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EXECUTIVE SUMMARY

There is an ongoing explosion of knowledge in the immunological sciences with the discovery of
many agents that have the potential to serve as immunotherapeutic drugs. For a variety of
reasons, few of these are being tested in humans. The workshop developed a ranked list of agents
with high potential for use in treating cancer. Despite substantial demonstrated immunological
efficacy, these agents are not broadly available for testing in patients with cancer. The ranking by
workshop participants was based on the likelihood for efficacy in cancer therapy and was
exceedingly well-vetted, with broad and substantial input. The exceedingly broad nature of the
consensus behind this list will facilitate subsequent NCI discussions on the availability of clinical
grade immunotherapeutic drugs for human trials and will inform other governmental agencies,
nongovernmental funding agencies, industry, and individual investigators that these agents have
broad appeal to the immunotherapy community and, by consensus, hold particular promise for
use in cancer therapy.

Twenty agents are presented on the list, presented in rank order. However, all are considered to
have substantial potential for cancer therapy. Criteria essential for inclusion on the list included:

e Potential for use in cancer therapy.
e Perceived need by multiple, independent clinical investigators.

e Potential use in more than one clinical setting (i.e., against different tumor types or as
part of multiple therapy regimens).

e Not broadly available for testing in patients.

e Not commercially available or likely to be approved for commercial use in the near
future.

The 20 agents were selected from a list of 124 agents suggested to an NCI Web site asking for
suggestions and advice about “agents with known substantial immunologic or physiologic
activity that have not been tested or have been inadequately tested in cancer patients.” The Web
site was publicized widely by the NCI with requests for advice sent to grantees with immunology
or immunotherapy grants and to prior recipients of RAID awards, as well as to intramural
scientists involved in immunology or immunotherapy. The Web site was further publicized to the
membership of the major scientific societies involved in immunology, immunotherapy and
cancer research, namely the American Association for Cancer Research (AACR), American
Association of Immunologists (AAI), American Society of Oncology (ASCO), American Society
of Hematology (ASH), the Cancer Vaccine Consortium (CVC), and the International Society of
Biological Therapy (iSBT).
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Web respondents expressed particular interest in vaccine adjuvants; T-cell growth factors; agents
to inhibit immune checkpoint blockade; functional antibodies, cytokines, ligands, and receptors;
including agents “left on the shelf” by drug companies as well as suggestions for specific
antigens for vaccines and antigen-specific antibodies.

The organizing committee winnowed the list of agents to the top 30 for presentation and ranking
by the Workshop. The committee focused on agents with the greatest potential for broad usage in
multiple types of regimens, thereby excluding specific antigens for vaccines and antigen-specific
antibodies desired by individual investigators and groups of investigators, regardless of their
attractiveness or potential utility.

The workshop participants were selected from suggestions by the AACR, AAI, ASCO, ASH,
CVC, and iSBT, and by the NCI intramural and extramural programs. The participants broadly
represented academia, industry, and the NCI. The workshop was open to the public. Observers
from industry, the NCI, and the FDA were invited and asked to comment during the proceedings.
The final ranked list derived from discussions of each agent. Agents at the top of the list were
considered the most desirable based on current evidence. It was well recognized by the
participants that many agents with less data, including agents not currently on the list, may
ultimately prove to be more important than those at the top of the list. Although the ranking is
well vetted and based on the cumulative knowledge of the broad immunotherapy and cancer
research communities, the choice and desirability of individual agents will undoubtedly change
with new knowledge. Because the priorities are based on incomplete knowledge, the process
should be a dynamic, ongoing one that can be revised as more data appear. A common
suggestion was that a mechanism should be developed to continually update the list.

Possible positive outcomes of having a well-vetted ranked list based on a broad consensus of the
immunology and immunotherapy community should include encouragement of (1) RAID
applications for manufacture, (2) NCI distribution of company-manufactured agents, and (3)
reinvigoration of pharma/biotech efforts to develop them. Future availability of these agents for
broad testing and development will provide a benchmark for the strength and resolve of the
national cancer therapy development enterprise.
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Table 1. Final Rankings of Agents with High Potential for Use in Treating Cancer

Rank*  Agent Agent Category
1 IL-15 T-Cell Growth Factor
2 Anti-Programmed Death-1 **T-Cell Checkpoint Blockade
(PD1)and/or anti-B7-H1 (PD1  Inhibitor
Ligand)
3 IL-12 Vaccine Adjuvant
4 Anti-CD40 and/or CD40L Antigen Presenting Cell
Stimulator
5 IL-7 T-Cell Growth Factor
6 CpG Vaccine Adjuvant
7 1-Methyl Tryptophan Enzyme Inhibitor
8 Anti-CD137 (anti—4-1BB) T-Cell Stimulator
9 Anti—-TGF-beta Signaling Inhibitor
10 Anti—IL-10 Receptor or Anti—  Suppression Inhibitor
IL-10
11 FIt3L Dendritic Cell Growth Factor/
Vaccine Adjuvant
12 Anti-Glucocorticoid-Induced T-cell Stimulator
TNF Receptor (GITR)
13 CCL21 Adenovirus T-Cell Attracting Chemokine
14 Monophosphoryl Lipid A Vaccine Adjuvant
(MPL)
15 Poly I:C and/or Poly ICLC Vaccine Adjuvant
16 Anti-OX40 T-Cell Stimulator
17 Anti—B7-H4 T-Cell Checkpoint Blockade
Inhibitor
18 Resiquimod and/or 852A Vaccine Adjuvant
19 LIGHT and/or LIGHT vector ~ T-Cell Stimulator
20 Anti—-Lymphocyte Activation ~ T-Cell Checkpoint Blockade

Gene-3 (LAG-3)

Inhibitor

*Final rank was derived from voting by the workshop participants. The agents

are listed according to median rankings. Means were used to break ties (see
Table 4 for details).
**Anti-CTLA-4, a T-cell checkpoint blockade inhibitor, was considered of
exceedingly high value but was not included on the list, as it is being

produced by Bristol-Myers Squibb and Pfizer and is likely to be approved by
the FDA within the foreseeable future.
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NATIONAL CANCER INSTITUTE
IMMUNOTHERAPY AGENT WORKSHOP PROCEEDINGS

OPENING REMARKS

Martin A. “Mac” Cheever, M.D., and Stephen Creekmore, M.D., Ph.D., the workshop co-chairs,
welcomed and thanked the participants, including several who participated via teleconference.
The goal of the meeting is to develop a recommended prioritized list of agents that have the
potential to become immunotherapeutic drugs' for treating cancer. The purpose of the list is to
recommend certain agents that hold particular promise to the National Cancer Institute (NCI),
nongovernmental funding agencies, industry, and individual investigators. Possible positive
outcomes could include encouragement of (1) Rapid Access to Interventional Development
(RAID) applications for the manufacture or (2) distribution of company-manufactured agents
through RAID or the Cancer Therapy Evaluation Program (CTEP), (3) reinvigoration of their
development by companies with such agents on the shelf or licensing them to other companies
for development, or (4) investment by venture capitalists in new development. This rank-setting
exercise could also serve as a report card: if a year or two goes by and the list remains
substantially unchanged, it would be a signal that the current system for developing
immunotherapeutic agents is not working optimally.

Dr. Creekmore emphasized the importance of the workshop’s priority list to the RAID program,
the Division of Cancer Treatment and Diagnosis (DCTD), and the National Cancer Advisory
Board (NCAB), as well as to the Special Emphasis Panel that guides the progress of promising
agents through RAID. He also speculated that some participants might wish to offer opinions or
input after this workshop. Dr. Creekmore emphasized that the recommendations generated are
not binding, although the outcome will be of great interest to NCI at multiple levels within the
Clinical Center Research (CCR) group and the Developmental Therapeutics Program (DTP). The
deliberations, opinions, and rankings will be taken very seriously.

Dr. Cheever highlighted the evolution of the prioritization process, which started with a Web site
designed to elicit input from various parties about agents with known substantial immunologic or
physiologic activity that have not been tested or have been inadequately tested in cancer patients.
The Web site was broadly publicized by the NCI through e-mail contacts with intramural
immunologists and immunotherapists, extramural holders of immunology and immunotherapy
grants, and with past RAID investigators and reviewers, as well as notification via the NCI
Cancer Bulletin. The Web site was also broadly publicized through journal ads and newsletter
notices by the most relevant scientific societies including the AACR, AAI, ASCO, ASH, CVC,
and iSBTc.

! “Immunotherapeutic drug,” for the purpose of this workshop, was defined as an agent that requires participation of
or modifies the host immune system for efficacy; for example, cells, antibodies or other specific cell-targeting
agents, and vaccines, cytokines, and pathogen-associated molecular pattern (PAMP) agonists. Many are expected to
work in synergy with or by an additive effect with other immunotherapeutic or small molecule drugs. Some are
likely to be very effective in activating or otherwise substantially modifying immune responses with little
expectation that they can be efficacious when used as monotherapy, that is, without other agents.
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In all, 124 agents were suggested via the Web site. Respondents expressed particular interest in
vaccine adjuvants; T-cell growth factors; agents to inhibit immune checkpoint blockade;
functional antibodies, cytokines, ligands, and receptors; and agents “left on the shelf” by drug
companies, as well as suggestions for specific antigens for vaccines and antigen-specific
antibodies.

The organizing committee” winnowed the list of 124 agents down to 30. The committee’s focus
was on agents with the greatest potential for multiple uses by multiple investigators supporting
the development of multiple types of regimens, thereby excluding specific antigens for vaccines
and antigen-specific antibodies desired by individual groups, regardless of their attractiveness or
potential utility.

The organizing committee established the following criteria for the workshop participants to use
as they assigned priorities to the agents under consideration:

e Potential for use in cancer therapy.

e Perceived need by multiple, independent clinical investigators.

e Potential use in more than one clinical setting (i.e., against different tumor types or as
part of multiple therapy regimens).

e Not broadly available for testing in patients.

e Not commercially available or likely to be approved for commercial use in the near
future.

Criteria that should not be used for priority ranking included:

e Prior failed attempts to commercialize an agent and ownership of an agent.
e Intellectual property. Ownership status is subject to change.

For ease of discussion, the candidates were organized loosely into four groups:

(1) Adjuvants

(2) T-cell growth factors

3) Anti-checkpoint blockade and varied agents
(4) Co-stimulatory and varied agents

Each one of the 30 agents was presented by a workshop participant as a primary reviewer,
followed by comments by secondary and tertiary reviewers. In advance of the meeting, the
primary presenters submitted PowerPoint slides based on a standard template (Appendix A).
Although these slides were not projected during the meeting, they served as outlines for the
presentations and were printed in a workshop book. The PowerPoint slides can be accessed and
downloaded from: http://web.ncifcrf.gov/research/brb/site/home.asp.

? The organizing committee included members of the Joint American Association of Immunologists/American
Association for Cancer Research Extramural Immunology Expert Steering Committee (James Allison, Mac
Cheever, Olja Finn, Ira Mellman, Drew Pardoll, Ralph Steinman, and Louis Weiner) and NCI scientists from the
Division of Cancer Biology (Kevin Howcroft, Susan McCarthy, and Alan Mufson) and the Division of Cancer
Treatment and Diagnosis (Richard Camalier, Jerry Collins, Stephen Creekmore, Toby Hecht, Jill Johnson, Howard
Streicher, and James Zwiebel).
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At the end of each presentation, the participants conferred about the pros and cons of all agents
presented to that point in the session and, by consensus, ranked them according to the established
criteria. At the end of each of the four sessions, the participants ranked all agents in that category
by consensus. After all the presentations, the participants generated a preliminary ranking of the
top 20 agents across all four categories by verbal acclamation. The preliminary ranking was used
as the basis for subsequent exchanges and balloting by e-mail. The final ranking was determined
by e-mail ballots from the workshop participants (see Table 4 for a listing of votes).

The workshop participants were selected by the organizing committee from suggestions
submitted by the AACR, AAI, ASCO, ASH, CVC, and iSBT, as well as from the leadership of
the NCI Center for Cancer Research, the Division of Cancer Biology, and the Division of Cancer
Diagnosis and Therapy. Members of the RAID SEP, including academic and industry,
representatives were also included. Representatives from industry and the FDA were invited to
observe and comment during the proceedings.

The final ranking is presented in Table 1 above. Details of the proceedings follow. Each agent is
presented in the order presented in the workshop.
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DETAILS OF THE PROCEEDINGS

(1) ADJUVANTS

Monophosphoryl Lipid A (TLR4 Agonist)
Presenter: Mac Cheever, M.D.

Monophosphoryl lipid A (MPL or MPLA) is a component of lipopolysaccharide (LPS), or
endotoxin, the first identified agonist to Toll-like receptor 4 (TLR4). LPS functions as a vaccine
adjuvant but is considered too toxic for clinical use. However, purifying MPL from Salmonella
minnesota endotoxin yields an excellent, low-toxicity adjuvant capable of activating
macrophages and especially dendritic cells (DCs). It has been shown in animal models to elicit
responses to antigens of low immunogenic potential such as malarial sporozoites. It has been
administered by various routes and used in multiple formulations, including in combination with
other adjuvants, and has been proposed for use as monotherapy to prevent viral, bacterial, and
fungal disease. In this capacity, it may have a role in biodefense.

More than 120,000 doses have been administered to more than 50,000 human subjects. Already
approved as a component of an HBV vaccine in the European Union, it is a safe adjuvant with a
side-effect profile equivalent to that of alum. The “standard” HBV vaccine includes hepatitis B
surface protein plus alum as adjuvant. Addition of MPL to the standard vaccine formulation
stimulates a greater antibody response than alum alone. The standard HBV vaccine requires three
doses to achieve protective responses in almost all patients. The addition of MPL provides
protective antibody responses in almost all patients after two vaccinations. GlaxoSmithKline has
presented similar data with a human papillomavirus (HPV) vaccine formulation with MPL as an
adjuvant.

Dr. Cheever reported on two cancer vaccine trials that used MPL in combination with QS21.
One involved the MAGE-A2 protein for melanoma and the other the HER2 protein in
combination with QS21 and CpG against breast cancer.

MPL is available as a purified biologic consisting of several closely related molecules, although
a pure synthetic TLR4 agonist, glucopranosyl lipid (GLA), is also available. The Infection
Disease Research Institute in Seattle has expressed an interest in collaborating with investigators
and a willingness to supply MPL at cost. The Institute’s intention is to make it available for use
as an adjuvant for vaccines in developing countries.

Dr. Cheever proposed using MPL as an adjuvant in combination with various antigens, noting
that it is the “workhorse” of GlaxoSmithKline—the largest world-wide manufacturer of
vaccines. MPL could be useful in the context of cancer vaccines.

Discussion
The other reviewers agreed that there has been a great deal of experience with this agent and that

is was an effective and non-toxic adjuvant. MPL will probably not be approved as monotherapy,
but vaccines that contain MPL such as HBV and HPV vaccines will be approved. There is such a
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desperate need by academic researchers for cancer vaccines that once infectious disease vaccines
containing MPL are approved, the infectious disease vaccines will be added to cancer vaccine
regimens. Currently, GM-CSF is commonly used as a cancer vaccine adjuvant because it’s
available as a GMP agent, albeit for another purpose. It is highly likely that HBV and HPV
vaccines containing MPL will likewise be used as components of academic cancer vaccines.

The synthetic version may be available from IDRI for research. It is not clear if it is currently
being used in investigator-initiated trials or whether there is human data. One participant asked
whether a drug master file for infectious diseases could be cross-referenced by cancer vaccine
researchers. MPL is an older agent and is off patent.

Drew Pardoll, M.D., Ph.D., referred to a recent article in Science [Mata-Haro et al., The vaccine
adjuvant monophosphoryl lipid A as a TRIF-biased agonist of TLR4. Science, 316(5831):1628-
32, 2007] reporting that the low toxicity of MPLA, as compared to the parent compound LPS, is
likely caused by the active suppression of proinflammatory activity.

Karolina Palucka, M.D., Ph.D., posited that MPL would be of strong interest to investigators
studying DC vaccines.

Jeffrey Weber, M.D., Ph.D., said not much evidence is available that MPL alone stimulates
T-cell activity. Not until CpG was added to the AS15 adjuvant combination were significant
clinical and immunologic reactions seen.

Elizabeth Jaffee, M.D., referred to preclinical data indicating that TLR4 can affect DC activation.

Several participants brought up points related to TRIF and MyD88 signaling. TLR9 is very
limited in the human and not expressed to a significant extent on conventional DCs. MPL is very
interesting in the context of prophylactic cancer vaccines (e.g., MAGE and HER2).

Most participants agreed that MPL would most likely be part of a regimen consisting of multiple
agents. Louis Weiner, M.D., emphasized the importance of having agents available that could be
used to demonstrate important biologic consequences of manipulating signals in certain ways.
MPL would be useful because of its restricted mechanism of action. Most agreed that
lipopolysaccharide (LPS) is the best activator of DCs and would be interesting to include in a
comparison or control arm. It is available from Dr. Anthony Suffredini’s laboratory for research
purposes.

It was mentioned that MPL really refers to two agents: the synthetic form and the natural form.
Most information is available on the natural form. The purification procedure is reputed to be
challenging.

References

e Gay NJ, Gangloff M. Structure and function of toll receptors and their ligands. Annu Rev
Biochem, 76:141-165, 2007.
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CpG (TLR9 Agonist)
Presenter: Ellis Reinherz, M.D.

CpG belongs to a category of drugs called immunomodulators. The nature of the agents is well
defined in the literature. GMP-grade synthesis and purification are simple and economical. The
distribution of the receptor is quite distinct. In humans, it is expressed on B cells and
plasmacytoid dendritic cells (DCs). In the mouse, it is expressed on B cells, monocytes, and all
DCs. These species-based differences make it a bit difficult when discussing preclinical data.

The biology is straightforward. The pathway activates through MyD8S. Interaction of the agent
with the target, toll-like receptor 9 (TLRY), leads to B-cell proliferation and differentiation,
maturation of plasmacytoid DCs, and activation of natural killer (NK) cells. Proinflammatory
cytokine release and Treg generation are problematic, however, because they counteract many of
the desirable effects.

In preclinical studies, TLR9 agonist as monotherapy seems to work best when injected into or
around small tumors. It has been used in various combination therapies, all of which showed a
greater effect than CpG-ODN (oligodeoxynucleotides) given alone.

Toxicology studies in rats showed the presence of mononuclear cell infiltrates in liver, kidney,
spleen, and bone marrow. Cytokine storms and proinflammatory cytokine increases in serum
were seen at higher doses. Autoimmunity has not been reported, but CpG reportedly increases
autoimmunity observed in lupus, multiple sclerosis, colitis, and arthritis mouse models.

The agent has been studied in phase I and II trials as monotherapy, in combinations, and as a
vaccine adjuvant. Results vary, depending on the CpG studied. (“Not all CpGs are created
equal.”)

In humans, CpG has demonstrated activity with few adverse events (AEs). Most reported AEs
were tolerable local effects at the injection site. Several phase 3 trials are getting under way:

1. Randomized trial of gemcitabine/cisplatin + PF-3512676 vs. gemcitabine/cisplatin alone in
patients with advanced non—small-cell lung cancer (NSCLC) (Pfizer/Coley).

2. Randomized trial of paclitaxel/carboplatin + PF-3512676 vs. paclitaxel/carboplatin alone in
patients with advanced NSCLC (Pfizer/Coley).

3. Adjuvant therapy with recombinant MAGE-A3 protein + CPG7909 in MAGE-A3—positive
patients with early stage, completely resected stage IB, II, or IIIA NSCLC
(GlaxoSmithKline/Coley).

However, with regard to 1 and 2 above, both trials have been discontinued for NSCLC, as
reported by Jesus Gomez-Navarro at this meeting. More specifically, the scheduled interim
analysis of the phase 3 clinical trials by an independent Data Safety Monitoring Committee
(DSMC) found no evidence that PF-3512676 produced additional clinical efficacy over that

12
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achieved with the standard cytotoxic chemotherapy regimen alone. The DSMC concluded that
the risk-benefit profile did not justify continuation of the trials.

According to Dr. Reinherz, this agent seems to be readily producible in a synthetic form. It is
largely tolerable with minor side effects. An important limitation is its activation of Tregs, a
phenomenon that counteracts some desired effects. It might be possible to combine CpG with
other agents to counteract this.

The other reviewers pointed out that CpG has not been evaluated in breast or prostate cancer
trials. They agreed that if this agent is to move forward, it would have to be used with agents that
inhibit Tregs. Despite the research activity involving CpG, it is not generally available. Dr.
Weiner suggested that CpG might not meet milestones used for most oncology agents. He
suggested thinking about ways to incorporate such activators in vaccine studies.

Dr. Weber recalled that several small phase 2 studies have involved CpG. He mentioned Prof.
Pedro Romero’s study comparing peptide/IFA, and CpG as adjuvants. T-cell and tetramer
responses were boosted with CpG. Near the mean toxic dose (MTD), no antitumor activity was
observed when given intravenously. As monotherapy, it does not appear very promising although
it may be useful in combination treatments.

Jay Berzofsky, M.D., Ph.D., mentioned that suppressor-type CpGs could inhibit Tregs. Any type
of immunization induces some counterbalancing Treg activity. It is not clear whether CpG
induces Tregs more than other vaccines do.

One participant observed that TLRs are also present on tumor cells. What is the effect of these
agonists on tumor cells? Are there data showing that solid tumors express TLR9? Theresa
Whiteside, Ph.D., referred to her own data involving squamous cell carcinoma.

Dr. Palucka emphasized that such products could have tremendous value as adjuvants. This CpG
has been studied extensively. Nora Disis, M.D., said that local injection of CpGs is relatively
unexplored and might be more efficacious than systemic delivery. She mentioned that one group
observed interesting results with intranodal injection for lymphoma.

Several participants mentioned the importance of testing immunotherapies based on biologically
relevant end points. Trying to reach end points in very ill patients is probably not going to show
promising results. CpG is backed with sound science, but attempts to develop it with commercial
intent led to the agent’s becoming unavailable to those working on proof of concept. Many
people remain interested in learning how such agents work. Having it available for studies that
capitalize on its biologic strengths would be very useful.

Others recommended focusing on local rather than systemic administration of CpG and similar
agents.

Crystal Mackall, M.D., asked how to select the most promising of the three CpG classes. All
agreed that this is an important question. It was suggested that Dr. Klinman of the National

13
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Cancer Institute could advise on this point. Jay Berzofsky, M.D., Ph.D., observed that Dr.
Klinman uses a different nomenclature.

After completing discussion of each agent, the participants discussed the relative ranking of
agents discussed to that point in the workshop and gave a relative rank by general consensus and
acclamation. The general consensus was that CpG should rank higher than MPL in the priority
list of adjuvants.
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Resiquimod and 852A
Presenter: Louis M. Weiner, M.D.

The imidazoquinolinamines resiquimod and 852A are TLR7/8 agonists, which induce innate and
adaptive immune responses. Their biology is similar to that of imiquimod (TLR7 agonist), which
is currently FDA approved as a topical medication for basal cell skin cancer. Anecdotal reports
have indicated that imiquimod is useful for managing some cases of melanoma with cutaneous
metastases. Significantly, TLR7 distribution is similar to that of TLR9. Imiquimod also acts on
TLRS to a small extent, but not at achievable doses. Resiquimod induces production of
interferon-alpha; Interleukins 6, 8, and 12; and TNF-alpha from DCs, monocytes, and
macrophages. Activation stimulates the innate immune response and leads to subsequent Thl
cell-mediated immune responses.

Among the contemplated uses of resiquimod is as monotherapy for immune activation. This does
not appear to be useful as a systemic approach because topical administration is required. It
might also be used in combination with other chemotherapy agents or with antigen-specific
antibodies. Another possibility would be use as a vaccine adjuvant. Based on information
provided by 3M, resiquimod could be formulated for oral administration, although it is not clear
that this would provide any advantage in a vaccine adjuvant setting.

A recent presentation at the American Society for Clinical Oncology meeting indicated that
cytokine storm—type toxicities occur, but clinical responses have been observed in a variety of
tumor types. This type of reaction could possibly be a harbinger of immunologic benefit, but
more information would be required. Dr. Weiner opined that in an ideal world, either resiquimod
or imiquimod would be developed as a means of exploring biologic activity, but how they
compare with other agents is unknown at this point.

The Coley Pharmaceutical Group has taken over the TLR program from 3M. Modeling with
CpGs is difficult because animals do not have the same TLR distribution.

Another TLR7 agonist is 852A, which stimulates plasmacytoid DCs and is administered as an
intravenous solution. Scant data are available on 852A, although indications are that it may be
more potent than resiquimod. Dudek et al. reported that clinical responses have been seen in
carcinoid tumor, melanoma, and breast cancer.

Both resiquimod and 852A are relatively easy to manufacture and potentially available in various
formulations.

In sum, Dr. Weiner said that having TLR7 agonists available would add to vaccine adjuvant
options. Having topical and systemic formulations could also be useful. Resiquimod, however,
might not be sufficiently distinct from imiquimod to warrant development unless a parenteral
formulation is possible. Because of its potent immune activation and a demonstration of having
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some activity in a phase I trial, 852A merits consideration for future clinical development. Such
agents are being studied as a means of stimulating antigen-presenting cells and generating large
numbers of T cells in the setting of adoptive T-cell therapy.

Discussion

George Prendergast, Ph.D., commented that TLR7 or TLRS8 agonists are important components
of current thinking; therefore, a role exists for CpG ligands and associated regulatory
mechanisms. The imiquimods can also tamp down desirable responses.

The participants discussed the dearth of publications on some promising agents, for example,
852A. Much research goes unpublished. Several participants commented on the potential
diversity of studies that could be done with these agents. The entire TLR program is in the hands
of Coley Pharmaceutical Group, which has been cooperative about providing agents for small
pilot trials and exchanging information. It might be possible to obtain additional information.

One participant asked whether any investigators have looked into injecting imiquimod into
tumors, noting that this agent is approved for treating basal cell carcinoma topically and it
induces major inflammatory responses. The notion of using these agents in a local fashion as
opposed to systemically is very under-explored. Several people emphasized the importance of
moving away from “drug” studies because they probably will not be useful for most immune
therapies. Mixed TLR 7/8 agonists would be very interesting used locally. A robust series of
studies is needed.

Dr. Pardoll cited the experience of Stengall, who used imiquimod topically (Aldara) over GVAX
vaccination sites; the effects were dramatic. Type 1 interferons and other inflammatory cytokines
increased, and biopsy of the vaccination site showed an inflammatory infiltrate. Additional data
are being analyzed to learn whether Aldara enhanced the vaccine response.

It was suggested that the priority ranking should incorporate some flexibility so that as more is
learned, priorities may be modified. Dr. Creekmore said it might be possible to obtain
resiquimod/852A for the repository to make it more widely available through CTEP or DTP. The
group was very interested in gaining access to this drug, although it was not clear that it would
be ranked highly. All agreed that more information—unpublished data, in particular—is needed.
Perhaps a confidentiality agreement could be executed to gain access to such data.

The participants ranked resiquimod/852A below CpG and MPL at this point.
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FIt3 Ligand
Presenter: Drew Pardoll, M.D., Ph.D.

Dr. Pardoll reported that much information is available on the Flt3 ligand, a hematopoietic
growth factor that binds to the F1k2/FIt3 receptor tyrosine kinase in the c-kit/fms family. It
demonstrates broad activity, but is notable for inducing the expansion and differentiation of all
DC progenitors, especially interferon-producing killer and plasmacytoid DCs. Such discoveries
have led to a slew of preclinical models in which it has been used systemically as a single agent,
a vaccine adjuvant, or in conjunction with DC activators such as CpGs and anti-CD40. It is very
clear that systemic administration of FIt3 ligand increases DC numbers in blood, secondary
lymphoid tissues, and tumors. Some investigators have reported that it also increases DC
numbers in the tumor but others have not been able to replicate this finding.

A great deal of preclinical and a small amount of clinical data are available. Scattered phase I/I1
reports have presented results of using Flt3 ligand alone, with peptide vaccines, as DC
stimulators, and after bone marrow transplant. Giving the agent as an adjuvant with DC vaccines
would be a basis for very interesting studies. Using Flt3 ligand with two peptides bumped up
numbers of interferon-gamma—producing T cells.

F1t3 ligand appears to be reasonably well tolerated. Development of Sjogren’s—type syndrome in
one patient was reported in one study.

Immunex, which has merged with Amgen, terminated studies after trying several “drug-type”
approaches to evaluating its efficacy as a single agent or with soluble CD40 ligand. Dr. Pardoll
was not sure about the agent’s current status. It appears that it has not been tested in a more
biologically logical way, such as in conjunction with a DC activator and an antigen. Small
studies in academic centers would be appropriate for some interesting immunologic studies such
as local administration at the tumor site.
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Discussion

Dr. Weber commented on the pattern of developing potential adjuvants as stand alone drugs and
then terminating the studies when they do not show typical “drug” efficacy in a few clinical
studies. FIt3 ligand is an interesting agent that merits more study based on its performance in
early studies, but it is no longer available.

Another participant noted that developers of dendritic cell vaccines were interested in FIt3
ligand’s capacity to mobilize DCs that could then be collected and manipulated ex vivo. F1t3
ligand would serve as a good base to which other agents could be added.

Frank Calzone, Ph.D., clarified that Amgen has made the agent available for preclinical studies.
Clinical trials are a very expensive undertaking. The results of efficacy testing have not been
encouraging to date.

Most participants agreed that if F1t3 ligand would be a very interesting agent to pursue,
particularly in combination therapies.

One participant observed that when treating patients with proteins that have endogenous
counterparts, one must consider immune responses to the proteins and resultant autoimmune
response against important normal proteins. For an end-stage cancer patient, the risk might be
acceptable.

Another person noted that FIt3 ligand is a very potent activator of thymic function and
dramatically increases CD4+ T cells. This aspect of Flt3 ligand is underappreciated, but could be
interesting for treating patients after bone marrow transplantation.

The group discussed the priority rankings of the adjuvants presented thus far. Flt 3 ligand is
similar to CpG in the sense that it has profound and interesting activity, but clinical trials to date
have used it in the wrong way and have not taken maximum account of its intrinsic biology. By
voice acclamation, the agents were ranked thus: CpG, Flt3 ligand, MPL, resiquimod/852A.
However, each agent was considered quite important.
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Poly I:C and Poly-ICLC
Presenter: Anna Karolina Palucka, M.D., Ph.D.

Dr. Palucka explained that poly I:C is double-stranded polyinosinic:polycytidylic acid. When
stabilized with poly-L-lysine and carboxymethylcellulose, it is known as poly-ICLC, which is
more stable and, in that regard has greater activity. The target for the agents is TLR-3. In vivo
preclinical studies have demonstrated that they activate human DCs, improve antigen
presentation, and enhance Th1 polarization. In animal models, they exert an adjuvant effect when
administered with cancer or infectious disease vaccines. They also improve cross-priming and
activate natural killer cells. In humans, they are strong activators of Th1 responses, CD8 T cells,
and natural killer cells.

Dr. Palucka highlighted clinical experience, stating that monotherapy has not been very
effective. Recently, Ampligen (polyl:polyC12U) was tested for activity against viral infections,
including HIV, SARS, HPV, and HCV, because of its demonstrated antiviral activity and its
ability to stimulate production of type 1 interferon and activate RNase-L (antiviral).
Clinicaltrials.gov lists trials accruing HIV and chronic fatigue syndrome patients for study.

Ongoing phase I/II trials of Hiltonol (poly-ICLC) involve patients with malignant gliomas. The
agent is also being tested in prostate cancer patients for adjuvant effect with a MUC1 100-mer
peptide vaccine.

In all likelihood, poly I:C and poly-ICLC would be of limited utility as systemic agents for
monotherapy, but they might be useful adjuvants for cancer vaccines based on ex vivo DCs or
in vivo as an adjuvant, although this remains to be seen. More work should also be done to
investigate the efficacy of immunotherapy administered within or around the tumor site.
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According to Dr. Palucka, both agents might be available for use in clinical trials. She cautioned
that TLR4 and TLR3 agonists are not always beneficial in humans; therefore, a great deal of
thought needs to go into understanding the rationale for combining different biologics, as well as
dosing and kinetics.

Discussion

Theresa Whiteside, Ph.D., raised a point about the interaction between DCs and up-regulation of
Tregs.

Dr. Ho reiterated that these agents have been around for some time. Newer versions are more
stable. Some trials are studying their use in chronic fatigue syndrome.

Dr. Weber noted that using CD40 agonist with poly I:C gives good clinical effect and
immunologic responses. According to Dr. Cheever, poly I:C was discovered and used clinically
before TLRs were defined at the molecular level.

Dr. Berzofsky pointed out that poly I:C and poly-ICLC are among the few TLR ligands that
work exclusively on one receptor type (i.e., TLR3 that acts through TRIF rather than MyD88 as
the other TLRs do). Therefore, it does not duplicate the other TLR ligands on the list of agents
under consideration; it would be complementary.

The participants discussed the ranking of adjuvants considered thus far. Dr. Cheever suggested
that if the company is making an agent broadly available, it should be lower on the priority list.
Even if the agent is exceedingly valuable for study it does not need the attention of this group.
Dr. Palucka opined that, from the standpoint of vaccine efficacy and clinical utility, she would
place it above CpG in the rankings, but because it seems to be more broadly available, it
probably does not merit that position on the priority list.

By voice acclamation, the agents were ranked thus: CpG, FIt3 ligand, poly I:C or poly-ICLC,
MPL, resiquimod/852A.
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Interleukin-12 (IL-12)
Presenter: Jeffrey Weber, M.D., Ph.D.

Interleukin-12 is a cytokine that binds to IL-12 receptor on natural killer cells, T cells, DCs, and
macrophages. It promotes interferon-gamma release and induces Th1 polarization and
proliferation of interferon-gamma—expressing T cells. It has anti-angiogenic activity and,
according to recent reports, a role in autoimmunity, although it is likely that IL-23 is the more
important factor.

IL-12 plays a central role in resistance to mycobacterial and intracellular pathogens (e.g.,
parasites). It also plays an important part in anticancer development and immunity in animal
systems. Nevertheless, it has not demonstrated sufficient clinical activity as a stand-alone drug to
warrant further development according to the standard oncology paradigm. It was originally
developed as a systemic cytokine, but it proved challenging to administer safely.

This agent is an exceedingly potent immune adjuvant. It can be incorporated into vaccines or
added at the local site. A handful of phase I and II studies have suggested that [L-12 used alone
has modest efficacy in melanoma and renal cell carcinoma. Benefit might have been associated
with elevated interferon-gamma levels. Reported adverse events included hepatitis, fevers, and
cytokine storm. One septic death occurred. Several trials were halted prematurely because no
supply of IL-12 was available, although the investigators very much wanted to continue the work
because of interesting results.
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Based on murine and human data, IL-12 appears to have excellent potential as either adjunctive
cytokine therapy or as an adjuvant in a vaccine approach. It could be delivered locally via viral
or other plasmid vectors. Its use as an adjuvant could both polarize Thl responses and augment
CD8 responses in any antigen-specific strategy. No phase III data are available.

Discussion

One meeting participant said, “It is among the most interesting vaccine adjuvants I’ve ever
tested.” Dr. Weiner concurred, stating that the whole research community has wanted access to
this protein for a long time.

Dr. Weber said that giving IL-12 at the vaccination site can cause systemic effects. Dr. Pardoll
noted concerns about whether the half-life of IL-12 is sufficiently long to garner an effect when
administered locally. Dr. Weber responded that admixing IL-12 with alum prolongs the half-life
and augments clinical response in murine models.

Dr. Creekmore said that CTEP has a small amount of 1L-12.

Steve Hermann, Ph.D., pointed out that all the agents discussed thus far are toxic if administered
intravenously and quite toxic if administered subcutaneously. Nora Disis, M.D., reported on a
study using IL-12 delivered intraperitoneally. Another participant asked if any trials have been
planned for local delivery in bladder cancer. Because the drug is no longer available, no trials are
planned.

Dr. Hermann said that Wyeth plans to donate its remaining vials of IL-12 to the National Cancer
Institute (NCI). Dr. Creekmore confirmed that NCI has received 4,000 vials and is expecting
more, plus a supply of placebo. He reported on the status of processing and recertification of this
supply of IL-12. He cautioned that after distributing the agent to finish the prematurely
terminated studies, the amount left will not be large. A manufacturing agreement might be in the
works.

The participants discussed toxicities associated with systemic administration of IL-12, including
a recent report of central nervous system effects when given in low doses to patients with
Kaposi’s syndrome. Toxicities are dependent on dose and route of administration. Among the
topics covered were possible paths forward based on local administration, vector delivery with
adenovirus or avipox, or combining it with other agents, including IL-2. One participant
cautioned that vector work is quite risky. Giving IL-12 as a cancer vaccine adjuvant would allow
use of [L-12 concentrations that would not be highly toxic.

Kimberly Benton, Ph.D., said that IL-12 is a complicated molecule that has not been studied in
the right way. She exhorted the group to consider strategies to learn more about it.

Another participant mentioned Seeger’s work in neuroblastoma and ways to achieve prolonged
release with local injection. One person spoke about slow release of IL-12 via microspheres in a
mouse model.
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Dr. Weiner summed up, saying this agent has generated enormous enthusiasm in the investigator
community. Industry has had trouble understanding its value because the developmental path is
not clear. Dr. Creekmore estimated that some 9,000 or 10,000 vials will be available, but the
supply will probably run out in a few years. As was previously done with IL-7, the NCI might be
able to manufacture a pilot lot of IL-12, although this would be very expensive. The best
approach, he suggested, might be to work with the company for manufacture. Dr. Weiner agreed
that a significant, pent-up demand exists for this agent; the existing supply will likely be depleted
in short order. Dr. Jamie Zwiebel of CTEP said that once the quantity of IL-12 available is
known, it might be possible to solicit studies and then prioritize them.

Dr. Weiner said that a small firm is interested in producing GMP-grade IL-12 but would like
some idea of how much demand would exist.

Dr. Walter Urba requested more information about the studies that will be receiving IL-12. It
would be important to confirm that these studies are properly designed to capitalize on the
strengths of immunotherapeutic agents. For example, it would not be appropriate to study the
agent in patients with advanced disease.

By voice acclamation, the priority ranking of adjuvants was determined to be IL-12, CpG, FIt3
ligand, poly I:C or poly-ICLC, MPL, resiquimod/852A.
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Interleukin-4 (I1L-4)
Presenter: Theresa Whiteside, Ph.D., ABMLI

Interleukin-4 (IL-4) structurally resembles GM-CSF (granulocyte-macrophage colony-
stimulating factor) and has 20% homology with IL-13. It targets a broad variety of cells that
express 1L-4 receptor, including B cells, T cells, natural killer cells, monocytes, and various
tissue cells. It exerts a broad range of biologic effects, including allergic-type inflammation,
especially of the eye, by causing mast cells to release histamine.

This cytokine signals through the IL-4 receptor, of which there are two types. The classical type I
receptor, expressed on hematopoietic cells, consists of an IL-4 receptor alpha chain and a gamma
chain. Type II receptor, expressed on cancer cells, consists of the IL-4 receptor alpha chain plus
an IL-13 receptor alpha chain; therefore type II IL-4 receptor also binds IL-13.

In vitro studies have demonstrated that IL-4 suppresses growth of some IL-4 receptor—expressing
tumor cells but promotes growth in others (e.g., head and neck squamous cell carcinoma). Dr.
Whiteside summarized the cumulative preclinical experience with the agent, which is an
important cytokine for differentiation and maturation of T cells and DCs.

The toxicity profile is well defined. The maximum tolerated dose (MTD) has been defined.
When given in small doses, it appears to be safe and well tolerated. Only phase I and II clinical
studies have been done. It has been given as monotherapy to more than 300 patients with
advanced malignancies and showed no antitumor clinical efficacy. When given in combination
with GM-CSF to patients with metastatic disease, however, it demonstrated some efficacy: one
partial response, eight stable disease (8.5 mo), and 12 progressive disease. Hepatotoxicity has
been reported rarely. It has also been used in vectored studies, yielding immunologic responses
in some patients; one glioma patient had a transient response and survived for 10 months.

IL4 conjugated to diphtheria or Pseudomonas toxin has also been studied. Such fusion proteins
are highly toxic to tumor cells. No objective clinical responses were observed per the literature.

This cytokine appears to have some other interesting effects. For example, in murine models, it
can protect T cells from suppression by Tregs, presumably by up-regulating BCL2. When used
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in autoimmune diseases such as systemic lupus, it exhibits paradoxical effects by promoting Th2
responses (autoantibody) while exerting a T cell-suppressive effect.

Dr. Whiteside speculated that IL-4 could potentially be used as an adjuvant for cancer vaccines,
perhaps in combination with other cytokines, to increase the number and activity of antigen-
presenting cells. In hematopoietic cell transplant, it could be used to ameliorate graft-versus-host
disease and to augment antitumor Th1/Th2 responses. Another potential use would be in chronic
inflammatory conditions, for modulating Th1/Th2 balance, as a way to explore the agent’s anti-
inflammatory activities. It is critical for many research groups in €X vivo culture regimens of
myeloid DCs or IL-4 polarized CD4+ T cells.

Discussion

Dr. Ho reported that the most likely application of this cytokine would be for local delivery or

in vitro use. He noted that it is available. Dr. Palucka reported that although several investigators
are moving away from using IL-4 to generate DCs, in favor of interferon, many studies are still
ongoing. Nevertheless, because clinical grade IL-4 is available, it should have lower priority than
other agents discussed during the meeting.

Most agreed that its potential for in vivo use as a cancer adjuvant was limited. It is primarily
useful as a T-cell growth factor. IL-4 has been around almost 20 years, but researchers do not
really understand its effects on different subsets of cells. Dr. Berzofsky mentioned its usefulness
for studying autoimmunity and skewing the immune response away from Thl.

By voice acclamation, the view was that IL-4 is interesting and potentially quite valuable, but
consensus was to place IL-4 at the bottom of the list of adjuvants in priority.
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Discussion of Adjuvant Prioritization

By voice acclamation, the priority ranking of all the adjuvants discussed was determined to be:

1. IL-12.

2. CpG FIt3 ligand.

3. poly I:C and/or poly-ICLC.
4. MPL.

5. resiquimod/852A.

6. IL-4.

Dr. Pardoll expressed some concern about relying on an “lowa Caucus” approach because even
the agents at the bottom of the list are very interesting and have potential application in particular
settings.

Any agents that merit discussion at this meeting are of potentially great value. The final priority
ranking should be a means of reflecting both value and availability. Because the priorities are
based on incomplete knowledge, the process should be a dynamic, ongoing one that can be
revised as more data appear. The prioritization is not intended to reflect the overall potential of
these agents; rather, the priorities should be deemed a recommendation to NCI about agents that
should be made available for wider study. For example, if a very exciting agent is broadly
available, it should receive a lower priority rank. It was agreed that cost should not be a factor
when assessing availability. Purchasing an agent, even at great cost, is likely to be less expensive
than manufacturing it. As a possible outcome of this meeting, NCI might be convinced to
produce or obtain an agent, or industry might be stimulated to reinvigorate or refocus its efforts.

The group questioned the ranking of poly I:C. The ranking reflected a perception that the agent is
potentially broadly available. Several suggested that poly I:C should be ranked below MPL,
which is not commercially available. MPL seems to be the workhorse of GSK’s vaccines going
forward. It is nontoxic and can be combined with virtually every other adjuvant. “Academics
should have access to it like water,” stated one participant.

Dr. Pardoll emphasized the importance of establishing an ongoing process to priority setting. Dr.
Cheever expressed a hope that the group could be involved in subsequent workshops, but no
commitment has been made for additional meetings. The prioritization focus should be on drugs
needed in the clinic now rather than on a common desire to conduct further preclinical work. The
participants briefly discussed phase 0 studies.
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Despite its interesting biology, 852A has not made it to the clinic because the commercial entity
no longer wants to develop it.

Sufficient quantities of IL-4 are available to sustain existing programs. There was consensus that
IL-4 is of lower priority than the other adjuvants.

IL-12 is also an antiangiogenic compound. As such, it could follow a different development
pathway.

Dr. Raj Puri said that the FDA sees many trials that use IL-4 and other cytokines to activate DCs.

Dr. Berzofsky said that for DC generation, IL-15 and certain interferons might be better than
IL-4. However, until IL-15 becomes available, IL-4 is the gold standard and will be needed for a
long time to come.

Dr. Weiner said that MPL is a potentially useful adjuvant that would be of broad interest. More
people would want access to MPL than to poly I:C for their vaccine studies. He recommended a
higher priority for MPL. Other participants agreed that MPL is a useful agent but it does not have
the intellectual interest of some other agents.

Dr. Urba suggested, since it is considered to be more broadly available, that poly I:C should
appear below resiquimod on the list.

Several participants recommended creating a scientific list informed by scientific priorities. It
must reflect the needs of general immunotherapy community as well as limitations of
availability. Ultimately the priority rankings for adjuvants were not changed at the workshop.
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(2) T-CELL GROWTH FACTORS

Interleukin-15 (IL-15)
Presenter: Jay Berzofsky, M.D., Ph.D.

Interleukin-15 (IL-15) is a four-helix-bundle cytokine similar to IL-2. It is made by DCs,
macrophages, and stromal cells, but not by T cells. It acts on CD8+ T cells, CD4+ T cells,
natural killer cells, and mast cells. It binds to a unique IL-15 receptor alpha chain; whether this is
presented in Cis or trans configuration affects how IL-15 functions.

IL-15 inhibits antigen-induced cell death (AICD) of T cells, in contrast to IL-2, which promotes
AICD. In vaccines, it promotes induction of longer-lived and higher-avidity CD8+ T cells that
kill tumor cells very effectively. It is not just a matter of maintaining T-cell memory. IL-15
selects for a different population of cells. Greenberg’s group showed that IL-15 can reverse
T-cell anergy. Dr. Palucka demonstrated that IL-15 promotes in vitro differentiation of
monocyte-derived DCs that are potent inducers of CD8+ T cells. Unpublished data from Dr.
Berzofsky’s lab indicate that IL-15 can overcome lack of CD4 help in CTL induction. Data from
Dr. Khleif and Drs. Pavlakis and Felber show that IL-15—expressing plasmids can induce tumor
regression in mice via intratumoral injection or hydrodynamic delivery. No clinical data are
available.

As a vaccine adjuvant, it might be used to induce longer-lived, higher avidity, more efficacious
CD8+ T cells. As a single agent, it could potentially be used to overcome T-cell anergy and
could be used in place of IL-2 as a T-cell growth factor to sustain adoptively transferred T cells.
It would be useful also for in vitro differentiation of dendritic cells to use as cellular vaccines.

The risk-benefit profile would have to be taken into account if it were to be used as a systemic
agent due to its side-effect profile (e.g., cytokine storm).

IL-15 could have an important role for cancer vaccines and adoptive immunotherapy, as well as
for direct therapy in vivo and for DC differentiation in vitro for DC vaccine therapy. At least 10
investigators are working to obtain GMP-grade IL-15 for clinical use.

Discussion

Dr. Mackall agreed that IL-15 could have an important role in many areas of interest, including
adoptive T-cell therapy. Paul Sondel, M.D., Ph.D., said that IL-15 might also be a potent
activator of NK cells without up-regulating Tregs. The agent has been the subject of preclinical
investigations for quite some time.

Investigators have encountered a number of barriers when attempting to initiate trials. Several
participants discussed the lack of IL-15 availability for conducting clinical trials. According to
Dr. Calzone, Amgen has released several such molecules for preclinical studies, but clinical trials
are costly and entail a great deal of work. Dr. Weber emphasized the importance of a first-in-
human trial to garner some toxicity and safety data as a critical first step before commencing
other trials.
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Jeffrey Schlom, Ph.D., brought up the topic of vector-driven agents and emphasized the
importance of keeping them under consideration by this group. Pharmaceutical firms might
possibly be more willing to go down those paths.

Recently, several groups have shown that IL-15 is more potent and stable when given in
combination with IL-15 receptor alpha. IL-15 is a very interesting cytokine, but more than one
form exists.
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Interleukin-7 (IL-7)
Presenter: Crystal Mackall, M.D.

Interleukin-7 is required for T-cell development in humans and for naive T-cell survival in the
periphery. IL-7 signaling or T-cell activation results in receptor down-regulation—an effect
opposite to that of IL-2 and IL-15. IL-7 signaling on mature T cells leads to homeostatic
expansion of naive cells during lymphopenia.

The IL-7 receptor is present throughout T-cell development but not on effector or senescent
cells. Receptor expression marks cells destined to become memory T cells during the evolution
of the immune response.

Preclinical studies have established IL-7’s usefulness as a vaccine adjuvant. The agent enhances
CD4+ and CD8+ effector and CD8 memory populations but does not have much of an effect on
myeloid or B cells. The most dramatic effects occur on the subdominant responses.

Proof-of-principle has been established in phase I trials conducted with cancer patients. Dramatic
increases in total body CD4+ and CD8+ T cells, as well as modest increases in natural killer cells
have been observed. No selective increase in Tregs occurs. No significant toxicities have been
reported.

This agent could be potentially useful as a means to restore T cells after bone marrow
transplantation. Improving immune reconstitution in this setting may diminish leukemia relapse.
Also, combining IL-7 with Treg depletion has shown therapeutic benefit in the setting of
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adoptive immunotherapy for B16 melanoma. However, whether IL-7 will be in adoptive cell
therapy remains untested because many cells will not express the receptor. Alternatively, patients
who experienced a beneficial effect from adoptive cell therapy in studies conducted by Steve
Rosenberg have a modest increase in IL7 receptor expression compared to those in whom
adoptive cell therapy is not effective. Therefore it remains possible that selective expansion of
IL7R-expressing T cells could improve the effectiveness of adoptive cell therapy and studies are
needed to assess this.

IL-7 administration preferentially expands the pool of naive T cells. Given that older people are
the ones more likely to get cancer, it is remarkable how many of them develop naive cells when
given IL-7.

In response to a question from a participant, Dr. Mackall said that she was not sure what
percentage of T cells generated after a peripheral stem cell transplant express low levels of IL-7
receptor. Naive cells from the thymus would expand in this setting. IL-7 promotes low-avidity
T-cell responses. Other questions dealt with the risk of autoimmune disease occurring in cancer
patients treated with IL-7. Neutralizing antibodies merit close attention because IL-7 is such a
good adjuvant.

Discussion

Dr. Ho said that IL-7 really should be in its own category because of its profound effect on naive
cells. An ongoing trial is seeking answers to this research question in the context of adoptive
immunotherapy, which entails immunodepletion beforehand.

Dr. Whitehead said that she thinks of IL-7 as a survival cytokine. It might be a very good
addition to antitumor vaccines. Dr. Berzofsky said that if the induced effector cells do not have
IL-7 receptor, it is not clear that the agent would have a survival effect on those cells.

A discussion ensued about using IL-7 and IL-15 in combination because, at least in theory, IL-15
would be effective after the expansion effect. At least one study found, however, that giving the
two cytokines together showed no additive effect.

Some investigators have access to IL-7, and NCI has a repository available. The Institute was
able to provide the agent for toxicity studies and gave manufacturing guidance to a biotech
company, Cytheris, which is now producing it and sponsoring a couple of trials in areas of HIV
treatment and bone marrow transplantation. Production problems appear to have been resolved.

An Italian group is studying the agent’s use in children with IL-7 receptor alpha deficiency.

Mouse knockouts are more susceptible to carcinogenesis because they resemble mice with severe
combined immunodeficiency (SCID).

Dr. Amy Rosenberg inquired whether solid tumor cells express IL-7 receptor. Apparently, it is
expressed in early B-cell lymphoid cancers and lung cancer.
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By voice acclamation, the participants determined the priority ranking of the T cell growth
factors to be IL-15, IL-7. According to the participants, both agents are very interesting, and they
hoped that both could be made available.
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Interleukin-21 (1L-21)
Presenter: William Ho, M.D., Ph.D.

Dr. Ho emphasized that he is not speaking for Genentech; rather, he is offering his personal point
of view. IL-21 is not a Genentech product.

A member of the common gamma-chain family of cytokines, IL-21 induces and preserves
CD28+ T cells. It also has been found to improve the degree of expansion and affinity of
antigen-specific CTL clones generated in vitro. It is produced primarily by CD4+ T cells. The
receptor is expressed by T cells, B cells, natural killer cells, DC/myeloid cells, and non-immune
cells. Recent work has demonstrated IL-21’s involvement in inducing differentiation of pro-
inflammatory murine CD4+ Ty17 cells. It can also induce apoptosis in natural killer cells.
Perhaps counterintuitive to its immunostimulatory function with CD8+ T cells, it can inhibit
maturation, activation, and differentiation of DCs, producing an immunosuppressive phenotype.
It also causes apoptosis in naive or incompletely activated B cells.

In vitro studies have shown that IL-21 can promote apoptosis in B-CLL cells but has also been
shown to induce proliferation, and it inhibits apoptosis in some acute T-cell leukemia and
multiple myeloma cell lines.

Investigations of in vivo models have indicated that IL-21 has activity in multiple tumor types,
causing tumor rejection, preventing metastases, and enhancing immune memory.

Several phase I trials of IL-21 in metastatic melanoma and renal cell carcinoma have been
conducted. Objective response rates of < 10% were seen (one partial remission in renal cell
carcinoma, one complete remission in melanoma; the majority experienced stable disease). A
phase Ila trial in melanoma is under way. Other phase I or II studies, either planned or ongoing,
include IL-21 in combination with rituximab (anti-CD20), sorafenib, or cetuximab (anti-
epidermal growth factor receptor).

IL-21 might be used in the clinic as a systemic immunomodulator in monotherapy or in
combination with antibody-dependent cell-mediated cytotoxic (ADCC) agents. It is also of
interest as a cancer vaccine adjuvant and for cultivating CD8+ cells or clones for adoptive T-cell
transfer.

Discussion

Kim Margolin, M.D., observed that IL-21 went quickly into human trials from preclinical work.
She speculated that demand might not be as great for this agent as many others because of the
lack of preclinical data demonstrating its potential. The company that holds the intellectual
property is doing a good job of collecting biomarkers. IL-21 is in active clinical development, in
contrast to IL-15.

Dr. Urba said that IL-21 may have an effect on memory cells and differential effects—features
that make study of this cytokine important. Expansion of memory cells is the important factor.
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Dr. Berzofsky reported observing some synergy with IL-15 in a collaborative study with Warren
Leonard’s lab (See Zeng et al. below).
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Discussion of T-cell Growth Factor Prioritization

By voice acclamation, the priority ranking of all the T-cell growth factors discussed was
determined to be:

1. IL15
2. IL7
3. IL21
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(3) ANTI-CHECKPOINT AND VARIED AGENTS

Agonist Anti-GITR Ligand and Monoclonal Antibody
Alan Houghton, M.D.

Glucocorticoid-induced TNF (tumor necrosis factor) receptor (GITR) family—related protein is
constitutively expressed at high levels by Tregs and minimally by naive CD4+ and CD8+

T cells. It is up-regulated following T-cell activation. Signaling through GITR abrogates Treg
suppressive activity in vitro and is co-stimulatory for effector CD4+ and CD8+ T cells. GITR
signaling enhances tumor immunity and rejects tumors.

GITR ligation promotes immune responses to cancer antigens by suppressing Tregs and co-
stimulating effector T cells. It directly induces cancer immunity and synergizes with anti—
CTLA-4 blockade therapy. Additionally, anti-GITR agonists can augment cancer immunity in
combination with vaccines against cancer antigens.

These agents offer some potential for development because the preclinical data show some
efficacy. The direct tumor effect of the antibody or the ligand also synergizes CD4+ blockade.
Studies in animal models have shown that the agonist can exacerbate autoimmunity, e.g., colitis,
arthritis, vitiligo, and atopy.

Dr. Houghton envisions that the agent(s) could be used as systemic therapy alone or in
combinations, and might have application across multiple tumor types. They might also be used
with vaccines, CTLA-4 blockade, or chemotherapy.

Discussion

Dr. Pardoll commented on the interesting point of how much of anti-GITR action is directed
toward Tregs and how much toward the effector cells to make them resistant to Treg inhibition.
This agent might help elicit information about the importance of Tregs in blunting antitumor
activity. Dr. Pardoll also mentioned denileukin diftitox, wondering why it kills CD25+ cells very
effectively in vitro but not in vivo. Dr. Mackall explained that a progenitor population of CD25-
cells refills the niche within 10 days or so; therefore the drug does not eliminate this cell
subpopulation.

Dr. Schlom agreed that anti-GITR is an interesting agent, although no clinical data are available.
One Boston firm is developing an anti-GITR antibody. Academic investigators are developing
the ligand, and others may be developing the antibody. Dr. Pardoll observed that this agent has
not been used in human trials at all, although reasonable evidence in mice indicates that it
enhances immune responses. It is not clear how much of the effect is due to Treg inhibition and
how much is action on effector cells.

Others commented on the difficulty of killing Tregs and a possible role for agonist anti-GITR as
a means of priming Tregs for death. Dr. Houghton said that he has unpublished data from mouse
studies showing that both mechanisms are operative. Dr. Berzofsky asked about which cells

become resistant to Treg suppressive activity in response to the agonist. Dr. Houghton said both
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CD4+ and CD8&+ T cells are affected. Dr. Schlom added that this was demonstrated in Dr.
Sakaguchi’s lab.

Dr. Houghton noted that two potential agents exist: agonist anti-GITR ligand and the monoclonal
antibody. Developmental work on fusion constructs is ongoing in Japan and Australia. These
agents could be very interesting, according to Dr. Schlom, because of their Treg inhibition effect.
Agents that can inhibit Tregs should have high priority.

One participant observed that the agent would have to be given almost continuously. Another

opined that giving it with chemotherapy or anti—-CTLA-4 would be intriguing avenues of
research.

Dr. Disis said that her group has done a great deal of work with immunotoxins. It would be
significant to have an agent that interferes with Treg suppression. Having to give chronic
antibody would not constitute a barrier so long as the effect is maintained and the treatment is of
low toxicity.
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Anti-OX40 Ligand and Monoclonal Antibody
Presenter: Alan Houghton, M.D.

0X40 (CD134) is a co-stimulatory receptor for CD4+ and CD8+ T cells. It is involved in
signaling for T-cell survival, generation of memory T cells, and reactivation of memory T-cell
responses. One interesting property of OX40 is that its signaling seems to inhibit Tregs in vitro.

Preclinical work raised the safety issues of autoimmune sequelae and exacerbation of atopy. A
study in rhesus macaques showed that the agent was generally well tolerated. Enlarged lymph
nodes (gut) and splenomegaly resolved over 28 days. Increased antibody titers and T-cell
responses against simian immunodeficiency virus gp130 were observed after immunization.

Clinical development is in early phases. A phase I study of a mouse monoclonal antibody is
ongoing at the Providence Cancer Center, Portland, Oregon. Elizabeth Jaffee, M.D., said her
group has studied the agent in combination with GVAX. It seems to prolong the survival of
CD8+ T cells, but does not enhance the non-immunodominant epitope. This would be one of
multiple combinations that could act in synergy, but anti-OX40 alone does not have much
activity. A human antibody was being developed by a company in the United Kingdom, but the
intellectual property is currently owned by a holding company in Bermuda.

Dr. Houghton suggested that giving the agent after chemotherapy might be a useful approach.
Activity was observed in a mouse model using such a regimen.

Discussion

Dr. Palucka cautioned that because OX40 is in the Th2 pathway, it would be important to look
for late-onset events.

Dr. Urba informed the group that his institution is involved in the clinical trial of the monoclonal
antibody. Private funds were raised to make a murine GMP antibody. Human monoclonal
antibodies are being stored by the company that owns the intellectual property, but they are not
being released to allow investigator-initiated research. The murine antibody has been well
tolerated. Three dose levels are being tested. He mentioned skewing of Th1/Th2 responses. The
investigators have seen evidence of both CD4+ and CD8+ T cells in the peripheral blood. It
appears to have a survival-enhancing effect on both types. No subjects have yet met the criteria
for partial response. The mouse antibody disappears quite rapidly; to be useful in the long run,
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the product would have to be a humanized antibody. Several agonistic antibodies are available
that are fully human. Dr. Urba said that his group had no success trying to procure the clone in
order to produce it.

By voice acclamation, the participants ranked the first two anti-checkpoint agents thus:
1. Anti-GITR
2. Anti-OX40
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Anti-Cytotoxic T Lymphocyte—Associated Antigen-4 (CTLA-4, CD152)
Presenter: Steve Rosenberg, M.D., Ph.D.

CTLA-4, according to Dr. Rosenberg, is an inducible receptor that is engaged by the B7 family
of ligands and inhibits CD4+ and CD8+ T-cell activation. By blocking the negative signals of
CTLA-4, the antibody can augment and prolong T-cell immune responses. In animal models,
anti-CTLA-4 antibody can induce tumor rejection in immunogenic tumors, and in combination
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with antitumor vaccination, can induce rejection of minimally immunogenic tumors. Knockout
mice lacking CTLA-4 develop lymphoproliferative disease.

Preclinical studies have shown that combinations of anti-CTLA-4 and vaccines are more
effective in tumor prevention than they are in models of more advanced disease, although they
can slow tumor growth. No evidence of autoimmunity has been found in monkeys given
ipilimumab.

Dr. Rosenberg highlighted the clinical experience with this agent. A clinical trial of anti—
CTLA-4 in metastatic melanoma patients achieved an objective response rate of 17% by
RECIST or WHO criteria. The responses were highly durable; some complete responses have
gone beyond 4 years with regression at nearly every metastatic site, including the brain.
However, 36% of subjects experienced grade III/IV autoimmune toxicity (colitis, 17%;
hypophysitis, 9%). The objective response rate was highly correlated with autoimmunity. Most
of the significant autoimmune events could be effectively treated, but hypophysitis would likely
limit the use of anti-CTLA-4 as a first-line drug because it would require lifelong treatment with
steroids. Steroid treatment, however, did not appear to reverse the antitumor effect; those patients
had the same durability of response. Interestingly, prior therapy with interferon alpha-2b was
associated with decreased survival (12.4 vs. 18.2 months).

Only three immunotherapies have been shown to effectively lead to tumor regression by
RECIST/WHO criteria; anti—-CTLA-4 is one of them. Dr. Rosenberg posited that this is a very
active and valuable agent that holds promise for patients with metastatic melanoma.

Anti-CTLA-4 is being produced by Bristol-Myers Squibb and Pfizer. It is likely to be approved
by the FDA.

Discussion

Dr. Weber noted that he will serve as principal investigator on a 121-patient phase II trial of this
agent. The spectrum of toxicity for anti-CTLA-4 varies with tumor type. With sarcoma, for
example, unusual late responses have been observed. It offers great potential for combination
therapies.

Dr. Rosenberg referred to a paper in PNAS by Dranoff. No evidence has been seen to suggest
that the response rate to anti-CTLA-4 was greater when given with a peptide vaccine than
without. It appears, therefore, that it does not act as an effective adjuvant.

One participant noted that studies have been limited to metastatic melanoma and renal cell
carcinoma. Some anecdotal evidence suggests possible action in prostate cancer, but the agent
might not have activity in other cancers. Another person asked if this gap is attributable to a lack
of data or publications.

Dr. Pardoll noted that anti—-CTLA-4 will probably be approved for melanoma, but he speculated
that it might be interesting to study in combinations or in other tumors. Superb preclinical data
have been published. Unpublished data show evidence of synergy in animals using anti-PD1 and
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anti-CTLA-4 antibodies. Other unpublished data showed that among 25 prostate cancer patients
treated with anti—-CTLA-4, clinical responses were observed in 2 or 3, whereas when it was
given with GVAX, clinical responses were seen in 5 or 6 of 25. He would like to see more
anti-CTLA-4 available for such studies. The reality is that Bristol-Myers Squibb is working to
get the drug approved. Off-label use might interfere with that process.

On the question of assigning priorities, Dr. Cheever said this is a valuable agent being used
broadly. More than 1,700 patients have been treated with the antibody. Anti-CTLA-4 appears to
be on the path to approval. When approved, the only barrier to inhibit its use in studies would be
its cost. Thus, despite substantial interest in the agent by workshop participants, it will not be
ranked on the priority list. It is being presented primarily because it has shown immunologic and
therapeutic effectiveness and if approved, will be “first in class” for immunologic checkpoint
antibodies.

Dr. Jesus Gomez-Navarro said that kinetic parameters are very important because they help
investigators find ways to use anticancer agents in better ways. He advocated placing
anti—-CTLA-4 in its own special category.

Dr. Calzone said that anti-CTLA-4 is “a toehold for therapy” and suggested that anti-PD1 might
enhance its effect.

No references were provided.

Anti-Programmed Death-1 (PD-1)
Presenter: Jeffrey Weber, M.D., Ph.D.

Structurally related to CTLA-4 and CD28, PD-1 is a receptor that is a member of the
immunoglobulin superfamily and that binds to its ligands, PDL1 and PDL2. PD-1 is up-regulated
on activated T and B cells and monocytes. It binds to PDL1 on T and B cells, macrophages, and
DCs, as well as on parenchymal and tumor cells. PDL2 is present only on DCs and macrophages.

PD-1 is a negative regulator of T-cell function and is implicated in tolerance induction in mice.
PDL1 expression by tumors appears to protect them from immune attack by cytotoxic T
lymphocytes (CTLs); therefore, PDL1 expression on many human tumors is associated with a
poor prognosis. This is not true for PDL2, however. Blockade of PDL1 and PD-1 in murine
tumor models leads to long-lasting tumor regression.

Abrogation of PD-1 in humans increases the numbers of functional cytokine-secreting CTLs.
Hamanishi (2007) published a study showing that ovarian cancer patients who had greater levels
of PD ligands (especially PDL1) had better survival rates than those who expressed little or no
PD ligand. Other data presented by Dr. Weber demonstrated that treatment with anti—PD-1
antibody increased the number of melanoma-specific CTLs. He noted that the effect was not one
of diminished apoptosis, but rather, of increased proliferation.
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A phase I trial (first-in-human) is under way in colon cancer patients that will continue to MTD.
No significant or dose-limiting toxicities have been observed thus far. A phase II study will
commence after the MTD is defined and toxicities are assessed.

Preclinical data suggest that squamous esophageal, colon, lung, and ovarian cancers, as well as
melanoma, because they express high levels of PDL1, could be targets for interruption of the
PD-1/PDL1 axis. Promising avenues of research include use of anti—PD-1 alone or in
combination with a vaccine or anti-CTLA-4. Based on experimental data, the combination of
anti—-PD-1 and anti—-CTLA-4 might be a way to generate T cells for promoting an antitumor
effect. If PD-1 is shown to be as common on activated tumor-specific T cells as is suspected,
then T-cell “exhaustion” (Ahmed, 2006) might be a common immunosuppression mechanism in
melanoma and other cancers. PD-1 abrogation could prove to be an important way to dis-inhibit
antitumor T-cell immunity.

Anti—PDLI1 antibody with blockade at the tumor site might be a useful approach, although the
antibody would have to be able to penetrate the tumor to a great extent. However, anti-PDL-1
could possibly alter parenchymal tissue and increase its recognition, leading to autoimmunity.

Discussion

Dr. Urba pointed out that this agent is quite promising, and he reiterated that phase I trials are
taking place at Detroit, Henry Ford, Johns Hopkins, and a site in North Carolina. Twelve
subjects with five cancer types have been accrued. No adverse events have been reported yet.
Preliminary findings were reported at the Special Programs of Research Excellence (SPORE)
meeting. Dr. Rosenberg commented that the effectiveness of IL-2 and other nonspecific kinds of
immunotherapies would depend on the ability to unmask native antitumor responses to the
cancers being treated. It is not clear that such mechanisms exist outside of melanoma or renal
cell carcinoma.
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B7-H1 Antagonist
Presenter: Walter Urba, M.D., Ph.D.

This anti-checkpoint agent is an antibody to B7-H1, a PD-1 ligand. PD-1 is expressed on
activated CD4+ and CD8+ T cells, as well as natural killer cells and monocytes.

The more B7-H1 expressed, the worse the prognosis. Normally it is a negative regulator in that it
inhibits T-cell proliferation and cytokine production. B7-H1 expression is increased by
interferon-gamma. Blockade of B7-H1/PD-1 enhances T-cell immunity. Blockade with
anti—PD-1 is not exactly the same as blockade of B7-H1.

Preclinical studies indicate that blockade enhances autoimmunity in models of diabetes mellitus,
colitis, and experimental autoimmune encephalomyelitis. Blockade also disrupts fetal-maternal
tolerance, resulting in an increased abortion rate. Minimal effects are seen in murine tumor
models when anti—-B7-H1 is administered alone; it is most active when combined with other
immunotherapy (e.g., anti-CD137).

One interesting area is T-cell exhaustion. Endogenous responses might be exhausted, but
immunotherapy might be able to resurrect a response that is present, albeit limited. B7-H1
antagonist might be useful ex vivo to develop active T cells for adoptive therapy. Also, it might
have activity as a single agent or in combination with vaccines or other immunomodulators. The
antagonist appears to also have potential as a prognostic or predictive tool.

Anti—-B7-H1 would likely be useful in several different areas of research, especially in
comparison with anti—PD-1, which blocks the other end of the B7-H1 pathway.

Discussion

Dr. Pardoll commented on the nonequivalence of anti—-PD-1 and anti-B7-H1 and offered several
possible explanations. He mentioned several investigators’ work in the area, including Chen and
Freeman. The anti—B7-H4 enhances responses more than anti—PD-1 antibodies. Lieping did a
comparison in knockout mice and found greater enhancement of immunization-induced
responses in the B7-H4 knockouts. The cardiac toxicity reported with troponin has not been
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reproduced in PD-1 knockout mice. The Medarex antibodies’ optimal blocking in in vitro assays
is similar. Anti—PD-1 and anti-B7-H4 are interesting, but not equivalent, antibodies.

Medarex is interested in marketing the antibody, but it is not in active development because of
the company’s involvement in the anti—PD-1 trial.

One participant commented that NCI might not be able to intervene to procure this agent because
it would go against NIH policy. It is not clear that the barrier could be surmounted with these
Medarex products. The chances of obtaining anti—PD-1 seem slim because of intellectual
property issues.

Dr. Jaffee agreed that the preclinical data are very impressive. The target is expressed on some
tumors.

For the purpose of priority ranking, the participants decided to consider anti—PD-1 and anti—
B7-H1 as a single entity because they are similar.

By voice acclamation, the participants determined the priority ranking of the anti-checkpoint
agents to be anti—-PD1 and/or anti—-B7-H1, anti-GITR, anti-OX40.
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B7-H4 Antagonist
Presenter: Walter Urba, M.D., Ph.D.

Dr. Urba explained that this anti-checkpoint agent is an antibody to B7-H4. Its target (B7-H4)
has a structure similar to B7-1,2, but it lacks binding sequences for CTLA-4 or CD28. It is
expressed on multiple non-lymphoid tissues and is highly expressed in a variety of cancers. It is
also expressed on activated T cells, B cells, DCs, monocytes, and particularly on tumor-
associated macrophages. B7-H4 binds to an unknown receptor borne on activated but not naive
T cells, thereby negatively regulating T-cell immunity in peripheral tissues. Antibody blockade
increases allogenic CTL activity.

Some interesting preclinical work has been done. Tregs enable antigen-presenting cell-
suppressive activity by increasing B7-H4 expression—a process that is IL-10 dependent. When
B7-H4 is depleted, the suppressive activity of Treg-conditioned antigen-presenting cells is
reduced. B7-H4 blockade increases T-cell proliferation and reduced tumor volumes in vivo.

Human anti—-B7-H4 has been produced by Medarex, but no clinical data are available. The
company’s development plan is unclear.

The agent could have broad applicability in various cancer types. It might be used as a single
agent or in combination with vaccines or other immunomodulatory agents. It would likely be
useful for multiple investigators.

Dr. Urba said that both B7-H1 and B7-H4 antagonists would be potentially beneficial. B7-H1
blockade has more supporting preclinical data, but B7-H4 blockade offers the benefit of possibly
interfering with Treg function. Dr. Pardoll pointed out that in contrast to other B7 agents, B7-H4
is inhibitory in all systems.

Eugene Kwan published data on a set of patients with renal cell carcinomas. Those with higher
H4 expression had worse prognoses and those with high expression of both H1 and H4 had the
worst prognoses, suggesting a possible synergistic effect. Might it be possible to try using a
knockout as a surrogate for H4 suppression and the antibody for H1 blockade?

It was noted that Dr. Lieping Chen voted by proxy for anti—-B7-H]1 to have a high priority in the
rankings. Dr. Cheever noted the lack of data supporting its potential value.

By voice acclamation, the participants determined the priority ranking of the anti-checkpoint
agents to be anti-PD1 and/or anti—-B7-H1, anti-GITR, anti-OX40, anti—-B7-H4.
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Human Agonistic Anti—-4-1BB (Anti-CD137) Antibody
Kim Margolin, M.D.

This agent is a non-blocking functional monoclonal antibody to CD137/4-1BB. Its actions are
co-stimulatory, anti-apoptotic, and proliferative. Its target, CD137, is a member of the TNF
superfamily of receptors and is present on activated T cells, natural killer cells, and natural killer
T cells. The receptor is not present on tumors.

Interaction of the agent with its target enhances activation. Interferon-gamma plays an essential
role. In vitro preclinical studies have shown co-stimulation of T cells suboptimally stimulated
with anti-CD3. Also, when given with simian immunodeficiency virus vaccine (gag DNA),
anti—4-1BB enhanced the cellular response. Antitumor effects have been observed with murine
anti—4-1BB in various in vivo tumor models.

Preclinical toxicity studies in mice suggested a predominance of natural killer T cells in the liver
(e.g., hepatic necrosis, elevated transaminases). In monkey models, occasional mild colitis was
observed, possibly related to the high number of activated lymphocytes in intestinal mucosa.

A phase I, first-in-human study is ongoing and is being expanded to a phase II trial involving a
single agent and exposure to four doses. The subjects are advanced cancer patients with a variety
of tumors. Toxicities have consisted of faint skin rash, mild neutropenia, and hepatoxicity (likely
to be dose limiting).
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A phase I trial of anti—4-1BB in combination with paclitaxel and carboplatin is accruing, and
another one involving radiotherapy or chemoradiotherapy is being planned. Other future
possibilities include using anti—4-1BB as part of antigen-specific strategies, combinations with
cytokines, and screening for a possible role in autoimmune modulation, perhaps in combination
with checkpoint blockade (e.g., anti—-CTLA-4A).

Dr. Urba noted that anti—4-1BB is an interesting agent for which a significant body of data
exists, based on human studies.

It appears that the manufacturer is gearing up for demand via letters of intent. The phase I studies
will provide the necessary data on multi-dosing and effects in different histologies. Anti—4-1BB
is a promising antibody without severe toxicities. At the recent SPORE meeting, it was reported
that the antibody could either co-stimulate or deplete Tregs, depending on the model used.

The participants discussed a company called GTC, which is making a chimeric antibody with
one of Lieping Chen’s monoclonal antibodies. GTC makes transgenic goats that secrete
antibodies in their milk.

References

e DeBenedette MA, Shahinian A, Mak TW, Watts TH. Costimulation of CD28- T lymphocytes
by 4-1BB ligand. J Immunol, 158:551-559, 1997.

e Hurtado JC, Kim YJ, Kwon BS. Signals through 4-1BB are costimulatory to previously
activated splenic T cells and inhibit activation-induced cell death. J Immunol, 158:2600-
2609, 1997.

e Melero I, Shuford WW, Newby SA, Aruffo A, Ledbetter JA, Hellstrom KE, Mittler RS,
Chen L. Monoclonal antibodies against the 4-1BB T cell activation molecule eradicate
established tumors. Nat Med, 3:682-685,1997.

e Shuford WW, Klussman K, Tritchler DD, Loo DT, Chalupny J, Siadak AW, Brown T1J,
Emswiler J, Raecho H, Larsen CP, Pearson TC, Ledbetter JA, Aruffo A, Mittler RS. 4-1BB
costimulatory signals preferentially induce CD8+ T cell proliferation and lead to the
amplification in vivo of cytotoxic T cell responses. J Exp Med, 186:47-55, 1997.

e Takahashi C, Mittler RS, Vella AT. Cutting edge: 4-1BB is a bona fide CD8 T cell survival
signal. J Immunol, 162:5037-5040, 1999.

e Wilcox RA, Flies DB, Zhu G, Johnson AJ, Tamada K, Chapoval Al, Strome SE, Pease LR,
Chen L. Provision of antigen and CD137 signaling breaks immunological ignorance,
promoting regression of poorly immunogenic tumors. J Clin Invest, 109:651-659, 2002.

e Wilcox RA, Chapoval Al, Gorski KS, Otsuji M, Shin T, Flies DB, Tamada K, Mittler RS,
Tsuchiya H, Pardoll DM, Chen L. Cutting edge: Expression of functional CD137 receptor by
dendritic cells. J Immunol, 168:4262-4267, 2002.

e May KF Jr, Chen L, Zheng P, Liu Y. Anti-4-1BB monoclonal antibody enhances rejection of
large tumor burden by promoting survival but not clonal expansion of tumor-specific CD8+
T cells. Cancer Res, 62:3459-3465, 2002.

47



NCI Immunotherapy Agent Workshop Proceedings

e Lee HW, Park SJ, Choi BK, Kim HH, Nam KO, Kwon BS. 4-1BB promotes the survival of
CD8+ T lymphocytes by increasing expression of Bcl-xL and Bfl-11. J Immunol, 169:4882-
4888, 2002.

e ZhuY, ZhuG, Luo L, Flies AS, Chen L. CD137 stimulation delivers an antigen-independent
growth signal for T lymphocytes with memory phenotype. Blood, 109:4882-4889, 2007.

Discussion of Anti-Checkpoint and Varied Agent Prioritization

The participants speculated that some sources of anti—4-1BB are likely to become available soon
to the investigator community, whereas anti-GITR is unlikely to. By voice acclamation, the
priority ranking of all the anti-checkpoint agents and varied agents discussed in this group was
determined to be:

1. Anti—PD-1 and/or anti-B7-H1
2. Anti—4-1BB
3. Anti-GITR
4. Anti-OX40
5. Anti-B7-H4

* Anti—CTLA-4 was of high interest, but was not ranked because registration/approval is likely
to occur in the near term.
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(4) CoO-STIMULATORY AND VARIED AGENTS

Anti-Interleukin-10
Presenter: Theresa Whiteside, Ph.D.

According to Dr. Whiteside, much is known about IL-10, and antibodies to IL-10 are already
used to treat systemic lupus erythematosus (SLE) and rheumatoid arthritis. Nevertheless, only
preclinical data are available regarding its effects in cancer.

The potential clinical use of IL-10 antibodies in cancer treatment would be based on
neutralization of IL-10, which is known to exert direct growth-inhibitory effects on tumor cells

in vitro and in vivo, to serve as a growth factor for B lymphoma and melanoma cells, and to both
stimulate and suppress immune cells. IL-10 is produced by tumor cells, B-cells, tumor-associated
macrophages, tumor-infiltrating lymphocytes, and Tregs in tumors or the blood of cancer
patients.

This cytokine is pluripotent, signaling through STAT1 and STAT3 in most cells, but also
involving other pathways. In vitro, antibodies to IL-10 sensitize tumors to chemotherapeutic
drugs. IL-10 may be anti-apoptotic, perhaps by modulating BCL2.

In a murine lupus model, constant IL-10 antibody administration protected the animals from
autoimmune effects and prolonged survival, whereas IL-10 accelerated the onset of
autoimmunity.

Dr. Whiteside summarized clinical experience with anti—IL-10 antibodies. In a pilot study,
murine antibodies were given to six steroid-dependent SLE patients for 21 days. No serious
adverse events were reported, and clinical improvement was observed in all patients. Monoclonal
antibody levels remained higher during treatment than levels of IL-10, suggesting that
endogenous IL-10 was being neutralized. Although the patient IL-10 levels remained higher after
therapy than those of normal subjects, they were lower than at baseline.

The potential for humanized, clinical-grade anti—IL-10 could involve many different settings and
tumor types. Such antibodies could be used in multiple therapy regimens. Many independent
clinical investigators would likely be interested in having access to them.

It might first be necessary to separate anti—IL-10 immunosuppressive effects from its
immunostimulatory activities before contemplating the use of antagonists. Theoretically,
anti—IL-10 could be used to sensitize resistant tumors to chemotherapeutic drugs. Other potential
uses include elimination of Tregs (which produce a great deal of IL-10), direct inhibition of
tumor proliferation, up-regulation of antigen process in APCs, down-regulation of tumor-
associated inflammation, and elimination of tumor escape. Dr. Whiteside noted that DCs produce
a great deal of IL-10 and they might contribute to the development of Tregs. The use of
antibodies might defuse the activity of the IL-10—producing DCs.
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Discussion

Dr. Berzofsky pointed out that one of the important functions of IL-10 is to block IL-12
production by dendritic cells, so blockade of IL-10 would be expected to increase IL-12 and
interferon-gamma production and thus the stimulation of Th1 cells. Anne O’Garra has described
a type of Tregs that make and also respond to IL-10. She and Giorgio Trinchieri have found that
anti—IL-10R is effective at potentiating a vaccine. Dr. Berzofsky also mentioned that he had
observed an ability of IL-10 in vitro to stimulate CTLs.

Dr. Pardoll said that this is an interesting but complex agent, and he asked if anyone has
investigated the role of IL-10 in Treg suppression of antitumor activity. IL-10 blockade
diminishes the Treg effect. Dr. Whiteside said that this question has been studied in vitro but not
in vivo. Several participants asked whether anyone has looked at the IL-10 message in Tregs in,
for example, ovarian cancer. Dr. Palucka was particularly interested to know if such studies have
been done with antigen-specific Tregs. No one was aware of any such studies. Dr. Whiteside
spoke about expression of IL-10 by tumor-infiltrating lymphocytes from human tumors. Dr.
Pardoll said that anti—IL-10 has some potential but more investigation is needed.

Dr. Amy Rosenberg said that anti—IL-10, at least in the pilot study, appears to decrease
autoimmunity; however, in a cancer-therapy setting, an autoimmune response would be
desirable. She asked why this agent would be worth pursuing. She mentioned that a STAT3
knockout in CD4+ cells abrogates autoimmunity in the EAE model. Dr. Pardoll said that just
because the antibody abrogates autoimmunity does not necessary imply that it will eliminate
antitumor activity, but it does raise questions.

Dr. Berzofsky asked why anti—IL-10 receptor is not on the list. It might be better to block the
receptor. Dr. Cheever said that it was not submitted as a candidate to the Web site. Nevertheless,
this might be a pathway worth investigating.

Dr. Disis said it appears that the candidate agents fall into two categories: those with interesting
but scant data and those with a sizeable amount of preclinical and clinical data. Anti—IL-10 falls
into the former group.
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Anti—-LAG-3 and sLAG-3
Presenter: Elizabeth Jaffee, M.D.

Lymphocyte activation gene-3 (LAG-3 or CD223) is a negative regulator of activated T cells.
Little is known about anti-LAG-3 or soluble LAG-3 fragment (sSLAG), although they are very
interesting agents. Only a few groups have been studying them. A colleague of Dr. Jaffee’s at
Johns Hopkins has shown that the agent has cell-intrinsic function and seems to signal through
erk. LAG-3 is expressed on activated natural killer and T cells, but not on resting lymphocytes. It
is selectively up-regulated on Tregs and is involved in mediating Treg function in murine
models. sSLAG-3 is released by activated T cells and is found in serum.

Rat anti-mouse LAG-3 blocks LAG-3 function without interfering with its ability to bind to
MHC class II molecules in vitro. It blocks Treg activity in vitro and enhances T-cell expansion
in vivo. It has a potential role as a check inhibitor by blocking Tregs. Anti—-LAG-3 has been
shown in two tumor models to block Treg activity.

sLAG-3 has a role in T-cell migration. It has been used in two phase I studies. Because it induces
secretion of certain chemokines and Th1 cytokines needed for DC migration to secondary
lymphoid organs, it could be a candidate adjuvant for cancer vaccines.

Two phase I studies have assessed safety and T-cell responses using SLAG-3 (IMP321) as an
adjuvant to influenza or hepatitis B vaccines. In the influenza vaccine study, 40 normal
volunteers were randomly assigned to receive flu vaccine in one of three doses of SLAG as
adjuvant or a saline control. No differences were seen in post-vaccination humoral responses
measured at day 29 or 57. The subjects who received the SLAG adjuvant had higher levels of
Th1-type flu-specific CD4+ T-cell responses, however. SLAG-3 was well tolerated and is
currently being evaluated in a phase I trials in metastatic renal cell carcinoma, breast carcinoma,
and disease-free melanoma patients.

sLAG-3 is being produced by a company in France. It might have some potential as a cancer
vaccine adjuvant for priming the immune response. Anti—-LAG-3 has shown some activity in
preclinical models as a checkpoint inhibitor, but would probably be better used in combination
with a vaccine. Anti-LAG-3 appears to be more interesting but it has not been tested in cancer
models. More data are needed about this molecule.

Discussion

Dr. Disis said that the lack of difference between the groups in the influenza vaccine study seems
to indicate that SLAG does not hold a great deal of interest. She suggested eliminating SLAG
from consideration but retaining the antibody. Dr. Pardoll indicated that another group did not
find any evidence that LAG-3 can activate DCs.
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Most agreed that LAG-3 seems to be at a “more primitive level.” Others mentioned the negative
prognostic value of elevated IL-10 and receptor blockade.

By voice acclamation, the participants determined the priority ranking of the varied agents to be
anti—IL-10 and/or IL-10 receptor, anti—-LAG-3, sLAG-3.
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Anti-Transforming Growth Factor (TGF)-beta
Presenter: Frank Calzone, Ph.D.

According to Dr. Calzone, SMAD-dependent TGF-beta signaling is well understood, although
alternative signaling is not. Any antibody or TGF receptor II-based therapeutic should neutralize
TGF-beta without cross-reacting with latent ligand. Dr. Calzone provided a list of various
TGF-beta—targeted inhibitors and described preclinical experience with using them as cancer
immunotherapy or as direct antitumor agents.
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Such inhibitors, however, pose some cancer risks. Inhibiting the SMAD pathway could increase
risk of carcinomas that might become apparent long after drug approval and wide clinical
acceptance. As evidence, Dr. Calzone pointed out that TGF-beta receptor-I and -II, as well as
SMADA4, are frequently inactivated by mutation in human pancreatic and biliary cancers. Also,
experimentally, TGF-beta is a potent, negative regulator of epithelial cell proliferation (normal
cells and non-aggressive cancers).

A number of antibodies have been raised against TGF-beta. Dr. Calzone pointed out several
reasons why selecting an antibody would be preferable to the huFc receptor-11. Most importantly,
process development for an antibody is well-defined with high yields (1 g/L) readily achievable.
Antibodies have a better pharmacokinetic profile than the receptor drugs. Safety events
associated with TBR immune recognition are rare but potentially significant.

A phase I cancer study of the antibody (GC-1008 manufactured by Genzyme/AstraZeneca) is
under way, whereas no human data are available on the huFc receptor-II. No results from the
study have been published yet. The trial has the objective of assessing MTD and safety in
patients with locally advanced metastatic renal cell carcinoma or malignant melanoma. Another
phase I study by AstraZeneca has been completed, enrolling 45 patients with early stage, diffuse,
cutaneous systemic sclerosis. More serious adverse events were reported in the treatment group,
but the antibody was generally well tolerated, and the adverse events were manageable. No
efficacy was shown.

Among the contemplated uses of anti—-TGF-beta would be as a single agent to amplify or unmask
natural immunosurveillance, as an agent to enhance T-cell adoptive immunotherapy in cancer, or
to amplify the efficacy of an anticancer vaccine aimed at inducing CTL-mediated tumor
regression. A clinical study of TGF beta blockade would require special expertise because this
treatment mode could have multiple effects on tumors (stroma, tumor, Tregs). The situation
would be very complicated.

Dr. Calzone suggested that pan-specific TGF-beta neutralizing offers more opportunity to
demonstrate efficacy, and this seems more critical than safety given the available clinical data.
Any trial should generate detailed information on the response of T-cell subsets to make the
connection between TGF blockade and tumor immunobiology versus direct antitumor activity or
stroma-mediated tumor inhibition.

Discussion

The participants discussed which agents are in development and their proposed uses. Some
discussion ensued about Genentech’s activities in this area and the focus on using the agent for
various aspects of fibrosis, e.g., to prevent scarring or collagen deposition.

Dr. Berzofsky reported that some preclinical work was done in his lab on the immunoregulatory
pathway in which natural killer T cells (NKT) induce myeloid cells to make TGF-beta that
inhibited CTL-mediated tumor immunosurveillance. In at least three tumor models, his group
was able to reduce or eliminate metastases or tumor recurrence. The participants agreed that
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having an agent to target both the NKT pathway and the Treg pathway would be very exciting.
Dr. Berzofsky is running the first-in-human trial together with Dr. John Morris of the
Metabolism Branch, NCI, in melanoma or renal cell carcinoma patients. The study has four sites,
with NCI as the lead site. It is a dose-escalation trial; several dose cohorts are already completed.
The investigators are looking at effects on T-cell response and biomarkers. The primary goal is
safety and ascertainment of the MTD, which has not yet been reached.

Dr. Pardoll said that TGF is an attractive target. These studies should provide a sense for the
extent to which these effects are immunologic versus non-immunologic. It would be important to
look in a neo-adjuvant setting. A significant body of preclinical data supports the rationale for
use of anti-TGF-beta. The time would seem to be right to bring TGF beta blockers into the
clinic. Several participants agreed with the latter statement.

Dr. Cheever said that it was difficult to know how to rank these related agents. Some “heavy
hitters” are involved with development and testing and thus the agents are likely to be broadly
available for testing. Scientific interest in TGF-beta blockade is great. The participants generally
recognized that clinical advancement of TGF-beta neutralizing antibodies (and TBR kinase
inhibitors) for the treatment of fibrosis and cancer is being addressed by biotech (Genzyme) and
pharma (Lilly). Immediate access to these drugs and funding for clinical trials in tumor
immunology may be difficult.

Dr. Berzofsky said that the primary sponsor of his trial is Genzyme, which owns GC1008. He
posited that it would be important to test the agent in multiple cancers, but the theoretical risk of
exacerbating the disease has caused some foot dragging. Trying it in combination with cancer
vaccines (e.g., prostate cancer vaccine) would also be a very interesting avenue of research. The
pharmaceutical companies would probably be most interested in developing it as a single agent,
but immunologists would probably like to try it in combinations or as an adjuvant.

The participants expressed greater interest in the antibody than in the receptor. By voice
acclamation, the participants determined the priority ranking of the varied agents to be
anti—-TGF-beta, anti—IL-10 and/or IL-10 receptor, anti—-LAG-3, sLAG-3, TGF-beta receptor.
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CD40 Agonists
Presenter: Paul Sondel, M.D., Ph.D.

The two agents considered in this category are an agonistic recombinant CD40 ligand trimer and
a fully human and selective CD40 agonist monoclonal antibody. The target is the CD40 receptor
itself. The goal of using the agonist is to provide pharmacologically the signal that is
physiologically given by the ligand on the surface of CD40+ helper T cells, thereby helping
antigen-presenting cells (APCs) perform better, and activating any population of cells bearing
CD40 molecules on their surface.

Dr. Sondel described the main ways the agonist works in preclinical models: through APC
activation and induction of T-cell immunity or by direct tumor inhibition (especially in CD40-
bearing B-cell lymphomas). CD40 agonists can also affect tumors not expressing CD40 through
other mechanisms, such as an anti-angiogenic effects or induction of antitumor innate immunity.
Preclinical studies identified cytokine release syndrome as a toxicity problem.

Dr. Sondel described available unpublished and published data on clinical experience, mostly
based on the fully human monoclonal antibody. One phase I trial enrolled 29 patients with
melanoma or other solid tumors. Four subjects had measurable objective responses by RECIST
criteria. Most showed up-regulation of the CD86 co-stimulatory molecule. In one well-studied
case, tumor-specific T cells were induced. Cytokine response syndrome and liver/hematologic
toxicity were reported.

The other molecule that has been tested is the recombinant human CD40 ligand trimer. The
initial phase I study showed 2 partial responses out of 32 solid tumors or non-Hodgkin
lymphoma. Some 76% of patients had decreases from baseline in the percentage of circulating
CD19 B cells on day 5, possibly related to the peripheral clearance of these CD40+ cells by
binding to the ligand. The percentage of CD4+ T cells increased during this time in 81% of
treated patients.

Dr. Sondel speculated that these agents could be used as monotherapy for induction of innate and
adoptive immunity to CD40+ and CD40- tumors; they might also be used as single agents for
direct inhibition of CD40-expressing tumors, which includes up to 70% of solid tumors. CD40
agonists have excellent potential for combination therapy with other anticancer treatments,
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including chemotherapy, radiotherapy, cancer vaccines, toll-like receptor agonists, cytokines,
and TNF receptor—family agonists.

It appears, however, that no compelling need exists to produce the monoclonal antibodies
because the pharmaceutical industry (Pfizer) is already involved and appears willing to provide
them for investigator-initiated research. The recombinant trimeric ligand was being developed by
Immunex-Amgen, but is no longer; therefore, it may be a candidate for NCI production or
distribution.

Discussion

Dr. Tom Waldmann discussed the potential for desirable effects involving combination of CD40
agonistic therapy with IL-15, which may lead to important effects not mediated by IL2.
However, IL-15 has a short half life, and the reagent is not very effective in the absence of
IL-15R alpha. By giving anti-CD40 ligand, the IL-15 receptor alpha subunit is induced on DCs
and IL-15 bound to this receptor is recycled, its biological activity is increased, and its effects are
prolonged, possibly for 3 weeks. Thus an added benefit of CD40 ligation would be the
enhancement of treatment with IL-15.

The CD40 signal is a very important and effective activator of DCs. Drs. Berzofsky and Mackall
have experience using CD40 ligand for maturing human DCs, but it has been unavailable since it
became the intellectual property of Amgen.

Dr. Sondel favors the antibody because it has several important characteristics, e.g., it has action
on APCs, it can be injected into tumors, and it has an effect on the innate immune system. He,
therefore, advocated giving it a high priority ranking.

Dr. Weber agreed, saying that demonstration of clinical response plus a sound scientific rationale
is a compelling combination.

A participant inquired about the agent’s mechanism against B cells. Dr. Sondel said that it
induces apoptosis via the cytokine storm. There was a brief discussion about the concomitant
decrease in peripheral B cells and the possibility that this decrease is due to migration and not
death.

Dr. Schlom recommended not having both anti-CD40 and the ligand at the top of the priority list.
Dr. Sondel suggested both are important and have been developed separately. Because the
trimeric ligand is not available, he suggested putting it at the top of the list, just above the
antibody. It would be more expensive to produce than the monoclonal antibody.

By voice acclamation, the participants determined the priority ranking of the varied agents to be
anti-CD40 and/or CD40L, anti—TGF-beta, anti—IL-10 and/or IL-10 receptor, anti—-LAG-3,
sLAG-3 (low priority), TGF-beta receptor (low priority).
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Adenovirus-CCL21
Presenter: Karolina Palucka, M.D., Ph.D.

CCL21 is a CC chemokine, also known as secondary lymphoid tissue chemokine and by several
other terms. In the central nervous system, the target is CXCR3. CCL21 is expressed by high
endothelial venules and in T-cell zones of spleen and lymph nodes, strongly attracting naive

T cells and mature DCs via interaction with the CCR7 target.
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Human DCs transduced with advenovirus-CCL21 have been shown in vitro to produce large
amounts of CCL21, to attract T cells and DCs, and to prime naive T cells. In animal models,
intramural injection leads to CD4- and CD8-dependent antitumor response in both localized and
metastatic disease. The response is characterized by infiltration of DCs and lymphocytes within
resolving primary tumors at both the local injection site and metastatic sites.

Also, CCL21-transduced DCs are effective in transgenic mice that develop bronchoalveolar
carcinoma spontaneously. Other preclinical work in animals involved its use as an adjuvant for
TERT-DNA vaccine in a breast cancer model, and it has shown immunologically mediated
regression of pancreatic tumors in mice upon intratumoral delivery and improved survival and
therapeutic efficacy of adoptive T-cell transfer in a mouse model of melanoma.

A clinical trial has been approved for non—small-cell lung cancer. The goal is to generate and
manipulate the trafficking of effector cells—a very interesting strategy, according to Dr. Palucka.
Chemokines are very important in anticancer effects, but there is some hesitancy about the use of
viral vectors. One concern is that the T cells could be “led astray” to generate a response against
the vector and not the tumor antigen. It could be a good helper effect, but the competition for
antigen presentation would be worrisome with a viral vector.

Among the uses contemplated for adv-CCL21 as an adjuvant to cancer vaccines are (1) ex vivo
transduction of cancer vaccines based on ex vivo DCs or cell lines, for example, GVAX; (2)
in vivo as an adjuvant to cancer vaccines; and (3) in vivo for intratumoral gene therapy.

Adv-CCL21 is in production.
Discussion

Dr. Weber asked about using antigen-pulsed DCs. Dr. Palucka said that this would need more
study to see what is presented. There may be no problem. One possibility would be using RNA
transduction to avoid the possibility of competition for antigen presentation.

This strategy is very different from the others discussed during the course of the meeting and
might be very significant. Dr. Sondel said that this approach may be the only way to pursue
chemokines that could be used to attract T cells. The participants discussed the relative merit of
this chemokine compared with the other molecules.

Dr. Palucka mentioned capturing antigens in situ rather than loading them ex vivo.

Dr. Berzofsky suggested that this chemokine might also attract central memory cells as well as
naive T cells. Dr. Palucka agreed with this. Another participant suggested using an avipox
vector, which is not immunogenic.

The RAID program is already making this agent for two individuals. It would likely be possible
to manufacture additional quantities to carry out a few more studies. For that reason, some
participants thought that adv-CCL21 should probably have a relatively high priority.
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Dr. Creekmore pointed out that genetic stability is another potential problem with virus-vectored
agents.

By voice acclamation, the participants determined the priority ranking of the varied agents to be
anti-CD40 and/or CD40 ligand, anti-TGF-beta, anti—IL-10 and/or IL-10 receptor, adv-CCL21,
anti-LAG-3, sLAG-3 (low priority), TGF-beta receptor (low priority).
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LIGHT
Presenter: Drew Pardoll, M.D., Ph.D.

LIGHT, another TNF superfamily member, is part of a complex receptor-ligand network
comprising 10 or so molecules, Genome Database designation TNFSF14. It was discovered by
Lieping Chen. LIGHT binds to three molecules, complicating its potential use in treatment. It
clearly has co-stimulatory activity on T cells through expression of herpes virus entry mediator
(HVEM). It mediates some of its antitumor activity through the lymphotoxin-beta receptor by
apoptotic activity. LIGHT-HVEM interactions mediate graft-versus-host disease (GVHD).
LIGHT also has antitumor effects, as evidenced in preclinical studies, but it is difficult to
ascertain which receptor is involved.

Dr. Pardoll is not aware of any clinical data. He posited that soluble LIGHT might be used for
systemic administration alone or in combination with vaccines. Some studies have shown that
LIGHT can be introduced via a vector for transduction of tumor cells. Anti-LIGHT antibodies
(or anti-HVEM) could be used to treat GVHD. Potentially, LIGHT could be useful for any
cancer type as an adjunct to vaccination or for adoptive CD8+ cell transfer. Another possibility
would be paracrine administration via direct injection into tumors or transduced tumor vaccines.
He suggested that LIGHT should be lower on the list of priorities due to its complexity and the
lack of supporting clinical data. Soluble LIGHT would probably be the most interesting form for
future study.

Dr. Schlom reported some preclinical work done in his lab that involved development of avipox-
vectored LIGHT; it worked extremely well in that form although its activity was not compared
with that of soluble LIGHT. Its use is very complicated because the receptor is down-regulated
on fully activated cells.

The participants agreed that data are scarce about how LIGHT relates to cancer pathology;
therefore, it should be low on the list. Monkey studies would be in order. The agent has a great
deal of bioactivity, but more data are needed about the correlation between LIGHT
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concentrations and inflammatory conditions. Again, it would be necessary to investigate the
question of local administration or administration with vaccine.

By voice acclamation, the participants determined the priority ranking of the varied agents to be
anti-CD40 and/or CD40 ligand, anti—TGF-beta, anti—IL-10 and/or IL-10 receptor, adv-CCL21,
LIGHT and/or LIGHT vector, anti-LAG-3, sSLAG-3 (low priority), TGF-beta receptor (low
priority).
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1-Methyl Tryptophan
Presenter: George Prendergast, Ph.D.

Dr. Prendergast declared a potential conflict of interest stemming from a personal interest and his
consulting work with a company moving this agent into the clinic. The organizing committee
requested that he present information on the molecule because of his unique expertise in this
area.

I-methyl tryptophan is a simple, small molecule that inhibits the immunosuppressive enzyme
IDO, as well as IDO2. IDO suppresses T-cell activation via tryptophan catabolism, thereby
limiting antigen-induced T cell activation and mediating immunosuppression in cancer. IDO is
highly expressed in tumor cells and plasmacytoid DCs in tumor-draining lymph nodes. The IDO
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knockout mouse is resistant to inflammatory carcinogenesis and is viable, fertile, and without
autoimmune disease.

I-methyl tryptophan has been widely studied as a D+L racemic mixture, with the D stereoisomer
being more biologically active. The D isomer has an outstanding pharmacokinetic and toxicity
profile in mouse, rat, and dog models, displaying significant stability in plasma with a half-life of
about 8 hours. Notably, the L isomer is a stronger inhibitor of IDO whereas D has more activity
against IDO2. Some compelling biochemical evidence suggests that the D isomer blocks IDO2
better than IDO; therefore, IDO2 may be a relevant target in vivo.

The D isomer has been selected for clinical translation by NewLink Genetics Corporation and
NCI.

Dr. Prendergast described the preclinical experience with 1-methyl tryptophan. Work with IDO
knockout mice offers an initial genetic validation in cancer. When subjected to a classical
protocol of inflammatory skin carcinogenesis, wild-type mice developed tumors whereas the
knockout mice were resistant to tumor formation. Other mouse models involving grafted tumors
or transgenic, “immuno-edited” tumors showed that 1-methyl tryptophan limited tumor growth
and reduced tumor size in combination with cytotoxic chemotherapy. In such experiments,
antitumor activity was CD4+ T cell-dependent. The D isoform has better antitumor activity than
the L isoform in most models. IDO knockout abolishes the antitumor effect.

Dr. Prendergast spoke about the IDO2 gene in the human genome, which was discovered only
recently. The IDO2 is situated immediately downstream of IDO but was not recognized
previously due to mis-annotations in the human genome database. Although little is known about
IDO2 as yet, there are two genetic polymorphisms in the coding region of the human enzyme
that abolish its activity. Interestingly, these polymorphisms occur widely in heterozygous and
homozygous configurations, suggesting that IDO2 activity varies widely in human populations.
If, as Dr. Prendergast hypothesizes, IDO2 is targeted by D-1-methyl tryptophan, then these IDO2
polymorphisms might affect clinical applications by abolishing the target.

The IND is in place for a traditional dose escalation phase I study. Possible safety concerns
include eosinophilia-myalgia syndrome, autoimmunity due to “learned” tolerance, and
susceptibility to Toxoplasma gondii infection. Dr. Prendergast noted that none of these problems
have been observed in animal studies.

In terms of contemplated uses, Dr. Prendergast suggested that the agent could be used as a
general adjuvant for cancer therapy that acts to relieve a mechanism of tumor immune
suppression. It could be combined with cytotoxic chemotherapy, tumor vaccines, toll-like
receptor agonists (e.g., CpG), radiotherapy, monoclonal antibodies, or drugs that target other
mechanisms of immune suppression (e.g., 0X40, PDL-1).

The NCI has D-1-methyl tryptophan. Its synthesis is straightforward and relatively inexpensive.
NewLink has prepared a lot for the phase I clinical trial and will be synthesizing new lots. The
agent should be widely available within a year or so.
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Discussion

In response to a participant’s question about whether 1-methyl tryptophan treatment would be
applicable in all tumors or only patients with tumors that overexpress IDO, Dr. Prendergast
explained that it might be applicable in all tumors because IDO is also thought to participate in
immunosuppression via expression in antigen-presenting cells present in tumor-draining lymph
nodes. He also commented that the pharmacodynamics of an IDO inhibitor could be determined
in a straightforward manner by evaluating the ratio of tryptophan to kynurenine, the product of
the IDO reaction, in blood. An assay method to determine kynurenine levels from blood using
LC/MS/MS is being used by the investigators.

Another participant asked about the phase I trial and whether the investigators plan to monitor
single-nucleotide polymorphisms (SNPs). Dr. Prendergast said there is an SNP that occurs in
IDO-1, but it is not widely present in the human population.

Dr. Schlom suggested that 1-methyl tryptophan may be a perfect agent to investigate using the
cell search machine. The cells could be isolated and examined for IDO. He inquired whether
IDO in serum correlates with tumor burden, noting that a discord exists between levels of
carcinogenic antigen (CEA) and tumor burden. Dr. Prendergast said that IDO enzyme cannot be
found in blood, but that kynurenine can be measured.

Dr. Prendergast mentioned arginase as another enzyme whose activity is associated with immune
suppression, saying that the literature is very interesting, but the picture is more complex.

Dr. Palucka commented on the relevance to DCs. IDO expression in DCs is associated with a
suppressive function they manifest in the context of antigen presentation to T cells.

By voice acclamation, the participants determined the priority ranking of the varied agents to be
anti-CD40 and/or CDA40 ligand, anti—-TGF-beta, 1-methyl tryptophan, anti—IL-10 and/or IL-10
receptor, adv-CCL21, LIGHT and/or LIGHT vector, anti-LAG-3, sLAG-3 (low priority),
TGF-beta receptor (low priority).
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ONLINE DISCUSSIONS LEADING TO FINAL RANKINGS

Dr. Cheever reminded the participants of the main objective of this workshop: to develop a
global priority list to present to the RAID SEP and the NCI advisory board. However, the entire
investigator community is interested in its outcome. Not only is it important to recommend
agents that RAID should consider acquiring for distribution and/or manufacture, but also those
that could be made available through other mechanisms such as cooperative research and
development agreements (CRADASs) with pharmaceutical firms.

He recommended that as a starting point, the workshop participants establish priorities within the
agent groupings as reviewed to ensure consensus on their categorization. From there, the agents
could be ranked across groupings to arrive at a list of the top 10. Dr. Cheever recommended that
participants arrive at a “preliminary ranking” by consensus and acclimation but that priorities be
reviewed and revised later by e-mail after everyone has had time to think about the rankings.
Some participants suggested listing the top 10 agents in alphabetical order to recommend them as
a group rather than assigning priorities to the individual agents. Others disagreed.

By voice acclamation, the group assigned the preliminary priority rankings shown in Table 3,
with the understanding that they were subject to change. The final priority rankings were

established via subsequent e-mail communications and balloting.

Drs. Creekmore and Cheever thanked the participants and adjourned the meeting.3

Table 2: Criteria for Ranking

- Potential for use in cancer therapy.

- Perceived need by multiple independent clinical investigators.

- Potential use in more than one clinical setting, e.g., against
different tumor types or as part of multiple therapy regimens.

- Not broadly available for testing in patients.

- Not commercially available or likely to be approved for
commercial use in the near future.

3 Although the workshop was originally scheduled to last 2 full days, business was concluded on the first day.
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Table 3. NCI Immunotherapy Workshop: Preliminary Rankings. The agents appear in rank
order within the groupings indicated by the column headings. The overall preliminary ranking of
each agent, across all four categories, is indicated by the number appearing before its name.

Adjuvants T cell Growth Anti-Checkpoint Co-Stimulatory and
Factors and Varied Agents Varied Agents

3.1IL-12 1.1IL-15 2. Anti-PD-1 and/or 4. Anti-CD40 and/or

6. CpG 5. IL-7 anti-B7-H1 CD40L

11. FIit3L 21. 1L-21 9. Anti-4-1BB 7. Anti—-TGF-beta

14. Poly I:C and/or 12. Anti-GITR 8. 1-methyl tryptophan

poly ICLC 15. Anti-OX40 10. Anti—IL-10 or

16. MPL 17. Anti—-B7-H4 anti—11-10R

18. Resiquimod 13. CCL21 Adv

and/or 852A Anti-CTLA-4* 19. LIGHT and/or LIGHT
vector

Low Priority. IL-4 20. Anti-LAG-3
sLAG-3

Low Priority. TGF-beta
receptor

* Unique category because registration/approval is likely to occur in the near term.
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FINAL RANKINGS

Following the workshop, the participants engaged in online discussions and balloting via e-mail,
culminating in the final priority rankings for the agents of interest. The essence of the comments
submitted via e-mail is reflected in the paragraphs below, and the results of the final voting are
tabulated in a chart.

Dr. Cheever led off the e-mail discussion by listing several concerns he had with the preliminary
ranking:

e Anti-TGF-beta: First, the high preliminary ranking was based on discussion at the end of
the workshop. The PowerPoint presentation did not develop justification for the agent in
cancer therapy. Therefore, a better justification would be required to support a final
ranking of the agent in the top 10. Second, the presentation listed multiple anti—-TGF-beta
agents in development. Therefore, anti-TGF-beta might not ultimately meet the criterion
of “Not broadly available for testing in patients.”

e Anti—-IL-10 and anti-IL-10 receptor: First, the PowerPoint presentation did not provide
adequate justification for the agent’s ranking. Therefore, a better justification would be
required to support a final ranking of the agent in the top 10. Second, the workshop
participants seemed much more enthusiastic about anti—IL-10 receptor; however, the
receptor was not mentioned in the PowerPoint presentation. Therefore, some rationale
would be needed to justify inclusion of the receptor among the highest-ranked agents.
Third, Dr. Cheever was not aware of any IL-10 receptor agents approaching readiness for
clinical development. Several lower-ranked agents (e.g., FIt3 ligand, poly I:C, MPL, and
resiquimod) have proven efficacy in the clinic.

e There are hundreds of cancer vaccines in clinical trials, but a dearth of adjuvants. It
seems that adjuvants with known efficacy should have a higher priority than agents with
little data available such as anti-OX40 and anti—-B7-H4.

Dr. Houghton agreed with Dr. Cheever’s comments about the lack of justification for the high
preliminary rankings of anti—-TGF-beta and IL-10 receptor.

Dr. Weiner concurred with Dr. Cheever regarding the prioritization of adjuvants. Although MPL
might not be as exciting and novel as some of the higher-rated compounds, it would be generally
useful to the investigator community.

Dr. Weber posited that the anti—IL-10 and anti-TGF antibodies should be highly ranked on
grounds of broad applicability and potential clinical utility. If cancer vaccines are not very
immunogenic, then MPL would not make a difference, although an agent such as anti-OX40 or
anti—-TGF-beta might.

Dr. Jaffee generally agreed with Dr. Cheever’s comments, but added that some good adjuvants
are available and that checkpoint inhibitors are just as, if not more, difficult to obtain. She
recommended highly ranking a checkpoint inhibitor as well as the best adjuvant. She agreed that
not enough data are available on anti—-B7-H4 to justify a very high ranking, although this would
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be a good example of an agent for which we need a mechanism to have regular follow-up so that
it can be assigned a higher priority should more positive data become available. It is a unique
agent in the class of checkpoint inhibitors. She also recommended moving anti-GITR higher on
the list because of the need to have a Treg inhibitor.

Dr. Berzofsky said he thought the ranking prepared at the end of the meeting was quite good,
although many choices of exact position on the list were subjective. He opined that the rankings
of a few agents should be rethought, and he emphasized the need for both adjuvants and
checkpoint inhibitors. He thought that although anti—-TGF-beta is very important and promising,
it is already in active clinical development/trials by Genzyme. He said he has been very
impressed by the mouse data on anti—IL-10 receptor from the laboratories of Anne O’Garra,
Giorgio Trinchieri, and others. Additionally, a very effective anti—IL-10 receptor antibody was
made a number of years ago by DNAX, but it has not been made available by Schering Plough,
which purchased DNAX. He opined that some of the other adjuvants should be moved up in the
rankings.

Dr. Mackall agreed with several others that anti—IL-10 receptor and MPL should be moved up in
the rankings and anti—-TGF-beta should be demoted. She reiterated Dr. Jaffee’s desire to see
some of the higher-risk agents receive some kind of real priority and suggested developing
another category for considering non—-GMP-grade production/acquisition to further preclinical
work. This line of research would be distinct from the objective of producing clinical-grade
material, but arguably would be equally important and potentially less costly.

Dr. Disis wrote that adjuvants that are more likely to elicit Th1 responses should receive higher
priorities.

Dr. Margolin expressed her expectation that the priority ranking will reflect considerable
expertise and judgment and hoped that it will be used wisely by the target audiences.

Dr. Prendergast agreed about assigning higher priorities to anti-GITR and MPL.

Dr. Whiteside noted that she also rearranged several agents on the priority list, pointing out that
some of the antibodies (e.g., anti-GITR, anti—IL-10, and anti—IL-10 receptor) lack any record of
effectiveness in human cancer, and it may be premature to put them in the top part of the list.

Dr. Ho opined agreed that because of the difficulty in ranking items with limited preclinical data
on this list, a regular reassessment of the rankings, as several suggested, seemed to be a
reasonable approach. He also seconded Dr. Mackall’s idea of a separate list for non-GMP
requests.

Dr. Urba observed that it may be difficult to arrive at a consensus on some of the details of the
ranking. He posited that the preliminary ranking was adequate in that the important molecules
were represented in a reasonable order. He acknowledged others’ comments about the rankings
of TGF-beta and anti—IL-10 receptor antibodies but did not agree with rating MPL higher,
because it will likely become available to the clinical community because GSK is using it as an
adjuvant. It might have to be purchased, but it would be available. He agreed with Dr. Jaffee that
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checkpoint inhibitors are very important and recommended keeping their priority rankings as
they were.

Dr. Calzone took a different approach. He placed the prioritized candidates into two groups on
his ballot: “Deny” or “To Next Step.” The main reason for placing an agent in the “Deny” group
was that clinical development was in progress or very likely. He placed eight candidates in the
“To Next Step” category and prioritized them. MPL was advanced to number one because it
seemed as if it would enhance a wide range of tumor vaccine studies. The rest in the “To Next
Step” category were cytokines whose adjuvant potential requires further clinical study. Dr.
Calzone pointed out that he is employed by Amgen, which holds the intellectual property rights
to the molecules IL-15 and FIt3 ligand. He wrote that he had learned that Amgen’s discussions
with NIH/NCI on FIt3 ligand for in vivo clinical trials have been long, complex, and frustrating
on both sides. However, IL-15 is a different matter. He offered to arrange the proper discussion
of IL-15 and FIt3 ligand with Amgen, depending on the ultimate RAID prioritization of these
agents.

Dr. Palucka said that she approached this priority exercise by asking what would be needed to
vaccinate today and what is available or could be available for clinical testing soon. On that
basis, she assigned higher priorities to agents needed to mobilize APCs, serve as adjuvants, help
T cells via cytokines and/or co-stimulation, and control regulatory/suppressor mechanisms.

Dr. Sondel said he would like to emphasize adjuvants and agents that might be applied broadly
to a variety of diseases or combined with a variety of therapeutic strategies (e.g., Flt3 ligand,
MPL, CD-40 ligand/anti-CD40).

69



NCI Immunotherapy Agent Workshop Proceedings

Table 4. Final Rank with Preliminary Rank and Individual Ballots

Final Agent Prelim | Voter1 | 2 3 4 5 6 7 8 9 (10| 11 | 12| 13 14 14 MEDIAN | MEAN MEAN

Rank Rank With without
Imputed | Imputed

unr unr

1 IL-15 1 1 1 5 2 1 1 1 1 1 1 1 2 1 1 2 1(1-5) 1.47 1.47

2 Anti-PD1 2 3 4 3 No@©9) |2 2 2 3 2 2 2 1 2 2 1 2 (1-9) 2.67 2.43

3 1IL-12 3 2 3 2 3 3 3 3 2 3 3 3 4 3 3 5 3 (2-5) 3.00 3.00

4 Anti-CD40 4 5 2 6 No@©) | 4 5 4 5 4 4 4 3 4 4 6 4(2-9) 4.60 4.29

5 IL-7 5 8 5 11 5 5 4 5 6 5 5 5 6 5 5 13 5 (4-13) 6.20 6.20

6 CpG 6 9 6 Unr(16) | No(9) | 6 6 6 4 6 6 6 7 6 6 4 6 (4-16) 6.86 5.99

7 1-MT 8 10 9 Unr(16) | No(9) | 8 7 @®) |8 8 8 8 9 8 8 7 8 (8-16) 8.73 8.15

8 Anti-CD137 9 11 10 | 8 No(®) |9 8 10 | 9 9 9 9 10 | 9 9 3 9 (3-11) 8.80 8.79

9 Anti-TGF-b 7 4 14 | Unr(16) | No(9) | 7 12 | 12 | 10 10 | 11 | 7 8 7 7 11 9 (4-16) 9.67 9.23

10 Anti-ILIOR 10 12 1519 7 10 13 |15 | 7 7 7 10 11 | 10 10 10 10 (7-15) 10.20 10.20

11 FLT3L 11 13 8 1 4 11 9 11 | 12 11 | 13 | 11 12 | 11 11 12 11 (1-13) 10.00 10.00

12 Anti-GITR 12 6 11 | 10 6 12 16 | 7 11 12 | 14 | 12 5 12 12 8 11 (5-16) 10.27 10.27

13 CCL21 Adv 13 14 12 | 15 No(9) | 13 14 | 17 | Unr(20) | 16 | 15 | 13 13 | 13 13 Unr(21) | 13 (9-21) 13.13 12.24

14 MPL 16 16 7 7 1 16 10 | 9 16 13 | 12 | 16 16 | 16 16 14 14 (1-16) 12.33 12.33

15 Poly I:.C 14 15 13 | 4 No(9) 14 11 | 13 | 14 14 | 10 | 14 14 | 14 14 15 14 (4-15) 12.53 12.78

16 Anti-OX40 15 17 16 | Unr(16) | 8 15 15 | 14 | 15 15 119 | 15 15 | 15 15 9 15 (8-17) 14.60 14.50

17 Anti-B7-H4 17 18 17 | 12 No(9) | 17 17 | 16 | 17 17 | 18 | 17 17 | 17 17 17 17(12-18) | 16.2 16.71

18 Resiquimod 18 7 18 | 14 No(9) | 18 18 | 18 | 13 18 | 17 | 18 18 | 18 18 16 18(7-18) 15.87 16.36

19 LIGHT 19 19 19 | 13 No@®9) | 19 19 | 19 | 18 19 |1 20 | 19 19 | 19 19 19 19(13-20) | 17.93 18.57

20 Anti-LAG3 20 20 20 | Unr(16) | Unr(9) | 20 20 | 20 | 19 20 | 16 | 20 20 | 20 20 18 20(18-20) | 18.53 19.56

21 1L-21 21 Unr(21) | 21 | Unr(16) | Unr(9) | 21 21 | 21 | Unr(20) | 21 | 21 | 21 21 | 21 21 20 21(20-21) | 19.73 20.90

unr 1L-4 Unr Unr Unr Unr Unr | Unr Unr

uUnr sLAG3 Unr Unr Unr Unr Unr | Unr Unr

unr TGF-beta R Unr Unr Unr Unr Unr | Unr Unr

Unr = Unranked; Rank was determined by median. If the medians were equal, the ranking of ties was determined by means. The means were calculated both including
an imputed number for the unranked agents and with inclusion of an imputed number for the unranked agents. The imputed number used is included in the (parentheses).
The last three rows contain agents the workshop decided to leave unranked. They were not used to determine median or mean calculations. Several participants chose
not to vote. Mac Cheever and Steve Creekmore, as chairpersons, elected not to vote.
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APPENDIX A: POWERPOINT TEMPLATE FOR PRESENTATIONS

Agent Name(s)

* Presenter Name
* Title
* Institution

Agent Name: Background

* Presentas 1 or 2 slides
~ Bullet point format whenever possible

«» Category of drug (e.g., adjuvant, T cell growth
factor, anti-check point, functional antibody,
cytokine, ligand, receptor or small molecule)

« Molecular or physical ch rization of
agent

* Target

« Biology of target

« Biology of agent-target interaction

Agent Name: Preclinical
Summary

—Present as 1 or 2 slides
« Bullet point format whenever possible
+ Limit to data supporting use in cancer therapy
- Preclinical data emphasizing
demonstrations of iImmunologic or
physiologic function
« Efficacy in in vitro models
« Efficacy in animal models
+ Safety or toxicity issues

Agent Name: Clinical
Summary

* Phase | & |l data
~ Efficacy suggested?
+ MTD defined?
- Proof of Principle established?
- Safety profile
* Phase lll data
- It study underway, outline study design, endpoints,
elc.

- Safely results, If available
- Efficacy results, it available

Agent Name: Contemplated
Uses

* 1 or 2 bullet point slides outlining
contemplated uses for cancer therapy

Agent Name: Perceived Need

« Comment on whether there are
potential uses in more than one clinical
setting, e.g., against different tumor
types or as part of multiple therapy
regimens

* Comment on whether there is a
perceived need by multiple independent
clinical investigators

Comparison of Agents

« If you are presenting 2 similar agents,
e.g., Anti-TGFb and TGFb Receptor or
Anti-CD40 and CD40 Ligand —
comment on:
~ Which would be most useful and why

References

« List of 5-10 complete references with
title and all of the authors
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