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Review

Current status of treatment with immune
checkpoint inhibitors for gastrointestinal,
hepatobiliary, and pancreatic cancers

Yuji Eso"=" and Hiroshi Seno

Abstract: The development of immune checkpoint inhibitors (ICls) targeting cytotoxic T
lymphocyte antigen 4 (CTLA-4), programmed cell death protein 1 (PD-1), or programmed
cell death protein ligand 1 (PD-L1) has revolutionized the treatment strategy in various types
of cancers. In addition, recent studies have revealed that tumor microsatellite instability
(MSI) status and tumor mutation burden (TMB) contribute significantly to the therapeutic
response to anti-PD-1 monoclonal antibody (mAb), which led to an accelerated approval to
pembrolizumab for the treatment of MSI-high or mismatch-repair-deficient solid tumors
after conventional chemotherapies in 2017 and for the treatment of TMB-high solid tumors in
2020 by the United States Food and Drug Administration (FDAJ. In the field of gastrointestinal
cancers, many clinical trials evaluating the safety and efficacy of various regimens such

as ICl monotherapy, the combination of anti-CTLA-4 mAb and anti-PD-1/PD-L1 mAb, and
combination of ICl and conventional chemotherapy or tyrosine kinase inhibitor have been
reported or are in progress. This review summarizes MSI status and TMB in gastrointestinal,
hepatobiliary, and pancreatic cancers, and provides the results of most relevant clinical
trials evaluating ICls. We also discuss the development of biomarkers required for improving
the selection of patients with a high probability of benefiting from treatment with ICls, and
potential therapeutic strategies that could help to enhance anticancer responses of ICls.

Keywords: biliary tract cancer, colorectal cancer, esophageal cancer, gastric cancer,
hepatocellular carcinoma, immunotherapy, microsatellite instability, tumor mutation burden
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Introduction

The development of immunotherapy with
immune checkpoint inhibitors (ICIs) has made a
breakthrough in the treatment strategies of vari-
ous cancer types.! Immune checkpoints play a
key role in maintaining immune homeostasis and
preventing autoimmunity by inhibiting the exces-
sive activation of T cells. However, during the
carcinogenic process, immune checkpoint mech-
anisms are often activated to suppress an anti-
tumor immune response, which has led to the
development of ICIs. Since an initiation of the
first clinical trial of anti-cytotoxic T lymphocyte
antigen 4 (CTLA-4) monoclonal antibody (mAb)
ipilimumab in 2000 and anti-programmed cell

death protein 1 (PD-1) mAb nivolumab in 2006,
several mAbs targeting CTLA-4, PD-1, or pro-
grammed cell death protein ligand 1 (PD-L1)
have been approved by the United States Food
and Drug Administration (FDA) to treat various
types of cancers.? Furthermore, recent studies
have demonstrated that tumor microsatellite
instability (MSI) status and tumor mutation bur-
den (TMB) contribute significantly to the thera-
peutic response to ICI.> The FDA granted
accelerated approval to anti-PD-1 mAb pem-
brolizumab for the treatment of patients with
unresectable or metastatic MSI-high (MSI-H) or
mismatch-repair-deficient (dMMR) solid tumors
after prior conventional chemotherapies in 2017,%
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Figure 1. The action mechanisms of immune checkpoint inhibitors. (a) Dendritic cells that have recognized
neoantigens activate T cells via the TCR and the second signal generated by the binding of CD28 to CD80/CD86,
and the activated T cells attack the tumor. (b) Tregs suppresses dendritic cells via CTLA-4, leading to a reduced
ability to prime naive T cells. CTLA-4 on activated T cells binds to CD80/86, which suppresses T cell activation.
PD-1 on activated T cells binds to PD-L1 in tumors, leading to the transmission of suppressive signals

into T cells. (c) Administration of anti-CTLA-4 mAb and anti-PD-1/PD-L1 mAb can cancel these inhibitory
mechanisms, and (d) restore the ability of T cells to attack the tumor.

CTLA-4, cytotoxic T lymphocyte antigen 4; mAb, monoclonal antibody; PD-1, programmed cell death protein 1;

PD-L1, programmed cell death protein ligand 1; TCR, T cell receptor; Tregs, regulatory T cells.

and for the treatment of patients with unresecta-
ble or metastatic TMB-high (TMB-H) solid
tumors in 2020.5 In the field of gastrointestinal
cancers, many clinical trials evaluating the safety
and efficacy of various regimens such as ICI mon-
otherapy, the combination of anti-CTLA-4 mAb
and anti-PD-1/PD-LL1 mAb, and combination of
ICI and conventional chemotherapy or tyrosine
kinase inhibitor (TKI) have been reported or are
in progress. In the present manuscript, we review
the MSI status and TMB in gastrointestinal,
hepatobiliary, and pancreatic cancers, report on
the results of relevant clinical trials evaluating
ICIs, and summarize the prospects of more effec-
tive treatment by combining ICI and other thera-
peutic agents.

Basic immunobiology of CTLA-4 and
PD-1/PD-L1

Immune checkpoints play essential roles in pre-
venting T cells overactivation by interacting with
antigen presenting cells (APCs) and other cell
types. Of the immune checkpoint proteins identi-
fied to date, the mechanisms by which CTLA-4

and PD-1/PD-L1 inhibit T cell function are well
understood. T cells are activated by the primary
signal from recognition of antigens via the T cell
receptor (TCR) and the second signal generated
by the binding of CD28 to B7 molecules (CD80/
CD86) on APCs. CTLA-4 is induced on naive T
cells by antigen activation and is constitutively
expressed on regulatory T cells (Tregs). CTLA-4
is a homologue of CD28 and binds to CD80/
CD86 with approximately 20 times greater affin-
ity, preventing activation of T cells via CD28.7
CTLA-4 on Tregs can also remove CD80/CD86
from APCs, leading to a reduced ability to prime
naive T cells.® In contrast to CTLA-4, PD-1 is
expressed on activated T cells, B cells, and mye-
loid cells. The engagement of PD-1 by its ligand
PD-L1 leads to the transmission of suppressive
signals into T cells and the induction of periph-
eral immune tolerance.® Similarly for cancer
cells, dendritic cells that have recognized neoan-
tigens activate T cells, and the activated T cells
attack the tumor (Figure la). However, Treg
suppresses the function of dendritic cells via
CTLA-4 (Figure 1b). CTLA-4 is expressed on
activated T cells, and CTLA-4 binds to CD80/86,
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Figure 2. Microsatellite stability and instability. (a) DNA replication error is occurred at microsatellite
region due to DNA polymerase slippage during replication. (b) When DNA mismatch repair is intact, the
replication error is eliminated by mismatch repair pathway, and microsatellite region is repaired accurately.
(c) In mismatch repair deficiency, failure of elimination of the replication error leads to the instability of

microsatellite lesions.

which suppresses T cell activation. Furthermore,
PD-L1 is aberrantly expressed in various tumors,
allowing them to escape from host immune
surveillance (Figure 1b). Administration of
anti-CTLA-4 mAb and anti-PD-1/PD-L1 mAb
can cancel these inhibitory mechanisms (Figure
1¢), and restore the ability of T cells to attack the
tumor (Figure 1d). The intensive study of these
immune checkpoint mechanisms led to the
approval of ipilimumab in 2011, nivolumab in
2014, and pembrolizumab in 2014 for patients
with malignant melanoma.

Microsatellite instability, tumor mutation

burden, and response to immunotherapy

Among human DNA sequences, there are more
than 100,000 areas of short tandem repeat
sequences termed microsatellites that are particu-
larly susceptible to acquiring errors when the mis-
match repair (MMR) pathway is impaired. Cells
with an abnormally functioning MMR pathway

are unable to correct errors during DNA replica-
tion, which causes the creation of an inconsistent
number of microsatellite nucleotide repeats, lead-
ing to the instability of microsatellite regions
(Figure 2).10 MSI reflects the condition of genetic
hypermutability that results from impaired DNA
MMR and is accompanied by a 100- to 1000-fold
increase in the mutation rate.1%!! The presence of
MSI is a sign of either sporadic or hereditary dys-
function of the MMR pathway caused by various
factors, including mutations in MMR-related
genes, inactivation of MMR gene transcription
due to hypermethylation of its promoter region.!1:12

Llosa and colleagues first reported that colorectal
cancers (CRCs) with high infiltration of activated
CD8" cytotoxic T lymphocytes (CTLs) as well as
activated Thl cells characterized by interferon-y
production were MSI-H/dMMR tumors.!3 They
also demonstrated highly upregulated expression
of immune checkpoint proteins in advanced
MSI-H/dMMR tumors, which explains why
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Figure 3. The difference of the response to immune checkpoint therapy
between MSS tumors and MSI-H or dMMR tumors. High mutation burden
in a MSI-H/dMMR tumor leads to the synthesis of mutation-associated
neoantigens presented by MHC class | molecules, which attracts cytotoxic
T lymphocytes to the tumor microenvironment via TCR engagement with
MHC. Blockade of the PD-1-PD-L1 interaction with an anti-PD-1 antibody
results in T cell activation and infiltration into the tumor, leading to
objective tumor response.

dMMR, mismatch repair deficiency; MHC, major histocompatibility complex; MSI-H,
microsatellite instability-high; MSS, microsatellite-stable; PD-1, programmed cell
death protein 1; PD-L1, programmed cell death protein ligand 1; TCR, T cell receptor.

MSI-H/dMMR tumors are not naturally elimi-
nated despite hostile CTL/Thl microenviron-
ments. Most significantly, their report suggested
the utility of MSI status as a predictive marker for
the response to PD-1/PD-L1 blockade in cancer
patients. Follow-up studies revealed a correlation
among MSI status, TMB, and clinical response
to treatments with ICIs in various cancers.!416
High TMB leads to the synthesis of aberrant and
potentially immunogenic mutation-associated
neoantigens by the cancer cells, which attract
CD8* CTLs and activated Th1 cells to the tumor
microenvironment (Figure 3).14 Furthermore,
there is a significant correlation between TMB
and the response to anti-PD-1/PD-L1 therapy
across various types of cancer.!>17 Diaz er al
reported the results of phase II KEYNOTE-158
basket study, in which 77 patients with MSI-H
non-CRC across 20 tumor types were enrolled.!8

The objective response rate (ORR) was 37.7%,
and the 6-month overall survival (OS) and pro-
gression-free survival (PFS) rates were 73% and
45%, respectively. Furthermore, Samstein ez al.
reported an analysis of the clinical and next-gen-
eration sequencing (NGS)-based genomic data
of 1662 patients with advanced cancer, and
demonstrated that high TMB was associated
with improved survival in patients receiving
treatments with ICIs across a wide variety of
cancer types.1?

As the clinical importance of MSI status and
TMB has become broadly recognized, efforts
have been made to understand the landscape of
MSI status and TMB across various cancer types
by NGS-based methods.2%-24 Regarding gastroin-
testinal malignancies, 16.6—-19% of colon cancers
and 7.5-21.9% of gastric cancers (GCs) were
identified as MSI-H, and the frequency of MSI-H/
dMMR was lower in patients with advanced-
stage cancers.2* In CRC, the frequency of MSI-H
has been reported to be 20% in stage I/II, 12% in
stage III, and only 4% in stage IV.?> MSI-H
CRCs were more frequent in the proximal (right-
sided) colon than in the distal (left-sided)
colon.?%:27 The rates of MSI-H in hepatocellular
carcinoma (HCC), biliary tract cancer (BTC),
and pancreatic cancer were less than 3% (Table 1).
Nakamura er al. recently reported the TMB in tis-
sue samples from 1759 advanced gastrointestinal,
hepatobiliary, and pancreatic tumors from a part
of the Nationwide Cancer Genome Screening
Projectin Japan.2® In CRC, TMB-H was observed
in 23.6%, including 75.0% of MSI-H and 17.1%
of non-MSI-H tumors. In non-CRC, TMB-H
was observed in 17.5% of esophageal cancer,
13.3% of GC, 7.4% of HCC, 26.1% of BTC, and
27.9% of pancreatic cancer (Table 1).28 TMB
analysis may be useful as an agnostic histologic
indicator to identify patients who can benefit
from ICIs; however, a universal definition of high
TMB may be difficult to establish because the
TMB cut-points associated with improved sur-
vival varies between cancer types.!®

From the next section, we discuss the MSI status
and critical clinical studies of ICIs for esophageal,
gastrointestinal, hepatobiliary, and pancreatic
cancers. The results of the most relevant clinical
studies are summarized in Table 2. Current ongo-
ing trials related to ICIsidentified in Clinical Trials.
gov (https://clinicaltrials.gov/) are summarized in
Table 3.
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Table 1. Microsatellite instability status and tumor mutation burden among gastrointestinal, pancreatic, and hepatobiliary cancers.

H

Tumor type dMMR/MSI-H (%) TMB-high (%)  References

Esophageal cancer 0-3.3 3.5-17.5 Hause et al., Cortes-Ciriano et al., Salem et al., Bonneville
et al., Cancer Genome Atlas Research Network et al.20-23.29

Gastroesophageal 4-8 3.1 Salem et al., Liu et al.22:30

junction cancer

Gastric cancer 7.5-21.9 8.3-13.3 Hause et al., Cortes-Ciriano et al., Salem et al., Bonneville
et al., Nakamura et al,, Liu et al., Cancer Genome Atlas
Research Network et al.20-23.28.30.31

Small intestinal cancer 12 10.2-30.0 Salem et al., Nakamura et al.2228

Gastrointestinal stromal 0 0-6.9 Salem et al., Nakamura et al.22.28

cancer

Right-sided colon 13.5-27 14.6 Hause et al., Cortes-Ciriano et al., Salem et al., Bonneville

cancer et al., Nakamura et al.20-23.28

Left-sided colon cancer 2.0-2.2 3.5 Salem et al., Liu et al.2230

Rectal cancer 2.2-9.2 3.0 Hause et al., Cortes-Ciriano et al., Salem et al., Bonneville
et al., Liu et al.20-23.30

Hepatocellular 0-2.9 2.2-7.4 Hause et al., Cortes-Ciriano et al., Salem et al., Bonneville

carcinoma et al., Goumard et al.20-23.32

Biliary tract cancer 0-3 3.7-26.1 Lee et al., Salem et al., Bonneville et al.,, Nakamura et al,,
Ueno et gl.10.22.23,28,33

Pancreatic cancer 0-1.3 1.4-27.9 Cortes-Ciriano et al., Salem et al., Bonneville et al., Liu et al.,
Hu et al., Lupinacci et al. 21-23.30.34.35

Neuroendocrine tumor/ 0 1.3-14.8 Salem et al., Nakamura et al.22.28

cancer

dMMR, mismatch repair deficient; MSI-H, microsatellite instability-high; TMB, tumor mutation burden.

Esophageal cancer

Although esophageal cancers have a low preva-
lence of dMMR/MSI-H (0-3.3%), TMB is
reported to be relatively high (3.5-17.5%,
Table 1). Therefore, the response to ICIs was esti-
mated to be high among gastrointestinal malignan-
cies. The result of the phase III KEYNOTE-181
study evaluated pembrolizumab versus chemother-
apy as second-line therapy in 628 patients with
advanced/metastatic esophageal squamous cell
carcinoma (ESCC) or esophageal adenocarcinoma
was presented at the American Society of Clinical
Oncology (ASCO) Gastrointestinal Cancers
Symposium in 2019.36 Although pembrolizumab
did not improve OS or PFS in the overall intent-
to-treat population, pembrolizumab was of signifi-
cant survival benefit in patients with esophageal
cancer with PD-L1 combined positive score
(CPS) =10 (median OS: 9.3 versus 6.7 months,

$»=0.0074). In the ESCC subgroup, median OS
was 8.2months wersus 7.1 months (HR=0.78,
p»=0.0095). With pembrolizumab, fewer patients
had drug-related adverse events (AEs) of any grade
(64% wversus 86%) or grade 3-5 (18% versus 41%),
compared with chemotherapy. These data support
pembrolizumab as a new second-line standard of
care for esophageal cancers with PD-LL1 CPS =10.
The phase III KEYNOTE-590 study, investigating
pembrolizumab + chemotherapy as first-line ther-
apy, is ongoing.>8

Regarding nivolumab, the result of the global
multi-center  randomized  phaselIll  trial
(ATTRACTION-3) evaluating nivolumab wversus
chemotherapy in patients with unresectable
advanced or recurrent ESCC refractory or intol-
erant to one previous fluoropyrimidine-based and
platinum-based drug was recently documented.3?
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Table 3. Ongoing phase Ill clinical trials on immune checkpoint inhibitors for gastrointestinal cancers.

Tumor type Treatment ClinicalTrials.gov  Patient feature
identifier
Esophageal Nivolumab versus Docetaxel/ NCT02569242 Histologically confirmed unresectable
cancer Paclitaxel advanced or recurrent EC
Refractory to or intolerant of standard therapy
Nivolumab + Ipilimumab or CheckMate 648 Unresectable advanced, recurrent or
Nivolumab combined with (NCT03143153) metastatic previously untreated ESCC
fluorouracil + cisplatin versus
fluorouracil + cisplatin
Pembrolizumab + cisplatin and KEYNOTE-590 First-line treatment in patients with locally
5-fluorouracil (5-FU) versus (NCT03189719) advanced or metastatic esophageal carcinoma
placebo + cisplatin and 5-FU
Pembrolizumab versus placebo KEYNOTE-975 Patients with esophageal carcinoma who are
(NCT04210115) receiving chemotherapy and radiation therapy
SHR-1210 (camrelizumab) versus NCT03099382 Histologically or cytologically confirmed ESCC,
Investigator’s choice standard locally advanced, unresectable, recurrent or
therapy metastatic disease
(Docetaxel or Irinotecan) Fail to the first-line standard therapy
SHR-1210 + paclitaxel + cisplatin NCT03691090 Histologically or cytologically confirmed
versus unresectable local advanced/recurrent or
placebo + paclitaxel + cisplatin metastasis ESCC;
No previous systemic anti-tumor treatment
Gastric and Nivolumab +S-1 or CapeOX, in NCT03006705 Patients with pStage Il GC (including
Gastroesophageal  comparison with placebo + S-1 or GEJc] after D2 or more extensive lymph
junction cancer CapeOX node dissection (postoperative adjuvant
chemotherapy)
Nivolumab + Ipilimumab or NCT02872116 Patients with previously untreated advanced

Nivolumab in combination with
oxaliplatin + fluoropyrimidine versus
oxaliplatin + fluoropyrimidine

Nivolumab + SOX/CapeOX versus
placebo + SOX/CapeOX

Pembrolizumab versus Paclitaxel

Pembrolizumab (MK-

3475) + Chemotherapy (XP or FP)
versus placebo + chemotherapy (XP
or FP)

Pembrolizumab + trastuzumab
in combination with standard of
care (SOC) chemotherapy versus
trastuzumab in combination with
SOC chemotherapy

ATTRACTION-4
(NCT02746796)

KEYNOTE-063
(NCT03019588)

KEYNOTE-585
(NCT03221426)

KEYNOTE-811
(NCT03615326)

or metastatic GC or GEJc

Patients with unresectable advanced or
recurrent GC (including GEJc] that has not
been treated with the first-line therapy with
systemic antitumor agents

Asian patients with advanced GC or GEJc
who progressed after first-line therapy with
platinum and fluoropyrimidine

Neoadjuvant/Adjuvant treatment for patients
with GC or GEJc

Patients with HER?2 positive advanced GC or
GEJc

(Continued)
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Table 3. (Continued)

Tumor type

Treatment

ClinicalTrials.gov
identifier

Patient feature

Colorectal cancer

Hepatocellular
carcinoma

Pembrolizumab + chemotherapy
(FP or CAPOX regimens) versus
placebo + chemotherapy (FP or
CAPOX regimens)

Nivolumab in combination with
standard of care chemotherapy with
bevacizumab

Nivolumab alone, Nivolumab in
combination with Ipilimumab, or an
investigator’s choice chemotherapy

mFOLFOX6/Bevacizumab
combination chemotherapy
with or without Atezolizumab or
Atezolizumab monotherapy

Durvalumab + Tremelimumab
combination therapy and
Durvalumab monotherapy versus
Sorafenib

Transarterial chemoembolization
(TACE) in combination with
durvalumab monotherapy

or TACE given with

durvalumab + bevacizumab therapy
compared with TACE alone

Durvalumab in combination with
bevacizumab or durvalumab
monotherapy or placebo as adjuvant
therapy

CS1003 (anti-PD-1 mAb) in
combination with lenvatinib and
placebo in combination with
lenvatinib

Nivolumab + Ipilimumab versus
standard of care (sorafenib or
lenvatinib)

Adjuvant nivolumab versus placebo

Pembrolizumab or placebo given
with best supportive care in Asian
patients

Pembrolizumab versus placebo as
adjuvant therapy

KEYNOTE-859
(NCT03675737)

CheckMate 9X8
(NCT03414983)

CheckMate 8HW
(NCT04008030)

COMMIT Study
(NCT02997228)

HIMALAYA
(NCT03298451)

EMERALD-1
(NCT03778957)

EMERALD-2
(NCT03847428)

NCTO04194775

CheckMate 9DW
(NCT04039607)

CheckMate 9DX
(NCT03383458)

KEYNOTE-3%4
(NCT03062358)

KEYNOTE-937
(NCT03867084)

Patients with HER2 negative, previously
untreated, unresectable or metastatic GC or
GEJc

First-line treatment of patients with mCRC

Patients with MSI-H or dMMR mCRC

First-line treatment of patients with dMMR
mCRC

Patients with no prior systemic therapy for
unresectable HCC

Patients with locoregional HCC not amenable
to curative therapy

Patients with HCC who are at high risk of
recurrence after curative hepatic resection or
ablation

Patients with no prior systemic treatment and
with unresectable HCC

Patients with advanced HCC who have not
received prior systemic therapy

Patients with HCC who are at high risk of
recurrence after curative hepatic resection or
ablation

Asian patients with previously systemically
treated advanced HCC

Adjuvant therapy in patients with HCC and
complete radiological response after surgical
resection or local ablation

(Continued)
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Table 3. (Continued)

Tumor type Treatment ClinicalTrials.gov  Patient feature
identifier
Lenvatinib in combination with LEAP-002 First-line therapy of participants with
pembrolizumab versus Lenvatinib in (NCT03713593) advanced HCC
combination with placebo
Cabozantinib in combination with COSMIC-312 Patients with advanced HCC who have not
atezolizumab versus the standard of (NCT03755791) received previous systemic anticancer therapy
care sorafenib
Adjuvant therapy with IMbrave050 Patients with completely resected or
atezolizumab + bevacizumab (NCT04102098) ablated HCC who are at high risk for disease
compared with active surveillance recurrence
Biliary tract Durvalumab in combination with TOPAZ-1 Patients with first-line advanced BTC
cancers gemcitabine + cisplatin versus (NCT03875235)
placebo in combination with
gemcitabine + cisplatin
KNOQ35 (anti-PD-L1 antibody) KNO035-BTC Patients with previously untreated locally
compared with standard of care (NCT03478488) advanced or metastatic BTC

gemcitabine-based chemotherapies

Pembrolizumab + gemcitabine/ KEYNOTE-966 Patients with advanced and/or unresectable

cisplatin versus

(NCT04003636) BTC

placebo + gemcitabine/cisplatin as

first-line therapy

BTC, biliary tract cancer; CapeOX, capecitabine plus oxaliplatin; CAPOX, oxaliplatin combined with capecitabine; dMMR, mismatch repair deficient;
EC, esophageal cancer; ESCC, esophageal squamous cell carcinoma; FP, Cisplatin combined with 5-Fluorouracil; GC, gastric cancer; GEJc,
gastroesophageal junction cancer; HCC, hepatocellular carcinoma; HER2, human epidermal growth factor receptor 2; mCRC, metastatic colorectal
cancer; mFOLFOX6, modified oxaliplatin plus leucovorin plus 5-fluorouracil; MSI-H, microsatellite instability-high; PD-1, programmed cell death 1;
PD-L1, programmed cell death ligand 1; S-1, tegafur-gimeracil-oteracil potassium; SOX, S-1 plus oxaliplatin; XP, capecitabine plus cisplatin.

Patients were randomly assigned to either
nivolumab or investigator’s choice of chemo-
therapy (paclitaxel or docetaxel). Nivolumab
demonstrated a significant extension in OS
compared with chemotherapy (median 10.9 ver-
sus 8.4months; HR=0.77, p=0.019). Subgroup
analysis revealed that nivolumab provided supe-
rior OS regardless of tumor PD-L1 expression. In
the nivolumab group, fewer patients had treat-
ment-related AEs of grade 3 or 4 compared with
chemotherapy (18% wversus 63%). The phaseIIl
CheckMate-648 trial evaluating nivolumab +
ipilimumab or nivolumab + chemotherapy for
advanced esophageal cancer is ongoing.

Gastric or gastroesophageal junction cancer

Among all cancer types, gastrointestinal adeno-
carcinomas exhibit MSI properties at a compara-
tively high proportion. Comprehensive molecular
analysis of gastrointestinal adenocarcinomas

revealed that MSI-H adenocarcinomas are
observed primarily in the distal stomach and
proximal colon.?® The Cancer Genome Atlas
Research Network analyses demonstrated that
gastric and gastroesophageal junction adenocarci-
nomas are divided into four subtypes according to
their molecular features: tumors exhibiting chro-
mosomal instability (CIN), MSI-H, Epstein—Barr
virus (EBV)-positive, and genomically stable.2%3!
Among them, MSI-H tumors account for approx-
imately 22% of GCs, and a small minority of
MSI-H GCs are related to a germline mutation in
MMR-related genes.3® Pathophysiologically,
MSI-H GCs are linked with female sex, older age,
intestinal type, and distal location, and almost all
sporadic MSI-H GCs exhibit epigenetic silencing
of MLH]1 in the context of a CpG island methyla-
tor phenotype.3%5° MSI-H GCs have a high inci-
dence of somatic mutations, including mutations
in genes related to receptor tyrosine kinase-RAS
signaling, but generally lack targetable alterations
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compared with CIN-type GCs having therapeuti-
cally targetable amplification in receptor tyrosine
kinase. Importantly, MSI-H or EBV-positive
GCs have a high interferon-y gene expression sig-
nature levels and highly correlated with PD-L1
positivity.3%-60 Therefore, advanced MSI-H GCs
with metastases could be suitable targets of anti-
PD-1 therapies.

Bang et al. reported the results of the phaseIIl
JAVELIN Gastric 300 trial comparing a human
PD-L1 antibody avelumab (Bavencio®) wersus
chemotherapy (paclitaxel or irinotecan) as third-
line therapy in patients with advanced GC or gas-
troesophageal junction cancer (GE]c).%! The trial
did not meet its primary endpoint of improving
OS (4.6 versus 5.0 months) or the secondary end-
points of PFS (1.4 versus 2.7 months) in the ave-
lumab wersus chemotherapy arms, respectively.
Recently, the topline results of the phaselll
JAVELIN Gastric 100 study evaluating avelumab
as first-line maintenance therapy following induc-
tion chemotherapy in patients with unresectable,
locally advanced or metastatic HER-2 negative
GC/GE]c wversus continuation of chemotherapy or
best supportive care were announced.®? While the
study showed clinical activity for avelumab, it did
not meet the primary endpoints of superior OS
compared with the standard of care in the overall
intent-to-treat population or the PD-L1-positive
population.

Kang et al. reported the efficacy and safety of
nivolumab in patients with advanced GC/GE]Jc
who had been previously treated with two or more
chemotherapy regimens (ATTRACTION-2).38
In this trial, median OS was 5.26 months in the
nivolumab group, compared with 4.14months in
the placebo group (HR=0.63, p»<<0.0001).
Recently, the phaseIl part of ATTRACTION-4
trial, evaluating the safety and efficacy of
nivolumab with S-1+ oxaliplatin (SOX) or
capecitabine + oxaliplatin (CapeOX) as first-line
therapy for unresectable advanced or recurrent
human epidermal growth factor receptor2
(HER2)-negative GC/GE]Jc was announced.?®
Nivolumab combined with SOX/CapeOX was
well-tolerated and demonstrated encouraging
efficacy (ORR: 57.1% in nivolumab + SOX group
and 76.5% in the nivolumab + CapeOX group).
ATTRACTION-4 has proceeded to phaselll to
compare nivolumab + SOX/CapeOX wversus pla-
cebo + SOX/CapeOX.

Regarding pembrolizumab, Fuchs ez al. reported
the phase II KEYNOTE-059 trial evaluating the
safety and efficacy of pembrolizumab monother-
apy in 259 patients with advanced GC/GE]c with
=2 prior lines of treatment.*® Pembrolizumab
monotherapy demonstrated manageable safety
and promising activity (ORR: 11.6%, median
response duration: 8.4months). In the phaseIll
KEYNOTE-061 study, Shitara er al. compared
pembrolizumab with paclitaxel in 592 patients
with advanced GC/GE]c that progressed on first-
line chemotherapy with platinum-based drug and
fluoropyrimidine.4! As a result, pembrolizumab
did not significantly improve median OS com-
pared with paclitaxel as second-line therapy for
advanced GC/GE]Jc with PD-L1 CPS =1 (9.1
versus 8.3 months). Tabernero ez al. recently pre-
sented the results of the randomized phase III
KEYNOTE-062 study evaluating the first-line
pembrolizumab with or without chemotherapy
versus chemotherapy alone.*? Initial therapy with
pembrolizumab resulted in non-inferior OS com-
pared with standard chemotherapy in patients
with PD-L1 CPS =1 (10.6 wversus 11.1 months).
In patients with PD-LL1 CPS =10, median OS
was 17.4months in the pembrolizumab group
compared with 10.8 months in the chemotherapy
group. This study also evaluated combined treat-
ment with pembrolizumab and standard chemo-
therapy; however, the combination regimen did
not improve survival relative to chemotherapy
alone.

Colorectal cancer

CRCs mainly arise from adenoma with inacti-
vated mutation or deletion in the tumor suppres-
sor gene APC (adenoma-carcinoma sequence);
however, MSI-H CRCs develop via a different
pathway. The Colorectal Cancer Subtyping
Consortium classified CRCs into four consensus
molecular subtypes (CMSs) with distinguishing
biologic features: CMS1 (MSI immune subtype,
14%), CMS2 (canonical subtype, 37%), CMS3
(metabolic subtype, 13%), CMS4 (mesenchymal
subtype, 23%), and mixed features (13%).%3
Among them, CMSI1 tumors are hyper-mutated
types and exhibit MSI-H features. Inherited
MSI-H CRCs occur due to germline mutations in
MMR-related genes such as MLHI and MSH2,
whereas sporadic MSI-H CRCs typically arise
from sessile-serrated adenomas/polyps with
BRAF V600E mutation and widespread
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hypermethylation, including MLHI promoter
methylation (serrated pathway). Regardless of the
backgrounds (sporadic or hereditary), MSI-H
CRCs are frequently diagnosed in the proximal
(right-sided) colon and have high growth ability
but less metastasis.2%27 Also, these cancers have
increased numbers of tumor-infiltrating lympho-
cytes, mainly comprising Thl and CTLs, and
high expression of PD-L1, along with strong acti-
vation of immune evasion pathways,%3-%¢ which
results from the presence of numerous neoanti-
gens resulting from the hyper-mutated profile of
MSI-H CRCs. Therefore, although recurrent
MSI-H CRCs have a worse prognosis, these
tumors are good candidates for immune check-
point therapy.

Le et al. reported the data from cohort B of phase
II KEYNOTE-164 study investigating the antitu-
mor activity of pembrolizumab for patients with
MSI-H metastatic CRC (mCRC) treated with
=1 prior line of therapy.*? Of 63 patients enrolled,
the ORR was 32%, the 12-month PFS rate was
41%, and the 12-month OS rate was 76%. The
result of phase III KEYNOTE-177 study to eval-
uate the efficacy and safety of pembrolizumab
versus standard-of-care chemotherapy as first-line
therapy for MSI-H/dMMR mCRC was recently
reported in ASCO 2020.% Pembrolizumab was
clearly superior to chemotherapy for PFS (16.5
versus 8.2months; p=0.0002) with fewer treat-
ment-related AEs, suggesting that pembroli-
zumab is a suitable new standard of care for
patients with MSI-H/dMMR mCRC.

With regard to combination therapy, nivolumab +
low-dose ipilimumab as first-line therapy in
MSI-H/dMMR mCRC (phase IT CheckMate-142
trial) demonstrated robust and durable response
(ORR=69% in 45 patients with median follow up
of 29.0months).% In patients with previously
treated MSI-H/dAMMR mCRC enrolled in the
same trial, the ORR and disease control rates
(DCR) of nivolumab + low-dose ipilimumab
combination were 58% and 81%, respectively.%
Besides, the result of phase III study comparing
atezolizumab (anti-PD-L1 mAb, Tecentrig®) +
cobimetinib (MEKI1/2 inhibitor) and atezoli-
zumab monotherapy wersus standard-of-care
regorafenib in chemotherapy-refractory mCRC
was reported.4® As a result, atezolizumab + cobi-
metinib and atezolizumab monotherapy did not
demonstrate statistically significant prolonged OS
benefit wersus regorafenib in intent-to-treat

population.4¢ A randomized phase III study of
mFOLFOX6/bevacizumab combination chemo-
therapy with or without atezolizumab or atezoli-
zumab monotherapy in the first-line treatment of
patients with dMMR mCRC is ongoing.%%

Hepatocellular carcinoma

After a decade with sorafenib as the only available
multi-targeted TKI for HCC, regorafenib as sec-
ond-line therapy and lenvatinib as another first-
line therapeutic agent were finally approved.®?
The prognosis of HCC is still poor; however,
because of the high potential for intra- and extra-
hepatic multiple recurrence and metastasis.
Goumard ez al. analyzed 122 patients with HCC
and found no tumors displaying a typical MSI-H
phenotype as defined by PCR-based MSI test-
ing.32 Low levels of MSI, however, were observed
in 31.1% (38/122) of HCCs. Furthermore, the
rate of MSI was higher in patients with cirrhosis
than in those without cirrhosis.32 Some degree of
MSI is known to be induced by chronic inflam-
mation, as reported in pancreatitis and ulcera-
tive colitis.®8:%9 We previously demonstrated that
proinflammatory cytokine stimulation-induced
transcriptional downregulation of MSH2 wvia
inflammation-mediated microRNA-21 expres-
sion in hepatocytes.”® Furthermore, hepatocyte-
specific disruption of MSH?2 in mice results in the
development of liver tumors with the histologic
features of HCC. Therefore, although the MSI-H
phenotype is rare in HCC, inflammation-
mediated dysfunction of the MMR pathway can
contribute to an accumulation of mutations dur-
ing hepatitis-associated tumorigenesis. The
CheckMate-040 study revealed that nivolumab
induced durable responses in both sorafenib-
naive patients (ORR: 23%, DCR: 63%) and
sorafenib-experienced patients (ORR: 16%-19%)
with advanced HCC.4” In September 2017,
nivolumab was approved by the FDA as a sec-
ond-line treatment for HCC after sorafenib fail-
ure based on a 154-patient subgroup analysis of
CheckMate-040.7! However, a randomized phase
III study evaluating nivolumab wersus sorafenib as
a first-line treatment in patients with unresectable
HCC (CheckMate-459) revealed that the trial
did not achieve statistical significance for its pri-
mary endpoint of OS per the pre-specified analy-
sis.48 Pembrolizumab was also granted accelerated
approval by the FDA in November 2018, as a
second-line treatment after sorafenib failure based
on the data from the phase II KEYNOTE-224
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trial.¥* The results from the phase III
KEYNOTE-240 trial, however, demonstrated
that although patients treated with pembrolizumab
as a second-line treatment achieved a longer OS
and PFS wversus placebo, the findings were not
deemed statistically significant per the prespecified
statistical plan.>° Therefore, ICI treatment in com-
bination with TKI or different types of ICI may be
promising in the future, rather than the strategy of
sequential therapy from TKI to ICIL.72 In July
2019, the FDA granted breakthrough therapy des-
ignation for pembrolizumab in combination with
lenvatinib for the potential first-line treatment of
patients with advanced unresectable HCC not
amenable to locoregional treatment, based on the
results from the phase Ib trial KEYNOTE-524/
Study 116.51:73 In March 2020, the FDA granted
accelerated approval to the combination of
nivolumab and ipilimumab for patients with HCC
who have been previously treated with sorafenib
based on data from the cohort 4 of CheckMate-040
study.>>»7* In addition, the regimen of tremeli-
mumab (anti-CTLA-4 mAb) in combination with
durvalumab (anti-PD-LL1 mAb) is being evaluated
in the ongoing phase III HIMALAYA study in
first-line HCC versus sorafenib.”

Recently, the results from the phase III IMbrave
150 study evaluating atezolizumab in combina-
tion with bevacizumab (anti-VEGF mAb,
Avastin®) for patients with unresectable HCC
who have not received prior systemic therapy
were reported.>3 Atezolizumzb in combination
with bevacizumab significantly improved OS and
PFS, compared with sorafenib. OS at 12 months
was 67.2% with atezolizumab + bevacizumab
and 54.6% with sorafenib. Median PFS was
6.8 months and 4.3months in the respective
groups. Grade 3-4 AEs occurred in 56.5% of
patients who received atezolizumab + bevaci-
zumab and in 55.1% of patients who received
sorafenib. The combination of atezolizumab +
bevacizumab was the first regimen that has
shown significantly improved OS compared with
sorafenib and is considered to replace sorafenib
as the novel first-line treatment in the near future.
There are various other ongoing trials investigat-
ing anti-PD-1/PD-LL1 mAb in combination with
TKI or anti-CTLA-4 mAb.7®

Biliary tract cancer
BTCs are often diagnosed at an advanced stage;
therefore, the standard chemotherapy regimen

gemcitabine + cisplatin provides limited bene-
fit.77 Therefore, it is essential to investigate the
treatment response of ICIs against BT Cs and
identify a predictive response marker. The rate
of MSI-H/dMMR BTCs is reported to be
1-3%.19 Although MSI-H BTCs are rare, anti-
PD-1/PD-LL1 mAbs exert a specific antitumor
activity in a subset of advanced BTCs. Ueno
et al. reported the results of phase II, multico-
hort KEYNOTE-158 study evaluating the
antitumor activity and safety of pembrolizumab
in 104 patients with advanced BTC and prior
progression/intolerance on standard therapy.33
The ORR was 6.6% and 2.9% among those
with PD-L1 CPS =1 and CPS <1, respec-
tively. Median PFS was 1.9 months oversus
2.1 months and median OS was 7.2 months
versus 9.6 months among patients with PD-L1
CPS =1 wersus <1, respectively, indicating
that pembrolizumab shows durable antitumor
activity in a subset of patients with advanced
BTC regardless of PD-L.1 CPS. Although the
OS and PFS of pembrolizumab as a second-
line therapy are not entirely satisfactory, it is
worth considering because no standard salvage
chemotherapy regimen for advanced BTCs in
progression after gemcitabine + cisplatin has
yet been identified.

Theresults of the phase Istudy (JapicCTI-153098)
investigating the safety and tolerability of
nivolumab monotherapy or in combination with
cisplatin + gemcitabine for 60 patients with unre-
sectable or recurrent BTC suggested that nivoli-
mab had a manageable safety profile and signs of
clinical activity.5* In the nivolumab monotherapy
cohort, mOS and mPFS were 5.2months and
1.4 months, respectively, and one of 30 patients
had an ORR. On the other hand, mOS and
mPFS in the combination therapy cohort were
15.4 months and 4.2 months, respectively, and 11
of 30 patients had an ORR. In addition, a recent
report of the phase I study of durvalumab with or
without tremelimumab suggested that their com-
bination might become a promising regimen for
patients with advanced BTC after conventional
chemotherapy.>>

Pancreatic cancer

Pancreatic ductal adenocarcinoma (PDAC) is
lethal cancer with a poor prognosis despite the
recent progress on chemotherapy regimens such
as FOLFIRINOX (leucovorin and fluorouracil +
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irinotecan and oxaliplatin) or gemcitabine +
nab-paclitaxel.”® Unfortunately, ICIs including
anti-PD-1 or anti-CTLA-4 mAb alone or in com-
bination exhibit little efficacy against PDAC.56:57:79
O’Reilly ez al. recently reported the result of phase
II randomized clinical trial of 65 patients with
metastatic PDAC, evaluating durvalumab with or
without tremelimumab. Durvalumab + tremeli-
mumab therapy was tolerated; however, ORR
was 3.1% for patients receiving combination ther-
apy and 0% for patients receiving durvalumab
monotherapy.>7

Poor response of PDAC to ICIs results from
highly immunosuppressive tumor microenvi-
ronment and stroma, along with low TMB, both
of which lead to poor T cell infiltration.89 The
MSI-H/dMMR phenotype is indeed very rare in
PDAC. Hu er al. reported that the MSI-H/
dMMR phenotype was present in only 0.8%
(7/833) of patients with PDAC.3* Lupinacci
et al. also reported a multicenter study of MSI
status in 443 cases with PDAC, including 58
intraductal papillary mucinous neoplasm
(IPMN)-associated PDACs.3> In their report,
the MSI-H/dMMR phenotype was present in 5
of 385 (1.3%) non-IPMN-associated PDACs
and 4 of 58 (6.9%) IPMN-associated PDACs.
PDAC has minimal-to-moderate infiltration of
CD3, CD4, and CD8 T cells; however, the
infiltrates are predominantly present in the stro-
mal area of the tumor and are excluded from the
tumoral area of PDACs.8! Furthermore, meta-
static PDACs had lower T cell infiltration com-
pared with resectable primary PDACs. It is
necessary for improving the responsivity of
PDAC to ICIs to elucidate the mechanisms of
increasing initial T cell priming, overcoming the
immunosuppressive tumor microenvironment,
and inhibiting compensatory mechanisms of T
cell anergy and exhaustion.’”® Although the
MSI-H/dMMR phenotype is very rare in
PDAC, the ASCO clinical practice guideline
recommends routine testing for MSI-H or
dMMR, and treatment with pembrolizumab as
second-line therapy for patients testing posi-
tive for MSI-H or dMMR.82 The National
Comprehensive Cancer Network guidelines
Version 1.2019 also recommends MSI and/or
MMR testing in patients with locally advanced
or metastatic PDAC, and treatment with pem-
brolizumab only for MSI-H or dMMR tumors.83

Prospects of immunotherapy against
gastrointestinal malignancies

The clinical experience accumulated to date has
provided evidence that anti-PD-1/PD-LL1 mAbs
are useful in a variety of advanced/metastatic
cancer, with improved clinical outcomes com-
pared with conventional chemotherapy. As men-
tioned, however, in the field of gastrointestinal
malignancies, anti-PD-1/PD-L1 mAb monother-
apy does not currently exhibit a satisfactory ther-
apeutic efficacy. Three strategies are conceivable
to improve the efficacy of ICIs; specifying novel
predictive biomarkers, identifying effective com-
bination therapies with other drugs, and over-
coming acquired resistance.

Kim ez al. reported that patients with MSI-H and
EBV-positive metastatic GC had dramatic
responses to pembrolizumab.® ORR was 85.7%
in patients with MSI-H tumor and 100% in those
with EBV-positive tumor, compared with 6.3% in
those with other types of tumor. These results
imply the importance of both MSI and EBV test-
ing in the choice of therapy for GC. Also, Shen
et al. recently reported that deficiency of AT-rich
interaction domain 1A (ARID1A), a subunit of
the chromatin remodeling complex SWI/SNF,
led to impaired MMR and treatment with ICIs
resulted in the prolonged survival of mice bearing
ARID1A-deficient tumors.8* Therefore, ARID1A
status could also be a potential predictor of
response to ICIs.

With regard to identifying the combination regi-
men of ICIs along with other drugs, many clinical
studies are ongoing. As mentioned earlier, clinical
studies investigating combination regimens of
anti-PD-1/PD-L1 mAb with conventional chem-
otherapies are ongoing in patients with esopha-
geal cancer,’® GC/GE]c,?® CRC,% and BTC,>*
although the combination of pembrolizumab with
standard chemotherapy as a first-line therapy did
not improve survival relative to chemotherapy
alone in patients with PD-LL1 CPS =1, HER2-
negative, advanced GC/GE]Jc.4? Currently, the
combined regimens of anti-PD-1/PD-L1 and
anti-CTLA-4 mAbs have been evaluated in
CRC,#:% HCC,>%7%75 BTC,>*55 and PDAC.>”
The blockade of CTLA-4, which is involved in
the regulation of T-cell activation in lymph nodes/
tissues and in suppression of dendritic cell activity
via Tregs, could act synergistically with blockade
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of PD-1/PD-L1 that is involved mainly in inhibi-
tion of effector T-cell and natural killer (NK) cell
activation in peripheral tissues and in induction of
Treg differentiation.886 As mentioned earlier,
clinical trials have shown promising results, espe-
cially in the treatment of MSI-H/dMMR mCRC
and HCC; however, further studies, particularly
in terms of safety, are expected.

Regarding the resistance to immunotherapy, the
correlation between increased numbers of intratu-
moral Treg or tumor-associated macrophages
(TAMs) and poor clinical outcomes has been
reported in CRC and PDAC.#" Intratumoral Tregs
inhibit the activation and proliferation of CD8"
CTLs and effector CD4" T cells via various
means, including release of suppressive molecules
such as transforming growth factor-f or interleu-
kin-10, and upregulated expression of immune
checkpoints such as PD-1/PD-L1, CTLA-4, lym-
phocyte activation gene-3 (LAG-3), T cell immu-
noglobulin and mucin domain-containing protein
3 (TIM-3), and T-cell immunoreceptor with Ig
and ITIM domains (TIGIT).8 The combination
therapies of PD-1/PD-L1 or CTLA-4 with mAbs
targeting LAG-3, TIM-3, or TIGIT, therefore,
could enhance antitumor immune response and
overcome acquired resistance, and are currently
under clinical investigation.88 The phase Ib
REGONIVO study (EPOC1603) evaluating
multi-TKI regorafenib + nivolumab in patients
with advanced GC or CRC was planned from a
basic study in which regorafenib reduces TAMs in
tumor models, and was reported in ASCO 2019.8°
In the study, 25 patients with GC and 25 patients
with CRC were enrolled. The ORR and PFS were
44% and 5.8months in GC and 36% and
6.3 months in CRC with manageable safety pro-
files. In addition, Blando ez al. reported the pres-
ence of a high number of CD68" macrophages in
the tumor stromal area of PDAC.81 Moreover,
V-domain immunoglobulin suppressor of T cell
activation (VISTA) was predominantly expressed
in the macrophages. An activated VISTA pathway
decreases T cell responses in the tumor to a higher
degree than PD-L1 inhibition, suggesting that
PD-1/PD-L1 inhibition might fail in the treat-
ment of PDACs because an untreated VISTA
pathway still suppresses the immune response.
Combination therapy to increase T cell infiltra-
tion, possibly using anti-CTLA-4 mAb + anti-
VISTA antibody to target macrophages, may be a
prominent treatment strategy for PDAC.

Conclusion

The development of anti-CTLA-4 and anti-PD-1/
PD-L1 mAbs has shown remarkable clinical suc-
cess across several types of malignancies. In the
field of gastrointestinal malignancies, however, a
small proportion of patients currently benefit from
treatment with ICIs. The results of clinical trials
are strongly anticipated to lead to the creation of
optimal and safe combinations of ICIs and other
treatment strategies tailored to the characteristics
of each type of cancer. Furthermore, it is neces-
sary to clarify the molecular mechanisms underly-
ing acquired resistance and tumor immune
evasion, which could lead to an identification of
predictive biomarkers and maximize the therapeu-
tic effect of IClIs.
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