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Introduction: Immune checkpoint inhibitors, targeting cytotoxic T-lymphocyte-associated protein 4 (CTLA-4)
and the programmed cell death protein-1 (PD-1)/programmed cell death ligand-1 (PD-L1) pathways have shown
remarkable potential in several types of cancer. In this review we summarize published and ongoing studies on
checkpoint inhibitors in pancreatic cancer (PC).

Methods: We conducted a systematic literature search using Medline and Embase up to November 2018; addi-
tional data from a search on clinicaltrials.gov were included. Endpoints of interest encompassed overall survival
(0S), progression free survival (PFS) and response rates.

Results: Full-length articles constituted a minority of included records. Furthermore, few patients were enrolled,
and only few phase II studies were identified.

Disappointing limited activity was demonstrated with single-agent checkpoint inhibitors in PC. A small
number of studies on combination therapy showed promise with regards to response. But overall, PC patients
treated with checkpoint inhibitors were not shown to elicit improvement in response rates or overall survival.
Conclusion: Checkpoint inhibition monotherapy has failed to elicit efficacy in patients with pancreatic cancer.
Combination regimens including chemotherapy have shown initial promise, but these results need to be verified.
Numerous studies on checkpoint inhibition in PC are ongoing.

Introduction

In 2016 pancreatic cancer (PC) moved from 4™ [1,2] to 3rd leading
cause of cancer death in the US, surpassing breast cancer [3]. PC is
projected to be the second leading cause of cancer related death in 2020
[4,5]. Over 90% of PC cases develop in the exocrine tissue. Pancreatic
adenocarcinomas compromise most of the exocrine tumors and of these
the pancreatic ductal adenocarcinoma (PDAC) is the most frequent
histological subtype [6]. About half of patients with PC present with
distant metastases while approximately a third present with locally
advanced disease [7]. A small portion of PC patients have tumors
characterized by defective mismatch repair with possible implication
for treatment strategy [8,9].

Surgery is the only potentially curative treatment of PC [10].
However, less than 20% of patients are eligible for this intervention [2].
Even after radical resection, the recurrence rate is high [11], and the
majority of patients relapse within two years. Adjuvant treatment with
modified FOLFIRINOX (5-fluorouracil (5-FU), leucovorin, irinotecan,
oxaliplatin) results in the longest overall survival (OS) yet reported
after resection, with 63% being alive after three years [12]. In most
instances, palliative chemotherapy is the only treatment option [13].

* Corresponding author.

The choice of treatment for metastatic PC is guided by the patients’
performance status, and current recommendations include FOLFIRI-
NOX, gemcitabine plus nab-paclitaxel or gemcitabine monotherapy
[13]. The combination of Onivyde (irinotecan liposome), 5-FU and
leucovorin is approved by European Medicines Agency (EMA) and U.S.
Food and Drug Administration (FDA) after gemcitabine-based therapy
[14-16]. The overall 5-year survival rate for PC is 8% [2] and sig-
nificant improvement in survival over the past decades has remained
absent despite introduction of new regimens [17]. Thus, the need for
novel therapies is warranted. Current approaches include investigation
of immunotherapy combinations, targeting of DNA repair, stroma, and
tumor metabolism and the identification of clinically useful biomarkers.

Immune therapy and its implications for treatment is a topic of in-
terest and a possible way to improve the prognosis of PC. It is an in-
vestigational field that encompasses targeted therapies and anti-tumor
vaccination [18]. The present review investigates the status in the field
of immune checkpoint therapy in patients with PC.

Checkpoint inhibition

The term ‘immune checkpoints’ refers to the regulatory mechanisms
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Fig. 1. PRISMA 2009 Flow Diagram.

used to modulate T-cell immune responses [19]. It has been theorized
that tumor cells exploit the inhibitory effect of checkpoint regulation to
escape immune responses. The rationale behind targeting immune
checkpoints is that blockade of the inhibitors (‘releasing the brakes’)
harnesses the endogenous anti-tumor response of the immune system to
combat the disease [19]. Several antibodies against immune check-
points have been approved and others are being investigated. Fre-
quently studied targets of these antibodies are cytotoxic T lymphocyte
protein 4 (CTLA-4), programmed death-1 (PD-1) and programmed
death-ligand 1 (PD-L1). CTLA-4 is a receptor with an inhibitory role for
T lymphocyte activation [20]. Thus, blockade of CTLA-4 increases and
activates T cells [21]. PD-1 is expressed on T lymphocytes, among other
immune cells, and PD-L1 is one of its ligands. The binding of PD-1 and
PD-L1 causes an inhibitory signal in T cells. Conversely, an inhibition of
PD-1/PD-L1 binding leads to T cell activation and an amplified immune
response [22-24].

The lymphocyte activation gene-3 (LAG-3) is the third checkpoint
receptor protein to be targeted in the clinic and is proposed to modulate
T cell activity through the binding to MHC class II-molecules. There is,
however, conflicting evidence regarding the role of LAG-3 in immune
modulation. Mice lacking LAG-3 have been found to have normal T cell
function [25], but later research still suggests a role for LAG-3 in T cell
inhibition [26,27].

Methods

Studies were identified by searching the Medline (1966-present)
and Embase (1974-present) databases. We used the following search
terms: (1) pancreas cancer and checkpoint inhibitors — including names
for specific drugs (ipilimumab, tremelimumab, nivolumab, pem-
brolizumab, pidilizumab, AMP-224, atezolizumab, durvalumab,
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avelumab, MEDI4736, IMP321, MEDI6469, relatlimab, spartalizumab),
and (2) microsatellite-instable tumors and checkpoint inhibitors. The
searches were last performed on November 8th 2018. The reference
lists from articles were screened for relevant studies as well.

In addition to the search for completed studies, searches for ongoing
clinical trials were made on clinicaltrials.gov. All search strings are
shown in Appendix A.

Two authors (AH and DN) screened titles and abstracts for relevant
articles. Prospective clinical studies involving checkpoint inhibitors in
the treatment of PC were included. Regarding microsatellite-instable
tumors, retrospective studies were included as well. Trials with ‘solid
tumors’ were excluded if data for PC patients could not be identified
separately. Also, studies on pancreatic neuroendocrine tumors were
excluded, as well as studies investigating only indoleamine 2,3-dioxy-
genase (IDO) inhibitors (or other amino acid degrading enzyme in-
hibitors). Reviews, case reports, records including less than two PC
patients, letters to the editor and editorials were excluded as well.
Conference abstracts and preliminary data from studies were included if
the inclusion criteria were met, but only if no full-length article was
available. In cases where multiple articles or abstracts, utilizing the
same data, were published the latest published version was used.

The ongoing trials investigating regimens involving checkpoint in-
hibitors in the treatment of PC were included. Trials were excluded if
the anticipated number of PC patients was prespecified to less than 10.

Data variables that were extracted from studies included: study
design, treatment, patient characteristics, number of patients and data
on efficacy. Efficacy variables of interest were OS, progression free
survival (PFS), time to progression (TTP), objective response rate
(ORR), number of patients with complete (CR) or partial response (PR)
and number of patients with stable disease (SD). Efficacy measures
were calculated based on total number of included patients.
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Table 1 (continued)

Median PFS/0S in

months

Response

Number of
patients

Setting

Phase Therapy

Trial

0S: 3.6 (95% CI

2.5-9.2)

13% SD

15

Advanced/metastatic Pre-treated

Ipilimumab vs. Ipilimumab + vaccine

Ib

Le45

0S: 5.7 (95% CI
4.3-14.7)

20% SD
NR

15

randomized

15% SD

26
32

Metastatic Pre-treated

Acalabrutinib vs. Pembrolizumab + acalabrutinib

I

Overman®® (CA)

9% PR 16% SD

29% PR

randomized
Pilot study

NR

Metastatic

Nivolumab + dendritic cells

Nesselhut*” (CA)

NR
NR
NR
NR

7% PR 33% SD

15

Advanced/metastatic

Nivolumab + mogamulizumab (anti-CC-chemokine receptor 4 antibody)
Nivolumab + cabiralizumab (antibody directed against CSF-1 receptor)

Oleclumab (antibody targeting CD73) + /- durvalumab

Durvalumab + epacadostat

Yamamoto*® (CA)
Wainberg49 (CA)

10% PR 3% SD°

31 evaluable

20
15

Advanced Pre-treated

1 dose escalation

/11

10% PR 15% SD

27% SD

Advanced Pre-treated
Advanced Pre-treated

Overman®® (CA)
Naing51 (CA)

/1

Checkpoint inhibition in PC with microsatellite instability/defective mismatch repair

Cavalieri®® (CA)

Le®

NR
NR

50% PR 50% SD

25% CR

dMMR

Pembrolizumab
Pembrolizumab

Retrospecti-ve

Advanced

37% PR

Pre-treated dMMR/MSI positive

12% SD

NR

14% CR

Advanced

PD-L1 inhibitor + IDO1 (amino acid degrading enzyme) inhibitor or PD-1 inhibitor

Retrospecti-ve

Hu56

29% PR

Pre-treated

dMMR

14% SD

CA: conference abstract, CI: confidence interval, CR: complete response, DCR: disease control rate, AMMR: defective mismatch repair, NR: not reported, OS: overall survival, PC: pancreatic cancer, PD: disease progression,

PFS: progressive free survival, PR: partial response, RT: radiotherapy, SBRT: stereotactic body radiation therapy, SD: stabile disease, TTP: time to progression.

* Calculated based on number of evaluable patients, since total number of included patients was not reported.
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For ongoing trials, the following data were extracted: study design,
patient characteristics, treatment, number of patients, estimated study
completion date, study status and primary outcome measures.

Results

The primary search (1) yielded 5548 results (Medline 1363, Embase
4185). The search on microsatellite-instable tumors and checkpoint
inhibitors (2) yielded 1643 results (Medline 434, Embase 1209). In
addition, six abstracts and one article were identified by reading re-
levant publications. In total, 7198 records were identified and screened.
Eighty-five conference abstracts and 29 articles were assessed for elig-
ibility. In the end, a total of 16 abstracts and eight articles were in-
cluded in the review (Fig. 1). All included records are summarized in
Table 1.

Monotherapy
CTLA-4 inhibitors

Ipilimumab and tremelimumab are human monoclonal CTLA-4-
blocking antibodies. Ipilimumab is approved for the treatment of mel-
anoma by the EMA and for the treatment of melanoma and renal cell
carcinoma (in combination with nivolumab) by FDA. Tremelimumab is
being investigated in trials with several tumor types [28].

We found a single phase II study in which patients with locally
advanced or metastatic PC received monotherapy with ipilimumab
[29]. Among twenty-seven included patients 74% had received prior
gemcitabine-based chemotherapy. No responders were observed by the
evaluation criteria, but a delayed response by one subject was reported
in which initial progression was followed by regression of both the
primary tumor and metastases. Median OS was 4.5 months (Table 1).

PD-1/PD-L1 inhibitors

Pembrolizumab, nivolumab and pidilizumab are humanized
monoclonal antibodies targeting PD-1 and thereby inhibiting the in-
teraction of PD-1 and its ligands PD-L1 and PD-L2. Durvalumab, ave-
lumab, atezolizumab as well as BMS-936559 and spartalizumab are
human monoclonal antibodies that bind to PD-L1 and block the inter-
action of PD-1 and CD80 (B7.1) with PD-L1. PD-1/PD-L1 inhibitors are
approved by either the FDA, EMA or both for the treatment of various
malignancies, the range of which includes melanoma, non-small cell
lung cancer, urothelial carcinoma, Merkel cell carcinoma, head and
neck squamous cell cancer, classical Hodgkin lymphoma and renal cell
carcinoma. Pidilizumab, spartalizumab and BMS-936559 are in-
vestigational drugs.

Regarding PD-1/PD-L1 inhibitor monotherapy, two studies on ad-
vanced PC were identified. Brahmer et al. [30] tested anti-PD-L1 anti-
body BMS-936559 in a phase I trial involving 207 patients with dif-
ferent types of advanced cancer. No objective response was reported for
14 patients with PC (Table 1). Preliminary results from part A of a
randomized phase II trial on 65 patients with metastatic PC, who had
failed first line 5-FU- or gemcitabine-based therapy, were available
[31]. Patients were randomized to receive either durvalumab mono-
therapy or durvalumab in combination with tremelimumab. Median OS
was 3.6 and 3.1 months, and disease control rate (DCR, defined as
SD + PR + CR) was 6% and 9%, respectively (Table 1).

Ongoing studies

A single randomized phase II study on durvalumab versus ob-
servation after RO/R1 resection following neoadjuvant chemotherapy
in patients with borderline resectable PC is ongoing (Table 2).
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CTLA-4 plus PD-1/PD-L1 inhibition

In a dual inhibition setting, two studies on metastatic PC were
found. Results from a pilot study on patients with metastatic PC re-
fractory to chemotherapy included two cohorts treated with checkpoint
inhibitors [32]. One cohort received durvalumab monotherapy and the
other received combined durvalumab and tremelimumab in combina-
tion with stereotactic body radiation at two different schedules (8 Gy/
single fraction or 25Gy in 5 fractions). Twenty-four patients were
treated in total. Twenty-one percent, across both cohorts, had SD
(Table 1).

The Canadian Cancer Trials Group has published preliminary results
from a phase II study with 11 patients with metastatic PC [33]. Patients
were planned to be randomized to gemcitabine plus nab-paclitaxel or
gemcitabine, nab-paclitaxel, durvalumab and tremelimumab as first
line treatment. DCR of 100% including PR of 73% was achieved in
patients enrolled in the safety part of the study (Table 1).

Ongoing studies

Seven ongoing studies on dual inhibition in advanced PC were
found. Three studies investigate durvalumab + tremelimumab, two of
them in combination with radiotherapy. Three ongoing studies evaluate
nivolumab + ipilimumab + either radiotherapy, CRS-207 (Listeria-
based cancer vaccine) with or without GVAX (irradiated, allogeneic
pancreatic cancer cells) and low-dose cyclophosphamide. Lastly, a
study compares nivolumab + niraparib (inhibitor of poly (ADP-ribose)
polymerase (PARP) types 1 and 2) to ipilimumab + niraparib (Table 2).

Checkpoint inhibition combined with chemotherapy

A single study evaluated pembrolizumab in combination with che-
motherapy in the neoadjuvant setting. Patients with resectable/bor-
derline resectable PC were randomized to radiotherapy followed by
pembrolizumab in combination with capecitabine or radiotherapy fol-
lowed by capecitabine [34]. Twenty-two patients were enrolled. To-
tally, 70% of patients in the pembrolizumab arm underwent surgery
compared to 50% of patients in the arm not receiving pembrolizumab
(Table 1).

In the advanced setting, eight records were identified, two of which
investigated CTLA-4 inhibitors while six investigated PD-1/PD-L1 in-
hibitors.

Tremelimumab and ipilimumab in combination with gemcitabine
have both been evaluated in phase Ib settings, in trials that enrolled 34
(chemotherapy-naive) and 16 (no prior gemcitabine for advanced dis-
ease) patients, respectively [35,36]. OS was 7.4 months (95% con-
fidence interval (CI) 5.8-9.4) and 8.5 months (95% CI 2.2-10.3), re-
spectively. In the tremelimumab trial 6% achieved PR and 21%
achieved SD (> 10 weeks), while 13% had PR and 31% had SD in the
ipilimumab trial. Thus, both RR and DCR were similar to efficacy rates
observed in patients receiving gemcitabine monotherapy (RR: 4-15%
[18], DCR: 33-51% [37,38]) (Table 1).

Pembrolizumab was combined with gemcitabine and nab-paclitaxel
in a phase Ib/II study on 17 patients with metastatic PC [39]. Fifteen
patients were evaluable for efficacy and five patients had received prior
chemotherapy. For the chemotherapy naive patients, median PFS was
9.1 months (95% CI 4.9-15.3) and OS was 15months (95% CI
6.8-22.6). PR and SD were 25% and 67%, respectively. Thus, no pa-
tients had progressive disease (PD). Response for the previously treated
group was 40% SD (Table 1).

A combination of pembrolizumab, reolysin (a reovirus with poten-
tial oncolytic activity) and either 5-FU, gemcitabine or irinotecan were
given to patients with metastatic PC who had progressed after first line
treatment [40]. Eleven patients were included, the majority died due to
PD and only five patients were evaluable for efficacy. Nine percent had
PR and 18% had SD (Table 1).
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Nivolumab was combined with gemcitabine plus nab-paclitaxel in a
phase I setting [41]. Forty-two patients with advanced PC out of 50
enrolled were evaluable for response. All patients were treatment naive.
PFS and OS were 5.5 and 9.9 months, respectively. Two percent CR,
16% PR and 46% SD were reported (Table 1).

The combination of nivolumab, nab-paclitaxel, cisplatin, gemcita-
bine and paricalcitol (D-vitamin analog) was tested in a phase II pilot
trial on ten patients with untreated metastatic PC [42]. PFS was
8.2 months. The preliminary results showed a DCR of 100%, including
80% PR and 20% SD (Table 1).

In a multi-center phase I study on untreated patients with PC, re-
gimens of gemcitabine, nab-paclitaxel and APX005M (CD40 antibody)
with and without nivolumab were tested [43]. Thirty patients were
treated. Best responses across all cohorts included 47% PR and 27% SD
(Table 1).

Lastly, Wang-Gillam et al. carried out a phase I dose escalation study
in which treatment-naive patients with advanced PC were treated with
gemcitabine monotherapy or gemcitabine in combination with IMP321
(soluble form of LAG-3) administered at two dose levels [44]. Seven-
teen patients were enrolled, six receiving only gemcitabine, six re-
ceiving gemcitabine plus 0.5 mg IMP321, and five patients receiving
gemcitabine + 2.0 mg IMP321. The best responses observed were 83%
SD in the gemcitabine only cohort, 33% SD in the 0.5 mg IMP321 co-
hort, and 60% SD in the 2.0 mg IMP321 cohort. However, no additional
activity was observed for the combination of IMP321 with gemcitabine.
Median OS was 16.7 months, 5.6 months and 6.4 months in the gem-
citabine only cohort, 0.5 mg IMP321 cohort and 2.0 mg IMP321 cohort,
respectively (Table 1).

Ongoing studies

Five studies on resectable or potentially resectable PC were found.
Two investigate pembrolizumab while the other two investigate ave-
lumab and three investigate nivolumab. Checkpoint inhibitors are
combined with chemotherapy, radiotherapy, vaccination and par-
icalticol among others.

In the advanced setting, 11 different trials on ipilimumab, ave-
lumab, pembrolizumab, nivolumab and durvalumab are ongoing and
regimens include radiotherapy, vaccination and treatment with other
antibodies than checkpoint inhibitors (Table 2).

Checkpoint inhibition combined with other immunotherapy

We found six studies on checkpoint inhibition in advanced setting.
One trial incorporated ipilimumab, and five trials included PD-1/PD-L1
inhibitors.

Le et al. conducted a phase Ib study in which patients with pre-
viously treated locally advanced or metastatic PC were randomized to
ipilimumab monotherapy or a vaccine consisting of modified allogenic
pancreatic tumor cells (GVAX) followed by ipilimumab [45]. OS was
3.6 months (CI 2.5-9.2) in the ipilimumab monotherapy arm versus
5.7 months (95% CI 4.3-14.7) in the GVAX plus ipilimumab arm. There
was no statistically significant difference in OS between the two arms.
Totally, 13 and 20 percent of the patients obtained SD in the ipili-
mumab and the vaccine plus ipilimumab arm, respectively (Table 1).

In a randomized phase II study [46] previously treated patients with
metastatic PC were randomized to monotherapy with acalabrutinib
(bruton tyrosine kinase inhibitor) or combination therapy with pem-
brolizumab + acalabrutinib. Fifty-eight patients were treated and 44
patients were evaluable for response. Fifteen percent SD were observed
in patients receiving monotherapy while 9% PR and 16% SD were
observed in patients receiving combination therapy (Table 1).

Nivolumab + either a vaccine made from dendritic cells, moga-
mulizumab (antibody targeting CC chemokine receptor 4) or cabir-
alizumab (anti-CSF-1 receptor) were evaluated in three different phase
I/pilot trials [47-49]. Between 7 and 31 patients with advanced PC
were enrolled and PR was observed in 7-29%, while 3-33% had SD
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(Table 1).

Preliminary results were published from a phase I study on ole-
clumab (antibody that binds to CD73 and inhibits adenosine produc-
tion) with or without durvalumab [50]. Out of 20 evaluable patients
with advanced PC, 10% had PR and 15% had SD.

Finally, durvalumab was combined with the IDO inhibitor epaca-
dostat in a phase I/1II study from which preliminary results have been
published [51]. Fifteen patients with advanced PC were included and
27% had SD.

Ongoing studies

One randomized phase I trial is investigating the effect of nivolumab
or ipilimumab plus a potentially immune enhancing antibody (anti-
SEMAA4D monoclonal antibody VX15/2503) in patients with surgically
resectable PC.

In advanced or metastatic PC, ipilimumab, atezolizumab and ave-
lumab are investigated in three separate trials, but pembrolizumab is
the most frequently investigated checkpoint inhibitor (16 trials), and it
is among other things combined with epacadostat in two different
studies.

Other frequently used drugs are nivolumab and durvalumab with
five studies in progress for each drug (Table 2).

Checkpoint inhibition in pancreatic tumors with microsatellite instability/
defective mismatch repair

Microsatellites are a class of DNA-segments characterized by small
repeat segments scattered throughout the genome. The instability at
these DNA-sites (microsatellite instability, MSI) has been proposed as a
significant factor in other cancer types e.g. colorectal cancer [52,53].
Tumor cells with a high number of alterations in the microsatellite loci
have been shown to have errors in the cellular mismatch repair ma-
chinery, suggesting a link between MSI and defective mismatch repair
(dMMR) [54].

Data from a retrospective study regarding various gastrointestinal
malignancies with dMMR has been presented [55]. The research group
identified nine patients who had received pembrolizumab. Two of the
identified patients had PC. One PC patient had PR (dura-
tion = 11 months) and the other had SD (duration = 5months)
(Table 1).

From a study on dMMR/MSI positive tumors, eight patients with PC
who received pembrolizumab was identified [9]. All had advanced
disease and had been treated prior to inclusion in the trial. A DCR of
75% was achieved, including 25% CR, 37% PR and 12% SD (Table 1).

More recently, Hu et al. analyzed MSI status in 833 patients with
PC. Only 7 cases of AMMR were detected (0.8%) [56]. All patients were
found to have Lynch Syndrome. Four (57%) were found to have benefit
of mono- or combination therapy with a PD-1 or PD-L1 inhibitor (1 CR,
2 PR, 1 SD) (Table 1).

Discussion

In general, the level of evidence is low when considering the effect
of checkpoint inhibitors in the treatment of PC. Often, a very small
number of patients were enrolled in the studies and overall, few pro-
spective studies have been published. Thus, any conclusions based on
this literature involves a significant amount of uncertainty. Even so, the
potential for checkpoint inhibition monotherapy in PC seems limited, as
a significant effect on clinical response and survival is lacking. This
notion is supported elsewhere [18,24,57,58] and is reflected in the fact
that very few ongoing studies utilize monotherapy (see Table 2). More
attention has been given to checkpoint inhibitors combined with other
modalities, but no clear strategy stands out. Methods to improve
checkpoint inhibition regimens include targeting both CTLA-4 and the
PD-1/PD-L1 pathways simultaneously. Indeed, a very high DCR was
found in treatment-naive patients who were given durvalumab,

25

Cancer Treatment Reviews 78 (2019) 17-30

tremelimumab, nab-paclitaxel and gemcitabine [33], but similar results
were not found in previously treated patients receiving durvalumab,
tremelimumab and radiotherapy [32]. A comparably high DCR was
shown in untreated patients with metastatic PC receiving gemcitabine,
nab-paclitaxel, paricalcitol and nivolumab [42]. Another interesting
result was reported by Katz et al. in a study on resectable disease, where
71% of patients receiving neoadjuvant pembrolizumab, capecitabine
and radiotherapy underwent surgery opposed to only 50% of the pa-
tients who received capecitabine and radiotherapy. One study [39]
found a higher OS in chemotherapy-naive patients receiving combina-
tion of pembrolizumab, gemcitabine and nab-paclitaxel than the OS
reported in patients receiving FOLFIRINOX [37].

These findings could indicate a possible effect of adding checkpoint
inhibitors to standard PC treatment. But to what degree these results
should be attributed to checkpoint inhibition remains to be shown in
randomized studies with a greater number of patients included. Even
given a possible effect of targeting multiple checkpoints, the risk of
adverse side effects, which have been highlighted as being more fre-
quent and more severe when combining checkpoint inhibitors, should
be considered [59].

Immunogenicity
The tumor microenvironment in pancreatic cancer

The stroma in PC consists of cells, such as pancreatic stellate cells
(PSCs) and immune cells, acellular components, blood vessels and
nerves [60]. The relationship between these cellular and acellular ele-
ments is intricate. PSCs are thought to inhibit immune response, both
by reducing CD8 + T-cell infiltration and promoting regulatory T cell
(Treg) infiltration into the tumor milieu [61,62]. However, the tumor-
promoting effect of PSCs might be time and context dependent and thus
complicated [63]. Tregs are capable of immune regulation and are
considered immunosuppressive cells, a group that also include PSCs as
well as myeloid derived suppressor cells (MDSCs), tumor-associated
macrophages (TAMs) and mast cells. These cells can induce a favorable
environment for cancer by inhibiting the immune system — via either
checkpoint molecules or a more general anti-inflammatory effect — or
by providing cytokines and growth factors that sustain tumor cells di-
rectly. The immunosuppressive cells can also promote angiogenesis
[64,65].

Because PC has been described as a tumor type with an abundance
of immunosuppressive mechanisms [57], attention has been drawn to
this complex PC tumor microenvironment (TME) since it is thought to
serve as an obstacle to successful systemic therapy [60]. Bailey et al.
classified PC into four types based on expression patterns, and one
subtype (the “immunogenic”) was characterized by upregulation of
acquired immune suppression networks [66]. It has been hypothesized
that a non-immunogenic TME contributes to a dampened immune re-
sponse, exemplified by a low number of infiltrating T cells in PC
compared to other solid malignancies [67]. This theory is supported by
the fact that a research group found tumor infiltrating lymphocytes
(TILs) being trapped in peritumoral tissues, thus, not being able to
reach tumor cells [68]. On the other hand, high quality neo-antigen
presentation in the TME (as opposed to just high quantity) identified
long term PC survivors, and it has been hypothesized that targeting
such neo-antigens can improve efficacy of checkpoint inhibitors in PC
[69].

Interestingly, the focus on the TME has challenged the idea of tra-
ditional radio-chemotherapy as having only an immune suppressing
effect. This leads to the notion that this treatment could also promote
immune response via influence of the microenvironment.
Chemotherapeutic drugs, such as gemcitabine and paclitaxel and
radiotherapy have been able to facilitate tumor immunogenicity. The
“abscopal effect” refers to the possibility of inducing an enhanced im-
mune response because of antigens released from destroyed tumor cells



A. Henriksen, et al.

due to radiation [70]. This leaves a hypothetical role for checkpoint
inhibition given in a combination with chemotherapy or radiation
[71,72].

Antigenicity

It has been proposed that cancer cells characterized by dMMR ex-
press more immunogenic antigens and thus are more susceptible to
immune therapy [18]. Interestingly, it has been shown that dMMR
status predicts response to PD-1 blockade in solid tumors [9].

A link between MSI/dMMR and the targets of checkpoint inhibition
has been established. Colorectal cancer tumor cells with MSI/dMMR
contained a high infiltration of cytotoxic T lymphocytes (CTLs) and the
MSI tumors even had upregulated expression of PD-1, PD-L1, CLTA-4
and LAG-3 [73]. Mismatch-repair status has been found to predict
clinical benefit from pembrolizumab in a phase II study [74] on me-
tastatic carcinomas (involving both colorectal cancer with and without
dMMR as well as other carcinomas with dMMR). In addition, pem-
brolizumab and nivolumab are FDA-approved for the treatment of tu-
mors with dAMMR or MSI [75,76]. Tumor mutational burden (TMB) is a
metric related, but not identical, to MSI-status, which has been hy-
pothesized to predict response to checkpoint inhibition [77]. Interest-
ingly, a higher TMB was associated with better response in non-small
cell lung cancer patients receiving pembrolizumab [78], and with
clinical benefit in malignant melanoma patients receiving either ipili-
mumab or tremelimumab [79]. A high degree of mutation, as seen in
tumors with dMMR or high TMB, has been theorized to elicit an anti-
tumor immune response directed against neoantigens on cancer cells
which could be enhanced with immune checkpoint blockade [74]. In
PC, dMMR was present in only 1.6% of tumors [8], and PC was also
shown to have a low TMB compared to other malignancies [77]. Thus,
future efforts must be supportive on better understanding and mod-
ulation of mutation associated neoantigen-specific immunity.

PD-L1 expression

A possible role for PD-L1 as a predictive biomarker in treatment
with PD-1/PD-L1 inhibiting antibodies is being investigated. A recent
meta-analysis of patients with malignant melanoma or non-small cell
lung cancer demonstrated a significant association between the ex-
pression of PD-L1 and response to PD-1/PD-L1 blockade. In PC, TILs
have been inversely correlated with PD-L1 expression, and several
study groups found a correlation between PD-L1 expression and poor
prognosis [80-82]. But studies showing a correlation between PD-L1
expression and response to checkpoint inhibition treatment in PC are
lacking. Of note, PD-L1 expression in various tumors normally con-
sidered for checkpoint inhibition therapy ranged widely between 14
and 100%. Also, consensus for a cut-off value for determining whether a
tumor is PD-L1-positive or -negative does not exist, which presents a
challenge in comparing studies utilizing different values. High PD-L1
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expression does not guarantee response and low or no PD-L1 expression
does not exclude the possibility of response in tumors [83]. These issues
has led to the investigation of PD-L1 expression in exosomes, which has
been found to be associated with response to PD-1 blockade [84].

Other targets for immune therapy

Arginase (ARG) and IDO are two amino acid degrading enzymes
that, like immune checkpoints, have influence on immunogenic toler-
ance and contribute to T-cell functionality. These enzymes are theo-
rized to have negative regulatory roles in the TME and they could be
considered targets for therapy [85]. Indeed, the IDO1-inhibitor epaca-
dostat was included in a completed study [51] (Table 1) as well as in
two ongoing studies (Table 2. NCT03006302, NCT03432676) in ad-
vanced PC.

The increased activity of T cells caused by oleclumab (MEDI9447)
has already led to inclusion of this adenosine-decreasing drug into
clinical trials [50,86]. Noteworthy monoclonal antibodies with T cell
modulating and potential anti-neoplastic effect include urelumab, var-
lilumab and zanolimumab [87-92]. The antibody FG-3019 targets
connective tissue growth factor and has been tested in PC patients
[93,94].

Conclusion

The literature in this field compromise relatively few studies that
furthermore often include a small number of patients. Monotherapy
with checkpoint inhibitors in PC has failed to elicit a significant re-
sponse. Furthermore, when looking at different combination regimens
most of the studies do not find an improvement in survival compared to
standard of care. Even so, a few studies point to a possible effect of
implementing immunotherapy in combination with chemotherapy and/
or radiation, since a few cases of high DCR and also occasional high
ORR were reported. The idea of chemo-radiotherapy as a booster of
immune response supports such combination regimens, and ongoing
studies on checkpoint inhibitors in PC are numerous. Finally, identifi-
cation of biomarkers that differentiate tumors based on their respon-
siveness to immunotherapy could be a way to improve the efficiency of
this treatment.
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Medline searches
Pancreas cancer and checkpoint inhibitors:

CCcceeeeeeeeeeeeeeeeecc(((immunotherapy [MeSH Terms]) OR immunotherap*) OR checkpoint inhib*)) OR ipilimumab) OR tremelimumab) OR nivolumab) OR pembrolizumab) OR
pidilizumab) OR AMP-224) OR atezolizumab) OR durvalumab) OR avelumab) OR MEDI4736) OR IMP321) OR MEDI6469) OR relatlimab) OR BMS-986016) OR spartalizumab)
OR PDR001))) AND Humans[Mesh] AND English[lang])) AND ((Pancreatic neoplasms[MeSH Terms]) OR (((((((((((Cancer*) OR carcinoma[MeSH Terms]) OR Carcinoma*) OR
malign*) OR tumor*) OR adenocarcinoma[MeSH Terms]) OR adenocarcinom*) OR neoplasms[MeSH Terms]) OR neoplasm*)) AND ((pancrea*) OR pancreas[MeSH Terms]))))
AND Humans[Mesh] AND English[lang])) AND ((Pancreatic neoplasms[MeSH Terms]) OR (((((((((((Cancer*) OR carcinoma[MeSH Terms]) OR Carcinoma*) OR malign*) OR
tumor*) OR adenocarcinoma[MeSH Terms]) OR adenocarcinom*) OR neoplasms[MeSH Terms]) OR neoplasm*)) AND ((pancrea*) OR pancreas[MeSH Terms])))) AND Humans
[Mesh] AND English[lang])) AND Humans[Mesh] AND English[lang]) AND Humans[Mesh] AND English[lang])
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MSI/dMMR and checkpoint inhibitors:

(CCCCCecc(dna mismatch repair[MeSH Terms]) OR (((dna) AND mismatch) AND repair)) OR dna mismatch repair) OR ((mismatch) AND repair))) OR ((mismatch repair) AND
deficient)) OR microsatellite instability[MeSH Terms])) OR ((microsatellite) AND instability)) OR microsatellite instability)) AND (((((((((((((((immunotherapy[MeSH Terms])
OR immunotherap*) OR checkpoint inhibit*) OR ipilimumab) OR tremelimumab) OR nivolumab) OR pembrolizumab) OR pidilizumab) OR AMP-224) OR atezolizumab) OR
durvalumab) OR avelumab) OR MEDI4736) OR IMP321) OR MEDI6469) OR relatlimab) OR BMS-986016) OR spartalizumab) OR PDR001)

Embase searches
Pancreas cancer and checkpoint inhibitors:

1 MEDI6469.mp. [mp = title, abstract, heading word, drug trade name, original title, 25 BMS-986016.mp. or relatlimab/
device manufacturer, drug manufacturer, device trade name, keyword, floating
subheading word]

2 IMP321.mp. [mp = title, abstract, heading word, drug trade name, original title, = 26  spartalizumab.mp. or spartalizumab/
device manufacturer, drug manufacturer, device trade name, keyword, floating
subheading word]

3 MEDI4736.mp. [mp = title, abstract, heading word, drug trade name, original title, 27 PDRO0O1.mp.
device manufacturer, drug manufacturer, device trade name, keyword, floating
subheading word

4 avelumab/ 28 lor2or3or4or5or6or7or8or9orl0orllorl2orl13orl4orl5orl6or
17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27

5 avelumab.mp. [mp = title, abstract, heading word, drug trade name, original title, 29 carcinoma/ or solid malignant neoplasm/ or adenocarcinoma/
device manufacturer, drug manufacturer, device trade name, keyword, floating
subheading word]

6 durvalumab/ 30 malignant neoplasm/ or neoplasm/ or solid malignant neoplasm/

7 durvalumab.mp. [mp = title, abstract, heading word, drug trade name, original 31 cancer.mp. [mp = title, abstract, heading word, drug trade name, original title,
title, device manufacturer, drug manufacturer, device trade name, keyword, floating device manufacturer, drug manufacturer, device trade name, keyword, floating
subheading word] subheading word]

8 atezolizumab/ 32 carcinoma.mp. [mp = title, abstract, heading word, drug trade name, original
title, device manufacturer, drug manufacturer, device trade name, keyword,
floating subheading word]

9 atezolizumab.mp. [mp = title, abstract, heading word, drug trade name, original 33 malignan*.mp. [mp = title, abstract, heading word, drug trade name, original
title, device manufacturer, drug manufacturer, device trade name, keyword, floating title, device manufacturer, drug manufacturer, device trade name, keyword,
subheading word] floating subheading word]

10 AMP-224.mp. [mp = title, abstract, heading word, drug trade name, original title, 34 tumor.mp. [mp = title, abstract, heading word, drug trade name, original title,
device manufacturer, drug manufacturer, device trade name, keyword, floating device manufacturer, drug manufacturer, device trade name, keyword, floating
subheading word] subheading word]

11 pidilizumab/ 35 adenocarcinoma.mp. [mp = title, abstract, heading word, drug trade name,
original title, device manufacturer, drug manufacturer, device trade name,
keyword, floating subheading word]

12 pidilizumab.mp. [mp = title, abstract, heading word, drug trade name, original 36 neoplasm*.mp. [mp = title, abstract, heading word, drug trade name, original
title, device manufacturer, drug manufacturer, device trade name, keyword, floating title, device manufacturer, drug manufacturer, device trade name, keyword,
subheading word] floating subheading word]

13 pembrolizumab/ 37 29 or 30 or 31 or 32 or 33 or 34 or 35 or 36

14 pembrolizumab.mp. [mp = title, abstract, heading word, drug trade name, original 38 pancreas/
title, device manufacturer, drug manufacturer, device trade name, keyword, floating
subheading word]

15 nivolumab/ 39 pancrea*.mp. [mp = title, abstract, heading word, drug trade name, original title,
device manufacturer, drug manufacturer, device trade name, keyword, floating
subheading word]

16 nivolumab.mp. [mp = title, abstract, heading word, drug trade name, original title, 40 38 or 39

device manufacturer, drug manufacturer, device trade name, keyword, floating
subheading word]

17 ticilimumab/ 41 pancreas tumor/ or pancreas cancer/

18 tremelimumab.mp. [mp = title, abstract, heading word, drug trade name, original 42 pancreas cancer/
title, device manufacturer, drug manufacturer, device trade name, keyword, floating
subheading word]

19 ipilimumab/ 43  pancreas adenocarcinoma/ or pancreas carcinoma/

20 ipilimumab.mp. [mp = title, abstract, heading word, drug trade name, original title, 44 pancreatic neoplasm*.mp. [mp = title, abstract, heading word, drug trade name,
device manufacturer, drug manufacturer, device trade name, keyword, floating original title, device manufacturer, drug manufacturer, device trade name,
subheading word] keyword, floating subheading word]

21 immunotherapy/ or biological therapy/ or cancer immunotherapy/ 45 37 and 40

22 immunotherap*.mp. [mp = title, abstract, heading word, drug trade name, original 46 41 or 42 or 43 or 44 or 45
title, device manufacturer, drug manufacturer, device trade name, keyword, floating
subheading word]

23 checkpoint inhibit*.mp. [mp = title, abstract, heading word, drug trade name, 47 28 and 46
original title, device manufacturer, drug manufacturer, device trade name, keyword,
floating subheading word]

24 relatlimab.mp. or relatlimab/ 48  limit 47 to (human and english language)
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MSI/dMMR and checkpoint inhibitors:

1

10

11

13
14

15
16

17
18

19
20

21
22
23

24

MEDI6469.mp. [mp = title, abstract, heading word, drug trade name, original title,
device manufacturer, drug manufacturer, device trade name, keyword, floating
subheading word]

IMP321.mp. [mp = title, abstract, heading word, drug trade name, original title,
device manufacturer, drug manufacturer, device trade name, keyword, floating
subheading word]

MEDI4736.mp. [mp = title, abstract, heading word, drug trade name, original title,
device manufacturer, drug manufacturer, device trade name, keyword, floating
subheading word

avelumab/

avelumab.mp. [mp = title, abstract, heading word, drug trade name, original title,
device manufacturer, drug manufacturer, device trade name, keyword, floating
subheading word]

durvalumab/

durvalumab.mp. [mp = title, abstract, heading word, drug trade name, original title,
device manufacturer, drug manufacturer, device trade name, keyword, floating
subheading word]

atezolizumab/

atezolizumab.mp. [mp = title, abstract, heading word, drug trade name, original
title, device manufacturer, drug manufacturer, device trade name, keyword, floating
subheading word]

AMP-224.mp. [mp = title, abstract, heading word, drug trade name, original title,
device manufacturer, drug manufacturer, device trade name, keyword, floating
subheading word]

pidilizumab/

pidilizumab.mp. [mp = title, abstract, heading word, drug trade name, original title,
device manufacturer, drug manufacturer, device trade name, keyword, floating
subheading word]

pembrolizumab/

pembrolizumab.mp. [mp = title, abstract, heading word, drug trade name, original
title, device manufacturer, drug manufacturer, device trade name, keyword, floating
subheading word]

nivolumab/

nivolumab.mp. [mp = title, abstract, heading word, drug trade name, original title,
device manufacturer, drug manufacturer, device trade name, keyword, floating
subheading word]

ticilimumab/

tremelimumab.mp. [mp = title, abstract, heading word, drug trade name, original
title, device manufacturer, drug manufacturer, device trade name, keyword, floating
subheading word]

ipilimumab/

ipilimumab.mp. [mp = title, abstract, heading word, drug trade name, original title,
device manufacturer, drug manufacturer, device trade name, keyword, floating
subheading word]

cancer immunotherapy/ or immunotherapy/

biological therapy/

immunotherap*.mp. [mp = title, abstract, heading word, drug trade name, original
title, device manufacturer, drug manufacturer, device trade name, keyword, floating
subheading word, candidate term word]

checkpoint inhibit*.mp. [mp = title, abstract, heading word, drug trade name,
original title, device manufacturer, drug manufacturer, device trade name, keyword,
floating subheading word, candidate term word]

25

26

27

28
29

30
31

32
33

34

35
36

37
38

39
40

41
42

43
44

45
46

48

relatlimab.mp. or relatlimab/

BMS-986016.mp. or relatlimab/

spartalizumab.mp. or spartalizumab/

PDROO1.mp.
lor2or3or4or5or6or7or8or9orl0orllorl2orl13orl4orl5orl6or
17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28

microsatellite instability/

microsatellite instability.mp. [mp = title, abstract, heading word, drug trade
name, original title, device manufacturer, drug manufacturer, device trade name,
keyword, floating subheading word, candidate term word]

mismatch repair/

mismatch repair deficient.mp. [mp = title, abstract, heading word, drug trade
name, original title, device manufacturer, drug manufacturer, device trade name,
keyword, floating subheading word, candidate term word]

30 or 31 or 32 or 33

29 and 34

Clinicaltrials.gov — Searches

The searches on ongoing clinical trials regarding (1) pancreas cancer and (2) microsatellite-instable/tumors with mismatch repair deficiency
were conducted as such: the keywords entered as ‘condition or disease’ (namely, (1): “pancreas cancer” and (2): both “microsatellite instability” and
“dMMR”) were one by one paired with each and every one of 16 keywords entered as ‘other terms’ (namely, “immunotherapy”, “checkpoint
inhibitor”, “ipilimumab”, “tremelimumab”, “nivolimumab”, “pembrolizumab”, “pidilizumab”, “AMP-224”, “atezolizumab”, “durvalumab”, “ave-
lumab”, “MEDI4736”, “IMP321”, “MEDI6469”, “relatlimab”, “BMS-986016”).
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