RT and it inhibits the enzyme by competing with natural
nucleoside substrates and terminates the viral DNA synthesis by incorporating into the growing
DNA chain. i
3TC 1s an incomplete anti-HIV agent. The consequences of specific HIV RT targeting limits the
antiviral effect of 3TC to the early phase (acute infection) of the virus replication cycle with no
effect on the late phase (chronic infection). In the continuous presence of 3TC only new rounds
of infection and viral spread are inhibited without effect on virus production from proviral DNA
of latently infected cells. In addition 3TC which requires activation by phosphorylating enzvmes
tor exerting its effects further limit its antiviral activity to those cells that are endowed with the
capacity to phosphorvlate 3TC. Terminally differentiated cells such as macrophages with no
repiicaiion poieniial either {ack or shed the very enzymes required for the activatton of 3TC to
serve as a drug. These reservoirs of HIV in infected individuals go unchallenged by 3TC.

HIV rapidly develops resistance against 3TC. Cell culture studies show that HIV rapidly adapts
to overcome 3TC pressure with loss of susceptibility to the drug (phenotypic resistance). The
acquisition of resistance has been attributed to a single amine acid substitution in the viral RT
(genotypic resistance) at codon 184 from methionine to isoieucine or valine. Emergence of
resistance is an unavoidable consequence of treatment with anti-HIV drugs. The combination of
an inherently high mutation rate (approximaiely 1x10” per replication) and exposure to 3TC
permits selection of resistant variants. The codon 184 is in the highly conserved Tyr, Met'™ | Asp,
Asp (YMDD) region which is adjacent to the putative catalytic site of the HIV-RT. What is
remarkable of 3TC is the very rapid rate of emergence of resistance and in this regard resembles
the rate of emergence of resistance elicited by experimental nonnuclecside RT inhibitors.
Paradoxically. the mutation at codon 184 of RT restores AZT sensitivity to AZT resistant HIV.
The restoration of sensitivity suggested potential combination therapy tor anuviral activity.

In viro 3TC resistance is predictive of in vivo 3TC resistance. Analysis of viral RNA from 3TC
monotherapy showed the cmergence of resistance mutation (3.4) as early as 7 days after the
initiation of treatment and by 8 weeks all ot the 20 paticats in the trial had the resistant strain.

26



—=

Similarly, analysis of blinded clinical RNA samples collected longitudinally from 3001 1rial
(50 of 129 analyzed, 25 individuals from AZT monotherapy arm and 25 individuals trom
3TC+AZT combination arm) showed that the 184 mutation was detected in the combination by
8 weeks in 95% of the patients (5). At week 24 more of the combination group contained wild
type at the AZT resistance codons (75 % compared with 31% for AZT alone} All samples except
one from the combination group contained the 184 mutation and none of the AZT group contained
this mutation. The data suggest combination therapy with 3TC+AZT delay the emergence of
mutations conferring resistance to zidovudine.

3TC resistance is apparently beneficial. Clinical resistance emerges in -95% of the treated
patients as early as 8 weeks in both 3TC monotherapy and combination therapy with AZT.
Therapeutic benefit as measured by surrogate marker responses (viral RNA copy rumber and
CD,+ T cells) is derived in combination therapy of 3TC with AZT up to 24 weeks (up to about
50 weeks in some patients). The mutation at 184 of RT restored AZT sensitivity to AZT resistant
virus and also delayed the emergence of AZT resistant mutations thus sustaining the antiviral
activity of AZT longer than otherwise. It is interesting to note that in monotherapy with 3TC
(n=20) although there was 3TC resistant mutation as early as | week the viral RNA and p24
remained below the basc line in most patients up to the 12 weeks tested. The benetit may not last
beyond approximately one year since co-resistance to both the drugs (with multiple mutations) has
been reported (6) with rise in viral RNA to the base line,

PHASE 4 CONSIDERATIONS: In vitro and in vivo studies indicate the emergence of co-
resistance to both 3TC and AZT, suggesting no evolutionary barriers tor the acquisition of
simultaneous resistance to the combination. In future clinical trials inciuding the clinical endpoint
trials in longitudinally collected patients samples please examine HIV for phenctypic resistance
and viral RNA for genotypic resistance (to both of the drugs) in a subset of patients.

In HIV-infected patients treated with non-nucleoside and nucleoside RT inhibitors including 3TC
(3.5.7) drug resistant mutants of HIV emerge. The appearance of resistant mutants in serum is
followed by an increase in viral RNA and by a decrease in CD,+ T cells. Please evaluate the
effect of the emergence HIV variants co-resistant to AZT and 3TC on the HIV RNA copies and
CD, + T cells.

During the course of anti-HIV therapy, in addition to drug resistance in HIV changes in
biological phenotype, a switch between non-syncytial inducing (NSI) and syncyual inducing (SI)
phenotype has been observed. A recent report (7) described the conversion of NSI to SI during
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3TC treatment and the presence of SI was clearly associated with an increased risk of developing
3TC resistance. Please investigate in a sub set of patient population the potential link between
NSi/SI viral phenotype and the emergence of resistance.

RECOMMENDATIONS: The microbiology section of the draft label as currently written is
acceptable (hines 41-69, copy attached). With respect to microbiology this the NDA s approved.
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Epivir™ Tablets (lamivudine tablets} Epivir'™ Qral Soiution {lamivuaine oral solution)

Draft Label: Microbiology

CLINICAL PHARMACOLOGY:

Machanism of Action: Lamivudine s a synthetic nucleoside a2nalogue. in vitro studies
have shown that, intracellularly, iamivudine is phosphorylated to its active 5'-1-iphosphate
matabalite (L-TP), which has an intracellular half-life of 10.5 to 15.5 hours. The principal
mode of action of L-TP is inhlbit'on of HIV reverse transcription via viral DNA chain
termination. L-TP also inhibits the RNA- and DNA-dependent DNA polymerase activities of
reverse transcriptagse {(RT). L-TP is a weak inhlbitor of mammalian o-, -, and y-DNA
polymerases. -
Microbiology: Antiviral Activity in Vitrn: The relationship between in vitro susceptibility
of HIV to [amivudine and the inhibition of HIV replication in humans has not been
established. In vitro activity of lamivudine against HIV-1 was assessed in a number of cell
lines (Inciuding monocytes and fresh human penpheral biood lymphocytes) using standard
susceptibility assays. [Cs values (50% inhibitory concentrations) were in the range of 2 nivi
to 15 uM. Lamivudine had anti=HiV-1 activity in all acute virus-cell infections tested. In
HIV-1—infected MT-4 celis, lamivudine in combination with zidovudine had synerglstic
antiretroviral activity. Synergistic activity of lamivudine/zidovudine was also shown Iin a
varnable-ratio study.

Drug Resistance: Lamivudina-rasistant isolates of HIV-1 have been salacted in wvitro.
The resistant isolates showed reduced susceptibility to lamivudine and genotyoic analysis
showed that the resistance was due to specific substitution mutations in the HiV-1 reverse
transcriptase at codon 184 from methionine to elther isoleucine or valine. HIV-1 strains
resistant to both lamivudina and zidovudine have been isolated.

Susceptibility of clinica! iso'ates to 1amivudine and zidovudine was monitored in
controlled clinical triais. In patients receiving lamivudine monotherapy and combination
therapy with lamivudine plus Zidovudine, HIV-1 isolates from most patients became
phenotypically and genotypically resistant to lamivudine within 12 weeks. In some patients
herboring zidovudine-resistant virus, phenotypic sensitivity to zidovudine by 12 weeks of
treatment was restored. Combination therapy with tamivudine plus zidovudine delayed the
ememence of mutations confernng rasistance to zidovudine.
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NDA 20-564
NDA 20-596

Glaxo Welicome Incorporated
ATTN: David Cocchetto, Ph.D.
Five Moore Drive

Research Triangle Park, NC 277089

Dear Dr. Cocchetto:

Please refar to your New Drug Appilications (NDA) submitted June 3Q, 1995 under
section 505 {b) of the Federal Food, Drug, and Cosmetic Act for Epivir Tablets
and Epivir Oral Solution.

We also refer to your submission dated September 12, 1995, which requested
comment on replacing the 3TC proprietary name with Epivir . Qur Division has no
objections to Epivir as the proprietary name. For your information, comments from
the CDER Labeling and Nomenclature Committee (L&NC) are provided below:

1} The prefix "Epi-" is closely associated with products that contain
epinephrine and could therefore lead to misinterpretation. However,
the L&NC recognizes that thé&re exist many trademarked "Epi-"
products unrelated to epinephrine {(Epiderm, Epifoam, Epilyt).

2} The "-vir" portion of the trademark is an official USAN stem and the
L&NC has supported the USAN guideline of discouraging the practice
ot incorporating USAN syllables into proprietary names. However,
the L&NC recognizes that "vir" has been included in numerous
anti-viral proprietary names {(Foscavir, Retrovir, Zovirax, Famuvir).

if you have any further comments or gquestions please call Deborah L. Kallgren,
Sincerely yours,

Consumer Satety Officer, at {301) 443-9553.
e A'*}ﬂ 00555

David W. Feifalldr. M.D., M.P.H.
Director

Division of Antiviral Drug Products
Office of Drug Evaluation |l

Center for Drug Evaluation and Research
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TRANSMITTED VIA FACSIMILE

Glaxo Wellcome Inc.

David M. Cocchetto, Ph.D.
Regulatory Affairs

Five Moore Drive

Research Triangle Park, NC 2770%

Re: Proposed proprietary name(s) for lamivudine
Dear Dr. Cocchetto:

Pieasa refer to your letter of August 8, 1995, submitted under section 505(b} of
the Federa! Food, Drug, and Cosmetic Act for 3TC™ (lamivudine) 150 mg Tablets
and 3TC™ (lamivudine} 10 mg/mL Oral Solution.

We have compieted our review of this correspondence, providing for the trade
name research carried out by

The Division concurs with the guidance from the Labeling and Nomenclature
Committee that 3TC is not an acceptable proprietary name.

In addition 10 concerns previously raised by the Labeling and Nomenclature
Committee, our Division is concerned that a proprietary name such as "37C",
which begins with a numeral, may cause confusion wheri orders are given verbally
to a pharmacy. This concern was also voiced by approximately 1/3 of the
pharmacists in the (Q7 and Q9).

Finaily, your argument that two names are less confusing than three is
significantly compromised by the proposal that lamivudine indicated for hepatitis B
would have a separate trade name. A recent news clip from Reuters highiights the
potential for confusion:;



Please advise the Agency on how you intend to proceed. In your response please
outline your plans tor tablet imprnnting.

If you would like to discuss this 1ssue turther, we would propose a teleconterence
at your earliest convenience,

Should you have any questions, please contact Debbie Kaiigren, Consumer Safety
Officer at {301) 443-9553,

Sincerely yours,

W/Vy/ % B.-07-5s~

David W. ce;gél D M.P.H.
Director

Division of Antivirat Drug Products
Office of Drug Evaiuation |

Center for Drug Evaluation and Research
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