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Background and Objective: Immune checkpoint inhibitors (ICIs) have been widely applied and
studied in the treatment of gastrointestinal (GI) cancers, and have achieved good results. However, in
clinical practice, it has been observed that only some patients respond well to ICIs, and some patients may
experience various degrees of adverse reactions during the treatment. Timely evaluation of the potential
therapeutic effects and adverse reactions of ICIs for patients has important clinical significance. This review
aimed to summarize recent progress regarding efficacy-associated biomarkers for ICIs in GI cancer.
Methods: The literature on ICI treatment in GI cancers was searched in the PubMed, Embase, and
Cochrane Library databases for publications up to April 2023.

Key Content and Findings: Clinical practice and research has gradually revealed some biomarkers
related to the treatment of GI cancers with ICIs, which can be roughly divided into three types: biomarkers
that predict the effectiveness of ICIs treatment, biomarkers associated with resistance to ICIs, and
biomarkers associated with immune related adverse events (irAEs). This review article provides a literature
review on biomarkers related to the efficacy of ICIs in the treatment of GI cancers.

Conclusions: According to existing clinical research results, there are multiple biomarkers that can be used
for predicting and monitoring the efficacy and risk of adverse events of ICIs in the treatment of digestive

system malignant tumors.
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Introduction biliary cancer. According to global cancer statistics, there

Malignant tumors of the gastrointestinal (GI) tract include were approximately 5.1 million new cases and approximately

esophageal cancer (EC), gastric cancer (GC), colorectal 3.61 million deaths from digestive system malignancies

cancer (CRCQ), liver cancer, pancreatic cancer (PC), and in 2020 (1). In addition, the incidence and mortality of
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Table 1 The search strategy summary
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ltems Specification

Date of search April 24, 2023
Databases and other sources searched

Search terms used

PubMed, Embase, Cochrane Library

biomarker, digestive system cancers, gastrointestinal cancers, immune checkpoint inhibitors,

esophageal cancer, gastric cancer, colorectal cancer, liver cancer, hepatocellular carcinoma,
pancreatic cancer, programmed cell death protein 1, programmed cell death ligand-1

Timeframe Up to April 24, 2023

Inclusion criteria

Clinical studies including randomized clinical trial, observative studies, and case reports

published in English would be included

Selection process

Two investigators independently reviewed literatures, and if disagreement exists, a third

investigator would make final decision

GI tumors are on the rise, and some cancers, such as GC
and CRC, are increasingly affecting younger patients (2).
At present, the treatment for malignant tumors of the
digestive system mainly includes surgery, radiotherapy, and
chemotherapy, with surgery remaining the first choice if the
tumor is surgically resectable offering a chance of cure. And
even though older CRC patients with pT4 disease are more
prone to severe postoperative complications, there is no
consensus that age affects survival outcomes. The prognosis
of older patients may be confounded by differences in stage
at presentation, tumor site, preexisting comorbidities, and
type of treatment received (3). Systemic therapy also plays
an important role in the treatment of malignant tumors
of the digestive system. Systemic therapy can shrink the
tumor and provide surgical opportunities when used
neoadjuvantly, reduce the risk of relapse and recurrence
when given in adjuvant setting, and even achieve clinical
cure for some patients. In recent years, there has been
significant progress in systemic therapy, especially in the use
of immune checkpoint inhibitors (ICIs). At present, it has
shown strong anti-tumor activity in the treatment of many
tumors, such as melanoma, non-small cell lung cancer, renal
cancer, bladder cancer, and triple negative breast cancer.
ICIs may be the preferred choice when aiming for sustained
efficacy outcomes, while targeted therapies are primarily
considered for patients in need of a relatively rapid objective
response. Interestingly enough, when immunotherapy is
administered to melanoma of unknown primary patients,
it is likely to result in improved outcomes when contrasted
with the melanoma of known primary subset. This may be
attributed to their higher immunogenicity, as evidenced
by immunologically mediated primary site regression (4).
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ICIs have become the most promising approach for
immunotherapy by inhibiting tumor cells from escaping
immune surveillance, recognition, and subsequent cytotoxic
T-cell mediated damage to tumor cells (5). In recent years,
ICIs have also been widely applied and studied in the
treatment of GI tumors, and have achieved good results
in all five major digestive system tumor types. However,
in clinical practice, it has been observed that only some
patients have a good response to ICIs, whereas others may
experience various degrees of adverse reactions during
the treatment process. Therefore, timely evaluation of
the potential therapeutic effects and adverse reactions of
ICIs for patients has important clinical significance and
can help to screen potential patients who can achieve good
therapeutic effects while avoiding serious adverse reactions
as much as possible.

The use of biomarkers in blood that predict response to
therapy, and treatment safety have been studied extensively.
This article provides a literature review on the biomarkers
related to the efficacy of ICIs in the treatment of malignant
tumors of the digestive system. We present this article
in accordance with the Narrative Review reporting
checklist (available at https://jgo.amegroups.com/article/
view/10.21037/jgo-23-843/rc).

Methods

For this review, we searched PubMed, Embase, Cochrane
Library with strategies listed in 7able 1. In short, we used
“biomarker”, “digestive system cancers”, “gastrointestinal
cancers”, “immune checkpoint inhibitors”, “esophageal
cancer”, “gastric cancer”, “colorectal cancer”, “liver

7 Gastrointest Oncol 2024;15(1):514-528 | https://dx.doi.org/10.21037/jgo-23-843


https://jgo.amegroups.com/article/view/10.21037/jgo-23-843/rc
https://jgo.amegroups.com/article/view/10.21037/jgo-23-843/rc

516

cancer”, “hepatocellular carcinoma”, “pancreatic cancer”,
“programmed cell death protein 17, and “programmed cell
death ligand-1” as search terms to find relevant literatures
(Appendix 1). Two investigators independently reviewed
literatures, if disagreement exists, a third investigator would
make final decision. Only literatures for original clinical
studies including randomized clinical trial, observative
studies, and case reports published in English would be
included.

The application of ICls in digestive system
cancer

At present, among digestive system malignancies, ICIs
have been used for the treatment of EC, GC, CRC,
hepatocellular cancer (HCC), PC, and bile duct cancer.
In the treatment of EC/GC, CTLA-4 inhibitors have
not yet shown satisfactory results (6-8). However,
programmed cell death protein 1 (PD-1) and its ligand
(PD-L1) inhibitors have shown satisfactory outcomes in
numerous studies. The AT TRACTION series of studies
confirmed that nivolumab alone or in combination with
chemotherapy can modestly improve overall survival (OS),
progression-free survival (PFS), and other outcomes in
patients with EC, gastroesophageal junction cancer, and
GC (9-11). The CheckMate577 study confirmed the
value of nivolumab as an adjuvant therapy for stage II-
III patients who have undergone surgical treatment (12).
The CheckMate 649 study further demonstrated the value
of nivolumab combined with chemotherapy as a first-line
treatment for advanced gastric, gastroesophageal junction,
and esophageal adenocarcinoma (EAC) patients (13).
Pembrolizumab has also shown a certain therapeutic
effect on EC in a series of KEYNOTE studies. The
results of the phase IIl KEYNOTE 181 study showed that
pembrolizumab significantly prolonged OS compared to
chemotherapy in patients with PD-L1 positive advanced
EC (14). The phase III KEYNOTE 590 study showed
that pembrolizumab combined with chemotherapy can
significantly prolong patients’ OS and PFS (15). The
KEYNOTE-811 study showed that for human epidermal
growth factor receptor 2 (HER?2) positive unresectable or
metastatic GC/gastric esophageal junction adenocarcinoma
patients, those receiving pembrolizumab + trastuzumab +
chemotherapy had significantly better objective response
rate (ORR) and complete response rates (CRRs) than
the placebo + trastuzumab + chemotherapy group (16).
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In CRC patients, the benefits of ICIs treatment are
mainly limited to those with microsatellite instability-
high (MSI-H) or defective mismatch repair ({MMR) (17).
The phase II CheckMate-142 study showed that nivolumab
combined with low-dose ipilimumab can achieve a
satisfactory ORR and disease control rate (DCR) in the
treatment of metastatic CRC, with 69% [95% confidence
interval (CI): 53% to 82%] and 84% (95% CI: 70.5%
to 93.5%), respectively, and a CRR of 13% (18). The
results of the phase III KEYNOTE 177 study showed that
pembrolizumab significantly prolonged the median PFS and
achieved satisfactory overall response (complete or partial
response) in MSI-H metastatic CRC patients compared to
chemotherapy (19). The relevant guidelines have identified
pembrolizumab as the first line standard treatment for
MSI-H or dMMR CRC patients (20). In patients with
advanced liver cancer, nivolumab can achieve a DCR of 55%
and an ORR of 12%, with a median remission period of
9.9 months, indicating that nivolumab has good efficacy (21).
However, in CheckMate 459 study, predefined threshold
of statistical significance for OS with nivolumab was not
met, although nivolumab demonstrated clinical benefit (22).
The results of the phase II KEYNOTE-224 study showed
that pembrolizumab significantly prolonged OS and
PFS compared to placebo for patients with advanced
hepatocellular carcinoma (HCC) previously treated with
sorafenib (23). Although immunotherapy has shown good
efficacy in some tumors, mono-immunotherapy has not
improved the survival prognosis of PC patients. The latest
research shows that an ICI-based combination treatment
scheme can increase the sensitivity of PC to ICI treatment,
thus achieving a certain anti-tumor effect (24). In addition,
the response rate of PD-1 inhibitor pembrolizumab
combined with gemcitabine and albumin-bound paclitaxel
in metastatic PC also improved, with the median PFS and
OS of 9.1 and 15.0 months, respectively (25). In biliary
cancer, whether using nivolumab or pembrolizumab alone
or nivolumab combined with chemotherapy, a certain
therapeutic effect can still be achieved (26-28). Besides,
in an open-label, single-center, phase 3 study, the authors
found that the addition of durvalumab improved OS and
PES in patients with advanced biliary tract cancer (29).
Overall, ICIs have broad application prospects in malignant
tumors of the digestive system and have achieved good
results in some tumors. Moreover, the combination of ICIs
and other treatment strategies has been shown to be safe
and have potential for durable response in some patients.
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ICI treatment-related biomarkers

As mentioned earlier, ICIs only have good therapeutic
effects in some patients. Based on the mechanism and
characteristics of drug action, the efficacy of ICIs can be
predicted through long-term clinical research of various
biomarkers.

PD-1/PD-L1

PD-L1 is a specific ligand of PD-1, and its binding with
PD-1 can activate the immunosuppressive signaling
pathway, weaken the cytotoxicity of T cells to tumor cells,
and lead to immune escape. PD-1/PD-L1 inhibitors exert a
therapeutic effect on tumors by inhibiting this pathway (5).
Therefore, PD-L1 positive patients may have better
therapeutic effects than PD-L1 negative patients (detailed
in the following sections), but the research results have
been inconsistent. The ATTRACTION-3 study showed
that nivolumab significantly prolonged the OS of patients
with advanced esophageal squamous cell carcinoma (ESCC)
who had previously received treatment, and this benefit
was independent of the tumor PD-L1 score (10). The
reasons for the inconsistency in the predictive value of PD-
L1 may include the following: (I) differences in PD-L1
evaluation (PD-L1 combined positive score (CPS) vs. tumor
proportion score (TPS) vs. PD-L1 staining of tumor cells vs
immune cells) among different studies; (II) lack of a unified
threshold for determining PD-L1 positivity across various
trials; (III) the expression level of PD-L1 exhibits certain
dynamic changes.

Mismatch repair (MMR) defects and MSI

MMR proteins play a key role in the repair of DNA
replication errors. One or more dMMR proteins can
lead to a decline in DNA repair ability, which can cause
spontaneous mutation accumulation of the genome, that
finally is very likely to cause MSI (30). Under normal
circumstances, MSI has three states, namely highly unstable
(MSI-H), low unstable (MSI-L) and stable (MSS). Immune
cell PD-L1 expression is significantly higher in MSI-H
CRC as compared to MSI-L tumors, with no differences
among the different MSI-H molecular subtypes. The
recommended screening for defective, DNA MMR includes
immunohistochemistry (IHC) and/or MSI test. However,
distilling the biological and technological heterogeneity
of MSI testing as usable data in clinical practice poses
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certain difficulties. According to a previous study, somatic
mutations may lead to different results in IHC testing of
MMR mechanisms for a given germline mutation (31).
The dMMR state often corresponds to MSI-H (32). In
clinical practice, MMR status is often evaluated by either
immunohistochemical detection of four proteins (MLH1,
MSH-2, MSH-6, and PMS-2), or detection of MSI status
by polymerase chain reaction (PCR) at specific sites. In most
cases, there is high consistency between the two methods (33).
Some studies have confirmed that MSI-H and dMMR are
associated with ICIs in the treatment of digestive system
malignancies (34,35).

Tumor mutational burden (IT'MB)

TMB refers to the number of non-synonymous mutations
in the tumor genome. Previously, it was believed that if
a tumor had a higher TMB, it could expose more new
antigens to the immune system, making it more likely to
respond to ICI treatment (36). However, as a biomarker,
TMB also has many problems. For example, TMB is not
strictly positively correlated with the production of new
antigens, and not all mutations can produce new antigens;
the evaluation method of TMB and how to divide the high
and low thresholds are not clear. At present, because the
TMB predicted by exome sequencing and gene panel is not
completely equal, the threshold division criteria of TMB
detected by different methods have not been unified, which
is not conducive to the promotion of TMB indicators.

Application of biomarkers in the treatment of
digestive system cancer with ICls

EC

EC can be histologically divided into ESCC and EAC.
A small sample (n=44) study on ESCC patients showed
that approximately 44% of patients had PD-L1 or PD-
L2 expression, and positive PD-L1 and PD-L2 expression
were associated with poor prognosis (37). Research has
found that PD-L1 positive expression can be observed in
approximately 20% of EC patients (38). The increased
expression of PD-L1 is associated with lymph node
metastasis, advanced disease, and poor prognosis. The
combination of PD-L1 and tumor-infiltrating lymphocytes
(TILs) status can be used as a predictive biomarker for ICIs
targeted therapy in patients with surgically resected EC (39).

The ATTRACTION-3 study showed that nivolumab
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significantly prolonged the OS of patients with advanced
ESCC who had previously received treatment, but this
benefit was independent of the TPS of tumor PD-L1 (10).
Janjigian et 4l. included 37 patients (including metastatic
HER?2 positive EC, gastroesophageal junction cancer, and
GC patients) who received the regimen of pembrolizumab
+ trastuzumab + capecitabine-oxaliplatin and the DCR
reached 100%. According to the Response Evaluation
Criteria in Solid Tumors 1.1 (RECIST 1.1) standard, the
original tumor volume of 35 patients shrank by 20-100%
(the remaining 2 patients could not be evaluated). The
median PFS was 13 months, and the median OS was
27.3 months (40). The mechanism study found that HER2
positive tumors may recruit more immune cells through
chemokines, so as to achieve higher infiltration of T cells
and monocytes and higher expression of PD-L1 (41).

In the pembrolizumab KEYNOTE-181 trial of an
Asian population, for ESCC patients irrespective of PD-
L1 expression level, the median OS in the pembrolizumab
group was 10.0 months (95% CI: 8.0-12.2), whereas the
median OS of patients with a PD-L1 CPS >10 treated
with pembrolizumab was 12.5 months (95% CI: 9.1-14.9),
suggesting that patients with PD-L1 high expression have
a lasting clinical response to pembrolizumab (42). In the
KEYNOTE-590 Chinese subgroup study, compared with
chemotherapy alone, patients with unresectable locally
advanced or metastatic EC can experience significant
survival benefits after receiving pembrolizumab combined
with chemotherapy, and patients with PD-L1 CPS >10
ESCC have greater benefits (15). The above studies all
suggest that PD-L1 has certain predictive value in the
treatment of ESCC patients with ICIs. It should be noted
that the main significance of these studies is to suggest that
PD-L1 positive patients are more likely to benefit from
ICIs treatment than PD-L1 negative patients, and there
is still no correlation between the level of expression and
response in PD-L1 positive tumors. On the contrary, some
trials have shown no correlation PD-L1 positivity and
therapy response. In the ESCORT study of camrelizumab,
the expression level of PD-L1 has no significant correlation
with the objective remission rate and DCR (43). Yang et al.
concluded that patients with low or negative PD-L1
expression can also benefit from ICIs immunotherapy (44).
In addition, the number of patients receiving ICIs dual
drug combination therapy or ICIs combined with surgical/
chemotherapy regimens is gradually increasing, and the
predictive effect of PD-L1 is also affected. Therefore, the
predictive value of PD-L1 may be limited at this time.
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GC

Research has shown that MSI-H/dMMR is present in
8-25% of GC patients, and MSI-H type GC is associated
with better prognosis compared to MSI-L tumors (45).
The Epstein-Barr virus (EBV) positive GC subgroup
was shown to have an increased expression of PD-L1 in
tumors and immune cells, as well as enriched interferon-y
(IFN-y); CD8" TILs were enriched. Therefore, this group
was viewed as the most effective potential group for ICIs
treatment (46). A meta-analysis of GC patients showed that
PD-L1 expression is associated with shorter OS (47). In the
ATTRACTION-2 and CheckMate032 trials, it was shown
that the survival benefits of ICIs treatment in GC patients
were not related to the PD-L1 status (9,48). Therefore, the
significance of PD-L1 as a predictive biomarker for GC still
needs further study. In a phase II study of pembrolizumab,
there was a positive correlation between the TMB level and
the efficacy of ICIs. A higher TMB value was associated
with a higher overall response rate (49). A recent study
found that high TMB may be a predictive marker for OS
in patients with advanced GC who receive toripalimab
as a monotherapy. Patients with TMB-high (TMB-H)
had a superior OS of 14.6 months as compared to TMB-
low (TMB-L) with OS 4.0 months [hazard ratio (HR)
-0.48, 96% CI: 0.24-0.96, P=0.038] (50). Although there
is evidence that TILs can help determine prognosis, the
exact predictive value of TILs in immunotherapy for GC is
still unclear. A previous study has shown that high-density
TILs are closely related to PD-L1 expression and MSI-H
in GC, but different types of lymphocytes have different
prognoses and significance (51). In addition, invasive edge
or central infiltration may have different densities of T
cells and may lead to different outcomes (52). Therefore,
further exploration is needed regarding the use of TILs as
biomarkers to predict the efficacy of ICIs in GC.

In a multicenter, stage Ib/II clinical study of advanced
GC (NCT02915432), 58 chemotherapy resistant advanced
GC patients who received toripalimab treatment were
defined as TMB-H according to the top 20% of TMB
evaluated by whole exome sequencing (WES), whereas the
remaining patients were defined as TMB-L. This study
found that the TMB-H group as discussed previously had
better indicators such as ORR, OS, and PFS compared to
the TMB-L group (50). Folprecht et al. also believe that
high TMB may be a biomarker for predicting the efficacy
of PD-1 antibodies in advanced GC (53).

In 2020, a study used 425 gene panels to conduct blood
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tests on 46 patients with advanced GC who received PD-1
monoclonal antibody treatment. The results showed that
patients with a decrease in max variant allele frequency
(maxVAF) of more than 25% after treatment had longer
median PFS and higher ORR, and patients without
circulating tumor DNA (ctDNA) detected in serum also
had longer median PFS compared to those with ctDNA (54).
EBV-associated GC (EBVaGC) is an independent subtype
with an average onset age of 58 years, of which 71% of
cases are male and often occur in the proximal part of the
stomach (cardia and body) (55). EBVaGC patients have
stronger immune infiltration, manifested as higher CD8"
T cells and fewer CD204" macrophages (56,57). A 2020
study further demonstrated a strong correlation between
EBV positivity and PD-L1 expression level (58). Other
studies have yielded different results. An observational
study showed that only 16.7% of EBV positive GC patients
had partial remission after receiving PD-L1 single drug
treatment (59). In another study, 100% (n=6) of patients
with EBV positive GC who were treated with camrelizamab
did not respond to treatment, and 83% (n=5) of patients
died at the end of the study (60). Currently, research on the
impact of EBV on ICI treatment is limited. In studies where
EBV positivity has been strongly correlated with better ICI
treatment efficacy, most EBV positive patients were PD-L1
positive (56-60), so the results may be affected by PD-L1
positivity.

The HER2 gene encodes a transmembrane receptor-
like HER2 protein, which is amplified or overexpressed in
7-34% of GC patients (61). Satoh ez al. found in a subgroup
analysis based on ATTRACTION-2 that the ORR of
GC patients receiving nivolumab who had a history of
trastuzumab (HER2 targeted inhibitor) was higher than
that of patients without a history of trastuzumab (62). For
HER?2 positive GC, the ant HER2 + ICI + chemotherapy
regimen also achieved good results. For example, in
the KEYNOTE-811 study, 433 HER2 positive GC/
gastroesophageal junction cancer patients were divided into
two groups—pembrolizumab + trastuzumab + chemotherapy
and placebo + trastuzumab + chemotherapy. The results
showed that the ORR of the ICI treatment group was
significantly higher than that of the placebo group, and
the continuous responsivity of both 6 and 9 months was
higher in the ICI treatment group, whereas the incidence of
adverse events of the two groups was similar (63).

In the GC KEYNOTE-059 trial, an 18 gene panels of
T cell inflammatory gene expression was used for scoring,
and the scores of responders were significantly higher than
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those of non-responders (64).

A study by Fu ez 4l. has also shown that an increase in
FOXP3 Tregs in gastric tumors is often accompanied by
a decrease in CD8" T cell infiltration, which is associated
with poor prognosis in patients (65). Murakami ez 4/. found
that among patients with unresectable GC, those with a low
neutrophil/lymphocyte ratio had a longer median survival
time (66).

CRC

Research has found that in advanced CRC, the MSI-H/
dMMR status is associated with a more significant
therapeutic effect of PD-1 inhibitors (67). Based on
the characteristics of TMB in CRC, Zang er al. found a
significant correlation between TMB-H and dMMR (68).
Fabrizio et al. found that TMB’s utility to distinguish
CRC subgroups responsive to ICIs exceeded that of
dMMR (69). In the REGONIVO trial, a study including
25 CRC patients showed that the OS time of patients in
the TMB-H group was significantly higher than that in
the TMB-L group (70). All of the above demonstrate that
TMB can serve as an independent molecular marker for
ICIs in treating CRC patients. Approximately 53% of CRC
patients have positive expression of PD-L1, but its use as a
predictive biomarker for ICIs treatment still needs further
confirmation (71). In the CRC group of MSI-H/dMMR,
PD-L1 failed to predict the efficacy of nivolumab alone or
in combination with CTLA-4 inhibitors. In addition, there
was no correlation between PD-L1 expression and patient
PES and OS in the CRC group of the KEYNOTE-164
study (35).

Other studies have shown that gut microbiota can serve
as a barrier against pathogen invasion, and stimulate T
cells to transport to CRC tumor tissue. At the same time,
specific gut bacteria can affect the therapeutic effect of
ICIs, making gut microbiota a predictive factor for CRC
immunotherapy (72). It is also suggested that cytokine
receptors such as interleukin 2 receptor subunit beta
(IL2RB) are also related to the treatment of CRC with
ICIs (73). Another study showed that FOXP3 expression
in CRC patients is associated with PD-1, and high FOXP3
expression indicates poor efficacy (74).

In the VOLTAGE-A study, 37 patients with locally
advanced rectal cancer who achieved microsatellite stability
after sequential use of preoperative chemotherapy and
radiotherapy, five courses of nivolumab, and radical surgery
were analyzed. It was found that the higher the ratio of
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infiltrating CD8" T cells to effector Tregs cells in tumor
tissue, the better the efficacy. In addition, PD-L1 positivity,
Ki-67 expression of tumor infiltrating CD8" T cells, and
CMSI1 and CMS3 typing of CRC also predicted high
response to chemoradiotherapy (75). In a prospective phase
2 study, all 12 patients (100%) with dMMR stage 1I or III
rectal adenocarcinoma had a clinical complete response
when treated with dostarlimab, with no evidence of tumor
on imaging examination (76). In terms of gut microbiota
and metabolites, Wang ez 4/. found that in patients with
metastatic CRC who were treated with regorafenib and
toripalimab monoclonal antibody, patients with higher
fecal Clostridium abundance before treatment had shorter
PFES (77). Chen et al. reported a case of late-stage CRC with
POLE F367S mutation. After receiving pembrolizumab
monotherapy, the median PFS reached 49 months, the
tumor burden significantly decreased, and the microsatellite
status remained stable (78). The characteristics of
POLE mutated CRC include increased infiltration of
CD8+lymphocytes and the presence of cytotoxic T cell
markers, which are similar to immunogenic MSI-H cancer.
Based on tumor immunogenicity, POLE mutations suggest
a relatively better prognosis for this CRC subgroup. The
evaluation of POLE mutations helps to stratify the risk of
CRC, and patients with POLE mutations may benefit more
from ICI therapy (79). Droeser et al. found a correlation
between the expression of PD-L1 and the improvement
of OS in patients with MMR gene normal CRC (80). In
Berntsson ez al’s study, high expression of PD-L1 did not
predict the prognosis and efficacy of CRC (81). Kong et al.
believe that the expression of PD-L1 in different regions
has different effects on disease-free survival (DFS) in CRC,
and the high expression of PD-L1 in TILs is significantly
correlated with DFS prolongation in CRC patients (82).
Therefore, the expression of PD-L1 in specific regions (such
as TIL PD-L1) may be a potential predictive indicator of
the effectiveness of ICI treatment in CRC patients (82).
The KEYNOTEO016 clinical trial conducted in 2015
evaluated the efficacy of pembrolizumab in CRC patients
with dMMR and complete MMR function (pMMR), as well
as in non-CRC patients with dMMR. The results showed
that at 20 weeks, the ORR of dMMR CRC patients and
other dJMMR non-CRC patients was 40% (4/10) and 71%
(5/7), respectively, with PFS rates of 78% and 67%. The
ORR of CRC patients with pMMR was 0%, and the PFS
rate was only 11% (83). In a phase II clinical trial, it was
found that 74 metastatic MSI-H/dMMR CRC patients had
an ORR of 31.1% against nivolumab, with a 12-month PFS
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rate of 50.4% and an OS rate of 73.4%, respectively (84).
The same research group also conducted a study on the
combined treatment of nivolumab and ipilimumab in
119 previously treated MSI-H/dMMR CRC patients.
The results showed that the patient’s ORR was 55%, and
the 12-month PFS and OS rates were 71% and 85%,
respectively (85).

Liver cancer

Research shows that about 20% of HCC patients have PD-
L1 overexpression, and PD-L1 expression will inhibit the
function of T cells in the liver tumor microenvironment
(TME), which is related to poor prognosis (86,87).
However, in the KEYNOTE-240 study, the effect of
pembrolizumab second-line treatment on advanced HCC
was not related to PD-L1 or the expression of immune
cells (23). The proportion of patients with TMB-H or
dMMR/MSI-H in HCC is relatively low, and TMB
is not associated with predicted new antigen ratios or
immunogenic expression patterns. Therefore, the value of
TMB as a predictive marker is not yet clear (88). Based on
the important role of gut microbiota in innate and adaptive
immune regulation, as well as the presence of the gut-
liver axis, there is increasing evidence that gut microbiota
affects immunotherapy for HCC (89). Zheng et 4l. showed
that there are significant differences in the diversity and
composition of gut microbiota between responders and
non-responders in patients with HCC receiving ICIs
treatment, and to some extent, dynamic changes in gut
microbiota characteristics can predict the efficacy of
immunotherapy (90).

A phase II trial analysis of 29 patients with advanced HCC
treated with pembrolizumab showed that baseline plasma
transforming growth factor-f (TGF-p) cytokine levels were
significantly higher in non-responders than in responders,
and that a baseline plasma TGF-p level <200 pg/mL
is an effective predictor of OS and PFS, indicating that
baseline plasma TGF-p is a reliable biomarker to predict
the response to pembrolizumab (91). A clinical study using
nivolumab to treat advanced liver cancer found that the
lower PD-1 positive rate of peripheral blood B cells before
treatment and the higher PD-L1 positive rate of monocytes
after treatment were related to the disease control of
HCC (92). A trial of combining anti CTLA-4 treatment
and local treatment in patients with liver cancer found that
CD4"PD-1" cells in peripheral blood monocytes of patients
with effective treatment showed high expression rate (93).
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Dharmapuri et /. found that the neutrophil/lymphocyte
ratio and platelet/lymphocyte ratio significantly decreased
after nivolumab treatment in liver cancer patients compared
to before treatment (94). In a study targeting 42 patients
with unresectable primary liver cancer, ctDNA was more
closely associated with tumor burden and could more
sensitively predict treatment outcomes compared to alpha
fetoprotein (AFP) (95). A prospective phase II clinical trial
targeting patients receiving pembrolizumab treatment for
advanced HCC showed that changes in ctDNA levels at
baseline and post baseline were associated with OS and
PFES (96). Further research is needed to explore ctDNA
as a biomarker for predicting the efficacy of liver cancer
immunotherapy (97). Winograd et /. have shown that the
presence of PD-L1" circulating tumor cells is associated
with better immunotherapy efficacy, and it is also a
biomarker for overall poor prognosis. Compared to patients
who failed treatment, all patients for whom treatment was
effective expressed PD-L1" circulating tumor cells (98).
A study examining 34 proteins in baseline plasma of
34 patients receiving atezolizumab/bevacizumab treatment
found that plasma interleukin 6 (IL-6) and IFN-a level is a
significant predictor of non-responders, and PFS and OS
are significantly inferior for individuals with high IL-6 levels
compared to those with low IL-6 levels (99). A study of 297
liver cancer patients treated with atezolizumab/bevacizumab
found that compared to patients with lower levels of AFP,
patients with high levels of AFP (>100 ng/dL) had poorer
prognosis and shorter PFS (100). Another recent study on
liver cancer patients treated with atezolizumab/bevacizumab
found that AFP decrease >75% and AFP increase <10%
were used as the boundary values for identifying responders
and obtaining disease controllers, both of which were
related to longer OS and PFS, especially in patients with a
history of hepatitis B (101). However, the CheckMate 040
study found that although baseline AFP <400 pg/L was
associated with increased OS compared to baseline AFP
>400 pg/L, the ORR and DCR of both were similar (102).
Zhu er al. found that after pembrolizumab was used
to treat HCC patients, the ORR of patients with PD-
L1 CPS >1% in various types of cells was 25%, and the
proportion of patients with PFS prolongation was as high
as 83%, yet there was no significant correlation between
TPS and treatment response (103). In another study, after
immunohistochemical detection of HCC patients treated
with nivolumab, it was found that the median OS of patients
with PD-L1 CPS >1% was significantly longer than that of
patients with PD-L1 CPS <1% (104). In addition, a global
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multicenter trial showed that the PD-L1 positive rate in
HCC patients treated with tislelizumab reached 23.1%
for ORR and 57.7% for DCR in the 21% group (105).
However, Liu ez al. found that the expression of PD-L1 was
negatively correlated with patients’ OS and DFS (106). In a
phase I/II clinical trial, it was found that patients with a PD-
L1 positive rate of <10% had an ORR of 19% and a DCR
of 63%, whereas in patients with a PD-L1 positive rate of
>10%, both ORR and DCR were 0 (107).

Based on results of studies mentioned before, we found
that PD-L1 was correlated with better response rate in
some studies and worse in others. The underlying reason
might include as follows: difference of endpoint or outcome
assessment, different types of immunotherapies, difference
in patients between studies.

Pancreatic carcinoma

Pancreatic ductal adenocarcinoma (PDAC) is the most
common subtype of PC, accounting for 90% of all PC
cases (108). PC usually lacks T cell infiltration, which may
lead to poor effect of single ICIs treatment. In PDAC,
TMB has been shown to be positively correlated with
PD-L1 expression. The average TMB of PC patients is
relatively low, and about 1% of patients have TMB-H (109).
Since PDAC is a malignant tumor with a complex immune
mechanism, its related TMB has become the focus of
immunotherapy (110).

Biliary tract cancer

Biliary carcinoma is a tumor rich in fibrous stroma, and
its TME contains a large number of immunosuppressive
cells. Cholangiocarcinoma (CCA) with high abundance of
CD8" T cell infiltration and high expression of immune
checkpoint molecules can be called an immune “hot”
tumor, which has a high response rate to ICIs treatment.
However, a previous study found that the response rate of
CCA to single drug ICIs treatment was low, suggesting
that most CCA cases were immune “cold” tumors lacking
T-cell infiltration (111). In the phase II clinical study of
KEYNOTE 158, among 104 patients with advanced CCA
(61 patients with PD-L1 positive), the ORR was only
5.8% (6/104), of which 6 patients were in partial response
(including 1 patient with PD-L1 negative), 17 patients
had stable disease, and the effective time was 6.2 months
to >15 months (2 patients). In these studies, there was no
statistically significant difference in PFS time and median
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survival time between PD-L1 positive and negative patients
(112,113). In a phase II clinical study of nivolumab in the
treatment of patients with advanced CCA, the ORR of
46 patients was 22% (10/46), which was partial response,
and the DCR was 59% (27/46). For evaluable patients,
the disease PFS time was 3.68 months, with a median
OS of 14.24 months. PD-L1 positivity in tumors was
associated with prolonged PFS. However, all the responders
had MMR-proficient disease (26). In a clinical study on
nivolumab in Japan, the ORR of a single drug was only 3%
(1/30), with a median OS 5.2 months and a disease PFS of
1.4 months (28). In one study, 652 CCA specimens were
analyzed, and the positive expression rate of PD-L1 was
8.6% (56/652). Among known biomarkers, PD-L1 positive
tumors had higher TMB (10.7%, 6/56) and increased
MSI-H (7.1%, 4/56) than PD-L1 negative tumors;
meanwhile, the mutation rates of BRAF, BRCA2, RNF43,
and TP53 in PD-L1 positive tumors were also higher (114).
The above research suggests that some patients with CCA
may have unrecognized biomarkers. Liddell ez 4/. analyzed
the clinical data of 47 patients with advanced biliary tract
tumors, all of whom received at least one type of ICIs
treatment. Biomarker analysis revealed improved PFS (but
not OS) in patients with multiple tumors >5 mutations per
megabase (115). Another study found that when compared
with patients with other diseases of early stage, KRAS
and 7P53 mutations were more often detected in patients
with advanced-stage biliary tract cancer. Specifically, CCA
patients with both KRAS and TP53 mutations have better
response to immunotherapy and prognosis compared with
patients with single KRAS mutations. However, CCA had
more mutations of KRAS signaling associated genes than
gall bladder cancer, which lead to poor immunotherapy
outcomes. Based on these findings, the authors developed
a genomic signature including 11 genes with good ability
to predict prognosis and immunotherapy outcomes in both
CCA and gall bladder cancer(116). Yoon et 4l. found that in
patients treated with immunotherapy, tumors with KRAS
alteration and chromosomal instability were often resistant
to immunotherapy, leading to no benefit from PD-1/
PD-L1 blockade. Low TIL density in tumors with these
characteristics was associated with immune-suppressive
TMEs, whereas high intratumoral TIL density predicted a
favorable response to immunotherapy (117).

Conclusions and future perspectives

According to existing clinical research results, there are
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multiple biomarkers that can be used for predicting and
monitoring the efficacy and adverse events of ICIs in the
treatment of digestive system malignant tumors. At the
same time, there may be some new biomarkers in different
malignant tumor tissues and circulating blood, which
warrant further exploration in future research, in order
to provide better means for selecting suitable patients
for ICIs treatment and monitoring efficacy and adverse
events. Further, predictive models based on the biomarkers
discussed in this review are worth investigating in the
future, so as to provide accurate prediction on efficacy and
safety in ICIs treatment.
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Supplementary

Appendix 1 Detailed search strategy example
PubMed

#1 “biomarker”[Mesh]

#2 “digestive system cancers” [Mesh] OR “gastrointestinal cancers” [Mesh] OR “esophageal cancer” [Mesh] OR “gastric
cancer” [Mesh] OR “colorectal cancer” [Mesh] OR “liver cancer” [Mesh] OR “hepatocellular carcinoma” [Mesh] OR
“pancreatic cancer”

#3 “Immune checkpoint inhibitor” [Mesh] OR “programmed cell death protein 1” [Mesh] OR “programmed cell death
ligand-1”

#4 #1 and #2 and #3
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