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Abstract

Pancreatic cancer is a tumor with a high degree of malignancy, morbidity, and mortality. Immunotherapy is another important
treatment for pancreatic cancer in addition to surgery and chemotherapy, but its application in pancreatic cancer is very lim-
ited, which is related to the unique biological behavior of pancreatic cancer and the tumor microenvironment. The immuno-
suppressive microenvironment of pancreatic cancer is highly heterogeneous and presents challenges for immunotherapy. The
transformation of tumor immunosuppressive microenvironment contributes to the response to tumor immunotherapy, such
that the tumor undergoes functional reprogramming to change from immunologically “cold” to immunologically “hot.” In
this review, we summarized the research and progress in immunotherapy for pancreatic cancer, including immune checkpoint
inhibitors, vaccines, adoptive T cell therapy, oncolytic viruses, and immunomodulators, and suggest that individualized,
combination, and precise therapy should be the main direction of future immunotherapy in pancreatic cancer.
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Introduction

Pancreatic cancer is a tumor with a high degree of malig-
nancy. Its mortality rate ranks fourth among malignant
tumors, and the 5-year survival rate is only 8% [1]. The
onset of pancreatic cancer is occult, with rapid progress
and early metastasis. Although radical surgery is currently
the most likely way to treat patients with pancreatic can-
cer, most patients have missed the opportunity for surgery
when diagnosed [2]. Therefore, the treatment response and
prognosis are very poor. At present, unresectable pancreatic
cancer is mainly treated with chemotherapy, supplemented
by local treatment to improve symptoms. The FOLFIRINOX
(fluorouracil, folinic acid, irinotecan, and oxaliplatin) and
gemcitabine plus nanoparticle albumin-bound paclitaxel
(GEM + Nab-p), along with the classic single-drug gem-
citabine (GEM), are recommended by the National Com-
prehensive Cancer Network (NCCN) guidelines as first-line
chemotherapy for patients with unresectable pancreatic can-
cer in good physical condition [3]. However, the response
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to FOLFIRINOX is relatively low while the toxicity is sig-
nificant [4]. The effect of chemoradiation therapy for locally
advanced pancreatic cancer is controversial. Traditional
therapies of pancreatic cancer include surgery, chemother-
apy, radiotherapy, and palliative care. The survival rate of
patients with pancreatic cancer remains low [5]. The main
challenges in the treatment of pancreatic cancer are as fol-
lows: The disease is highly invasive; patients are diagnosed
at a late stage; there are complex local structures around the
pancreas; and pancreatic cancer has a unique tumor micro-
environment (TME) that lacks effective targeted therapeu-
tics. Confrontation between the human immune system and
tumor cells mainly undergoes three phases: the elimination,
equilibrium, and escape phase. In the escape phase, tumor
cells recruit immunosuppressive cells to form an immuno-
suppressive tumor microenvironment and promote tumor
development [6, 7].

In recent years, immunotherapy has been shown to be
another important anti-tumor method in addition to sur-
gery and chemotherapy [8]. Immunotherapy is a thera-
peutic method to fight against tumors by activating the
human immune system. It can kill tumor cells and control
the development of tumors by stimulating and enhancing
the immune response of patients. The best time for immu-
notherapy of pancreatic cancer is when the tumor is in
the initial stage and immune depletion has not occurred.
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At present, immunotherapy for pancreatic cancer mainly
includes immune checkpoint inhibitors, vaccines, adoptive
T cell therapy, oncolytic viruses, specific immunomodula-
tors, and other treatment methods (Fig. 1). This review sum-
marizes the dilemmas and challenges of immunotherapy for
pancreatic cancer and presents directions for future research.

Pancreatic Cancer Immunosuppressive
Microenvironment

The TME refers to a complex internal environment formed
by the interaction of tumor cells and their surrounding tissue
components, which is beneficial to the biological behavior
of tumor cells, including matrix components, cell compo-
nents, and soluble factors [9]. The unique TME of pancreatic
cancer includes a large number of tight matrix components,
such as cancer-associated fibroblasts (CAFs), collagen
deposits, hyaluronic acid and other extracellular matrices,
various types of immune cells, and a large number of soluble
immunosuppressive factors [10] (Fig. 2). The tight matrix
components act as a physical barrier to prevent effector cells
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such as T cells and natural killer cells (NK cells) from infil-
trating into the tumor, enabling pancreatic cancer cells to
evade immune surveillance [11].

The specific TME in pancreatic cancer poses challenges
for immunotherapy [12]. Pancreatic cancer cells promote
the activation of surrounding stromal cells and immunosup-
pressive cells, including regulatory T cells (Tregs), myeloid-
derived suppressor cells (MDSCs) and tumor-associated
macrophages (TAMs), and their recruitment to tumor sites
by secreting a variety of cytokines and chemokines. The
activated stromal cells produce a large amount of extracel-
lular matrix, forming a fibrous matrix layer around the pan-
creatic cancer cells, which hinders the infiltration of effector
T cells and NK cells into the tumor. Immunosuppressive
cells secrete immunosuppressive factors and express ligands
such as programmed death ligand-1 (PD-L1) and B7-1/2 that
inhibit effector T cells and NK cells, leading to an imbalance
of immunosuppressive cells and forming a unique immuno-
suppressive microenvironment in pancreatic cancer, which
plays an important role in the occurrence, development,
invasion, metastasis, and drug resistance in this disease [13,
14]. Macrophages, MDSCs, and Tregs are the three major
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Fig. 1 Schematic diagram of immunotherapy. Immunotherapy methods include immune checkpoint inhibitors, vaccines, adoptive T cell therapy,

oncolytic viruses, etc.
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Fig.2 Characteristics of pancreatic cancer microenvironment. Pancreatic cancer microenvironment includes tumor cells, immune cells (Treg
cells, MDSCs, TAMs, T cells, B cells, and dendritic cells), CAFs and the extracellular matrix, etc.

leukocyte subtypes found in the early pancreatic intraepithe-
lial neoplasia (PanIN) stage. NK cells, FoxP3™* T cells, and
CD8™* T cells are positively correlated with the survival of
patients with pancreatic cancer, which is the theoretical basis
for the application of immunotherapy in pancreatic cancer
[15]. Dendritic cells (DCs), as the most functional antigen-
presenting cells (APC), can induce the formation of spe-
cific cytotoxic T lymphocyte (CTL). In the pancreatic cancer
TME, DCs are mostly immature phenotypes and have poor
viability, which cannot present tumor antigens to effector
T cells and initiate anti-tumor immune responses [16]. The
immunosuppressive microenvironment of pancreatic cancer
is highly heterogeneous and can affect the effectiveness of
immunotherapy [17]. Studies have shown that GEM + Nab-p
can effectively inhibit activated tumor-related fibroblasts and
increase the immunogenicity of tumors, so as to play a syn-
ergistic effect in combination with PD-1/PD-L1 inhibitor

[18, 19]. The remodeling of the tumor immunosuppressive
microenvironment is helpful for tumor immunotherapy and
enables the transformation of tumor cells from “cold” to
“hot.” The ideal therapeutic antibody can kill tumor cells
and reshape the tumor immune microenvironment, which
has both anti-tumor and immune-enhancing effects.

Immune Checkpoint Inhibitors

Immune checkpoint inhibitors are monoclonal antibody
drugs targeted at corresponding immune checkpoints. They
block the interaction of inhibitory receptors expressed by
T cells and related ligands, and regulate the activity of
normal immune cells to improve their anti-tumor effects.
Immune checkpoint inhibitors play an anti-tumor role by
inhibiting the immune checkpoint activity of tumor cells
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and reactivating the immune activity of T cells against tumor
cells [20, 21].

Common immune checkpoint inhibitors, such as those tar-
geting PD1 (nivolumab, pembrolizumab, and pidilizumab),
PD-L1 (atezolizumab), and Cytotoxic T lymphocyte associ-
ate protein-4 (CTLA-4) (ipilimumab and tremelimumab),
have been widely used in the immunotherapy of metastatic
melanoma, lung cancer, head and neck cancer, renal cell
cancer, urothelial carcinoma, Hodgkin’s lymphoma, cer-
vical cancer, and other cancers [22, 23]. The PD-1 ligand
PD-L1 is highly expressed in tumor cells, which leads to
the continuous activation of the PD-1 pathway in the TME.
PD-1/PD-L1 inhibitors block the binding of PD-1 to PD-L1,
thereby blocking the negative regulatory signals and enhanc-
ing the immune response of T cells. After treatment with
PD-1 antibody, DCs need to express Interleukin-12 (IL-12)
to license T cells to play an anti-tumor role [24]. Fibrinogen-
like protein 1 (FGL1) is an important functional ligand of
lymphocyte-activation gene 3 (LAG-3), and the interaction
between FGL1 and LAG-3 is another tumor immune escape
pathway independent of the B7-H1-PD-1 pathway; block-
ing this pathway can synergize with anti-PD-1 therapy [25].
CTLA-4 is expressed in activated CD4* and CD8* T cells.
After binding with its ligand B7, CTLA-4 inhibits the activa-
tion of T cells, and blocking CTLA-4 can stimulate the acti-
vation and proliferation of immune cells, thus enhancing the
anti-tumor immune response [26]. Utilizing the anti-tumor
immune response is the basic strategy of immunotherapy.
Anti-PD-1 therapy selectively recovers tumor-induced
immune deficiency in the TME, namely it causes “immune
normalization” and reduces immune-related adverse events
(irAEs) [27]. Studies have shown that CD58/CD2 can also
act as a co-stimulatory signal for CD28"CD8* T cells. CD28
co-stimulation leads to the proliferation of CD8' T cells,
and the CD28/B7 pathway has a synergistic effect in the
treatment of PD-1 [28]. In solid tumors, low tumor immuno-
genicity and a strong immunosuppressive tumor microenvi-
ronment result in significant intrinsic resistance to immune
checkpoint blocking therapies [29]. Although immune
checkpoint inhibitors can block the inhibitory effect on
effector T cells from the cell contact-dependent protein path-
way, there are still many soluble immunosuppressive factors
that inhibit effector T cell function in the TME of pancreatic
cancer. Pancreatic cancer, which contains a large number of
dense stromal cells and few tumor-infiltrating lymphocytes
(TILs), is a typical cold tumor, leading to the failure of some
immune checkpoint inhibitors. Pancreatic cancer cells are
surrounded by a dense fibrotic matrix that acts as a mechani-
cal and functional barrier around the tumor, limiting drug
delivery [30]. The decrease in effector T cells in TME and
the increase in immunosuppressive cells lead to the forma-
tion of immunosuppressive microenvironment for pancreatic
cancer. Therefore, the treatment with immune checkpoint
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inhibitors alone is not effective [12]. The fibrotic matrix in
TME may prevent TILs from entering the tumor, and high
expression of inhibitory receptor or ligand molecules may
cause T cells to be depleted. Infiltrating immunosuppressive
cells can directly or indirectly affect the activity of CD8* T
cells through contact-dependent or paracrine methods, even-
tually leading to resistance to immune checkpoint inhibitors
[31]. Only patients with low neoantigen heterogeneity and
high number of cloned neoantigens are more sensitive to
immune checkpoint inhibitors. However, pancreatic cancer
is a tumor with low mutation burden or low expression of
neoantigens, so the anti-tumor response to immune check-
point inhibitors is poor [32].

In the treatment of pancreatic cancer, a variety of anti-
PD-1 drugs are undergoing clinical trials [33]. PD-1 is
expressed in infiltrating DCs and macrophages on solid
tumors, and the expression of PD-L1 in pancreatic cancer
is used to evaluate tumor proliferation and to determine
whether the tumor is highly invasive [34]. Blocking PD-L1
can significantly enhance the progress of the immune
response, enhance the activation of T cells, and block the
PD-1-PD-L1 signaling pathway. The increased expression of
PD-L1 and PD-L2 in tumors is significantly correlated with
poor prognosis in pancreatic cancer. Knocking down PD-L1
can inhibit the proliferation of pancreatic cancer cells. Two
proteins, dectin-1 and galectin-9, were found to be abnor-
mally high in pancreatic cancer samples, and their interac-
tions can help pancreatic cancer cells escape immune attack.
Galectin-9 is a f-galactoside binding protein that binds to
the T cell immunoglobulin and mucin domain-containing
protein 3 (TIM-3) of T cells and leads to the inactivation
and apoptosis of T effector cells, while its binding to CD44
promotes the differentiation and function of induced Tregs
and inhibits the metastasis of tumor cells. Pancreatic can-
cer is insensitive to anti-PD-1 antibodies, but a synergistic
effect was found when mice were given both anti-PD-1 and
anti-galectin-9 antibodies, and the tumor size in the mice
was more than half that of the tumors in mice treated with
either antibody alone [35]. Some CTLA-4 antibodies have
been tested in clinical trials. Ipilimumab binds to CTLA-4,
blocking the inhibition of T cells and producing cytotoxic
T lymphocytes to enhance the anticancer immune response.
Mouse models of latent pancreatic cancer have shown that
when CTLA-4 is inhibited, it can control tumor growth
and shrink tumors. Preliminary clinical data have shown
that ipilimumab combined with a granulocyte macrophage
colony-stimulating factor vaccine (GVAX) could produce
a synergistic effect. This combination therapy is worthy of
further study in pancreatic cancer. A large number of phase
I and phase II clinical trials of tremelimumab are currently
underway in locally advanced and metastatic pancreatic can-
cer. In a phase II clinical trial of ipilimumab, 20 patients
with metastatic pancreatic cancer and 7 patients with locally
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advanced pancreatic cancer received ipilimumab without
disease remission, but 1 patient underwent delayed tumor
regression, suggesting that ipilimumab alone was ineffective
in the treatment of advanced pancreatic cancer [36].

Tumor Therapeutic Vaccines

Tumor therapeutic vaccines amplify the anti-tumor immune
response of tumor patients through active immunity, which
plays an important role in tumor immunotherapy [37]. The
basic principle of tumor therapeutic vaccines is to introduce
tumor antigens in various forms such as tumor cells, tumor-
related proteins or peptides, genes expressing tumor anti-
gens into patients to overcome the immunosuppressive state
caused by tumors, enhance the immunogenicity, and induce
the human immune response, so as to control or remove the
tumor. The antigens are given in the form of DNA, pep-
tides, whole tumor cells, DCs that contain antigens, etc.
Tumor therapeutic vaccines mainly include whole tumor
vaccines, telomerase peptide vaccines, GVAX vaccines, and
Wilms tumor 1 (WT1) vaccines. Although tumor vaccines
can induce the activation of effector T cells, the activation
degree is very limited, and only a few effector T cells and
NK cells exist in the TME and peripheral blood of pancreatic
cancer patients. Effector T cells often become incapacitated
or fatigued under the action of the TME, rendering the tumor
vaccines less effective. Currently, a large number of vac-
cines have been used in pancreatic cancer, such as vaccines
targeting KRAS, MUC-1/CEA, WTI, heat shock protein,
and vascular endothelial growth factor 2 (VEGF2), as well
as polypeptide vaccines [38, 39]. GVAX is a secreted gran-
ulocyte—macrophage colony-stimulating factor (GM-CSF)
secreting vaccine consisting of two irradiated pancreatic
cancer cell lines that secrete GM-CSF. The expression level
of PD-L1 in pancreatic cancer cells was found to be low
in untreated pancreatic cancer models in animal experi-
ments, but the expression level of PD-L1 was upregulated
in patients receiving GVAX [40]. In addition, the combina-
tion of GVAX and PD-1 antibody inhibitors significantly
improved survival in mice with pancreatic cancer. PD-1/
PD-L1 inhibitors combined with chemotherapy and vaccines
represent a future research direction in the treatment of pan-
creatic cancer. CRS-207 is a recombinant, double-deletion,
live, attenuated form of Listeria monocytogenes that infects
antigen-presenting cells and secretes mesothelin into cells.
Mesothelin is expressed on most pancreatic cancer cells, and
antigen-presenting cells express mesothelin and present it to
T cells, producing an immune response against mesothelin.
In a clinical trial, 30 patients with advanced pancreatic can-
cer received ipilimumab plus GVAX or ipilimumab mono-
therapy, and there was no significant difference in overall
survival (OS) (5.7 versus 3.6 months) [41]. In a phase II

clinical trial of 90 patients with metastatic pancreatic cancer,
GVAX was combined with CRS-207 versus GVAX alone,
and the median OS (6.1 versus 3.9 months) showed a signifi-
cant survival advantage in the combination arm. However,
in a phase IIb clinical trial of 303 patients with advanced
pancreatic cancer, the median OS of GVAX combined with
CRS-207 was 3.8 months, while CRS-207 alone had an OS
of 5.4 months, and the standard chemotherapy group had
an OS of 4.6 months; satisfactory results were not achieved
[42]. In a recent phase IIb trial, the Cy/GVAX + CRS-207
combination did not improve survival compared to chemo-
therapy [43]. In a mouse model of pancreatic cancer, it was
demonstrated that Listeria-based ANXA?2-targeted cancer
immunotherapy (Lm-ANXA?2) induced the production of
tumor antigens and specific T cell responses in the TME of
“cold” tumors and sensitized tumors to checkpoint inhibi-
tor therapy, supporting the use of Lm-ANXA?2 in combina-
tion with anti-PD-1 antibodies for pancreatic cancer ther-
apy [44]. The pancreatic cancer vaccine algenpantucel-L
is made from a pancreatic cancer cell line transfected with
mouse o-1,3-galactosyltransferase, which induces hypera-
cute immune rejection and exerts anti-tumor effects through
specific immunity. It failed to significantly improve survival
in patients with pancreatic cancer in recent phase III clini-
cal trials [45]. DCs are professional antigen-presenting cells
with the strongest antigen-presenting ability in the body, and
they induce the generation of cytotoxic T cells and mediate
specific anti-tumor cell immunity. In a clinical trial of 32
patients with advanced pancreatic cancer treated with the
WT1 peptide DC vaccine combined with gemcitabine, the
median OS was 8.1 months, showing no significant advan-
tage over previous results [46]. In a phase I clinical trial,
the WT1-DC vaccine combined with radiotherapy was sig-
nificantly effective in patients with pancreatic cancer after
surgery, increasing WT1-specific cytotoxic T lymphocytes,
which play an important role in tumor immunity [47].

Adoptive T Cell Therapy

Chimeric antigen receptor (CAR) T cell therapy is a type of
adoptive cell therapy. T cells are collected from patients or
donors by apheresis, then amplified and genetically modified
to express CAR that recognizes tumor cells. Finally, CAR-T
cells are injected into the patient to target and kill tumor
cells [48]. CAR-T can recognize antigens on the surface of
tumor cells directly without being restricted by HLA mol-
ecules. Target-specific CAR-T cells are designed to target
the highly expressed tumor-associated antigens of pancreatic
cancer, making the treatment more specific. CAR-T cells
have difficulty in treating solid tumors. Due to the complex
tumor immune microenvironment in pancreatic cancer,
various suppressive immune cells are the main obstacle
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to the therapeutic effect of CAR-T cells [49, 50]. In adop-
tive cell transfer therapy, autologous or allogeneic immune
cells are used, most of which are T cells that produce an
immune response. T cells around the tumor show specific
T cell receptors, such as p53 or telomerase, associated with
pancreatic cancer. These cytotoxic T cells maintain tumor
reactivity, and their presence is closely related to improved
survival [51, 52]. Most immunotherapies in preclinical trials
of pancreatic cancer rely almost exclusively on improving
T cell function to improve outcomes [53]. For CAR-T treat-
ment, in addition to being influenced by immunosuppressive
factors in the TME, the fibrous stroma layer around pancre-
atic cancer cells can prevent the infiltration of CAR-T into
the tumor and affect the efficacy.

A study on the treatment of gastric cancer and pancre-
atic cancer with CAR-T cells found that claudin-18 was
highly expressed in gastric cancer and pancreatic cancer;
therefore, a CAR-T cell therapy (CAR-CLDN18.2) target-
ing claudin-18 was developed. A total of 12 patients with
claudin-18-positive drug-resistant gastric cancer and pan-
creatic cancer were enrolled, receiving 1-5 cycles of CAR-T
cell therapy, and the last 11 patients were evaluated for effi-
cacy: 1 patient had a complete response (CR), 3 patients
had a partial response (PR), 5 patients were stable, and 2
patients progressed. The objective response rate (ORR) was
33.3%, the disease control rate (DCR) was 75%, and the
median progression-free survival (PFS) time was 130 days
[54]. A variety of tumor-associated antigens (TAAs), such
as mesothelin, CEA, MUC-1, and human epidermal growth
factor receptor 2 (HER2), are expressed on pancreatic can-
cer cells, which provides natural conditions for the design
of corresponding antibodies for treatment [55]. Antibodies
against TAAs exert anti-tumor effects through at least the
following pathways: ligand binding to block growth signals;
antibody-dependent cellular cytotoxicity (ADCC); comple-
ment-mediated cytotoxicity; and antibody-dependent cellu-
lar phagocytosis. Finding tumor-specific antigens expressed
on the surface of tumor cells is the most important direction
for eliminating the “off-target” adverse reactions of CAR-T
cells. The CAR-T cell target antigens include mesothelin,
prostate stem cell antigen (PSCA), CEA, HER2, MUC-1,
and CD133 [56, 57]. In previous studies, autologous meso-
thelin-specific T lymphocytes were used for the treatment of
metastatic pancreatic cancer. Among the 6 patients tested, 1
patient had complete remission of all liver metastases, and
2 patients were stable and had PFS values of 3.8 months and
5.4 months [58]. CAR-T cell therapy targeting MUC] has
been shown to be effective in mouse xenograft models of
pancreatic cancer and leukemia. When selecting therapeutic
targets, new antigens may be discovered when protein struc-
tures and modifications are considered [59]. CD47-CAR-T
cells not only effectively inhibited the growth of pancreatic
cancer cell lines but also significantly blocked tumor growth
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in a mouse model of pancreatic cancer xenografts, indicat-
ing the potential anti-pancreatic cancer activity of these
CAR-T cells [60]. Studies have established concentration-
dependent CAR-T cells, and their immunogenicity is not
significantly different from that of traditional CAR-T cells.
Animal experiments have confirmed that they have a specific
killing effect on pancreatic cancer cells with high expression
of HER?2 but no obvious toxic side effects on normal tissues
with low expression of HER2 [61]. CAR-T cells were able
to simultaneously recognize PSCA, transforming growth
factor-beta (TGF-p), and interleukin-4 (IL-4). These cells
were able to transmit activation and co-stimulation signals
more efficiently and had improved cytokine secretion, ena-
bling them to expand and survive for a longer period with
stronger anti-tumor effects [62].

Oncolytic Virus

Oncolytic viruses (OVs) are modified therapeutic drugs that
selectively infect and self-replicate in tumor cells and have a
tumor-dissolving effect. OVs have the advantages of speci-
ficity, low toxicity, and low drug resistance. They can induce
inflammatory cascades and participate in adaptive immune
responses [63]. The anti-tumor effect of OVs not only
depends on oncolysis, but also correlates with virus-induced
anti-tumor immunity. OVs can release tumor antigens and
upregulate chemokines after they act on tumors, thereby
recruiting lymphocytes for infiltration [64]. OVs can affect
the immunogenicity of TME in a variety of ways, changing
the TME from an immunosuppressed state to an immune-
activated state. OVs infection kills tumor cells and causes
TAA to be released into the TME, causing it to undergo
immunogenic cell death. It can also change the immune state
of the TME by regulating the release of cytokines.

At present, a variety of oncolytic virus products have been
used in clinical research in pancreatic cancer [65]. In a phase
IT clinical trial, 76 patients were randomized to receive the
oncolytic virus pelareorep combined with chemotherapy (car-
boplatin and paclitaxel) or chemotherapy alone; there was no
significant difference in median OS (7.3 versus 8.8 months)
[66]. Animal experiments have shown that oncolytic viruses
can enhance the anti-tumor immune response in pancreatic
cancer and significantly reduce tumor load. Unfortunately,
follow-up clinical trials did not produce positive results.
Pancreatic cancer contains a large number of dense stromal
cells and scarce TILs, leading to the failure of some immune
checkpoint inhibitors. OVs can release tumor antigens and
upregulate chemokines after acting on tumors to recruit infil-
trating lymphocytes. The combination of OVs with immune
checkpoint inhibitors or adoptive cell therapy may improve
the therapeutic effect [67]. The combination of a tumor
necrosis factor-a (TNF-a) and IL-2 oncolytic adenovirus
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with mesothelin-targeted CAR-T cells in immunodeficient
mice with human pancreatic cancer xenografts was found
to significantly inhibit tumor lung metastasis and to reduce
tumor volume. This may be due to the increase in TILs and the
enhancement of T cell function, which exert anti-tumor effects
[68]. In summary, oncolytic viruses can change the immune
status of the host tumor by changing the TME and improve
the therapeutic effect of immune checkpoint and adoptive cell
therapies.

Immunomodulators

In pancreatic cancer, tumor cells express immunosuppressive
cytokines, which regulate the TME and act on tumor cells
to help tumors escape. Immunomodulators are a class of
non-specific biological products that enhance, promote and
regulate immune function. Currently, immunomodulators for
treating pancreatic cancer include interferon (IFN), IL, and
other related molecules. Studies have shown that combina-
tion of IL-10 can enhance the immunological activity of a
vaccinia virus-based oncolytic virus-targeting tumor cells in
pancreatic cancer cells. IL-10 inhibits the secretion of IFN-y
and granzyme B, thereby reducing the anti-tumor activity of
CAR-T cells. After depletion of IL-10 in the microenviron-
ment, the activity of CAR-T cells was significantly restored
[69]. IL-10 can promote memory T cell formation, and the
combination of PEG-IL-10 (pegilodecakin) and anti-PD-1 can
promote PD-1"LAG3*CD8* T cell expansion. Pegilodecakin
combined with anti-PD-1 treatment can enhance the immune
response [70, 71]. Combination of IL-6 inhibitors and anti-
PD-1 can lead to an increase in the number of CD8* T cells
and enhanced anti-tumor activity in tumors compared to the
use of immune checkpoint inhibitors alone [72]. In addition,
TGF-f can induce T cells to take on a regulatory phenotype.
Inhibition of TGF-p signaling can inhibit the regulation of
regulatory T cells in pancreatic cancer tissues and promote
the production of anti-tumor immunity [73]. Indoleamine
2,3-dioxygenase (IDO) inhibits T cell function, induces tumor
immune tolerance, and leads to chemoresistance and immuno-
therapy resistance, and IDO inhibitors also represent a research
direction in pancreatic cancer immunotherapy [74]. IDO1
inhibitors enhance the anti-tumor efficacy of GVAX in the
PDAC mouse model. The combination of the two enhances the
infiltration and function of T cells in tumors, but an anti-PD-
L1 antibody did not play a synergistic role. Therefore, IDO1
inhibitors can be combined with vaccine therapy [75].

MSI or MMR Pancreatic Cancer
Immunotherapy

Although immune checkpoint inhibitors are not effective in
most patients with pancreatic cancer, patients with higher
microsatellite instability (MSI) can achieve better results.
In these patients, the mismatch repair (MMR) defect leads
to MSI accumulation during DNA replication, and a large
number of mutations lead to the production of tumor-
related neoantigens [76]. Unfortunately, the MSI-H group
makes up only approximately 1% of pancreatic cancer
patients, and pancreatic cancer is a tumor with a very low
mutation load [77]. Single immunosuppressive agents are
not effective for pancreatic cancer, and pancreatic cancer
may be resistant to various factors due to the presence of
innate or adaptive immune effects [78, 79]. In addition, the
TME and stroma of pancreatic cancer are very complex; as
such, the immunotherapy of pancreatic cancer must select
specific antigens according to the heterogeneous character-
istics of pancreatic cancer and then cellular immunother-
apy must be administered in vivo, including a combina-
tion of cytokines, immune checkpoint inhibitors and other
therapies, in addition to radiotherapy and chemotherapy
when necessary. The NCCN guidelines recommend PD-1
and PD-L1 inhibitors for patients with MSI-H or dMMR
unresectable pancreatic cancer, and immunotherapy exists
as a second-line standard. MSI detection was performed
for locally advanced and metastatic pancreatic cancer, and
MMR and MSI in pancreatic cancer were evaluated by
IHC and PCR, leading to patient classification as MSI-
H, MSI-L or microsatellite stable [80, 81]. In a prospec-
tive study of pembrolizumab in the treatment of dMMR
or MSI-H metastatic solid tumors, 2 of 8 patients with
metastatic pancreatic cancer achieved complete remission,
3 patients achieved partial remission, and 1 patient had
stable disease, and the disease control rate was 75% [82].
Studies found that in some patients with pancreatic can-
cer and MSI, patients with a high tumor epitope load saw
efficacy with PD-1 mAb treatment [83]. However, recent
studies found that patients with pancreatic cancer who had
both activated T cells and detectable neoplastic epitopes
saw no efficacy with PD-1 mAb treatment [84]. The com-
bination of multiple immune checkpoint inhibitors may
improve the clinical efficacy of pancreatic cancer.

Conclusions
Tumor immunotherapy is a hot topic at present. The

research on immunotherapy for pancreatic cancer is very
limited, which is related to the unique biological behavior
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and the TME in pancreatic cancer [85]. The microenvi-
ronment of pancreatic cancer often includes increased
immunosuppressive cells, immune cell inactivation, and
low tumor mutational load. The effect of immunotherapy
on pancreatic cancer requires further clinical research and
evaluation. How to carry out individualized, combination,
and precise immunotherapy is a problem we still have to
solve [86].

A single immunotherapy does not achieve the desired
results, but in combination with other treatments, immuno-
therapy can significantly improve the effectiveness of treat-
ment. Genome-wide analysis has shown that the heterogene-
ity between individuals in pancreatic cancer is very obvious;
as such, individualized treatment programs can help improve
the efficiency of immunotherapy. In view of the obvious
individual differences in the response of different patients
to immunotherapy, some studies have established “immu-
nization scores” that combine the results of immunohisto-
chemistry and gene expression to evaluate the infiltration of
immune cells in tumors and to evaluate the efficacy of immu-
notherapy [87]. Screening for “immunogenic” subtypes that
are more likely to benefit from immunotherapy is likely to
achieve better results in patients with pancreatic cancer, as is
the combination of immunotherapy with chemoradiotherapy
[88]. The TME is involved in the metastasis of pancreatic
cancer. According to the characteristics of the TME in pan-
creatic cancer, reasonable immunotherapy strategies can be
designed to improve the efficacy of pancreatic cancer immu-
notherapy [9]. Future versions of immunotherapy for pancre-
atic cancer include the shift of immune checkpoint inhibitors
from single to combination therapies; the combination of
different immunotherapy methods; and the combination of
immunotherapy with chemotherapy, radiotherapy, and tar-
geted therapy [89, 90]. The key to the success of immuno-
therapy is the activation or inhibition of the immune system
via therapy that targets tumor cells, which can be achieved
by various immunotherapy methods [91]. Studies have used
single-cell transcriptome sequencing technology to identify
and analyze the cell types in pancreatic cancer patients and
control pancreatic samples. The expression of proliferative
ductal cell subsets in tumor tissues is negatively correlated
with the activation of tumor-infiltrating T cells, suggesting
that the presence of proliferative ductal cells and the loss of
activated T cells may lead to poor prognosis in pancreatic
cancer. The feasibility of identifying and precisely target-
ing tumor markers within subgroups of patients provides a
new research direction for the precise treatment of pancre-
atic cancer [92]. Exosomes are involved in the remodeling
of tumor stroma and play an important role in the tumor
immunosuppressive microenvironment in pancreatic cancer.
Recent studies suggest that exosomes can be used as carriers
to enhance tumor immunotherapy in pancreatic cancer [93].
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Immunotherapy in pancreatic cancer was less effective
than other solid tumors due to the tumor heterogeneity and
individual patient differences in pancreatic cancer. Based
on the results from other tumor immunotherapy strategies,
immunotherapy combined with chemoradiotherapy and
targeted therapy is expected to be superior to single drug
therapy [94, 95]. Combination immunotherapy can trans-
form immune cold tumors into hot tumors by reshaping the
tumor immune microenvironment, thereby improving the
survival of patients with advanced pancreatic cancer [96].
We need to explore more specific tumor biomarker mol-
ecules and develop new targeted drugs and tumor vaccines.
Individualized, combination, and precise therapy is the main
direction of future immunotherapy strategies in pancreatic
cancer, which may offer new hope for the treatment of pan-
creatic cancer.
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