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Abstract

Various monoclonal antibodies (mAb) target immune system molecules to enhance immunity by
costimulating T cells (i.e., CD137, OX40, CD40, GITR) or interfering in coinhibitory signals (i.e.,
CTLA-4, PD-1). These powerful agents can be guided by cancer vaccines to enhance immunity
against tumor but not self tissues. Clinically powerful therapeutic synergies are at hand.

Malignancies actively shield themselves from immune attack. Soluble and membrane-
attached molecules whose normal function is to regulate immunity and avoid self reactivity
are cunningly perverted by tumors to permit immune escape. The PD-1 interaction with B7-
H1 is important for peripheral T-cell tolerance as evidenced in gene-targeted mice (1).
Interestingly, PD-1 marks anergic or exhausted T-lymphocytes in tumor-bearing and
chronically virus-infected subjects. Indeed, targeting PD-1-B7-H1 binding with mAbs has
been developed to augment tumor immunity and also has potential for chronic and latent
viral infections (2, 3).

Conspicuously, B7-H1 is aberrantly overexpressed on the cell surface of many malignancies
from a variety of tissue origins in humans (1). B7-H1 expression in mice provides an
immune escape mechanism for the tumor cells and in humans correlates with poorer
prognosis as an independent prediction factor. The suppressive mechanisms of PD-1-B7-H1
action involve not only coinhibitory signaling to T lymphocytes but also protective functions
on the target tumor cells that are done by the cytoplasmic tail of B7-H1(4). This shielding
function has been described to defend B7-H1 — expressing tumor cells from the tumoricidal
effector activity of CTL and other apoptosis mechanisms (4).

Based on preclinical data, a fully human IgG4 mAb against PD-1 (MDX-1106) has
completed a dose escalation phase I clinical trial in patients with a variety of solid tumors.
Treatment was well tolerated and a few tumor partial responses (3 of 24) were reported
(American Society of Clinical Oncology 2008 abstract 3006). Severe autoimmunity was not
documented, although a few patients apparently developed manageable arthritis and mild
thyroiditis. A clinical trial with this agent for chronic hepatitis C is now recruiting patients
and its results will provide important information (NCT00703469).
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An alternative would be to use blocking mAb directed toward B7-H1. The biological effects
ought not to be fully equivalent. On the one hand the phenotype of B7-H1"~ mice indicates
less risk for autoimmunity and on the other hand there is evidence for additional B7-H1
ligands (5). Additional ligands include one that remains to be identified and is involved in T-
cell apoptosis and also a reportedly coinhibitory interaction with CD80, an interaction whose
physiologic importance remains to be seen. A mAb directed to B7-H1 is approaching a first-
to-human clinical trial.

One reason that makes immunotherapy of cancer an increasingly exciting field is that it can
be added onto other treatments. Several lines of evidence indicate that immunotherapy is
often a synergistic partner for efficacy in combinations without additive toxicity. Indeed,
successful combinations with chemotherapy, surgery, and radiotherapy are being reported
for many of the members of the immunostimulatory mAb family (6). Although these
conventional therapies are believed to increase antigen exposure to host immune system, in
addition to debulking cancer, an attractive approach will be the use of antigen-based vaccine
to enforce the direction of tumor immune response.

Cancer vaccines (7) consist of strategies that intend to prime and boost specific immune
responses in a tumor-bearing host. Immunogenic formulations of tumor antigens can be
achieved in multiple ways that have battled over the years to induce more robust and lasting
T-cell responses. It is difficult to say which is the best and none of them as a single agent
has offered significant benefit for patients with advanced disease thus far. In our opinion,
those vaccines that present the whole array of tumor antigens are more likely to be
efficacious. The reason is that unique (not shared) tumor mutations can be the best targets
and that focusing the immune response to a single antigen can result in antigen-lost escape
variants. This type of vaccine relies on tumor cells, tumor cell lysates, apoptotic tumor cells,
or total tumor mRNA. Artificial introduction of these antigens into the antigen presentation
machinery of activated dendritic cells is a common theme in these strategies.

Expression of granulocyte macrophage colony-stimulating factor in tumor cells (autologous
or allogenic of the same histology type) is a potent way to enhance immunogenicity (8). The
vaccination activity of the granulocyte macrophage colony-stimulating factor transfectants
relies largely in the processing and presentation of tumor antigens by endogenous dendritic
cells attracted and differentiated by the transgene product, a process termed antigen cross-
presentation. This strategy has been tested in the clinic for various indications using either
autologous tumor cells or allogenic cell lines. Plenty of evidence indicates biological activity
in terms of raising cellular immune responses. However, recently two phase 111 clinical trials
testing this type of vaccine for hormone refractory prostate cancer patients were terminated
because of lack of evidence for clinical benefit.4

In this issue of CCR, Li et al. report (9) that PD-1 blockade and vaccination with
granulocyte macrophage colony-stimulating factor — transfected tumor cells synergize for
antitumor activity against transplanted mouse tumors, accompanied with stronger tumor-
specific immune responses in mice. Autologous granulocyte macrophage colony-stimulating
factor tumor transfectants shows synergistic effects in mice when combined with anti—
CTLA-4 mAb (10), anti-OX40 mAb (11), or anti-CD137 mAb (12). One wonders what
would be the potency of triple or even quadruple combinations of these agents. Recently,
retrospective observations in human trials provide circumstantial evidence for a role of
granulocyte macrophage colony-stimulating factor transfectants vaccine at sensitizing
patients for a favorable outcome after a subsequent treatment with anti-CTLA4 blocking
mADb given several months later (13).
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As a result of all these reports, it is clear that tumor vaccines are to be combined with
immunostimulatory mAb in clinical trials. Not every combination ought to work but the
rationale is simple: The vaccine evokes antigen specific immunity, whereas the antibody
acting as an immunostimulatory tool fosters costimulation or unleashes immunoregulatory
constraints (Fig. 1). Which immunizing procedure is best is a question that deserves much
attention from future comparative research. It must be kept in mind that turning a tumor
lesion into a vaccine (autovaccination) can still be an important option. Clinically
developing more than two agents together, however, is very challenging for industry and
clashes with conventional wisdom for clinical drug development. Regulatory agencies
demand safety studies of each combination at the preclinical and clinical level and
combinations can be tested only at much later stages. The stress on caution clearly slows
down progress of combinational therapies in conjunction with other hurdles posed by need
for arrangements of business interest and intellectual property on the compounds.

For instance, if two new coming agents exist, such as a vaccine and a mAb, they are more
likely to be combined with standard treatments than with each other. The reasons are not
scientific, such as the expected efficacy, but instead, the simplicity and feasibility in terms of
regulatory affairs. To make things even more challenging, the best possible immunotherapy
combinations may need more than two agents, and then feasibility is more entangled. For
instance in the paper by Li et al. (9), the combined therapy does not have an effect on the
regulatory T-cell compartment, thereby clearly offering another step for improvement.
Companies that rapidly make alliances or already own a portfolio of these immunotherapy
agents will have a lot of advantage.

Regulatory contraints must be urgently reconsidered because development of single
immunotherapy agents are takes a long time and many agents that are only marginally
efficacious as monotherapies are expected to be very active in combinations.
Immunostimulatory mAbs combined with strong tumor immunogens (even if still just
investigational products) should undergo early clinical testing. If the synergies observed in
mouse models are sustained, these combined strategies hold a lot of hope.
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Fig. 1.

Strategies for immunotherapy combinations. Stepwise rationale approaches for
combinations of immunostimulatory mAb and procedures of immunization against
malignant antigens. Mouse experimentation provides a recipe for clinicians: First, use
procedures that enhance the number of primed nonanergic T cells in the organism by means
of vaccines, adoptive transfer, or procedures to enhance the immunogenicity of a tumor
lesion. Then apply strategies to de-repress or stimulate artificially the ongoing immune
response, for the most part considering immunostimulatory mAb. The optimal interval
between immunization procedures and the further immunostimulatory treatment may vary.
Therapies involving various elements have made a difference in AIDS, tuberculosis, and
chemotherapy for certain malignancies. In cancer immunotherapy, no single action is
expected to reach dramatic efficacy in human patients but it is likely that L ‘union fait la
force.
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