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Perioperative immunotherapy for pancreatic cancer is on its way
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Interdisciplinary perioperative treatment has greatly
improved the outcome of pancreatic cancer patients. Based
on randomized, controlled phase III clinical trials, adjuvant
chemotherapy with mFOLFIRINOX (PRODIGE-24 study),
gemcitabine/capecitabine (ESPAC-4) or 5-fluorouracil/
gemcitabine monotherapy (ESPAC-1, CONKO-001,
ESPAC-3) is now the clinical standard after curative
resection (1). The only randomized controlled trial in
borderline resectable patients comparing neoadjuvant
therapy with upfront surgery is the phase II ESPAC-
SF feasibility study (2). Patients were randomized into
four groups, the first three with neoadjuvant therapy: (I)
FOLFIRINOX, (II) gemcitabine with capecitabine, and
(III) chemoradiotherapy, versus (IV) upfront surgery (2).
Neoadjuvant therapy was associated with a significant better
overall survival than immediate surgery (2). In patients with
locally advanced, unresectable pancreatic cancer, a small
randomized trial showed that overall survival with attempted
upfront surgery was significantly superior compared to
chemoradiotherapy only without attempted resection (3).
The evidence for using neoadjuvant therapy for unresectable
pancreatic cancer to improve resection rates and/or survival
is of low quality as no randomized studies have ever been
undertaken. The largest single center cohort series from
Heidelberg Germany provides some evidence that induction
chemotherapy using FOLFIRINOX can provide better
survival in those in whom conversion to resection is possible
compared to those in whom resection is not possible (4).
Gemcitabine-based regimens with nab-paclitaxel or
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capecitabine are reasonable alternatives FOLFIRINOX,
with less toxicity based on the NEOLAP-AIO-PAK-0113
(NCT02125136) and ESPAC-SF trials (3).

Although sometimes used, the evidence for perioperative
radiotherapy to improve survival is very limited. There are
no randomized phase III data supporting the use of adjuvant
radiochemotherapy after resection. In patients with locally
advanced pancreatic cancer, the LAP-007 study also failed
to show a survival benefit for the addition of radiotherapy
in patients who did not progress after four months on
chemotherapy. In the ESPAC-5F trial, neoadjuvant
therapy with either FOLFIRINOX, or gemcitabine with
capecitabine had much better survival than neoadjuvant
chemoradiotherapy, whilst in the recent Alliance A021501
randomized phase II study with borderline resectable
patients, neoadjuvant mFOLFIRINOX plus radiotherapy
also resulted in an inferior outcome compared to
mFOLFIRINOX alone (3,5).

Immunotherapy has revolutionized the treatment of
many types of cancer and is now also increasingly used
in the perioperative setting. Adjuvant immunotherapy
with checkpoint inhibitors after melanoma resection
is recommended by current guidelines. It is therefore
important to answer the question whether immunotherapy
should also be included as a component of perioperative
management of pancreatic cancer.

Hewitt ez al., now report the results of the randomized
phase III PILLAR study that tested the addition of
algenpantucel-L to radiochemotherapy in patients with
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borderline resectable or unresectable, locally advanced
pancreatic cancer (6). Algenpantucel-L is an intradermal
vaccine made of two irradiated pancreatic cancer cell
lines genetically modified to express murine al,3-
galactosyltransferase. The mouse protein is recognized
by human antibodies, causing hyperacute rejection of the
transgenic cells. This immune response is expected to
extend to the vaccinee’s cancer cells by epitope spreading (7).
Following a one-arm phase II study of 70 patients that
received adjuvant chemotherapy and radiochemotherapy in
combination with algenpantucel-L, the randomized phase
IIT IMPRESS study with 722 patients was conducted, but
was negative for the primary endpoint of overall survival
(NewLink Genetics May 9, 2016). In the PILLAR study,
303 patients with borderline resectable (n=53) or locally
advanced pancreatic cancer (n=250) were treated with
chemotherapy followed by chemoradiation and randomized
to either receive concomitant immunotherapy with
Algenpantucel-L or not (6). The induction chemotherapy
protocol was up to the investigator; about two-thirds of the
patients received FOLFIRINOX, the others gemcitabine/
nab-paclitaxel. Patients with at least stable disease after
chemotherapy were consecutively treated with external
beam radiation (50.4 Gy in 28 fractions) with infusional
5-fluorouracil or capecitabine. The primary endpoint of
overall survival, was also negative. Survival was longer in the
standard group (13.4 months) than in the immunotherapy
group (12.4 months), the difference was not statistically
significant. Subsequent resection was possible in 24%
of patients. Resected patients had an overall survival of
28.7 months compared to 12.6 months in unresected
patients. Vaccination did not improve survival in either of
the subgroups (6).

One of the potential problems with the assessment
of tumor responses to various therapeutic strategies is
the concomitant use of radiotherapy, despite lacking
randomized evidence to support its application for overall
survival. Seifert et 4/., have shown in an experimental
system comprising genetically engineered KPC mice,
mimicking human pancreatic cancer, and C57BL/6 mice
with orthotopic KPC tumors, that radiation treatment
promoted advanced pancreatic intraepithelial lesions and
more foci of invasive cancer than unexposed mice, with a
reduced survival time of >6 months (8). Neoplastic lesions
following radiation had an immune-suppressive macrophage
2-like phenotype with fewer CD8" T effector cells, and
more CD4" T-cells of T-helper 2 and T-regulatory cell
phenotypes and increased secretion of macrophage colony-
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stimulating factor 1 (MCSF-1). Moreover, the adoptive
transfer of T-cells from irradiated tumors to the orthotopic
KPC tumors in the C57BL/6 mice accelerated tumor
growth but was slowed by using neutralizing antibody
to MCSF-1, associated with alteration of the tumor
macrophage phenotype, and increased anti-tumor T-cell
response (8).

Pancreatic cancer has been considered to be an
immunologically cold tumor microenvironment, defined by
a dominant myeloid cell infiltration, devoid of CD8" T-cells,
and low activation markers reflecting dysfunctional adaptive
T-cell immunity and checkpoint blockade refractoriness (9).
Oncogenic mKRAS is present in 90% or more of pancreatic
cancers, and in addition to it its direct oncogenic actions,
it also promotes immunosuppression by multiple
mechanisms (9). Bailey er /. have described four pancreas
cancer subtypes based on differential transcription factor
expression and downstream targets responsible for lineage
specification and differentiation during development and
regeneration: (I) squamous, (II) pancreatic progenitor, (III)
immunogenic, and (VI) aberrantly differentiated endocrine
exocrine (ADEX) (11). The immunogenic subtype is
associated with immune gene programmes involving B-cell
signaling pathways, antigen presentation, CD4" T-cell,
CDS8" T-cell and Toll-like receptor signaling pathways (10).
Upregulation of programmed cell death protein (PD-1),
and cytotoxic T-lymphocyte-associated protein 4 (CTLA-4)
acquired tumor immune suppression pathways in this
immunogenic subtype may offer therapeutic opportunities (10).
Current immune-modulatory strategies must be multi-
modal aiming to (I) enhance endogenous T-cell function,
(II) adoptively transfer tumor-specific T-cell immunity,
and (III) attempt to devise an immunologically hot tumor
microenvironment (9).

Balachandran et 4/. found that patients with pancreatic
cancer having both the highest tumor neoantigen number
(notably to the tumor antigen MUC16/CA125) and the
most abundant CD8" T-cell infiltrates, had improved
survival (11). Long-term survivors had neoantigens with
differential presentation and homology to infectious
disease-derived peptides with predicted cross-reactive
microbial epitopes (11). Moral et 4l., have recently shown
that group 2 innate lymphoid cells (ILC2s) infiltrate
pancreatic ductal adenocarcinomas to activate tissue-specific
tumor immunity, inferring another novel immunoregulatory
target (12). These tumor infiltrating ILC2s (which express
the PD-1 receptor) were enriched in long-term survivors
with an immunologically hot tumor microenvironment

HepatoBiliary Surg Nutr 2021;10(4):534-537 | https://dx.doi.org/10.21037/hbsn-21-238



536

containing abundant activated CD8" T-cells, and containing
higher bulk tumor RNA expression of the ILC2-activating
cytokine IL33 (12). Experimentally, it was shown that PD-1
blockade released ILC2 cell-intrinsic inhibition to expand
and activate the tumor ILC2s to release CCLS5 resulting
in CD103" dendritic cell expansion and then CD8" T-cell
activation leading to enhanced anti-tumor immunity (12).
Targeted ablation of myeloid cells in PDAC, alone or in
combination with immune checkpoint inhibitors, represents
a promising alternative to existing immunotherapeutic
approaches. Pre-clinical studies in KPC mice models
have suggested that specific targeting of macrophages and
neutrophils using small molecule inhibitors, specific for
either the macrophage receptor CSFIR or the neutrophil
receptor CXCR2, might facilitate better outcomes by
enhancing endogenous T-cell cancer killing functions and the
reprogramming of tumour cell intrinsic phenotypes (13,14).
The FDA has given approval to pembrolizumab (an
antibody for PD-1) for the treatment of microsatellite
instability-high solid tumors, although this is present in
only 1-3% of pancreatic cancers. Inhibition of the CXCR4-
CXCL12 pathway in pancreatic cancer also enhances tumor
sensitivity to anti-PD-1 ligand-1 treatment. In the two-cohort
phase ITa, COMBAT study (NCT02826486) pembrolizumab
was combined with BL-8040 (a CXCR4 antagonist) in
metastatic pancreatic cancer (15). The disease control
rate was 34.5% in cohort 1 patients with chemotherapy-
resistant disease who received pembrolizumab/BL-8040
with increased CD8" effector T-cell tumor infiltration, and
decreases in both myeloid-derived suppressor cells and
circulating regulatory T-cells (15). The disease control rate
was 77% (median duration of response =7.8 months) in
cohort 2 patients who received pembrolizumab/BL-8040 in
conjunction with combination chemotherapy comprising
liposomal irinotecan, 5-fluorouracil and leucovorin (15).
"The success of COMBAT along with other immunotherapy
approaches currently being tested will expand the
armamentarium against pancreatic cancer (9,15). A detailed
understanding of the individual patient’s response to the
different forms of treatment will be necessary to further
improve the prognosis of pancreatic cancer patients. The
relationship between molecular subtypes (most notably the
immunogenic subtype) as described by Bailey ez 4/., and the
responsiveness to evolving immunotherapeutic strategies needs
to be investigated (10). Single cell and spatial transcriptomic
approaches now allow single cell profiling of tumour
and immune cell populations resident in patient tumors.
These approaches are providing unparalleled insights into
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immune-tumor interactions and offer new opportunities for
targeted immunotherapeutic intervention.
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