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Abstract: Background/Objectives: Pembrolizumab, an immune checkpoint inhibitor tar-
geting programmed death 1 (PD-1), is a widely employed therapy for various gastroin-
testinal (GI) cancers. We conducted a systematic review of clinical trials investigating
pembrolizumab monotherapy in GI cancer patients to assess the spectrum and incidence
of immune-related adverse events (irAEs) associated with pembrolizumab. Methods: A
comprehensive search of PubMed /MEDLINE was performed to identify clinical trials
investigating pembrolizumab monotherapy in GI cancer patients. Primary endpoints in-
cluded the incidence of grade 3 or higher irAEs and the rate of treatment discontinuation
due to irAEs. Secondary endpoints encompassed the incidence of any-grade irAEs, as well
as specific irAEs. Results: Data extraction and analysis were performed on 25 articles. The
analysis included 3101 patients with a median age of 62 years (range 53-68), with 30.2%
being female. Tumor types encompassed were colorectal (12%), esophagogastric (46%),
hepatocellular carcinoma (24%), and other GI tumor types (18%). The rate of treatment
discontinuation due to irAEs was 6.8%. The most prevalent grade 3 or higher irAEs were
hepatitis (3.6%), pneumonitis (0.8%), and colitis (0.7%). Death attributed to irAEs was
infrequent (0.9%). Conclusions: In patients with GI cancers treated with pembrolizumab
monotherapy, severe toxicities are infrequent, and irAEs leading to treatment discontinua-
tion or death are uncommon.

Keywords: pembrolizumab; safety; programmed cell death receptor 1; toxicity

1. Introduction

Immune checkpoint inhibitors (ICIs) [1] represent a breakthrough in cancer im-
munotherapy, harnessing the body’s immune system to recognize and attack tumor cells.
ICIs target regulatory pathways in the immune system, particularly checkpoint molecules
that act as brakes to prevent the overactivation of immune responses. Tumors often exploit
these checkpoints, such as programmed cell death protein-1 (PD-1), its ligand (PD-L1),
and cytotoxic T-lymphocyte-associated protein-4 (CTLA-4), to evade immune detection [1].
ICIs work by blocking these interactions, thereby restoring T-cell activity and enhancing
anti-tumor immune responses. PD-1 and PD-L1 inhibitors, including pembrolizumab and
nivolumab, are primarily effective in tumors expressing high levels of PD-L1 or exhibiting
mismatch repair deficiency and microsatellite instability [1]. CTLA-4 inhibitors, such as
ipilimumab, target early T-cell priming and activation, complementing the downstream
effects of PD-1 blockade [1]. These agents have revolutionized the treatment landscape
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for cancers such as melanoma, lung cancer, and gastrointestinal malignancies. ICIs are
categorized based on their targets, with PD-1/PD-L1 and CTLA-4 inhibitors being the most
widely used. PD-1/PD-L1 inhibitors primarily act within the tumor microenvironment to
restore T-cell effector functions, while CTLA-4 inhibitors enhance the activation of naive
T-cells in lymphoid tissues. The combination of these pathways has shown synergistic
effects in some cancers but is also associated with an increased risk of immune-related
adverse events (irAEs), including pneumonitis, colitis, and endocrinopathies [1]. Despite
these challenges, ICIs have demonstrated durable responses in many cancers, leading to
prolonged survival.

Pembrolizumab, an immune checkpoint inhibitor (ICI) targeting the programmed
cell death receptor 1 (PD-1), has emerged as a pivotal therapeutic agent across various
malignancies, including gastrointestinal (GI) cancers [2]. Over the past decade, the anti-
tumor efficacy of pembrolizumab has been supported by robust clinical evidence, leading
to multiple approvals by the U.S. Food and Drug Administration (FDA) for the treat-
ment of GI cancers, either as monotherapy or in combination with chemotherapy [3-14].
Specifically, pembrolizumab has shown significant anti-tumor efficacy in advanced gas-
troesophageal [7,14] and colorectal (CRC) cancers [3,5,8,9], with approvals based on robust
positive outcomes from pivotal phase IIl randomized clinical trials. These trials demon-
strated significant improvements in progression-free survival (PFS), overall survival (OS),
and durable response rates in select GI cancer patient populations, particularly those with
mismatch repair-deficient (AMMR) or microsatellite instability-high (MSI-H) tumors.

Despite its therapeutic promise, pembrolizumab, like other IClIs, is associated with
a distinctive spectrum of adverse events known as immune-related adverse events
(irAEs) [15]. These toxicities stem from immune system activation, which, while targeting
cancer cells, may also result in unintended inflammation and damage to normal tissues.
IrAEs can affect multiple organ systems and manifest at any point during treatment or even
after therapy discontinuation. Commonly reported irAEs associated with pembrolizumab
include endocrine disturbances (e.g., hypothyroidism, hyperthyroidism, and adrenal in-
sufficiency), pneumonitis, enterocolitis, dermatologic reactions (e.g., rash and pruritus),
hepatotoxicity, and nephritis [16]. The severity of these events varies, with some requiring
prompt recognition and management, including immunosuppressive therapies, to mitigate
potential complications. As such, understanding the safety profile of pembrolizumab is
essential for optimizing its use in clinical practice.

Despite the growing body of evidence supporting pembrolizumab’s efficacy and
safety in various cancer types, safety data specific to GI cancer patients remain limited. The
majority of existing safety data for pembrolizumab are derived from clinical trials and real-
world studies involving patients with non-GI cancers, such as non-small-cell lung cancer
(NSCLC) and melanoma [16]. The findings from these studies may not be fully generalizable
to patients with GI cancers, given the distinct tumor biology, tumor microenvironment, and
potential differences in baseline characteristics of this patient population. An additional
area of uncertainty pertains to whether pembrolizumab induces unique or atypical adverse
events in patients with GI cancers compared to other malignancies. This question remains
largely unanswered due to the paucity of GI cancer-specific safety data. Given the increasing
use of pembrolizumab in clinical practice, particularly for patients with advanced or
refractory GI cancers, addressing this knowledge gap is of paramount importance. A
more comprehensive understanding of pembrolizumab-associated adverse events in GI
cancers will not only inform treatment decision-making but also guide the development
of tailored monitoring and management strategies for this patient cohort. Furthermore,
most systematic reviews and meta-analyses on the safety of pembrolizumab published
thus far have included patients who received chemotherapy or targeted agents along



Biomedicines 2025, 13, 229

30f15

with pembrolizumab, potentially confounding the attribution of specific adverse events to
pembrolizumab itself [17-22]. As a result, there is limited large-scale evidence on the safety
of pembrolizumab when used as a monotherapy in GI cancer patients.

In light of these considerations, we undertook a systematic review of clinical trials
investigating the safety profile of pembrolizumab monotherapy in a population with
diverse GI cancers. Our primary objective was to characterize the spectrum and incidence
of adverse events associated with pembrolizumab in this specific patient population. By
focusing exclusively on monotherapy, we aimed to eliminate the potential confounding
effects of combination regimens and provide a clearer picture of the safety profile of
pembrolizumab in GI cancer patients. The findings of this review aim to bridge existing
knowledge gaps, offering valuable insights for clinicians and researchers while paving the
way for future studies to refine the use of pembrolizumab in GI oncology.

2. Methods
2.1. Search Strategy and Study Selection

We conducted the current systematic review following the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines to ensure a rigorous
and transparent methodology. This systematic review was registered with the Open
Science Framework (OSF) on 4 August 2024. The registration can be accessed at https:
//doi.org/10.17605/OSEIO/WJ9E4. A comprehensive literature search was performed
on 24 April 2024, using PubMed/MEDLINE to identify relevant full-text articles. The
detailed search terms and strategies employed in the review are provided in Supplementary
Materials Table S1 for reproducibility. Two investigators (SC and NN) independently
reviewed the titles and abstracts of all citations generated from the search to identify
articles that met the predefined inclusion criteria.

2.2. Eligibility Criteria and End Points

The inclusion criteria for this systematic review were defined to ensure the selection
of studies directly addressing the research objectives. Eligible studies were required to
meet the following requirements: (1) clinical trials published as full-text articles in English
language journals and indexed in PubMed/MEDLINE; (2) inclusion of patients with
GI malignancies; (3) administration of pembrolizumab as a monotherapy to the study
participants; and (4) reporting of adverse events (AEs), with a particular focus on immune-
related adverse events (irAEs).

The primary endpoints of interest were the incidence of grade 3 or higher irAEs and
the rate of treatment discontinuation attributed to irAEs. Secondary endpoints included
the incidence of any-grade irAEs and the occurrence of specific irAEs. These specific
adverse events comprised pneumonitis, colitis, hepatitis, myositis, myocarditis, nephritis,
pancreatitis, peripheral neuropathy, skin toxicity, endocrine toxicity, infusion reactions, and
treatment-related deaths.

This structured approach allowed for a comprehensive evaluation of the safety profile
of pembrolizumab monotherapy in patients with GI cancers, focusing on the severity,
frequency, and nature of AEs. The detailed endpoint criteria enabled an in-depth anal-
ysis of both broad and specific toxicities, contributing to a nuanced understanding of
pembrolizumab’s safety in this population.

2.3. Data Extraction, Data Synthesis, and Analysis

During the initial study planning phase, a structured Excel datasheet was developed
to systematically capture all relevant data elements required for the analysis. This datasheet
was designed to facilitate consistent and comprehensive data collection across all included
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studies. After identifying studies that met the predefined inclusion criteria, one investigator
(NN) thoroughly reviewed the selected studies and extracted relevant data, populating the
datasheet accordingly. To ensure the reliability and accuracy of the extracted data, a second
investigator (5C) independently reviewed the completed datasheet. Any discrepancies
identified during this quality check were resolved collaboratively.

2.4. Statistical Analysis

The aggregated data were systematically synthesized and presented narratively to
offer a comprehensive and cohesive summary of the key findings. This approach was
employed to ensure clarity and facilitate the integration of complex datasets into a uni-
fied interpretation. Where quantitative analysis was applicable, statistical methods were
utilized to support the robustness of the findings. Specifically, the chi-squared test was
employed to assess differences in the incidence of grade 3 and 4 adverse events between
comparison groups. This test was selected due to its suitability for evaluating categorical
data and its ability to detect statistically significant variations in adverse event rates across
groups. The results of the chi-squared analysis were reported with corresponding p-values
to highlight the strength and significance of the observed associations. Where relevant, ad-
ditional descriptive statistics were included to contextualize and complement the narrative
synthesis.

3. Results
3.1. Selected Studies

A total of 118 citations were identified by the search (Figure 1). Following the exclusion
of duplicates and irrelevant articles, data extraction and analysis were performed on the
25 selected [3,8-10,12,23—42]. The selected studies included 6 phase I studies, 12 phase II
studies, and 7 phase III studies. Common reasons for exclusion were the use of concomitant
chemotherapy or targeted therapy with pembrolizumab and trials involving non-GI cancer
patients. The selected studies are summarized in Table 1.

Records identified through database
searching
(MEDLINE: n = 118)

|

Records screened
(n=118)

|

Full-text articles excluded, with reasons
(n=93)
Not on pembrolizumab monotherapy = 50
Not Gl malignancy = 6
Not evaluating safety/effectiveness =26
Other =11

l

Studies included in quantitative
synthesis (meta-analysis)
(n=25)

Screening

[

J

Eligibility

[

)

Included

(S

Figure 1. PRISMA flow chart outlining the search, screening, and study selection process.
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Table 1. Selected full-text articles published in PubMed reporting the safety profile of pembrolizumab

monotherapy in patients with GI malignancies.

Study/Author, Line of
Year Study Phase n Tumor Type Dose Treatment
32 patients with
Leetal., 2015 Colorectal, 9 patients
[23] 1 4l with non-colorectal 10mg/kg q2 wks 22
cancer
Muro (ﬁza]l » 2016 1b 39 Gastric cancer 10 mg/kg q 2 wks 1
O'Neil [ezt 46111" 2017 1b 23 Colorectal 10 mg/kg q 2 wks >2
Ottetal., 2017 [25] 1b 25 Anal Carcinoma 10 mg/kg q 2 wks
Doi et al., 2018 [26] 1b 23 Esophageal Carcinoma 10 mg/kg q 2 wks
thsﬁ%hzmﬁ 2 259 Gastric/GEJ Cancer 200 mg q 3 wks 2
Bang e[tzgi" 2019 2 31 Gastric/GE]J Cancer 200 mg q 3 wks 1
Shah e[tzgﬁ” 2019 2 121 Esophageal Carcinoma 200 mg q 3 wks 3
Andre e[’;ia\ 1,2020 3 153 Colorectal 200 mg q 3 wks 1
Finn e[t3‘2)1]" 2020 3 278 HCC 200 mg q 3 wks 2
Kopma[;tl?l., 2020 3 314 Esophageal Carcinoma 200 mg q 3 wks 2
Le et al., 2020 [8] 2 124 Colorectal 200 mg q 3 wks 2
Non-colorectal (27
tumor types were
Marabelle et al., represented, with
2020 [10] 2 233 endometrial, gastric, 200 mg q 3 wks 2
cholangiocarcinoma,
and pancreatic cancers)
Mehnert et al., Carcinoid /pancreatic
2020 [32] 1 41 NET 10 mg/kg q 2 wks 2
Shitara [?3?1" 2020 3 256 Gastric/GEJ Cancer 200 mg q 3 wks 1
NETs of the lung,
Strosberg et al., appendix, small
2020 [34] 2 107 intestine, colon, rectum, 200 mg q 3 wks 2
or pancreas
Chung [e:))tS?l" 2021 3 47 Gastric/GE]J cancer 200 mg q 3 wks 2
De Klerk et al., .
2021 [36] 2 49 Esophageal carcinoma 200 mg q 3 wks 2
Fuchs F;;]L’ 2021 3 296 Gastric/GEJ cancer 200 mg q 3 wks 2
Pedersen et al., 5 40 Small-bowel 200 mg q 3 wks 5

2021 [38]

adenocarcinoma
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Table 1. Cont.
Study/Author, Line of
Year Study Phase n Tumor Type Dose Treatment
Kudo %;]1 2022 2 104 HCC 200 mg q 3 wks 2
Marabelle et al., .
2002 [40] 2 112 Anal carcinoma 200 mg q 3 wks 3
Verset a]a]l" 2022 2 51 HCC 200 mg q 3 wks 1
Twenty-seven patients
Ludford et al., with colorectal cancer
2023 [9] 2 3 and eight patients with 200 mg q 3 wks !
non-colorectal cancer
Qin et['ﬁi' 2023 3 299 HCC 200 mg q 3 wks 2

Abbreviations: GE]J, gastroesophageal junction; HCC, hepatocellular carcinoma; NET, neuroendocrine tumor; q,

every; wks, weeks.

3.1.1. Patient and Tumor Characteristics

The analysis included data from 3101 patients, with a median age of 62 years (range,
53-68). Among the analyzed cohort, 30.2% of patients were female. Tumor types included
colorectal cancer (n = 359, 12%), esophagogastric cancer (n = 1435, 46%), hepatocellular
carcinoma (n = 732, 24%), and other gastrointestinal tumor types (n = 575, 18%). This
diverse representation of GI malignancies provided a comprehensive dataset for evalu-
ating the toxicity of pembrolizumab monotherapy. Detailed patient demographics and
tumor characteristics, including age, gender distribution, and tumor type breakdown, are

summarized in Table 2.

Table 2. Summary of patient and tumor characteristics.

Characteristic

Patients with GI Malignancy Receiving
Pembrolizumab Monotherapy (n = 3101)

Age, median (range), years 62 (53-68)
Sex, No. (%)
Male 2056 (66.3)
Female 938 (30.2)
Other, not reported 107 (3.5)
ECOG performance status
0 1313 (42.3)
1 1644 (53)
2 4(0.2)
Other, not reported 141 (4.5)
Primary tumor location, No. (%)
Colorectal 359 (11.6)
Hepatocellular 732 (23.6)
Esophagogastric 1435 (46.3)
Other 575 (18.5)

Abbreviations: GI, gastrointestinal; No., number; ECOG, Eastern Cooperative Oncology Group.
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3.1.2. Safety

The analysis revealed an overall incidence of grade 3 or higher irAEs of 9.06%
(281/3099), with 6.6% (205/3099) of patients discontinuing treatment due to irAEs. The
most frequently reported irAEs of any grade included fatigue (497 /3099, 16.04%), diarrhea
(341/3099, 11%), and hypothyroidism (279/3099, 9%). Among grade 3 or higher irAEs, the
most prevalent were pneumonitis (28/3099, 0.9%), hepatitis (27/3099, 0.87%), and colitis
(21/3099, 0.68%). Infusion reactions were rare, occurring in only 0.9% of patients, with
none reported as grade 3 or higher.

Patients receiving pembrolizumab at a dose of 10 mg/kg every two weeks experienced
a significantly higher incidence of grade 3 or 4 adverse events compared to those treated
with 200 mg every three weeks (21%, 40/192 vs. 8.4%, 244/2907; p < 0.01). Deaths attributed
to irAEs were infrequent, occurring in 0.87% of patients (27/3099). A detailed summary of
the incidence and types of irAEs is provided in Table 3.
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Table 3. Adverse events by organ system.

Adverse g;se;:y Organ (Any GraI:lIe Events) Any Grade (%) (Grade 31/\411 Events) Grade 3/4 (%)
Gastrointestinal
Diarrhea 341 11.00% 35 1.13%
Anorexia 243 7.84% 16 8?%02’
Nausea 231 7.45% 20 0.65%
AST increase 183 5.91% 70 2.26%
ALT increase 151 4.87% 40 1.29%
Hyperbilirubinemia 97 3.13% 33 1.06%
Constipation 75 2.42% 2 0.06%
Vomiting 69 2.23% 4 0.13%
Colitis 56 1.81% 21 0.68%
Hepatitis 41 1.32% 27 0.87%
Pancreatitis 16 0.52% 5 0.16%
Dermatologic
Pruritus 278 8.97% 4 0.13%
Rash 207 6.68% 12 0.39%
Musculoskeletal
Arthralgia 144 4.65% 6 0.19%
Myalgia 26 0.84% 3 0.10%
Myositis 14 0.45% 3 0.10%
Endocrine
Hypothyroidism 279 9.00% 4 0.13%
Hyperthyroidism 126 4.07% 1 0.03%
Adrenal insufficiency 18 0.58% 7 0.23%
Hypophysitis 13 0.42% 4 0.13%
Thyroiditis 13 0.42% 2 0.06%
Type 1 DM 9 0.29% 5 0.16%
Hyperglycemia 9 0.29% 3 0.10%
Generalized
Fatigue 497 16.04% 48 1.55%
Asthenia 146 4.71% 17 0.55%
Infusion reaction 28 0.90% 0 0.00%
Renal
Nephritis 10 0.32% 2 0.06%
Pulmonary
Pneumonitis 110 3.55% 28 0.90%
Cardiovascular
Myocarditis 2 0.06% 1 0.03%

Abbreviations: N, number; ALT, alanine transaminase; AST, aspartate transaminase; DM, diabetes mellitus.

4. Discussion

The present systematic review represents the first comprehensive analysis of clinical
trial data focused exclusively on the safety profile of pembrolizumab monotherapy in
patients with GI malignancies. This analysis highlights pembrolizumab’s favorable safety
profile in this specific patient population, characterized by a low incidence of grade 3 or
higher irAEs at approximately 9%; a treatment discontinuation rate due to irAEs of around
6%; and a rare incidence of treatment-related mortality, observed in less than 1% of patients.
These findings are consistent with the known safety profile of pembrolizumab in broader
cancer populations and underscore its safety in clinical practice. Importantly, our analysis
did not identify any novel safety signals unique to GI cancer patients, suggesting that the
mechanisms underlying pembrolizumab-associated toxicities are consistent across different
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tumor types. This consistency reinforces pembrolizumab’s utility as a therapeutic option in
GI cancers, particularly for patients with biomarkers such as mismatch repair deficiency
or microsatellite instability-high status, who derive robust benefits. While the results
are encouraging, further studies with larger patient populations and extended follow-up
periods are necessary to evaluate long-term safety outcomes, assess late-onset irAEs, and
refine patient selection criteria to optimize treatment strategies.

The low incidence of irAEs observed with pembrolizumab monotherapy in this study
aligns with our current understanding of immune system regulation and autoimmunity. Un-
der normal physiological conditions, immune responses are regulated by a dynamic balance
of co-stimulatory and co-inhibitory signals mediated by immune checkpoint molecules, in-
cluding PD-1 and PD-L1 [43]. These mechanisms ensure immune tolerance to self-antigens
through a dynamic balance of co-stimulatory and co-inhibitory interactions [43]. Cytotoxic
T lymphocyte-associated antigen 4 (CTLA-4) inhibitors target both the priming and effector
phases of T-cell activation, amplifying immune responses that increase the likelihood of
irAEs. Conversely, PD-1 inhibitors such as pembrolizumab have a more limited and local-
ized effect on T-cell activation, potentially explaining the lower incidence and severity of
irAEs in patients treated with PD1 inhibitors [44].

One of the unique findings of this analysis is the observed relationship between
the dose of pembrolizumab and the incidence of immune-related adverse events (irAEs).
Unlike chemotherapy [45], most studies do not suggest a clear correlation between the
dose level of ant-PD1 agents and the incidence of irAEs [46]. A model-based meta-analysis
investigating the relationship between the incidence of irAEs and the dose/exposure
of ICIs provides intriguing data in this context [46]. This meta-analysis demonstrated
that PD-1 inhibitor monotherapy did not have any correlation between dose/exposure
and irAEs. Intriguingly, this study also reported that a significant AE dose/exposure
dependence exists for CTLA-4 inhibitor monotherapy, CTLA-4 inhibitor + PD-1 inhibitor
combination therapy, and ICI + chemotherapy combination therapies for multiple AE types.
Furthermore, immunotherapy-naive patients receiving treatment with ICIs had higher AE
rates than patients receiving second-line or later-line ICI therapy. Tumor characteristics,
such as PD-L1 status, did not influence the observed relationships between AE rates
and ICI dose/exposure. A higher incidence of irAEs with a 10 mg/kg dose every two
weeks has not been previously demonstrated in studies investigating the risk factors for
pembrolizumab-related irAEs [46,47]. However, a single-center retrospective analysis did
report an association between the cumulative dose of pembrolizumab and the incidence
of irAEs [47]. Another meta-analysis of clinical trials published between 2005 and 2018
identified a dose/exposure dependence of irAEs with CTLA-4 inhibitor monotherapy but
not with PD-1 inhibitor monotherapy [46]. It is noteworthy that a phase 1 study evaluating
three different dose levels of pembrolizumab (1, 3, and 10 mg/kg) found consistent toxicity
across all dose levels [48,49]. Furthermore, several studies have reported no significant
difference in toxicity profiles between standard dosing (200 mg every 3 weeks) and extended
dosing (400 mg every 6 weeks) with pembrolizumab [50,51].

The observed higher incidence of immune-related adverse events (irAEs) with the
10 mg/kg dose of pembrolizumab every two weeks in our analysis raises important ques-
tions about dose-dependent toxicity mechanisms that warrant further investigation. While
previous studies, as outlined above, including phase I trials, have generally reported con-
sistent toxicity profiles across various pembrolizumab dosing regimens, the specific factors
contributing to this finding remain unclear. Our analysis encompassed a heterogeneous
cohort of gastrointestinal (GI) cancer patients, which introduces variability in patient and
tumor characteristics, the immune microenvironment, and prior treatments, all of which
could influence the risk of irAEs. Importantly, a multivariable analysis accounting for these
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potential confounders could not be conducted because of a lack of individual-level patient
data, limiting our ability to draw definitive conclusions. The lack of such an analysis
underscores the need for prospective studies with more homogeneous patient popula-
tions and robust statistical approaches to validate and elucidate the underlying reasons
for this apparent dose-dependent effect. Such studies could provide critical insights into
optimizing pembrolizumab dosing strategies while minimizing toxicity.

The safety of pembrolizumab monotherapy in a large cohort of patients with solid
tumors was recently reported [16]. This pooled analysis evaluated the safety of pem-
brolizumab across 31 clinical trials involving 8937 patients with 19 advanced cancer types.
Pembrolizumab, administered in various dosing regimens, was associated with any-grade
AEs in 96.6% of patients, with grade 3-5 AEs in 50.6% and discontinuation due to AEs in
12.7%. irAEs and infusion reactions occurred in 23.7% of patients, with grade 3-5 events
in 6.3%, leading to treatment discontinuation in 3.6%. Notably, the incidence of death
secondary to irAEs was extremely low at 0.2%. The median onset of irAEs was 85 days.
Most cases were managed with corticosteroids, including high-dose prednisone in 22.3%.
These findings are consistent with the results of our study, suggesting that the safety profile
of pembrolizumab monotherapy in patients with gastrointestinal cancers is comparable to
that observed in the broader advanced solid tumor population.

Meta-analyses and indirect comparisons provide valuable insights into the safety
profiles of pembrolizumab monotherapy versus the dual ICI combination nivolumab plus
ipilimumab, highlighting significant differences in their toxicity rates and severity [17,52,53].
When comparing the toxicity profiles of pembrolizumab monotherapy versus the combi-
nation of nivolumab and ipilimumab, the nivolumab-ipilimumab combination generally
exhibits a significantly higher rate of severe AEs compared to pembrolizumab monother-
apy. For instance, the pivotal CheckMate-067 trial [54], which investigated the efficacy and
safety of nivolumab and ipilimumab combination in patients with melanoma, reported
grade 3 or higher immune-related adverse events (irAEs) in approximately 59% of pa-
tients, with nearly 36% requiring treatment discontinuation due to these toxicities. The
irAEs associated with the combination therapy included colitis, hepatitis, pneumonitis,
and endocrinopathies such as hypophysitis, which occur at substantially higher rates com-
pared to those seen with PD-1 inhibitors alone. In contrast, pembrolizumab monotherapy
has demonstrated a more favorable safety profile, with large-scale analyses and pivotal
trials such as KEYNOTE-024 [55] and KEYNOTE-059 [27] reporting grade 3 or higher
irAEs in only 9-12% of patients. Furthermore, treatment discontinuation due to irAEs
occurs in approximately 6-8% of pembrolizumab-treated patients, with treatment-related
mortality being exceptionally rare (<1%). This stark discrepancy in toxicity profiles is
largely attributable to the distinct mechanisms of action of these therapies. Pembrolizumab,
as a PD-1 inhibitor, primarily acts within the tumor microenvironment to reinvigorate
exhausted T-cells and restore localized immune responses without broadly disrupting
immune homeostasis [1]. This localized effect likely contributes to the relatively low inci-
dence of systemic irAEs. In contrast, the combination of nivolumab and ipilimumab targets
both PD-1 and CTLA-4 pathways, amplifying T-cell activation during both the priming
and effector phases of the immune response [1]. While this dual mechanism of action
enhances anti-tumor immunity and produces robust clinical responses in certain cancers,
it also results in widespread immune activation, which significantly increases the risk of
systemic toxicities. The addition of ipilimumab intensifies immune activation by blocking
early T-cell regulatory checkpoints, leading to a more generalized immune response that
is often unrestrained. Consequently, patients receiving the combination therapy are more
likely to experience severe and multi-organ irAEs, necessitating rigorous monitoring and,
in many cases, the use of high-dose corticosteroids or other immunosuppressive agents to
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manage these toxicities. Despite the higher toxicity burden, the nivolumab—ipilimumab
combination may offer enhanced efficacy in select populations, particularly those with
dMMR/MSI-H tumors [56], necessitating a careful risk—benefit assessment in clinical
decision-making. Overall, while pembrolizumab monotherapy offers a more manageable
safety profile suitable for a broader range of patients, the nivolumab—ipilimumab combi-
nation may be reserved for those who can tolerate higher toxicity risks in exchange for
potentially superior clinical outcomes in specific settings. These distinctions underscore
the importance of individualized therapy based on patient characteristics, tumor biology,
and the anticipated benefit-risk ratio. Future research into biomarkers predicting toxicity
and therapeutic response may further refine the selection of these immunotherapeutic
strategies.

Several limitations of our study warrant consideration when interpreting the findings.
First, the inclusion of a heterogeneous group of GI cancer patients introduced variability
in baseline characteristics, tumor biology, and treatment characteristics. These factors
may influence the incidence and severity of immune-related adverse events (irAEs), yet
our analysis aggregated data across this diverse population to provide a unified safety
profile. This approach, while necessary for practical reasons, may mask subgroup-specific
differences in toxicity rates and patterns. Second, this study included a relatively modest
number of patients compared to the overall population of pembrolizumab-treated individ-
uals with GI cancers. This limitation was partly due to the decision to restrict the analysis
to full-text articles, which, although ensuring data transparency and accessibility, may have
excluded relevant studies available only in abstract form or unpublished data. Third, our
analysis was constrained by the lack of long-term safety data, as the majority of clinical
trials included in our analysis did not report late-onset toxicities. Long-term irAEs and
their management are critical for understanding the full safety profile of pembrolizumab,
particularly given the potential for delayed autoimmune effects. Fourth, our analysis does
not include other anti-PD1 agents like single-agent nivolumab or cemiplimab. We have not
included nivolumab or cemiplimab since robust data do not exist investigating the efficacy
and safety of those agents in GI cancer patients. These limitations highlight the need
for larger prospective studies with comprehensive patient characterization and extended
follow-up to refine our understanding of pembrolizumab’s safety.

5. Conclusions

In conclusion, pembrolizumab monotherapy exhibits a favorable safety profile in
patients with gastrointestinal cancers, with a low incidence of severe toxicities, treatment
discontinuations, and mortality due to irAEs. The rarity of these severe outcomes under-
scores the manageable nature of pembrolizumab-associated toxicities when appropriate
monitoring and timely intervention strategies are employed. This safety profile, consistent
with findings from broader cancer populations, reinforces the suitability of pembrolizumab
as a therapeutic option for GI cancer patients. Future studies focusing on long-term out-
comes and patient-specific factors will further enhance our understanding of its safety and
optimize its clinical use.
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