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Abstract
Pancreatic ductal adenocarcinoma (PDAC) is one of the most lethal diseases, with
an average 5-year survival rate of less than 10%. Unfortunately, the majority of
patients have unresectable, locally advanced, or metastatic disease at the time of
diagnosis. Moreover, traditional treatments such as chemotherapy, surgery, and
radiation have not been shown to significantly improve survival. Recently, there
has been a swift increase in cancer treatments that incorporate immunotherapy-
based strategies to target all the stepwise events required for tumor initiation and
progression. The results in melanoma, non-small-cell lung cancer and renal cell
carcinoma are very encouraging. Unfortunately, the application of checkpoint
inhibitors, including anti-CTLA4, anti-PD-1, and anti-PD-L1 antibodies, in
pancreatic cancer has been disappointing. Many studies have revealed that the
PDAC microenvironment supports tumor growth, promotes metastasis and
consists of a physical barrier to drug delivery. Combination therapies hold great
promise for enhancing immune responses to achieve a better therapeutic effect.
In this review, we provide an outline of why pancreatic cancer is so lethal and of
the treatment hurdles that exist. Particular emphasis is given to the role of the
tumor microenvironment, and some of the latest and most promising studies on
immunotherapy in PDAC are also presented.
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Core tip: Pancreatic ductal adenocarcinoma (PDAC) is one of the most aggressive and
lethal malignancies. Treatments such as surgery, radiation, and chemotherapy have
limited efficacy due to the extensive heterogeneity of genetic mutations and the dense
stromal environment, among other causes. In recent years, immunotherapy has been
successfully applied in the treatment of various types of cancers, and immunotherapy
combined with the above treatments could create more favorable conditions for the fight
against PDAC.
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INTRODUCTION
Pancreatic ductal adenocarcinoma (PDAC) is a highly aggressive lethal malignancy
due to the lack of early diagnosis and limited response to treatments. It is the most
prevalent  type  of  pancreatic  neoplasm,  and  it  is  developed  in  the  exocrine
compartment and accounts for more than 90% of pancreatic cancer cases. Despite
scientific progress on the elucidation of PDAC tumor biology and the development of
novel therapeutic regimes, it has an average 5-year survival rate of less than 10%[1]

and is anticipated to become the second leading cause of cancer–related mortality by
2020. Almost 60%-70% of PDAC cases arise from the head of the pancreas, and these
cases are usually diagnosed earlier than tumors arising from the body and tail, as the
head of the pancreas contains the common bile duct[2]. Tumors of the body and tail are
associated with a worse prognosis[3]. Weight loss, abdominal pain, and jaundice[4] are
the most common symptoms observed in patients with PDAC, while less common
symptoms  include  new-onset  type  2  diabetes[5]  and  thromboembolic  disease[6].
Classical treatments such as chemotherapy, surgery and radiation have been widely
used,  but  they  have  not  exhibited  any  significant  improvements  in  clinical
outcomes[7,8]. The overall survival for metastatic pancreatic cancer remains poor, and
less than 20% of patients survive past the end of the first year[9]. Surgical resection and
chemotherapy  (gemcitabine  and  FOLFIRINOX,  a  combination  of  oxaliplatin,
irinotecan,  fluorouracil,  and  leucovorin)  have  managed  to  improve  survival  of
patients with early-stage pancreatic cancer, but these treatments are not sufficient for
patients with late stages of the disease[10].  Novel immunotherapies have provided
promising results in various solid tumors, such as melanoma or renal cell carcinoma,
in a number of cases surpassing chemotherapy as a first-line therapeutic selection[11].
Although immunotherapy began a new era in the field of  cancer treatment,  it  is
challenging in the context of PDAC as this type of cancer has a nonimmunogenic,
immune-suppressive and therapy-resistant microenvironment.

TREATMENT HURDLES
PDAC development is associated with a poor prognosis due to its complicated and
multifactorial  nature.  There  is  a  lack  of  simple,  early  detection  methods  and  is
typically diagnosed at a late stage because symptoms do not appear until the disease
has progressed and metastasized to distinct sites[12]. As mentioned above, surgical
resection with chemotherapy provides the best treatment option for PDAC and is
beneficial in patients whose cancer cells have not spread to critical abdominal vessels
and adjacent organs[13].

The major  difficulties  in  treating pancreatic  cancer  lie  at  both the genetic  and
cellular levels. The extent of mutational changes in pancreatic tumors generates gene
instability that appears to play an essential role in PDAC tumor growth and resistance
to treatments. PDAC is characterized by considerable genetic heterogeneity not only
among patients but also within a single primary tumor.  Targeted treatments are
effective in cancers that have a relatively high percentage of patients with the same
cancer-causing mutation, such as EGFR in lung cancer[14] or BRAF in melanoma[15].
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Pancreatic cancer, on the contrary, presents a variety of mutations that lead to cancer,
and each mutation is present in a small percentage of patients[16].

The presence of multiple signaling pathway alterations could partially explain the
presence of multiple resistance mechanisms. Although the underlying biology of
PDAC has not been fully elucidated, key mutations of specific genes such as Kras,
CDKN2A/p16,  TP53  and SMAD4  and the  concomitant  activation of  downstream
signaling pathways appear to play an essential role in the resistance to treatments[17].
Additionally, the existence of cancer stem cells (CSCs) contributes to the acquisition of
a more resistant tumor state. Pancreatic CSCs account for 0.5%-1.0% of all pancreatic
cancer cells[18]; CSCs have an increased capacity for self-renewal and exhibit unique
metabolic, autophagic and chemoresistance properties that allow them to escape any
therapeutic interventions. CSCs are considered tumor-initiating cells that are able to
promote tumor development and therapy resistance, leading to disease progression
and relapse. One more reason why current treatment fails to exhibit considerable
efficacy and beneficial clinical outcomes is that they do not adequately target CSCs[19].

Furthermore, the metastatic potential of PDAC is also responsible for the poor
outcome  and  the  lack  of  effective  treatment  modules.  Recently,  genomic  and
proteomic  analyses  in  the  primary  PDAC  tumor  have  revealed  subclones  with
different  metastatic  potentials[20]  and  probably  different  responses  to  specific
therapeutic regimes. Additionally, PDAC metastasizes microscopically early in the
disease  course,  limiting the  effectiveness  of  local  therapies  such as  surgery and
radiation[21].

Finally, multiple studies have demonstrated that components within the PDAC
microenvironment  are  responsible  for  poor  prognosis  and  the  difficulty  in
establishing efficacious therapeutic  strategies[22-24].  The tumor microenvironment
(TME) is characterized by dense desmoplasia and extensive immunosuppression.
Extensive desmoplasia results in decreased stromal vascularization, altered immune
cell infiltration and hypoxia, inducing tumor growth and hindering drug activity[25].

TUMOR MICROENVIRONMENT
As mentioned above, the PDAC microenvironment is characterized by increased
desmoplasia and the presence of several noncellular components, such as hyaluronic
acid, and various cell types, such as cancer-associated fibroblasts (CAFs), pancreatic
stellate  cells  (PSCs),  muscle  fibroblasts  and immune cells.  Cellular  components
account for 10%-30%, but the stroma generates most of the tumor mass[26]. The PSC
and CAF components are the dominant cells of pancreatic cancers that produce the
extracellular  matrix  in  the  TME[27].  These  components  are  responsible  for  the
generation of  a rigid barrier  that  results  in elevated tumor pressure,  diminished
vascularization  and  attenuated  drug  delivery.  Conventional  drugs,  such  as
gemcitabine, cannot penetrate the rich and thick layer of the stoma in PDAC and
result in drug resistance[28]. Targeting stroma has demonstrated contradictory results
among preclinical studies. A study by Olive et al[29]  in mouse models showed that
inhibition of Sonic Hedgehog-dependent desmoplasia increased gemcitabine delivery
and overall survival, while other studies exhibited results contradictory to those of
conditional  Shh ablation;  however,  Shh inhibition diminished stroma formation,
induced a more aggressive phenotype and decreased survival[30,31]. Additionally, the
limited availability  of  oxygen in  the  PDAC microenvironment  and the  minimal
vascularization detected were identified as promising targets for therapy. However,
clinical trials focused on VEGF-A inhibition combined with chemotherapy did not
have the anticipated results. The dense ECM provoked elevated intratumoral pressure
that negatively regulated vasculature and diffusion. This phenomenon was reversed
with the use of hyaluronidase, but it had a limited beneficial effect because of the
increased  risk  for  thrombus[32].  In  addition,  the  extensive  immune  suppression
observed in PDAC comes as a result of the coordinated action of regulatory T cells
(Treg), myeloid-derived suppressor cells (MDSCs) and macrophages, which block
CD8+ T cell duties in tumor recognition and clearance.

In recent years, the impact of the TME on chemotherapy has become the target of
many studies. Chemotherapy can induce immunogenic cell death in certain tumors,
which could activate the immune system. Gemcitabine can affect the TME through the
inhibition of the expansion of MDSCs and the induction of T2H cells, which leads to
the polarization of  M2 polarized TAMs[33].  Furthermore,  other chemotherapeutic
drugs, such as cisplatin or carboplatin, have been identified as inducers of IL-6 and
prostaglandin E2 and IL-10-producing M2 polarized TAMs[34].

A highly heterogeneous subpopulation of cells is a characteristic of pancreatic
cancer. This complex structure of cancer cells and stromal and immunosuppressive
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cells consequently alters the effect of immunotherapy. The predominant cell types in
the PDAC TME are MDSCs, Tregs and macrophages[35]. Furthermore, several other
cell types have also been identified in the PDAC TME, such as fibroblasts, ECM, and
PSCs; there is also a high ratio of Treg/Teffs. The accumulated population of T cells in
the TME leads T cells to exhaustion during an immune response.

Moreover, approximately 50% of PDAC tumors are characterized by the invasion of
MDSCs  and  the  upregulation  of  PD-L1  through  IFN-γ[36].  Thus,  PDAC  tumors
establish an immunosuppressive environment[37,38]. In more advanced tumors, several
studies have identified that Tregs and Teffs inhibit the normal function of T cells and
enhance the immunosuppressive environment of the TME[39].

Several studies also underline the lack of recognition by T cells of cancer antigens
through the degradation of downregulation of major histocompatibility complex I in
cancer  cells.  Furthermore,  a  mutation  in  the  IFN-receptor  1  or  2  gene  increases
immune suppression in  TME and helps  cancer  cells  escape the  T  cell  antitumor
response[40]. Moreover, two phenotypes, often called “cold” and “hot” tumors, are
categorized based on the degree of immune infiltration of T-lymphocytes[41].  Hot
tumors  are  characterized  by  a  variation  in  CD8+  and  Tregs  in  response  to
immunotherapeutic drugs, and cold tumors, in the early stage of tumorigenesis, show
a 20%-40% response to immune checkpoint inhibitors[37,42].

IMMUNOTHERAPY
PDAC is a disease with increased heterogeneity and exhibits unique immunologic
hallmarks. The principal basis of cancer immunotherapy is to activate a patient’s T
cells so that they can kill their tumors. The key steps are briefly described as follows:
(1)  Decrease of  tumor-specific  antigen presentation;  (2)  Activation of  T cells;  (3)
Infiltration of T cells into tumors; (4) Recognition of cancer cells by T cells; and (5)
Elimination of cancer cells[43]. There are several types of cancer immunotherapies, such
as monoclonal antibodies, adoptive cell transfer[44-46], cancer vaccines[47,48], immune
checkpoint inhibitors[49], and immune modulators, all currently tested in clinical trials
for the determination of their efficacy. Promising results have been demonstrated
after the administration of inhibitors against two major T cell response checkpoints,
ipilimumab  (anti-CTLA-4  IgG1  humanized  antibody)  and  Nivolumab/
Pembrolizumab (anti-PD-1), in various immunogenic cancers, such as melanoma and
non-small-cell lung cancer[50-52]. CTL-4 binds to its ligands on antigen-presenting cells
(APCs) and exerts its immunosuppressive role by reducing T effector cell activation
while increasing Treg activity[53].

Similarly, binding of PD-1, which is predominantly expressed on T cells, with its
ligands  PDL-1/PDL-2,  which  are  found  on  tumor  cells  and  tumor-infiltrating
lymphocytes,  results  in  diminished  T  cell  proliferation  and  antitumor  cytokine
release. Despite the encouraging evidence from the aforementioned cancer studies,
these treatments exhibited poor efficacy to pancreatic cancer when administered
alone. In a phase II  study, ipilimumab was not able to induce tumor response in
patients with advanced pancreatic cancer, and the anti-PD-L1 monoclonal antibody
BMS-93655  had  no  efficacy  in  a  phase  I  study[54-56].  The  incompetence  of  these
compounds to elicit  pancreatic tumor growth inhibition was probably due to the
immune quiescence, excessive desmoplasia and the lack of consensus expression of
PD-L1 in this type of cancer[57]. Therefore, the incorporation of additional therapies for
administration  of  combinatorial  strategies  appears  to  be  the  ideal  approach  to
achieving the most efficient response. A broad spectrum of clinical trials in pancreatic
cancer have been completed or  are currently ongoing using immune checkpoint
monotherapies, dual checkpoint combination therapies and checkpoint inhibitors
combined with vaccines, cytotoxic chemotherapy and other inhibitory agents. Below,
there are some examples of the therapeutic strategies followed in these clinical trials:
(1) Monotherapies include the administration of various inhibitors against CTL-4
(ipilimumab, tremelimumab) and PD-1 (pembrolizumab, MPDL3280A, MEDI4736),
and dual checkpoint inhibition including the combinations of these agents with each
other  or  with  other  agents  such  as  mogamulizumab  (anti-CCR-5);  (2)  Immune
checkpoint  inhibitors  in  combination  with  chemotherapeutic  agents  consist  of
combinations of CTL4 and/or PD-1 inhibitors with conventional chemotherapeutic
agents such as gemcitabine, Nab-paclitaxel, FOLFOX, and carboplatin[58-60]. A phase I
clinical  study  investigating  the  efficacy  of  gemcitabine  and  tremelimumab  in
metastatic pancreatic cancer showed a partial response in some patients, and the
disease remained stable for more than ten weeks[61]. In another study of unresectable
pancreatic cancer, ipilimumab and gemcitabine combinatorial treatment had similar
results[58]. Two clinical pilot studies based on the combination of chemotherapy and
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anti-PD-1 antibodies  (pembrolizumab and FOLFOX for  advanced GI cancer  and
pidilizumab and gemcitabine for resected pancreatic  cancer)  were initiated after
increased tumor infiltration of CD8+ T cells and complete responses were observed in
treated mice[59]; (3) Vaccine immunotherapy is based on the delivery of tumor antigens
to APCs and the subsequent induction of an orchestrated immune response. Cancer-
specific  DNA alterations  create  neo-antigens,  which results  in  a  unique peptide
sequence. Vaccine immunotherapies include whole-cell vaccines, DC vaccines, DNA
and peptide vaccines, but despite the improved immune profiles, they have shown a
poor clinical outcome[48].  The most widely studied vaccine in pancreatic cancer is
GVAX, an allogenic irradiated whole-cell tumor vaccine genetically engineered to
secrete granulocyte macrophage-colony stimulating factor (GM-CSF) and stimulate
cytolytic activity against tumors[62]. In a phase I clinical study, GVAX administration
in resectable pancreatic cancer before and after radiotherapy exhibited extended
DFS[63], and in phase II clinical studies, GVAX in combination with cyclophosphamide
or  5-FU-based chemoradiation  demonstrated  similar  results  regarding DFS and
MS[64,65].  When combined with the aforementioned immune checkpoint  inhibitor
ipilimumab in a phase I trial in patients with advanced refractory pancreatic cancer,
GVAX resulted in improved survival compared to ipilimumab alone, a fact that was
associated with the extensive presence of T cells[66]. Other vaccines targeting KRAS,
MUC1, VEGF-R,  or survivin alone or in combination with GVAX are also under
clinical investigation for the determination of their efficacy[60];  (4) Adoptive T cell
immunotherapy is based on the modification of autologous T cells, engineered to
express  a  chimeric  antigen  receptor  (CAR)  and stimulate  the  immune response
against the tumor. Despite the impressive results gained by a clinical study utilizing
CAR-T technology to target leukemia[67,68], the majority of patients receiving CAR-T
cells targeting mesothelin, a membrane antigen overexpressed in pancreatic cancer,
showed satisfying tolerance but failed to exhibit a good response[60]. In addition to
mesothelin, other cancer-associated antigens are being tested in ongoing clinical trials
as potential targets of CAR-T-based therapeutic regimes (anti-CEA, anti-CD-133, anti-
ROR1, anti-WT1) alone or in combination with chemotherapy[60];  and (5) Immune
modulating agents targeting the dense pancreatic microenvironment could also exert
substantial antitumor activity. Promising data have been derived from the use of anti-
CD40 agonistic antibodies along with gemcitabine in PDAC patients, where tumor
regression was attributed to stromal alterations provoked by the effect of the anti-
CD40 antibody[69,70]. Another molecule currently being tested in clinical trials against
PDAC is CCR2, a chemokine receptor that mediates the chemotaxis of immune cells.
In a phase 1 clinical trial, half of PDAC patients treated with PF-04136309, an inhibitor
of CCR2, in combination with FOLFIRINOX, exhibited partial response and stable
disease[71].

CONCLUSION
Pancreatic cancer remains a devastating disease with poor prognosis. This is due to
factors  such  as  the  lack  of  early  diagnostic  markers,  delayed  detection,  diverse
genetics and rapid metastasis. The extensive TME that grows around the tumor plays
crucial  roles in this disease.  Due to the dense and immunosuppressive TME, the
penetrance of therapeutic regimes for the elimination of cancer cells is hindered. The
interaction between the microenvironment and cancer cells remains to be further
elucidated. However, in recent years, immunotherapy has been successfully applied
in  the  treatment  of  various  types  of  cancers.  Combination  therapies  have  been
developed to optimize the clinical outcome and prolong the survival of patients with
pancreatic cancer (Figure 1).
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Figure 1

Figure 1  Τhe pancreatic ductal adenocarcinoma microenvironment consists of a significant hurdle for the efficient application of chemotherapy drugs or
immunotherapeutic compounds. Combination treatments of chemotherapy, immunotherapy and radiation might render pancreatic ductal adenocarcinoma
microenvironment more vulnerable to inhibition and promote effective treatment strategies.
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