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DR HAMMER  Good morning. | would like to open
this session of the Antiviral Drugs Advisory Commttee
Meeting. W are here today to discuss the application of
resistance testing and its utility in the drug-devel opnent
process. But this synposium over these next two days wll
cover a wide range of topics related to resistance testing
and, really, tell us what the state of the art in the field
is.

| am hoping this wll have a fair inpact on the
Eield as previous neetings, for exanple, with respect to RNA
didin the past. So | look forward to an interesting two
days and conmend the agency for bringing this nmeeting
together.

| would like to start with introductions. Dr.
Charache, pl ease introduce yourself and your institution.

DR. CHARACHE: Patricia Charache. | am Professor
of Pat hol ogy, Medicine and Oncol ogy and, in Pathol ogy, ny
primary appointment, | amthe Program Director for Quality
Assurance and Qut comes Research. In areas related to this
meeting, | am Chair of the Mcrobiology Panel in the Center
£or Medical Devices. | ama nenber of CLIAC, the dinical
Laboratory | nprovenent Advisory Conmittee at CDC.  And | am

a menber of the Secretary's Commttee on Genetic Testing.
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DR FLETCHER.  Courtney Fletcher fromthe
University of Mnnesota. | am Professor in the Departnent
of Cinical Pharmacol ogy at the College of Pharmacy.

DR wWoOOLSON: Robert wWoolson. | am Professor of
Bi ostatistics at the University of I owa.

DR MATHEWS. Chris Mathews, Departnent of
Medi cine, U C, San D ego.

DR KUMAR.  Princy Kumar, Georgetown University
Medi cal Center.

DR GULICK: Roy @lick, Infectious D seases,
Cornel | University.

DR STANLEY: Sharilyn Stanley, Associate
Conmi ssi oner of Communi cabl e Diseases, Texas Departnent of
Heal t h.

DR. YOGEV: Ram Yogev, Children's Menorial
Hospital, Chicago.

DR HAMLTON: John Hamlton, Adult Infectious
Di seases, Duke University.

DR. MASUR  Henry Masur, Critical Center, NH

DR. HAMVER.  Scott Hammer, |Infectious Diseases,
Col umbi a Uni versity.

MS. STOVER. Rhonda Stover, FDA

DR POVERANTZ: Roger Ponerantz, Infectious
Di seases, Thonas Jefferson University.

DR WONG Brian Wng, Veteran's Hospital in Wst
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Haven Connecticut and Yale University School of Medicine.

DR JACKSON.  Brooks Jackson, Professor of
Pat hol ogy, Johns Hopkins University.

DR PETTINELLI: Carla Pettinelli, Division of
Aids, National Institute of Health.

DR KAPLAN.  John Kaplan. | amfromthe Center of

Di sease Control and Prevention where sone things that | do
there--one hat | wear is to try to coordinate activities we
have related to HV resistance and, specifically, an
interest in surveillance in antiretrovirally naive persons.
DR MAYERS: Doug Mayers, |Infectious D seases,
Henry Ford Hospital.
DR ARAS: Grish Aras, Team Leader, Division of
Bi onetrics, CDER FDA.
DR | ACONO- CONNCRS: Lauren | acono-Connors, FDA.
DR RHOADS: Joanne Rhoads, Medical Oficer, FDA
MURRAY:  Jeff Mirray, FDA
JOLSON: Heidi Jol son, FDA.

3 3 3

HAMMVER:  Thank you.
I will now turn the neeting over to Rhonda Stover
who will read the conflict of interest statenent.
Conflict of Interest Statenent
MS. STOVER  The follow ng announcement addresses
the issue of conflict of interest with regard to this

meeting and is nade a part of the record to preclude even
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t he appearance of such at this meeting.

Since the conmttee's discussions of these issues
relating to testing for devel opnent of resistance human
i mmunodeficiency virus will not have a unique inpact on any
particular firmor product, but rather may have w despread
inplications with respect to an entire class of products, in
accordance with 18 United States Code 208, general matters
wai vers have been granted to each nenber and consult ant
participating in the commttee's discussions.

A copy of these waiver statements nay be obtained
by submtting a witten request to the FDA's Freedom of
Information Ofice, Room 12a30 of the Parklawn Building. In
the event that the discussions involve any products or firns
not already on the agenda in which a participant has a
financial interest, the participants are aware of the need
to exclude thenselves from such involvenment and their
exclusion will be noted for the record.

Wth respect to all participants, we ask, in the
interest of fairness, that they address any current or
previous involvenent with any firm whose products they nay
W sh to comment upon

DR HAMMER  Thank you

| would also like to extend nmy welcone to all the
guest speakers that we will hear over the next two days and

now | would like to turn to Heidi Jolson who will give the
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FDA i ntroduction.
FDA I ntroduction

DR JOLSON:  Good norni ng.

[Slide.]

| would like to wel conme everyone here today to the
first of a two-day neeting that we are really quite pleased
to be sponsoring on the use of HV resistance testing in
drug devel opnent.

Before | even get into anything specific, | just
want to nention, by way of housekeeping, that we have two
overflow roons so, for confort, if people want to spread
out, there are two other roons that are down the hall and to
the right that have nonitors that folks can go to as well.

These were set up because we would hope that this
woul d be the sort of neeting that would have a lot of broad
Interest through the community and through industry.

Qur division is extrenely excited to be sponsoring
this meeting. The goal is to stinmulate further devel opment
of the science of H V-resistance testing with a focus on how
resistance testing should be optimally incorporated
t hr oughout drug devel opnent.

Qur ultimate goal in bringing forward this issue
Is to work towards and inprove our understanding of how to
better use therapeutics for HV and how to translate this

information into product |abeling for clinicians. Toward
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10
this objective, we are extrenely pleased to wel come our

guest consultants and also representatives fromthe NH and

CDC and all of our invited speakers the this week's neeting.

[Slide.]

In the next few monents, | would like to just set
the stage for the two days of scientific discussion. |, ny
comrents, | would first like to contrast the inplications of

qIv drug-resi stance devel opment from the sonewhat different
serspective Of individual patient nmanagenment and overal
irug devel opnent because the latter is really the focus of
-oday’ s neeti ng.

| would also like to el aborate somewhat on our
joals for this meeting and our expectations and provide a
.ittle background regarding how this meeting evol ved.

This is a very conplex subject. Eyeryone in this
wdience and on the committee is aware of that. vou will
otice that the agenda actually covers four pages. | think
hat that is probably a record for one of our advisory
‘ommittee Meetings.

Therefore, in ny remarks, at least | will provide

road map to the logic of the meeting which is organized
nto nmodul es or sessions. That is a somewhat different
ormat than our typical advisory-conmttee neetings.

[Slide.]

From the perspective of individual patient
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11
managenent, the inplications of HV drug resistance are
profound. Develop of resistance is a critical factor that
underm nes the safe and effective use of therapeutics for
H'V. Resistance is one of several factors that may be the
cause of treatment failure and, in the setting of resistance
and cross-resistance, selection of new regi nens becones
increasingly |imted.

From a risk-benefit perspective, patients who
continue nedication to which their virus has devel oped
resistance are at risk for drug-induced toxicity wthout a
potential therapeutic benefit to appropriately balance this
risk.

The potential for transm ssion of resistant virus
raises further conplicated patient-mnagenent questions
regarding optimal strategies, the treatment of newy
infected persons and prevention strategies in perinatal and
occupational exposure settings particularly when contact
Wi th drug-resistant virus is suspected.

[Slide. 1

From the drug-resistance and regul atory
perspectives, additional inplications are raised. Qur Iack
of a nore conplete understanding of HV drug resistance
conplicates and inpairs our ability to interpret clinical-
trial results and limts our understanding of why patients

respond or fail combination therapy in clinical trials.
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Further, our ability to test new drugs in patients
wth the greatest need for new options is limted until we
can nmake predictions regarding who is nost likely to respond
to an investigational agent on the basis of virus
susceptibility.

Last, at the present tinme, we have a limted
ability to provide advice on the optinmal use of a new drug
i n product |abeling because of our inconplete understanding
of viral resistance devel opnent.

[Slide.]

Part of the agenda today is to develop a common
understanding Of the current constraints in our ability to
utilize the emerging technologies. Some of the limtations
are listed on the slide and include factors such as the
«iversity of genotypic and phenotypic testing nethodol ogies
@and the uncertain relationships between different types of
tests, the lack of approved, well-validated assays, the |ack
of uniform requirenments for resistance characterization
throughout drug devel opnent and into the postnarketing
period, the lack of consensus regarding the clinical utility
of prospective testing and questions about the
interpretation of test results and definitions of
wesi stance, and, last, how resistance testing may be
iinpacted by a host of other biological factors.

[Side.]
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13
Al though we acknow edge that the preceding lists

an alnmost intimdating spectrum of hurdles, we strongly
believe that this neeting, as a forum nay facilitate
progress towards resolution of at |east some of these

issues. The first step towards these goals is the
identification of what needs to be addressed and to make
certain that we understand the limtations that are
currently preventing the w der use of resistance testing and
drug devel oprent.

On this slide, we sort of summarize sone of the
overal | meeting goals which | will just briefly go through.
But, first, we would |ike to define what is known or what
needs further study regarding actual technologies. That
woul d include the reliability of assays, how to interpret
the results and what their strength is for predicting
treatnent outcone.

We would additionally like to discuss different
approaches for defining resistance including nutational
algorithns and break points that would be applicable now and
in the future as new drugs are devel oped.

We would like to discuss approaches to
standardi zed nmethods for analyzing data that the agency can
use when it considers new drug applications. W would |ike
to obtain the commttee's guidance on use of resistance

testing and drug devel opment and we would like to discuss

M LLER REPORTI NG COVPANY, |NC.
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what future initiatives should be undertaken to encourage
progress.

It is really our expectation that this neeting
today is the first step towards achieving those goals.

[Slide.]

| would like to say a few words about the
evolution of this nmeeting. Because of the undeniable
public-health inmportance of this issue, our Chair, Dr.

Hanmmer, at |east a year ago, encouraged the division to have
this neeting as a proactive approach from the agency towards
moving the field forward.

At a simlar tine that we began to consider the
Eeasibility of this neeting and tackling these issues, we
vere al so approached by a newly formed industry
col | aborative group that you will hear about today which was
addressed to answer some of the issues that are in conmon
vith today's nmeeting and al so sone issues that are beyond
-he scope of today's neeting.

You will hear nore about this group on the next
slide. The agenda for this neeting was devel oped
zollaboratively Wi thin our division, wth our chair, wth
:he Resistance Col | aborative Goup and from feedback that
vas solicited by a Federal Register Notice that | wll
lescribe I n a nonment, because planning the agenda required,

first, identifying the inportant issues.
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Completing the agenda t ook many mont hs and was a
goal, initself. In fact, the agenda for this neeting
changed so many times, it was described within ny division
as a living document. But, hopefully, the agenda that is
before you is the last iteration.

[Slide.]

When the division was initially approached about
participating in the Resistance Collaborative Goup, we
stated that our participation was contingent upon well-
diversified participation by many pharmaceutical conpanies
and assay manufacturers. W believe that the genera
conposition of this group reflects this diversity. Dr.
Dougl as Richman, who is Chairperson of the Research
Col | aborative Goup and our first invited speaker, will
speak nore specifically on the conposition of this group and
Its goals and other purposes.

[Slide.]

In addition to working with the Resistance
Col | aborative Goup, we published a Federal Register Notice
on August 23 both to announce this neeting and, also, to
make a broader request for information and perspectives that
woul d be relevant to designing today's neeting.

In this notice, specifically, we requested
interested persons to provide to the agency data on the

relationship of HV nutation devel opnent and changes in
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susceptibility either prospective or retrospective data on
the relationship between genotype or phenotype and clinical
outcone, proposals for the use of resistance testing in
clinical trials and, also, proposals for how this
information coul d be incorporated in product |abeling to
support | abeling clains.

[Slide. 1

Just a word about the format for the next two
days. As noted, this format is a departure from our usual
structure of our advisory-conmttee nmeetings. \W have
>lanned this nmeeting nore as a scientific workshop and,
specifically, we do not anticipate that there wll be
| ocussed discussions on issues that are relevant only for
specific products.

Additionally, there will be no issues that require
roting fromthe committee. Because of the overwhel nmingly
road nature of the topic, the meeting's design is nodul ar.
‘ach session has specific objectives. Each session has
nvited presentations fromother academ cians or from FDA
eviewers that have been selected to provide rel evant
ackground t0 the commttee' s discussion of the questions
hat will be posed.

The common theme for each session is issue

dentification and how to achi eve progress within that given

irea.
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[Slide. 1

I wll just briefly let you know about the
sessions that we will be going through and a little bit of
| ogi ¢ of how they are organized. The first session relates,
really, to developing and understanding of the currently
avai l abl e technology to assess resistance. In the
presentations this norning, we wll cover general principles
of resistance testing and an exploration of the performnce
characteristics of currently available genotypic and
phenotypi c assays with a comentary on their limtations, on
quality-control issues that need to be addressed and on
existing data to link genotype and phenotype.

We will also have discussion of the commttee of
potential roles of assays in drug devel opnent and we will
hear an update fromthe Center of Biologics Eval uation and
Research on their proposed approach to assay regul ation
based on an advisory conmttee neeting that was held in
Septenber of this year.

[Slide. 1

This afternoon's session relates to the clinical
validation of these assays and will explore the predictive
val ue of know ng baseline genotype or phenotype in treatnment
outcome. Towards this effort, the Resistance Collaborative
G oup has assenbled a spectrum of studies that has been

reanal yzed using a common data-analysis plan. This has been
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really a major undertaking fromthis academ c group and we
want to thank them for their efforts in terms of reanal yzing
the data for the commttee' s consideration today.

Additionally, you will hear the results of three
prospective trials that have eval uated whether know ng
genot ype or phenotype at baseline is correlated with
ultimate treatment outcone.

W will also discuss approaches for characterizing
and categorizing and anal yzing resistance patterns and we
will identify additional clinical research to further define
the clinical utility of resistance testing.

[Slide. 1

Tonorrow norning, we are going to devote sone tine
to the practical considerations and feasibility issues of
resistance testing. First, we will identify patient
popul ations for whom resistance testing and drug devel opnent
Is nmost inmportant and nost useful and we will explore other
factors to consider when resistance testing is incorporated
into clinical trials.

To give you a preview, just a few of the factors
that wll be for discussion will be the conplex biology of
drug-resistant H'V, the issue of drug concentration, the
timng of sanpling of specinmens, the issue of anatom cal
conpartnents and a host of other issues that the commttee

will be asked to consider as they relate to resistance
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testing.

[Slide.]

Tonorrow afternoon, we will spend time devoted to
di scussing potential roles of resistance testing in drug
devel opment and we will specifically ask for guidance from
the commttee, both on in vitro and clinical data necessary
o characterize resistance and cross-resistance potential as
drugs cone to market.

W will also obtain guidance on postmarketing
svaluation Of resistance and then we will ask you, p, an
.nformal, nore interactive session for feedback on potenti al
scenarios for the use of resistance testing to support
‘egulatory cl ai ns.

I will just refer the commttee, in the slide
eries, those scenarios are actually at the very last slide
acket. W would ask you to take a look at themthis
vening so that you wll be famliar wth the scenarios
hich are just very generic. They are not product specific
ut they represent scenarios that either we have received
hrough the docket or that sponsors have posed to us.

Tonorrow, we will ask you, in an informal session,
ome feedback on what sorts of evidence would be necessary
> support those scenarios. That is our homework assignment
>r toni ght.

[Side.]
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Last, | want to acknow edge many fol ks who worked

on this neeting. This has been a very conplex neeting to
develop. First, 1 want to acknow edge the expertise on the

Resi stance Col | aborative Goup. You will be hearing nore
about this group in a few nonents, but there is no question
that the agency alone could not have put forward this
nmeeting because of the degree of technical expertise that
was required, in terms of fornulating the agenda and
gathering the rel evant data.

r would also like to specifically acknow edge
3 axo wellcome Who has been responsible for coordinating the
| ogi stics of when the Resistance Col | aborative Goup neets.
| want to thank all of our invited speakers who are listed
in the order of their presentation starting with Dr. Dougl as
Richman, the first speaker for this norning.

I would Iike to acknow edge the many folks wthin
our division and outside of our division at FDA who worked
on planning this neeting. Specifically, | would like to
acknow edge Dr. Jeff Mirray who was really the |leader within
our division and planner of this neeting.

This is one of those no-win slides because | am
certain that | have left off other folks' nanes or, even
worse, have msspelled them But this should just give you
a general idea of the effort of many folks in terns of

devel oping this nmeeting and the inportance that our division
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has for this issue.

So |l will close with that. | would |ike to next
introduce Dr. Lauren lacono-Connors who is our M crobiology
Team Leader in the division and who will introduce Session
1.

SESSION 1
Perf ormance Characteristics and Limtations of
Currently Avail abl e Genotypic and Phenotypic Assays
I ntroduction

DR | ACONO-CONNORS:  Good nmorning. | am Lauren
Cacono-Connors fromthe Division of Antiviral Drug Products
.n FDA.  Before we begin each session of this two-day
iorkshop, a menber of our division will take a few mnute to
srovide a brief introduction to each session.

| am going to introduce Session 1 which is devoted
o the performance characteristics and limtations of
urrently available genotypic and phenotypic assays. Ag you
re all aware, the nmajority of this workshop is devoted to
he critical evaluation of resistance-testing data generated
n the clinical setting and how these data could or should
e used to support the regulatory devel opnent of the drug.

It is clear that the reliability and quality of
he resistance testing data are directly dependent upon the
eliability and quality of the assays used to generate it.

herefore, it as felt that this two-day workshop shoul d open
M LLER REPCRTING COVPANY, |NC.
507 C Street, NE

Washi ngton, D.C. 20002
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wth a session devoted to summarizing the types of assays
that are currently in use along with the presentation of
data denonstrating the performance characteristics of

sel ected assays; that is, to literally define the inportant
features of an assay such as an assay's precision, accuracy,
specificity and sensitivity.

The session objectives are: to describe the
met hods and accuracy of genotypic assays in discrimnating
anong wild type and viral virulence; to describe the nethods
and accuracy of phenotypic assays in discrimnating
susceptibility profiles; to obtain scientific input on
issues related to sensitivity and specificity,
reproduci bility and quality control, of genotypic and
phenot ypi ¢ assays across a range of HV RNA levels; to
review criteria used for the analytical interpretation of
assay results; to explore data that describes conparability
bet ween genotypic assays; and, finally, to explore data
evaluating the correlation between genotype and in vitro
phenot ype.

Due to the nmagnitude of assay infornation and
performance data, the majority of the session will be
devoted to a conprehensive overview of the diverse assay
t echnol ogy and the perfornance characteristics of all
predom nant assays including data quality and conparability

w thin an assay cl ass.
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Since there are a number of diverse genotypic and
phenotypi ¢ assays currently in investigational use, it was
difficult to select a subset of speakers that could conplete
our session goal. Therefore, it was felt that a single
speaker could best provide an appropriate and conprehensive
presentation on the subject.

Dr. Douglas Richman fromthe University of
California, San Diego, agreed to tackle this very difficult
task.

Since these assays were intended to be used to
assess the resistance status of HV-infected patients, a
presentation and discussion of the current policies foll owed
by the agency on the regulation of these types of assays
give an inportant balance to this section. Currently, there
are no FDA-approved assays for HV resistance testing.

The Division of Emerging and Transfusion
Transmtted Disease fromCenter for Biologics, FDA, is the
group within the agency who is responsible for the
regul ation of HV resistance-testing assays.

A menber of this group, Dr. Andrew Dayton, wll
conplete this first session with a presentation on
hi storical perspectives of the FDA's requirenments for HYV
resistance assay marketing followed by the current
regul atory policies which were born out of a recently held

advi sory commttee meeting on assay regulation in Septenber
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of this year.

In addition, Dr. Dayton will take a few mnutes to
provide us with the general assay characterization
principles and what we can expect in the near future on
resi stance-testing regul ations.

W | ook forward to an interesting and productive
di scussi on. I will introduce the first speaker and then
turn the session back to our Conmttee Chair, Dr. Scott
Hamer .

Dr. Dougl as Richman Wi Il now present an overview
of performance characteristics of genotypic and phenotypic
assays.

Thank you.

Principles of HV Resistance Testing and Overview
of Assay Performance Characteristics

DR RIcHMAN: Good norning and thank you, Lauren.
| have, as Lauren nentioned, a conplicated task and,
hopefully, the areas | have selected to present and to
overl ook will be considered fair and bal anced.

First a few introductory remarks.

[Slide.]

Those of us who care for patients, especially in
infectious disease, are famliar with drug-resistance
testing. Testing for drug resistance serves to guide the
treatment of many infectious diseases. |t predicts what
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drugs will not work and why they don't work and what drugs

m ght be useful. Everybody is fanmiliar with this principle
and it is now being introduced into HV.

[Slide.]

Before | proceed, | would like to provide a few
definitions that |I think will help clarify people's
perspective. First, the term "susceptibility assay."
Susceptibility, we neasure the phenotype of replication or
its inhibition by various concentrations of drug. It is
inportant to appreciate that resistance is a phenotype. So
the ternms phenotype and genotype resistance are really
somewhat confusing. Resistance is a phenotype and various
mutations, the genotype, are what confer the phenotype.

Sensitivity and resistance, to ny mnd, are value
judgments.  Sensitivity is a value judgnment hopefully based
upon data that a drug is likely to work based upon the
results of the susceptibility assay.

Simlarly, resistance is based upon data that a
drug is not likely to work based on the susceptibility
result. There are certain susceptibility values that may be
sensitive for one drug and resistant for another. Once
again, the issues of pharnmacol ogy cone up so that an IC50
for indinavir, for exanple, may be resistant for indinavir
nmonot herapy and conceivably could be sensitive for indinavir

enhanced by ritonavir.
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That is theoretical. There are no solid data at
this point but the point is that these various cutoffs and
definitions are also inpacted by pharmacol ogy and ot her
| ssues.

[Slide.]

Wth regard to genotype, wild type is a strain of
virus that has not been selected by drug treatnment. W
obviously need to know the history but that is how we define
wild type. A natural polynmorphismis a genetic variant
present in wild type populations. Wth HYV, there is an
incredi bl e amount of genetic variation and there are a |ot
of am no-acid usages in various HV isolates that are also
seen in drug-resistant isolates.

It is inportant for us to appreciate whether it is
a natural pol ynorphismor a drug-resistance nutation. A
drug-resistance nutation is an amno-acid change conferring
reduced susceptibility selected by drug treatment. | make
this distinction because there are |ot of changes that occur
with drug treatnent that are also natural polynorphisnms that
are seen nore frequently follow ng drug treatnent.

Their presence, however, cannot be used to make a
claimthat drug resistance is being transmtted. So these
are inportant distinctions. A drug-resistance is a
mutation, or a collection of mutations, associated with the

phenotype of drug resistance and best, it is what accounts
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for it.

[Slide.]

So drug-resistance assays for HV, just as wth
ot her m croorgani snms, cannot be expected to guarantee
efficacy-- that is, drug susceptibility is not the only
predictor of treatnent response and there are other factors
drug potency, pharmacokinetics, plasnma-protein binding,
adherence and all the other things that we all know about,
the point being that if one has an isolate that resistance
I's a better predictor of failure than sensitivity is of
success for these reasons.

[Slide.]

So, before | proceeding with the discussion, |
just want to make a few remarks about this Resistance
Collaborative G oup. The background is that phenotypic and
genotypic HV drug-resistance assays are now being used to
eval uate drugs. They are now being used to nmanage patients.
'There are lots of them They are nultiple in nunber wth
limted standardi zation and their clinical utility has not
been Wel | established.

We are all aware of this and we are also aware of
what happened with H'V RNA assays where the transition from
clinical endpoints to the use of RNA for drug devel opnment
and its approval for patient managenment was a little bit of

a sl ow and painful process.
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| think HV drug-resistance testing is a
technology that fits into those categories and | think what
the various people in the field wanted to do was to nmake
this transition a little nore snooth. So there was an
existing nodel. There was a Surrogate Marker Wrking G oup
that was established that involved representatives of
various groups to help put together the data regarding the
use of HV RNA in the docunentation of drug efficacy.

That hel ped to make the transition for HV RNA
Wat we wanted to do was to be a little nore proactive with
regard to drug-resistance testing.

[Slide.]

so we put together a group that included academ c
investigators, both fromthe U S. and Europe, clinica
virologists and statisticians, representatives from industry
and virtually every conpany we were aware of who had an
interest was invited, and this included those in
phar maceuti cal devel opnent and the conpanies involved in
devel opnent of diagnostic assays.

We invited representatives from the agency and
from various centers because the inpact involves themall,
the representatives here from COER, the representatives from
CBER who have oversight for the devices in HV. | amsure
Dr. Dayton will get into this nore, but devices outside of

H'V are under the Devices Center and so we invited them as
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wel | even though they didn't have the oversight for HV
because of their expertise and experience with antiinfective
devices in general and al so because | believe that any
precedence that we set for HV will, by definition, I think,
have inplications for hepatitis B and hepatitis C and all of
the principles of virology dynamics and resistance in HV
are going to apply there.

So | think the decisions made here are going to
nave other inplications. W invited European health
authorities and nenbers of the community.

[Slide.]

The activities of the group which was forned just
>ver a year ago--at our first neeting, we decided we needed
o focus on two issues; one was to set up a Resistance
rechnology St andardi zati on Subcomm ttee of which Tom
3ingeras was the chair to try to address criteria for assay
>erformance and validation and then we set up a dinica
7alidation Subconmmittee under John Mellors chairmanship to
identify studies characterizing the utility of drug-
resistance testing; that is, correlating phenotype of
jenotype Wi th outcone and to devel op a data-analysis plan to
standardi ze definitions of resistance and outcomne.

You will hear about this second part |ater today
‘rom Vi ctor DeGruttola and John Mellors. What | will try to

lo is summarize sonme of the issues regarding technol ogy
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st andar di zat i on.

[Slide.]

The issues that | want to consider fit under the
i ssue of assay performance characteristics. pgyt, first, |
want to nention that we have to think of these in terns of
their applications. There are really two different
applications and we should keep these, | think, separate.

The first is drug devel opnent and eval uation wth
subcat egories of the preclinical devel opnent and eval uation
>r putting together the investigation of a new drug package,
and then the clinical evaluation of drugs, the NDA and
>roduct | abeling indications.

Those should be considered separate fromthe
issues of patient management. Drug-resistance testing needs
:o be used for both but we may be using different tests in
lifferent situations and sone tests may be better applied to
some than to others.

[Slide.]

So, before getting to the characteristics, | want
.o remnd you of the specific challenge of HV in ternms of
leveloping these tests. No two strains of HV are
dentical. Wthin each individual, an HV infection
-epresents @ m xture of genetic variance or a quasi Speci es;
.hat is, each individual's virus which is different from any

ther individual's represents a conplex swarm of genetic
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variance.

Thi s quasispecies is constantly evolving. Drug
treatment selects for additional variation and the drug
treatment practices in this country and the world are
rapidly changing. Wat we do with our patients often
precedes what is in the published peer-reviewed literature
and what we do with patients often includes investigationa
drugs and this is, obviously, having an inpact on the
quasi species in the various patients.

So the drug assays that are being devel oped have
o be useful and have to be valid in the context of this
incredible conplexity.

[Slide.]

So, in terns of the assays that we are going to
1se, the first consideration is what is the intended use of
sach assay. They may not all be the same. First, the
specimen; IS it useful for plasma or for other specinens
|'i ke senmen, peripheral blood cells or whatever, and, in
:erms Of these issues, one might sort of think, by anal ogy,
o H'V RNA assays.

For exanple, the extraction nethodology for the
)rganon Techni ka assay for HV RNA made that assay useful
for semen while inhibitors in semen made the assays
leveloped by Roche and Chiron nonapplicable to senen unless

v different extraction nmethod is applied.
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What is the target pathogen? Anal ogous to HV
RNA, the initial assays only work for clade B. They are
expanded. It is obviously clear that we want applications

to work for other clades circulating especially outside of
North America. So, does it work for all of HHV I? Does it
work for HV I1? Wich agents does the assay work for and
has it been validated for?

What information is provided? For a genotype
assay, for exanple, it could state that it is going to
provi de the sequence of 1500 nucl eotides of pol or it mght
provide just twenty specific codons, a codon-specific assay.
O it mght provide sone other information

What is the application? |Is it useful for drug
eval uation or useful for patient nmanagenent.

[Slide.]

In terms of validating these assays, and this is
the responsibility of each diagnostic conpany, there is a
whol e series of issues--and | am sure Dr. Dayton will get
into these in nore detail--that one needs to consider and
one needs to know this information to deci de whether that
assay is useful for any of the particular applications we
have been tal ki ng about.

Sensitivity; we want to know, with regard to
genotypi ¢ assays, What is its sensitivity for specific

nucl eoti des or codons and, because of the sequence context
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around each codon, one may have a different ability to pick
up different codons with different assays.

Also, what is its sensitivity for plasma HV RNA
level's; in other words, can this assay be applied to plasma
from someone who has got a viral load of 5,000 or 500 or 50.
Ne want to know t hose dat a.

What is its specificity? Does it get the right
answer for specific codons? pDoes it get conplicated by the
>resence Of other agents? The precision. The
reproducibility. 1 will show you exanples of each of these
-ypes Of information.

We also want to have information about clinica
ronditions. We want know whether the assay is going to
yrovide the same results if a person has HTLV circul ating,
'Mv, hepatitis B, hepatitis C rheunatoid factor, rena
‘ailure, liver failure, hyperlipidema and various drugs on
oard, heparin and so on.

So these are all very practical issues but we want
0 know whether that assay is going to perform under those

ondi ti ons.

Wiat we do know, with the various genotype assays,
s that these characteristics vary for different codons.
ith the genotype assays, they do have sonme variability for
different drugs for the phenotype assays and the type of
nswers you get vary with different mxtures and I will show
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you some of the data.

For genotyping, a major variable is the perforner,
and I will discuss this a bit. It is inportant, | think,
wth HV--and | describe sone of the issues regarding the
chal l enge of HIV--to not get too discouraged by the
conmpl exity. If somebody wanted sort of a fixed, platonic
situation in which the validation of a test worked and it
worked in perpetuity and there were going tc be no changes,
they really should be going to another field in HV.

What we have to do is decide what criteria, what
sort of validation, what sort of |evel of security we fee
confortable with and then realize that we are facing an
opponent that is going to be constantly changing and a step
or two ahead of us all the tine.

W just have to accept what are set-up standards
and then proceed. W can't |et excellence be the eneny of
good.

[Slide.]

So, in terns of the assay perfornmance
characteristics, other issues that are inportant are what
reagents are we going to use for control and
standardi zation. Wth this conplex agent that we have to
deal wth, we have to nake certain arbitrary and finite
deci si ons about whi ch codons we are going to use with regard

to genotype assays are going to be tested as the standards
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for conparison. W can't test all 500 or whatever codons We
are interested in as controls for every assay.

Whi ch concentrations of virus are we going to be
testing at 1000 copies or 50,0002 Wiich mxtures are we
interested in; 50:50, 80:20, and so on? Pure sanpl es? And
which sanples? Are we going to look at purified nucleic
acid, purified virions? Are we going to | ook at plasm

spi ked with these?

These are practical issues for setting up
standards and controls.

[Slide.]

What | amnot going to do is go through the

painful details of the technology of each assay and go
through their relative merits and demerits. | will try to
go over some general principles. It is really, | think, the
obligation of each of the diagnostic conpanies to docunent
their assay and its validation separately. So | will just
try to give some general principles.

[Slide.]

Wth regard to genotype assays, there are sort of
two general approaches to genotyping. (One is sequencing.
Usual |y, but not always reverse-transcriptase PCR of
products from patient plasma and then that is assayed by
either chain termnation or some other variant of the Sanger

sequencing nethod. Exanples of this are the perkin El ner
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and Visible Genetics type of hardware approaches.

Or one can use a hybridization-based systemto
ascertain the sequence using the mcrochip technology a la
Affynetrix. Then there are point-nutation assays that are
just interrogating for whetner you have a wild type or
nutant at specific codons that are known to be inportant for
drug resistance. Exanples of this are differentia
nybridi zation devel oped by the Chiron group or the line
>robe assay devel oped by Innogeneti cs.

[Slide.]

There are advantages and di sadvant ages of
sverything. Wth regard to sequencing, the advantages are
.t interrogates the conplete sequence of the anplified gene
-hat you are |ooking at; thus, it detects the unknown. So,
‘or devel opment of a new drug, this is clearly inportant.
le al ready know what causes AZT resistance but, if one has a
iew nucl eosi de that one is devel oping, one can't assune that
hat IS going to be what one is looking for. So one has to
.ry to detect the unknown.

The limtations of sequencing are the nagnitude of
he data. |If one gets 1500 nucl eotide sequences and one
itarts getting them from dozens or hundreds of patients,
.hen one has a |lot of data to digest and handle. A software
o deal with this is critical

Once one has that all put together, one still has
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the incredible difficulty of interpretation of the
contributions of each genetic variation. Wth the natura
pol ynorphi sns and the mxtures, this is a challenge as well.

[Slide.]

The differential hybridization assays, the codon-
specific ones, have certain advantages. They are usually
nore sensitive in detecting mnority species. The
sequenci ng net hodol ogies will often pick up mutant
popul ations if they are in the 20 to 50 percent range, at
best. These assays will often be tenfold better, perhaps
two to five-fold.

So picking up mnority species could be an
advantage in mxtures. They are sinmpler to perform and
usual ly sinpler to interpret. Their limtations are they
only detect what they ook for. So each of these
applications may have its benefits and limtations in
different situations.

[Slide.]

What | am going to show you now are sonme data from
various studies regarding the conparability of sequence
determnations in different |laboratories. | wll give you
sort of the nmore conplicated issue first. Rob Shuurman and
nis colleagues in Urecht have sort of put together standard
canels and distributed themto interested parties who

serform Sequencing to see how they conpare.
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The first panel was published in the Journal of
Cinical Mcrobiology this sumrer. This is the result of
the second panel

[Slide.]

What they did is they took plasma sanples that had
been spiked with infectious HV that contained genotypically
characterized conpositions of clonal origin. Each of these
had nutations both in the reverse transcriptase and the
protease. They |ooked at honbgenous and heterogenous
sanples; that is, pure wild type, pure nmutant and various
m xtures. They did this, once again, an arbitrary decision,
at a viral load of 50,000 copies. ©One wll get different
results with different viral | oads.

[Slide.]

So this is what they put in there. They put in
two different viruses in various conbinations that contained
either wld type or nmutant protease and reverse
transcriptase. The mxtures that they selected were 0, 25,
50, 75 and 100 percent of each of the conponents.

[Slide.]

They let each of the sites perform the assay
according to whichever of the many nethods that they
happened to have and they reported them as differences from
a standard reference sequence and entered that

electronically into a database.
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[Slide.]

Fifty-six |aboratories worldw de participated.

This is inportant, | think, to point out that sane of these
| aboratories are academc or comercial |abs that do service
and have validated their nethodol ogy for reporting results.
There are sone industry |aboratories that do drug-resistance
sequencing for their own purposes and there are sone
academc labs that are quite snall that are doing this to
see how they are just doing.

So we have a wide range of different types of
>erformers. What they |ooked at was interlaboratory
rariation | 00king at five resistance nutations in protease,
*ive I n reverse transcriptase and they | ooked at the various
romparisons.

[Slide. 1

There were various approaches using home-brew
-eagencies i n Perkin El mer using the kits of Perkin El ner,
1sing the Visible CGenetics system and using various other
.ypes of systens.

[Slide. 1

The results; what this shows on the left side are
he results in which we have 100 percent wild type. You can
iee alnost all the labs got alnost all the answers right.
mn the right side, you have 100 percent nutant and you can

ee nost of the labs got all the answers right. The rest of
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the labs, all but two, got nine out of ten right.

As you get various sorts of mxtures, you get
various sorts of mxed answers which is part of the reality
of this world as well.

[Slide. |

Looki ngat the nunber of correct calls wth
various mxtures, you can see that some labs get all the
answers right all the time. Sone get nost of the answers
right all the tine and some need to work on their answers.
‘This is just part of learning howto do all this.

[Slide.]

You can see, here, the frequency of nutation. (ne
thing that is inportant, both in the ENVA-1 and the ENVA-2
panel, is that the success or failure rate of various
lLaboratories appears to be independent of which of the kits
or assays they used. Those of us who have done sequencing
know that having a good, experienced person doing it gets
the best results.

Just as if you give sonmeone a recipe and sone
food, and give ten people the kitchen to do it in, some are
cgoing to cone out with a better product even given the sane
materials and the sanme recipe that others will. This is one
of the practical issues that performance characteristics is
an inportant issue here. It is just something that needs to

be consi der ed.
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[Slide.]

This shows the variation of the resistant ones.

[Slide.]

In terms of nore experienced |aboratories, the
results do seemto be quite conparable. These are the data
srovided to ne by Brendan Larder fromthe Vvirco group in
vhich they have | ooked at reproducibility of their own
yjuality assurance.

They | ooked at 16 sanples on ten different
>ccasions, repeated on ten different occasions. This shows
-he reproducibility of nucleotide variation and am no-acid
rariation and we are well over 99 percent. I n addition,
-hose patients who had viral |oads over 1000, 95 percent of
he time, they got a successful result.

This is reassuring that an experienced |aboratory
lets nore reproducible results.

[Slide.]

In a study presented at the Drug Resistance
weeting in San Diego |ast June, a blinded conparison of
pecimens I N two experienced | abs, one a commerci al
aboratory and one an academ c | aboratory.

[Slide.]

What they tried to do is determne if the sequence
nal ysis of conplex clinical isolates yielded conparable

-esults fromthe two different experienced |aboratories.

M LLER REPORTI NG COWPANY, |NC.
507 C Street, NE
Washi ngton, D.C. 20002
(202) 546- 6666




)

at

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

42

These materials were aliquoted, distributed blinded and the
sequences were generated on 44 isolates from heavily
pretreated individuals.
The | aboratories used different in-house validated
ABI - based sequence-anal ysis protocols.
[Slide.]
Once again, using the sequence of over 4000
protease and 11,000 RT am no-acid residues, the concordance
was quite inpressive. So | think that this is, once again,
an exanple of experienced |aboratories getting relatively
reproduci bl e results.
[Slide.]
The issues of genotype, the various of kits and
met hodol ogi es, are under the purview of CBER  The
performance of the various |aboratories is an issue that we
are all interested in. There are a lot of different assays
and different approaches.
The phenotype situation is quite distinctive.
Those of us who started |ooking at H'V susceptibilities as
long as ten and twelve years ago, devel oped and used assays
that can fairly be described as expensive, cumbersong,
| abor-intensive, slow and relatively inprecise.

That type of methodol ogy that we used which hel ped
to identify the phenonenon of drug resistance are really not

satisfactory for patient managenent or for high through-put
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data generation.

So two conpani es have now come up W th assays that
fulfill those criteria and have pretty much taken over the
field with regard to drug-resistance assays. Wuat | will do
is try to describe what they are doing. Once again, as with
the genotype assays, | will not try to contrast them but
descri be what they have in common and what they can do and
their limtations.

There are two assays that exist, virco and
ViroLogic. What they have in common is they anplify a
segnent of the gag/pol gene that incorporates protease, nuch
of RT and some of gag fromthe patient plasma HV RNA.  They
put this anplified material into a reconbinant virus
construct that, then, they use in a standardized high-

t hr oughput assay.

Right away, one sees one potential limtation here
In that these assays are potentially useful for reverse-
transcriptase inhibitors and protease i nhibitors which
represent all of the approved drugs now but, obviously,
there are people trying to devel op drugs against fusion
i nhibitors, chenokine receptors, integrase and so on
These particular assays will not be applicable to those.

These are rapid high-throughput automated and they
are in-house assays. They are done at each of their sites
and they cannot be put in a little plastic container and
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just add water at each site and then run it. The material
has to be shipped to them

So, right now, they are not regulated by the FDA
and their accreditation for their performance is overseen by
various |aboratory-accrediting agencies like CLIA College
of Anerican Pathologists, various states and European
agencies. Both of them have fulfilled this accreditation

[Slide.]

These are data provided by Brendan Larder
regarding virco quality-assurance data. Looking at between
1700 and over 2200 determ nations per conpound--we are
tal king about twelve to fifteen drugs per assay--the
variation was less than three-fold for each of the assays
over a period of a year looking at a wild-type reference
strain.

[Slide. !

Looki ngat inter-assay reproducibility, |ooking at
sixteen sanples on ten different occasions, the variation in
1c50, 1.2-to 2.5-fold. The sensitivity; 95 percent of the
sanples with a viral |oad over 1000 copies/m were
successfully anplified and assayed. Their subtypes; they
get anplification and successful genotyping that has been
denmonstrated in all the groups and subtypes of H V-I.

[Slide.]

This is an exanple of the type of report of the
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data that are generated by virco. |t doesn't project
ideally but it shows each of the approved drugs. The
susceptibility that is generated is then shown with this

bl ue dot here and the data on this scale are the fold
difference froma laboratory reference strain. So one would
be the same as the reference strain.

They are reporting things as not significantly
different fromthe reference strain as anything |ess than
four-fold different. That is in this green area. Then
everything greater than ten-fold difference is in this red
area. Then there is also a yellow area between four- and
ten-fol d.

It is inportant to appreciate for this assay and,
also, for the other one | wll describe that this cutoff of
four-fold here is what they are confident is statistically
not different, that they can reliably say is not different
fromthe wild type.

That does not tell you what is clinically
inportant. Clinically inportant is the susceptibility that
makes the drug work or nmakes the drug not work. \Wat we
don't have with this assay or with the other phenotypic
assays or wth a lot of genotypic assays is--what we woul d
like optimally is systematic, prospective controlled data
saying what |evel of susceptibility would predict success or

failure wth nonotherapy with that drug.
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Those data woul d be unethical to obtain and so it
Is going to be real challenge now for us to generate data
that will help us to say what cutoff is clinically
inportant. Those data have been, | think, best generated
with abacavir now with retrospective studies and you wil
start to see some data fromthe group this afternoon that
w |l give sone suggestions.

But the precise cutoff is a challenge. Fromthe
data that Dr. Little will show you, there are wld-type
I solates out there that have eight-fold reduced
susceptibility to certain drugs. The question is they are
not resistant transmtted virus. That is the wld-type
variation and we don't know whether that is clinically
I mportant or not.

[Slide.]

The other assay is the one from ViroLogic. |
nention there is anplification of segment fromthe plasma of
-he patient containing protease and RT, then put into a test
rector Which is transvected into cells and the generation of
-he test vector which, then, infects a cell line that
axpresses |l uciferase is what is nmeasured and what is
inhibited by the presence of various concentrations of drug.

[Slide.]

Once again, the type of validation done with this

issay, repeated testing of nultiple patient plasna
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operators, assay runs, reagent |ots, repeated testing of
drug-sensitive and drug-resistant viruses and, once again,
the multiple-conditions runs and so on.

[Slide. 1

This is the fold variability that all those
repeats generated. You see the fold change is |less than

two-fold for all of the approved drugs with one exception
nere, of course, with AZT now showing a little bit nore

rariability wWith nmultiple patient sanples in terns of

reproduci bility.

47
e

It is on the basis of this that their reports say

chat if it is greater than 2.5-fold fromthe control, it is

iifferent, once again, that being a laboratory definition of

reproduci bility and not a definition of clinically
significant di fference.
[Slide.]

The assay variability on repeated testing of

reference sanples; this is a controlled sensitive virus and

‘hese are two resistant viruses. (Once again, you see the
rariability.

[Slide.]

None of 80 seronegative sanples produced a result
mnd testing of HV sanples containing multiple interfering

substances under interfering conditions had no inpact.
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These included high levels of triglycerides, henoglobin,
bilirubin, bacteria, fungi, other viruses and so on.

Then, |ooking at various virus concentrations and
processing tines and so on--so these are inportant variables
that need to be defined.

[Slide. 1

This shows a point from patients who are known to
be treatnment naive. Many of these sanples were obtained in
the ’'80’s before the drugs were available so we are
confidence they were naive. You see the variation fromthe
control virus. The mean here is pretty tightly around 1,
but the 5th and 95th percentiles, you see three drugs here
in which over 5 percent of the isolates are greater than
three-fold different than the control virus.

That is shown, | think, better on the next slide.

[Slide.]

So these are the neans and the 25th, 75th
percentiles and then the 95 and 5 percent variation. You
see a |arge nunber of sanples fit within a type range for
Wl d-type virus but there are a few drugs for which there
are wld-type viruses circulating that are alnost always
l ess then ten-fold resistant.

But the questions are is sonething between four
and ten-fold | ess susceptible. Is wld type going to

respond or not? That is an interesting question and that
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account for these natural variations are now being defined.
[Slide.]
These are data showing the |evel of plasma RNA
that generates a result. 90 percent of patients wll

generate a result with 540 copies or nmore, 95 percent with

49

700 or nore. So these are inportant issues nore for patient

managenent, really, than drug devel opnent but they are
i nportant pieces of information to know.

[Slide.]

The issue of mxtures, putting artificial
conbi nations of mxtures with various--10 percent,

20 percent and so on--of highly resistant virus to each of

these drugs up here with a wild-type virus, you can see the

fold change here. This is the 2.5-fold cutoff.

You can see Wth the various protease inhibitors

m xtures of highly resistant virus and wild-type virus. At

least if 20 percent of the conposition is resistant, it is
going to be picked up as significantly different--in some
cases, 10 percent--with the protease inhibitors.

Wth 3TC, the wild type has nmuch better growth
characteristics and one has to have the nmajority of the
virus being 3TC resistant before one can see a phenotypic

change in the assay.

So whether it reads out as resistant or sensitive
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wi Il depend on how nuch sensitive or resistant is in the
conposition and al so whether the resistant virus is highly
resistant or noderately resistant. This is just part of the
reality. This sort of issue applies to genotyping as well.

[Slide.]

This is the type or report fromthe other assay as
well. You can see that one gets, with a virologic assay, a
result showing that it fits in the same as the reference,
decreasing susceptibility. A so, here is an exanple of
anot her phenonenon, the significance of which needs to be
defined.

There are a nunber of mutations, especially in
reverse transcriptase, but it has also been shown in
protease, that confer resistance to one drug and make the
virus hypersensitive to others. Here, 3TC abacavir
resi stance has been associated with a shift to greater
susceptibility to NNRTIs. The question is whether this is
going to have any inpact on treatnent effects. The answer
IS we don't know.

[Slide.]

So correlation of phenotype and genotype; the
phenotype of drug susceptibility is conferred by the viral
genotype. Thus, they nust correlate. But how well do they
correlate. Basically, the virus has it all figured out. It

correlates 100 percent for the virus.
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The issue is what our assays do, how well our
assays correlate with each other because we are only
approxi mating what the virus is up to. The challenge here
Is that some correlations of black and white--that is, if
you have a nmutation at 184, you are absolutely resistant to
3TC and if you are a wild type of 184, you are sensitive to
3TC unl ess we discover some new drug-resistance nutations
which, in fact, some people have--the virco group described
at the last drug-resistance neeting.

But, at least with that nutation, we know that the
drug will not work. That is true with a number of drugs,
especi ally the non-nucl eoside RT inhibitors and other drugs.
If we see certain nutations, we know that drug won't work.

But, unfortunately, there are various shades of
gray because, for many drugs, especially the protease
inhibitors, multiple nutations are usually needed to
generate high-level resistance and there are very conplex
i nteractions which can be additive or suppressive and have
various effects on each other. Some of these, we haven't
figured out yet.

So this is part of the conplexity of analyzing
genotype data. Dr. D’Aquila, tonorrow, will discuss this in
more detail

[Slide.]

But with the various drug-resistance assays, they
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have all shown that, in general, if you have the right
nutations, you are going to show the right answer; that is,
I f you have various nutations known to cause resistance to
non-nucl eoside RT inhibitors, you are going to have reduced
susceptibility to those drugs.

There are sonme exceptions in that here is one
mutation that doesn't confer resistance to del avirdine,
another one that has a very small effect on efavirenz. \pat
we need to know is what happens when these drugs are used in
patients who have developed these nmutations. can you then
use a second NNRTI inhibitor if you happen to have the right
mutation or the right susceptibility.

[Slide.]

Simlar data wth protease inhibitors, but these
are even nore conplicated. These are defined viruses wth
given mutations. You can see here that there is a
significant amount of cross-resistance but there are sone
exceptions. Mst notably, the first nutations seen with
nelfinavir do not cause cross-resistance to the others.

You add sone nore nutations and it nmay or may not
cause cross-resistance. You get various conbinations and
pernut ati ons. So when one | ooks at a genotype report, it is
often very difficult for a non-experienced caregiver--and |
can tell you for some of us who think we are experienced, it

is still very difficult sometines to make predictions based
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on the conplex data.

But one does get reproducible answers with the
same virus in these sorts of assays.

[Slide.]

Here is an exanple of a type of approach fromthe
ACTG 372 data in which a list of drug-resistance nutations
known to cause resistance were listed. Then the
susceptibility was obtained. There was excell ent
correlation for alnost all the drugs and then this set of
drugs for which the genotype resistant situation is a litt|ge
nore conplicated, the prediction wasn't quite as good.

[Slide.]

This shows a phenotype sensitivity score was
arbitrarily generated and a genotype sensitivity score based
on the nunber of nutations that were considered bad. Then
you can see a clear correlation. The size of these dots are
-he nunber of specinmens in each of those categories.

you can see it doesn't fit perfectly on a straight
-ine but it is clearly statistically significant. The type
>f endpoint data that these approaches have generated, you
/111 hear nore about to reassure you that, in fact, this is
ieaningful dat a.

[Slide.]

So how do we use genotype and phenotype? |n

:losing, what | will do is give you ny personal opi nion. |
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haven't run this by the rest of the Resistance Collaborative

G oup so you can take it or leave it, as you wll.

For drug developnment, | think we clearly need
both. For patient managenent, the nost useful test--that
is, the test that gives the best predictive value for
treatment efficacy considering cost, turnaround tinme, et
cetera, requires data. W don't have the information to say
which test to use in which situation and, in fact, it may
vary in different clinical situations. |t nay be different
in naive patients and in highly experienced patients.

But our job today is to concentrate on drug
devel opnent.

[Slide.]

So | will give you ny personal opinions about what
| think the center and this commttee shoul d expect to see
at the very least. In terms of preclinical studies, for an
ino, | would think that for a new drug, one would want to
assay for that drug's activity--that is, get the phenotype--
against a series of l|laboratory strains, both wild type and
with well-characterized resistance, well characterized by
both phenotype and genotype to other approved drugs, and
then | ook at various clinical isolates, both wild type and
wel | -characterized with regard to resistance to the approved

drugs

Then one would want to ask to see what happens
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when one selects for resistance in vitro, characterize the
phenotype of that resistant virus against approved drugs so
we know what kind of cross-resistance it causes and then
sequence the resistant virus that has been selected and
identified in nmutations that have been generated and
characterize these nutations to see which ones are inportant
by in situ directed nutagenesis for the resistance to that
drug and to the other drugs.

[Slide.]

Cdinical studies for new drugs; what do we want to
see? Wiat | would like to see is when a new drug is used,
both as nonotherapy or in conbination, for patients who fail
treatment--that is, don't beconme suppressed--we want to | ook
at the post-treatnent isolates and | ook at their phenotype
agai nst that drug and other drugs and the genotype.

Al'so, inportantly, we need a |lot nore data to test
the activity of this drug that we are interested in in
patients with resistant isolates that have been well
characterized at baseline for genotype and phenotype agai nst
this drug and agai nst other drugs.

This is a very inportant and practical problem
We know that a significant proportion of patients have
detectable virus with resistance in them and these patients
need help with new drugs. W would like to know how to use

t hese new drugs nost intelligently.
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This is the type of data that we need.

Presumably, this type of data will help in the new product
| abel i ng.

[Slide.]

I would like to close and acknow edge the people
who have hel ped ne put the talk together. The drug
guidelines for validation, the subconmttee that wote,
really, beautiful reports were Tom Gingeras from Affymetrix
and Chris Petropoul ous from ViroLogic, and then sone fol ks
who | ent me sonme slides; Brendan Larger at virco, Nick
Hellman at ViroLogic, Rob Shuurman from Urecht and John
Mellors fromthe 372 team

Thank you for your attention.

DR HAMMER:  Thank you very mnuch, Doug.

V¢ have a few mnutes, | think, before the next
presentation if there are inmmediate questions fromthe
comm ttee.

DR POVERANTZ:  Are you, or soneone afterwards,
going to discuss the devel opnent of conputer programs or
algorithmc analysis for this because it |ooks |ike maybe
sone of us need that help as we | ook at patients.

DR RICHMAN: Right. There are two types of
conputer prograns. The various sequenci ng conpani es have
devel oped and are devel oping software just to align

sequences and identify those sequences that are known to be
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associated with drug resistance.

A nunber of the conpanies that generated genotype
reports provide those lists. For many drugs, it is
straightforward; 184, 3TC resistance; 215, 41, AZT
resistance. But for other drugs, especially the protease
inhibitors, you see two or three nutations and you coul d
say, "Well, this person was on indinavir, developed two or
three mutations resistant to indinavir and ritonavir." But
the average expert can't predict, "Is it going to work
agai nst anprenavir or nelfinavir for whatever, or drug x?"

Sonetines, there isn't the database to do that.
Cther times, there may be but it is very difficult. There
are proprietary databases. Virco has correlated its
genotypes and its phenotypes and conmes up with a prediction
that is usually right, or often right, but, once again, not
al ways right because the virus is always a step or two ahead
of us and there are mutations we don't always know about.

But that is proprietary. So this is an area that,
| think, is in alot of flux. Just for the fun of it, |
will venture an opinion. M own opinion is that, for
"sal vage" patients, highly experienced patients who have
failed many tines, it is going to be easier to nmanage
patients wth phenotype data than genotype data.

For other situations, that is sonmething else but,

for developing a new drug, | think it is conplicated. You
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probably want both types of data. But the perfect analysis
of a genotype? W know this virus is too fast to know
everyt hing ahead of time.

DR MASUR. Doug, one of the things we have
westled with is how to determne activity of drugs and
determne that the activity is really due to one drug rather
than a drug cocktail. On your next-to-last slide, you
tal ked about testing activity of drugs in patients wth
resistant isolates but, since there is so much reluctance to
add one drug to an existing reginen or to use nonot herapy,
if you are going to be looking to add at |east two active
drugs, how do you actually get any positive data?

You can get negative data if the patient fails to
respond, but then you get drug interactions, antagonisns.
How do you actually acconplish that second bullet on your
next-to-last slide?

DR RICHMAN: That is a very inportant question.
It is acritical question. You are going to see from John
Mellors the type of data that would suggest that these data
are predictive of success and failure in conbinations but,
in fact, fromthe point of view of developing a new drug, it
is a fundanmentally inportant--and | think we do have a
di | emma.

I think know edgeabl e patients and caregivers are

unwi I ling to participate in studies that use prolonged
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monot herapy, are unwilling to do add-on studies if there are
other alternatives and are unwilling to participate in study
designs to nmeet "regulatory" purposes in which there is a
suboptimal arm

It has clearly been done in the past and I,
personally, don't think that type of approach is acceptable
anynore. So, now, if we design--the only right type of
study to do is one in which patients are random zed to arns
that are acceptable standard of practice.

If that is the case, we have automatically
precluded the opportunity to define the activity of any of
the components. So, what | have done is | have reiterated
your question. | haven't given you an answer.

DR MASUR. That is a very effective technique.

DR HAMVER. You are also in the right part of the
country to do that, near Washi ngton.

DR RICHMAN: But | think this is a dilenmm that
Is inmportant for people who are trying to conduct studies,
>eople wWho are trying to devel op drugs and people who are
:rying to regulate it. So all of us, the investigators,
industry and the agency really have to figure out what is
acceptable given those constraints w thout conprom sing
>roper patient care.

DR HAMLTON. Doug, you indicated that certain

:echnologies were applicabl e, perhaps exclusively, in
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di fferent popul ations, different body fluids. Is there
reason to think that different strains exist in one body
fluid versus the other?

DR. RICHMAN: There is not only reason, there is
data. Yes; there is no question that there is discordance.
Ve showed two or three years ago that both the quasispecies
and the drug-resistance nutations could be discordant in the
brain and central nervous system

There are three or four such studies that have
shown simlar data in genital secretions, prinmarily senen,
which is inportant for transmssion as well. So there is
sone discordance. | think Rich D’Aquila is going to discuss
that to some extent tonorrow.

DR YOGEV: You tal ked about how you predict
success. Do we talk also length of time? For exanple, if
you define certain drugs are sensitive by phenotype and
genotype, then we have a pressure on the quasi species who
are in the mnority that we cannot pick up by the
sensitivity of the test and are not com ng out.

So should we define a success by how | ong t hat
specific therapy is effective, six nonths, a year, or--

DR RICHMAN: OCh, absolutely. It has to be long
enough to be clinically significant because we have a
chronic disease and, even though we are interested in what

IS going to happen in five or ten years, we can't wait for a
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five- or ten-year study before making decisions. So we have
to figure out what duration is acceptable, and whether that
Is six nonths or nore is--

DR. MAYERS: Doug, sone of the nost difficult
drugs we have to deal with are the drugs that lose their
virologic activity without a clear phenotype, the drugs you
|isted, dd1, ddc and d4T. How should we work on trying to
define for the clinic to determne success and failure when
you don't have a clean resistance phenotype?

DR RICHMAN: There are nutations that do confer
significant resistance to those agents but we al so know that
an experienced patient with AZT is not going to have,
necessarily, the same response even though they have got
wld type virus as an inexperienced patient.

That al ways rai ses questions about pharnacol ogic
effects. There are data regarding p-glycoprotein efflux
punps for protease inhibitors. There was a very nice paper
in last nmonth's Nature and Medicine from St. Jude show ng
that MDR-related gene will punp out triphosphates and can be
selected for and anplified in cells.

So there may be other drug-resistance nechani sns
anal ogous to those in oncology that may be applying to
patients here. They will only add to the conplexity. They
won't supersede the issue of drug resistance to the virus.

DR CHARACHE: Is there data for drug devel opment
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or would you suggest data on drug conbinations in vitro to
see .f they may be inhibitory or synergistic, particularly
I f they have the same phenotypic target?

DR RICHMAN: | didn't put that on the list, and
maybe | could have, of things to recormend in the
preclinical package. Cearly, | ama believer in |ooking at
conbi nation studies primarily to show antagonism | think
that is worth doing to provide an indication why sone drugs
m ght not be conbi nabl e.

So that type of information is useful and | guess
it is also useful for looking at resistant virus and whet her
conbi nations are useful. There are sonme practical technica
problens that | could get into if you want about problens
wi th doing such assays. They have to be done at
concentrations of drugs which are subtherapeutic or they
can't be anal yzed.

There are sone practical issues, but | think those
sorts of assays are useful in a package; yes.

DR POVERANTZ: Doug, you touched on a rea
difficult question in your talk and that is the group of
viruses that are phenotypically mldly resistant, four- to
eight- or ten-fold but have no genotypic correlate. It has
come out in a few papers, one recently from your group.

Now, one of the things that you can think of is

that we just haven't found those subtle genotypic markers
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for that phenotypic resistance or it mght be sonething nore
complex. Cearly, we don't know what they nean clinically.
Do you have comrents on what may be causing that?

DR RICHMAN: Yes; there is sone prelimnary data
that Andy Leigh Brown has generated with the data that Susan
w |l show you that there are sone sequence explanations wth
natural variability that account for nuch of this. so
think that the variability of wild-type strains will account
for susceptibility to certain drugs.

DR. POVERANTZ: I'msorry; so you think that that
Is natural variability in the wild type and not subtle
changes due to pressure fromthe drug?

DR RICHMAN: Yes.

DR KAPLAN. Doug, in your conmments about
correlation of phenotype and genotype, you nentioned there
are sone blacks and whites, like, for exanple, the 184
mutation, but there are a ot that are in the gray zone.
guess there are sone data being devel oped by the drug
conpanies. You nentioned a lot of it is proprietary, but I
wonder what the prognosis is for nore publicly available
information in the future on correlation of genotype and
phenot ype such that people using genotype assays may have to
resort to phenotypic testing |less frequently.

| recognize, in sone situations, you are always

going to have to do it but where are we headed in that
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regard?
DR RICHMAN: This is a noving field and there are
usual ly are not many secrets too long. So my guess is there
are going to be lots of data generated by various conpanies,

by various investigators and nore sophisticated ways to

anal yses and correlations. | suspect we wll know a | ot
more in the future than we know now. | certainly hope so.
But | amoptimstic that we will learn nore.

Cbvi ously, looking at the unknown, what the phenotype does
I's measure the susceptibility while the genotypes are a
current approxi mation of that. But which situations each of
t hose assays will be nost useful will--data is what drives
it

DR GULICK  Doug, you nmade a big point about the
experience of the labs doing the genotypic assays. Could
you comment on what is the definition of an experienced |ab
and how we evaluate the experience of a |ab?

DR RICHMAN: That is a very good question.
Experience doesn't necessarily mean size or nane
recogni tion. It means performance. So there are sone
academc |labs that are small that do good work and there are
sone very large labs that may not. But | certainly would
not nane names.

So this is a practical problem This may be

better addressed by Dr. Dayton, but there are two issues.
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ne is the kits and reagents | think the agency can oversee.
ut performance of laboratcries is nore |ab practices,
ccreditationtype thing. | amnot really ideally qualified
o discuss that.

DR HAMVER  Thank you very much, Doug.

Wth that segue, | would like to introduce Dr.
ndrew Dayton fromthe Center for Biologics and Eval uati on.
CBER’S Policies on Assay Regulation: Definition
of Assay Perfornance Characteristics

DR DAYTON. Good nmorning. That last talk of Dr.
ichman’s 1S going to be tough act to follow but, on the
ther hand, since he has covered nost of what | want to say,
rou can be forgiven if you begin to lapse into a little bit

»£ | ate-nmorning sl eepiness.

[Slide.]
| am Andrew Dayton. | amin the Division of
imerging and Transfusion-Transmitted Diseases at CBER | am

joing to discuss our policies on assay regulation primarily
| ocussing on definitions of assay performance
haracteristics.

[Slide.]

The theme of ny talk today is the regulation of in
sitro diagnostics, or 1vbs. It is not rocket science; that
is, the regulatory handling of it is not rocket science. |

think comng up with the data maybe does qualify as rocket
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science but there is an inherent logic to how we regul ate
t hese IVDs.

There are two centers at the FDA which regulate in
vitro diagnostics, the CDRH and CBER

[Slide.]

In CBER, we currently have IvDs on the narket
whi ch are basically blood-borne pathogen tests for hepatitis
B, H'V and HTLV, hepatitis C and syphilis.

[Slide.]

The statutes that cover 1VD regulation are the
Public Health Service Act, Biologics Regul ation, 24 CFR 600
to 699, the Food Drug and cosmetic Act, the Medical Device
Amendnents of 1976 and intercenter agreenents.

[Slide.]

The intercenter agreenents are critical to how the
IvDs get divvied up between CDRH and CBER  The Intercenter
Agreenent of 1991 basically established that CBER woul d get
the in vitro diagnostics for all blood-donation screening
and for all HV diagnostic applications. CDRH gets the IVDs
for alnost all other applications.

[Slide.]

The current CBER or FDA-licensed or approved HV
tests include tests for the follow ng: HV antibodies
detected by ELISA or inmunofluorescence analysis for

screening or diagnosis--screening nmeaning screening for
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bl ood donors or plasnma donors; H'V antibodies by Western
bl ot of immunofl uorescence analysis for confirmation of
screening results; H'V p24 antigen screening for screening
and for prognosis; and H V-1 RNA for prognosis and
managenent .

[Slide.]

One of the general regulatory requirenents for HYV
tests--basically, they are what you woul d expect and,
actually, Dr. Richman did a very excellent job of
i ntroducing you to them and covering themin considerable
detail. The key areas that you have to pay attention to are
manuf act uri ng consi stency; can sone of the manufacturers
tests give us some kind of guarantee that they are going to
be able to continue to manufacture at the same |evel of
assay performance that they used to test it or to develop it
Wi th.

Qoviously, sensitivity is of concern, specificity,
reproducibility, and clinical utility.

[Slide.]

Manuf acturing consistency, as | said, neans
basically can you continue to produce an assay that perforns
the same as the one you devel oped. For us to be assured of
this, a sponsor needs to give a full description of the
manuf acturing process. The sponsor needs to give a

denonstration that the manufacturing process is adequately
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control | ed.

This basically means quality control tests and
specifications with supporting data. VW need such quality
control tests and specifications, for instance, for
acceptance criteria for reagents that cone into the
manuf act uring organi zation. |In other words, the
manuf acturer has to put limts on what condition he will and
wi Il not accept reagents under and the sponsor has to test
those limts to show that they are reasonabl e.

We need quality control for critical manufacturing
steps and we also need quality control for lot release. It
Is inportant to remenber that quality control for |ot
rel ease is necessary but it is not sufficient. Soneone who
I's making an assay can't just introduce one quality control
step at the very end--in other words, measuring how the
assay works when you are finished manufacturing it and then
say, "Hey; it works. It's good."

That is not enough. In order to be assured of
manuf act uri ng consi stency, we need to know that all the
critical steps are also adequately controlled. W also need
data on consistency of the assay over time. This includes
obvi ous issues such as reagent and overall assay stability
on storage and shi pnent.

W al so need data on lot-to-lot variability. No

assay is perfect. It is going to vary fromlot to |ot and

M LLER REPORTI NG COWPANY, [|NC
507 C Street, NE
Washi ngton, D.C. 20002
(202) 546- 6666




at

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

69
we certainly are not going to just take a look at the
results fromone single | ot and approve a product based on
that. W also need insurance of long-term availability.

[Slide.]

Sensitivity, in general, basically is the question
of showi ng that assay neasures the analyte. This can,
obviously, take different forns and, in this case, wth
different codons, different codons may have different
sensitivities.

We are very interested in know ng the range of the
measur abl e anal yte and also the effects on sensitivity of
interfering substances and conditions.

[Slide.]

Specificity, in general, is the issue of false
positives. W want to know how often do you get false
positives under ideal circunstances and, also, under

situations where you have interfering substances or

condi tions.

[Slide.]

Reproducibility; this was very well handled in the
previous talk. | think all | wll say here is that we are

interested in run-to-run variability, in site-to-site
variability and, again, we see that is a very mmjor issue;
operator-to-operator variability. Again, that has already

been described as being a major issue; and day-to-day
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variability.

Finally, in general terns, clinical utility; I
don't have a separate slide for that, but, basically, does
it do clinical good. Let ne discuss sone of these genera
terns with specific relevance to H'V drug-resistance
genotype tests.

[Slide. 1

Again, as | nentioned, we need to know the
sensitivity; how often do you get a nutant or a codon that
is there? How does it vary fromcodon to codon and, in
particular, how sensitive is the assay at various |evels of
viral burden? Does it always pick up 20,000 copies per m,
or 5,000 or 2,000 or 2002

W need to know that. W need to know how
sensitivity varies across a range of expected viral burdens.
The sane is true for the range of nmutant proportions. Do
you pick up a mutant that is there 25 percent of the ting,
10 percent of the time? W need to know that.

Reproduci bility has been extensively discussed
this morning. As | said, lot-to-lot, site-to-site; all very
important. We particularly want to know how the
reproduci bility varies under challenging conditions such as
| ow mutant proportion or |ow viral burden.

Finally, clinical wutility, which is the nost

conplicated issue of all; does the assay benefit the
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patient? W are currently westling with just how to handl e
this as a regulatory agency. Basically, the two principles
| want to introduce are the predicate device and special
controls.

We are seeking to regul ate these genotype drug-
resi stance assays at a Class Il level. This usually
i nvol ves reference to a predicate device, sonething that is
al ready out there and approved. But it doesn't have to. In
lieu of a predicate device, if none exists, we can still
regulate it at a Aass Il level or the s510(k) | evel by
reference to what we call special controls.

[Slide.]

For Class |l devices, special controls can obviate
the need for a predicate device if the know edge of the
field is such that adherence to the special controls can
adequately insure that a device is safe and effective.

[Slide.]

One type of special control can be a gui dance
docunent or, actually, not the guidance docunment but
criteria specified in a guidance docunent. As many of you
know, the Blood Products Advisory Conmttee has recently
recommended that HV drug-resistance genotype assays be
regulated as Class |l medical devices.

In this case, the special control would be the

criteria laid down in the guidance document which is
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currently under devel opnent.

[Slide.]

| only have time to very briefly go into the
gui dance docunent that is under devel opment and | really can
only highlight a couple of the concepts that are being
entertained by us for putting this guidance document
t oget her.

W may |ist several well-docunented |oci,
resistance loci, wWth the expectation that the intended use
woul d be linmited to the listed nutations. So intended use
could be limted to certain codons, certain drugs, as well
as being limted to certain body fluids.

Extension to other nutations may require
additional data. This can, perhaps, be cited in the
literature or, perhaps, be provided as new data by a
sponsor. This is all upinthe air. This is sonething |
want to enphasize. And extension to other nutations may be
handled at a later time by anendnments to the origina
application.

At the bottom | have |isted exanples of sone of
the loci which are probably the nost well accepted as having
definabl e phenotype, well-defined phenotypes.

[Slide.]

Cinical utility can be |ooked at in several ways.

One way mght be to denonstrate premarket by correlating
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virus responses to assay predictions during trials. This
woul d involve going to archive sanples or prospective
sanples fromclinical trials correlating the disappearance
of certain susceptibility loci, amno acids of
susceptibility loci, correlating that with drug therapies
and institutions that do drug therapies.

This may be sufficient but it also may not be
necessary. Again, | amnot giving you the full answer
because we don't have the full answer. As an alternative,
clinical utility my be established premarket by certain in
vitro studies. For instance, a mutation that confers
greater than, let's say, an eight- or ten-fold increase in
the 1cs0 or 90 contractions mght be considered validated.

[Slide.]

What | want to enphasize is that the draft
gui dance document that | referred to HV drug-resistance
genotype assays is currently under devel opnent and will be
rel eased as a draft for public comrent.

At that tine, we expect a significant input from
the entire scientific conmmunity and we encourage a Vi gorous
debate and, at that point, we will intend to incorporate the
results of the debate into the docunent.

So when we get this out as a draft docunent, don't
think we are sitting on high and saying, "This is the way it

is," particularly for an incredibly conplicated field |ike
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this. W expect a vigorous debate and, at that point, we
will have to see what we can do to best incorporate conments
fromthe scientific and nedical comunity into the docunent.

[Slide.]

So, if | could sumarize, CBER regulates all HYV
tests. HV drug-resistance assays pose unique
interpretations of sone regulatory criteria but these
interpretations are not counterintuitive and, absent a
predicate device, HV drug-resistance tests may be allowed
to go to market with identifiable special controls instead
of extensive Cass IlIl or PMA-level clinical trials.

Thank you very nuch.

DR HAMMER:  Thank you.

Let me start with one question or a comment to see
if | understood this correctly. In one of your slides, and
| understand this is all a draft issue, but you indicated
that one of the possible scenarios is regulation or approval
based on known loci or determned loci or drug specificity.

For certain techniques of genotyping, those, for
exanple, that don't interrogate just certain regions but, as
Doug outlined, give you lengthed sequenci ng over a defined
region, it just seens to ne that making sonething loci-
specific or drug-specific means it will be out of date and
need to be continually updated on a nearly quarterly, if not

nmont hly, basis.
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Did | understand that correctly or am!|
1isinterpreting?

DR DAYTON: This is a difficult issue. W would
.ike that it weren't that way but this is a continually
svolving field. Froma regulatory standpoint, we are always
joing t o be behind the cutting edge. So this is an issue we
ire dealing wth.

If you look at the situation that you have now,
-hey are out there and being used and, yet, they are not
really FDA approved and cleared. W are always kind of
sehind the tinmes. There is no other way to do it in such a
complex and rapidly evolving field.

That is one of the concepts, what | put up there,
bossibly starting out with a certain set of defined |oci and
approving, or clearly submssions on that basis. That is a
concept we are considering. Again, | expect that to feed
into the debate. W don't know yet whether that is going to
nake it into the final guidance docunent.

DR HAMMER: | don't know if you wi sh to comrent
on this, but | would bring up for discussion because it is,
| think, inportant in the larger context that this conmttee
deals with, not just the specifics of devel opnent or
approval or recommendi ng approval for a specific drug.

But Class Il approval, Wwhile deregulating to some

extent these kits, it then does not require, if |
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inderstand, a clinical validation study in some fashion, or
ipplication of that particular kit or whatever it is to an
sutcome or whatever it might be. Wat is, then, the
mplication, and if you don't want to conment on this, |
sould understand, for access as far as federal funding for
-hat kit for application in the clinical context?

As we saw, for exanple, wth RNA assays, it was
rery inportant to have FDA approval in order to gain
rei nbursenent for populations with limted access. | think
-he sane holds true and we are on the threshold of that for
resistance testing.

Does Cass Il or Class Il approval generally, if
rou want to answer this in a generic fashion, have an
inmplication for whether federal assistance will be
Forthcomng to inprove access for patients?

DR DAYTON: | amclose enough to be inside the

>eltway even though | amtechnically outside it that | could

say, "No comment." It is certainly a valid question.
Really, all | can say at this point is that the governnent
1as to be petitioned for that. | can't make policy here.

DR. HAMMER: (kay; at least | got it on the
record.
Let me open this up.
DR KWEDER: | have a question. Do you review any

applications for these--do you consider thempriority
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application reviews or standard? | think that speaks to the
i ssue of always feeling |like we are a step behind.

DR DAYTON. These applications get put through
at least they are done in a fairly quick time scale. They
are not the PLA time scale which takes a year, or which
takes six nonths expedited. These are nuch faster than
that. They are a high priority for us.

DR STANLEY:  You tal k about reproducibility,
operator-to-operator, site-to-site. You are talking about
li censing devices, basically. Wat kind of authority do you
all have for a certification of the actual lab or the actual
perforners?

DR DAYTON. In sonething like this, the sponsor
usual ly will come up with certain training protocols and
proficiency panels. It is up to themto institute. That
becomes part and parcel with using the assay. You use the
assay when you have been trained and denonstrated to be
proficient.

That becones a part of the assay. The sponsor
says, "Here iS the panel we are going to test the lab on.
Here is the training we give them Here is how well they
have to do."™ Wen they pass this, then they are allowed to
use the kit.

DR STANLEY: So that is part of the QC package

that you woul d have to approve.
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DR DAYTON. Yes; we want to see training and
proficiency studies.

DR JACKSON: From a manufacturer's point of view,
Wl you be requiring that sensitivity, specificity,
precision and clinical utility be denonstrated for different
subt ypes besi des subtype B that may have different drug
susceptibility patterns or nmnutation-dependent pathways?

DR DAYTON: W certainly want to see it out there
for as many subtypes as possible, but the way that can be
handled is in the intended use or the limtations for us.

We will only clear you or approve your application based on
what data you subnmit. So, Wwhatever subtype data you submt,
we can clear you for use with those particul ar subtypes.

If certain subtypes are not covered in the data
you submit, then it has to be very clear in the product
| abeling that use of this kit for those subtypes has not
been validated. Really, your biggest worry there is market
forces rather than FDA

DR JACKSON: But, in the past, for exanple, wth
bl ood screening, FDA CBER--

DR DAYTON: Blood screening is a different story.

DR JACKSON. | understand. But, in that
instance, CBER has required that antibody assays, for
exanple, nust be able to detect HV 2 and group O--

DR. DAYTON. Right. This is a very different
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story, but you may be faced with a predicate device which
does do those so you have to be careful.

DR FLETCHER. Dr. Dayton, on the question of
reproduci bility, if the candidate assay, in the best of all
possible worlds, had a between-day reproducibility of two-
fold, does that meet--do you have regul ations or standards
for reproducibility? Wuld that kind of variability meet
it? Second, would it be consistent with other assays that
are presently on the market?

DR. DAYTON. W woul d have to nake that decision
on an ad hoc basis but, fromthe data Dr. Richman supplied
today, it looks like two-fold is not an unreasonabl e anount
of variability from application of the assay to application
of the assay.

DR. HAMVER.  Perhaps | could just interject,

t hough. I think what was discussed this norning, at |east
the state of the art as of today, is that the phenotyping,
whi ch nmeasures two-fold change, is not com ng under these
regul ati ons because they are in-house comercial assays and
what we are discussing are genotyping nethodol ogi es t hat
woul d come to the FDA for approval and which fold changes
are not really obviously measured but the sensitivity and
specificity and reproducibility of picking up the codon
alterations is really what we are discussing.

DR DAYTON: Yes; that is a good comment. [ am
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glad you nade that. W are currently trying to, or hoping
that we can, regulate the genotype assays as Class Il. The
phenot ype assays may eventually go that pathway of
regul ation but currently we are regarding them as basically
home- brew situations at the nonent.

DR CHARACHE: | would like to pick up, Dr.

Dayton, on the question of clinical utility. As that term
is currently used and defined, it refers to how a given drug
or product works in the patient.

If we are to use a different concept and say that
an in vitro assay equals what is going to happen in the
patient, would this not set very difficult precedence for
all susceptibility testing including bacteria, fungi and
other viruses in which we do not, at this tine, accept an in
vitro test as neaning it will work in the patient?

DR DAYTON: This was exam ned at length by the
Bl ood Products Advisory Committee who did actually recommend
that we regulate this as Cass II. In the regs, for a Cass
Il regulation, if the know edge of the field is sufficient
or if you have a predicate device, you can go ahead and do
it this way.

So it is not without precedent and it is well
established in |aw

DR PETTINELLI: Regarding the issue of

sensitivity, | was wondering if there has been internal
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di scussion in the agency regarding what woul d be an
acceptable level of sensitivity when you are dealing with a
m xture of wild and nmutant virus.

DR. DAYTON. There is lots of discussion and no
answer. W really have to get applications submtted to us
and make decisions on what we see.

Let me just interject. FDA has, in sone ways, an
easi er task and, in sone ways, a harder task than practicing
physicians. W need to show that sonething is safe and
effective. It needs to be proven to us that sonething is
safe and effective but you don't have to prove to us it is
perfect.

A physician in the field, I think, is really
striving for perfection but, to get past us, we just have to
know that it works. After all, nothing works perfectly.

DR HAMVER:.  Physicians are not perfect either,
think we all recogni ze.

Q her questions?

DR. MAYERS: Dr. Dayton, it was clear in front of
the Bl ood Products Advisory Commttee that there were
significant concerns about the fact that four conpanies
could get the sane genetic data and give four different
Interpretations back out to the field.

My understanding is that the current regulations

woul d lead to, potentially, standardization of kits that
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were submtted for licensure but would not address any
comrercial |aboratories that use an in-house assay and did
not apply for kits. So is there any intention to try and
get standardi zation across the whole field or is this just
going to be for licensure?

DR DAYTON: Don't forget hone-brew assays
actually are subject to FDA regul ation should we decide--
based on the anal yte-specific reagent concept, a home-brew
assay needs to be ready for an inspection and they need to
have data that is adequate for us, if we decide to go and
I nspect them

At the nonment, we are waiting for sponsors to cone
in and apply to us. Those who stay on as home brews, we
can't nmake any representation to this point.

DR HAMMER. Can | ask a followup question to
that, then? Wuld the regulations include--I was assum ng
it would be the technical performance of the assay, but does
it also include an applicant's interpretation of the
results, because that is a very slippery slope in that
questi on.

DR DAYTON. | amnot really sure what you are
aski ng.

DR HAMMER | am asking, for exanple, two
different applicants could get the same results and show the

same performance characteristics on defining X nunber of
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codon alterations but the interpretation of that can vary
substantially dependi ng upon resistance nutational
interactions, expertise, et cetera.

The Cass Il regulations really are the technica
performance of these kits, not necessarily the
interpretation of what a particular incorporation of
nut ations neans.

DR DAYTON: | think the answer that is going to
come to that is we wll probably--and this is just probably-
-we w Il probably approve or clear these assays for a
limted set of loci in which the data seens fairly clear
‘Then, to extend that to nore conplicated |oci, we would need
additional information and additional clarification.

[t would seemto me that this kind of situation
you are tal king about would involve a controversy in the
field as to how to interpret sonething. VW would hope that
we woul d know enough about the resistance testing that if a
sponsor does claim an interpretation that is controversial
inthe field, we would know it is controversial

Certainly, if a sponsor wants to claima
controversial mutation, or any nutation, they have to back
it up even if it is just literature citations. At that
point, we wll review the data. If it is controversial
then that would not part of the intended use.

DR. HAMMER.  Thank you
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r think we will take a fifteen-mnute break and
return at 10:50.

[ Break. ]

DR HAMMER | would like to call the commttee
back into session. The committee has three questions for it
to consider. Before we do that, | just would like to ask
Dr. Dayton for one clarification quickly just for everyone's

sake and that is if you could quickly define the difference

between Class Il and Gass Il and what the level of
clinical data is that is required for a Cass |l approval.
It is less but is there still some. | think this nmay help

us understand sonme of the issues related to codon-specific
approval s, et cetera.

Coul d you just quickly define that for us so we
know what we are tal king about?

DR DAYTON: To put it very sinply, a little bit
over-sinmply, the Oass Il regulations generally refer to
situations where there is a predicate device, there is
al ready sonething on the narket which does that and all you
have to do is show that you are |ike that.

dass Ill, or pMas, have been, typically, a nore
stringent level of regulation. It is generally considered
that there is not enough information in the field out there
to approve a Cass Il device in the absence of clinica

trials.
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So, typically, for Cass 111, you have to run
clinical trials. For Class Il, you don't. But the
regul ations are not quite that sinple. Under Cass IIl, we
have the right to require clinical trials if we feel that
there is a gap in the know edge.

Also, instead of using a predicate device, we can
use special controls which we identify. Basically, those
woul d be typically what you would think of as preclinical
studi es. If we feel the know edge is so far along that we
can guarantee a device would be safe and effective based on
general know edge in the field, we can establish a criteria
that the device has to meet such as the ability to perform
at a certain level on certain analytes in a certain panel or
sonething |ike that.

That is the basic division.

DR HAMMER.  Thank you.

DR HAMLTON:. Dr. Dayton, could you clarify for
me- -

DR DAYTON. | thought you said one question.

DR HAMMER | did, but | take the Chair's
prerogat ive to recognize Dr. Ham | ton.

DR HAMLTON.  Could you clarify for me, please,
when and how the authority is transferred fromthe FDA to a
subsequent regul atory body that nonitors and eval uates on an

ongoi ng basis the adequacy of performance of a test such as
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think occurs in mcrobiology where a clinical lab--1 don't
now the nanme of the group but there is ongoing nonitoring
f that.

How does that happen in this case?

DR DAYTON. What we envision happening in this

ase is we wll probably require certain postnarket studies
r postmarket surveillance and the results of that would

ave to be delivered to us and then we would have to pass on
t.

We haven't started to exam ne other possible
iechanisms but |'m sure--we definitely plan to follow these
ip post nar ket .

DR. HAMWER  Thank you very nuch. That is the
.ast question.

Questions to the Conmittee

DR. HAMMER.  There are three questions posed for
liscussion by the advisory commttee for this norning' s
‘irst session. W will take themin order. The first is
shat are the relative strengths and limtations of genotypic
rersus phenotypic drugs in assessing resistance to
aintiretroviral drugs through the stages of drug devel opnent.
>lease coment on the potential roles of these two types of
assays throughout drug devel opnent.

| think, rather than going one-by-one around the

table, | will open this up for people who want to comment in
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an ad hoc fashion. \Wo would like to start? Not everyone
at once.

DR PETTINELLI:  Actually, 1 would probably nore
like to cooment on the second part of the question which is
the use of the two assays in drug devel oprent. | think
that, really, both of the assays, when we are talking in
terms of preclinical drug devel opnent and try to determ ne
the genotypic- and phenotypic resistance to the conpound,
that they both should be used in preclinical-trial
devel opnent as well as we should evaluate the clinical
I sol ates.

In terms of, now, clinical developnent, | think
-hat probably we could target the use of such an assay. For
:xample, from the preclinical, we are now devel oping a
>attern in which the new conpound appears to really be
sensitive to all other resistant viruses, and then maybe we
an do some target study and try, really, to look at a
>atient Who now has the genotypic nutation and how to
-espond t0 drug.

| am not sure--it would be nore |ike conplenentary
.o what we have as a rationale devel opment until now, but

ust target this specific aspect.

DR MATHEWS: | want to just comment on a specific
spect of their use in clinical trials. It seens to ne
hat, in the circunstances where it is known with a high
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degree of confidence that a particular nutational pattern
confers resistance, or if you are going to use a phenotypic
assay wth a certain fold change with a high degree of
confidence, that we should not be conducting clinical trials
that expose patients to agents for which there is a high
degree of confidence up front that they will not respond.

| think it is a very different situation where the
significance of the nutational patterns is uncertain.
know sone trials are already being fornmulated in which
results of resistance assays are made available up front for
the selection of certain concomtant drugs but not for
ot hers.

| don't know if everybody agrees with that or
imaybe they don't, but that would be ny opinion

DR STANLEY: | guess if | were going to try to
sinplify things or break it down, if you can, | would think
you woul d start with genotypic assays to try to understand
if there are specific correlates of resistance with specific
nut ati ons. But then you have to show whether that is
Televant with phenotypic assays.

The ot her use for phenotypic assays, | think, is
going to be in drug conbinations. W don't do nonot herapy.
$So you are going to have to try to sonehow understand that
even if there is a nutant genotype, does that still confer

resistance in a specific drug combination. | think you are
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going to need phenotypic assays for those.

DR HAMMER. | think one thing we mght do, to
frane the discussion, is think about this in the preclinical
devel opment and the clinical devel opnent and, just to put
sonething forward and an extension of what Dr. Richman said
certainly in the preclinical devel opnent, what this
commttee would like to see--1 can't speak for the agency
but can infer--would be assays that determ ne genotypes of
viruses that are passaged in vitro and then to follow that
up with what the phenotypic patternis, also in vitro
studies that then look at the activity of this drug, of the
particular drug, against viruses wth known resistance
patterns.

That woul d be sort of the mininmumissue. | think
the issue of |ooking at what conbinations mght do in vitro
I's sonething that would be a nice addition to what we have
seen thus far. Maybe we should sort of talk a little bit
about that stage and then quickly frane the discussion for
the clinical devel opnent issues which Dr. Mathews
I ntroduced. I think going back and forth beconmes a little
het er ogeneous in the discussion.

DR YOGEV: | would contend that the genotypes
woul d be at the Phase | portion of the devel opment of a
drug. | was quite inpressed by the correlation between the

genotype and phenotype. | think we understand better the
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genotype today in certain nutations that can be defined.

W don't understand the phenotype well enough to
really accept certain data comng to us that this is in this
range, what really are the clinical inplications. sol
woul d suggest that, in the drug developnent, | would rely on
t he genotype which would suggest the strains, as you
suggested, into the drug and see what change in genotype is
happeni ng because | am very concerned about the quasi-
speci es.

| think a najor problemin those two methods is
the variant which is already there, but in a |ower
per cent age. | didn't hear anything--hopefully, it will be
clarified later--what does that mean 20 percent? 20 percent
of amllion is 200,000. 20 percent of 1000 is 200.

There nmust be sensitivity of how | ow you can go
when you bring it up that we can define in the genotype.

So, for ne, the genotype is nmuch nore scientific at this
point to understand that | would like to understand that |
would like to see the drug devel oped on that |evel and then
we nove to the clinical, nove into the phenotype also.

DR HAMMER: | would just add that | think
genotype and phenotype are inportant both at the preclinical
and at the clinical |evel but naybe we can define that
better later.

DR MASUR: One of the issues that it would be
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actually interesting to get sone clarification from sone of

t he people who do the phenotypic assays is what the
practicality would be of |ooking at conbinations because
certainly--and Pat, before, was tal king about ot her
susceptibility testing that we do.

In nost areas of infectious disease, we have
gotten away from asking the | aboratory to do synergy or
ant agoni sm studi es and we take, on faith, the fact that if
ve Use several active drugs, that is better than using one
active drug alone although there is often not good
i nformation.

It would be nice to know that if the four drugs
-hat you are using are really better than some conbination
>£ three of those drugs or two of those drugs, but that
>ecomes extraordinarily conplicated.

|s that technically and financially feasible? As
/e | ook at these assays, no one has yet mentioned what the
srospect 1S that these could be done at an affordable price
»'ven in Montgonery County. |s that something we could get
some comments about ?

DR HAMMER  Wul d anybody like to conment from

. he audi ence? Dr. Larder?

DR LARDER:  Brendan Larder fromvirco. | get
sked this question all the tinme. It comes up. | guess the
uys fromviroLogic do as well. The short answer is no, it
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is just not feasible to do it. But we have done some
studi es where we have | ooked at just two drug conbinations.
In those studies, we didn't really see any advantage of
adding two drugs into wells over and above deriving separate
phenotypi c 1¢c50 or resistance |levels for individual drugs.

W have | ooked at it but, as you said, it is not
two drugs we are interested in; it is three or four.
Actually, to derive any meaningful synergistic data from
that would be just inpossible, a three-D checkerboard. If
peopl e think assays are fairly expensive now, then, to do
that, would be just prohibitive and | don't think it would
add very nmuch to the information

DR MASUR. Then, just to follow up, Brendan, are
you suggesting that, as in other areas of infectious
di sease, we are just going to have to take on faith that
multiple drugs are likely to be better than a single drug?
Qobvi ously, you can do viral-load studies but it is getting
harder and harder to break that down into segnents.

DR. LARDER | think that is right. | think you
woul d want to look at the reports and try and pick out the
nost susceptible drugs in that report to build a three-drug
regi men that you can try and use.

My understanding is, in the antibody field, that
peopl e have been struggling in that field for years and

years with conbinations and it is not really done as well.
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DR HAMMER: | think one thing that could be said
here is that although in the clinical application of |ooking
at all these two-, three- and four-drug conbinations and
requesting froma comercial phenotyping firmthose results
on a fee-for-service basis is inpractical

What is not inpractical, | think, is to request,
as a drug goes through devel opnent, that certain in vitro
studi es be done to |ook for synergy and/or antagonismin two
and three and possibly four drug conmbinations within limits.
| think, as Dr. Richman said, there would have been certain
antagonisns in vitro that have been confirned in in vivo
st udi es.

So | think that there are issues on the commerci al
side and from physician or the physician/investigator side
hat make it inpractical. But there are ways to |ook at
some Of this in a nore limted fashion as a particular drug
joes through the devel oprent.

DR LARDER | think you are right. But getting
:o three drugs is going to be difficult. (ne of the cases
hat Doug was probably alluding to is AZT and d4T. pyt,
ictually, going back to the preclinical in vitro data, there
vas controversy about whether there are additive effects or
antagonistic.

It was only really until it got to the clinica

trials that it showed up pretty antagonistic.
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DR HAMMER: Dr. Richman would like to conment.

DR RICHMAN: | agree that it would be potentially
dangerous to require too much in terns of these conbinations
for several reasons. (ne, the practicality of conbinations
is, inreality, much nore dictated by issues of
phar macol ogi ¢ interactions than antagoni sm

To ny nind, we haven't had enough pharmacol ogic
Interaction data when we have been using these drugs in
peopl e which, to me, would be a nuch nmore inportant issue in
terns of safety and intelligent use than these theoretical
I ssues on ant agoni sm because we really only want to not use
a conbination if it is antagonistic.

That is the only question because additivity or
synergy isn't really that inportant. W clearly need
conbi nations and we don't want to use themunintelligently
or dangerously.

DR HAMMER.  Thank you, although--just a |ast
comment - -sone focused studies are hel pful because sonetines
they reopen our horizons. For a long tine, people were nay-
sayers about dual NRTI conbinations and maybe that won't
evol ve. But, in fact, now they are being investigated
clinically. There had been in vitro data to suggest we
woul d think about them fromthe past and not just assune,
because they bind to the same region on the RT, that it

woul d not be worth | ooking at them together.
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So focussed devel opnental approaches may hel p
expand the horizon.

DR POVERANTZ: | would like to continue on what
Dr. Masur said or what was the discussion between him and
Dr. Larder because | think it is inportant to | ook back at
sone of the know edge we do have from other infectious
di seases, to put on ny ID hat. W have, at tines, flown by
the seat of our pants on a nunber of different treatnent
regi mens and have not had as nuch data in other classical
I nfectious diseases that we have even now for HV.

But, that being said, it is inportant to realize
that there are organisms, we have used the pneunococcus as
one, where you have partial resistance in vitro and yet you
can still use that drug in vivo to treat the infection.

| think that comes to bear on HV in the group
that | had asked Doug about before, and that is the
devel opment of understandi ng phenotypic resistance in the
nodest range. Being close to eight-fold or ten-fold
resistant, it is not clear to ne that, as Doug was sayi ng,
those are all truly resistant, both in vitro nor in vivo.

So it is inportant that when we get these studies
together that we realize that nmodest in vitro resistance nay
still not obviate you to not use that drug especially in
certain conbinations.

So | agree with Doug. | think that, up front, you
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are going to do genotypic and phenotypic analysis in both
preclinical and clinical drug design. But then it is going
to get far nore conplicated unless it is a cut-and-dry
issue. |If you look at sone of the resistance data that has
been coming out, there are a nunber of different phenotypic
anal yses that are not clear how they are going to fall in
Vi vo.

DR MAYERS: | think one area that Doug showed in
his slides earlier is the issue of what is sensitive.
Previously, we would take a group of untreated patient
i sol ates and define the sensitive range for a drug. Now the
conpanies are taking the standard of one reference strain
and that reference strain could fall anywhere in the high or
low or internediate range of susceptibility so that there is
an hundred-fold difference in AZT resistance in the range of
suscepti bl e.

If your isolate references lands high, you are
likely to call many things resistant that are probably in
the normal range. If it is low, you are likely to call
things sensitive that--so | think it is really inportant
that there be sonme standard of what is the normal range for
a drug and, perhaps, a panel |ike Doug has put out where you
have isolates before 1985 in untreated patients is the type
of panel you need to get to define "normal" for a drug.

| am very concerned that the phenotyping conpanies
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are calling resistance because it is two-fold greater than
their reference strain for isolates that are probably in the
normal range of untreated patients.

DR HAMMER. | think this discussion will also
come up in Dr. Little's presentation.

Dr. Mellors?

DR MELLORS: Doug nentioned this but it needs to
be restated. W are talking about a couple here, and we are
only tal king about the husband and not what is wong wth
the wife. \Wenever we discuss drug susceptibility, we have
t 0 discuss--

DR HAMVER. Are we in the right commttee
sessi on?

DR MELLORS: It is a byproduct of counseling
here. \WWenever we tal k about drug susceptibility, we have
to talk about drug exposure. To think that we can predict
clinical response fromthe fold variation over reference
strains is |udicrous.

So these two days are devoted to resistance
testing but we have to keep in mnd that susceptibility is
deternined by many factors in vivo. One inportant
quantifiable factor is the concentration of drug, free drug,
active drug, that can be achieved and maintai ned.

DR HAMMER  Very inportant point.

DR WONG Just with respect to this question,
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actually like Dr. Richman's list very nuch about what shoul d
be expected of a sponsor, particularly in the preclinica
devel op package. | think both phenotype and genotype
results should be shown. | mght also say, for the sake of
perspective sponsors, that, over the past year, we have seen
a few presentations in which the virology data were provided
only in kind of gross summary form

|, personally, would prefer to see the popul ations
of viral isolates tested and see the results so that we can
eval uate for ourselves what the range of susceptibility to
various drugs was for the new drug.

So | would like to see a thorough preclinical
eval uation of drug-resistance testing both at the phenotypic
and genotypic level in susceptible and resistant strains
with a full presentation of those data.

DR MAYERS: The only difference I would have
between the list that Doug gave in clinical studies and ny
own personal bias is that | think we need to define the
genot ypes and phenotypes associated with loss of activity of
a drug, and genotypes and phenotypes in experienced patients
that predict a lack of response on the next round of
t her apy.

A concern that | have, if that is the standard you
move to, is that, for many of the drugs that we currently

have in practice, this has never been done. The problemthe
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conmpany is going to have, if we have never defined 44T and
ddI resistance cleanly and you use that in a conbination,
how do you define the conponent that is related to the new
drug.

I think there has got to be an association between
genot ype and phenotype and loss of activity in naive
patients and genotype and phenotype and lack of activity in
pretreated patients because that is the data you woul d need
clinically to use these drugs.

DR MASUR  Although it is getting a little bit
ahead of where we are right now, one of the things in other
infectious diseases, to put a couple of people on the pane
on the spot, it is very useful when governnental agencies do
surveillance and provide information as to what the activity
of various drugs is against certain isolates.

When you get data about a particular drug, it is
very hard to put that into context wth other drugs as to
whet her this is active. It is active, but it is active
conpared to what, if you accept what John Mellors said that
this is only one aspect of treating a patient.

Is it conceivable that, at sone point, the CDC or
sone other agency is going to do surveillance so that we can
put all these drugs into some kind of regional or nationa
or international context?

DR KAPLAN.  Actually, as 1 nentioned when we went

M LLER REPORTI NG COWPANY, |INC
507 C Street, NE
Washi ngton, D.C. 20002
(202) 546- 6666




at

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

100
around the table at the beginning with our introductions, we
have a great interest at CDC in doing surveillance of
resistance. But the population, | think, we are mainly
interested in is antiretroviral-naive persons because |
guess it is our perception that there is a lot of this work
going on in experienced patients and ot her networks,
particularly N Hfunded studies such as an ACTG

We do have a system now where we are funding
various state and city health departnents to recruit
antiretroviral -naive persons. W are playing around the
i dea of using the detuned assay to try to further define
whi ch people are recently infected.

In fact, one of the reasons | amhere at the
meeting is to look at possibilities for expanding our
system So this is a priority for us. | think our focus
right nowis in naive persons.

DR GULICK: Just to take a step back from a
clinician's point of view on question No. 1. It needs to be
stated that probably one of the great needs in drug
devel opment right now is to devel op new agents which have
activity against viruses which are resistant to the agents
that we have.

It seems, with these new tools, that we have
really turned a corner in sort the encouragement and the

devel opment of new drugs given that we have fifteen approved
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