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Patients affected by pancreatic ductal ade-
nocarcinoma (PDAC) have an especially 
poor prognosis, with 5-y survival rates of 
only ~1% and median survival of 4–6 mo. 
Upon tumor resection, 5-y survival rates 
increase to approximately 15%, while a 
25% survival is attained in the context of 
adjuvant chemotherapy.1 The reasons for 
such a poor prognosis are multiple, includ-
ing rapid tumor dissemination and the 
lack of early, disease-specific symptoms, 
which is associated with late diagnosis.2 
In contrast to other neoplasms, PDAC 
is highly resistant to both conventional 
and targeted chemotherapy. Currently, 
regimens based on gemcitabine as a stand-
alone intervention or 5-fluorouracil con-
stitute the standard therapeutic approach 
to advanced PDAC. However, the clinical 
impact of these treatments is very mod-
est. Thus, new therapeutic options are 
urgently needed to improve the survival 
of PDAC patients. In this context, immu-
notherapy might constitute an attractive 
approach.

PDAC activates tumor-specific immune 
responses, as demonstrated by: (1) the 
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accumulation of cytotoxic T lymphocytes 
(CTLs) within neoplastic lesions,3 (2) the 
positive association between intratumoral 
CTL accumulation and increased patient 
survival (our unpublished data), and 
(3) the expression of tumor-associated 
antigens by malignant cells4 (Fig. 1). 
Moreover, PDAC patients have been shown 
to respond to the administration of inter-
feron α (IFNα) with a systemic activation 
of the immune system5 that correlates 
with improved survival (our unpublished 
data). Nonetheless, in the context of the 
CapRi trial, a chemoradioimmunothera-
peutic approach combining 5-fluorouracil, 
external beam radiation therapy and sys-
temic IFNα could not be associated with 
any clinical benefit for PDAC patients as 
compared with chemoradiotherapy alone.6 
Based on these findings, we hypothesized 
that PDAC itself and/or its capacity to 
broadly stimulate the immune system may 
engender an immunosuppressive state that 
dampens antitumor immune responses 
(Fig. 1).

In support to this hypothesis, we 
observed that the PDAC patients exhibit 

increased numbers of circulating regula-
tory T  cells (Treg) and myeloid-derived 
suppressor cells (MDSC) (our unpub-
lished data). Along similar lines, we dem-
onstrated that orthotopic tumors generated 
upon the inoculation of Panc02 cells are 
highly infiltrated by Tregs. Remarkably, 
these cells exhibited an effector/memory 
phenotype, pointing to an enhanced 
immunosuppressive activity as well as to 
an increased proliferative potential.7 We 
actually demonstrated an intense replica-
tion of Tregs in the tumor microenviron-
ment, suggesting local proliferation as the 
major mechanism whereby Tregs accu-
mulate within PDACs. Increased levels 
of other immunosuppressive cells, namely 
MDSCs, were also detected within ortho-
topic Panc02 tumors (our unpublished 
data). The immunosuppressive molecule 
CD274 (best known as B7-H1) has been 
shown to be upregulated in human PDAC, 
strongly correlating with poor disease out-
come.8 We have demonstrated that both 
PDAC cells and tumor-infiltrating leuko-
cytes express B7-H1, in vivo and in vitro, 
in an inducible manner (our unpublished 
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As we have recently reported, the 
administration of low-dose gemcitabine 
to mice bearing orthotopic Panc02 neo-
plasms results in the preferential depletion 
of proliferating Tregs and prolongs the sur-
vival of mice even though it does not exert 
any direct cytotoxicity on malignant cells.7 
We have recently shown that sildenafil, an 
inhibitor of cyclic GMP-specific phospho-
diesterase type 5 commonly employed for 
the treatment of erectile dysfunction, can 
inhibit the immunosuppressive activity 
of MDSCs in melanoma-bearing mice.10 
We therefore administered sildenafil to 
mice bearing orthotopic Panc02 tumors. 
Such treatment could indeed decrease 
the amount of intratumoral MDSCs and 
improve the survival of PDAC-bearing 
mice (our unpublished data). Finally, we 
found that blocking B7-H1 with a specific 
monoclonal antibody also improves the 
survival of PDAC-bearing mice, mainly 
as it favors the activation of effector CD8+ 
T cells while inhibiting the immunosup-
pressive functions of Tregs (our unpub-
lished data).

In summary, PDAC appears to simul-
taneously activate antitumor immune 
responses and immunosuppressive cir-
cuitries. We believe that new immu-
notherapeutic strategies against PDAC 
should be based not only on the stimula-
tion of immune effector mechanisms, but 
also on the inhibition of tumor-elicited 
immunosuppression.
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immunosuppressive circuitries. In this 
context, it should be noted that the deple-
tion of Tregs with antibodies specific for 
CD25 or the folate receptor can also affect 
activated CD4+FOXP3− and CD8+ T cells, 
concomitantly inhibiting the effector arm 
of antitumor immunity. Furthermore, 
an antibody-based strategy for the deple-
tion of MDSCs is not adequate, mostly 
because of the elevated heterogeneity of 
this cell population. Conversely, low-dose 
chemotherapy has nowadays emerged as a 
promising approach for selective Treg and 
MDSC depletion.9

data). These results allowed us to conclude 
that PDAC induces not only an antitumor 
immune response but also a robust state 
of local immunosuppression driven by the 
accumulation of immunosuppressive cells 
and the upregulation of immunosuppres-
sive molecules (Fig. 1).

Since PDAC exerts both immunostim-
ulatory and immunosuppressive effects, 
and since nonspecific immunotherapeu-
tic approaches often promote immuno-
suppression, too, we believe that future 
strategies for the clinical management of 
PDAC should rely on the elimination of 

Figure 1. Double immunological consequences of pancreatic ductal adenocarcinoma. Pancre-
atic ductal adenocarcinoma (PDAC) cells expressing tumor-associated antigens (A) activate the 
immune system in PDAC patients (B). This generally results in the elicitation of PDAC-specific 
immune responses (C). In addition, PDAC cells can activate the immunosuppressive arm of the 
immune system (D), thus damping antitumor immune responses (E).
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