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Introduction

Theuse of highly active antiretrovird therapy (HAART) has led to decreased mortality
and morbidity but not to HIV eradication. HAART regimes dlow immune recongtitution but not
normdization of the immune response. Therefore, additiona therapeutic gpproaches need to be
developed that include the use of immune based thergpy. New gpproaches in immune- based
therapy (IBT) must be designed to capture endpoints that will dlow gpprova of these agents by
regulatory agencies. The chdlenge is to identify, develop, and validate biomarkers that can serve
as surrogate endpoints in evauating the efficacy of immunologic agents in human
immunodeficiency virus (HIV) diseese.

Reflecting the heightened interest in this area of research is the recent focus on surrogate
markers of IBT efficacy. The Antiviral Drugs Advisory Committee of the U.S. Food and Drug
Adminigration’s Center for Drug Evauation and Research held a meeting on October 16, 2000,
to discuss the use of surrogate markers of bioactivity in the early development of
immunomodulatory agents for the treetment of patients with HIV. In conjunction with annud
meeting of the Internationd Congress on Antimicrobid Agents and Chemotherapy in Glasgow,
Scotland, the Forum for Collaborative HIV Research held a meeting on “Immune-based
Therapies and HIV Disease: European and Australian Perspectives’ on October 26, 2000. The
quest for such markers was aso the topic of the workshop reviewed here, which was sponsored
by the Forum on December 7-8, 2000, in Washington, DC. The workshaop, entitled “ Immune-
Based Therapies and HIV Dissase,” centered on severd discussion points:

What are the appropriate indices to measure immune competence?
What are the appropriate research designs and endpoints for trids evauating IBTS?
What can we learn from the research on IBTs in diseases other than HIV?

What are the requirements of regulatory agencies for the approva of IBTs?

As background information for participants attending the Forum'’ s workshop, a report
Immune-based therapy for HIV treatment and prevention: A review of clinical endpoints for
trials of immunologic agentswas prepared to address issues rel ated to these discussion questions.
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The report reviewed study designs and endpoints used in phase |1 and phase |1 trids of 13 IBTS,
eight of which have been gpproved by the U.S. Food and Drug Adminidration (FDA) for usein
disease conditions other than HIV and five of which are under study for use in HIV-infected
individuals but not yet gpproved for this indication. The background paper is available on the
Forum’s Website a www.hivforum.org.

The workshop participants included representatives from academia, government,
advocacy groups, and pharmaceutical companies. The Forum encouraged a multidisciplinary
approach, looking across anumber of areas outside the area of HIV research for endpoints,
outcomes, surrogates, and assessments that may apply in clinicd tridsof IBTsin HIV disease.
When arepertoire of gppropriate surrogate markers of bioactivity is available to corrdate with
increased resistance to infections, reduced disease progression, and surviva, additional protocols
for clinica trids of IBTs can be developed and implemented to rapidly and accurately assess
how effectively these theragpies prolong surviva, protect againgt infection, and improve qudity
of life

Recommendations for IBT Research

Researchin the field of IBT for treating HIV disease continues to be hampered by severa
barriers. Perhaps the biggest barrier isthat the highly effective treatment now available to people
living with HIV/AIDS is atwo-edged sword. Highly active antiretrovird therapy effectively
suppresses vird loads, dlowing the immune system to come back to aleve that enablesthe
infected individuasto live longer with ahigh qudlity of life. The chalenge arises because these
therapies make it difficult to show additional benefits attributable to adjunctive therapies.

The group was chdlenged to identify markers to serve as surrogates for clinical endpoints
intrids of IBTsfor HIV disease, suggest study designs for implementing sudies of IBTs, and
develop recommendations for agents to investigate. To achieve these god's, the Forum convened
investigators from cancer and immune diseases to dlow for cross-fertilization and generation of
new aress of investigation. Other participants included representatives from the community of
people living with HIV/AIDS, academia, government and the pharmaceutical companiesto help
bring IBT therapies from the laboratory bench to the bedside.
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During the course of the workshop, breakout groups met to discuss questions posed by
the Forum. Each breakout group subsequently presented its findings to the reassembled larger
group. A review of the responses and ensuing discussions reveaed that the recommendations
generated fdl into three main action items, which are discussed below in more detail:

Action Item 1. Advance our understanding of immune pathogenesis of HIV disease.
Action Item 2: Identify and validate appropriate markers and determine how they can
be used in research of trids of immune-based therapies.

Action Item 3: Design dlinicdl trids of IBTs based on surrogate markers of bioactivity,
keeping in mind some generd congderations.

The recommendations advanced by the breakout groups and ideas suggested by the
presenters and by participants during the questionand- answer sessions are discussed below

within the framework of these three action items.

Action Item 1: Advance our current understanding of immune pathogenesis.
= We need appropriate anima studies with IBTs for the examination and evauation of new
cytokinessuch asIL7.
= Invedtigators should explore the immune pathogenesis of HIV using the current tools to
define functiond defidtsin theimmune sysem.
(1) Apply tetramer ELISPOT and intracellular cytokine assays to evauation defects
in HIV specific immune responses,
(2 Apply assaysof T cdl development to evaluate mechanism of CD4 depletion (eg.
TREC);

Action Item 2: I dentify and validate appropriate markers of immune-based function
= Vird load, in absence of vdidated markers of immune competence, is one of the

strongest candidates for serving as a surrogate for clinica endpoints. In addition, the
development of vird resstance to antivird drugs must be monitored. Possible related
study endpointsinclude:

(@D} Timeto suppression of vird load,

2 Further reductionsin vird load beyond that achieved with HAART;

3 More durable response to HAART;
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4 Endpoints based on percentage of patients who remain virus-free after six
months of antivird withdrawa (anadogousto clinicd trids of agents for
treating hepdtitis C).
= Biomarkers used as surrogate endpoints must be useful, reproducible, suitable for usein
multicenter environments, stable during freezing, shipment, and storage of biologic
specimens, and, perhaps, appropriate for kit testing.
= The participants proposed severd markers of bioactivity that could serve asimmune-
based surrogates for clinica endpoints.
(1) CD4+ cdl counts could be monitored to seeif IBT can preserve CD4+ cell
counts,
(2)  Immune responsesto “vaccing antigens could serve asin vivo messures of
adaptive immune competence.
(3) Reated markersof bioactivity include time to onset of opportunigtic infection,
and the amount and duration of Ol prophylaxis necessary to maintain patient’s
hedith.

Action Item 3: Design clinical trials of IBTsbased on surrogate markers of bioactivity,
keeping in mind some general consider ations.

Thereisaneed for validated surrogate markers of bioactivity for trids of HIV-specific
agents based mainly on viral load response and for trids of thergpies that seek to boost the
immune sysem in amore generd way.

Develop a definition of immunologic success and failure
Develop a definition of immunologic success and fallure to use across trials based
upon current datato gpply in preliminary evauation of IBT activity. One of outcome
of this workshop should be to task aworking group to develop such a definition.
Design of trialsaround viral load markers.
Structured trestment interruptions present an excelent opportunity for investigating
IBTs, however, we lack basic knowledge regarding structured treatment
interruptions. We need to identify a clinica indicator—a“trigger”—for reinitiating
HAART, but we mugt aways bear in mind patient safety especidly in regard to STls

Immune-based therapies and HIV disease 4
December 7-8, 2000



and possible development of vira resistance. Studies conducted in the context of
Structured treatment interruptions can look for:

(1) No vira rebound;

(2) Vird rebound to alower setpoint;

(3) Rank-based comparisons of vird relapse looking a whole curve to give more

power to the andyss.

Specific anti-HIV therapies that are of interest to the workshop participants include
DNA vaccines, dendritic cdl immunization, locad administration of some materials
that are toxic systemicaly, and leukopheresisfor ex vivo treatment. The participants
mentioned severd agents—anti- CD40 ligand, monoclonasto B7, and anti CD-20
(rituximab) — that show activity in other diseases, but it was believed that there is
inadequate rationale to try these drugsin an HIV setting.

Design of studies around general immune enhancement.

Measuring adaptive immune responses to immunization is afina, common-pathway
“readout,” reflecting the host’ s ability to maintain headlth in the face of opportunidtic infections
and other microbid chalenges. Recommendations to measure genera immune response include:

Examine antibody levels as a measure of B-cell response or use delayed-type
hypersengtivity testing to measure induction of CD4+ cdll response.

Evduate a generd immune-boosting therapy by studying patients who have
relatively high CD4+ cdll counts and are ART nail ve to see how long they can
maintain their CD4+ cell counts in absence of ART but while recelving a generad
immune-enhancing treatment.

Target individuds with lower CD4+ counts since they would experience more
clinica events. These patients are more immunocompromised and it may be more
difficult to dimulae their immune systems.

Enrall patientswho are “mildly falling” antivird therapy and have vird loads of
500-1000 copies of HIV RNA. Try to stimulate immune response, perhaps with an
immunogen, to seeif the vird load will become undetectable.
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General considerationsfor IBT clinical trials.
Clinicd trids should rely upon a multifaceted approach to determine bioactivity of
IBT based upon virologic, immunologic, and dlinica endpoints.
Investigators should employ complementary trid designs (e.g., different patient
populations, induction versus preservation effects, etc.). The different patient
populations for such studies should include those who are nai veto ART and/or IBT,
those who are viraly suppressed on ART, and “salvage’ patients.
When designing studies, keep in mind that how the regigtration studies are
conducted affects how the product label will read ultimately. Consder whether the
label should say, “for acute HIV infection” or “for treatment of HIV.”
Set up acentrd laboratory to handle testing for the individuad study Sites, Smilar to
the system put in place for the ACTG trids. That way, testing could be done under
reproducible conditions using standard operating procedures. Different centers
specidize in different assays or asingle center could do al assays under one roof.
Store everything, including periphera blood mononuclear cells, DNA, urine, and so
forth. Develop a*“blanket” consent form to alow future genetic testing of blood,
cdls, and DNA that may be used for future genetic testing. We must assure patients
that their data will be protected now and into perpetuity.

Presentation Summaries

Clinical and laboratory outcomes in cancer immunotherapy
Presented by Nora Disis, M.D., University of Washington

Immune-based thergpies have been exploited in severd other fields, including cancer
treatment. Infact, many researchersin the HIV fidd previoudy worked in other areas of
research. To enhance the usefulness of this meeting, severa expertsin fidlds other than HIV
have been invited to participate. One of them is Dr. Disis who discussed some clinicdl
gpplicaions of cancer immunothergpies but focused primarily on biologica surrogates and
|aboratory measurements.
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Development of cancer immunotherapies. The application of cancer immunotherapies
developed aong pardld lines to the gpplication of cancer chemotherapies. Early studies
involved adminigtering thergpies to patients with advanced disease to try to induce tumor
dhrinkage by simulating the immune system. Intuitively, such studies seem abit ludicrous
because patients with advanced disease have little intact immune response to simulate. Now, we
are working from the theoreticd to the clinical. Studies have advanced over the past severd
years to more advanced, rationd clinica gpplications to measure the kind of immune response
that theoreticaly could be simulated with a particular agent. The god now isto develop a
method for monitoring immune responses so that the generation of a particular immune response
can be corrdated with aclinical outcome.

How isimmunotherapy applied in treatment of cancer?

Vaccines are used in early or minima disease Sates.

Immunotherapy can be targeted to specific disease burdens.

Reproducible immunol ogic measurements can be devel oped.

The most robust techniques can be applied universdly.

Phase |1 studies can be designed to validate a marker as well as determine clinical
effect.

The role of tumor-specific antigens. Human cancer isimmunogenic. The biggest boon in
cancer research has been the identification of more than 200 tumor antigens, anong them MAGE
1,2,3; gp100; prostate specific antigen (PSA); progtatic acid phosphatase (PAP); mucin,
carcinoembryonic antigen (CEA); HER-2; and MART. They have been defined by virtue of the
fact that people with cancer mount immune responses againg these antigens. Defining tumor
antigens has led to the development of highly quantitative immune assays to try to discern which
proteins are expressed in maignancy and get a handle on magnitude of immune responsesin
cancer patients.

It is not true that the immune systems of cancer patients are entirely compromised. When,
for example, cancer patients are vaccinated againgt tetanus toxoid, they mount the same level of
immunogenic response as normal blood donors do. One of the problems, at least with solid
tumors, interms of preexisting immune responses, is that these antibodies are present only a
very low levels. Such factors limit the types of immune thergpies that might be gppropriate for
these patient populations.
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Treating according to disease burden. Another big issue in cancer immunotherapy is
better gpplication of the types of available theragpies, whether it is adaptive immunotherapy,
cytokine therapy, or cancer vaccines, or infuson of competent T-cells, etc., according to the
level of disease burden. Analogous to measuring vird load in HIV patients to discern their
disease satusis staging of cancer. Studies can focus on patients with no evidence of disease,
dight disease, localized disease, or advanced disease. Thelevel of diseasein stage Il and IV
patients can be reduced by using some combination of chemothergpy and surgery. Clinicd trids
are darting to look at patient populations with less advanced disease.

Then, IBT can be sudied in avariety of ways: in patients with micrometastatic disease,
localized disease, or undetectable disease. Among the questions that can be addressed are:

Arethere different types of IBTs that can be applied to reduced disease burden?
Can treatment prevent or delay recurrence or metastasis?

What leve of antigen specific T-cdlsis needed to prevent, eradicate, or limit
disease?

Which biologic surrogates are indicative of clinica outcomes?

Boosting immune response to tumor-specific antigens. An important facet of cancer
research is the search for an agent to augment the immune response againgt tumor-specific
antigens. Severd groups have published data based on delayed-type hypersenstivity (DTH)
testing and other means that show that cancer patients can be vaccinated and that they can mount
an immune response againgt cancer antigens. (Peptide-based vaccines work in rodent models.)
The issue isto circumvent immune systems so that the vaccines are not foreign proteins.
Generation of cytotoxic T-lymphocytes (CTLS) and simulation of cdl-mediated immunity are
the gods of cancer vaccines.

A vaccine study described. Dr. Digs and her colleagues are looking into a HER-2/neu
peptide vaccine againgt the HER-2 oncogenic protein. HER-2/neu protein, a growth factor
receptor, is

overexpressed in 20% of adenocarcinomas

composed of intracdlular and extracdlular components
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immunogenic in patients with HER-2/neu overexpressing breast, ovarian, and colon
cancer, resulting in low levels of immunity with antibody responsesand CTL
precursor frequencies a the barely detectable range.

She discussed an arm of thelr study that investigated simulation of immunity using
putative T-helper epitopes, each 15—18 amino acids long, derived from the HER-2/neu protein.
Within the natural sequence of the 15- to 18-mers were HLA-A2 epitopes specific for the
proteins. It was a concept of using peptides to generate both helper and CD8+ CTL immunity
within the same epitope with the hope of supplying CD4+ T-cell help and gathering evidence of
long-lasting immunity that perdsted after active immunization was over. This highlights another
agpect of cancer vaccine work, which is not only trying to generate a certain magnitude of
immunity but aso discerning which T-helper arms are involved in the immune response.

The study population for phase | study of HER-2/neu peptide vaccine had the following
characteridics:

stage I11/IV breast, ovarian, lung cancers

HER2 antigen overexpressed

dready treated to maximal response using surgery, chemothergpy, hormones, or
localized X-ray therapy

must not be anergic as evidenced by DTH to recdl antigens.

Twenty patients were enrolled. The question in phase 11 trids, looking & timeto
progression, would not be: “Does this vaccine corrdate with time to progression?’ but rather,
“Does the immune response to HER-2/neu protein correlate with time to progresson?’ They
looked at the T-cdll response and precursor activity after peptide immunization, aswell as HLA-
2 binding motifs. Petients developed significant immune responses to two of the better-defined
HLA-A2 epitopes to which they had been exposed. Some devel oped very significant precursor
populations.

Building clinical tools from laboratory surrogates. The next step isto validate these
responses measured in the laboratory with a theragpeutic response. For alaboratory assay to be a
useful dinicd toal, it should

require aminima amount of dinical materid
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have a short turnaround time

be highly quantitative and reproducible

be sengtive to a broad range of responses

uses cryopreserved cdlls (especialy important for T-cell assays)

measure a critical immune effector function.

A criticd immune effector function is alaboratory surrogete that correates to the dinica

response of interest. They are very important for phase 11 trid design in cancer vaccinology

because these critical immune effector functions must correlate with protection or tumor

shrinkage.

Table 1 lists some attributes of quantitative T-cell assays that are under consideration by

the Immunologic Monitoring Consortium for possible application to meny different antigen

systemsin cancer vaccinology (figure 1). Dr. Digs has been working on these assays with the

overdl god for phasel trid design being the vaidation of these biologic surrogates.

Feature Cytokineflow EL Ispot MHC tetramer
cytometry
Limit of detection 1:5000 1:1000-1:100000 1:10000-1:50000
Assay time 8hr 2448 hr 2hr
Functiond readout Yes Yes No
Non-MHC restricted Yes Yes No
Eadly automated Yes No Yes

Table 1. Comparison of quantitative T-cell assays being used in cancer studies and infectious
disease research. Source: Holden Maeker, Ph.D., Becton Dickenson, San Diego, 2000.

The Consortium, which was established under a collaborative agreement with the
Nationd Ingtitutes of Hedth, is monitoring these assays for clinica use; investigatorsin the

cancer research community can goply to the consortium to have their clinicd trids andyzed

using some of the techniques. The Consortium is concentrating on the accuracy, precison,

specificity, limits of detection, and robustness of these assays to turn these assays into clinica

toals.
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Vo Specificity

Detection Limits
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T

Clinical Applications

Clinical trials, biologic surrogate, marker of response

Figure 1. Activities of the Immunologic Monitoring Consortium. Source: Nora Disis, M.D., University of Washington. 2000.

HIV immune-based therapies: A research-clinician perspective
Presented by Roy Gulick, M.D., MPH, Cornell University

Dr. Gulick’s presentation touched on some of the history of HIV therapy, current
lines of research, and an overview of how IBT might fit into the arena of antiretrovira therapy
(ART). Perhaps progress in treating HIV/AIDS can be measured against these poignant
benchmarks:

1996: “It'sthe virus, supid.” This phrase came to be heard during the advent of vira
load testing and triple drug trestment regimens that drameticaly suppressed vird
replication.

1998 “It’ sthe immune system, stupid.” Over the next few yearsthe clinicd redlities
of HAART regimens—toxic Sde effects and development of vird resistance—set in

aong with the redlization that virus eradication was not just around the corner.
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2000: “ Stop caling me stupid! Can't we just work together on this?” We have come a
long way, but it is clear that we have milesto go. All approved therapies as of 2000
are antivira treatments, but these are not enough.

A short history of antiretroviral therapy. In 1987, thefirst antiretrovira was agpproved by
the FDA. With single-agent treatmert, viral loads decreased but rebounded as the virus mutated

1987 1994 1998 _
RNA | \ RNA RNA | Figure 2.
log,o | 108, l0g,0 Evolution of
II*. \ changes in HIV

\ \ RNA levels with

0.7 | \ -\Triple different
| ' combinations antiretroviral
- 1.5

i regimens.

| Double ' Diagram courtesy
| M | 1 ; .

| Monotherapy nucleoside , of Joseph Cervia,
! combinations 25 |

E MD, Long Island

Jewish Hospital,

and became resstant (figure 2). Double and triple combination thergpies maintained vira
suppression and delayed clinica progresson. Clinicd studies have documented that these
regimens lead to virologic suppression and enhancement of CD4+ counts. Furthermore, these
results correlate with the clinical picture (degth rate). The degth rate was cut by two-thirds
between late 1995 and early 1996 when the use of protease inhibitors (PIs) became widespread.
These results have been replicated throughout the United States and the developed world.

The gods of theragpy today are

To suppress HIV RNA (vira load) to aslow aleve as possble and for aslong as

possble

To preserve or enhance immune function

To dday clinica progression of HIV disease,
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Currently 15 approved antiretroviral drugs are available. Dr. Gullick also discussed the
trestment guiddines of the Department of Health and Human Services
(www.hivatisorg/upguidaa.html). Clinicd trids support the use of dl the combinationslisted in
the guiddines. The arsend of antiretrovirads includes one investigationa and 15 approved drugs:
6 nucleoside reverse transcriptase inhibitors (NRTIs), 3 norntnucleoside reverse transcriptase
inhibitors (NNRTISs), 1 investigational nucleotide reverse transcriptase inhibitor (tenofovir),
available by an expanded access program, and 6 PIs. Clearly, ART reduces vird loads and leads
to recondtitution of the immune system.

The evidence for immune recondtitution includes decreased mortdity and decreased
morbidity (fewer Ols), the ability to discontinue Ol prophylaxis, the resolution of chronic Ols
and other, “untreatable diseases’ (e.g., Kapos’s sarcoma, cryptosporidiosis, CNS lymphoma).
Thisimproved immune status has been characterized using severd parameters, namely
expanson of CD4+ cell populations, improved lymph node structure, and enhanced immune
function (e.g., DTH responses). Despite these pogtive dlinica indicators, ART doesfall petients.
Clinical cohort studies show that rates of virologic falure range from 20% in a Swiss study of
ART-nal veindividuasto 63% in a Bdtimore cohort (table 2).

Clinical cohort N Virologic failure
(% Above limit of detection, time)

Amsterdam 271 40%, 48 wk
Cleveland 310 53%, 1yr
JohnsHopkins 273 63%, 1 yr
Swiss 1517 experienced 38%, 2 yr

1157 nai ve 20%, 2 yr
UCSF 337 50%, 48 wk

Table 2. Treatment failure: cohort studies. Source: Roy Gulick, M.D., MPH, Cornéll
University, 2000.
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Dr. Gulick postuated severd reasons for such failures:
Insufficient virologic activity
Incomplete immunol ogic recovery
Adherence
Side effects—acute and longer term
Basdline resistance or cross-resistance
Drug levels and drug interactions
Tissue reservoir penetration

Other unknown reasons.

Future of antiretroviral therapy. To offer further clinica benefits, treetment regimens
continue to evolve. Antiretrovira regimens now include quadruple drug combinations.
Pharmokinetic parameters have been enhanced o that higher, more stable plasma drug levels are
achievable. New ARTs are being developed. And, people living with HIV now have access to
smplified dosing regimens, combination pills, and new drug formulations.

Measures are being taken to reduce the toxicity of ART and minimize sde effects. Such
mesasures include a PI-sparing approach, the PI- and NNRTI-gparing approach, and structured
treatment interruptions (STIs). These measures creete aniche for IBT in HIV trestment, as they
may be able to help maintain or enhance overdl immune function, maintain or enhance HIV-
specific immunity, increase the proportion of patients responding to ART therapy, and/or
improve the durability of response to ART. Studies have shown that patients with the highest
CD4+ cell counts do better on the same triple drug regimen than others with more advanced
immunodeficiency. Thisislesstrue of vird load leves themsdlves.

Such results seem to indicate that a complementary approach—a combination of ART
and IBTs—may be the most effective. Complementary use of IBTs may minimize ART-
asociated toxicity and improve qudity of life for those living with HIV by supporting the
immune system even with lower doses of ART or periodic trestment interruptions.

Structured trestment interruptions (STIs) in acute, suppressed HIV infection may serveto
enhance HIV-spedific immunity, providing not an immune-based therapy, but rather an immune-
based strategy. In chronic, suppressed HIV infection, STIs may enhance immunity or provide a
bresk from ART and its Sde effects. Furthermore, in chronic, nonsuppressed HIV infection, STIs
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may alow resgant HIV grainsto revert to wild-type virus and improve response to subsequent
ART. These hypotheses remain to be proven.

The search for IBTs. The quest for IBTs has focused on identifying agents that are potent,
effective, easy to adminigter, well tolerated, readily available, and inexpensve. Among the issues
that must be consdered for IBT dinicd trids are the following:

Develop IBT within the framework of the current standard of care using antiretrovira
therapy (i.e, ARV +/- IBT).

Congder avariety of study populations (nai veto ART and/or IBT, virdly suppressed
on antiretroviras, “sdvage’ patients).

Congder virologic, immunologic, and dinica endpoints.

Evaluate possibility of conducting trids of IBTs during STIs.

Assess benefits and risks.

Dr. Gulick observed that antiretrovira thergpy in 2000 effectively suppresses vird load
levels, enhancing the immune system and decreasing HIV-rdlated morbidity and mortdity.
Despite these gains, however, 10% to 20% of subjectsin clinicd trias and up to 60% of patients
experience treetment failure. Therole of IBT in HIV thergpy may be to improve the magnitude
and durability of responsesto ARV therapy, or IBT may dlow discontinuation or interruption of
ART to decrease toxic effects and improve qudity of life for people living with HIV. Certainly,
it will be chdlenging to design, conduct, and andyze studies with concomitant ART and IBT but
that will be the likely setting for any clinica sudiesof IBT.

Defining the bar: A community perspective

Presented by Brenda Lein, Project Inform

One outcome of the recent FDA meeting on IBT was the identification of the need to
“define the bar” for licensure of an IBT for treating HIV disease. The bar certainly should not be
St higher than it isfor antiretroviras, nor should it be so low that it is not meeting clinical and
community needs. It was this community perspective that Ms. Lein brought to the discussion of
research godsfor sudies of IBTsfor treatment of HIV disease.
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The goals of HIV therapies. The primary god of such studies should be to develop
thergpies that improve longevity and quality of life for people living with HIV/AIDS. The
phrase, qudity of life, includes minimizing reliance upon trestments that are toxic or involve
complicated, burdensome dosing schedules that negetively affect day-to-day life. Another goa
of IBT research should be to further clinica research by eucidating the pathogenesis of HIV
disease, providing future directions for therapeutic research, and devel oping new research tools.
Ultimately, these gods must meld into one overarching objective: to develop a cure for
HIV/AIDS.

If IBTsareto be part of the solution, we need rdliable and ussful new tools to enhance
management and monitoring of people living with HIV/AIDS. Such new toals, in the form of
surrogate endpoints, will not only enhance research into IBT, but may expedite evaluations of
efficacy of new compounds. Such endpoints, to be useful, must be reproducible, suitable for use
in multicenter environments, stable during freezing/shipping/storing of biologic specimens, and,
perhaps, appropriate for kit testing. We need to be able to vaidate these indices, as well.

Validity of surrogate markers. Ms. Lein described an assessment framework for
evauating surrogate endpoints that was developed by Mildvan, Landay, DeGruttola, Machado,
and Kagan (Clin Infect Dis 1997;24:764- 74):

Type 0—Measure of prognosis (natural history).

Type 1—Measure of drug activity. Type 1 marker that has commonly been used in
anti-HIV drug evaduation and is seemingly sufficient for “accderated licenaing”
applications. (Note: Mdlor’s data are Type O data).

Type 2—Measure of drug effect. A type 2 indicator is amog interchangeable with a
clinicad endpoint. If such an indicator is perfectly vaidaed (unlikdly) to dinica
outcome, demondtration of an effect on marker/indices would be aclinical endpoint.

Type 1 markers have generaly been the basis for licensure of drugsfor treeting HIV
disease, not type 2. In fact, type 0 data have supported the approval of drugs for HIV disease.
When we define “the bar” for IBT approva and new assaysin support thereof, we must keep in
mind the precedents set during the gpprova of antiretrovirals and not become discouraged by the
lack of type 2 markers. Which indicators served as the bases for gpproval of existing HIV
treatments?

Immune-based therapies and HIV disease 16
December 7-8, 2000



Basis for antiretroviral approvals. To give some perspective to these questions, Ms. Lein
reviewed some of the history of drug approvasfor HIV. In the erabefore vird load could be
measured reliably:

ddl was approved on bas's of 24-week data, which showed a mean difference of 13
CD4+ cells compared to the control group (AZT). (In fact, both groups showed
declinesin CD4+ cell counts, but the decline was less pronounced in the ddI-treated
group.) Themain dinicd tria was supported by alarge safety data set from an
expanded access program. (ACTG116b/117).

ddC was approved on the basis of 28-week datain 111 people. The ddC-treated group
demonstrated a mean increase of 21 CD4+ cells compared to the control group
(AZT). This study was supported by arelatively small safety data set from expanded
access program (ACTG 119). A second study did not support approval.

3TC was approved on the basis of 52-week data, which showed a mean difference of
about 100 CD4+ cdllsin the 3TC-treated group compared to controls who received a
combination of AZT+3TC versus an AZT-monothergpy control. Vira load data at
week 24 (1.2 log versus 0.3 log) supported approva, though vird load was merely at
type O level. Supported by areatively large safety data set from an expanded access

program.

The FDA then moved beyond looking merdly & log decrease in vird load to amore
important assessment: sustained response as indicated by percentage of subjects achieving
undetectable HIV RNA.

Indinavir (IDV) was licensed on the basis of a pivota study, which consisted of 24-
week datain 97 people. The IDV-containing triple-therapy regimen induced ~1.8 log
reduction in vira load, AZT+3TC induced ~0.8 log reduction, and IDV aone~1log
reduction. Percent of subjects achieving undetectable HIV RNA with AZT+3TC was
0, with IDV done, 40, and for those on triple therapy, 85. CD4+ cell count increases
were 25 on dud therapy, 120 on indinavir monotherapy, and 125 on triple therapy
(Merck 035).

Efavirenz (EFZ) was approved on the basis of a 24-week study in 450 people. About
75% of individuas receiving AZT+3TC+EFV had fewer than 400 copies HIV RNA
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versus 65% on IDV+EFV versus 57% on AZT+3TC+IDV. No difference in CD4+
cdl count was observed among the treatment arms; the overall increase was about
143.

Lopinavir was approved on the basis of a 24-week study in 653 people. Seventy-nine
percent of subjects receiving lopinavir attained HIV RNA <400 copies versus 70% of
those on ndfinavir. Mean increase in CD4+ cdll count was 154 versus 150 for the

nefinavir group.

Endpoints for immune-based therapies. When it comes to the landscape of IBT and
research into immune indices research, there are more questions than answers. The issue of
which immune indices are deemed ripe for development, to alarge degree, must be separated
from discussons of specific IBTsin development. It isnot useful to discuss“IBT endpoints’
because the endpoints will be different for interleukin 12 than they will befor IL-7 or HIV
immunogen, for example. Each immune-based thergpy has a different mechanism of action. The
effects of each IBT will be manifested as different markers. To achieve breskthroughsin IBT
treatment of HIV disease, we need collaborative product- and technology- pecific discussons
that include representatives of government, academia, industry, regulatory agencies, and the
community. We need to know more about regulatory requirements and the decisionmeking
process so that we can understand how these requirements do or do not promote answers to
questions of import to community and science. It practicaly goes without saying, that resources
are needed as wedll as cooperation and data sharing.

Success through collaboration. Great strides have been made in other aress, for example,
therapeutic drug monitoring. Pharmacologists and industry worked collaboratively to develop
these tools. Another example is the development of vira res stance testing—a cumbersome
process back in the 1990s—for which anumber of groups worked together using the ACTG
Department of Defense consensus assay. Now genotypic and phenotypic assays are widdy
available and making therapeutic differences in peopl€e slives. Ms. Lein dso extended kudos to
endocrinologists and virologists who developed a definition of lipodystrophy. Aswe now face
smilar chalengeswith IBT, perhaps we can gpply the same modds to develop a definition of
immune deficiency in HIV based on |aboratory abnormdities.
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Next steps. Ms. Lein proposed the following as next steps.

1. Conduct smdl, product- or technology-specific meetings to determine what can be
done short of clinica endpoints and identify aternativesto clinica endpoints. Decide
what level of uncertainty is acceptable.

2. Examine obgtaclesto IBT development including lack of structure for bench-to-bed,
pathogenesis-driven research, study section education, new mechanisms for RO1-like
research, incentives for industry, and so forth. Propose ways to surmount these
obstacles.

3. Convene a sdection committee to identify IBTs and assays ripe for development,
develop timelines, and commit resources.

4. Sdect assay(s) for further development, refinement, and evauation.

5. Draft development plans and timdlineswith “stop” and “go” parameters clearly
defined.

6. Edablish vaidation committe(s).

In clogng, Ms. Leinissued a chdlenge: No one but the people in this room can and will
define the “bar.” The FDA is not mandating this definition; it expects an answer to come from
you, as a collaborative group. We have more power in this discussion than what we are
exhibiting or widding; we must overcome the largest barrier: the lack of committed focus and
follow-through from us as a group.

During the discussion subsequent to Ms. Lein’s presentation, Dr. Schweiterman of FDA'’s
Center for Biologics Evaluation and Research made three points. First, he echoed Ms. Lein’scall
for an open discussion of al participantsincluding the FDA, academia, the pharmaceutical
industry, and the community. The Agency, in his opinion, has an obligation to be frank about
what the requirements are, for example, for the SILCAAT and ESPRIT trias. The FDA does not
have the answers, there isaneed for cregtive thought when it comes to the problems around
demondrating the efficacy of immune-based therapies. Thisisthe forum for such cretivity to be
expressed.

Second, he challenged the group to compare the concepts of bioactivity and efficacy and
to use the termsin ddliberate and appropriate ways. This contrast is a useful concept for
distinguishing the de facto chemica study from earlier kinds of studies that measure
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cooperaively and complementarily the scientific hypothesis underlying phase | and phase |

studies, which look a many endpoints. For phase 11 pivotd studies, one should have afirm idea
of the characterization of that drug and know what to look at in terms of effect. It issuch a
daunting task to come up with a product development plan that the task should be broken down
into chunks. He suggested that for this workshop that bioactivity is probably the most appropriate
term.

Third, he emphasized that the outcome of this meeting should be solid results to push the
academic Sdeinto action.

Another point of discussion centered on identifying target populations who may benefit
from IBT therapy. One group may see IBT as away to reduce use of ARTsthat are causing
undesirable side effects (e.g., lipodystrophy). A second group may be those who are failed by
ART. An additiond target population may be individuals who are biologic successes but
immunologic falures (low vird load, but low CD4+ cdl count). These people do better dinicaly
if they are doing better immunologicaly.

Another participant suggested that the immune responseitsdlf has profound antivira
effects. We know how to measure antivird effects and have the tools to do so. How do we design

studiesto look at the antiretroviral response?

Report from the Forum’s “Immune-based Therapies and HIV Disease: European
and Australian Perspectives” meeting, Scotland, October 26, 2000

Presented by Michael Lederman, MD, Case Western Reserve University

Dr. Lederman reviewed the discussions that occurred in the Forum meeting in Glasgow.

Ron Mitsuyasu reviewed the agenda of the AIDS dlinicdl trids deding with IBTS, including the
onesfor interleukin-2, GM-CSF, interleukin-12, thergpeutic vaccine triads, and some trestment
withdrawal studies. Other discussions focused on vaccine candidates, the ones we have are
smply not sufficiently active. Dr. Lederman highlighted severa ongoing studies:

For the QUEST sudy of ALVAC vaccine in patients identified during acute

infection, patients will recelve HAART done, HAART + ALVAC, or HAART +

ALVAC + Remune.
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David Cooper talked about the studiesin Austrdialooking at fowlpox vector. The
advantage of the particular vector heisusng isthat it can be grown to high titers and
it has plenty of room to insert genes for adjuvant molecules. The onesthey are
looking & now are interleukin-12 and interferon-gamma

Much effort in Australia has been dedicated to the standardization of assaysto use on
cryopreserved clinical specimens.

Mago Clerici taked about some of his group’ s sudies of trestment interruptionsin
the setting of antivira resstance and failures as a consequence of vird resistance.
Those studies primarily rely upon laboratory endpoints.

Ancther spesker from aresearch group in Barcelona highlighted their IL-2 trids.
Another speaker discussed trids of hydroxyurea.

Another spoke of astudy demongrating CD4+ enhancement in patients receiving
cyclogporin A concurrently with the initiation of HAART. Results suggest that the
adminigtration of cycosporin A enhances the redigtribution or surviva of cdlls after

vird suppression isinitiated.

What came out of the meeting were two approachesin terms of IBTs. Thefirst gpproach
involves using an immunologic agent or immunization, trestment, or Srategy to enhance HIV-
gpecific immunity. In this regard, the readouts are fairly straightforward and dl we need is some
imaginative ways of designing studies so as to optimize our ability to use those readouts. The
second approach uses agents that enhance generd immunologic competence. Thisis where we
have faled. There are many of these very exciting molecules, but not one such agent has been
approved or developed sufficiently to use as therapy.

What is redlly needed, according to Dr. Lederman, isagenerd measure of immunologic
competence, not just the CD4+ cell count alone. We need to measure host’s ability to maintain
hedth in the face of Ols and other microbid chalenges. Laboratory endpoints may help usfor
some agents, but ultimately, because so many different mechanisms of actions are involved with
the myriad immunologic agents, we need a measure of immunologic competence that can be
generdized for use across many different trids of many different agents.
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Importance of innate immunity in HIV infection

Presented by Jay A. Levy, M.D., University of California at San Francisco

In discussons of HIV, one areathat has not received sufficient attention isinnate
immunity. Mot of what has been reported and written on immune response and immune testing
has focused on the adaptive immune response. Researchers have been working on the problem
of HIV infection for some 18 years now (primarily on aspects of the adaptive immune system)
and have not yet solved it. We have not yet begun to gpproach what is critica froman
immunologic perspective: namdy the immune response that is present before HIV infection—
the innate immune system. Two cdll types gppear important in the innate immune responsein
HIV infection: the interferon producing cdll (IPC) and CD8+ cdlls.

Unexplored territory. Inlooking & CD8+ cdl antivird responses and immune function,
Dr. Levy and his colleagues redlized the importance of dendritic cells and their precursors one of
which isthe interferon-producing cdll. These are part of the innate immune system. Table 3

summarizes his comparison of the innate and adaptive immune systems.

Characteristic Innate immune system Adaptive immune
system
Quick response (min to days) + -
Delayed response (days to weeks) - +
Antigenspecific - +
Memory responses - +
Gene rearrangement - +
Conserved throughout evolution ++ +

Table 3. Comparison of innate and adaptive immune systems. Source: Jay Levy, M.D.,
University of California at San Francisco. 2000.
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Very few HIV/AIDS investigators are looking a components of the innate system,
including complement and the defenains. The innate immune system conssis of cdllular and

soluble components:
dendritic cells - lectin-binding proteins (collectins), anong
neutrophils them, mannose-binding lectins, mutations
macrophages in the expresson of thisinnate ligand are
NK cdls associated with greater ability to be
ganma-ddta T-cdls infected and lowered capability to resst
cytokines (eg., interferon) infections. Mannose-binding lectins have
interferon producing calls (IPCS) been shown to bind to the envelope protein

of HIV.

B-1cdls L
chemokines fever (a_cute phase reactants, cathelicidins,
defensins pentraxins)
complement

In brief, the innate system offers the earliest response to infection and may, in fact, ward
off certain bacteriaand other microbes that enter through mucosdl lining cdlls. This protective
sysem isactive even in HIV-infected individuds. The innate immune sysem islocated in
mucosal lining cdlls of the skin—right where it is most needed. If the innate system falls, thereis
no time for the adaptive immune response to kick in. By taking along perspective, one can see
that wereit not for the innate immune systemn, the adgptive immune system could never have
evolved.

Role of interferon-producing cells. Dr. Levy emphasized the role of the interferon-
producing cdl (IPC), which isaprecursor to the dendritic cell (DC2), the dendritic cdll that
enhances Th-2 type responses. The monocyte-derived type of dendritic cell enhancesthe Th-1
response. Interferon-producing cdls play arole viainterferon production in warding off initia
HIV infection, subsequent opportunigtic infections, and HIV-associated cancers.

In 1986 Frederick Siegd showed that type | interferons were very important in HIV
infection. If anindividua showed high interferon-apha production in stimulated periphera
blood mononudlear cdls and/or if the individud had a high CD4+ cell count, the clinicd picture
was fairly stable with little susceptibility to opportunigtic infections. The people who lacked
these parameters progressto AIDS.

The principa cdll for making interferons are plasmecytoid T-cells. In the 1970's Lennert
and colleagues described these cdllsin lymph nodes. Subsequent studies by Siegal and Y ong-
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Jun Liu have shown that this dusive cdl was the IPC that makes thousands of units of
interferon-alphaand -beta. The characterigtics of the IPC can be summarized asfollows.
ItisCD4+/lin-/CD11c-.
It isadendritic cell precursor (DC2).
It has plasmacytoid morphology.
It represents 0.2% to 0.9% of the peripheral blood and is also found in bone marrow.
Loss of IPCsusudly mirrors CD4+ cdl reductionsin HIV infection.
It secretes interferon with exposure to herpes smplex virus and other pathogens.
Its numbers are reduced in HIV infection.
The cdls are wdll represented in HIV long-term survivors, present in reduced
numbersin progressors; and few, if any, can be found in AIDS patients (figure 3).
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Figure 3. Relationship of IPC number to clinical state. Source: Jay Levy, M.D., University of
California at San Francisco. 2000

The known roles of interferon-apha seem to explain the pardlds between IPCs and HIV

disease. For example, it is know that interferondpha has antivird, anti-tumor, and
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immunomodulatory functions. Some of the latter are activation of NK cdlls, enhancement of
MHC expression, and boosting of cdllular reponses. Recent studies show that interferon-alpha
playsarole in directing the system toward the Th-1 response. Y et, Dr. Levy says, one of the
most useful exercises in understanding the potentid roles of different cdlsin thisdiseeseis
studying the exceptions.

For example, in generd, the CD4+ counts in Kapos'’s sarcoma (KS) patients were not
that low; they were well over 20% of total lymphocytes. Some patients had low |PCs, and they
were the ones who had recurrent lesons. Other KS patients had norma levels of IPCsand no
recurrent lesons. These findings suggested to Dr. Levy and his colleagues that |PCs were
warding off the onset of new Kapos’s sarcomalesons. The most dramatic findingswerein a
very few individuals who had very low CD4+ cdl counts and sometimes high vird loads who
had refused dl prophylaxis and anti-retrovird therapy but remain hedthy for 6 to 10 years.

Their IPC counts were in the norma range. The IPCs, part of the innate immune system, are
gpparently able to ward off the types of infections that lead to AIDS. In addition, Siega has
shown that with initiation of HAART the IPC counts can be restored in patients who had lost
most of these cells,

The noncytotoxic antiviral response of CD8+ cells. Dr. Levy’s group believes that the
CD8+ cdll noncytotoxic antivira responseis aso part of the innate immune system. When CD8+
cellsare added in very low numbersto infected CD4+ cdlls, they suppress vird replication at
transcription. Thereisno killing of the CD4+ cdlls, which continue to replicate and maintain
function. He summarized this noncytotoxic activity as shown in the following:

It is observed with activated CD8+CD28+ cells.

Itisactive agang HIV-1, HIV-2, and SIV.

It isanonlytic mechanism.

It blocks transcription.

It does not block activation or proliferation of CD4+ cdlls.

It is mediated by anove factor, caled CD8+ antivira factor, which, like cdll contact,
suppresses transeription.

It isavery rapid response, initiated before antibody response in people who are
acutely infected.
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This activity exists in exposed uninfected individuas and does not last more than one
year post-exposure. Thusthislack of memory for this regponse resembles a festure of the innate
immune. Perhaps some approaches could be employed to enhance the characteristic responses
associated with the innate immune system.

The two-edged sword. One participant pointed out that like the adaptive system, the
innate system isatwo-edged sword. NK-T cdls can inhibit tumor immune surveillance through
amechanism that involves production of IL-13. By inhibiting that mechanism, one can prevent
tumor recurrence. Thisisan example of how an innate response orchestrated through NK-T
cdls and cytokines can inhibit an adaptive immune response. Gamma-delta cells can also be
increased in HIV infection, but they may be harmful because they eiminate cdlsthat are
beneficid to the hogt.

Next steps. Reports have appeared in the literature documenting that Fit-3 ligand, M-CSF,
and G-CSF can bring back IPCsin individuas who formerly had reduced numbers of these cdlls.
Dr. Levy’sgod isto enhance mature IPCs from stem cellsto provide immune thergpy based on
the innate immune system.

Progress with structured treatment interruptions and IL-2
Presented by Kendall Smith, M.D., Weill Medical College of Cornell University

Dr. Smith asked that the workshop participants keep in mind one centrd tenet: that the
body’' simmune response itself is antiviral . Therefore, to determine efficacy of IBTS, monitoring
vird loads seemsto be the most direct and rationa choice for indicating bioactivity. To this end,
we should consider adminigtering IBTswhile patient vird load is maximally suppressed with
effective antivirds, then testing efficacy (IBTs bioactivity) by observing their effects on
suppressing or controlling relgpse of plasma vird load when the antivird trestment is withdrawn.

The example of hepatitis C. Thisis exactly the gpproach being gpplied to the study of
pegylated interferon and other antivirals in the treetment of hepatitis C. The investigators treat
the patients for 48 weeks and then they withdraw the trestment. Six months later, they assess
vird loadsin the patients to determine the sustained vira response rate (percentage of patients
who remained virus free 6 months after cessation of antivird therapy). With pegylated interferon
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and ribavirin, approximately haf of petients remain virus free a the 6-month point. Thisisthe
type of test that investigators should be employing with HIV.

A model for T-cell responses and proliferation. Dr. Smith then went on to describe a
study that his group conducted in 1999. The hypothess was that a combination of antigen plus
IL-2 should maximaly stimulate immunity to HIV itsdf. The study was based upon amodd for
T-cdll responses and proliferation. The mode has been ongoing in his laboratory for some 20
years. When antigen is introduced with good antigen-presenting cells, CD4+ and CD8+ cells are
initidly quiescent. Once the CD4+ cdlls are stimulated via T-cdll receptors, they change. The
change becomes manifest in the CD4+ compartment through the production of large quantities of
IL-2. With polyclona activation, as many as 60% of the CD4+ T cdlls expressthe IL-2 gene and
produce detectable IL2 within 4-6 hours of stimulation. They also express IL-2 receptors on their
surfaces so they can respond to the IL-2 that they produce. The CD8+ compartment is different;
these cells aso produce IL-2 and express IL-2 receptors but only about one-third of them
produce IL-2. Because CD-8+ cdlls are only haf as numerous as CD4+ cdlls, some 80% of the
elaborated I1L-2 comes from CD4+ compartment in anorma immune reaction.

Thisfinding truly supports the rationde of using IL-2 as athergpy because if you have
anything that limits the production of 1L-2, not only will there be deficienciesin the CD4
compartment, but aso there will be deficiencies in the CD8+ compartment because CD8+ cdlls
largdy rely upon the CD4+ cdls for hdp. The help comesin the form of IL-2. Tetramer Sudies
indicate that there is a huge clond expangon after an experimentd vird infection. Inthe LCMV
(mouse) modd system, thereis a 5-log increase in the number of CD8+ cdlswithin aweek. In
an IL-2 knockout mousg, this proliferative expansion of the CD8+ is reduced by 90%. These
knock-out mice have dl the other cytokines, which are potentia T-cell growth factors.
Therefore, there is something very unique about IL-2, particularly for the expanson of CD8+
cdls.

Interleukin-2 aso activates NK cdls, which differ from the T-cell compartment because
they condtitutively produce IL-2 receptors. If IL-2 is used thergpeutically, not only isthe
adaptive immune system affected but dso the innate, non-antigen specific agpect of the immune
system. Because 90% of the NK cells only express the beta- gamma dimer of the IL2 receptor
and lack the apha chain, very high doses of IL-2 are necessary to activate huge numbers of NK
cdls Therefore only high-dose IL-2 administration |eads to the cascade effect of
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proinflammatory cytokine production, which is described as a“ cytokine gorm” with dl its
adverse side effects.
Exploiting immune responses to HIV re-exposure via STIs. Dr. Smith'sgroup initisted a
study at Cornell to address two questions:
Can discontinuing HAART promote HIV-spedific immunity?
Can IL-2 trestment augment HIV immunity?

To answer these questions, they treated HIV patients with low-dose IL-2 thergpy in dally,
continuous fashion to saturate the high-affinity 1L-2 receptors. On average, the patients had been
HIV+ for 2 years. They started in January 1999 with the idea that perhaps HAART coud be
discontinued, and, if the virus returned, it would serve as an antigen source, giving pecificity to
the resultant immune reection. The daily, continuous infuson of 1L-2 would circumvent any
potentid deficiency of I1L-2 and maximally expand the CD8+ compartment. They initiated a
protocol to discontinue HAART in patients who had undetectable vird loads, norma numbers of
CD4+ cdls, and elevated levels of CD8+ and NK cells asaresult of daily low dose IL-2
treatment. The IL-2 trestment continued throughout the study, even after the discontinuation of
HAART. They monitored HIV levels and lymphocyte subsets after discontinuation of HAART,
and the patients had received HAART for at least 3 monthsand IL-2 for at least 3 months. So far
they have followed 16 patients through this protocol.

When they discontinued HAART, therewas argpid increase in vira load with a doubling
time of about aday and a hdf, reaching pesk concentrations at about the 2-week mark.
Coincident with theserisesin vird load were increases in CD8+ cdll counts. Therisesin CD8+
cdlslagged behind increasesin vird load, indicating that antigen was necessary to stimulate
CD8+ cdl production. There was atrangent decrease in CD4+ cdlls, and no change in NK cell
counts. After the CD8+ T cdlsincreased, they found then that the virus concentration decreased
subsequently over the next 2 weeks and settled at a plateau at about 10-fold below the peak
vaue. Interegtingly, the patients fell into two groups—one with rapid vira load dedines (hdf-
life of 1.5 days) and the other with dow vird load declines (haf-life of 5 days). Also, the
patients whose viral |oads dropped most quickly after peak (greatest dopes) were the oneswho
achieved plateaus at the lowest levels of viremia, which were ~ 100-fold lower than the peak

levels. By comparison, those subjects whose vird loads dropped more dowly did not go down as
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far, only ~ 50% decrease. These findings corrdlated with the CD8+ cdll counts; the patients with
fast viral decay experienced the greatest increases in CD8+ cdll counts.
They have followed 4 of these individuas for ayear, and then they reindtituted HAART

followed by another ST1. They found:

Viremic rdlgpse in dl subjectswith asimilar latent interva (time to detection, ~ 14

days)

A similar rate of virusincreasg, i.e. t1/2 = 1.5 days.

> Tenfold lower peak vird load in 3 of 4 subjects

CD8+ cdl count remained devated and a a higher levd than first ST

No change in CD4+ or NK cdll counts.

Dr. Smith concluded from this study of STIsand IL-2 that:

Cessation of HAART leadsto vird relgpse in 100% of HIV-infected individuasin
contrast to hepatitis C picture, where there is only a 50% relapse rate.

In relgpse, host CD8+ cells appear to control viremia, reducing the pesk viral load ~
10-fold.

Immunity is possblein chronicaly infected individuds, the dogma of tregting early
with antiretrovirals may not be the best gpproach.

These results have just been published in the November/December 2000 issue of HIV
Clinical Trials.

Dr. Smith believes that the future of immune stimulation is bright because of the
availability of the new study endpoints of viral and lymphocyte dynamics that occur after
cessation of therapy. Antigen-specific T-cells can aso be monitored. Investigators can test
different agents—therapeutic vaccines and cytokines, for example—while patients are
maximally suppressed, then determine the effectiveness of the IBTs by a short-term interruption
of antivira thergpy. In addition, this approach for immunotherapy can be extended to other
infectious diseases and cancer.

A new study. Dr. Smith went on to describe a new randomized, controlled, 2-step phase I
trid of an HIV vaccine and IL-2 that he is doing in collaboration with Frederick Siegd’s group
at St. Vincent's, David Warren at SUNY-Brooklyn and Israel Lowy a Mt Sinal in New Y ork.
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The study, which is powered to detect a difference in trough vird load of one-hdf log, conssts
of:
Step 1—While patients receive HAART they are randomized to receive (1) avaccine
placebo, (2) an HIV vaccine (ALVAC vcpld52), (3) vaccine placebo + daily IL-2, or
(4) anHIV veccine plusdaily IL-2 for 12 weeks.
Step |1—discontinuation of HAART for aminimum of 12 weeks, during which time
vird load, lymphocyte concentrations, and numbers of HIV-specific cdlswill be
monitored.
Thisdinicd trid desgn has the advantage of requiring only a 24-week (6 month)
commitment on the part of the volunteer, and includes a treetment interruption for al subjects.
The dternative, of tegting the efficacy of IBTswhile continuing to adminiser HAART, and then
following the progresson to AIDS-defining illnesses, requires many more volunteers and severd
years of commitment on the part of each individual, as demondirated by the recent Remunetrid.

Patterns of immunodominance in CTL responses directed against HIV-1 and the
potential role of therapeutic immunization

Presented by Spyros Kalams, M.D., Partners AIDS Research Center,Massachusetts General
Hospital and Harvard Medical School

Now that we have the ahility to suppress viremiawith anit-retrovird medications, we can
gart thinking about boosting HIV-specific immunity. Some combination of the known
therapeutic approaches will likely provide the answer. Dr. Kdams discussed some of hisfindings
from the acute seroconverter cohort.

Models of viral latency. Other speakers addressed immune protection in chronic vird
infections, and perhaps we can apply that mode to HIV infection. For example, with
herpesviruses, the initid infection is contained, and the virus remains latent in the host but is
controlled by a hedthy immune system.

The lymphocytic choriomeningitis virus (LCMV) modd in mice has been helpful for
dissecting out mechanisms of immune control. After infection, thereis rgpid induction of the
CD8+ response. With tetramer and intracellular cytokine technology, it has been demonstrated
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that up to 70% of CD8+ cdlls are specific for the virus within 8 days pogtinfection. One patient
with acute HIV infection they looked at years ago had some 8% of his whole periphera blood T-
cdll response dominated by three clones that were al specific for the same epitope (Data
submitted for publication). In the case of HIV, however, the CD4+ helper response is destroyed
around the same time. That may be one of the reasons that control of viremiais not attained after
HIV infection For example:

In CD4+ knock-out mice, CD8+ cells do not expand to quite the same levels after

acute infection, they are not as functiond, and they do not perdist.

Neutraizing antibodies may dso play arole in ultimate control of LCMV infection.

Such antibodies may dso play arole in control of HIV viremia as evidenced by data

from one of the acute seroconverters studied by Dr. Kalams' s group during a

trestment interruption.

Viral setpoints. What are some of the factors that may be influencing the vird setpoint?
Some people who are nonprogressors or who are able to control their viremiamay have been
infected with an attenuated virus. Severa host genetic factors have been described (CCR5
mutations, certain HLA dlées) that have been associated with long-term control of viremia
Finaly, there are the variables associated with the host’s immune response. It isthe latter factor
that may be augmented with specific thergpies.

Cytotoxic T-lymphocytes probably control viremia by soluble factors aswell as direct
killing. Some of the studies in macagues have made great advances in the field, with the Letvin
group doing CD8+ T cdll depletions and showing dramatic increasesin viremia. Dr. Kdams's
group showed an association between helper responses and control of viremiain chronicaly
infected subjectsin a cross-sectiona study. Helper response seems to be most powerful predictor
of control of replication in subjects not dready on HAART. In fact, people with high levels of
help tend to have high levels of CTLs. There are some people with no help but with detectable
levels of CTLs by precursor frequency, yet these people do not control viremia. It appears, then,
that the helper responseis the crux of the matter in HIV.
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What happens during immune recongtitution with HAART?

Increases in CD4+ counts, first the memory cells and then increases in the numbers of
na ve cdlsa amuch dower rate.

Recovery of proliferative responses to mitogens and recal antigens.

Rare recovery of HIV-specific proliferative responses.

Decreased incidence of Olson HAART, sometimes alowing prophylaxis to be safdly
discontinued.

Dr. Kalams suggested some IBT approaches that have may offer dinica benefits
cytokines, adoptive cdl trandfers, thergpeutic vaccination, treatment interruptions, and gene
therapy.

Cytokines. With IL-2, certainly CD4+ numbers increase, dthough when HAART is
discontinued even if 1L-2 is continued, the viremia rebounds. The question is whether we
somehow train these cdlls that are coming back to become HIV-specific? Studies are ongoing
with IL-12, which gppears to augment CTL activity and NK activity in vitro.

Adoptive cell transfer. Some of these studies are quite interesting. The idea early in this
field was to expand HIV-specific CTL isolated from infected subjects and reinfuse them. Work
by Koenig et d. showed little success as the virus was able to mutate and escape recognition by
the infused clone. Phil Greenberg’ s group infused marked T-cells and showed that the infused
cdls did home to the lymph nodes, but there was no changein vird load. Another study in
Oxford by Tan et d. showed that the infused cells underwent rapid gpoptoss.

Otto Yang and Margo Roberts have been doing some work in the area of universa T-
cdl-receptor-modified cdls. They took cytotoxic T-cdls and geneticaly modified them to have a
CD4+ molecule directly linked to the cytolytic machinery. In theory, these modified cdls would
be able to recognize HIV-infected cdls. In vitro, they seemed to kill HIV-infected cdls at the
same rate as epitope-specific cytotoxic CD8+ T-cdls. At least the early tridsusing large
infusions of these cdlls have not had an anti-vird effect. The re-infusion of large numbers of
antigenspecific cdls has not enjoyed the successin HIV that, say, the reinfusion of CMV-
gpecific cdls has attained.

A very promising gpproach with dendritic cells has been applied by Dhodapkar and
Bhardwagj. These cells can be grown up quite easly and do not require multiple infusons via
subcutaneous injections. Augmented influenza- specific memory CTL responses have been

Immune-based therapies and HIV disease 32
December 7-8, 2000



documented, as well as new helper responses. Thisis anice approach to put to the test in clinica
trias.

Severd assays have been proposed to measure responses in chronicaly infected subjects,
but which epitopes are the appropriate ones to target? Dr. Kalams has evauated dominant CTL
responses in HIV-infected subjects. He showed a dide reveding frequencies of five HLA-A2
epitopes. These epitopes are listed in the HIV molecular immunology knowledge database on the
Web. Seventy percent of A2 people who are chronicaly infected tend to recognize a pl7 epitope
(p17/77-85, SLYNTVATL). There are varying degrees of recognition of this epitope. Either
individua epitope responses could be targeted to fill in the repertoire of HIV-specific responses,
or generd immunothergpeutic regimen whether it is canarypox, DNA vaccine, etc. could be
used. By tracking individud T-cell responses, investigators could discern how immunogenic the
vaccines are.

Another notable finding isthat it takes along time and a greet dedl of exposureto
develop aresponse to the pl7/77-85 epitope. Although seventy percent of chronically infected
individuas recognize this epitope. Dr. Kalams and colleagues found that acute seroconverters do
not recognize this epitope, even after they develop other CTL responses. Thisfact would be
important to keep in mind during vaccine development, because vaccines that do not have high-
level antigen expresson may not dicit these responses in sero-negative subjects. Also, the
difference in the degrees of recognition of particular epitopesis a pitfal of using one tetramer as
asurrogate for the entire immune response.

Therapeutic vaccines. Results to date have been difficult to interpret. gp160, for example,
has been shown to be safe and to induce hel per responses. No therapeutic benefit has been
demondrated in clinicd trids, dthough these trids occurred during the pre-HAART erawas and
it may be difficult to show a benefit during ongoing vira replication.

Remune, the center of much controversy, is a safe product and a good inducer of helper
responses. When one examines correlates of control of viremia, responsesto HIV gag protein are
strongly associated with control of replication. If one looks at acute seroconverters treated early,
nearly dl of them mount vigorous hel per responses. Efficacy, however, has been difficult to
evduatein dinicd trias where patients were immunized initialy in the aasence of anti-retrovird
therapy. When subjects began therapy with anti-retrovird drugs, vira load measurements were
not done frequently enough to determine whether the relapse rate of viremiawas decreased in the
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Remune group. Another difficulty has been that in aretrospective andyss of alargetrid,
therapy failures due to changes in anti-retrovira regimens because of drug side-effects were not
digtinguished from falures due to relgpse of viremia (ACTG 816). Trias designed to augment
HIV-specific helper reponsesin chronically infected individuas are till warranted.

Canarypox vectors have been shown to be safe in seronegative subjects, and have dicited
CTL responses. Few studies have been done in HIV-positive subjects athough severd are
ongoing now. Although these congtructs produce “pseudovirions’, it is not yet known how
robust a hel per response is generated.

Treatment interruption. The rationale behind trestment interruption is thet it usesthe
subject’ s own virus for simulation (also a disadvantage). Some evidence of efficacy has been
shown in smal numbers of subjects treated with HAART early after infection (before
seroconversion). Data on acute seroconverters suggest that STIs can be auseful adjunct to other
approaches. Little evidence exists to show efficacy in chronic infection. Of 8 individuals who
interrupted therapy, 3 did not require reinitiation of therapy; they remained below 500 copies and
have sugtained low vira loads. The others rebounded within 50 daysto vird loads above
100,000 without a repeat of their acute seroconversion syndrome. A second interruption was
initiated in these 5 patients after they reached undetectable levels for at least 8 weeks, and 2 more
had a sustained control of viremia below 500 copies’ml. Ongoing studies are attempting to
determine the immune correlates of control of viremiain these individuas.

The future of IBTsin HIV. Ongoing ACTG dinicd trids indude the following:

A5024—IL-2, ALVAC (vCP1452) or both

A5049—IL-12 and vaccine with a B7 epitope

A5051—HAART +/- recombinant 1L-2 with long-term follow-up

A5058s—Remune and ALVAC(vCP1452) to seeif a combination of agents designed
to induce helper responses and CTL responses is more effective than ether one done.
A5068—ST| and canarypox(vCP1452).

Thesetridswill likey point to some promising agents. The ided immunotherapeutic
regimen in an HIV setting, according to Dr. Kaams, would suppress viremia, generate nai ve

CD4+ cellsthet are “trained” to recognize HIV, and augment CTL responses.
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In search of the Holy Gralil
Presented by Michael Lederman, M.D., Case Western Reserve University/University Hospitals of
Cleveland

Dr. Lederman opened with aquestion: Do we need IBTs for treating HIV disease? The
answer isyes. Treatment with HAART does not restore immune function or the numbers of
immune cdllsto normal. To bolster his position, he showed some data from ACTG 315, which
provided some evidence of immune restoration as gauged by delayed-type hypersengtivity
(figure 4). The study involved individuas with moderately advanced disease. After ayear of a
potent antivird regimen, the median CD4+ cell count went from a mean of 180 or so to about
350. Despite this clear evidence of immune restoration, 60% of patients remained anergic; their
functiona abnormadlities perssted. (Only about 10% of the generd population is anergic.) CD4+
cdl rises were even more modest during years 2 and 3 of HAART. Unfortunately, we do not yet
know how much immune cgpahility is necessary to need have anormd life expectancy.
Nevertheless, the numbers of immune cells achieved in this study appeared to be sufficient to
protect againg Ols at least in the short term even though immune function is till conpromised.
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What about the patients who are virologic successes but immunologic fallures, that is,
with HAART they do not achieve increases in circulaing CD4+ cell counts athough their vird
loads go to undetectable levels? This Stuation occurs in 5% to 20% of HAART virologic
successes. Thisisapopulation at risk of succumbing to Ols. The need to enhance immune
cgpability isred.

Role of IBT in HIV disease. These scenarios suggest two possible and distinct roles for
IBT in HIV disease: to improve HIV - specific immune response and to enhance generd immune
competence. The latter roleis the one that Dr. Lederman focused on in his presentation. As he
seesit, developing agents to enhance immune competence presents a number of chalenges:

The need to demondrate clinica benefit

Paucity of surrogate markersto predict clinical benefit after IBTs
The conundrum of IBTs

The codt for development is prohibitive.

The conundrum of IBTSs arises because they generally work best in the people who need
them least—those who have rdatively wdl- preserved immune function. Some, for example IL-2
may be mogt active when HIV replication is aready suppressed via antiretrovira therapy.
Furthermore, studying patients with suppressed HIV-1 replication and preserved immune
function makes clinica endpoint trials costly and impracticable because of the need for alarge
number of study subjects.

Surrogates for clinical endpoints. So far, the only laboratory markers that have clearly
been shown to predict dinical bendfit in ART trids are plasmaHIV RNA and circulating CD4+
T-cell counts. CD4+ cdls counts are a reflection of generd immune competence. The strengths
of the CD4+ marker as a surrogate are;

Circulating CD4+ cdll counts predict outcomein naturd history studies.

CD4+ cdl countsrisewith ART, and the increase predicts clinical course.

CD4+ cdll counts can be used asaguide for Ol prophylaxisto help determine when it
should be indtituted and when it can safely be withdrawn.

S0, what happens to CD4+ cells when an agent such as IL-2 isadministered? Dr.
Lederman presented some data from the ANRS 048 study to help answer this question. This
study, among others, has shown that with intermittent adminigtration of I1L-2 that CD4+ cells
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counts rise sgnificantly compared to controls who do not receive IL-2. The increases are
polyclond, and the cdlls are apparently functiona ex vivo.

Isasmpleincrease in the numbers of circulating CD4 cdlls likely to provide clinica
benefit? Inthefirs phase of HAART (the first 8-12 weeks), when the cells are likely being
redistributed, the increase in CD4+ cdllsis temporaly associated with clinical benefit. At the
sametime, vird replication is also decreased, and if vird replication itsdlf is associated with
immune competence, this may confound analyses of such data. At least the data are suggesting
that just making enough of these cdls available in the peripherd circulation is conferring a
clinica benfit.

The ESPRIT and SILCAAT trids are addressing this very question of whether IL-2 by
increasing the number of CD4+ cdlsin the peripherd circulation improves outcomesin HIV
infection. Dr. Lederman then proposed a hypothetica: Suppose these trias show that 1L-2
confersclinical benefits for people with HIV disease and that this benefit is entirdly attributable
to increased CD4+ cdlsin circulation. Would this information help us develop other IBTS, say,
IL-12, IL-15, or GM-CSF? The answer obvioudy is no, thisinformation would not help us at dl
because dl these agents work dl by different mechanisms.

A final common pathway readout. Even though they are useful for prospective and
retrospective sudies and they are great tools for exploring pathogenesis, in vitro laboratory
markers redly have limited utility for developing new IBTs. What is needed is afind, common
pathway readout. Presently we use clinical endpoint trials as afind common pathway readout.

Participants are randomized to treatment assignment, and then they are observed for OIS,
other AIDS-defining complications, or degth. An Ol redly isafina common pathway of
immune failure. An Ol can be seen asthe dinical consequence of an inadequate immune
response to microbia chalenge. The immune response to Ol antigensis areflection of the
adaptive immune response to Ol antigens. Merdly counting Ols as adinicd readout of immune
competence is a bad ideafor a couple of reasons, according to Dr. Lederman. For one, thereisno
control over the timing or the population frequency of chalenge. Because only afraction of the
study population will contribute meaningful endpoints to the datisticd andys's, the sample 5ze
requirement is enormous. Even worse, reaching endpoints means that the patientsin the study are
at risk of morbidity and dezath.
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Another gpproach is to examine immune responses to “vaccing’ antigens as an in vivo

measure of adaptive immune competence. Table 4 compares the adaptive immune response to an

Ol to the response to “vaccing” antigens. Immunization isaform of microbia chdlenge. InHIV

disease, response to immunization is associated with disease stage (Schooley, ACTG 209/214)
and is predictive of subsequent disease course (Redfield, N Engl J Med 95). Furthermore,
enhanced immune response to recal and Ol antigensis associated with better control of HIV
replication and decreased immune activation (Vadez, AIDS 2000).

Immuneresponseto Immuneresponseto
opportunigtic infection “vaccine” antigen
Falure of adgptive immune response to| Measure adgptive immune response  to
antigen chdlenge antigenic chalenge

May be CD4+, CD8+, B-cdll dependent

May be CD4+, CD8+, B cdl dependent
(responses measured by assays of CD4+,
CD8+, B-cdl function)

May require both afferent and efferent arms of
immune system

Requires both afferent and efferent ams of the
immune system

Table 4. Comparison of adaptive immune responses to opportunistic infections and “vaccine
antigens.” Source: Michael Lederman, M.D., Case Western University/University Hospitals of

Cleveland. 2000.

By usng immunization as amicrobia challenge, one can use

Complex or ample antigens to measure CD4+ T-cdll or B-cell responses

Methods of intracellular gene expression to induce CD8+ T-cdl| responses employing

DNA or RNA, or virusor vira vectors

Tests of both the afferent limb and effector limbs of the immune response

Serum antibody levels to measure B-cdll responses

Lymphocyte proliferation, cytokine expression or delayed-type hypersenstivity to

measure induction of CD4+ T-cell responses

CTL assays, Elispot, and tetramer staining to measure induction of CD8+ cell

responses

Intracellular cytokine expression to provide detailed, cell-pecific characterization of

rePONSES.
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Using response to immunizetion as afind common pathway for teting adaptive immune
responses to microbid challenge offers anumber of advantages. Patients can be randomized to
treatment. Endpoints are responses to immunization (discrete or continuous responses), and, as
such, are measures of adaptive immune competence. Endpoint timing (vaccination chalenges)
and immunologic monitoring are determined by trid design and not by chance. All trid
participants contribute to the number of endpoints. This strategy avoids putting trid participants
a risk for morbidity or mortaity of clinica endpoints based on Ols. And, findly, trids can be
streamlined based upon a predictable ending date.

What is needed to put this concept into practice? To put this strategy to best use, we need
consensus methods and reagents for immuni zation. We need good recdl antigens and
neoantigens. We need antigens and vectors to test B cell responses as well as CD4+ and CD8+
T-cdl responses. We need consensus methods for measuring immune responses to microbia
chdlenge.

To vaidate immunization responses as predictors of Ol protection, we must conduct
cross-sectiona studies, and we need to measure responses to immunization in individuals who
have had clinica responsesto antivira thergpies. Likewise, we mugt try to examine
immunization responses as a consequence of IBTs.

What are the barriers to this strategy? We lack the tools to € ucidate the role of the
nonadaptive “intrind¢” immune defensesin host defenses againgt HIV. But, given the current
paradigm, will we be able to develop IBTs for trestment of HIV disease? The answer given by
Dr. Lederman was, “probably not.” Despite the plethora of exciting and active molecules that
have been identified and produced in the last 10-15 years, not one immune-enhancing agent has
been approved for usein HIV infection. We must explore different approaches to the
development of safe clinically useful gpproaches to explore immune function in HIV disease,

The workshop participants generaly were very supportive of this gpproach. Using
antigens from opportunistic pathogens may have therapeutic implications aswell. Monitoring in
vivo immune competence is certainly a powerful, surefooted approach. Among the issues raised
by the assembled group were

From the perspective of immune restoration, there isared and different response to
HIV than there isto Mycobacterium avium, cytomegadovirus, or other opportunistic

pathogens.
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Once atreatment group has been exposed to a set of neoantigens, then the group will
no longer be nai ve to those antigens and any further testing would require awhole
new set of “neocantigens.”

This method may gl require vaidation againg clinical endpoints

Quantitating human T-cell responses to cancer vaccines
Presented by Kim Lyerly, M.D, Duke University

Parallels have become more obvious between the cancer and HIV fidds. Studies of
cancer thergpeutics dso rely on clinica endpoints, and there are surrogate markers of those
clinica benefits. Clinica endpoints are surviva (may take years, large numbers of patients),
tumor response/shrinkage (not dways lined to surviva benefit), delay in progression/recurrence
(not aways linked to surviva benefit), qudity of life (based not on surviva benefit, but rather
enhancement of life quaity—aworthwhile goal). Some surrogate markers (reduction of tumor
burden) do not necessarily correlate with clinica benefit. For example, if a patient has bilatera
pulmonary metastases, remova of one lung reduces tumor burden by 50% but does not confer
clinica benfit.

How cancer vaccines are tested for safety and feasibility. The vaccine studiesthat Dr.
Lyerly’s group has focused on very early dlinicd trids of nove thergpeutic agentsin cancer,
alowing the introduction of relatively unproven agents in people with near-termina disesse.
This presents pecia chdlenges because these people are not likely to mount robust responses to
vaccinesin light of their immunocompromised state. The main objectives of such studies, as
mandated by the FDA, are safety and feasibility. Although these studies are powered for those
gods, they do also look at secondary endpoints for hints of biologica activity, namely

tumor response/shrinkage

tumor marker response—for example, decline or rise in progtate specific antigen or
the rate of said rise or fal—are not 100% correlated with clinica benefit

other clinical markers—induction of vitiligo, for example, which is an indicator of
immune response indicates melanoma vaccine efficacy

delay in timeto progression or delay in time to recurrence
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increasein overdl surviva

adverse effects.

Getting to the true response rate. The problem collgpsesto one of gatistics. In oncology
trids, the god isto explain clinica results and why oftentimes results reported by one group
cannot cannot be replicated by other groups. Dr. Lyerly and his colleagues use a computer model
for agiven cancer thergpeutic agent into which they enter the variables of interest, run the
experiments dectronically, and show the data. Using the mode, they can enter aresponse rate of
5%, for example, aleved that would not be of much interest clinicaly in the oncology fidd. With
asample sze of 10—avery common number in safety/feashility sudies—they gpply arandom
number generator using the model and thefirdt trid shows aresponse rate of 10%. The next trid
shows no responders, and so forth. What happens is that the data showing responders are
published and the negative data are not. The redlity isthat we cannot continue to do this because
these data sets are equivaent. One drategy to overcome this dilemmalis to increase sample size,
thereby reducing the confidence intervals and yielding a more reliable descriptor of the true
response rate. As cancer investigators seek resources to do such studies, they get powering
sufficient for the safety/feagbility issues for the sample size of 10-15 patients, but if these
samples szes are extended to a more robust leve, the studies can give amuch truer picture.

What isthe point of immunologic monitoring?

It may be predictive of dinica benefit.

It is an objective measure of biologic activity that may dlow invesigatorsto

prioritize the myriad available approaches. (One could test avaccine that resulted in a
broad, strong immune response before testing Smilar vaccines that generated only
weak immune responses.)

It underpins an understanding of the mechanism of action for optimization.

Anti-myeloma vaccine. Dr. Lyerly reported on progress madein his laboratory in
collaboration with Larry Kwak. They immunized in vitro peripherd blood mononuclear cdls
from patients with maignant myeloma and were able to generate an idiotype (Id)-specific T-cdl
response (Li et a. Blood 2000;96(8):2828-33). The CD8+ response was lytic for the autologous
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maignant mydomacells of the patients. First example of a T-cdll response that was Iytic for the
maignant plasmacdls
Dendritic cell (DC) vaccines are more complicated than people redize. Consider these
characteristics of DCs:
Maturation of DCs. They derive from avariety of lineages and achieve a phenotype
that allows them to be effective antigen loaders. They are highly phagocytic. CD83
antigen isamarker of maturation; trestment with TNF-alpha causes the DCsto
mature and produce the CD83 marker. If one matures DCs by adding TNF-aphaand
then loads them with antigen, the T-cdll response is less than if they were first loaded
with antigen and then matured with TNF-apha
DCs matured with TNF-aphawill produce large amounts of 1L-12 when stimulated
with combinations of cytokines, when treated with individua cytokines, levels of 1L-
12 were much lower.
Route of adminidration is very important with DC-based vaccines. In sudieswith
immature I ~1abeled DCs administered intravenously, Dr. Lyerly observed early
trafficking to the lungs with radiography but no trafficking a dl to areas of metastatic
tumor. Later, they moved to the spleen and liver. The expectation was that DCs could
be injected into the skin and they would migrate to the draining lymph nodes, but the
redlity was that they migrated only dowly and rarely. Fewer than 1% of intradermally
injected DCs migrate.

FIt-3 ligand. In arecent article in the Journal of Clinical Oncology, it was reported that in
metastatic colon cancer patients were treated with Ft-3 ligand as a subcutaneous injection every
day for aweek. The result was avery significant rise in their monocyte populations that drops off
when the Ht-3 ligand is withdrawn. There is a population of myeoid-type DCsthet is
characterized by CD11c positivity and low levels of CD123. Thereis arapid and significant
expangon of this subset with Ht-3 adminigration. It may be these cdlls that provide important
immunologic function, perhgps an antivira function. Ht-3 ligand may be awell-tolerated agent
that can lead to high circulating levels of these cdlls.

Functional analyses. Insofar as functional andyses are concerned, many in the cancer
vaccine field now consider Elispot analysisto be the gold standard. It is dso very important to do
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direct assessment of periphera blood mononuclear cdl (PBMC) immune function because it
minimizesin vitro artifact. It is shocking to many thet if a peptide is used to expand the PBMC
population that after 12 days, the mgority of expanded T-cdlls are now peptide specific. If after
12-18 days stimulation, the number of tetramer-positive T-cdlsislessthan afraction of a
percent, that it probably not arobust immune response although others may say otherwise.

Dr. Lyerly’s group often relies upon intracelular cytokine staining of antigen-specific T-
cdls They look at class | and class 11 responses. When Dr. Lyerly’ s group examined T-cdl
responses to tetanus vaccine as arecall antigen using these assay's, they found an unexpected
CD8+ response in addition to CD4+ response. With multiple immunizations, they found a
plateau of the CD4+ response, but they found very significant levels of CD8+ responses
occurring 2-3 weeks following tetanus immunization. In fact, 1.5% of the circulating CD8+ cdlls
were responding to the tetanus toxoid.

Defining immune function. Dr. Lyerly summed up by saying that we now have the tools
to thoughtfully and carefully do the andyses that will have important rolesin defining the
immune function in cancer patients. Thisis an amazing opportunity to converge technologies and
use shared antigens and reagents to understand T-cdll biology in cancer, HIV disease, and in
normd individuals

Design and analysis issues for studies of immune-based therapy
Presented by Victor DeGruttola, Sc.D. and Ronald Bosch, Ph.D., Harvard School of Public
Health

How can we improve efficiency of IBT studies? How can we identify patterns of
immunologic markers that predict viral control or clinical outcomes? These were the questions
addressed by Dr. DeGruttola.

Selecting an appropriate trial design. Trid desgn is determined by the scientific
guestion and the population under study. For example, if the quetion is. “ For trestment-nai’ ve
patients, could IBT used with HAART to reduce the virologic setpoint?’ an gppropriate study
may beto follow nai' ve patients for 3 months before treatment to establish their vird setpoint.
Initiste HAART until vird suppression is achieved and maintained for some period of time, and
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then randomize the patientsto IBT or placebo. Use as an endpoint whether the virologic marker
levd following an ST1 is above or below the pretrestment setpoint. Statistical andysisin this
case would be fairly straightforward.

For other trids, however, gatistica innovation can improve efficiency. For trestment-
experienced patients, the question may be whether an IBT can dow virologic rebound following
HAART. Once again, patients can be randomized to an IBT or placebo after virologic
suppression is achieved. In this case, though, rather than just looking at vira setpoint or time to
vira rebound, by usng nonparametric, rank - based comparisons of the entire rebound curves, the
investigator can make use of all datathat can be collected following the STI.

Innovative statistical approaches. The presenters pointed out waysin which innovative
datistical methods can play arolein dinicd trids. On such method rdlies upon efficient
comparisons at each time point. Virologic curves tend to be complex, pesking and then faling
off. For thistype of andys's, compare each individua from one group to each person from the
other group at each time point. Thisway, dl information is used by performing a rank-based
andyss on summary scores. The advantages of this approach are:

It dlows use of dl data, even if the patients were unable to have an ST becausevird
load was never fully suppressed.

Anayses are unaffected by missing observations so long as they occur randomly. If
missing data points occur nonrandomly (if the patient is not feding well and so misses
severd appointments), additiona statistical assumptions would be necessary to
accommodate information from such subjects.

This gpproach dlows anaturd way to accommodate information from sudiesin
which subjects restart therapy when needed. .

Trid desgn can be made more efficient usng other atistical innovations, such as
factorial designs usng smultaneous randomizations to two or more different thergpies. For
example, the ACTG 5058 sudy is looking smultaneoudy at the Remune HIV immunogen and
ALVAC vaccine.

Another gpproach is the use of dratifying factorgentry criteria to identify homogeneous
patient groups for discerning early indicators of benefit. The more homogeneous the patient
group within a stratum, the greeter the ability to detect subtle, early effectsof an IBT. This
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approach can improve efficiency in early proof-of-concept studies but is not gpplicable to phase
[ efficacy tridsin which the god isto have a very diverse patient population. One question is
how can a homogeneous patient population be identified? The investigator must establish a
measure of amilarity for patients according to laboratory markers of interest (eg., multiple
immunologic markers). Once scores are assigned across a broad range of immunologic markers,
they can serve not only as dratification factors but aso as endpoints.

The problem of high-dimensional data. To identify patterns of immunologic markers
investigatorsin the HIV fidd have been callecting information on a broad range of immunologic
markers on ardatively small patient population, giving rise to a problem known in satistics as
high-dimensional data. We need to accommodate the increasing number of markers. With
many immunologic markers to be measured, it is generdly not efficient to investigate the
prognogtic vaue of each marker individudly particularly when the patient population is small.
Many approaches can be applied to high-dimensiona data; investigators can cluster the data to
determine clugters of patients with smilar marker vaues across the full spectrum of
measurements. This gpproach works when certain markers tend to correlate with other markers.
Then we can ask, “ Does membership to a cluster predict some outcome of interest, for example,
virologic or immunologic response?’

One way to invedtigate this question is to use predictionbased classfication viaa
recursgve partitioning splitting algorithm. The basic ideais to sart with many observations and
an outcome of interest. By employing a splitting agorithm, the association of certain
observations with certain outcomes becomes gpparent. This type of analys's, when gpplied to
data on vird resstance, reveds that membership in these clusters, as defined by genotype, is
highly predictive of the phenotype (resistance). Those relationships can then be further
investigated.

How the clustering approach can be used. Dr. Bosch then presented some analyses using
this type of gpproach for immunologic data developed by the AIDS Clinica Trids Group. His
group is doing some exploratory studiesto look for interesting patterns and perhaps to identify
subsets of patients or specimens that may be ripe for further investigation.

As an example, he discussed ACTG 5026S, an immunology substudy of ACTG 5025.
There were 38 eva uable subjects who had data at baseline and at follow-up. The full study had
involved individuas who had <200 copies of HIV RNA copiesmL. Thiswas arollover of
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ACTG 343, in which subjects were treated with indinavir+3TC+ZDV. The patients were then
randomized in ACTG 5025 to one of three arms. (1) continue the triple antiretrovird therapy, (2)
switch from NRTI component (3TC+ZDV) to ddl +d4T, or (3) continue ART regimen and add
hydroxyurea (HU).

Applying a clustering approach to the resultant high-dimensiond data, Dr. Bosch's group
clustered subjects based on changesin 10 immunologic vectors from basdine to follow-up
(mean of weeks 16 and 24). These methods can aso be applied to 100s or 1000s of dimensions.
The clustering method relies upon severd iterdtive steps:

Each subject begins as his or her own dugter (38 clugersinitidly).

The two closest clusters are combined using a high-dimensiond distance measure
based upon a Euclidean distance in a 10-dimensiond space (37 clusters result).
Continue combining clusters according to their closenessin Euclidean space; each
iteration reduces the number of clusters by one.

Repeet process until two clusters remain.

They then generated box plots of flow cytometry T-cell subset data by clusters. Two
clugersfdl out of the andyss cluster 1 (13% had received HU) and cluster 2 (53% had
received HU). Cluster 1 had significantly higher numbers of CD4+, CD8+, nai ve CD4+ subs,
and nai ve CD8+ subset. In cluster 1, 13% experienced virologic failure versus 40% in the cluster
2, dthough this difference was not satisticaly sgnificant probably due to smdl ssmplesze (P =
.12 by Fisher’s exact tet). It isimportant to remember that clustering can be driven by many
different things. In this example, al these data could be explained by decreased T-cells
generdly.

The power of these approaches. These results show that high-dimensiond Satistical
techniques can reved patterns in immunologic responses useful for exploratory data analyss and
future research. Thereal power of this method is its efficiency, as demongtrated with studies
involving many more vectors because it dlow exploration of many relationships smultaneoudy.

In summary, by applying this technique, investigators seeking IBTs that will be effective in HIV
disease can

Answer questions more quickly and with fewer patients

Identify subtle patterns that may be indication of clinica benefit
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Guide sdection of gpecimens and assays for further, in-depth analyses

See what patterns appear—separate and apart from outcome predictors

Identify the mgor contributors—which variables have no effect and which ones may
have an effect—to clustering and outcome predictors

Analyze many types of data, including categoricd or classfication data

FDA standards and perceptions for the development of IBTs for the treatment of
HIV Disease
Presented by William Schwieterman, M.D., U.S Food and Drug Administration

Dr. Schwieterman opened by identifying some challenges and issues facing investigators
who engage in researching IBTs for preventing and treating HIV disease. Among these
chalenges are postmarketing adverse reactions, limitations of current ART, lack of agency
clarity about requirements, the compdling need for new therapies, and the absence of validated
surrogates for IBTs. Myriad biomarkers are available for study, but we lack standards and even
normd vaues for IBT surrogate markers, nor isthere an impetus for collecting data on these
markers. Findly, we face the enormous difficulty of vaidating surrogates, and even when such
surrogates can be vaidated, we cannot infer vaidation of surrogates across classes of therapies
because of the different mechanisms of action.

Dr. Schwieterman’s remarks centered on 10 questions, which are covered in the sections
that follow.

#1.  What isthe current agency standard needed for the approval of IBTs?

The U.S. Food and Drug Adminigtration (FDA) has rdied upon clinica outcomes—
mortality, number of opportunigtic infections (Ols), time to Ol—for conventiona approva of
antiretrovira drugs. Accelerated approva has been granted based upon reductionsin vira load.

For IBTs, no vaidated surrogate markers for clinica outcomes exigt, although reductions
in serum vird load are viewed by many clinicians as likely to be indicative of a beneficid effect.
Dr. Schwieterman suggested that investigators use a complement of study designsto look a
different effects (clinica, virologic, and immunologic) and different patient populations. Studies
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designed to ascertain the benefit of IBTs on clinica or virologic outcomes shoud be centra to
any IBT product development plan. Ultimately what is needed for gpprova isacompelling and
cons stent description of efficacy and an overdl favorable benefit to risk assessment.

#2 Because IBTs are not necessarily antiretroviral, isn't using viral load illogical asan
endpoint for testing these therapies?

Vird load should not necessarily be viewed solely as a measure of mechanism of action
but rather should be viewed with IBT therapies as a measurement of an HIV-gpecific
immunocompetence. However, it’s important to keep in mind that changesin vird load
following IBT thergpy is unvaidated as a, measures of protection againgt microbid infection,
just as are other more direct measures of immune function.

In the absence of any validated surrogates, no definitive conclusions can be drawn about
the utility of changesin vird load or immune function to predict benfit for IBTS. Dr.
Schwieterman gtated that it is difficult to interpret clinica relevance of trestment-induced
changes on unvaidated markers of disease states, or, (Stated otherwise), association of disease
effects with dinica outcomesis not proof that thergpeutic-induced changes in those effects
affects clinical outcomes. Surrogates rarely capture the totdity of clinica benefit of a product,
nor do they capture unknown effects of treatment. Grest care, therefore, must be used when
inferring clinical benefit of an IBT thergpy when unvaidated surrogate markers are used as

outcome measures for treatment success.

#3 What role do immune markers play in the development of IBTs?

Many immune markers can serve as corroborative measures of bioactivity. They can be
gpplied for management, dosing, selection of patient populations for study, eucidation of
pathogeness, understanding of mechanism of action, hypothesis generation for phase 11 trids,
and so forth. Standardized collection of immune biomarker datais important to include on the
product label as evidence of efficacy. And, athough beyond the mandate of the FDA, tissue
dorageisvitd for future sudies.
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#4 Isn’t the question of developing and validating immune biomarkers the same as
developing standards for efficacy?
Inaword, no. These are redly two different issues. Biomarkers.
Arecritical to the development of many areas of HIV therapeutic research
Could be vdidated and expedite future product approva
Beg the question of dlinica vaidation, i.e, predictability of dinica benefit
Canbeusad in clinical studies, but clinical outcomes or strong supportive measures
(changesin vird load) are necessary for gpprovd.

#5 What advice does the agency have for sponsors initiating development of IBTS?

Dr. Schwieterman reminded the group to keep in mind the ultimate god, which is
to bring a product to market that benefits patients. That said, investigators should generate a
hypothesis about the product and the medical need that it meets and even give some early
condderation to the product labd so that agency reviewers can help investigators not only with
individua studies but aso with the overdl product development plan.

Use phase | and Il trids to characterize product safety and bioactivity based upon a
spectrum of many different outcome measures. Phases I and 111 should be complementary.
Phase |1 data should be used to study and potentidly optimize various clinicd trid parameters
and generate a hypothesis. Phase 11 trids should address and test the hypothesis generated in
phasell, i.e, characterize the product’ s medical niche and the potentia benefits that the product
confers.

The agency often suggests to sponsors that they capitalize upon the power of
complementary tria designs by utilizing different patient populations, looking at induction
versus preservation effects, and so forth. The focus should remain on different agpects of vird
load as a central measure of immune competence, including partia reductions, vira setpoints,
development of resistance, viral peaks, or maintenance of an antiretrovird effect after a
Sructured trestment interruption (STI).

#6 Which trial designs are acceptable or preferable for IBTS?
Many acceptable trial designs exist. Dr. Schwieterman suggested afew designs that may
be hdpful for clinicd tridsfor IBTs. For example, for patients and physcians dready using
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STlIs as athergpeutic rategy, they should consider using STIs as an investigative tool in IBT
research. Some 40% to 60% of patients end up discontinuing HAART because of harsh sde
effects or lack of efficacy. These limitations present an opportunity for evauating IBT asan
adjunctive trestment, for inducing a maintenance effect following induction, and for developing
HAART-sparing regimens (preserving antivira effect while on or after HAART. Tridsof STIs
need to be developed with gresat attention to patient safety parameters, and to ensuring equipoise
and patient informed consent  The key issueisthat STIsare, in some sattings, potentialy
vauable opportunities for usein phase | and Il sudies. Investigators can observe the effects of
IBTs during the time when patients are immediately off therapy and then later? It is important to
remember that phase 11 trids must show clinical benefit to gain gpprovd of the drug Small
trias, athough not often powered to determine whether a product confers beneficd dinica
outcomes, can nevertheless be used to gather critica information on the biologic effects of an
agent. Of note, as products are devel oped that address clinical problemsin any given field, other
outcome measures can be developed and considered as measures of clinical benefit. Consider
the example of drugs and biologics used in kidney trangplantation and the evolution of endpoints
inthisfied. Initialy, the endpoint used by investigators was effects of the IBT on graft rejection,
then, with the advent of better treatment, the endpoint came to be flares, and then, with further
progress, other endpoints have devel oped. Perhaps this analogy can apply to IBTs.

#7 Does the agency consider any particular class or type of biomarkers preferable or “ ripe”
for usein clinical studies?

The Agency has no particular opinion about any the primacy or utility of any particular
biomarker or set of biomarkers. Rather agency reviewers usudly defer these assessmentsto
expertsin the field. Furthermore, the Agency supports attempts to build consensus about
biomarkers but recognizes that it is difficult to sandardize or generdize because of the plethora
of candidate IBTS, their specific mechaniams of action, and the specific nature of most assays.
Nevertheless, Dr. Schwieterman re-emphasized the need for data collection and tissue storage in
conjunction with any clinicd trials based upon surrogate biomarkers.
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#3 Does the Agency consider any patient populations preferable for initial study?
The Agency, according to Dr. Schwieterman, has no particular preference about which
patient populations might be studied first or are most likely to benefit from IBT therapy.
Certainly IBTs are potentidly useful in dl patient populations. For example, studies could ook
a early dissaseto seeif IBT could preserve immunocompetence or in middle-to-late disease to
seeif IBT could boost the immune response. Dr. Schwieterman did offer that IBTs may have
utility in patients who are neither totally immunocompromised but neither totaly
immunocompetent either. Ultimately the decision about which patient population to addressin a
given trid must be based on risk-bendfit analyss, thisis the currency for decisions about many
factors, including state of disease, prior treatment, animd data, anticipated toxicity, and so forth.

#9 How can the HIV community |earn from other fields of IBTs?

One example that the HIV community may be able to study, and perhaps emulate, isthe
design of dinicd trids for trestment of chronic hepatitis C with interferon-afa, an IBT. No
vaidated surrogates were used for initid approvd of this agent, but HCV vird |oad was thought
to be the best indicator of clinical benefit. The endpoint was percentage of patients with
sustained suppression of vird load 6 months after discontinuation of trestment.

Another exampleisthe basis for approving anti-tumor necross factor agents for
treatment of rheumatoid arthritis. Here, the parameters measured were signs and symptoms of
rheumatoid arthritis, X-ray evauation of joints, and assessments of function. Clinical outcomes
were used to assess benefits, and unvalidated surrogates (X-ray evauation of joints) were used to

corroborate the outcomes.

#10  How can the community, academia, industry, and the agency work together to develop
IBTS?

Therole of the Agency isto darify meaningful endpoints and hep design successful
drategies for industry so that new safe and effective products are made available to patients.
Appropriate forums for agency participation to this end are many, and include academic
mestings, meetings with sponsors, guidance, advisory committee meetings, FDA representation
on committees, liaisons with Nationd Ingtitutes of Hedlth, and liaisons with the community.
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The Agency relies on professond societies and expertsin the field for guidance and
advice on stlandards of care, efficacy standards, data and tissue collection, and the like. In
addition, the Agency makes use of its databases in post hoc meta-anaysis.

In conclusion, Dr. Schwieterman stated that dthough no validated surrogates are yet
avalablefor IBTS, vira load appears to be a strong measure of immune competence. He again
emphasized that HAART’ s shortcomings may afford opportunities for evauating IBTs during
STls. The need is great for new therapies, organization, coordination, and continued dialogue
between the Agency and dl parties.
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