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Abstract 

In the Modern era, immune checkpoint inhibitors (ICIs) have been the cornerstone of success in the treatment of sev‑
eral malignancies. Despite remarkable therapeutic advances, complex matrix together with significant molecular 
and immunological differences have led to conflicting outcomes of ICI therapy in gastrointestinal (GI) cancers. As far 
we are aware, to date, there has been no study to confirm the robustness of existing data, and this study is the first 
umbrella review to provide a more comprehensive picture about ICIs’ efficacy and safety in GI malignancies. Sys‑
tematic search on PubMed, Scopus, Web of Science, EMBASE, and Cochrane library identified 14 meta‑analyses. The 
pooled analysis revealed that ICIs application, especially programmed death‑1 (PD‑1) inhibitors such as Camrelizumab 
and Sintilimab, could partially improve response rates in patients with GI cancers compared to conventional thera‑
pies. However, different GI cancer types did not experience the same efficacy; it seems that hepatocellular carcinoma 
(HCC) and esophageal cancer (EC) patients are likely better candidates for ICI therapy than GC and CRC patients. Fur‑
thermore, application of ICIs in a combined‑modal strategy are perceived opportunity in GI cancers. We also assessed 
the correlation of PD‑L1 expression as well as microsatellite status with the extent of the response to ICIs; overall, high 
expression of PD‑L1 in GI cancers is associated with better response to ICIs, however, additional studies are required 
to precisely elaborate ICI responses with respect to microsatellite status in different GI tumors. Despite encouraging 
ICI efficacy in some GI cancers, a greater number of serious and fatal adverse events have been observed; further 
highlighting the fact that ICI therapy in GI cancers is not without cost, and further studies are required to utmost opti‑
mization of this approach in GI cancers.
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Introduction
Cancers of the gastrointestinal (GI) tract are the major 
leading causes of cancer-related death. Colorectal, pan-
creatic, liver, and esophageal cancers were the third, 
fourth, fifth, and seventh cause of cancer-related death in 
the USA in 2018, respectively [1]. Medical treatment for 
GI cancer can vary significantly depending on the type 
of cancer as well as the patient’s characteristics, such as 
age [2]. In some cases, neoadjuvant therapy is used to 
shrink the cancer before an operation. This approach has 
proven to be highly effective, making surgery an option 
for patients with otherwise inoperable tumors. Addition-
ally, it can make the operation safer and more effective, 
increasing the patient’s chances of a successful outcome 
[3, 4]. However, most patients are diagnosed in the 
advanced stages, so the opportunity for an extreme cure 
is lost [5]. Due to their prevalence as well as the limited 
number of treatment options, there is an urgent need to 
identify innovative evidence-based treatments for these 
insidious cancers.

The use of immunotherapy, particularly checkpoint-
directed treatment, has revolutionized the treatment 
of oncological diseases [6]. Despite being antigenic and 
evoking immune responses, cancer can escape destruc-
tion through a variety of mechanisms including upregu-
lation of immune checkpoints such as programmed 
death-1 (PD-1) and cytotoxic T-lymphocyte-associated 
antigen 4 (CTLA-4) [7]. Since Ipilimumab as the first 
immune checkpoint inhibitor (ICI) was approved by the 
Food and Drug Administration (FDA) for the treatment 
of melanoma patients in 2011 [8], ICIs have been investi-
gated in a variety of cancers to the extent that now many 
anti-PD-1, anti-programmed-death ligand 1 (PD-L1), and 
anti-CTLA-4 medications like Nivolumab, Pembroli-
zumab, and Atezolizumab achieved FDA approval for 
non-small-cell lung cancer (NSCLC) [9–11], renal cell 
carcinoma [12, 13], head and neck squamous cell carci-
noma [14, 15], and urothelial cancer [16].

In the field of GI cancers, many clinical trials assessing 
the safety and efficacy of different regimens such as ICI 
monotherapy, the combination of anti-PD-1/PD-L1 and 
anti-CTLA-4, or the combination of ICI with other treat-
ment options like conventional chemotherapy, mitogen-
activated protein kinase (MEK) inhibitors, and tyrosine 
kinase inhibitor (TKI) have been conducted; however, in 
many cases, there are conflicting results. While several 
randomized controlled trials (RCTs) indicated that ICIs 
could significantly improve survival of GI cancer patients 
[17–21], other studies failed to report a differential out-
come [22–26].

As far we are aware, to date, there has been no study 
to confirm the robustness of existing data, and this 
study is the first umbrella review to provide a more 

comprehensive picture to address the questions of how 
effective are ICIs in various GI cancers? Which GI cancer 
is most likely to benefit from ICI therapy? Which type of 
ICI has the best performance? Can predictive biomarkers 
like PD-L1 expression and microsatellite status help to 
select patients who benefit the most from ICI therapy? In 
terms of adverse events (AEs), how does ICIs work com-
pare with conventional therapy? And on which types of 
GI cancer or drug should future studies be focused?

Material and methods
Present umbrella review was conducted in accordance 
with the same approach as in the guidance outlined in the 
Cochrane Handbook for Systematic Reviews of Interven-
tions on overviews of systematic reviews [27].

Systematic search
Two independent review authors searched PubMed, Sco-
pus, Web of Science, EMBASE, and Cochrane library 
databases from inception to September 1st, 2022 to find 
published systematic reviews of RCTs evaluating the 
efficacy and safety of ICIs in patients presented with GI 
cancers. The following terms were used for the system-
atic search: (“gastrointestinal tumors” OR “esophageal 
cancer” OR “gastric cancer” OR “colorectal cancer” OR 
“pancreatic cancer” OR “hepatocellular carcinoma” OR 
“biliary tract cancer”) AND (“immune checkpoint inhibi-
tor” OR “anti-CTLA-4” OR “anti-PD-1” OR “anti-PD-
L1”) AND (“systematic review” OR “meta-analysis”). The 
complete search strategy is represented in Additional 
file 1: Table S1. As a hot topic, the literatures on immu-
notherapeutic area are updating rapidly and the RCTs are 
publishing frequently. Therefore, we conducted a manual 
search on Google Scholar search engine to cover the time 
gap between the latest database screening of the system-
atic reviews to the date we conducted database screening.

Outcomes
Our primary outcome was efficacy of ICIs for patients 
with GI malignancies. The efficacy was reported as over-
all survival (OS), progression-free survival (PFS), objec-
tive response rate (ORR), disease control rate (DCR), 
complete response (CR), partial response (PR), stable dis-
ease (SD), and progressive disease (PD). In addition, the 
safety analysis, as secondary outcome, was comprised of 
the following variables; treatment-related adverse events 
(TRAEs), ≥ grade 3 TRAEs, grade 5 AEs, serious AEs, 
AEs led to treatment discontinuation, and AEs led to 
death. The definition of efficacy and safety outcomes are 
summarized in Additional file 1: Table S2.
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Study selection
Eligible meta-analyses were found through the follow-
ing criteria: (1) included RCTs that were performed on 
adult patients with GI cancer aged 18 years or older; (2) 
investigated the effect of ICI therapy as compared with 
a control group not being any of ICIs; (3) considered 
either efficacy or safety outcomes; and (4) reported the 
effect sizes as hazard ratio (HR), risk ratio (RR), or odds 
ratio (OR) together with their 95% confidence intervals 
(CIs). We excluded any type of study other than meta-
analysis, studies with no effect size (e.g. scoping reviews, 
narrative reviews, and systematic reviews without meta-
analysis), and meta-analyses targeted patients with mixed 
type of cancers. Whenever multiple meta-analyses were 
found for an outcome, the one which was the most up-
to-dated and had the highest number of primary RCTs 
was selected. Also, the reference list of all screened meta-
analyses with the same outcome was searched to identify 
any potential RCTs that were not included in the selected 
meta-analyses. Also, further RCTs that were published 
in the time gap were retrieved manually by searching 
the Google scholar. We added these RCTs to the results 
of the selected meta-analyses in our umbrella review. 
In summary, we chose one meta-analysis for each out-
come in a group of patients with the same malignancy, 
screened the reference list of all related meta-analyses 
as well as the Google scholar search engine for finding 
potential RCTs not included in the selected meta-analy-
ses and included them in our study, and then performed 
our own meta-analysis.

Data extraction
The following data were extracted by two authors inde-
pendently from eligible meta-analyses: first author’s 
name, year of publication, title of systematic review, 
number of RCTs included in the analysis, site of tumor, 
efficacy and safety outcomes (i.e. OS, PFS, ORR, DCR, 
CR, PR, SD, PD, or AEs), type of effect sizes (i.e. HR, RR, 
or OR), and the variables used for subgroup analysis. We 
also extracted the following information from each pri-
mary RCT included in the meta-analyses and those RCTs 
that were found manually: first author’s name, year of 
publication, title of RCTs, ID of RCTs, NCT identifier, 
number of participants, name of medications and their 
target, and effect sizes for efficacy and safety outcomes.

Assessment of methodological quality
Quality assessment was carried out independently by two 
reviewers and disagreement was resolved by consensus. 
The methodological quality of each meta-analysis was 
evaluated by an instrument for the assessment of multi-
ple systematic reviews (AMSTAR) 2 tool. This checklist 

scores from 0 to 16 according to the information pro-
vided by individual studies. The final quality of each sys-
tematic review was classified as “high”, “moderate”, “low”, 
and “critically low”.

Data synthesis and analysis
After selecting eligible meta-analyses, the results of RCTs 
that had been missed in the biggest meta-analyses were 
also added. For the sake of accuracy, we reviewed the 
full-texts of all primary RCTs to ensure that the reported 
information was correct and that all outcomes of inter-
est were included in our review. Then we conducted our 
own meta-analysis. In this case, we re-calculated the 
HRs for OS and PFS outcomes and RRs for ORR, DCR, 
CR, PR, SD, PD, and AEs outcomes together with their 
95% confidence intervals (CIs). For each meta-analysis, 
we examined between-study heterogeneity by calculat-
ing  I2 statistic using the Cochrane’s Q test [28]. When-
ever an evidence of obvious heterogeneity was detected 
 (I2 ≥ 50%), we applied a random-effect model; otherwise a 
fixed-effect model was used [28]. For the overall analysis, 
we performed subgroup analyses according to the type of 
drug, the molecular target, and PD-L1 expression level 
according to combined positive score (CPS) or tumor 
proportion score (TPS). Several other subgroup analysis 
was performed for each cancer type. All analyses were 
performed using Stata software, version 17.0 (StataCorp), 
with statistical significance defined as p < 0.05.

Results
A total of 2344 publication were found through initial 
database searching. We reviewed the title and abstracts 
of all records and finally 32 articles were fully assessed for 
eligibility. Of these, 18 publications were excluded due 
to the following reasons: 12 records provided duplicated 
outcomes [29–40], three records did not conduct meta-
analysis [41–43], and three records did not include eligi-
ble RCTs [42, 44, 45]. Eventually, 14 systematic reviews 
[46–59] containing 27 primary RCTs met the eligibility 
criteria and included to the present umbrella review. Fur-
thermore, after screening the reference list of all meta-
analyses and hand-searching of Google scholar engine, 
15 additional primary RCTs were identified that were 
not included in the selected meta-analyses, resulting 
in a total of 42 primary RCTs to be included in the final 
analysis. The flow diagram of study selection is depicted 
in Fig. 1.

Characteristics of the studies included in the umbrella 
review
The systematic search identified one eligible meta-
analysis for hepatocellular carcinoma (HCC) [57], three 
meta-analyses for gastric cancer (GC) [47, 54, 56], three 
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for esophageal cancer (EC) [48, 50, 59], five for both 
GC and EC [46, 49, 51–53], and two for colorectal can-
cers (CRC) [55, 58]. No meta-analysis was conducted 
on patients with pancreatic or biliary tract cancers. All 
included meta-analyses were published in 2021 and 2022. 
Each included meta-analysis reported unique outcomes 
for either main or subgroup analyses. All meta-analyses 

reported the efficacy outcomes, while the safety out-
comes were only reported in nine meta-analyses [46, 48, 
51–53, 55, 57–59]. The pooled OS and PFS outcomes 
were calculated in all meta-analyses, except for the meta-
analyses performed by Formica et al. [47] that only calcu-
lated OS outcome. The detail characteristics of included 
meta-analyses are provided in Additional file 1: Table S3.

Fig. 1 Literature search and study selection process
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Ten primary RCTs targeted patients with HCC, 12 
RCTs performed on patients with GC, 10 RCTs on 
patients with EC, seven RCTs on patients with CRC, 
two RCTs on patients with pancreatic cancer (PaC), and 
one RCT on patients with biliary tract cancer (BTC). A 
total of 23808 patients were included throughout pri-
mary RCTs. Pembrolizumab was administrated in 11 
study arms, Nivolumab in seven arms, Atezolizumab 
in five arms, Sintilimab in four arms, Camrelizumab 
in three arms, Avelumab in three arms, Durvalumab in 
three arms, Durvalumab plus Tremelimumab in three 
arms, Nivolumab plus Ipilimumab in two arms, Tisleli-
zumab in two arms, Ipilimumab and Toripalimab in one 
arm each. Furthermore, 28 trial arms used a medication 
that target PD-1, 11 arms targeted PD-L1, three arms 
targeted PD-L1 plus CTLA-4, two arms targeted PD-1 
plus CTLA-4, and one arm targeted CTLA-4. The control 
group drugs were predefined routine regimens or best 
supportive care in all RCTs.

Methodological quality
The detailed responses to each AMSTAR item for 
every meta-analysis were presented in Additional file  1: 
Table S4. All meta-analyses had a total score of ≥ 6 with 
a mean score of 7.8 points. The methodological quality 
of all 14 included meta-analyses was critically low. The 
major justifications for low quality scores were due to the 
fact that meta-analyses did not report the funding source 
of included RCTs, did not discuss the impact of method-
ological quality of primary studies on the overall results, 
and did not provide a list of excluded studies at full-text 
reviewing step.

The efficacy of ICIs in GI cancers
Hepatocellular carcinoma (HCC)
Through analysis of 11 RCT arms, the OS of HCC 
patients showed a beneficial effect of ICI therapy over 
conventional therapies (HR = 0.78, 95% CI 0.73 to 0.83; 
Fig.  2A) with moderate heterogeneity  (I2 = 40.2%). The 
PFS of these patients also demonstrated improved 
outcomes (HR = 0.79, 95% CI 0.68 to 0.91,  I2 = 83.1%; 
Fig.  3A). Impressive result of ORR (RR = 3.01, 95% CI 
2.26 to 4.02,  I2 = 69%; Fig. 4A) together with good DCR 
(RR = 1.12, 95% CI: 1.01 to 1.25; Fig. 5A) may provide suf-
ficient data to suggest ICI therapy as an effective thera-
peutic strategy in HCC. However, it is worth noting that 
despite the promising results in ORR, the heterogene-
ity between studies was high  (I2 = 82.8%); this issue can 
be justified by the differences in the types of medica-
tion and ICI targets. Differences in patient characteris-
tics may have also accounted for the high between study 
heterogeneity.

Given this, we performed a subgroup analysis to inves-
tigate whether clinical variables are in charge of differ-
ent outcomes in HCC cases. According to Table 1A, ICIs 
were able to improve the OS of all groups of patients 
except for those who were female, had Barcelona liver 
stage B, and had an etiology of hepatitis C. Tumoral 
macrovascular invasion (MVI) of hepatic and/or portal 
vein branches is a common phenomenon in HCC and 
is associated with poorer prognosis [60]. Several studies 
reported that immunotherapy with PD-1 inhibitors may 
be a feasible treatment option for MVI [61, 62]. In line 
with this finding, our OS subgroup analysis revealed that 
MVI and/or extrahepatic spread at study entry were asso-
ciated with significant favorable survival outcomes com-
pared to those who had not this feature (HR = 0.72 vs. 
HR = 0.91; p interaction = 0.017). According to the subgroup 
analysis of PFS outcome, all groups of patients took 
advantage of ICI therapy except for those aged < 65 years. 
Both groups of patients with low (< 400 ng/ml) and high 
(≥ 400  ng/ml) levels of alpha-fetoprotein (AFP) have 
improved PFS in response to ICIs; however, lower level 
of AFP was associated with significant better outcome 
(HR = 0.46 vs. HR = 0.64; p interaction = 0.021). Notably, 
our results indicated patients with HCC associated with 
viral hepatitis B, C, or a non-viral etiology had signifi-
cant different OS and PFS in subgroup analysis (p interac-

tion = 0.001 and p interaction = 0.028, respectively).

Gastric cancer (GC)
Fourteen study arms assessed the efficacy of different 
ICIs in treating GC patients. While the results showed 
improvement in OS (HR = 0.85, 95% CI: 0.81 to 0.90, 
 I2 = 36.3%; Fig.  2B), overall PFS with HR = 1 suggests 
similar efficacy of the ICI and control treatments in these 
patients (95% CI 0.79 to 1.25,  I2 = 94.2%; Fig. 3B). Besides, 
the response rates to ICIs did not reach the statistical 
significance as ORR had RR = 0.96 (95% CI 0.79 to 1.16, 
 I2 = 87.9%; Fig.  4B). Furthermore, the DCR was found 
to be better in the control group relative to ICI therapy 
group (RR = 0.84, 95% CI 0.72 to 0.98,  I2 = 94.4%; Fig. 5B). 
Of course, the high heterogeneity of studies should be 
considered in the final conclusion.

Regarding OS subgroup analysis, we found that ICIs 
prolonged survival of all groups of patients, except for 
female patients, those with ECOG performance sta-
tus of 0, patients with no liver metastasis, both group of 
patients presented with or without lymph node metasta-
sis, patients who had peritoneal metastasis, patients who 
had two or more organs with metastasis, patients who 
had prior gastrectomy, and patients who had metastatic 
or locally advanced esophageal tumors. Moreover, our 
results revealed that GC patients with high microsatellite 
instability (MSI) had a significant longer OS compared 
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Fig. 2 Forest plots of OS analysis in different types of GI cancers
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Fig. 3 Forest plots of PFS analysis in different types of GI cancers
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Fig. 4 Forest plots of ORR analysis in different types of GI cancers
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Fig. 5 Forest plots of DCR analysis in different types of GI cancers
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Table 1 The results of subgroups analysis based on clinical variables in different GI cancers

OS PFS OS PFS OS PFS
NO HR (95%CI) NO HR (95%CI) NO HR (95%CI)

A) Hepatocellular carcinoma

Age 0.783 0.145

  ≥ 65 yr 4 0.80 (0.71, 0.91) 0.0% (0.454) 2 0.65 (0.52, 0.82) 0.0% (0.795)

  < 65 yr 4 0.82 (0.72, 0.94) 0.0% (0.892) 1 0.89 (0.63, 1.26) NA

Sex 0.647 0.629

 Male 4 0.77 (0.69, 0.86) 0.0% (0.457) 2 0.66 (0.55, 0.80) 30.3% (0.231)

 Female 4 0.82 (0.64, 1.07) 0.0% (0.442) 2 0.60 (0.40, 0.89) 0.0% (0.968)

ECOG performance status 0.689 0.614

 0 5 0.77 (0.68, 0.88) 0.0% (0.474) 3 0.60 (0.50, 0.72) 0.0%, (0.592)

 1 5 0.74 (0.65, 0.86) 44.6% (0.124) 3 0.64 (0.53, 0.78) 24.3%, (0.267)

Location 0.078 0.171

 Asia 7 0.75 (0.67, 0.84) 0.0% (0.534) 4 0.63 (0.54, 0.75) 44.9% (0.142)

 Rest of the world 6 0.86 (0.78, 0.96) 0.0% (0.557) 3 0.74 (0.63, 0.87) 0.0% (0.872)

AFP at baseline 0.368 0.021

  ≥ 400 ng/mL 5 0.66 (0.57, 0.77) 0.0% (0.942) 2 0.64 (0.53, 0.78) 35.5% (0.213)

  < 400 ng/mL 5 0.75 (0.60, 0.93) 59.8% (0.041) 2 0.46 (0.37, 0.56) 0.0%, (0.541)

Barcelona liver stage 0.332 0.843

 B 6 0.89 (0.63, 1.24) 50.7% (0.071) 3 0.63 (0.45, 0.89) 48.0% (0.146)

 C 6 0.74 (0.66, 0.84) 34.5%, (0.177) 3 0.61 (0.53, 0.70) 0.0% (0.682)

Macrovascular invasion at study entry 0.365 0.598

 Yes 5 0.71 (0.60, 0.84) 0.0%, (0.425) 3 0.58 (0.46, 0.74) 0.0% (0.546)

 No 5 0.78 (0.70, 0.87) 29.0% (0.228) 3 0.63 (0.54, 0.73) 6.4% (0.344)

Extrahepatic spread at study entry 0.06 0.213

 Yes 5 0.70 (0.62, 0.78) 49.7% (0.093) 3 0.58 (0.50, 0.67) 0.0% (0.440)

 No 5 0.84 (0.72, 0.98) 0.0%, (0.811) 3 0.70 (0.54, 0.89) 0.0% (0.368)

MVI and/or extrahepatic spread at study 
entry

0.017 0.103

 Yes 6 0.72 (0.66, 0.80) 15.8%, (0.312) 3 0.55 (0.47, 0.65) 0.0% (0.932)

 No 6 0.91 (0.78, 1.08) 46.4%, (0.097) 3 0.73 (0.54, 0.98) 15.7% (0.305)

Etiology 0.001 0.028

 Hepatitis B 7 0.65 (0.57, 0.74) 0.0%, (0.514) 4 0.54 (0.46, 0.64) 0.0%, (0.508)

 Hepatitis C 6 0.92 (0.77, 1.09) 42.1%, (0.125) 3 0.60 (0.43, 0.84) 0.0%, (0.633)

 Nonviral 6 0.87 (0.77, 0.98) 0.0%, (0.502) 3 0.78 (0.63, 0.96) 0.0%, (0.658)

B) Gastric cancer

Age 0.844 0.987

  ≥ 65 yr 9 0.84 (0.77, 0.93) 39.3%, (0.106) 2 1.06 (0.64, 1.74) 75.3%, (0.044)

  < 65 yr 9 0.85 (0.79, 0.93) 13.0%, (0.326) 2 1.07 (0.32, 3.52) 96.5%, (0.000)

Sex 0.046 0.688

 Male 9 0.82 (0.76, 0.88) 33.9%, (0.147) 2 1.03 (0.48, 2.18) 93.6%, (0.000)

 Female 9 0.94 (0.84, 1.06) 0.0%, (0.517) 2 1.40 (0.38, 5.18) 94.3%, (0.000)

ECOG performance status 621 0.700

 0 8 0.89 (0.77, 1.03) 43.0%, (0.092) 2 1.29 (0.46, 3.67) 93.4%, (0.000)

 1 8 0.84 (0.74, 0.97) 54.4%, (0.032) 2 0.99 (0.41, 2.39) 94.1%, (0.000)

Location 0.884 0.372

 Asia 8 0.85 (0.75, 0.97) 32.1%, (0.171) 2 1.91 (1.38, 2.64) 12.3%, (0.286)

 Rest of the world 7 0.86 (0.80, 0.93) 0.0%, (0.732) 1 1.57 (1.19, 2.08) NA

Lauren histological type 0.449 0.09

 Diffuse type 6 0.85 (0.76, 0.96) 43.7%, (0.114) 1 0.84 (0.62, 1.14) NA

 Intestinal type 6 0.80 (0.71, 0.90) 12.9%, (0.332) 1 0.56 (0.39, 0.80) NA
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Table 1 (continued)

OS PFS OS PFS OS PFS
NO HR (95%CI) NO HR (95%CI) NO HR (95%CI)

Primary sites 0.986 0.666

 Gastric cancer 9 0.87 (0.78, 0.97) 51.1%, (0.037) 2 1.16 (0.44, 3.09) 95.9%, (0.000)

 Gastroesophageal junction cancer 9 0.87 (0.76, 0.99) 0.0%, (0.641) 2 0.89 (0.44, 1.81) 65.8%, (0.087)

Liver metastasis 0.344 0.204

 Yes 3 0.72 (0.63, 0.84) 0.0%, (0.899) 1 0.59 (0.42, 0.83) NA

 No 3 0.82 (0.66, 1.03) 72.2%, (0.027) 1 0.79 (0.59, 1.05) NA

Lymph node metastasis 0.405 0.559

 Yes 1 0.94 (0.77, 1.15) NA 1 0.73 (0.58, 0.92) NA

 No 1 0.77 (0.50, 1.18) NA 1 0.61 (0.35, 1.06) NA

Peritoneal metastasis 0.130 0.002

 Yes 2 0.98 (0.61, 1.56) 72.1%, (0.058) 1 1.04 (0.76, 1.43) NA

 No 2 0.66 (0.55, 0.79) 0.0%, (0.687) 1 0.51 (0.37, 0.70) NA

Number of organs with metastases 0.245 0.014

  < 2 4 0.72 (0.60, 0.85) 0.0%, (0.672) 1 0.42 (0.26, 0.69) NA

  ≥ 2 4 0.84 (0.68, 1.04) 78.4%, (0.003) 1 0.84 (0.66, 1.07) NA

Microsatellite status 0.000

 Stable 5 0.87 (0.79, 0.95) 42.1%, (0.178)

 Unstable (Instability‑high) 3 0.33 (0.20, 0.52) 0.0%, (0.988)

Prior gastrectomy 0.924 0.956

 Yes 4 0.89 (0.73, 1.08) 0.0%, (0.913) 1 0.71 (0.46, 1.10) NA

 No 4 0.90 (0.80, 1.00) 0.0%, (0.826) 1 0.70 (0.54, 0.90) NA

Disease status 0.313

 Metastatic 2 0.91 (0.77, 1.07) 0.0%, (0.633)

 Locally advanced 1 2.84 (0.31,25.74) NA

C) Esophageal cancer

Age 0.175 0.133

  ≥ 65 yr 9 0.67 (0.60, 0.75) 0.0% (0.701) 6 0.58 (0.51, 0.66) 37.9%, (0.154)

  < 65 yr 9 0.74 (0.68, 0.81) 0.0%,(0.623) 6 0.66 (0.60, 0.73) 44.3%, (0.110)

Sex 0.029 0.588

 Male 10 0.72 (0.67, 0.77) 26.6%, (0.199) 6 0.63 (0.54, 0.75) 67.2%, (0.009)

 Female 10 0.90 (0.75, 1.08) 9.1%, (0.359) 6 0.69 (0.54, 0.89) 0.0%, (0.655)

ECOG performance status 0.623 0.674

 0 10 0.74 (0.66, 0.83) 0.0%, (0.449) 6 0.61 (0.50, 0.76) 34.6%, (0.177)

 1 10 0.71 (0.66, 0.78) 0.0%, (0.739) 6 0.65 (0.56, 0.75) 53.5%, (0.056)

Location 0.145 0.889

 Asia 4 0.71 (0.62, 0.80) 18.8% (0.296) 2 0.68 (0.51, 0.91) 69.6%, (0.070)

 Rest of the world 4 0.84 (0.69, 1.02) 54.6%, (0.086) 1 0.70 (0.56, 0.88) NA

Histology 0.240 0.239

 Adenocarcinoma 2 0.92 (0.61, 1.38) 73.3%, (0.053) 1 0.63 (0.46, 0.87) NA

 Squamous cell carcinoma 11 0.72 (0.67, 0.77) 0.0%, (0.860) 10 0.79 (0.65, 0.95) 84.9%, (0.000)

Liver metastasis 0.358 0.451

 Yes 4 0.64 (0.51, 0.80) 0.0%, (0.792) 3 0.75 (0.48, 1.15) 67.0%, (0.048)

 No 4 0.72 (0.63, 0.83) 0.0%, (0.738) 3 0.62 (0.48, 0.79) 61.8%, (0.073)

Lymph node metastasis 0.319

 Yes 2 0.80 (0.65, 0.98) 0.0%, (0.540)

 No 2 0.68 (0.55, 0.86) 0.0%, (0.702)

Number of organs with metastases 0.169 0.138

  < 2 5 0.79 (0.69, 0.91) 0.0%, (0.923) 2 0.70 (0.56, 0.86) 0.0%, (0.350)
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Table 1 (continued)

OS PFS OS PFS OS PFS
NO HR (95%CI) NO HR (95%CI) NO HR (95%CI)

  ≥ 2 5 0.70 (0.62, 0.79) 0.0%, (0.454) 2 0.56 (0.46, 0.68) 44.0%, (0.181)

Disease status 0.063 0.408

 Metastatic 6 0.66 (0.60, 0.74) 0.0%, (0.802) 4 0.58 (0.52, 0.65) 0.0%, (0.409)

 Locally advanced 6 0.80 (0.68, 0.95) 0.0%, (0.833) 4 0.65 (0.50, 0.85) 0.0%, (0.847)

Smoking history 0.806 0.852

 Never 5 0.77 (0.62, 0.95) 0.0%, (0.565) 2 0.79 (0.47, 1.32) 58.8%, (0.119)

 Current or former 5 0.75 (0.67, 0.83) 0.0%, (0.867) 2 0.73 (0.39, 1.36) 85.8%, (0.008)

D) Colorectal cancer

Age 0.570 0.804

  ≥ 65 yr 3 0.89 (0.52, 1.54) 69.1%, (0.039) 3 1.07 (0.81, 1.40) 0.0%, (0.539)

  < 65 yr 3 1.06 (0.85, 1.32) 0.1%, (0.368) 3 1.11 (0.91, 1.35) 47.8%, (0.147)

Sex 0.963 0.080

 Male 2 0.73 (0.55, 0.95) 0.0%, (0.383) 1 0.77 (0.57, 1.05) NA

 Female 2 0.72 (0.50, 1.03) 39.0%, (0.200) 1 1.21 (0.81, 1.80) NA

ECOG performance status 0.926 0.806

 0 4 0.91 (0.55, 1.50) 75.0%, (0.007) 3 1.24 (0.66, 2.32) 86.2%, (0.001)

 1 4 0.88 (0.71, 1.09) 13.0%, (0.327) 3 1.14 (0.90, 1.44) 0.0%, (0.623)

Location 0.753

 Asia 1 0.65 (0.27, 1.56) NA

 Rest of the world 1 0.76 (0.52, 1.09) NA

BRAF status 0.507

 Wild type 3 0.61 (0.39, 0.95) 0.0%, (0.720)

 Variant 2 0.71 (0.52, 0.96) 0.0%, (0.375)

KRAS/NRAS status 0.569

 Wild type 2 0.61 (0.39, 0.95) 0.0%, (0.720)

 Variant 2 0.71 (0.52, 0.96) 0.0%, (0.375)

Liver metastasis 0.044 0.751

 Yes 1 1.14 (0.72, 1.81) NA 2 0.86 (0.69, 1.09) 0.0%, (0.512)

 No 1 0.33 (0.11, 1.00) NA 2 0.80 (0.51, 1.24) 0.0%, (0.523)

Site of primary tomur 0.358 0.519

 Right 3 0.78 (0.58, 1.06) 0.0%, (0.715) 3 1.00 (0.71, 1.39) 0.0%, (0.947)

 Left 3 0.95 (0.71, 1.28) 0.0%, (0.812) 3 1.13 (0.92, 1.40) 26.0%, (0.259)

Microsatellite status 0.402 0.622

 Stable 3 0.91 (0.64, 1.28) 68.9%, (0.040) 3 1.07 (0.71, 1.61) 77.2%, (0.012)

 Unstable (Instability‑high) 1 0.74 (0.53, 1.03) NA 2 0.84 (0.35, 2.01) 60.5%, (0.111)

Number of organs with metastases 0.668

  < 2 1 0.98 (0.68, 1.41) NA

  ≥ 2 1 0.88 (0.63, 1.22) NA

E) Pancreatic cancer

Age 0.491 0.177

  ≥ 65 yr 2 0.92 (0.67, 1.25) 0.0%, (0.837) 1 0.73 (0.48, 1.11) NA

  < 65 yr 2 0.72 (0.39, 1.34) 69.6%, (0.070) 1 0.48 (0.31, 0.75) NA

Sex 0.486 0.234

 Male 2 0.72 (0.52, 0.99) 42.7%, (0.187) 1 0.52 (0.35, 0.77) NA

 Female 2 0.85 (0.60, 1.20) 0.0%, (0.947) 1 0.76 (0.47, 1.23) NA

ECOG performance status 0.444 0.056

 0 2 0.72 (0.32, 1.65) 75.4%, (0.044) 1 0.47 (0.31, 0.71) NA

 1 2 1.01 (0.81, 1.26) 0.0%, (0.461) 1 0.87 (0.54, 1.41) NA
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to stable microsatellite status when treated with ICIs 
(HR = 0.33 vs. HR = 0.87; p interaction = 0.000). Besides, the 
favorable PFS outcomes were seen only in GC patients 
with intestinal histological type, liver metastasis, lymph 
node metastasis, and no history of gastrectomy. Since 
peritoneal metastasis associated with GC and involve-
ment of more than 2 organs have poor prognosis, it is 
not surprising that these patients experience worse PFS 
outcomes relative to their counterparts (HR = 1.04 vs. 
HR = 0.51;  pinteraction = 0.002 and HR = 0.84 vs. HR = 0.42; 
 pinteraction = 0.014, respectively). The results of subgroup 
analysis are summarized in Table 1B.

Esophageal cancer (EC)
Although the published evidence from several rand-
omized controlled clinical trials of immunotherapy for 
esophageal squamous cell carcinoma has shown promis-
ing outcome [18, 63, 64], there are controversial results 
about all outcomes in advance and metastatic stages of 
these patients. The pooled results of survival analysis 
among 11 RCT arms showed acceptable OS (HR = 0.73, 
95% CI 0.69 to 0.78; Fig.  2C) with a heterogeneity of 
 I2 = 5.7% and promising PFS outcomes (HR = 0.79, 95% CI 
0.65 to 0.97,  I2 = 89.6%; Fig. 3C). Although the ORR in ICI 
groups was better than in the control group (RR = 1.45, 
95% CI 1.26 to 1.68,  I2 = 74.1%; Fig.  4C), the DCR were 
not satisfactory with an RR close to 1 (RR = 0.98, 95% CI 
0.91 to 1.06,  I2 = 83.6%; Fig. 5C).

After OS subgroup analysis based on clinical vari-
ables, all groups of patients showed prolonged OS in 
favor of ICI therapy except for female patients, those 

living outside Asia, and those presented with adenocar-
cinoma of esophagus. Indeed, improvement in OS was 
significantly better in males than females (HR = 0.72 vs. 
HR = 0.9; p interaction = 0.029; Table 1C), proposing that ICI 
therapy may be more effective in male rather than female 
with EC. In terms of PFS, all groups of patients showed 
prolonged PFS when received ICIs, except for those with 
liver metastasis and both groups patients who never 
smoke or reporting a history of smoking.

Colorectal cancer (CRC)
According to our results based on six trial arms, while 
patients with CRC had a favorable OS (HR = 0.87, 95% 
CI 0.76 to 0.99,  I2 = 23.0%; Fig.  2D) and provided an 
acceptable ORR (RR = 1.28, 95% CI 1.08 to 1.53,  I2 = 0.0%; 
Fig. 4D), the outcomes in terms of PFS as well as DCR did 
not show an obvious improvement. Thus, application of 
ICIs is unlikely helpful in patients with CRC. Moreover, 
the only groups of patients that were able to take advan-
tage of ICI therapy were male patients, patients with wild 
type BRAF status, and both groups of patients with wild 
type or a variant of KRAS/NIRAS status. The results of 
subgroup analysis revealed that liver metastasis makes 
the OS outcome worse (HR = 1.14 vs. HR = 0.33; p interac-

tion = 0.044; Table 1D). In terms of PFS, we found that ICI 
therapy had no beneficial impact in any of the patients’ 
subgroups.

Pancreatic cancer (PaC)
Two RCTs showed a beneficial response in OS (HR = 0.79, 
95% CI 0.63 to 1.00,  I2 = 42.1%; Fig. 2E) but not for PFS 

Table 1 (continued)

OS PFS OS PFS OS PFS
NO HR (95%CI) NO HR (95%CI) NO HR (95%CI)

F) Biliary tract cancer

Age 0.949 0.211

  ≥ 65 yr 1 0.79 (0.60, 1.04) NA 1 0.84 (0.66, 1.07) NA

  < 65 yr 1 0.80 (0.61, 1.04) NA 1 0.68 (0.54, 0.85) NA

Sex 0.797 0.696

 Male 1 0.78 (0.60, 1.01) NA 1 0.73 (0.58, 0.92) NA

 Female 1 0.82 (0.62, 1.08) NA 1 0.78 (0.62, 0.99) NA

ECOG performance status 0.255 0.938

 0 1 0.90 (0.68, 1.20) NA 1 0.77 (0.61, 0.98) NA

 1 1 0.72 (0.56, 0.93) NA 1 0.76 (0.60, 0.96) NA

Location 0.290 0.127

 Asia 1 0.72 (0.56, 0.93) NA 1 0.67 (0.54, 0.84) NA

 Rest of the world 1 0.89 (0.66, 1.20) NA 1 0.87 (0.68, 1.12) NA

Disease status 0.108 0.012

 Metastatic 1 0.49 (0.27, 0.90) NA 1 0.42 (0.26, 0.68) NA

 Locally advanced 1 0.83 (0.68, 1.02) NA 1 0.81 (0.68, 0.97) NA
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(HR = 0.76, 95% CI 0.47 to 1.24,  I2 = 78.3%; Fig. 3E), ORR 
(RR = 1.32, 95% CI 0.77 to 2.25,  I2 = NA; Fig.  4E), and 
DCR (RR = 1.23, 95% CI 0.96 to 1.57,  I2 = NA; Fig.  5E). 
However, there isn’t still enough evidence to make a 
definitive judgment about their efficacies in PaC. Accord-
ing to subgroup analysis, only make patients showed pro-
longed OS in response to ICIs. Furthermore, those who 
aged < 65  years, male patients, and patients with ECOG 
performance status of 0 had significantly improved PFS 
(Table 1E).

Biliary tract cancer (BTC)
One RCT was conducted to determine whether PD-L1 
targeting using Durvalumab works well among BTC 
patients or not. In this regard, satisfactory survival out-
comes (OS: HR = 0.80, 95% CI 0.66 to 0.97; Fig.  2F and 
PFS: HR = 0.75, 95% CI 0.63 to 0.89; Fig. 3F) along with 
acceptable clinical responses (ORR: RR = 1.43, 95% CI 
1.08 to 1.90; Fig. 4F and DCR: RR = 1.03, 95% CI 0.97 to 
1.10; Fig. 5F) were obtained. Also, in the subgroup anal-
ysis, ICIs did not change the OS of patients except for 
those with ECOG performance status 1, living in Asia, 
and presented with metastatic disease. Furthermore, PFS 
subgroup analysis revealed that ICIs prolong the survival 
rate of all patients except for those who aged ≥ 65 years 
and not living in Asia. In this case, patients with meta-
static status experience better PFS rather than the locally 
advanced stage of the disease (HR = 0.42 vs. HR:0.81; p 
interaction = 0.012; Table 1F).

Pooled analysis in GI cancers
Although ICIs are used in different GI cancers, they are 
not equally effective in treating all of them; while some 
demonstrate superior responses over conventional thera-
pies, others don’t. Through pooled analysis, we tried to 
answer the question of which GI cancer is most likely to 
benefit from ICI therapy and which is least likely to do 
so. Among all GI cancers, HCC and EC seem to have the 
best response to ICIs not only with high DCR and ORR 

but also with low PFS and OS. Following HCC and EC, 
BTC showed promising responses according to notable 
ORR, DCR, PFS, and OS. Noteworthy, due to the fact 
that only one RCT investigated the effects of ICIs in BTC, 
a definitive conclusion cannot be reached. Similarly, 
more RCTs are needed to come to a conclusive conclu-
sion regarding the effects of ICIs in PaC, since OS was 
promising, but PFS, ORR, and DCR did not meet the 
expectation. Finally, neither GC nor CRC had satisfactory 
results. Furthermore, the pooled results of CR, PR, SD, 
and PD for all GI cancers are represented in Additional 
file 1: Fig S1-S4. All in all, overall OS (HR = 0.80, 95% CI 
0.77 to 0.82, p = 0.006,  I2 = 38.2%; Fig. 2), PFS (HR = 0.87, 
95% CI 0.78 to 0.95, p = 0.000,  I2 = 89.6%; Fig.  3), and 
ORR (RR = 1.45, 95% CI 1.29 to 1.63, p = 0.000,  I2 = 84.7%; 
Fig.  4), demonstrate that ICI therapy outperforms con-
ventional therapies in GI cancers; however, DCR were 
not satisfactory with an RR close to 1 (RR = 0.98, 95% CI 
0.92 to 1.04, p = 0.000,  I2 = 88.5%; Fig. 5). Figure 6 repre-
sents pooled results of OS, PFS, ORR, and DCR in six 
types of GI cancers.

Subgroup analysis based on drug type
Since drug development paradigms for immunotherapy 
are evolving, comparing the effects of different drugs 
seems critical in order to make the best treatment deci-
sion. Notably, our results indicated patients who were 
treated with different drugs, had significantly different 
OS and PFS in subgroup analysis (p interaction = 0.001 and p 
interaction = 0.000, respectively). Among the eleven types of 
drugs examined and according to the results of one trial, 
Toripalimab had the best OS (HR = 0.58, 95% CI 0.43 to 
0.78) and PFS (HR = 0.58, 95% CI 0.46 to 0.74); suggest-
ing further investigation of this drug in clinical trials is 
necessary. In addition, a total of three trials conducted 
with Camrelizumab have reported this drug had nota-
ble OS (HR = 0.68, 95% CI 0.60 to 0.77,  I2 = 0.0%) and 
PFS (HR = 0.59, 95% CI 0.50 to 0.69,  I2 = 42.3%). Follow-
ing Camrelizumab, Sintilimab also showed significant 

Fig. 6 Forest plots of pooled OS, PFS, ORR, and DCR analysis in different types of GI cancers
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OS (HR = 0.70, 95% CI 0.63 to 0.77,  I2 = 12.5%) and PFS 
(HR = 0.64, 95% CI 0.55 to 0.75,  I2 = 60.7%). Avelumab, 
on the other hand, had the worst OS (HR = 0.99, 95% CI 
0.85 to 1.15,  I2 = 34.9%), indicating this agent has similar 
effects to conventional therapies. Moreover, combina-
tion of Nivolumab and Ipilimumab reduced the PFS of 
the patients compared to the control agents (HR = 1.47, 
95% CI 1.30 to 1.67,  I2 = 78.3%). The results of OS and 
PFS subgroup analysis based on different drug types are 
detailed in Table 2A.

Subgroup analysis based on target type
It has been reported that targeting PD-1, PD-L1 or 
CTLA-4 may provide different outcomes in gastric can-
cer [65] and hepatocellular carcinoma [66]; thus, hypoth-
esizing whether the application of different ICIs was 
associated with different efficacies in patients with GI 
cancer. Subgroup analysis based on PD-1, PD-L1, and 
CTLA4 inhibitors showed non-significantly different 
OS but significant different PFS between these groups (p 
interaction = 0.058 and p interaction = 0.000, respectively). In 
this regard, PD-1 inhibitors outperformed PD-L1 inhibi-
tors according to OS (HR = 0.78, 95% CI 0.75 to 0.81, 
 I2 = 33.3% vs. HR = 0.87, 95% CI 0.81 to 0.94,  I2 = 46.5%, 
respectively). In terms of PFS, only PD-1 inhibitors 
showed promising results (HR = 0.80, 95% CI 0.77 to 0.83, 
 I2 = 89.1%); however, PD-L1 inhibitors did not change the 
PFS outcome (HR = 0.96, 95% CI 0.90 to 1.03,  I2 = 84.1%). 
As there are limited clinical trials with CTLA4 inhibitors, 
a conclusion cannot be drawn so far. Table 2B represents 
the results of OS and PFS subgroup analysis based on tar-
get type.

Subgroup analysis based on PD‑L1 expression
The response to ICIs varies from patient to patient, 
therefore, several predictive biomarkers are developed to 
determine sensitivity and resistance to immune check-
point inhibitors. In this regard, PD-L1 expression on 
either tumor or immune cells is the most frequently stud-
ied biomarker [67].

Subgroup analysis based on the PD-L1 expression 
demonstrated that patients with CPS ≥ 1, ≥ 5, and ≥ 10 
have better OS compared with < 1, < 5, and < 10 with 
 pinteraction = 0.000, 0.002, and 0.014 respectively. The same 
goes for TPS, and TPS ≥ 1%, ≥ 5%, and ≥ 10% had longer 
OS than < 1%, < 5%, and < 10% with  pinteraction = 0.000, 
0.037, and 0.036 respectively. Moreover, those with 
CPS ≥ 10 and TPS ≥ 10% have the best OS compared 
to the control agents (HR = 0.69, 95% CI 0.63 to 0.76, 
 I2 = 0.00% and HR = 0.63, 95% CI 0.54 to 0.73,  I2 = 0.00% 
respectively). In terms of PFS, no difference was detected 
between the upper and lower limits of each threshold 

Table 2C shows the results of PD-L1 expression subgroup 
analysis.

The safety of ICIs in GI cancers
Overall RR of TRAEs and ≥ grade 3 TRAEs were 0.89 
(95% CI 0.85 to 0.93,  I2 = 95.4%) and 0.77 (95% CI 0.68 to 
0.88,  I2 = 94.7%), respectively; indicating that ICI therapy 
may possess fewer TRAEs and ≥ grade 3 TRAEs than 
conventional therapies. However, serious AEs and AEs 
led to death were more common in patients treated with 
ICIs compared with conventional therapies (RR = 1.36, 
95% CI 1.17 to 1.57,  I2 = 68.8% and RR = 1.42, 95% CI 1.09 
to 1.85,  I2 = 0.0%, respectively). The results concerning 
the safety of ICIs in GI cancers are depicted in Fig. 7.

Discussion
Although ICIs successfully used to treat various solid 
tumors such as metastatic melanoma [68], renal cell car-
cinoma [69], lung cancer [70], and squamous cell carci-
noma of the head and neck [71], there are controversial 
results about ICIs’ efficacies in patients with GI tumors. 
As far as we are aware, this is the first umbrella review 
in the context of GI malignancies, reporting that appli-
cation of ICIs in this group of cancers could partially 
improve response rates compared to conventional ther-
apies (Figs.  2–5); however, different types of GI tumors 
did not experience the same efficacy. The results of the 
pooled analysis showed that HCC and EC patients are 
most likely to benefit from ICI therapy, while it is less 
useful in GC and CRC patients. Also, the results for PaC 
and BTC are at preliminary stage and need to be investi-
gated in future.

Regarding the great potential of ICIs in HCC, patients 
in the advanced stages of disease and even those with 
MVI could benefit from this strategy. Of note, HCC 
patients with chronic inflammation caused by hepati-
tis B or C infection are more susceptible to ICI therapy; 
indeed, the expression of immune checkpoint molecules 
which is increased through the inflammatory condition 
may explain this phenomenon [72, 73]. Besides HCC, EC 
patients have promising responses to ICIs mainly target-
ing PD-1. Accordingly, the study conducted by Chalmers 
et al. reported that EC patients have a high mutation load 
which caused the emergence of immunogenic neoanti-
gens, making these patients good candidates for ICI treat-
ment [74]. On the other hand, while encouraging results 
of some studies led to the approval of anti-PD-1 drugs 
in GC patients after second lines of therapy failure [17, 
75], there are controversial results about ICIs efficacies 
in this malignancy [24]. This issue perhaps occurs due to 
the high heterogeneity of the tumor and different expres-
sion of immune checkpoints among its various subtypes; 
while MSI-high and Epstein-Barr virus (EBV) positive 
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subtypes associated with high levels of these molecules, 
aberrant p53 subtype didn’t show a significant correlation 
[76]. Concerning CRC, studies revealed that ICI therapy 
is only effective in a limited number of CRC patients who 
are MSI-high, resulting in FDA approval of several ICIs 
either as a monotherapy or in combination in this group 
[77–80]; however, it is worth noting that the result of our 
study shows survival outcomes are not significantly dif-
ferent between microsatellite stable and unstable groups 
of CRC patients. Generally, and regardless of micros-
atellite status, our results further highlight that applica-
tion of ICIs is unlikely helpful in patients with CRC [58, 
81]. Since the studies in the context of BTC and PaC are 

limited, it is difficult to make a definitive judgment about 
the efficacy of ICIs in these patients; however, it seems 
that BTC demonstrates more beneficial effects of ICI 
strategy rather than PaC. The immunosuppressive envi-
ronment in the latter may be one of the main barriers to 
successful ICI therapy in this malignancy [82]. All in all 
and apart from the type of GI, it seems that application 
of ICIs in combined-modal strategies is a better approach 
for GI cancer treatment compared to ICI monotherapy. 
In this vein, most of the FDA-approved ICIs in GI can-
cers are in combination with other agents, and nowadays 
most of the ongoing clinical trials are focused on the 
efficacy of ICIs in these strategies. To provide a better 

Fig. 7 Detailed on TRAEs, ≥ grade 3 TRAEs, grade 5 TRAEs, serious AEs, AEs led to treatment discontinuation, and AEs led to death in different GI 
cancers following ICI therapy
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overview, we summarized FDA approved ICIs and ongo-
ing clinical trials among different GI cancers in Tables 3 
and 4, respectively.

Not only the type of GI cancer but also the type of 
drug is a determinant factor in ICI therapy. The results of 
the subgroup analysis showed that Pembrolizumab and 
Nivolumab are the most investigated drugs in GI cases; 
however, based on our analysis, Camrelizumab and Sin-
tilimab outperformed the formers according to survival 
outcomes. All the abovementioned drugs target PD-1, 
implying that this molecule may probably be the more 
attractive ICI target rather than PD-L1 and CTLA-4 in 
GI cancer cases. Achieving the worst results with anti-
PD-L1 in OS outcome, Avelumab may provide more 
data to probably conclude that PD-1 inhibitors are more 
efficient agents as compared to inhibitors of PD-L1. In 
agreement, Ribas et  al. found that anti-PD-1 agents are 
superior inhibitors since they can inhibit PD-L2 binding 
to PD-1, as well [83].

Of great interest, the correlation between PD-L1 
expression and the extent of the response to ICIs has been 
examined in a wide range of human malignancies; how-
ever, in many cases, there are conflicting results. While 
several previous studies indicated that the sensitivity 
extent of metastatic melanoma [84], non-small-cell lung 
cancer [11], and urothelial carcinoma [16] to ICIs corre-
lates with the PD-L1 status, another study failed to report 
a differential sensitivity pattern with respect to PD-L1 
expression level in renal carcinoma [13]. Based on our 
subgroup analysis, high expression of PD-L1 (either CPS 
or TPS) in GI cancers is associated with better response 
to ICIs. While, generally speaking, PD-L1 expression 
in GI cancers is a good biomarker for predicting ICI 
response, it is reasonable to hypothesize that different GI 
tumors __given to their heterogeneous  characteristics__ 
may respond differently based on PD-L1 status. In this 
regard, the promising results of KEYNOTE-180 and 181 
trials which assessed the expression of PD-L1 using CPS 
led to the FDA approval of Pembrolizumab monotherapy 
in EC patients with CPS ≥ 10 after failure of first line of 
therapy [85, 86]. Our recent meta-analysis also revealed 
that PD-L1 CPS = 10 and TPS = 1% expression thresh-
olds are predictive for lower rate of mortality when PD-1/
PD-L1 inhibitors are administrated in patients suffer-
ing from EC [87]. Concerning GC, Kawazoe and Böger 
studies indicated that anti-PD-1/PD-L1 therapy is more 
effective in either MSI-high or EBV-positive advanced 
GC patients who are PD-L1 positive [88, 89]. Inline, the 
results of our recent meta-analysis reported that CPS 
scoring method has superior quality to TPS in predict-
ing the response to ICIs; of note, GC patients expressing 
PD-L1 as CPS ≥ 1, CPS ≥ 5, and CPS ≥ 10 had longer OS 
than their counterpart subgroups (unpublished data). In 

contrast to EC and GC, PD-L1 expression did not seem 
to be a suitable biomarker for HCC and CRC patients as 
several trials revealed that ICI responses were observed 
regardless of PD-L1 expression in these patients [61, 78, 
80]. Finally, the role of PD-L1 expression in PaC and BTC 
patients still remains unclear and further investigations 
are required to elucidate whether PD-L1 expression may 
influence the extent of PaC and BTC response to ICIs.

Another factor which affects GI tumors’ response to 
ICIs is microsatellite and mismatch repair (MMR) sta-
tus. MSI-high and MMR deficiency (dMMR) in tumor 
cells may lead to high mutation levels and the arising of 
immunogenic neoantigens, facilitating their recognition 
by immune cells, and probably, a plausible justification 
for their better response to ICIs [90]. According to the 
importance of MSI-high status in some types of GI can-
cers, Pembrolizumab and Nivolumab achieved approval 
for dMMR/MSI-high CRC, EC, and GC patients [77–80]; 
however, in our analysis, a significant difference in sur-
vival outcomes between stable and unstable microsatel-
lite status was only observed in GC patients. Of note, the 
results of a trial on BTC patients indicated that favora-
ble responses to Nivolumab were unexpectedly observed 
in non-MSI-high patients [91]; further highlighting the 
necessity for additional studies to elaborate ICI responses 
with respect to microsatellite status in different GI 
tumors.

Albeit ICI is a promising treatment option at least in 
some GI cancers, our results demonstrate that seri-
ous AEs and AEs leading to death are more common in 
patients treated with ICIs compared with conventional 
therapies. In this regard, a meta-analysis showed that 
fatal AEs differ widely based on ICIs; while pneumonitis, 
hepatitis, and neurotoxic effects were the most frequent 
causes of death in patients receiving anti-PD-1 or anti-
PD-L1, fatalities in patients receiving anti-CTLA-4 were 
mainly attributed to colitis. In combination therapy, the 
majority of ICI-related deaths were caused by myocar-
ditis or colitis [92]. Therefore, early detection and man-
agement of these AEs are of paramount importance for 
practitioners.

We made our best efforts to present a complete and 
practical study, however, there are several limitations to 
be considered when interpreting the results or apply-
ing them in clinical practice. Firstly, some limitations 
were present due to the shortcomings of the included 
meta-analyses, such as heterogeneity of baseline char-
acteristics, type of inhibitors, cycles of receiving the 
drug, different regimes in the control groups, and vari-
able duration of follow-up which might influence some 
of the outcomes. Secondly, despite searching all of the 
databases mentioned above and searching extensively 
for related literature, there is still a possibility that some 
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articles were missed. Thirdly, we were able to conduct 
subgroup analysis only on a few variables highlighting the 
need for trials with more subgroup analysis in the future. 
Fourthly, a definitive conclusion could not be reached in 
some analyses due to high confidence intervals.

In conclusion, this article consolidates knowledge 
on one of the most promising treatment options for GI 
malignancies by providing a comprehensive review of the 
most recent evidence. According to our analysis, HCC 
and EC patients are likely better candidates for ICI ther-
apy, especially PD-1 inhibitors, rather than GC and CRC 
patients. We also assess the predictive value of PD-L1 
expression as well as microsatellite status in response to 
ICIs. In the near future, not only predictive biomarkers 
could be used to select which GI patients are more likely 
to benefit from ICIs, but they also can be utilized to sup-
port de-escalation of treatment in order to avoid unnec-
essary toxicity. PD-L1 expression and dMMR/MSI-H 
status are examples of these biomarkers, but _ as investi-
gated in this study_ they have shown specific and narrow 
clinical applications. Priority in future research should be 
the identification of new clinically applicable prognostic 
and diagnostic biomarkers. Resistance to ICIs is another 
issue that must be addressed; for this purpose, combina-
tion therapy is currently being investigated to either alter 
the tumor microenvironment or target immune evasion 
mechanisms. Investigating the role of ICIs in adjuvant, 
neoadjuvant, and maintenance therapies should also be 
considered in future studies. Figure  8 provides an over-
view of the ICI therapy in GI cancers. It is likely that ICIs 
will become the standard of care in early lines of therapy 
for various GI malignancies as new data from ongoing 
trials emerge.
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