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The development of efficient immunotherapies requires strong rationalization. We have recently implemented an
extensive analysis of biomarkers in two studies involving the multi-peptide vaccine IMA901 and advanced renal cell
cancer patients. Our findings demonstrate that the breadth of immune responses was associated with a clinical benefit
and that single-dose cyclophosphamide reduced the amount of regulatory T cells and was associated with prolonged

survival after vaccination.

The field of therapeutic anticancer vac-
cines has experienced a renaissance
following the success of randomized
Phase III clinical trials involving meta-
static prostate cancer patients (leading to
the first-in-history FDA approval of an
anticancer vaccine in 2012),' advanced-
stage melanoma patients? and follicular
lymphoma patients.> This recent success
is contrasted by a large number of clinical
trials based on anticancer vaccines that
have failed in the past. The translational
research and clinical development of
therapeutic anticancer vaccines remains
a highly complex process, requiring a
strong rationalization based on a signifi-
cant amount of biological data. We have
recently demonstrated how markers of
the immune response as well as biomark-
ers reflecting the immune regulatory
environment can be utilized as guiding
tools from the discovery of IMA90I, a
novel multi-peptide vaccine for the treat-
ment of renal cell carcinoma (RCC), to
its use in advanced clinical trials.*

XPRESIDENT is a platform that
allows for the identification of thousands
of tumor associated peptides (TUMAPs)
from primary tumor tissues.” We selected
nine HLA-A*02- and one HLA-DR-
restricted immunogenic TUMAPs derived
from antigens overexpressed by RCC, and
designated this multi-peptide multi-target
composition IMA901.

We tested IMA901 in two clinical trials
involving a total of 96 HLA-A*02" subjects
with advanced RCC. In a Phase I study,
28 HLA-A*02* subjects were vaccinated
repeatedly with granulocyte macrophage-
colony stimulating factor (GM-CSF,
75 ng) followed by IMA901 (413 pg per
peptide). Immunomonitoring was per-
formed by human leukocyte antigen (HLA)
multimer analysis and interferon y (IFNy)
enzyme-linked immunospot (ELISPOT)
from peripheral blood mononuclear cells
collected at different time points pre-
and post-vaccination. Among 27 subjects
that were evaluable for immunomoni-
toring in the Phase I study, 20 showed a
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vaccine-induced T-cell response to at least
one TUMAP, and 8 responded to mul-
tiple TUMAPs. Interestingly, this study
showed a significant association between
disease stabilization and T-cell responses
to multiple TUMAPs (p = 0.019) on the
one hand, and between the pre-vaccina-
tion levels of FOXP3* regulatory T cells
(Tregs) and multiple immune responses
(p = 0.016) on the other hand. Based on
these results, a Phase II study was designed
to investigate whether an additional
immunomodulator with the preclinically
reported potential to reduce the number of
Tregs could improve the outcome of vac-
cination (Fig. 1). Sixty eight HLA-A*02*
subjects were randomized to receive or not
receive single-dose cyclophosphamide (Cy,
300 mg/m?), three days prior to the start
of IMA901 + GM-CSF (which were given
in the same doses employed in the Phase
I study). While this study showed rates of
immune responders that were comparable
to those observed in the Phase I study (and
were not influenced by the administration
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Figure 1. Potential cellular pathways underlying the clinical efficacy of IMA901 combined with low-dose cyclophosphamide. Intradermal vaccination
with multiple tumor-associated peptides (TUMAPs) leads to the binding of peptides to HLA molecules on dendritic cells, which may (path A) or may not
(path B) prime tumor-specific T cells. A relevant infiltration of the tumor with vaccine-induced effector T cells occurs only if a sufficient T-cell response

is generated, otherwise the tumor continues to grow (path B). However, other cell types such as regulatory T cells (Tregs) are capable of inhibiting a
beneficial antitumor immune response. Cyclophosphamide (Cy) reduces the systemic levels of Tregs. Immune responders that receive Cy (path A) may
survive longer than their non-Cy-receiving counterparts (path A)) due to a higher ratio of intratumoral effector cells to inhibitory Tregs. Additional fac-
tors including the expansion of myeloid-derived suppressor cells (MDSCs) also regulate the outcome of therapeutic anticancer vaccination.

of Cy), we observed a trend for prolonged
survival in subjects receiving Cy (hazard
ratio, HR = 0.57, p = 0.090). Strikingly,
among immune responders, patients that
were pre-treated with Cy had a signifi-
cantly longer survival that those that were
not (HR = 0.38, p = 0.040). This was not
the case for patients that did not develop
immune responses (HR = 0.92, p = 0.870),
suggesting that both, an immune response
and the immunomodulatory mechanism
of Cy are required for improved survival
of cancer patients receiving IMA901, and
strongly arguing against any clinical sin-
gle-agent activity of Cy. In line with the
observations of the Phase I trial, improved
patient survival was associated with the
number of immune responses (p = 0.023).
As hypothesized in the design of the study,
Cy resulted in a significant decrease of
circulating FOXP3* Tregs 3 d after infu-
sion (p = 0.013), while no such effect was
observed in patients not randomized to Cy.

The analysis of additional biomarkers
pointed to specific patient subpopulations
that may particularly benefit from immu-
notherapy. Five out of six phenotypes of
myeloid-derived suppressor cells (MDSCs)
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sampled prior to immunotherapy were
significantly increased in patients as com-
pared with matched healthy donors, and
two of those phenotypes were negatively
associated with overall survival (p < 0.001
and p = 0.016 for CD14* HLA-DR"* and
CD11b*CD14-CD15* MDSCs, respec-
tively). Searching for easily assessable
biomarkers that may predict a clinical
response to immunotherapy, we studied
more than 300 analytes in serum samples
collected from RCC patients prior to
IMA901 treatment. High concentrations
of APOAL1 and CCL17 identified patient
subpopulations exhibiting a significant
survival advantage (HR = 0.41, p = 0.007
and HR = 0.41, p = 0.011, respectively).
This was only observed in patients receiv-
ing Cy. APOAI and CCL17 were also
positively associated with multi-peptide
responses (p < 0.0001 and 0.0028, respec-
tively). Of note, in both clinical studies,
immunotherapy was safe and generally
well tolerated.

What are the implications of these
studies in the general context of antican-
cer vaccine development? First, our find-
ings suggest that single-dose Cy may be
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a beneficial immunomodulator for anti-
cancer vaccines in general. While this has
previously been hypothesized, to the best
of our knowledge, ours is the first random-
ized clinical study to provide evidence
for this. Second, our results demonstrate
that the systematic use of T-cell response
monitoring and cellular biomarkers even
beyond Phase I studies may constitute a
valuable strategy to optimize regimens.
Novel anticancer vaccines are likely to
involve established therapies, and hence
need to justify, with robust experimen-
tal data, dose and schedule selection for
combinatorial regimens. An example of
this is provided by the integration of the
data on MDSCs gathered in the Phase
IT study with previous findings®” show-
ing that sunitinib, a multi-kinase inhibi-
tor, leads to a reduction of such MDSCs.
Based on this knowledge, a Phase III
study involving IMA901 in combination
with sunitinib for the treatment of meta-
static RCC has been designed and has
recently completed patient recruitment.
Third, in order to generate the oppor-
tunity of treating those patients that are
most likely to respond to the vaccine, it
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is strongly recommended to perform sys-
tematic analyses of potentially predictive
biomarkers as early as possible during the
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