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Abstract: The dramatic success of immune checkpoint inhibitors (ICIs) in metastatic melanoma and non-
small cell lung cancer (NSCLC) has made them a cornerstone in the therapeutic armamentarium of these
malignancies. However, the role of these immunomodulating agents in the spectrum of gastrointestinal (GI)
tumors has only recently come into focus. Pre-clinical studies have demonstrated up-regulation of checkpoint
molecules [i.e., programmed death-ligand 1 (PD-L1)] and increased somatic mutations in select GI tumors,
making checkpoint blockade potentially effective. In the clinical setting, patients with microsatellite
instability high (MSI-high) and PD-L1 positive gastric and esophageal cancer have shown pronounced
responses to single-agent administration of checkpoint antibodies. More recently, responses have also been
seen in subsets of patients with biliary and anal cancer. Furthermore, novel immunotherapeutic strategies
have been employed in patients with pancreatic cancer and microsatellite stable colorectal cancer (CRC) with
preliminary success. Despite current limitations of small sample sizes, highly anticipated prospective data are
expected to accrue in the coming years. Finding new combination strategies and predictive biomarkers of
response will be critical in optimizing efficacy of these agents and ensuring the highest likelihood of benefit.
In this review, we will explore key clinical trials that investigate ICIs alone or in combination with additional
chemotherapy, radiotherapy or immunotherapy in patients with gastric, esophageal, colorectal, pancreas,

biliary and anal cancer.
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Introduction controlled trials to improve overall survival (OS) and

o objective response rate (ORR) when compared to the gp100

Immune checkpoint inhibitors (ICIs) have demonstrated . . . .
peptide vaccine or dacarbazine chemotherapy, respectively,

in advanced melanoma (3,4). The PD-1 inhibitor

nivolumab (Opdivo®, Bristol-Myers Squibb Company)

dramatic efficacy in a range of malignancies, gaining
approval initially in melanoma and non-small cell lung

cancer (NSCLC), and more recently in bladder and
head and neck cancers (1). These novel antibodies block
inhibitory T cell membrane receptor “checkpoints”
like cytotoxic T-lymphocyte antigen-4 (CTLA-4) and
programmed cell death protein 1 (PD-1), enhancing anti-
tumor immunity (2). The first FDA approved agent in this
class, ipilimumab (Yervoy®, Bristol-Myers Squibb Company,
New York City, USA), was shown in two randomized
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also demonstrated improved outcomes in melanoma
patients (5,6). In addition, two significant phase III trials
of nivolumab showed increased OS in squamous and non-
squamous NSCLC compared with docetaxel (7,8) and
improved OS compared to everolimus (Afinitor®, Novartis
Pharmaceutical Corp., Basel, Switzerland) in advanced
renal cell carcinoma (9). On par breakthrough results
were achieved with the PD-1 inhibitor pembrolizumab
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(Keytruda®, Merck Sharp & Dohme Corp., New Jersey,
USA), which demonstrated prolonged OS and progression-
free survival (PFS) when compared to ipilimumab in
advanced melanoma (10) and similar noteworthy results
in advanced NSCLC (11). Novel combination regimens
of PD-1 and CTLA-4 inhibitors have now taken center
stage as potentially more efficacious options for advanced
melanoma and lung cancer (12,13), with new innovative
combination strategies in a host of additional malignancies
currently under investigation (14).

Against the backdrop of rapid ICI success in melanoma
and NSCLC, the role of ICIs in gastrointestinal (GI)
cancers has been defined more slowly. In general, ICI single
agent therapy has been ineffective in GI cancers. However,
sub-groups of GI cancers with microsatellite instability
high (MSI-high) have experienced impressive responses to
single agent ICIs. Furthermore, subsets of patients with
gastric and/or gastro-esophageal junction (GEJ) cancer with
programmed death-ligand 1 (PD-L1) positive tumors have
benefited from ICI therapy. At the same time, immature
data involving ICIs have accrued in other GI cancers,
specifically pancreatic, biliary and anal cancer. Currently,
new therapeutic approaches involving synergistic strategies
of immunomodulatory agents (including DNA/peptide-
based vaccines, ICIs, etc.), molecular-based targeted
therapy, and anti-neoplastic therapy are under preliminary
investigation in GI cancers. This review summarizes the
fundamental studies defining the role of ICIs in gastric,
GE]J, colorectal, pancreatic, biliary and anal cancers.

Gastric and esophageal cancer

Gastric and esophageal carcinogenesis involves mucosa-
associated inflammatory changes often secondary to
either Helicobacter pylori chronic gastritis (15) or reflux-
induced intestinal metaplasia, respectively (16). The pro-
inflammatory milieu driving the progressive evolution
from metaplasia to neoplasia can concomitantly induce
up-regulation of checkpoint receptor ligand PD-L1
in an estimated 40% of gastric and esophageal cancers
respectively (17). A wealth of clinical data suggest that
increased tumoral PD-L1 expression may be a predictive
biomarker of treatment response to ICIs (18). Moreover,
detailed sequencing of gastric cancers has found more than
30% to have more than 192 nonsynonymous mutations,
a threshold that is predictive for potential benefit from
ICIs (19). With this encouraging data, as well as prior

© Translational Cancer Research. All rights reserved.

tcr.amegroups.com

39

gastric cancer studies that have shown benefit from cellular
adoptive immunotherapy (20), ICIs have been positioned as
new potential therapeutic strategies.

Initial studies of CTLA-4 antagonism in gastric and
GE] cancer failed to demonstrate significant clinical
benefit. In a phase II trial of the CTLA-4 inhibitor
tremelimumab at doses of 15 mg/kg every 90 days,
18 previously-treated patients with metastatic gastric
or esophageal adenocarcinoma were enrolled (21).
Clinical benefit was minimal with stable disease and
subjective clinical improvement noted in four patients
and a partial response in one patient after 25 months on
treatment. Median OS was 4.83 months and median time
to progression (T'TP) was 2.83 months, similar to other
second-line treatments. A more recent randomized phase
II trial comparing ipilimumab as a maintenance strategy
(10 mg/kg every 3 weeks for 4 doses and then every
12 weeks for up to 3 years) to best supportive care after
first-line chemotherapy in 114 patients with unresectable,
locally advanced gastric or GEJ cancer, found no statistical
difference in immune-related PFS or median OS between
both groups (22).

While trials of CTLA-4 inhibitors have been
unremarkable, studies of PD-1 antagonists have yielded
more impressive results. A multi-center, open-label, phase
Ib trial led by Muro er al. evaluated the safety profile and
efficacy of pembrolizumab in a mostly pretreated population
of patients with metastatic adenocarcinoma of the stomach
or GEJ (23). Only patients with >1% PD-L1 expression in
stroma or tumor cells on immunohistochemistry utilizing
the 22C3 antibody were enrolled in the study. Overall,
39 patients received pembrolizumab intravenously at
10 mg/kg once every 2 weeks for a maximum of 24 months.
Among 36 evaluable patients, 8 patients (22%) had a partial
response by central review. No complete responses were
observed. Overall, 17 (53%) of 32 patients with a post-
baseline tumor assessment had a decrease in the size of their
target lesions. Median time to response was 8 weeks and
median duration of response was 40 weeks. In addition to
a manageable toxicity profile, four of the eight responders
were alive without disease progression or subsequent
cancer therapy at last assessment. These favorable findings
in patients with gastric and GEJ adenocarcinoma were
similar to those reported in a phase Ib study of patients with
mostly esophageal squamous cell carcinoma. In this study,
23 patients with PD-L1 positive advanced adenocarcinoma
or squamous cell carcinoma of the esophagus were treated
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Table 1 Selected ongoing clinical trials evaluating ICIs in gastric and/or gastro-esophageal cancer

ICl regimens

Cancer type(s)

Phase and status

Pembrolizumab alone and in combination with
chemotherapy as first-line treatment (NCT02494583)

Pembrolizumab alone and in combination with
chemotherapy (NCT02335411)

Pembrolizumab versus paclitaxel following chemotherapy Gastric and GEJ adenocarcinoma

(NCT02370498)

Pembrolizumab in combination with ramucirumab
(NCT02443324)

Pembrolizumab combined with pegylated recombinant
human hyaluronidase (NCT02563548)

Pembrolizumab plus trastuzumab (NCT02318901)

Gastric and GEJ adenocarcinoma

Gastric and GEJ adenocarcinoma

Multiple, including gastric and GEJ adenocarcinoma

Multiple, including gastric adenocarcinoma

Multiple, including HER2 positive gastric and GEJ

Phase I, recruiting

Phase I, not recruiting

Phase lll, not recruiting

Phase I, recruiting

Phase Ib/Il, recruiting

Phase Ib/Il, recruiting

adenocarcinoma

Nivolumab monotherapy (NCT02267343)

Nivolumab alone and in combination with ipilimumab
(NCT01928394)

Durvalumab maintenance therapy following standard
first-line chemotherapy (NCT02678182)

Durvalumab or tremelimumab monotherapy and the
combination of the two (NCT02340975)

Avelumab in first-line or third-line setting (NCT02625610, Gastric and GEJ adenocarcinoma

NCT02625623)

Gastric and GEJ adenocarcinoma

Multiple, including gastric adenocarcinoma

Multiple, including GEJ adenocarcinoma

Gastric and GEJ adenocarcinoma

Phase lll, recruiting

Phase /11, recruiting

Phase I, recruiting

Phase Ib/Il, recruiting

Phase llI, recruiting

GEJ, gastro-esophageal junction; ICI, immune checkpoint inhibitor.

with pembrolizumab 10 mg/kg every 2 weeks for up to
2 years (24). ORR at data cut-off was 30.4% with a 6- and
12-month PFS rate of 30.4% and 21.7% respectively.

In addition to pembrolizumab, preliminary data of
single-agent nivolumab in advanced gastric or GEJ cancer
demonstrated comparable efficacy. Without regard to
PD-L1 status, 59 previously treated patients received
nivolumab 3 mg/kg every 2 weeks until disease progression
or unmanageable toxicity (25). With minimal treatment-
related adverse effects, ORR was 12% (1 complete,
6 partial responses), with a median duration of response of
7.1 months. In addition, median OS was 6.8 months;
12-month OS rate was 38%. Interestingly, the ORR
in patients with PD-L1-positive and PD-L1-negative
tumors was 18% and 12%, respectively. Furthermore,
new data of PD-L1 inhibitor avelumab as first-line
maintenance or second-line therapy in gastric and GEJ
cancer showed promising activity in 151 unselected
patients (26). Administered at 10 mg/kg every 2 weeks,
avelumab led to a clinical response in 9.7% of those in
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the second-line therapy cohort (all partial responses) and
9.0% of those in the first-line cohort (2 complete, 6 partial
responses). Disease control rate was 29.0% and 57.3%, and
median PFS was 6.0 and 12.0 weeks in second-line and first-
line maintenance uses respectively.

While many clinical trials of ICIs in gastric and
gastroesophageal cancer are ongoing (see Tuble 1),
preliminary data support the efficacy of PD-1/PD-L1
inhibitors in this disease state, especially when PD-L1
expression is over 1%. It will be important to continue to
evaluate the role of ICI predictive biomarkers, including
PD-L1, overall tumor mutational load and unique gastric
cancer immune signatures. In addition, more data regarding
combination PD-1 blockade and additional agents may be
useful in assessing optimal clinical responsiveness.

Colorectal cancer (CRC)

Despite a dismal 5-year survival rate for patients with
metastatic CRC on current standard-of-care regimens,
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advances in our understanding of the CRC tumor genome
have elucidated the complex molecular landscape of the
disease and the prospects of more personalized treatment
strategies (27). About 15% of CRCs are hyper-mutated
due to deficient mismatch repair ({MMR) proteins and
resulting MSI-high. Alternatively, the majority of CRCs
have proficient mismatch repair (pMMR) proteins, are
microsatellite stable (MSS), and are not hypermutated (28).
Clinical trials of ICI therapy in both these CRC subtypes
have revealed unique results depending on MSI tumor
status. An initial study of 45 treatment-refractory
CRC patients with unknown MSI status given single-
agent tremelimumab did not clinically improve with
this therapy (29). In phase I studies of PD-1 (30) and
PD-L1 (31) antagonists in 19 and 18 unselected CRC
patients respectively, there were no documented responses.
A similar phase I trial of nivolumab in 14 patients with
CRC showed minimal efficacy (32), yet 3-year follow-up
data from this phase I trial found one CRC patient with
MSI-high who was treated with 5 doses over 19 months and
achieved a complete response lasting more than 3 years (33),
prompting further investigation into whether this subgroup
could potentially benefit from ICIs.

Patients with dMMR and resultant MSI-high tumors
have a vast accumulation of frameshift and missense
mutations in “microsatellite” trinucleotide repeat sequences
that can potentially make them immunologically susceptible
to immune-activating treatment such as ICIs (34). The
high mutational load of these tumors may facilitate the
formation of tumor-specific neoantigens, which can
trigger a more robust immune response driven by tumor-
infiltrating lymphocytes (T'1Ls) (35). This is supported by
data suggesting a direct correlation between the CD8+
TIL density and total number of frameshift mutations as
well as in vitro activation of cytotoxic T-cells by peptides
derived from frameshift mutations (36). In addition, recent
data suggest both mutational burden and TIL infiltration
are potential predictive biomarkers of ICI efficacy (37).
Moreover, MSI-high CRC should be further amenable to
PD-1 directed therapy given the significantly higher rates
of PD-1 and PD-L1 expression in dMMR compared to
pMMR tumors (38) and the role of PD-L1 as an additional
predictive biomarker of PD-1 blockade (37).

An important phase II study by Le er al. evaluated
the clinical activity of PD-1 inhibitor pembrolizumab
in patients with treatment-refractory metastatic CRC
with or without MMR deficiency (39). A total of 32
patients with CRC (10 with dMMR and 18 with pMMR)
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were given 10 mg/kg of pembrolizumab every 14 days.
Patients with dAMMR CRC achieved greater immune-
related ORR (40%) and PFS at 20 weeks (78%) than
patients with pMMR CRC (0% and 11% respectively).
In addition, patients with dMMR CRC had a median
PFS and OS that was not reached, while for patients with
pMMR tumors, the numbers were 2.2 and 5.0 months
respectively. A recent update with an expanded cohort
presented at ASCO 2016 corroborated the impressive
clinical benefit of pembrolizumab in the dMMR CRC
subgroup (40). A total of 53 CRC patients (28 dMMR
and 25 pMMR) were evaluated, and a 50% ORR was
identified in the dMMR cohort with no responses in
the pMMR cohort. Median PFS and median OS were
not reached for the dMMR subgroup, but were 2.4 and
6 months, respectively, for the pMMR subgroup.

Preliminary data from a phase Ib study also presented
at ASCO 2016 was the first to demonstrate clinically
relevant activity of PD-1 blockage in pMMR CRCs.
This trial evaluated the combination of PD-L1 inhibitor
atezolizumab (Tecentriq®, Genentech, San Francisco, USA)
and MEK inhibitor cobimetinib (Cotellic®, Genentech)
in patients with heavily pre-treated pMMR metastatic
CRC (41). Escalating doses of cobimetinib were given
in conjunction with 800 mg of atezolizumab every
2 weeks in 23 patients. MEK inhibition was found to induce
PD-L1 expression and was able to elicit immune activity in
pMMR CRCs. The ORR was 17%, with tumor shrinkage
of at least 30% in 4 patients and stable disease in 5 patients
(22%). Of the four responders, three had CRCs that were
pMMR and one had a tumor with an unknown MMR
status. Responses were ongoing at the data cut-off point and
lasted up to 7.7 months. As this study suggests, combination
therapies with ICI can be exploited to enhance immune
activity against cancer, and this is especially important
in pMMR tumors that have not benefited from the ICI
revolution of cancer care.

While more data must accrue for better evaluation of
the role of ICIs in metastatic CRC (ongoing studies in
Table 2), preliminary data suggest that PD-1 inhibitors are
efficacious in dAMMR metastatic CRC. However, given the
fact that only up to 15% of metastatic CRCs are d(MMR
genotype (42), novel strategies to prime the immune
system to generate a response in pMMR CRC tumors are
warranted. Preliminary data support the immune-priming
effect of MEK inhibition in this regard. With more clinical
data to be available in the future, the role of ICIs in CRC
will be more fully defined.
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ICl regimens

Cancer type(s)

Phase and status

Nivolumab alone and in combination with ipilimumab
(NCT02060188)

Nivolumab and varlilumab (NCT02335918)

AMP-224 and stereotactic body radiation therapy CRC
(NCT02298946)

Durvalumab (NCT02227667)

Durvalumab in combination with tremelimumab
(NCT01975831)

Atezolizumab with bevacizumab and/or chemotherapy Multiple, including MSI-high CRC

(NCT01633970)

Pembrolizumab monotherapy (NCT02460198)
Pembrolizumab monotherapy (NCT01876511)
Pembrolizumab vs. chemotherapy (NCT02563002)

MSI-high/MSS CRC

Multiple, including CRC

MSI-high and other immunological subsets of CRC
Multiple, including CRC

MSI-high CRC

MSI-high stage IV CRC

Phase I, recruiting

Phase I/ll, recruiting

Phase |, not recruiting

Phase I, recruiting

Phase |, recruiting

Phase Ib, recruiting

Phase Il, not recruiting

MSI-high CRC, MSS CRC, and other MSI-high cancers Phase I, recruiting

Phase llI, recruiting

ICI, immune checkpoint inhibitor; CRC, colorectal cancer; MSI-high, microsatellite instability high.

Pancreatic cancer

With inherent genetic instability, prominent desmoplastic
stromal features and an immunosuppressive tumor
microenvironment characterized by myeloid-derived
suppressor cells (MDSC) and regulatory T cells (Treg),
pancreatic ductal adenocarcinoma (PDAC) has a unique
histopathologic and molecular makeup that makes it
resistant to conventional chemotherapeutic regimens (43).
Novel strategies employing ICIs have been of interest
given the potential to combat the tumor’s predilection
for immune evasion and reverse the immunosuppressive
stromal microenvironment.

Early clinical trials of ICIs in PDAC did not produce the
much anticipated promising results. An early phase I study
of the PD-L1 inhibitor BMS-936559 found no radiographic
responses in 14 patients with pancreatic cancer (31).
Furthermore, a phase II trial of ipilimumab monotherapy
in 27 previously treated patients with metastatic and locally
advanced PDAC was halted prematurely after there were
no identified responders by RECIST criteria (44). In this
study, patients were given intravenous doses of ipilimumab
every 3 weeks at 3 mg/kg for a maximum of two courses
(4 doses per course). Only 8 of 20 patients with metastatic
disease were able to finish a single course due to progressive
disease. Nonetheless, one patient with metastatic PDAC
to the liver did experience a delayed resolution of initial
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progressive disease after 2 doses of ipilimumab, suggesting
some patients may potentially derive protracted benefit
from ICls.

A follow-up phase Ib open-label study randomized
30 patients with previously treated advanced PDAC to
either ipilimumab 10 mg/kg alone or ipilimumab 10 mg/kg
in combination with a granulocyte-macrophage colony-
stimulating factor (GM-CSF)-based whole-cell vaccine
(GVAX) (45). Doses were administered every 3 weeks for
a total of 4 doses followed by maintenance dosing every
12 weeks. Study findings were notable for an increased
OS in patients in the combination therapy arm in
comparison to those in the ipilimumab monotherapy arm
(median OS 5.7 vs. 3.6 months and 12-month OS 27%
and 7%, respectively). Similar immune-related adverse
events were found in both arms and comparable to prior
studies. Results from this study show improved efficacy
from combination ICIs and an active T-cell inducing
agent, supporting strategies in PDAC to alter the innate
tumor microenvironment in conjunction with blocking
immunoregulatory signals.

Another trial employed the GVAX vaccine in combination
with CRS-207, a recombinant live-attenuated Listeria
monocytogenes designed to secrete mesothelin into the cytosol
of infected antigen presenting cells (46). GVAX has been
shown to induce T cells against pancreas cancer antigens,
including mesothelin-specific T cell responses. A randomized

Transi Cancer Res 2017;6(1):38-47
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Table 3 Selected ongoing clinical trials evaluating ICIs in pancreatic cancer
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ICl regimens

Cancer type(s) Phase and status

Pembrolizumab and chemotherapy (NCT02331251)
Pembrolizumab and chemoradiation therapy (NCT02305186)

ACP-196 alone and in combination with pembrolizumab (NCT02362048) PDAC

Pembrolizumab and PLX3397 (NCT02452424)

Multiple, including PDAC  Phase Ib/Il, recruiting
PDAC Phase Ib/Il, recruiting
Phase I, not recruiting

Multiple, including PDAC  Phase I/lla, recruiting

Tremelimumab and/or durvalumab in combination with radiation therapy PDAC Phase |, recruiting
(NCT02311361)
Durvalumab alone or in combination with tremelimumab (NCT02558894) PDAC Phase ll, recruiting

Durvalumab in combination with chemotherapy and other agents (NCT02583477) PDAC

Tremelimumab monotherapy (NCT02527434)

Mogamulizumab in combination with durvalumab or tremelimumab (NCT02301130)

Nivolumab and ulocuplumab (NCT02472977)
Nivolumab in combination with chemotherapy (NCT02309177)
Ipilimumab and gemcitabine (NCT01473940)

Phase Ib/Il, recruiting
Multiple, including PDAC  Phase I, recruiting
Multiple, including PDAC  Phase |, recruiting
Multiple, including PDAC  Phase I/Il, recruiting
Multiple, including PDAC  Phase |, recruiting

PDAC Phase |, not recruiting

ICl, immune checkpoint inhibitor; PDAC, pancreatic ductal adenocarcinoma.

phase II trial assigned 93 previously treated patients with
metastatic pancreas cancer in a 2:1 fashion to GVAX alone
versus GVAX plus CRS-207 with a primary endpoint of
OS. Approximately half of these patients had two or more
lines of therapy and about 20% had lung only metastatic
disease. The data monitoring committee determined that
this trial met its prespecified criteria for early stopping and
patients were crossed-over to the combination arm. The
interim survival analysis for the intention-to-treat population
revealed a median OS of 6 versus 3.4 months (one-sided P
value of 0.0057) in the GVAX/CRS-207 versus GVAX alone
arms, respectively. Surprisingly, the phase IIb trial reported
the combination to be ineffective (47). An alternative vaccine
strategy exploiting dendritic cells was assessed in a pilot study
in combination with low-dose nivolumab. Of seven patients
with stage IV pancreatic cancer enrolled, two patients had
a partial remission (individual OS of 13 and 5 months,
respectively, at the time of data cutoff) (48). Both patients are
still alive with an ongoing therapeutic response, suggesting
that innovative forms of PD-1 inhibitors and vaccines may
prove useful in pancreatic cancer.

In addition to vaccines, strategies to employ ICIs
and chemotherapy have been attempted with evidence
of efficacy and a tolerable safety profile in patients with
pancreatic cancer. Preliminary data from a phase Ib study
of combination ipilimumab and gemcitabine was presented
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at ASCO 2016 (49). Sixteen patients were enrolled with 13
at dose-escalation and 3 at maximum-tolerated dose. Partial
remission and stable disease by waterfall plot were seen in
43% of patients and 38% had progressive disease. Median
PFS was 2.5 months and median OS was 8.5 months.

PD-1 inhibitors have also been tested in subsets of
patients with PDAC, specifically those with MSI-high
disease. Though this population makes up only around 3%
of PDAC patients (50), it does appear that IMMR in this
subset may increase susceptibility to PD-1 inhibitors. In a
phase II study of pembrolizamab (10 mg/kg every 2 weeks)
in 17 previously-treated patients with a variety of advanced
dMMR non-CRCs (including 4 ampullary, 4 pancreas,
3 biliary, 3 small bowel and 3 gastric) ORR was 50%,
disease control rate 70% and OS 21 months in 10 evaluable
patients at time of analysis (40).

Though initial single-agent studies of ICIs demonstrated
little benefit in patients with pancreatic cancer, new
understanding of the immunologic mechanisms in the
tumor microenvironment of pancreatic cancer has enabled
more successful synergistic strategies to overcome the
stromal barrier. Ongoing studies are listed in Tizble 3. Just as
MSI-high tumors have been shown amenable to the effects
of ICISs, sensitizing the immune system with vaccines and/or
additional chemotherapeutic agents has been shown to be a
new therapeutic avenue with increasing clinical relevance.

Transi Cancer Res 2017;6(1):38-47
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Biliary cancer

Detailed molecular characterization of patients with
biliary tract carcinoma has revealed that a subset of
patients with advanced disease have increased expression
of immune checkpoint molecules (i.e., PD-L1, CTLA-
4), increased total number of somatic mutations, and a
hypermutated genotype that may be particularly responsive
to ICI therapy (51). While positive data has accrued
with pembrolizumab in patients with dMMR biliary
cancer as previously reported (50), an additional trial of
pembrolizumab in patients with advanced biliary tract
carcinoma has implicated the potential for PD-1 efficacy
in this broader cohort as well. A phase Ib, multi-cohort
trial of pembrolizumab 10 mg/kg every 2 weeks (for up to
2 years) was conducted in 24 heavily pre-treated patients
with PD-L1 positive adenocarcinoma of the gallbladder
or biliary tree (52). PD-L1 positivity was defined as
greater than 1% PD-L1 tumor expression by a prototype
immunohistochemical assay. Overall, interim results
revealed an ORR of 17.4% (4 partial responses) and stable
disease in 17.4%. Median duration of response was not
reached and the therapy was well-tolerated.

Altogether, the limited data in biliary cancer suggest
efficacy of PD-1 inhibition, with some durable responses
noted. New clinical trials with novel combinations of
pembrolizumab plus induction GM-CSF (NCT02703714)
and pembrolizumab plus ramucirumab (NCT02443324)
are underway. As results from these and other clinical trials
accumulate, the role of ICIs in the management of this rare
cancer will be more fully elucidated.

Anal cancer

Though an uncommon malignancy, the incidence of
squamous cell carcinoma of the anal canal (SCCA) is on
the gradual rise (53). Current treatment of this human
papillomavirus-related cancer centers on chemoradiotherapy
with fluorouracil and mitomycin C for localized disease,
though metastatic disease lacks a consensus approach to
treatment (54). A recent study of ICIs in the treatment
of metastatic SCCA was recently presented at the 2016
World Congress on GI cancer with encouraging results.
In this phase II trial, 37 previously treated patients were
administered nivolumab at 3 mg/kg IV every 2 weeks (55).
Overall, ORR was 24.3% (2 complete, 7 partial responses)
and stable disease was achieved in 17 patients. Median PFS
was 3.9 months and nivolumab was well-tolerated in this

© Translational Cancer Research. All rights reserved.

tcr.amegroups.com

Hermel et al. Gastrointestinal cancer immunotherapy

population. This study supports the continued evaluation
of ICIs in this tumor type and the potential for efficacy in a
virally-mediated, immune evasive disease.

Conclusions

In contrast to the early demonstrated efficacy of
ICIs in melanoma and NSCLC, the role these novel
immunomodulating agents play in GI cancers has
only recently been appreciated. A more sophisticated
understanding of the genomic and molecular landscape of
specific GI tumors has elucidated potential mechanisms
for enhanced checkpoint response, including increased
PD-L1 expression, elevated mutational burden, and
an inflammatory intra-tumoral milieu. Though single-
agent ICI treatment had been largely ineffective initially,
encouraging results in MSI-high tumors and PD-L1
positive gastric and gastroesophageal cancer suggest that
ICIs are a promising treatment strategy in these subgroups
of patients. In addition to small studies demonstrating
response to PD-1 inhibition in biliary and SCCA,
preliminary data of combination regimens in pMMR CRC
and pancreatic cancer have shown early efficacy. With
numerous prospective clinical trials of ICIs in GI tumors
still underway, this therapeutic approach promises to be an
exciting new option for many patients with recalcitrant GI
malignancies, yet optimization of combination strategies
and validation of predictive biomarkers are needed to ensure
the most robust anti-tumor response.
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