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Introduction

PDA is the fourth leading cause of cancer-related death in 
the United States, with an estimated 43 920 new cases and 
37 390 deaths in 2012.1 Surgical resection is the only known 
curative treatment for PDA,2 and patients who develop recur-
rence usually present between 9 and 12 mo after resection.3 The 
median survival of PDA patients upon surgery is 15–20 mo, 
with a 5-y survival rate of approximately 20%.3,4 Along simi-
lar lines, the median survival of patients with locally advanced, 
unresectable disease is very poor, i.e., 10–12 mo.2,5 There are 
only a few chemotherapeutic agents that have shown to be 

effective against PDA to date, including gemcitabine with or 
without abraxane (Von Hoff et al., American Society of Clinical 
Oncology Annual Meeting Abstract, 2013) as well as a com-
bination of 5-FU, leucovorin, oxaliplatin and irinotecan (the 
so-called FOLFIRINOX regimen).6,7 The survival of patients 
treated with these regimens is marginal and hence we are in 
urgent need of novel therapeutic approaches against PDA. As 
immunotherapies act differently than chemotherapy or radia-
tion therapy, they represent a promising alternative treatment 
modality for this deadly disease.

Mechanistic Basis  
for Vaccine-Based Immunotherapy

Cancer cells are derived from their normal counterparts owing 
to genetic and epigenetic alterations that de facto underpin their 
malignant phenotype. These genetic and epigenetic changes lead 
to the expression of TAAs, i.e., proteins that are generally not 
expressed by non-transformed calls. Vaccine-based anticancer 
immunotherapy aims to harness the natural ability of the immune 
system to recognize and react against new antigens, in particular 
TAAs. Thus, the goal of anticancer vaccination is to activate and 
expand tumor-specific T cells as a means of eliciting novel or 
boosting pre-existent anticancer immune responses. To induce 
a robust antitumor immune response, TAAs must be presented 
to T cells in the context of major MHC molecules. Professional 
APCs such as DCs are highly efficient T-cell activators. Indeed, 
the intracellular antigen processing machinery that is unique to 
DCs enables them to efficiently process TAAs and present them 
on both MHC class I and II molecules, resulting in the activation 
of tumor-specific CD8+ and CD4+ T cells (Fig. 1).8 These T cells 
harbor unique T-cell receptors that recognize specific TAA epit-
opes bound to MHC molecules. This interaction provides T cells 
with a stimulatory signal known as “Signal 1.” Signal 1 alone is 
insufficient for the robust activation of T cells, rather resulting in 
anergy or apoptosis, which allow tumors to evade recognition by 
the immune system. The binding of co-stimulatory molecules, 
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Pancreatic cancer is a lethal disease and currently available 
therapies have significant limitations. Pancreatic cancer is thus 
an ideal setting for the development of novel treatment modal-
ities such as immunotherapy. However, relevant obstacles 
must be overcome for immunotherapeutic regimens against 
pancreatic cancer to be successful. Vaccine therapy relies on 
the administration of biological preparations that include an 
antigen that (at least ideally) is specifically expressed by malig-
nant cells, boosting the natural ability of the immune system 
to react against neoplastic cells. There are a number of ways to 
deliver anticancer vaccines. Potent vaccines stimulate antigen 
presentation by dendritic cells, hence driving the expansion of 
antigen-specific effector and memory T cells. Unlike vaccines 
given as a prophylaxis against infectious diseases, antican-
cer vaccines require the concurrent administration of agents 
that interfere with the natural predisposition of tumors to 
drive immunosuppression. The safety and efficacy of vaccines 
against pancreatic cancer are nowadays being tested in early 
phase clinical trials.
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such as CD80 (best known as B7–1) and CD86 (best known as 
B7–2), which are expressed by APCs, to CD28, which is found 
on the T-cell surface, results in “Signal 2,” a critical component 
in T-cell activation.

Most malignant cells lack the necessary surface molecules, 
that is, B7-1 (CD80) and B7-2 (CD86), to complete signal 2.9 
By contrast, cell surface molecules such as CTLA-4, PD-1, and 
PD-L1 (B7-H1) and PD-L2 (B7-DC) are expressed to activate 
immune checkpoint signaling pathways and thereby down-
regulate T-cell activation. A successful anticancer vaccine thus 
must convey robust immunostimulatory signals while overcom-
ing all the barriers raised by malignant cells against immune 
activation.

Vaccine Therapy Against Pancreatic Cancer

Antigen specific vaccines
The natural starting point for vaccines against PDA was rep-

resented by tumor markers such as carcinoembryonic antigen 
(CEA), mucin 1 (MUC1) as well as by proteins that play an early 
and prominent role in PDA initiation, including KRAS and telom-
erase.10 Peptide and protein-based vaccines were the first form of 
anti-PDA vaccinations investigated, attempting to use immuno-
dominant tumor epitopes to stimulate antitumor T-cell responses.

KRAS-targeting vaccines
The first peptide-based vaccine investi-

gated in clinical trials involving pancreatic 
cancer patients targeted KRAS, which is 
mutated in more than 90% of PDA patients, 
showing that this immunotherapeutic 
approach is safe.11 In a Phase I/II study, the 
administration of synthetic KRAS-derived 
peptides to unresectable pancreatic cancer 
patients resulted in an immune response in 2 
out of 5 individuals.12 In another Phase I/II 
clinical trial, synthetic peptides derived from 
mutant KRAS were administered together 
with GM-CSF to 48 PDA patients (10 
surgically resected and 38 with advanced 
disease) on an outpatient basis.13 Peptide-
specific immune responses were induced in 
25 of 43 (58%) evaluable patients, indicating 
that this protocol is potent enough to elicit 
immune responses even in patients with end-
stage disease. Patients with advanced PDA 
manifesting an immune response to vaccina-
tion exhibited a prolonged survival as com-
pared with immunological non-responders 
(median survival 148 d vs. 61 d; p = 0.0002). 
In an independent study, patients with 
resected pancreatic cancers harboring KRAS 
mutations at codon 12 were vaccinated once 
monthly for 3 mo with a 21-mer epitope 
encompassing the patient specific muta-
tion.14 About 200 μg of the vaccine were 

injected intradermally on day 7 of a 10-d course involving intra-
dermal GM-CSF. Of 62 screened patients, 24 were vaccinated. 
Median recurrence-free survival time was 8.6 mo and median 
overall survival time was 20.3 mo. Thus, KRAS-targeting vac-
cines proved to be well tolerated by patients with resectable PDA. 
Although these preparations demonstrated some immunogenic-
ity, however, their clinical efficacy remains unproven.

Telomerase-targeting vaccines
Telomerase, which is reactivated in more than 85% of PDA 

cells, has also been used to develop peptide-based vaccines 
against pancreatic cancer. The telomerase-targeting vaccine 
(GV1001) consist a 16-aa peptide derived from human TERT 
that binds to multiple MHC molecules. In a Phase I/II clinical 
study, which GV1001 was well tolerated by PDA patients and 
prolonged survival.15 Forty-eight patients with non-resectable 
PDA received intradermal injections of GV1001 (at three dose 
levels) in combination with GM-CSF for 10 weeks. Immune 
responses were observed in 24 of 38 evaluable patients, with the 
highest proportion of immunological responders belonging to 
the intermediate-dose group. The median survival of patients 
receiving intermediate doses of GV1001 was 8.6 mo, which was 
significantly longer than that of subjects in the low- and high-
dose groups. One-year survival among evaluable patients of 
the intermediate-dose group was 25%. Two Phase III studies 

 Figure 1. Strategies for anticancer vaccination. anticancer immunotherapy aims at harnessing 
the natural ability of the immune system to recognize and react against potentially Taas. DNa-, 
peptide-, or protein-based vaccines rely on identified immunodominant Taa epitopes to stimu-
late antitumor T-cell responses. DC-based vaccines attempt to exploit the pronounced ability of 
DCs to operate as antigen-presenting cells by isolating them, loading them with Taas or tumor-
derived mrNa ex vivo, and subsequently re-infusing them in patients. Whole cancer cell-based 
vaccines circumvent the for targeting specific Taas because they rely on irradiated malignant 
cells as a whole. Immunotherapeutic strategies that inhibit immune checkpoints such as those 
mediated by CTLa4 and PD-1 reduce the barriers that vaccines must overcome to trigger thera-
peutically relevant anticancer immune responses.
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tested GV1001 in patients with nonresectable PDA, namely, the 
PrimoVax and TeloVac trials. The PrimoVax trial examined the 
efficacy of GV1001 monotherapy vs. gemcitabine but was termi-
nated owing to a lack of survival advantage.16 The TeloVac study 
investigated the efficacy of GV1001 in sequential combination 
with gemcitabine vs. gemcitabine alone in subjects with locally 
advanced and metastatic adenocarcinoma of the pancreas.16 
It should be noted that the vaccine cycles overlapped with the 
gemcitabine cycles in the combinational arm of this study, rais-
ing concerns on the effectiveness of vaccination in the setting 
of chemotherapy-induced immunosuppression. The results of 
the TeloVac study have recently been reported, demonstrating no 
survival benefit for the combination of GV1001 and gemcitabine 
as compared with gemcitabine alone.16

Gastrin-based vaccines
Gastrin and cholecystokinin B receptor (CCKBR, best known 

as CCK-2) are upregulated and co-expressed in both pancreatic 
cell lines and human PDA specimens and have been implicated 
in autocrine, paracrine, and endocrine growth pathways.17,18 In 
a multi-institutional, double-blinded, placebo-controlled clinical 
trial, the administration of a gastrin-based vaccine to chemother-
apy-refractory advanced-stage PDA patients resulted in a nearly 
2-fold increase in median overall survival, as compared with pla-
cebo (151 vs. 82 d, respectively; p = 0.03).18 Gastrin-based vac-
cines appear therefore to be well tolerated by and could represent 
a new therapeutic option for pancreatic cancer.

Survivin-targeting vaccines
Survivin is a member of the inhibitor of apoptosis family 

and is known to exert robust antiapoptotic effects. Survivin is 
expressed to high levels by a majority of human carcinomas, 
including pancreas cancer, but not by non-transformed adult 
tissues.19 A 72-y-old patient suffering from gemcitabine-refrac-
tory PDA experienced a complete remission (with a duration 
of 8 mo) upon receiving a survivin-targeting that consisted 
of a modified HLA-A2+-restricted survivin epitope (residues 
96–104) in Montanide.20 Immunological monitoring revealed a 
strong vaccine-induced immunoreactivity against survivin, and 
when the patient was weaned from vaccination, he developed 
recurrent disease. In another study, a survivin-derived peptide 
(AYACNTSTL) was used in combination with IFNα to vacci-
nate six patients who had advanced pancreatic cancers. Tetramer 
and ELISPOT assays revealed that more than half of the patients 
had manifested immunological responses to vaccination, which 
were often accompanied by clinical benefits.21 Nonetheless, this 
vaccine was tested in a limited number of individuals and its 
application would be limited to HLA-A2+ patients.

HSP-peptide complex-based vaccines
HSPs exist ubiquitously across all species and their function as 

chaperones can be harness to stabilize peptides for ex vivo and in 
vivo delivery to APCs. HSP-peptide complexes can be presented on 
MHC class I molecules on the cell surface. Tumor-derived HSP-
peptide complexes have been shown to induce antitumor immune 
responses in preclinical studies. HSP96-peptides complexes pro-
duced from resected tumor tissues were the first to be employed 
in anticancer vaccines. In a Phase I clinical trial, 10 resected 
PDA patients who did not receive adjuvant chemoradiation were 

vaccinated with autologous HSP96-peptide complexes weekly, 
for a total number of 4 vaccination, exhibiting a median overall 
survival of 2.2 y.22 Although this pilot study demonstrated the 
feasibility of preparing HSP96-peptide complexes from resected 
tumors, it would be a technical challenge to produce such an 
autologous complex for a large number of patients.

Recombinant virus-based CEA- and MUC1-targeting 
vaccines

Recombinant vaccines are based on bacterial and viral antigen 
carriers that increasing DC activation and improve antigen pre-
sentation. Clinical trials testing recombinant CEA- and MUC1-
targeting vaccines in PDA patients have shown little efficacy. 
TRICOM is a poxvirus-based vaccine encoding a combination 
three distinct T-cell co-stimulatory molecules: B7–1, ICAM1 and 
CD58 (best known as LFA-3). In a Phase I study, viral vaccines 
targeting CEA and MUC1 were tested in 10 advanced pancreatic 
cancer patients.23 The vaccination regimen consisted of a vac-
cinia virus expressing CEA and MUC1 (PANVAC-V) coupled to 
a fowlpox virus expressing the same antigens and co-stimulatory 
molecules (PANVAC-F). Patients were primed with PANVAC-V 
followed by three booster vaccinations with PANVAC-F. 
GM-CSF was used as a local adjuvant after each vaccination and 
for 3 consecutive days thereafter. The median overall survival 
of vaccinated patients was 6.3 mo and a significant increase in 
overall survival was noted among those individuals patients who 
developed CEA- and/or MUC-1-specific immune responses as 
compared with those who did not (15.1 vs. 3.9 mo, respectively; 
p = 0.002). In a Phase III, randomized clinical trial involving 255 
patients with metastatic PDA, PANVAC-V was compared with 
standard gemcitabine-based chemotherapy. Regrettably, the vac-
cine failed to ameliorate overall survival in this setting.24

Listeria-based vaccines
The ability of L. monocytogenes to stimulate robust, multi-func-

tional, cell-mediated adaptive immune responses is mainly based 
on its intracellular life cycle25,26 and its ability to target DCs in 
vivo.27 However, as L. monocytogenes is a food-borne pathogen, it 
cannot be employed as such as an anticancer vaccine. Thus, a vac-
cine-compatible L. monocytogenes strain (actA/ΔinlB) that is safe 
yet retains the potency of wild-type bacteria has been developed 
and evaluated in 3 separate Phase I clinical studies in patients 
with malignant and infectious diseases.28 The ΔactA/ΔinlB strain 
is a genetically defined, live-attenuated L. monocytogenes vari-
ant in which the genes encoding 2 virulence determinants have 
been deleted. This results in a greater than 1,000-fold reduction 
in toxicity as compared with wild-type L. monocytogenes, but 
fails to affect the immunostimulatory activity of the fully viru-
lent wild-type pathogen.29 In one study, patients bearing hepatic 
metastases from mesothelioma, ovarian cancer, non-small cell 
lung carcinoma and PDA were given this L. monocytogenes strain 
further engineered to express mesothelin, a cell surface molecule 
overexpressed by a large majority of PDAs, mesotheliomas, ovar-
ian cancers, and non-small cell lung carcinomas.30 Thirty-seven 
percent of these patients survived 15 mo or more. Half of them 
patients were those harboring metastatic PDAs, and immunologi-
cal analyses revealed that they had developed listeriolysin O- and 
mesothelin-specific T-cell responses. In light of these findings, a 
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Table 1. Clinical trials of vaccine therapy in pancreas cancer

Vaccine type Investigator Phase Stage Vaccine Clinical and Immunology Outcomes

Peptide vaccines

KraS-targeting 
vaccines

Gjertsen 
(1995)12 I/II

5 patients with 
histologically 

confirmed PDa
Mutated K-ras peptide

2 immune responders 
showed longer survival

Gjertsen 
(2001)13

48 patients, 10 
surgically resected 

PDa, 38 with 
advanced PDa

Mutated K-ras peptide 
with GM-CSF

148 days in responders vs. 61 
days in nonresponders

abou-alfa 
(2011)14 -

24 patients 
resected PDa

Mutated K-ras peptide 
Median recurrence free sur-

vival 8.6 months; Median over-
all survival 20.3 months

 Telomerase-
targeting vaccines

Bernhardt et 
al (2006)15 I/II

48 patients with 
unresectable PDa

Telomerase peptide 
(GV1001) with GM-CSF

Median overall survival 8.6 months 
in intermediate dose group

Gastrine based 
vaccine

Gilliam et al 
(2012)18 -

154 patients 
with advanced 
PDa, unwilling 

or unable to take 
chemotherapy

Gastrin peptide vaccine 
(G17DT) versus placebo

151 days G17DT  
vs. 82 days placebo p=0.03

HSP-peptide 
complex-based 

vaccines

Maki et al 
(2007)22 I

10 patients with 
resected PDa

HSPCC-96 Median overall survival was 2.2 years

recombinant 
virus-based

MUC-1 and Cea 
in poxvirus

Kaufman et 
al (2007)23 I

10 patients with 
advanced stage PDa

TrICOM, MUC-1  
and Cea in poxvirus 

with GM-CSF

15.1 months in responders vs. 3.9 
months in nonresponders (p=0.002)

Listeria-based 
vaccines

Live attenuated 
Listeria vaccine

Le et al (2012)30 I

28 patients with 
mesothelioma, 
lung, pancreas, 

or ovarian cancer 
liver metastasis

Live attenuated 
Listeria vaccine 

(aNZ-100) vs Live 
attenuated mesothelin 

expressing Listeria 
vaccine (CrS-207)

37% of patients in CrS-207 
arm live after 15 months

Dentritic cell 
vaccines

MUC-1 pulsed 
autologous 
DC vaccine

Lepisto et al 
(2008)31

I/II
12 patients with 

resected pancreatic 
and biliary cancer

MUC-1 pulsed 
autologous DC vaccine

Median overall survival 26 months

DC-based vaccine 
plus LaK   

Kimura et al  
(2012)32 -

49 patients with 
inoperable PDa 

(Stage III,, IVa, IVB)   

DC-based vaccine 
plus LaK  with 

gemcitabine or S-1 

Median overall survival of patients 
receiving DC vaccine and chemotherapy 

plus LaK cell therapy was longer than 
those receiving DC vaccine in combination 

with chemotherapy but no LaK cells

Whole cell  
vaccines

GM-CSF vaccine
Jaffee et al 

(2001)34 I
14 patients with 

resected PDa
GM-CSF vaccine with 
chemoradiotherapy

3 patients  disease free at leas 
25 months after diagnosis

 
 Laheru et al  

(2008)35 II
 50 patients with 
advanced PDa

GM-CSF vaccine 
(arm a) Cy/GM-CSF 

vaccine(arm B)

Median  overall survival in 
arm a :  2.3 months

Median  overall survival in 
arm B: 4.3 months

 
Lutz et al 
(2012)36 II

60 patients with 
resected PDa

GM-CSF vaccine  with 
chemotherapy (5FU) 

and radiotherapy
Median  overall survival : 24.8 months

 
Le at al  
(2013)37 II 

60 patients with 
metastatic PDa

2 doses of Cy/ GM-CSF 
vaccine  followed by 

4 doses CrS-207 (arm a) 
6 doses of Cy/ GM-CSF 

vaccine (arm B)

Median overall survival was 6 months in 
arm a vs. 3.4 months in arm B (p=0.0114).

algenpantucel-L
Hardacre et 
al (2010)38 II

62 patients with 
resected PDa

algenpantucel-L 
with chemotherapy 
(gemcitabine and 5 
FU)+ radiotherapy

12-month disease-free survival 
was 62 %, and the 12-month 

overall survival was 86 %.
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Phase II study of the mesothelin-coding listerial vaccine in meta-
static PDA patients has been conducted, as described below.

Dendritic cell-based vaccines
As mentioned above, DCs are widely considered as the most 

potent APCs as they are very efficient at priming naïve T cells 
to generate memory T cells and B cells that mediate robust anti-
gen-specific immune responses. Several groups have attempted 
to harness these characteristics by isolating DCs, loading them 
with TAAs as well as with TAA-coding or tumor-derived mRNA 
ex vivo, and subsequently re-infusing them in patients. The 
safety and efficacy of DC-based vaccines in PDA patients have 
been tested in two clinical trials only. The first of these stud-
ies is a Phase I/II clinical trial in which 12 pancreatic and bili-
ary cancer patients were treated upon tumor resection with DCs 
loaded ex vivo with a MUC1-derived peptide.31 These patients 
have been followed for > 4 y after vaccination, and 4 of them are 
alive, all without evidence of recurrence. In the second study, a 
DC-based vaccine alone or combined with LAK cells was admin-
istered together with gemcitabine and/or S-1 to 49 patients with 
inoperable pancreatic cancer.32 Of these patients, 2 manifested a 
complete remission, 5 a partial remission, and 10 had stable dis-
ease. The median survival of these individuals was 360 d, which 
appeared to be longer than what could be achieved with gem-
citabine and/or S-1. Thus, the combination of DC-based immu-
notherapy and chemotherapy was well tolerated by advanced 
PDA patients and warrants further investigation.

Whole cancer cell-based vaccines
Whole cancer cell-based vaccines circumvent the need for 

targeting a selected TAA as they rely on irradiated tumor cells 
that by definition express a whole panel of TAAs. In this set-
ting, allogeneic preparations overcome the technical difficulties 
that may be posed by the producing of autologous vaccines, call-
ing for the isolation of a sufficient amount of malignant tissue 
from patients. Whole cell-based vaccines also provide a means to 
immunize lymphocytes and sera against TAAs in a non-biased 
way, resulting in the generation of reagent that may be used to 
identify immunologically relevant TAAs to be used for the design 
antigen-specific vaccination strategies. Two allogeneic whole cell-
based anticancer vaccines are currently being investigate for their 
safety and antineoplastic effects in PDA patients.

Allogeneic GM-CSF-secreting vaccines
The first whole cell-based anticancer vaccine developed for the 

treatment of pancreatic cancer (pancreatic GVAX) comprised two 
allogeneic human pancreatic cancer cell lines, both of which were 
engineered to express GM-CSF. This vaccine and several ana-
logs directed against other malignancies were developed based on 
preclinical studies demonstrating that the elicitation of effective 

antitumor immune responses by anticancer vaccines required the 
secretion of high levels of GM-CSF at the site of vaccination for 
several days.33 GM-CSF-expressing cancer cells indeed prime the 
immune system very efficiently as they boost the capacity of DCs 
to present TAAs, which in this setting are several. Jaffee and col-
leagues have conducted multiple Phase I/II clinical trials to test 
the safety and efficacy of irradiated, allogeneic GM-CSF-secreting 
pancreatic cancer cell lines in patients with resected PDAs or meta-
static PDA.34,35 In the context of 2 completed Phase I/II clinical 
trials36,37 and one ongoing study16 (ClinicalTrials.gov identifier: 
NCT00727441), resectable PDA patients underwent vaccination 
after surgery, before the initiation of adjuvant chemotherapy or 
radiation therapy, and received 4 additional vaccine doses only 
once they had completed chemotherapy and radiation therapy. 
Such a sequential design was intended to avoid as much as pos-
sible the immunosuppressive effects of chemoradiation on vaccine-
elicited immune responses. In the Phase I study, 3 out of 8 patients 
who received the highest 2 doses of vaccine still remains disease 
free, now for more than 15 y.34 In the Phase II study, 60 patients 
with resected PDA were treated with the vaccine in combination 
with standard chemoradiation in a similar schedule as in the Phase 
I study.36 The median disease-free survival is 17.3 mo with median 
overall survival of 24.8 mo. The post-vaccination induction of 
mesothelin-specific CD8+ T cells in HLA-A1+ and HLA-A2+ 
patients correlates with their disease-free survivals. Comparing the 
Kaplan-Meier curved of subjects treated with the vaccine plus adju-
vant chemoradiation in this clinical trial and a historical cohort of 
PDA patients treated at the Johns Hopkins Hospital with adju-
vant chemoradiation alone suggests that the vaccine may provide 
clinical benefits over chemoradiation in the first 2 y after surgery. 
However, there was no significant difference in the median overall 
survival of the 2 cohorts, suggesting that the immune responses 
elicited by the vaccine may have weaned off after stopping vaccina-
tion. In light of these results, 2 new studies are currently being con-
ducted in which PDA patients who remain disease-free in response 
to the pancreatic GVAX vaccine are treated with boost vaccina-
tions every 6 mo after they have completed the first cycle of immu-
nization. The pancreatic GVAX vaccine has also been tested in 
patients with metastatic PDA.35 Two patient cohorts were enrolled 
in this open-label Phase II study: cohort A, including 30 patients 
who received a maximum of 6 doses of GVAX at 21-d intervals; 
and cohort B, including 20 patients who were treated with intrave-
nous cyclophosphamide at a low dose (250 mg/m2) one day prior 
to the administration of GVAX. The median survival of cohort 
A and cohort B was 2.3 and 4.7 mo, respectively. These findings 
supported the initiation of additional studies to evaluate the effects 
of low-dose cyclophosphamide, which was shown to deplete Tregs 

Table 1 (Continued). Clinical trials of vaccine therapy in pancreas cancer

Vaccine type Investigator Phase Stage Vaccine Clinical and Immunology Outcomes

Immune-
modulating agents 

and vaccine 
combination 

therapys

Ipilimumab + 
Whole cell vaccines

Le et al (2012)w Ib

30 patients with, 
local advanced, 

treatment refractory 
or metastatic PDa 

Ipilimumab alone 
vsIpilimumab plus Cy/

GM-CSF vaccine

Median overall survival in   
Ipilimumab alone : 3.3 months 

Median overall survival in  
Ipilimumab alone : 5.5 months
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in preclinical settings, in combination with anticancer vaccines.35 
Mesothelin-specific T-cell responses were shown to be of higher 
avidity in patients receiving cyclophosphamide/GVAX as com-
pared with subjects treated with GVAX only, and these responses 
correlated with prolonged patient survival. This observation stim-
ulated the launch of a multi-institutional study that has recently 
been completed. In this setting, 90 patients with metastatic PDAs 
were randomized in a 2:1 ratio to receive 2 doses of cyclophospha-
mide/GVAX as a priming vaccine, followed by 4 doses of CRS-
207 (arm A) or 6 doses of cyclophosphamide/GVAX (arm B) as 
a boost vaccination every 3 weeks. Clinically stable patients were 
offered additional 20-week courses.37 The median overall survival 
was 6 mo in arm A vs. 3.4 mo in arm B (p = 0.0114). This prime-
boost approach therefore constitutes a vaccination platform that 
warrants further investigation.

Algenpantucel-L
Algenpantucel-L (also known as hyperacute-pancreatic cancer 

vaccine) consists in 2 irradiated, live, human allogeneic pancreatic 
cancer cell lines that express murine α-1,3-galactosyltransferase, 
which is responsible for the synthesis of α-galactosylated epitopes 
on cell surface proteins. Hardacre et al. presented the results of 
an open-label, multi-institutional Phase II clinical trial investi-
gating Algenpantucel-L in combination with standard adjuvant 
chemoradiotherapy for the treatment of resected PDA patients.38 
The first cycle of treatment consisted of Algenpantucel-L on days 
1 and 8. One week after the second vaccination, gemcitabine 
was administered weekly for 3 weeks, on days 1, 8, and 15, in 
conjunction with Algenpantucel-L on days 1 and 15 of cycle 2. 
Radiotherapy was initiated 1 to 2 weeks after the completion 
of cycle 2. Vaccination continued along with radiation therapy 
on days 1, 15, 29, and 43. After a median follow-up of 21 mo, 
the 12-mo disease-free survival was 62%, and the 12-mo overall 
survival was 86%. At present, the addition of Algenpantucel-L 
to standard adjuvant therapy for the treatment of resected PDA 
patients is being investigated in a Phase III clinical study.

Perspectives

Although clinical trials testing anticancer vaccines in pancre-
atic cancer patients have generated promising results, most of these 
studies have failed to demonstrate a robust efficacy and a statis-
tically significant improvement in patient survival. Nonetheless, 
important lessons have been learned through the experience accu-
mulated in the course of these clinical trials. In some of them, novel 
TAAs that elicit antitumor immune responses, and hence can be 
harnessed for the development of novel vaccines, have been identi-
fied. Moreover, most of these clinical studies identified a number 
of critical aspects that must be carefully considered for the design 
the next generation of cancer vaccines.

Overcoming tolerance to TAAs
Most often, cancer patients have developed a state of immu-

nological tolerance against TAAs. Indeed, although mutated 
oncogenes may produce neo-antigens, the expression of these 
potentially antigenic epitopes occurs at a specific stage of tumori-
genesis.39 KRAS is mutated in the early stage of pancreatic onco-
genesis, implying that the tolerance to mutated KRAS may be 

established long before invasive PDA develops. KRAS-targeting 
vaccines may therefore have a potential for the prevention of PDA, 
but not for the treatment of established pancreatic neoplasms. 
Along similar lines, vaccines that target other proteins harboring 
tumor-associated mutations would have difficulty in overcoming 
the state of immunological tolerance that develops relative to these 
proteins in patients with established tumors. Recent advances in 
high throughput genome sequencing may provide the opportu-
nity to develop patient-specific vaccines that target multiple, as 
opposed to just one, cancer-associated mutant proteins.40

Optimizing the combination of anticancer vaccines with che-
motherapy and radiation therapy

Essentially all the clinical trials performed so far to compare 
anticancer vaccines with standard chemotherapy failed to demon-
strate the superiority of the former. Apparently, vaccine therapy 
would not be able to replace chemotherapy and radiation therapy. 
Moreover, although recent clinical studied have investigated the 
sequential administration of anticancer vaccines and chemoradia-
tion, the immunosuppressive effects of these standard antineo-
plastic regimens may compromise the efficacy of immunotherapy. 
Therefore, it will be critical to identify an optimal way to com-
bine anticancer vaccination with chemotherapy and/or radiation 
therapy. It will also be interesting to test vaccines as a maintenance 
therapy for patients who are grossly disease-free upon, or whose 
disease is at least stabilized, upon chemotherapy and/or radiation 
therapy. Prime-boost vaccination strategies, in particular those 
that use listerial vaccines for boosting, are a promising approach 
for maintenance therapy.

Combining anticancer vaccines with immune checkpoint 
inhibitors

The immunotherapy of pancreatic cancer will greatly ben-
efit from the identification of PDA-specific TAAs. However, as 
mentioned above, cancer cells often exploit immune checkpoints 
to evade detection by cytotoxic T cells. Reciprocally, although 
immune checkpoint blockers are effective as single agents against 
specific malignancies,41-43 this is not the case of pancreatic can-
cer, which elicits limited adaptive immune responses owing to a 
high degree of immunological tolerance at baseline.43-45 Indeed, 
the efficiency of immune checkpoint-targeting agents is depen-
dent on adaptive immune responses.46 Thus, it is conceivable to 
combine immune checkpoint blockers with anticancer vaccines, 
presumably resulting in the elicitation of robust antigen-specific 
adaptive immune responses. This notion is supported by the results 
of a recent clinical study investigating the clinical profile of ipili-
mumab plus GVAX as compared with ipilimumab alone in previ-
ously treated locally advanced or metastatic PDA patients.47,48

Breaking immunosuppression within the tumor 
microenvironment

A large proportion of the immunological infiltrate of PDA 
lesions exerts pro-inflammatory functions. However, these pro-
inflammatory components are insufficient to elicit adequate anti-
tumor immune responses. Cytokines such as TGFβ, IL-6 and 
IL-10, just to name a few, are produced by the pro-inflammatory 
infiltrate of PDA lesions and can stimulate tumor growth. Once 
the tumor is established, its microenvironment is skewed toward a 
highly immunosuppressive state characterized by a high frequency 
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of tumor-associated macrophages with an M2 phenotype, increased 
neutrophils with an N2 phenotype, T

H
2 immune responses, and 

abundant Tregs, which further contribute to immune evasion.45 
In the presence of such an immunosuppressive microenviron-
ment, immune effector cells are unable to mediate cytotoxic func-
tions even when they have been fully activated in the periphery. 
Therefore, for anticancer vaccines to elicit therapeutically relevant 
tumor-specific immune responses, new strategies must be designed 
that convert the highly immunosuppressive microenvironment of 
pancreatic tumors into an immunostimulatory one.45 All clinical 
trials are summarized in Table 1.
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