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A Phase I trial of a p53-targeting modified vaccinia Ankara (p53MVA) vaccine in patients afflicted with refractory
gastrointestinal cancers demonstrated enhanced T-cell recognition of p53 following vaccination. However, this effect
was transient suggesting that p53MVA requires combination with immunomodulatory agents to deliver clinical benefit.
Here, we outline our rationale for combining p53MVA with immunomodulatory chemotherapy in a forthcoming trial.

The recognition that irradiation, and
some chemotherapy agents, partly confer
clinical benefit through immunological
mechanisms, taken together with
improved patient outcomes after check-
point inhibition, has boosted the cancer
immunotherapy field in recent years.
However, while there is real cause for opti-
mism, considerable obstacles to stimulat-
ing effective antitumor immunity remain.

The function of germline p53 protein
is to maintain normal cell division. TP53
mutations are present in the majority of
solid tumors, resulting in the accumula-
tion of mutant p53 protein. In contrast,
the concentration of normal p53 in
healthy cells is low, making p53 an attrac-
tive cancer target with potentially wide
therapeutic applications. We developed a
MVA (modified vaccinia Ankara) vaccine
expressing the wild-type p53 antigen
(p53MVA), and performed the first-in-
human trial in patients with advanced,
treatment refractory gastrointestinal
malignancies (trial reference no.
NCT01191684).1 We found that immu-
nological responses were robust after the
first vaccination, but p53 T-cell responses
did not show continued expansion with
successive immunizations in the majority
of patients. This transient p53 vaccination
effect resembled that of another report of
p53-based immunotherapy2 and may

partly be due to peripheral tolerance to
the self-antigen p53. Additionally, it’s
important to bear in mind that the immu-
nosuppression prevalent in heavily pre-
treated patients with advanced disease
may be a barrier to inducing objective
clinical responses.

Upregulation of the immune check-
point molecule programmed cell death 1
(PDCD1, better known as PD-1) on T
cells commonly results from chronic anti-
gen stimulation and negatively regulates T
cells. The primary ligand, PD-L1, is often
expressed on tumor cells, facilitating PD-
1/PD-L1 suppression of antitumor
immune responses. Administration of
antibodies that block PD-1 or PD-L1
have elicited impressive therapeutic
responses in patients with solid tumors.3

The finding that cancer patient peripheral
blood dendritic cells (DCs) express ele-
vated levels of PD-L14 is a concern for
researchers developing viral vaccines, since
these agents generally require uptake and
presentation by DCs (see Fig. 1). Signifi-
cantly higher frequencies of PD-1C T cells
were detected in our trial participants
compared to healthy donors.1 Further-
more, lower frequencies of pre-vaccine
PD-1CCD8C lymphocytes correlated
with higher p53-reactive CD8C T cells.
T-cell expansions in vitro also showed that
the presence of anti-PD-1 antibody

enhanced vaccine-induced responses, add-
ing weight to the rationale for combining
viral based vaccines with checkpoint inhi-
bition antibodies.

The role of myeloid-derived suppressor
cells (MDSCs) and regulatory T cells
(Tregs) in tumor immune evasion and
cancer progression is well documented.
These suppressive cell types impede effec-
tive antitumor immunity, with both Tregs
and MDSCs being shown to affect vac-
cine-induced immune responses. One
method of depleting these suppressive cell
types is with chemotherapy agents, which
can show useful preferential killing of sup-
pressive cells relative to effector cells. The
use of cancer vaccines in combination
with chemotherapy has shown promise in
cancer patients, such as in a report by Ver-
meij et al. demonstrating that responses to
a p53 peptide vaccine were enhanced by
low dose cyclophosphamide in ovarian
cancer patients.5

Another chemotherapy agent that is
being actively explored in this regard is
gemcitabine. Like many second-line che-
motherapy agents used to treat refractory,
aggressive disease gemcitabine has a rela-
tively low efficacy in terms of extending
patient survival. However, it has recently
become apparent that this agent may be
useful when combined with immunother-
apy. Although gemcitabine often induces
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neutropenia, it has been shown to induce
positive immunomodulatory effects in
pancreatic cancer patients, including
decreased numbers of T regs6 and
increased frequency of circulating mono-
cytes and DCs.7 In addition, studies in
pancreatic cancer indicate that gemcita-
bine may enhance responses to a variety of
immunotherapies, including antigen-
pulsed DCs8 and peptide vaccines.9 Many
of these studies were single arm, pilot
studies, so it is not possible to definitively
conclude that gemcitabine plus vaccines
are superior over either agent administered
alone. However, induction of short-lived
stable disease has been reported by some
of these studies, justifying continued eval-
uation of this approach. A number of
Phase II and some Phase III studies com-
bining gemcitabine and various immuno-
therapies have recently been completed or
are currently underway, it will be interest-
ing to see what data emerge from these tri-
als. In addition to its therapeutic
application in pancreatic cancer, gemcita-
bine is frequently used to treat platinum-

resistant ovarian cancer, late-stage disease
with a very poor prognosis due to intrinsic
and acquired chemotherapy resistance.
Around 80% of patients initially respond
to platinum-based chemotherapy (cis-
platin/carboplatin) combined with pacli-
taxel, however, the vast majority later
relapse with chemoresistant disease.
Potentially accounting for this high rate of
recurrence, immunosuppression within
the ovarian tumor microenvironment is
considerable. Suppressive cell types such
as MDSCs and Tregs are known to accu-
mulate during disease progression, and
these immune inhibitory cells have been
linked to poor prognosis.10

Since p53 mutation is associated with
poor prognosis and platinum-based che-
motherapy resistance, ovarian cancer is an
ideal setting in which to evaluate p53-
based immunotherapy. Our forthcoming
clinical study will specifically evaluate the
p53MVA vaccine in combination with
the chemotherapy agent, gemcitabine.
The combination of p53MVA-based can-
cer vaccines and gemcitabine is also being

actively pursued as a therapy for pancre-
atic cancer. To our knowledge only one
study, recently completed at the Univer-
sity of Leiden, has explored this funda-
mental approach in platinum-resistant
ovarian cancer. In our study, patients will
receive gemcitabine according to a modi-
fied standard-of-care regimen, with
p53MVA being administered during
treatment breaks. Our hope is that gemci-
tabine will synergize with the p53-target-
ing vaccine in this setting, as it has in
some recent pancreatic cancer trials. If
gemcitabine can be successfully utilized to
at least partially inhibit the immunosup-
pressive action of MDSCs and Tregs, it
has the potential to enhance the immu-
nostimulatory action of p53MVA and
deliver clinical benefit.

We apologize to authors whose work
could not be cited in this commentary due
to space constraints.
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Figure 1. Proposed mechanism for priming of anti-p53 response by p53MVA vaccine.
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