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Abstract 
Pancreatic adenocarcinoma (PAC) is one of the 
most deadly malignant neoplasms, and the efficacy 
of conventional cytotoxic chemotherapy is far from 
satisfactory. Recent research studies have revealed that 
immunosuppression and inflammation are associated with 
oncogenesis, as well as tumor development, invasion, 
and metastasis in PAC. Thus, immunosuppression-
related signaling, especially that involving immune 
checkpoint and inflammation, has emerged as novel 
treatment targets for PAC. However, PAC is an immune-
resistant tumor, and it is still unclear whether immune 
checkpoint or anti-inflammation therapies would 
be an ideal strategy. In this article, we will review 
immune checkpoint and inflammation as potential 
targets, as well as clinical trials and the prospects for 
immunotherapy in PAC.
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Core tip: Pancreatic adenocarcinoma is recognized 
as one of the most malignant neoplasms, and more 
efficacious treatment is desired earnestly. Recent 
research studies have revealed that the development 
and progression of pancreatic adenocarcinoma 
are highly influenced by immune responses, and 
inflammation is a critical promoter of the disease. 
In this article, we highlighted the emergence of 
immunosuppression-related signaling associated with 
immune checkpoint and inflammation, as a novel 
treatment target for cancer. Furthermore, the review 
demonstrated that the current focus on therapeutic 
strategies involving combination chemotherapy, 
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immunotherapy, and anti-inflammation therapy might 
provide considerably more clinical benefits to patients 
than current therapies.

Kimbara S, Kondo S. Immune checkpoint and inflammation 
as therapeutic targets in pancreatic carcinoma. World J 
Gastroenterol 2016; 22(33): 7440-7452  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v22/i33/7440.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v22.i33.7440

INTRODUCTION 
Currently, pancreatic adenocarcinoma (PAC) is re­
cognized as one of the most malignant neoplasms. 
Most patients with PAC are diagnosed at an advanced, 
incurable stage because of the absence of routine 
screening and virtually no specific subjective symptoms 
before tumor progression. Although advances in a 
variety treatment approaches have improved the 
therapeutic management, the 5-year survival rate for 
patients with metastatic and recurrent PAC remains 
lower than 5%[1]. 

For over a decade, gemcitabine monotherapy has 
been a standard regimen for advanced PAC[2]. Recently, 
two pivotal studies demonstrated that FOLFIRINOX 
and nab-paclitaxel plus gemcitabine are more effective 
than gemcitabine monotherapy. However, these 
combination regimens prolonged the survival by 
only several months compared to gemcitabine with 
significantly increased toxicities[3]. 

Recent research studies have revealed that the 
development and progression of PCA are highly 
influenced by immune responses, and inflammation is 
a critical promoter of the disease. Therefore, targeting 
immunosuppressive and inflammatory signaling 
pathways may be a promising strategy. Here, we will 
review immunotherapy, especially focusing on the 
immune checkpoint and inflammatory signaling as 
potential therapeutic targets in PAC. 

IMMUNE CHECKPOINT THERAPY IN PAC 
TO DATE 
It is widely known that tumor cells escape from 
the host immune surveillance, and some tumors 
are resistant to the host immune responses. This 
immune tolerance is closely associated with immune 
checkpoints, which are inhibitory immune-related 
pathways that are initiated by ligand-receptor inte­
ractions between T cells and antigen-presenting 
cells (APCs) or tumor cells. T cells recognize tumor-
associated antigens (TAAs) presented by the major 
histocompatibility complex class II from APCs or tumor 
cells through the T-cell receptor. Simultaneously, 
costimulatory signals are needed to determine whe­
ther T cells activate or inhibit immune responses. 

When the costimulatory signal is an inhibitory pathway, 
T cells suppress the immune response, and then 
tumor cells are subsequently shielded from immune 
surveillance. Immune checkpoint therapy blocks 
this inhibitory signal and overcomes the immune 
tolerance[4]. 

Among the numerous costimulatory molecules, 
cytotoxic T-lymphocyte antigen (CLTA)-4 and pro­
grammed cell death (PD)-1/PD-ligand (PD-L) 1 have 
been established as treatment targets. Monoclonal 
antibodies including ipilimumab, nivolumab, and pem­
brolizumab blockade these molecules. These agents 
inhibit costimulatory signals, which results in activation 
of cytotoxic T lymphocytes (CTLs) against tumor cells. 
These immune checkpoint blockade demonstrated 
substantial efficacy in melanoma[5], non-small cell lung 
cancer (NSCLC)[6], and renal cell cancer[7]. Vigorous 
research studies are currently ongoing in various 
tumors.

However, immune checkpoint therapy may not 
be effective in PAC, at least as a monotherapy. A 
phase 2 trial evaluated the efficacy of ipilimumab in 
advanced PAC[8], but no response was observed per 
Response Evaluation Criteria In Solid Tumors at a dose 
of 3.0 mg/kg. Furthermore, an anti-PD-L1 antibody 
(BMS-936559) achieved no response (0/14) in a phase 
1 trial of patients with PAC[9]. Although several clinical 
trials are currently ongoing, single immune checkpoint 
blockade does not a promising option at this time. 

The reason why immune checkpoint therapy is 
not effective in PAC is unclear, but several hypotheses 
have been proposed.

One possible reason is associated with PD-L1 
expression. Several studies suggested that PD-L1 
expression in tumor cells, detected by immunohisto­
chemistry, is associated with responses to PD-1/PD-L1 
blockade therapy[10]. However, PD-L1 is expressed 
in approximately 40% of pancreatic cancer cells[11]. 
In addition, PD-L1 expression can be induced by 
oncogenic signaling independent of inflammatory 
signaling[12]. Therefore, the level of PD-L1 expression 
in tumor cells alone cannot explain their resistance to 
immune checkpoint therapy in PAC. 

The second possible reason is associated with the 
immune cell population in the tumor microenvironment 
(TME), which consists of a highly complicated interaction 
between tumor cells, immune cells, and stromal 
cells. With regard to immune cells, from the early 
tumorigenesis phase, myeloid-driven suppressor cells 
(MDSCs), tumor-associated macrophages (TAMs), and 
regulatory T cells (Tregs) occur in the TME. These cells 
deactivate immune response by various mechanisms. 
For example DMSCs have potent immunosuppressive 
properties through the production of reactive oxygen 
species[13], expression of arginase-1[14], depletion of 
cysteine[15], and suppression of CTLs. TAMs suppress the 
function of T cells, NKT cells and NK cells by expression 
of the ligand receptors for PD-1 and CTLA-4, and induce 
apoptosis by expression of FASL and TRAIL[16]. MDSCs 
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and TAMs induce Tregs in TME. Tregs suppress APCs via 
CTLA-4, secretion, secrete inhibitory cytokines (IL-10, 
TGF-β and IL-35), express granzyme/perforin against 
effector T cells, and inhibit differentiation of effector 
T cells by IL-2 consumption by CD25[17]. All of these 
functions provide immune suppressive environment. 
On the other hand, few effector T cells, which play 
essential roles in immune checkpoint therapy infiltrate 
into the tumor tissue[18]. This imbalanced immune cells 
population tends to enhance immunosuppression and 
interrupt immune checkpoint therapy. 

The third possible reason is associated with stromal 
cells in the TME. An abundance of desmoplastic stroma 
is a distinctive feature of PAC. Desmoplastic stroma 
consists of cancer-associated fibroblasts (CAFs) and 
extracellular matrix (ECM) and immune cells. It is well 
known that CAFs promote tumor progression through 
the Hedgehog, Wnt/β-catenin, Notch, K-ras signaling 
and the production of growth factors[19]. In addition, 
CAFs secrete chemokine ligand 12 (CXCL12) and 
interleukin 17 (IL-17). These mediators suppress T 
cells via chemokine receptor 4 (CXCR4)[19]. The CXCR4-
CXCL12 axis may be related to resistance to immune 
checkpoint therapy because the blockade of this signal 
has a synergistic effect on anti-PD-1 therapy[20]. 

 As mentioned above, PAC induces a highly immu­
nosuppressive environment regulated by immune 
cells, stromal cells, and mediators. This condition may 
contribute to its resistance to immune checkpoint 
therapy.     

OVERCOMING RESISTANCE TO IMMUNE 
CHECKPOINT THERAPY
Comprehensive research studies have revealed 
strategies to overcoming the resistance to immune 
checkpoint therapy. One approach involves the es­
tablishment of a positive predictive biomarker for 
immune checkpoint therapy. Expression of PD-L1 may 
be one candidate predictive marker. In NCSLC, several 
trials have reported that the objective response rate is 
associated with PD-L1 expression, although conflicting 
evidence exists[21]. However, as mentioned above, 
it is unclear whether the expression of PD-L1 could 
serve as a useful biomarker in patients with PAC. In 
addition, the standard immunohistochemical tests for 
the determination of PD-L1, and the cut off for PD-L1 
positive status have not been established yet.  

Another candidate predictive marker is the mis­
match repair (MMR) status of DNA. MMR deficiency 
leads to a high number of somatic mutations in 
tumors. Theoretically, accumulation of these somatic 
mutations can be recognized by the patient’s immune 
system. Le et al[22] hypothesized that tumors with MMR 
deficiency are sensitive to immune checkpoint therapy, 
and initiated a phase 2 trial in which pembrolizumab 
was administered to 41 patients with or without MMR 
deficiency. In that trial, MMR status was assessed by 

microsatellite instability (MSI) analysis. Microsatellite is 
region of repetitive DNA, where hundreds to thousands 
of somatic mutations are occurred in tumor with 
MMR deficiency. Condition of accumulation of somatic 
mutations in microsatellite is referred to as MSI, 
and MSI reflects MMR deficiency. Of the 41 patients, 
32 had colorectal cancers, which were regarded as 
immune resistant tumors. Eleven patients had MMR-
deficient colorectal cancer and 21 had MMS-proficient 
forms. The remaining nine patients had MMR-deficient 
noncolorectal cancer. PAC was not included in the 
trial. They reported that the immune-related objective 
response was 40% in the patients with MMR deficiency, 
while patients without MMR deficiency did not achieved 
any response. Therefore, MMR status can be a useful 
predictive marker for pembrolizumab therapy. That 
is why PAC with MSI expects to be sensitive to PD-1 
therapy. However, PAC with MSI is extremely rare[23] 
and, therefore, this enrichment strategy based on MSI 
examination may not be realistic. 

Another approach to overcome the resistance to 
immune checkpoint therapy is establishment of more 
potent treatment. Combination immunotherapy is 
currently emerging as a promising treatment. However 
determining the most effective combinations is a 
challenge. Candidates for combination therapy with 
immune checkpoint inhibitors are (1) cytotoxic agents; 
(2) other immune checkpoint inhibitors; (3) direct 
cytotoxic T cell stimulators; (4) cancer vaccines; and 
(5) radiation (Tables 1 and 2). Rationales and problems 
of each combination therapy are discussed here.

Combination therapy with cytotoxic regimens
Originally, it was thought that cytotoxic agents 
impaired immunity due to myelosuppression, and 
combination of cytotoxic agents and immunotherapy 
was not desirable. Accumulating evidences suggest 
that cytotoxic agents affect the immune system 
differentially; sometimes they act on the activate 
tumor immunity and other times on the inactivate[24]. 
Gemcitabine, oxaliplatin, irinotecan, 5-FU, and 
paclitaxel (nab-paclitaxel) are key drugs in the 
treatment of PAC. Preclinical data showed that these 
agents have immune effects such as enhancement 
of cellular immunity, augmentation of dendritic 
cell maturation, and reduction of MDSC and Tregs 
(reviewed by Duffy et al[25]). These findings suggest 
cytotoxic agents may be good partners of immune 
checkpoint therapy. In fact, a synergistic effect was 
observed with the combination of ipilimumab and 
cytotoxic agents in a preclinical tumor model[26]. 
In addition, randomized phase 2 trial showed that 
combination ipilimumab and CP (paclitaxel and 
carboplatin) improved immune-related progression-
free survival (irPFS) compared to CP alone in 
NSCLC[27]. 

The results of the phase 1 trial of the combination 
of ipilimumab and gemcitabine (NCT01473940) 
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Table 1  Rationales of each combination therapy 

Treatments Rationales Concerns

Checkpoint inhibitor plus cytotoxic agents Enhance cellular immunity Efficacy may be influenced by timing when cytotoxic 
agents add

Augment dendritic cell maturation Severe myelosupression may interrupt immune 
checkpoint therapy

Reduce MDSC and Tregs
Decreases CAF

Combination with checkpoint inhibitors Activate tumor immunity by different mannar ir AE will increase
Provide  synergy efficacy even in immune 

resistant tumor
Checkpoint inhibitor plus T cells stimulate 
agents

Activate tumor immunity by different mannar Severe AE including cytokine storm may occur
Deactive Tregs

Checkpoint inhibitor plus cancer vaccine Increase the presentation of taas
Enhance PD-L1 expression

Radiotherapy Enhance cross priming of ctls Optimal schedule and dose are not established
Enhanse abscopal effect

Table 2  Problems of each combination therapy

Treatment Disease Phase Clinical trial 
number 

Status

Checkpoint inhibitor plus cytotoxic agents
   Ipilimumab (anti-CDLA-4) PC 1 NCT01473940 Ongoing
   Gemcitabine
   Nivolumab (anti-PD-1)  PC 1 NCT02309177 Ongoing
   Nab-PTX ± gemcitabine
Combination with checkpoint inhibitors
   Nivolumab (anti-PD-1) TNBC, GC, PC, 1, 2 NCT01928394 Ongoing
   Ipilimumab (anti-CTLA-4) SLCL. BC, OC
   MEDI4736 (anti-PD-1)  Solid tumor 1 NCT02261220 Ongoing
   Tremelimumab (anti-CTLA-4)
   Nivolumab (anti-PD-1) Cervical cancer, BC, CRC, HN, GC, 

HCC, melanoma, NSCLC
1, 2 NCT01968109 Ongoing

   BMS-986016 (anti-LAG-3)
   PDR001 (anti-PD-1)  Solid tumors 1, 2 NCT02608268 Ongoing
   MBG453 (anti-TIM-3) 
   Ipilimumab (anti-CDLA-4) B7-H3 expressing tumors (melanoma, 

HN, NSCLC)
1, 2 NCT02381314 Ongoing

   MGA271 (anti-B7-H3)
   Pembrolizumab (anti-PD-1) B7-H3 expressing tumors 1, 2 NCT02475213 Ongoing
   MGA271 (anti-B7-H3) (melanoma, HN, NSCLC)
Checkpoint inhibitor plus T cells stimulate agents
   Nivolumab (anti-PD-1) Solid tumors, B-cell NHL 1, 2 NCT02253992 Ongoing
   Urelumab (anti-4-1 BB)
   Pembrolizumab (anti-PD-1) Solid tumors 1 NCT02179918 Ongoing
   Urelumab (anti-4-1 BB) 
   Tremelimumab (anti-CTLA-4)  Solid tumors 1, 2 NCT02205333 Ongoing
   MEDI6469 (anti-OX-40
   MEDI4736 (anti-PD-L1)   Solid tumors 1, 2 NCT02205333 Ongoing
   MEDI6469 (anti-OX-40)
   Tremelimumab (anti-CTLA-4) Melanoma 1 NCT01103635 Ongoing
   CP-870,893 (anti-CD40)
Checkpoint inhibitor plus cancer vaccine
   Ipilimumab (anti-CTLA-4) + GVAX PC 2 Ref 58 Terminated
   FOLFIRINOX followed by PC 2 NCT01896869 Ongoing
   Ipilimumab (anti-CTLA-4) + GVAX
   Nivolumeb (anti-PD-1) + GVAX PC 2 NCT02243371 Ongoing
Checkpoint inhibitor plus raditaion
   Ipilimumab + radiation Melanoma 1 NCT01557114 Terminated

Melanoma 2 NCT016899747 Terminated
NSCLC 2 NCT0221739 Ongoing

Melanoma 2 NCT01970527 Ongoing 

BC: Bladder cancer; CRC: Colorectal cancer; HN: Head and neck cancer; NSCLC: Non-small cell lung cancer; OC: Ovarian cancer; PC: Pancreatic cancer; 
SCLC: Small cell lung cancer. 
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and combination therapy with tremelimumab 
(CTLA-4 blocking IgG2 antibody) and gemcitabine 
for advanced PAC were reported that both regimens 
were well tolerated. However, tremelimumab and 
gemcitabine achieved responses in only 10.5%, 
which appeared comparable to the effects of 
gemcitabine monotherapy[28]. Nab-paclitaxel, which 
decreases CAFs in preclinical PAC model[29], is also a 
promising combination candidate. A phase 1 study of 
combination therapy with nivolumab and nab-paclitaxel 
with or without gemecitabine is currently ongoing 
(NCT02309177). Phase 2 trial of FOLFIRINOX followed 
by ipilimumab with tumor vaccine for metastatic PAC is 
also ongoing (NCT01896869). 

To develop this combination therapy, there are two 
challenges that need to be overcome; determining 
what cytotoxic agents to combine and when to use 
the cytotoxic agent combination. Several studies 
reported that the absolute lymphocyte count had a 
positive relationship with improved OS in patients with 
melanoma who were treated with ipilimumab[30]. Thus, 
cytotoxic agents with high myelotoxicity may not be 
desirable. In addition, the timing of the combination 
may affect efficacy. Phased combination improved 
the irPFS, but the concurrent combination did not, in 
NSCLC phase 2 trial[27]. 

Combination therapy with immune checkpoint signaling 
blockers 
Although both PD-1 pathway and CTLA-4 pathway 
are related to the regulation of T cell function, the 
mechanisms of action of each are different[31]. Das 
et al[32] reported that CTLA-4 blockade leads to a 
proliferative signature predominantly in a subset of 
transitional memory T cells, whereas PD-1 blockade 
leads to changes in genes implicated in cytolysis and 
NK cell function in vivo. Thus, dual blockade therapy 
is a reasonable strategy and may have synergistic 
efficacy. In a melanoma model, combination blockade 
was related to prolonged survival, proliferation, and 
enhanced function of CD8+ and CD4+ cells, and 
increased ratio of effector T cell /Treg and MDSCs[31]. 
Das et al[32] also reported that combination blockade 
is associated with changes in plasma chemokine and 
cytokine compared to mono blockade. Lussier et 
al[33] showed that combination blockade with CTLA-4 
and PD-L1 (ligand of PD-1) antibody could achieve 
complete control of an osteosarcoma model whereas 
mono blockade could not. These preclinical data 
suggest that combination blockade with CTLA-4 and 
PD-1 may have more potent efficacy, even for immune 
resistant cancer including PAC, than monotherapy. 

Several clinical trials showed the efficacy of 
combination blockade therapy. A phase 3 trial of 
combination therapy with ipilimumab and nivolumab 
showed that combination therapy provided greater 
clinical benefits than ipilimumab monotherapy did in 
melanoma[34]. The same combination regimen was 

evaluated in a phase 1 trial for NSCLC and renal cell 
cancer[35,36], and phase 3 trials are currently ongoing. 
For other tumors including PAC, a phase 1/2 trial 
to evaluate the tolerability and efficacy of the same 
regimen tumors is currently ongoing (NCT01928394). 
Phase 2 trial of durvalumab (MEDI4736, anti-
PD-1 IgG1 mAb) with tremelimumab (anti-CTLA-4 
IgG2 mAb) for advanced PAC is also ongoing 
(NCT02558894). 

A critical issue in this combination therapy is 
increased toxicity. Compared to monotherapy, 
combination therapy was associated with increased 
serious adverse events (AEs) and discontinuation of 
treatment due to AEs[34]. Whether this combination 
therapy has a good risk/benefit balance or not in PAC is 
unclear.

Lymphocyte-activation gene 3 (LAG-3) and T-cell 
immunoglobulin and mucin domain 3 (TIM3) signaling 
are other immune checkpoint targets. Preclinical 
studies showed that dual blockade of PD-1 and 
LAG-3[37], and PD-1 and TIM3[38] induce a synergistic 
effect in controlling tumor growth. These combination 
therapies have been evaluated in phase 1 trials 
such as nivolumab plus BMS-986016 (anti-LAG-3) 
(NCT01968109 (PAC was not included) and PDR001 
(anti-PD-1) plus MBG453 (anti-TIM-3) (NCT02608268). 
Furthermore, recent studies implicated the B7-H3 
and B7-H4 pathways in the progression of pancreatic 
cancer and the blockade of these signaling pathways is 
a novel treatment target[39]. In future, B7-H3 or B7-H4 
inhibitors may become combination partners with 
other immune checkpoint inhibitors.

Combination therapy with direct cytotoxic T cell 
stimulators 
The immune system is regulated both by immuno­
suppressive signaling and by immunoreactive signaling. 
Immune checkpoint signaling is an example of 
immunosuppressive signals. On the other hand, active 
costimulatory signaling activates an immune response, 
which is contrary to immune checkpoint signaling. 
This costimulatory signaling is associated with the 
tumor necrosis family receptors superfamily (TNFRSF). 
TNFRSF proteins play an important role in B and T 
cell development, survival, and antitumor immune 
response[40]. In addition, some TNFRSFs are involved in 
the deactivation of Tregs[41]. Therefore, TNFRSF agonists 
activate tumor immunity, and their combination with 
immune checkpoint therapy is promising.

TNFRSF include 4-1BB, OX-40, GITR, CD27, GITR, 
TNFRSF25, and CD40. Several antibodies that act as 
TNFRSF agonist have been evaluated in clinical trials, 
combined with immune checkpoint therapy. Urelumab 
(BMS-663513) and PF-05082566 are agonistic 4-1 BB-
specific antibodies. In a preclinical model, a combination 
of a 4-1BB agonist and PD-1antagonist enhanced the 
antitumor effector/memory T-cell activity. This activity 
was observed in a poorly immunogenic melanoma 
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model without severe toxicity[42]. Thus, the combination 
of uretinib with nivolumab or PF-05082566 with 
pembrolizumab is reasonable. These combinations have 
been investigated in phase 1 trials (NCT02253992 and 
NCT02179918).  

OX-40 agonists can be good partners with both 
CTLA-4 antagonist and PD-L1 antagonist. The com­
bination of OX-40 agonist with CTLA-4 antagonist 
enhanced therapeutic efficacy[43], whereas the com­
bination of an OX-40 agonist with a PD-L1 antagonist, 
restored the functions of exhausted CD8+ T cells in 
preclinical models[44]. MEDI6469, an OX40‑specific 
antibody, in combination with tremelimumab or 
MEDI4736 (an anti- PD-L1 antibody) were investigated 
in a phase 1 trial (NCT02205333). This study was 
completed in April 2016, and the results are currently 
awaited.

The monoclonal CD40 agonist antibody, CP-870,893 
in combination with gemcitabine was well tolerated and 
associated with antitumor activity in patients with PAC 
in a phase 1 trial[45]. The combination of tremelimumab 
and CP-870,893 demonstrated safety and clinical 
activity in patients with melanoma reported in a 2015 
American Association for Cancer Research (AACR) 
annual meeting. As far as we know, there is no clinical 
trial of investigating the combination of a CD40 agonist 
and PD-1/PD-L1 antagonist. 

Targeting TNFRSF requires close patient monitoring 
to avoid overstimulating the immune system. Notably, 
treatment with TGN1412, an antibody against the 
CD28 receptor, led to a cytokine storm in a phase 1 
trial[46]. 

Combination therapy with cancer vaccines
Cancer vaccines stimulate the immune system to 
produce tumor-specific T and B cells[47] by increasing 
the presentation of TAAs to the immune system. In 
general, cancer vaccine therapies are well tolerated 
because the vaccines are very specific. The most 
promising vaccine is GVAX, which is a whole cell 
vaccine composed of two irradiated cancer cell lines 
and engineered to express GM-CSF. GVAX induces 
movement of effector T cell to the TME and PD-1/
PD-L1 mediated signaling. Thus, immune checkpoint 
therapy and GVAX have synergistic antitumor effects. 
This combination was compared to single ipilimumab 
for advanced PAC in a randomized phase 2 trial. The 
combination therapy achieved CA19-9 biochemical 
response and prolonged the patient survival, although 
not significantly[48]. Multicenter phase 2 study is 
ongoing, in which FOLFIRINOX followed by ipilimumab 
with GVAX is being compared to FOLFIRINOX alone. 

PD-1 blockade therapy and GVAX may be more 
a desirable combination than ipilimumab and GVAX, 
regarding efficacy and toxicity. Preclinical data showed 
that GVAX enhances PD-L1 expression, PD-1/PD-L1 
blockade with GVAX (with cyclophosphamide) overcomes 
the immunosuppressive situation including Treg and 
CTLA4 expression on T cells[49]. In a neoadjuvant setting, 

the efficacy of GVAX (with cyclophosphamide) with or 
without nivolumab was compared in phase 1/2 trial 
(NCT02451982). In addition, a phase 2 trial of GVAX 
vaccine (with cyclophosphamide) and CRS-207 with or 
without nivolumab in advanced PAC is ongoing. 

Moreover, triple therapy, PD-1 and CLTA-4 blockade 
with GVAX was better than dual blockade therapy was 
in a preclinical setting[50]. As far as we know, this triple 
therapy has not been translated to the clinical setting. 

Combination therapy with radiotherapy
Radiotherapy is a good candidate combination partner 
for immune checkpoint therapy for two reasons. First, 
radiation facilitates the cross-priming of CTLs, and 
secondly, radiation has an abscopal effect.

Radiation enhances cross-priming of CTLs in two 
ways. When radiation induces tumor cell apoptosis, 
calreticulin is displayed on the surface of tumor cells, 
which acts as an “eat me” signal to DCs. This signal 
facilitates the cross-priming of CTLs. In addition, 
radiation induces the release of danger-associated 
molecular patterns (DAMPs) including ATP and 
HMGB-1. These DAMPs are endogenous immune 
adjuvants that stimulate DC activation, facilitating 
cross-priming of CTLs[51].

The abscopal effect is a phenomenon in which a 
primary tumor is irradiated and a response is observed 
at distant metastatic sites outside of the radiation field. 
The mechanism of this phenomenon is not understood 
completely, but it may be mediated by immunologic 
mechanisms, especially T cells[51]. The abscopal effect 
was reported in several types of cancer including 
melanoma, lymphoma, and renal cell carcinoma. In 
PAC, the abscopal effect was reported in a xenograft 
model[52].  

Synergistic effects of immune checkpoint blockade 
and radiation were reported by Dewan et al[53]. 
CTLA-4 blockade acts synergistically with radiation 
to induce an abscopal response in preclinical models 
of poorly immunogenic cancers. In addition, Postow 
et al[54] reported a case of the abscopal effect in an 
advanced melanoma patient treated with ipilimumab 
and radiotherapy. The efficacy of radiotherapy with 
immune checkpoint therapy has been evaluated in 
melanoma, castration-resistant prostate cancer, and 
NSCLC. A randomized phase 3 trial compared radiation 
with ipilimumab to radiation alone was conducted 
in prostate cancer, but there was no significant 
difference in OS between the two arms[55]. Other trials 
are ongoing. Optimum radiation schedule, dose, or 
risk benefit balances of combination therapy remain 
unknown.

INFLAMMATION IN PANCREATIC 
CANCER
Inflammation contributes to carcinogenesis and 
tumor progression. It is widely known that PAC is 

Kimbara S et al . Immune and inflammation-targeted therapy in PAC



7446 September 7, 2016|Volume 22|Issue 33|WJG|www.wjgnet.com

associated with both systemic and TME inflammation. 
The influence of systemic inflammation has been 
investigated in the clinical setting. On the other hand, 
the importance of inflammation in the TME has been 
implicated mainly in preclinical models. 

Multiple large studies demonstrated that ele­
vated systemic inflammatory markers are a negative 
prognostic factors in various cancers. This negative 
impact is particularly strong in patients with PAC. We 
previously reported that elevated C-reactive protein 
and pentraxin 3 were prognostic factors in of advanced 
PAC[56]. In addition, CRP and hypoalbuminemia are 
the defining measures used by the modified Glasgow 
Prognostic Score (mGPS)[57]. The validation of mGPS 
has been examined in more than 60 studies and over 
30000 patients across multiple tumor types and clinical 
settings[58]. Systemic inflammation is also related to 
malignancy-associated symptoms including cachexia, 
muscle loss, poor performance status, fatigue, cognitive 
dysfunction, and reduced quality of life[59]. 

On the other hand, inflammation in the TME is 
associated with numerous tumor-promoting effects 
including enhancement of proliferative signaling, 
resistance to apoptosis, enhancement of angiogene­
sis[60], and modulation of antitumor immunity to support 
immune evasion[61]. Inflammation in the TME consists 
of crosstalk between tumor, stromal, and immune cells. 
Crosstalk is conducted by inflammatory mediators. 

Thus, inflammatory mediators are considered potential 
treatment targets. These target include the activating 
oncogene (Kras), tumor suppression gene (tumor 
protein p53 [TP53] and mothers against decapentaplegic 
homolog 4 [SMAD4]), chemokines (CXCR2 ligands), 
cytokines (interleukin [IL]-6 and IL-1), and downstream 
effectors (STAT3 and nuclear factor kappa-light-chain-
enhancer of activated B cells [NF-κB], Figure 1). 

CXCR2 and CXCLs
Chemokines are small-molecular-weight cytokines. 
Chemokines and their receptors play a role as 
inflammatory mediators. In malignant conditions, 
CXCLs and CXCR2 are of particular importance. CXCR2 
is a G-protein-coupled cell surface chemokine receptor 
commonly found on neutrophils. In normal physiology, 
CXCR2 signaling is important for neutrophil migration 
in acute inflammation or wound healing. Ligands of 
CXCR2 (CXCLs) are ELR motif positive chemokines. 
CXCLs include CXCL-1, 2, 3, 5, 6, and 8 (IL-8). 

CXCR2 signal is upregulated during the primitive 
stage of PAC development, and this signaling maintains 
the feed-forward loop in PAC cells and this autocrine 
effect of CXCR2 signaling promotes transformation and 
progression of PAC[62]. In addition to inducing direct 
effects, CXCR2 signaling also promotes the progression 
of PAC indirectly to affect the TME[63]. 

CXCLs also play important roles. CXCL5 and 

Figure 1  Various inflammation-associated signaling pathways activated in Kras mutant pancreatic cancer cells, as novel treatment targets. CXCL5: 
C-X-C motif chemokine ligand 5; ERK: Extracellular signal-regulated kinase; IL: Interleukin; JAK: Janus kinase; NF-kB: Nuclear factor kappa-light-chain-enhancer of 
activated B cells; STAT: Signal transducer and activator of transcription; TNF: Tumor necrosis factor; TNF-R: TNF-receptor.
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CXCL8 expression in tumors are elevated[64], and 
overexpression of CXCL5 is associated with poor 
survival[65]. CXCL5 also activates several pathways 
including the protein kinase B (Akt), extracellular 
signal-regulated kinase (ErK), and STAT in human 
endothelial cells[65]. 

Moreover, Kras mutation is the most important 
oncogene-related factor in PAC, and Kras presents 
in more than 90% of PAC from the early stage[66]. 
Kras signaling involves various downstream effectors 
including Raf/Mek/Erk, PI3K/Pdk1/Akt, and the Ral 
guanine nucleotide exchange factor pathway[67]. Kras 
also plays important roles in inflammatory responses. 
When mutant Kras expression remains activated, 
the stimulation of the hedgehog signaling pathway, 
upregulation of inflammatory mediators IL-6, STAT3, 
and cyclooxygenase (COX)-2 are observed. In addition, 
when Kras becomes inactivated, the expression of 
these inflammatory mediators decreases[68]. These 
findings suggests that Kras mutation is related to the 
coordination of the inflammatory response in PAC. 

Although oncogenic Kras is required for initiation, 
maintenance and progression in PAC, pharmacological 
inhibition of KRAS continues to be challenging. Recent 
studies have revealed the association between CXCR2 
signaling, Kras mutation, and tumor progression. 
Activated Kras enhances CXCLs in pancreatic epithelial 
cells[69]. Preclinical models also showed that inhibition 
of CXCR2 signaling regulates Kras-induced autocrine 
growth of PAC and disrupts the tumor-stromal 
interaction, suppresses metastases and improves 
survival in preclinical models[62]. These findings suggest 
CXCR2 signaling is a surrogate target of Kras in PAC.

Interestingly, CXCR2 inhibition may enhance the 
efficacy of PD-1 blockade therapy. Steele et al[70] and 
Highfill et al[71] reported that combination therapy with 
anti-CXCR2 and anti-PD-1 improved survival compared 
to anti-PD-1 monotherapy in a preclinical model. The 
reason for this synergistic effect is thought to be the 
inhibition of CXCR2, which prevents MDSCs trafficking 
to the TME and increases activated CD8+ cells within 
the tumor.  

However, no clinical trial has evaluated the efficacy 
of CXCR2 signaling blockade in malignant tumors. 
Several CXCR2 antagonists were evaluated in clinical 
trials for chronic obstructive pulmonary disease[72].

IL-6 
IL-6 is a proinflammatory cytokine produced by 
various cells including macrophages, hepatocytes, 
and pancreatic cancer cells[73]. In PAC, IL-6 plays 
a multifunctional role in the development and 
progression of PAC by directly affecting the tumor 
cells as well as modulating the TME[74]. Although 
several molecules including mesothelin and receptor 
for advanced glycation end products influence IL-6 
expression, the most important enhancer of IL-6 is 
Kras[75]. IL-6 signaling activates Janus kinase (JAK)-1 

and JAK2, which leads to the phosphorylation of 
STAT-1 and 3, which plays an important role in tumor 
growth, survival, angiogenesis, and metastasis. In 
addition, IL-6 signaling activates the Ras-mitogen-
activated protein kinase (MAPK) and phosphoinositide 
3-kinase (PI3K)-Akt signaling cascades[76], which 
is associated with antiapoptotic and tumorigenic 
functions. Furthermore, IL-6 contributes to creating 
a pro-tumorigenic TME by enhancing the expression 
of IL-10, IL-13, IL-5, IL-7, and GM-CSF[77]. In 
patients with PAC, high serum IL-6 was related to 
cachexia, progression to an advanced stage, and poor 
survival[78]. Thus, IL-6 signaling has emerged as a 
treatment target of PAC. 

Siltuximab (CNTO328) is a chimeric anti-IL-6-
monoclonal antibody, which binds strongly to IL-6 and 
neutralizes its activity and, thereby, promotes tumor 
cell death. The safety and efficacy of monotherapy with 
siltuximab were evaluated in phase 1/2 trials. Because 
IL-6 has a significant role in mutant Kras-driven 
tumorigenesis, patients with Kras-mutant tumors 
including PAC, NSCLC, colorectal, head, and neck 
cancers received siltuximab in the phase 1 expansion 
and phase 2 cohorts. Unfortunately, no objective 
response was observed in any of the 84 patients. 
Therefore, no further trial is planned with this drug for 
solid tumors[79]. However, siltuximab was approved 
for the treatment of human immunodeficiency virus 
negative and human herpes virus (HHV)-8 negative 
multicentric Cattleman’s disease by the United States 
Food and Drug Administration (FDA) in 2014[80]. 
In addition, siltuximab is a promising agent for the 
treatment of B-cell non-Hodgkin’s lymphoma and 
multiple myeloma. 

Tocilizumab is a humanized antibody that acts as 
an antagonist of the IL-6 receptor while clazakizumab 
is a glycosylated anti-IL-6 monoclonal antibody. 
Both agents have shown efficacy in the treatment of 
rheumatoid arthritis[81]. Currently, there are no ongoing 
clinical trials to evaluate the efficacy of both agents 
in solid tumors. However, anti-IL-6 and anti-IL-6R 
antibodies may be useful in cancer-related cachexia. 
Ando et al[82] reported a case of a patient with lung 
cancer who had cachexia, and whose symptoms 
were rapidly palliated by the use of tocilizumab[82]. 
Clazakizumab was well tolerated in a phase 2 trial 
(NCT00866970), and it improved the tumor-related 
symptoms of patients with NSCLC[83].

In PAC, the sources of IL-6 are myeloid cells[84] 
and CAFs[76]. These cells are components of the TME. 
Recent studies revealed that a somatostatin analog 
SOM230 (pasireotide) inhibits protein synthesis in 
activated CAFs, and decreases IL-6 secretion[85]. Thus, 
targeting CAFs is another strategy to regulate IL-6. At 
the ASCO 2015 annual meeting, the results of a phase 
1 trial were reported showing that the combination 
of SOM230 with FOLFIRI was well tolerated for gas­
trointestinal malignancies including PAC. In addition, 
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combination of SOM230 LAR and gemcitabine was also 
well tolerated and achieved a disease control rate of 
68% for patients with advanced PAC[86] .

NF-κB
NF-κB is a transcription factor that plays critical roles 
in inflammation, cell production and differentiation, 
immune responses, and cancer[87]. In cancer cells, 
the oncogenic role of NF-κB includes the promotion of 
cell proliferation, control of apoptosis, stimulation of 
angiogenesis, and metastasis. NF-κB transcriptional 
factor is constitutively activated in most patients with 
PAC[88]. Kras mutation in PAC induces the secretion 
of the cytokine IL-1α, which further leads to the 
ubiquitination of the TNF receptor-associated factor 
6 (TRAF6) and activation of inhibitor of nuclear factor 
kappa-B kinase subunit-β. This further activates NF-
κB to induce its target genes including the protein p62, 
which in turn positively regulates TRAF6 ubiquitination 
and promotes the constitutive NF-κB. This feed-
forward loop leads to PAC development[89]. In addition, 
NF-κB functions as a crucial link between pancreatic 
inflammation and PAC. 

Several previous trials examined the role of anti-
TNF directed therapy in the treatment of pancreatic 
cancer and cachexia, and the efficacy of anti-
TNF targeted therapy in PAC was controversial. 
Thalidomide is an immunomodulatory agent known 
to decrease TNF levels. A randomized and double 
blind phase 2 study of thalidomide demonstrated an 
improvement in weight and lean body mass at 8 wk 
compared to the placebo[90]. In contrast, a placebo-
controlled randomized phase 2 study of gemcitabine 
and infliximab, a monoclonal antibody that blocks TNF, 
did not show a benefit in preserving lean body mass 
or survival[91]. Etanercept is a recombinant human 
TNF receptor that specifically binds to soluble TNF and 
biologically inactivates it by blocking its interaction with 
cell surface TNF receptors. Recently, the safety and 
efficacy of etanercept combined with gemcitabine were 
evaluated in a phase 1/2 study[92]. This combination 
was well-tolerated; however, etanercept did not 
show a significant enhancement of the activity of 
gemcitabine[92]. These results imply that targeting TNF 
alone is not sufficient for an antitumor response or 
reversal of cachexia. 

Another proposed target is IL-1. Aanakinra is a 
recombinant, non-glycosylated synthetic form of 
the human IL-1β receptor antagonist. This agent 
has been approved by the FDA for the treatment of 
neonatal-onset multisystem inflammatory disease 
and rheumatoid arthritis. In a preclinical model, 
anakinra significantly decreased NF-κB, and its co-
administration with gemcitabine reduced the tumor 
burden[93]. Several early clinical trials to evaluate 
the safety and efficacy of anakinra are currently 
ongoing. For PAC, treatment with anakimura plus a 
conventional cytotoxic regimen are under investigation 

(NCT02550327, NCT02021422) as well.

JAK/STAT 
The JAK/STAT pathway is an emerging and promi­
sing treatment target of PAC. JAKs are a family of 
cytoplasmic tyrosine kinases that consist of four 
members, JAK1, JAK2, JAK3, and Tyk2. In addition, 
the STATs, which are a family of downstream 
transcription factors for JAKs[94], have dual roles as 
cytoplasmic signal transduction molecules and nuclear 
transcription factors. Both intrinsic and extrinsic 
pathways activate JAK/STAT signaling. Abnormalities 
of the JAK/STAT pathway contribute directly to cellular 
transformation, increased cell proliferation, apoptosis, 
and angiogenesis in cancer. In addition, STAT3 induces 
the expression of various cytokines, chemokines, 
and other mediators including IL-6 and COX-2, which 
are associated with cancer-promoting inflammation. 
Importantly, the receptors for numerous cytokines, 
chemokines, and mediators in turn further activate 
STAT3, thereby forming autocrine and paracrine feed-
forward loops that result in a stable change that 
promotes cancer-related inflammation[95].  

Among the several JAK/STAT signaling targeted 
drugs, the development of ruxolitinib is the most 
advanced. Ruxolitinib is a potent JAK1/JAK2 inhibitor 
and deregulator of JAK/STAT signaling. In a randomized 
phase 2 study, 127 patients with metastatic gemcitabine-
refractory PAC were administered capecitabine plus 
either ruxolitinib or a placebo. In the intent-to-treat 
population, the addition of ruxolitinib to capecitabine did 
not demonstrate any significant improvement in the OS 
or PFS. However, in a prespecified subgroup analysis 
of patients whose serum CRP level was greater than 
that of the study population median, the OS was 
significantly longer in the combination arm compared 
to the monotherapy arm. A post hoc analysis indicated 
that ruxolitinib achieved a longer OS in patients with 
high mGPS, representing a more severe systemic 
inflammation. Two randomized, double-blind phase 3 
trials with ruxolitinib or placebo in combination with 
capecitabine in patients with PAC patients who failed to 
respond to first-line chemotherapy (the JANUS 1 and 
JANUS 2 Studies) are currently ongoing. Based on the 
previous phase 2 trial, the selection criteria in these 
studies included an mGPS of 1 or 2 (NCT02119663, 
NCT02117479). A phase 1b study of the safety 
and tolerability of ruxolitinib in combination with 
gemcitabine with or without nab-paclitaxel in advanced 
solid tumors is also currently ongoing. (NCT01822756). 
Treatments with other novel JAK inhibitor are also 
being investigated.

CONCLUSION
Various research studies have revealed that immuno­
suppression and inflammation play critical roles in 
oncogenesis, development, invasion, and metastasis in 
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PAC. Understanding the complicated crosstalk between 
the immune and stromal cells would certainly lead to the 
development of effective treatment strategies. However, 
single immune checkpoint therapy may not achieve 
the desired clinical benefits. Combination therapy with 
immune chokepoint blockers and other agents or anti-
inflammation targeted therapy are expected to provide 
considerable clinical benefits to patients with PAC.  
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