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Abstract
Background Vaccination of cancer patients with p53-expressing modified vaccinia Ankara virus (p53MVA) has shown in our
previous studies to activate p53-reactive T cells in peripheral blood but without immediate clinical benefit. We hypothesized
that the immunological responses to p53MVA vaccine may require additional immune checkpoint blockade to achieve clinically beneficial levels. We therefore conducted a phase I trial evaluating the combination of p53MVA and pembrolizumab
(anti-PD-1) in patients with advanced solid tumors.
Patients and methods Eleven patients with advanced breast, pancreatic, hepatocellular, or head and neck cancer received up
to 3 triweekly vaccines in combination with pembrolizumab given concurrently and thereafter, alone at 3-week intervals until
disease progression. The patients were assessed for toxicity and clinical response. Correlative studies analyzed p53-reactive
T cells and profile of immune function gene expression.
Results We observed clinical responses in 3/11 patients who remained with stable disease for 30, 32, and 49 weeks. Two
of these patients showed increased frequencies and persistence of p53-reactive CD8+ T cells and elevation of expression
of multiple immune response genes. Borderline or undetectable p53-specific T cell responses in 7/11 patients were related
to no immediate clinical benefit. The first study patient had a grade 5 fatal myocarditis. After the study was amended for
enhanced cardiac monitoring, no additional cardiac toxicities were noted.
Conclusion We have shown that the combination of p53MVA vaccine with pembrolizumab is feasible, safe, and may offer
clinical benefit in select group of patients that should be identified through further studies.
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Cancer immunotherapy has entered a promising clinical
phase of combinatorial strategies for the identification and
validation of cancer vaccines and immune checkpoint antagonists. The key rationale for this approach is to enhance preexisting and/or activate de novo antitumor immunity through
vaccination and to further boost the response to clinically
beneficial levels by immune checkpoint blockade therapy
[1–3].
The p53 gene (TP53) is the most frequently mutated gene
in human cancer. Somatic mutations in the TP53 are present
in approximately 50% (and as high as 88%) of solid tumors,
but all tumors show a dysfunctional p53 pathway [4]. p53
mutations result in increased half-life and elevated cytosolic
p53 protein levels within tumor cells which lead to increased
presentation of p53-derived antigenic epitopes by tumor
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cells. Since most mutations of p53 involve the alteration of a
single amino acid, the majority of p53 epitopes presented for
T cell recognition on tumor cells are wild-type in sequence.
Wild-type p53 is not presented on the surface of normal
parenchymal cells in healthy adults, making the protein
cryptic for the immune system [5]. However, humans retain
the potential of developing anti-p53 immune responses when
p53 becomes available for presentation as an antigen. To
take advantage of this scenario, we have developed a genetically engineered modified vaccinia Ankara (MVA) viral vector expressing wild-type human p53 transgene (p53MVA)
[6, 7]. Using p53MVA virus to deliver full-length p53 to
antigen-presenting cells has the potential to reactivate or
generate de novo effector and memory T cell responses
against numerous antigenic p53 epitopes in the context
of unique HLA molecules of each vaccinated individual
[6–9]. We have extensively evaluated the p53MVA vaccine in a number of preclinical studies [7, 10, 11]. We have
also shown that p53MVA is capable of stimulating human
p53-specific IFN-γ-secreting C
 D8+ T cells that proliferate
in vitro and exhibit cytolytic function against p53-overexpressing tumor cells [7]. Moreover, p53MVA tested as a
single agent in our phase I clinical trial demonstrated that
it was well-tolerated and capable of elevating p53-specific
CD8+ T cell responses in patients with advanced, refractory
colon and pancreatic cancer (NCT01191684) [12]. Despite
the detection of immunological responses to the vaccine,
clinical responses were not apparent. Further investigation
showed that antibody blockade of PD-1 in vitro increased
p53-specific responses detected after the second and third
immunizations [12].
Due to adaptive tumor resistance, activation of therapeutic tumor-specific immune responses is in most cases
insufficient [2]. Multiple solid tumors have been shown to
adaptively upregulate PD-1 ligand (PD-L1) to modulate
immune-regulating checkpoints. PD-1 (CD279), an inhibitory checkpoint receptor expressed on activated T cells,
Table 1  Patient characteristics,
treatment, and PFS
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transmits a negative control signal that limits T-cell activity when bound to PD-L1. This antitumor immune activity can potentially be restored by blocking the PD-1/PD-L1
interaction with antibodies directed against PD-1 or PD-L1.
One of the anti-PD-1 antibodies—pembrolizumab—showed
acceptable safety profile and clinical activity in several types
of cancer [13]. We hypothesized that the immunological
responses induced by p53MVA vaccine may require PD-1/
PD-L1 blockade to achieve clinically beneficial levels [14].
Therefore, a phase I clinical trial evaluating the combination
of p53MVA and pembrolizumab in patients with advanced
solid tumors was initiated at City of Hope. In our initial
brief report from the trial we have described a case study of
a patient with triple negative breast cancer who responded
with complete regression of skin metastases [15]. Here we
summarize the results of the completed study from a group
of 11 patients.

Methods
Patients and study design
Patients 18 years or older with the following histologically
confirmed advanced stage solid tumors were eligible: nonsmall cell lung, head and neck squamous cell, hepatocellular,
renal cell, melanoma, bladder, soft tissue sarcoma, triple
negative breast, microsatellite-unstable colorectal and pancreatic cancer. We enrolled 1 hepatocellular carcinoma, 1
head and neck squamous cell carcinoma, 2 pancreatic ductal
adenocarcinoma, and 7 triple negative breast cancer patients
(Table 1). To be eligible, confirmed p53 involvement was
required by either p53 overexpression by immunohistochemistry with greater than 10% of the cells staining positive or
p53 mutation as determined by mutational analysis. In addition, patients had to have an Eastern Cooperative Oncology
Group (ECOG) performance status of 0–2, adequate bone

Patient ID

Age

Sex

Diagnosis

Prior
therapies

Vaccine
doses

Pembrolizumab doses

PFS (weeks)

UPN001
UPN002
UPN003
UPN004
UPN005
UPN006
UPN007
UPN008
UPN009
UPN010
UPN011

76
62
69
49
43
56
61
61
47
41
70

M
M
F
M
F
F
F
M
F
F
F

HCC
PDAC
TNBC
PDAC
TNBC
TNBC
TNBC
HNSCC
TNBC
TNBC
TNBC

2
2
9
3
6
4
4
4
3
5
3

1
3
3
2
3
3
3
3
2
3
3

1
6
10
2
4
10
3
13
2
5
4

3
17
32
18
9
30
8
49
6
16
12
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marrow (as defined by an absolute neutrophil count ≥ 1500/
mcL, hemoglobin ≥ 9.0 g/dL, and platelets ≥ 10,000/mcL),
renal (Cr ≤ 1.6 mg/dL) and hepatic function (total bilirubin ≤ 1.5 × ULN, ALT and AST ≤ 3 × ULN in the absence
of hepatic metastasis or ALT and AST ≤ 5 × ULN in the
presence of hepatic metastasis). Patients must have failed
or been intolerant to at least one line of standard therapy or
refused standard therapy. Exclusion criteria included treatment with radiation within 4 weeks prior to receiving treatment or prior anti-PD-1 antibodies. Patients with a history
of allergy to egg proteins, autoimmune disease or immunemediated adverse reaction to ipilimumab were excluded.
Additionally, patients with cardiac disorders or ones requiring chronic use of immunosuppressive medications were not
allowed to participate.
City of Hope Institutional Review Board (IRB #15002)
approved the study registered with ClinicalTrials.gov
(NCT02432963). All patients provided written informed
consent for participation in this study, including treatment,
collection of blood, and data analysis in accordance with
the ethical institutional standards and with the 1975 Helsinki Declaration. The primary objective of the study was to
establish safety of the p53MVA vaccine in combination with
pembrolizumab. The secondary objectives were to monitor cellular immunity to p53 and evaluate the response rate.
The treatment schedule for this study is shown in Fig. 1.
p53MVA and pembrolizumab were given concurrently for
three doses, every 3 weeks. In our first in-human trial of
single-agent p53MVA, the dose of 5.6 × 108 pfu was determined to be safe with no dose limiting toxicities observed
[12]. Since there are no overlapping toxicities, we designed
our trial to give the standard p53MVA vaccine dose in combination with the FDA-approved dose of pembrolizumab.
We employed 3-at-risk rolling design with an expansion of
3–7 additional patients after the dose-finding portion of the
study to provide additional immunological and response
data. Dose limiting toxicities (DLTs) were defined as any
life-threatening adverse reaction, any grade 2 or higher
myocarditis and pneumonitis, grade 3 or 4 infusion reactions, any clinically significant grade 3 or higher toxicity
or dose delays for more than 21 days due to toxicity. If 2
DLTs were observed, the p53MVA vaccine dose should be
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reduced to 2.8 × 108 pfu. Pembrolizumab was administered
first (200 mg IV), followed by IM injection of p53MVA
(5.6 × 108 pfu) at least 30 min later. This was followed by
pembrolizumab alone every 3 weeks. The patients were
assessed for toxicity and clinical response. Immunological
assessments were performed on peripheral blood mononuclear cells (PBMC). Adverse events were classified using
the NCI Common Toxicity Criteria for Adverse Events
(CTCAE) v4.3. Imaging was performed pre-study, and every
2 months according to standard of care.

Trial agents
p53MVA was manufactured using GMP-grade materials at
the Center for Biomedicine and Genetics at City of Hope.
The final product was diluted in PBS with 7.5% lactose
at a concentration of 5.6 × 108 pfu/mL. Pembrolizumab
(Keytruda, Merck & Co., Inc.) was provided as part of the
clinical trial and continued with the compassionate use program from Merck upon completion of the trial beyond week
20.

Monitoring of T‑cell immune responses
Peripheral blood samples were collected at study entry and
after initiation of therapy at weeks 3–4, 6–7, 9–10, and 19.
Additional blood samples for patients UPN003, UPN006,
and UPN008, who remained in the study for more than
20 weeks, were collected with IRB approval. PBMC prepared by Ficoll-Paque gradient separation were cryopreserved until analysis. In the initial analysis, PBMC were
thawed and plated at 2 × 105 cells/0.2 mL/well in media
(RPMI, FBS 10%, glutamine 2 mM, sodium pyruvate 1 mM,
non-essential amino acids) with one of the following stimuli:
media alone (NIL), p53MVA, MVA, pool of 96 15-mer overlapping peptides spanning the entire length of p53 (p5396;
5 μg/mL; synthesized in-house), and a control pool of 138
peptides derived from CMV pp65 protein epitopes ( pp65138;
2 μg/mL; BEI Resources, NIH, Bethesda). After 24 h of
culture, the cells were stained with the following antibodies: CD3, CD4, CD8, CD137 (BD Biosciences, San Diego,
CA) and analyzed by flow cytometry (BD FACSCelesta, BD

Fig. 1  The study schema.
p53MVA vaccine and pembrolizumab were given concurrently
every 3 weeks for three cycles.
Pembrolizumab alone was then
administered every 3 weeks
for an additional four doses or
longer in patients with stable
disease
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Biosciences, San Jose, CA). Data acquired in FACSDiva
(BD Bioscience) were analyzed in FlowJo (Flowjo LLC,
Ashland, OR).

Profiling of immune function gene expression
PBMC samples from five patients were assessed for differential expression of immune profile and T-cell function genes
as described [15]. Briefly, total RNA was isolated from
patients’ PBMC samples using miRNeasy mini kit (Qiagen, Valencia, CA). RNA fragmentation and quality control
was determined by 2100 Bioanalyzer (Agilent, Santa Clara,
CA). All RNA samples were normalized to 20 ng/μL. RNA
expression was analyzed by NanoString nCounter platform
(NanoString Technologies, Seattle, WA) by digitally detecting and counting in a single reaction without amplification.
nCounter PanCancer Immune Profiling Panel (Cat XT-CSOHIP1-12) from NanoString was used. Post-hybridization
probe–target mixture was quantified with nCounter Digital
Analyzer and all data were analyzed in nSolver software
package (NanoString).

Results
Clinical responses
The trial was activated in November 2015 and 11 patients
were accrued over the course of 2 years (Table 1). The first
two patients were accrued in the first month of the trial opening. Patient UPN002 with pancreatic cancer (PDAC) had
stabilization of disease for approximately 4 months. Patient
UPN001 with hepatocellular carcinoma (HCC) began therapy with one dose of p53MVA and pembrolizumab. At the
next safety visit, UPN001 was noted to be dyspneic and was
admitted to the hospital. Patient UPN001 was started on
high doses of steroids and workup showed elevations of cardiac enzymes as well as decreased cardiac ejection fraction.
UPN001 was diagnosed with myocarditis and due to lack of
improvement of cardiac function, patient UPN001 decided
to focus on supportive care and died which was the only
DLT observed on study. At that time there was only one published report of myocarditis secondary to checkpoint inhibition [16]. Since then there have been several cases observed
in the keynote trials and the risk is listed in the package
insert. FDA concurred with our designation that the fatal
myocarditis was possibly related to the pembrolizumab/vaccine treatment, so to ensure the safety of future patients, the
study was placed on hold and amended to include additional
cardiac monitoring. The study reopened in August 2016 and
the third patient, UPN003, enrolling in the study had triple negative breast cancer (TNBC) failing all prior lines of
chemotherapy. Nine weeks after beginning therapy on trial,
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cutaneous metastasis resolved. Repeat biopsy of the skin
showed that UPN003 had a pathologic complete response
[15]. Due to the encouraging results, an additional six TNBC
patients were accrued. Five of these patients (UPN005,
UPN007, UPN009, UPN010, and UPN011) had disease
progression by RECIST criteria and were removed from the
study at around week 10 from the initiation of treatment.
TNBC patient UPN006 completed all clinical trial-related
treatments with stabilization of disease for 30 weeks. There
were two additional patients that enrolled, UPN004 with
PDAC and UPN008 with tonsil cancer (HNSCC). Patient
UPN004 had progression of disease at the first restaging
scan. Patient UPN008 completed all treatment-related activities and remained in the study for 49 weeks without disease
progression. At the time of writing, 6/11 patients are alive
with relapsed disease. These off-study patients are under
care of their local oncologists.
In our first in-human phase I study of p53MVA vaccine,
treatment was well-tolerated with the most common adverse
event being injection site reaction, fatigue and flu-like symptoms [12]. In the current p53/pembrolizumab combination
trial we observed additional adverse events attributable to
pembrolizumab (Table 2). We saw endocrine abnormalities
including adrenal insufficiency and also elevation in liver
function enzymes. One patient (UPN001), just after one dose
of vaccine/pembrolizumab had a grade 5 myocarditis related
to pembrolizumab and possibly related to the vaccine. After
the study was amended for enhanced cardiac monitoring, we
did not observe any additional cardiac toxicities.

Immune monitoring studies
Upregulation of CD137 expression on recently activated T
cells has been measured to reliably identify viral and tumor
antigen-specific T cells from peripheral blood [17–20]. We
have been successfully using this technique in a number of
studies to quantify with high accuracy antigen-specific C
 D8+
T cells without introducing artifacts present in alternative
systems requiring prolonged in vitro culture and expansion
of T cells. p53MVA/pembrolizumab combination therapy
activated persistent p53-specific C
 D8+ and CD4+ T cell
responses in the peripheral blood that were associated
with clinical benefit in 2/11 patients (Table 1). Upregulation of CD137 expression on the surface of T cells upon
recall stimulation with p53 peptides and p53MVA, above
control background levels, reflected increased frequencies
of p53-specific T cells in the circulation after vaccination.
The presence of these T cells suggests their role during the
successful initiation phase of the immune response and their
persistence at later time points. The activity of p53-reactive
T cells in UPN003 represented a reference point for evaluating T-cell responses in other patients in this study (Figs. 2,
3). Enhanced and prolonged activity of T-cell functions and
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Table 2  Adverse events
possibly, probably, or definitely
related to treatment

Adverse event
Myocarditis
Adrenal insufficiency
Hyperparathyroidism
Hypothyroidism
Hypertension
Hypotension
Abdominal pain
Constipation
Nausea
Vomiting
Arthralgia
Dizziness
Syncope
Dyspnea
Pruritus
Rash macula-papular
Blurred vision
Chills
Fatigue
Flu-like symptoms
Injection site reaction
Hyperglycemia
Hypoglycemia
Hyperkalemia
Hyponatremia
Alanine aminotransferase increased
Alkaline phosphatase increased
Aspartate aminotransferase increased
Blood bilirubin increased
CPK increased
Cardiac troponin I increased
Creatinine increased
ECG QT corrected interval
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Grade 1–2

1 (9)
1 (9)
1 (9)
1 (9)
1 (9)
1 (9)
3 (27)
3 (27)
1 (9)
2 (18)
2 (18)
1 (9)
2 (18)
1 (9)
1 (9)
4 (36)
2 (18)
7 (64)
1 (9)
1 (9)
2 (18)

2 (18)
1 (9)
1 (9)

Grade 3

Grade 4

Grade 5
1 (9)a

1 (9)

1 (9)

1 (9)

1 (9)
1 (9)

1 (9)

1 (9)
1 (9)

1 (9)

a

The first number indicates the number of patients with a given AE; the number in parenthesis is percentage of total number of patients (n = 11)

associated immune response parameters seen in UPN003
strongly correlated with clinical benefit (Fig. 2 and in Yuan
et al. [15]). Increased frequency of p53-specific C
 D8+ T
cells in the peripheral blood was associated with lymphocytic infiltration into regressing skin metastases and rapid
clinical response which lasted for 6 months [15]. Patient
UPN008 maintained weak but persistent immune responsiveness for 50 weeks, again implying that an enhanced
immune status contributed to the clinical benefit of stable
disease. Patient UPN006 remained with stable disease for
35 weeks with borderline/undetectable p53-specific T-cell
responses (Fig. 2). Patients UPN002 and UPN004 (Fig. 2)
and the remaining patients (Fig. 3), despite demonstrating
undetectable or borderline initial increase in p53-specific T

cell reactivity, did not benefit from the treatment for their
advanced disease before their withdrawal from the study due
to disease progression.
CD4+/CD8+ T cell ratio between 1.5 and 2.5 in the
peripheral blood is an indicator of a healthy immune system [21]. Changes in this ratio may reflect as either death
or clonal expansion of T-cell subsets in response to antigenic stimulation or developing impairment or immunosenescence. Figures 2c and 3c show CD4/CD8 ratio changes
during treatment. Progressively declining CD4/CD8 ratio
from 2/1 to 1/1 was observed in patients with clinical benefit
(UPN003, UPN008, and UPN006) during p53MVA/pembrolizumab combination treatment in weeks 1–10 followed
by continued sole pembrolizumab treatment from week 10
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a
UPN003

CD8+CD137+ T Cells

b

CD4+CD137+ T Cells

c

CD4/CD8 Rao

d

Immune Response Categories

UPN008

UPN006

UPN002

UPN004

Fig. 2  p53MVA/pembrolizumab activate p53-specific T cell
responses and associated immune function pathways. The response
of CD8+ and C
 D4+ T cells from PBMCs after 24-h stimulation culture with p53MVA, MVA, p 5396, and p p65138, as determined by flow
cytometric analysis, is shown for five patients in columns a and b.
The upregulation of CD137 expression on the surface of T cells in
response to specific recall stimuli reflects increased frequencies of
p53-reactive T cells in the circulation after vaccination. Culture conditions: NIL medium alone, p53(96) pool of peptides derived from
wild-type p53 sequence, pp65(138) control peptides derived from
pp65 CMV, MVA wild-type MVA vaccinia virus, p53MVA recombinant MVA virus. Column c shows C
 D4+/CD8+ T cell ratio data for
patients UPN003, UPN008, and UPN006 with declining ratio who

benefited from the treatment and two patients UPN002 and UPN004
(and all other patients in Fig. 3) whose ratio remained stable and
unaffected by the treatment. Column d summarizes data from multiplexed gene expression analysis of PBMC samples from indicated
patients using nCounter PanCancer Immune Profiling Panel. The
analysis of 730 immune profiling genes included selected genes that
define immune function pathways. The pathway scores are plotted to
show how they vary across time during treatment. The T cell functions and associated immune response categories remained at elevated levels for prolonged period of time in 2/3 patients responding
to the treatment. Data presented for UPN003 in columns a, b, and d
have been modified with additional time points that were not available at the time of their original publication in Yuan et al. [15]

onward (Fig. 2c). This observation is in contrast to the CD4/
CD8 ratio measured in all other patients who did not respond
to the treatment with an immediate clinical benefit. The ratio
remained relatively stable during the 10-week period of
monitoring (Figs. 2c, 3c).
PBMC samples from five patients were assessed for
differential expression of immune profile and T-cell function genes using nCounter PanCancer Immune Profiling
Panel and NanoString nCounter platform [15]. These five
patients were chosen as representative examples of clinical responders (3/5) and nonresponders (2/5) (Fig. 2d).
The remaining six patients with borderline or undetectable p53-specific T-cell responses who were removed

within 7–10 weeks from the study due to disease progression, were not evaluated by NanoString nCounter platform
(Fig. 3); we assumed that the results from just 3–4 data
points would not be significantly informative, based on
the results of two tested nonresponders. Figure 2d shows
immune function pathway scores plotted to show their
longitudinal changes during treatment. Lines show each
pathway’s average score of their transcriptomes. The list
of genes that define pathways is included in Yuan et al.
[15]. The T-cell functions and associated immune response
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a

CD8+CD137+ T Cells
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b

CD4+CD137+ T Cells

c

CD4/CD8 Ra o

UPN005

UPN007

UPN009

UPN010

UPN011

Fig. 3  The effect of p53MVA/pembrolizumab on p53-specific T cell
responses in patients with progressive disease. The response of C
 D8+
and CD4+ T cells from PBMCs after 24-h in vitro stimulation with

p53MVA, MVA, p 5396, and p p65138 is shown for five patients in columns a and b (for details see Fig. 1 legend). Column c shows C
 D4+/
CD8+ T cell ratio

categories increased after vaccination and remained above
the pretreatment level for prolonged time particularly in
patients UPN003 and UPN008 (Fig. 2d). This pattern of
enhancement follows the kinetics of T-cell reactivity presented in Fig. 2a, b.

Discussion
In this phase I clinical study, we evaluated the combination
of p53MVA and pembrolizumab in patients with advanced
solid cancers. This is, to our knowledge, the first demonstration that the vaccinia virus vector-based vaccine can
be safely combined with immune checkpoint blockade in a
variety of disease settings. We observed clinical responses
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in 3/11 patients who remained with stable disease for 30, 32,
and 49 weeks. Two of these patients (UPN003 and UPN008)
showed increased frequencies and persistence of p53-reactive T cells as well as elevation of multiple immune response
genes. A rapid clinical response in UPN003 was sustained
for 6 months and led to a dramatic improvement in quality of
life for the patient [15]. In 7/11 patients, who were removed
from the study due to disease progression before week 10,
borderline or undetectable p53-specific T-cell responses
could not be correlated with clinical benefit.
One of the interesting correlative observations in this
study relates to the CD4/CD8 T cell ratio in the peripheral
blood. CD4/CD8 ratio in the blood of healthy adults is generally between 1.5 and 2.5. A declining ratio is typically
associated with aging and immunosenescence and inverted
ratio of < 1/1 indicates an impaired immune system [21, 22].
Decreasing CD4/CD8 ratio observed in patients UPN003,
UPN006, and UPN008 may imply a developing impairment/
immunosenescence of the immune system possibly due to
prolonged administration of pembrolizumab for 33, 30, and
47 weeks, respectively. This observation may be of significance in light of a recently reported link between clonal
expansion of C
 D8+ T cells in the circulation and development of ipilimumab (anti-CTLA-4)-induced toxicities
[23]. The expansion of C
 D8+ T cell clones above a certain
threshold in the peripheral blood of patients treated with
ipilimumab preceded the development of severe irAE. The
effects of irAE typically resemble autoimmune diseases and
can be fatal [24]. The irAE have been observed in up to 90%
of patients treated with anti-CTLA-4 antibody [25] and 70%
of patients treated with anti-PD-1 antibodies [26, 27]. Combinations of immune checkpoint inhibitors, e.g., ipilimumab
with nivolumab, are known to induce grade 3–4 irAEs and
substantial morbidity [28]. Clearly, there is a need for a correlative biomarker that would allow a balanced management
of toxicities and benefits in patients treated aggressively or
for a prolonged time with immune checkpoint therapies.
Certainly, a simple CD4/CD8 ratio measured in blood samples collected longitudinally deserves a closer look in future
studies.
There are a number of factors that could reduce the
efficacy of p53MVA/pembrolizumab treatment, including non-responsiveness, insufficient magnitude and limited durability of T-cell responses, acquired resistance to
checkpoint inhibitor therapy, and development of escape
mutation clones of tumor cells. It has been shown that
despite durable benefit in a fraction of melanoma and other
cancer patients, more that 50% of patients do not respond
or develop resistance to anti-PD-1 treatment alone [26–28].
The resistance to anti-PD-1 treatment can in part be the
result of inflexible and persistent epigenetic modifications,
specifically demethylation of PDCD1 promoter in chronically stimulated exhausted T cells [29]. Also, patients
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with refractory cancer have rapidly progressive disease
leading to complications which prevent further treatment.
As demonstrated in the melanoma trials, the development
of an immune response may be delayed which leads to
patients being removed from study early based upon progression utilizing RECIST criteria [30, 31]. But for a rapidly progressive cancer, patients may unfortunately be too
symptomatic to continue immunotherapy long enough to
achieve a clinical response by immune RECIST criteria.
One strategy that is being considered in such cases is the
treatment with chemotherapy that might induce immunogenic changes in the tumor microenvironment and enhance
responses to checkpoint inhibitors. Cytotoxic chemotherapy in combination with checkpoint inhibitors has been
explored due to the immune modulatory effects and the
potential of increased exposure of neoantigens to antigenpresenting cells. Even though chemotherapy is also known
to be immunosuppressive, the overall effects may tip the
balance to allow checkpoint inhibitors to work better. For
example, the recent KEYNOTE-021 study showed a doubling of the objective response rate with the combination
of carboplatin, pemetrexed, and pembrolizumab compared
to chemotherapy alone [32]. The median PFS increased
from 8.9 months to 13 months and in May 2017 the FDA
approved this combination as first line treatment for metastatic nonsquamous non-small cell lung cancer without
EGFR or ALK genomic alterations.
The majority of clinical trials with immune checkpoint
inhibitors or their combinations with other modalities have
been conducted in patients with advanced disease. However, there is a growing interest in conducting similar trials
in patients with earlier stage of disease in the neoadjuvant
setting [33]. This approach may be safe and effective and
may offer a chance of inducing robust antitumor immune
responses and persistent immunologic memory. Therefore, a
cancer vaccine such as p53MVA, that is capable of inducing
de novo or reactivating tumor-directed immune responses,
may potentially fully benefit from combination with immune
checkpoint inhibitors in a selected subset of cancer patients.
Such trial designs would still require a better understanding
of the mechanisms of antitumor immunity and biomarkers that would predict and effectively monitor therapeutic
response or resistance.
In conclusion, we have demonstrated that the vaccinia
virus vector-based p53MVA vaccine can be safely combined
with immune checkpoint inhibitor pemrolizumab in patients
with advanced solid cancers. Moreover, p53MVA/pembrolizumab combination treatment can provide clinical benefit
in some patients. We have shown that increased activity and
persistence of p53-reactive T cells correlated with clinical
benefit. We speculate that patients potentially responsive to
p53MVA/pembrolizumab can be identified through further
studies, aiming primarily at selecting patients with earlier
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stages of disease as well as development of effective predictive and response-monitoring biomarkers.
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