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Purpose: Immune checkpoint inhibitors-induced pancreatitis (ICls-P) is an
uncommon immune-related adverse event. The available evidence consists
mostly of case reports, case series, and narrative reviews. This research
focuses on the clinical characteristics and management options for ICls-P to
provide a practice-based global perspective on this disease.

Methods: Five electronic databases were systematically reviewed to identify the
relevant studies. Furthermore, we performed a disproportionality analysis utilizing
OpenVigil 2.1 to interrogate the United States Food and Drug Administration’s
Adverse Event Reporting System (FAERS) database.

Results: A total of 61 patients from 58 studies were included in this study. Most
patients with ICls-P were males (60.7%). Most patients received anti-PD-1/PD-
L1 monotherapy (78.7%) or anti-PD-1/PD-L1 monotherapy in conjunction with
CTLA-4 blockade (19.7%). The median time from the initiation of immune
checkpoint inhibitors treatment to pancreatitis was 108 days (range 52-278).
Most cases were severe or life-threatening (G3-G4; 64.0%). Corticosteroids were
administered to 73.8% of the patients during the treatment of pancreatitis.
Regarding treatment outcomes, ICls-P was reversible in most cases (83.6%),
despite the 8.2% relapse and 8.2% deaths. We identified 606 reports of
pancreatitis associated with ICls in the FAERS database, with the greatest
proportion of males (50.7%), 62.0% of PD-1 inhibitors, and 22.1% of all reports
of death or life-threatening outcomes. Signals indicating pancreatitis were
observed across all ICls, with particular emphasis on Cemiplimab,
Pembrolizumab and Nivolumab.

Conclusion: By using a pharmacovigilance database, we discovered an elevated
risk of pancreatitis following ICls therapy, especially with PD-1 inhibitors.
Meanwhile, risk factors for ICls-P remain poorly understood, and diagnosis is
challenging. Which may manifest as asymptomatic elevated pancreatic enzyme
levels or clinical pancreatitis. Patients with pancreatitis symptoms should have
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their lipase and amylase levels and radiology evaluated. Diagnosis should be made
by excluding other causes. Steroids are the cornerstone of ICls-P treatment and
slow dose reduction is recommended to reduce recurrence.
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immunotherapy, pharmacovigilance analysis

1 Introduction

Recently, immune checkpoint inhibitors (ICIs) have attracted
considerable attention because of their remarkable efficacy.
Immune checkpoints are the trigger points of immune system
suppressive pathways and are mostly expressed on the surface of
activated T lymphocytes, which can inhibit the killing effect of the
immune system on target cells. Tumor cells evade the killing effects of
the immune system by activating these inhibitory pathways. ICIs
primarily include three types of cytotoxic T lymphocyte-associated
antigen (CTLA-4) and programmed death receptor/ligandl (PD-1/
PD-L1) inhibitors (Postow et al., 2018). Patients may present with
different clinical manifestations of related gland involvement, as ICIs
may lead to excessive activation of T lymphocytes with serious side
effects on the pituitary gland, thyroid gland, pancreas, and adrenal
glands (Sznol et al., 2017). ICIs-P is a rare immune-related adverse
event (irAEs) that causes a low quality of life and affects patient
security (Jiang et al., 2018; Bai et al., 2021).

Although the incidence of ICIs-P is relatively low, its clinical
manifestations exhibit considerable heterogeneity, ranging from
asymptomatic  biochemical abnormalities to severe acute
pancreatitis (Nwankwo et al, 2024). The pathophysiological
mechanisms underlying ICIs-P remain incompletely understood,
with current evidence suggesting potential involvement of T cell-
mediated autoimmune responses or dysregulation of immune
tolerance (Fang et al., 2023). Furthermore, significant controversies
persist regarding risk factors, diagnostic criteria, therapeutic strategies,
and prognosis, due to the paucity of large-scale prospective studies
(Brahmer et al., 2018; Thompson et al., 2019; Sayed et al., 2022). The
existing literature predominantly consists of case reports and small
retrospective studies (Kramer et al., 2023; Tanabe et al., 2024), with a
notable scarcity of systematic reviews and real-world data analyses. In
light of these limitations, this study aims to comprehensively evaluate
the clinical characteristics, risk factors, and therapeutic strategies of
ICIs-P through systematic review of case reports and analysis of real-
world pharmacovigilance data. By integrating existing evidence with
real-world data, we anticipate providing clinicians with more
comprehensive diagnostic and therapeutic references, thereby
optimizing the management of ICIs-P.

2 Materials and methods
2.1 Systematic review
2.1.1 Search strategy
This review was designed in accordance with the PRISMA

guidelines. PubMed, Web of Science, Cochrane Library, and
EMBASE databases were retrieved from the inception date to
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February 2025 using the literature search strategy reported in
Supplementary Table S1 (Supplementary Information 1). The
references of the included studies were manually searched to
retrieve additional eligible studies. Only English and Chinese
publications were included in this analysis.

2.1.2 Selection criteria

The following study types were included: case reports, case
series, observational studies, randomized controlled trials (RCTs),
review articles, letters, and correspondence involving relevant cases.
Meta-analyses, duplicate cases, review articles lacking patient
information, conference abstracts, and animal studies were also
excluded. The inclusion criteria were as follows:1) studies
containing individual case reports or case series and 2) patients
with confirmed ICIs-P association. The diagnosis of ICIs-P was
based on the National Comprehensive Cancer Network (NCCN)
classification criteria or the physician’s opinion. If the authors did
not specify the NCCN classification, we inferred it based on the
clinical information (Thompson et al., 2019). The specific diagnostic
criteria are listed in Table 1.

2.1.3 Data extraction

Reference identification and data collection were performed
individually by two reviewers (Y.G. and W.F.) following the
established criteria and data collection forms. Any disagreements
were resolved through joint negotiations, and if a consensus could
not be reached, an adjudication was performed by a third researcher
(W.Y.). The titles and abstracts of the retrieved publications were
screened to identify potential articles, and full texts were screened.
The purpose of this review was to compare variables between
studies. To obtain maximum information, we did not use quality
assessment as an article inclusion criterion. Information from the
included studies was extracted as follows: first author; publication
year; age; sex; race; tumor type; checkpoint inhibitors treatment;
number of cycles or days of treatment; symptoms at onset;
IgG4 antibody; relevant prior medical history; presence of
diabetes; glucose, glycated hemoglobin, lipase, and amylase levels;
imaging; ICIs management; other irAEs; and outcomes.

2.2 Pharmacovigilance analysis

2.2.1 Data sources and collection

FAERS is a database used for post-marketing monitoring of all
drugs and therapeutic biological products approved by Food and
Drug Administration (FDA). OpenVigil 2.1 is a publicly available
tool for extracting FAERS-related data (http://openvigil.sourceforge.
net/). In this study, OpenVigil 2.1 was used to obtain adverse events
data in FAERS from the time of initial FDA approval to
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TABLE 1 Diagnostic criteria for immune checkpoint inhibitors-induced pancreatitis.

@ A clear history of use of immune checkpoint inhibitors

@ At least two of the following three criteria were met

(1) Persistent pain in the upper abdomen; (2) elevated serum lipase/amylase levels (at least three times the upper normal limit); and (3) characteristic findings of acute pancreatitis

on abdominal imaging

® Other causes of acute pancreatitis were excluded

10.3389/fphar.2025.1426847

TABLE 2 List of ICIs marketed in the United States and dates of FDA approval.

Effect target Drug name Brand names FDA Approval time
PD-1
Pembrolizumab Keytruda September 2014
Nivolumab Opdivo, Opdualag December 2014
Cemiplimab Libtayo September 2018
Dostarlimab Jemperli April 2021
Toripalimab Logtorzi October 2023
Retifanlimab Zynyz March 2023
PD-L1
Atezolizumab Tecentriq, Tecentriq, Hybreza May 2016
Durvalumab Imfinzi May 2017
Avelumab Bavencio March 2017
CTLA-4
Ipilimumab Yervoy March 2011
Tremelimumab Imjudo October 2022

30 September 2024, and drug names were standardized according to
Drugbank and Drugs@FDA.

The search for ICIs included its generic name and brand names
(Table 2). Utilizing MedDRA version 26.0, we identified 25 preferred
terms (PTs) listed in Supplementary Table F1 (Supplementary
Information 2) to systematically collect cases associated with “acute
pancreatitis” (Standardized MedDRA Queries (SMQ): 20000022) and
closely related clinical conditions (Guo et al, 2024). We gathered
detailed clinical information for each adverse event report,
encompassing data such as outcomes, medication names, role codes,
dosages, indications, events, genders, reporter countries, and ages. For
the collected data, first, we selected only the reports listed as the primary
suspected drug and excluded the remaining reports. Second, in
adherence to the guidelines of FDA, our study implemented a
rigorous process to identify and eliminate duplicate reports. The
data filtering procedure employed in this study is detailed in
Supplementary Figure F1 (Supplementary Information 2).

2.2.2 Signal mining

In this research, four widely utilized disproportionality analysis
techniques were implemented: reporting odds ratio (ROR),
proportional reporting ratio (PRR), Bayesian confidence propagation
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neural network (BCPNN), and multi-item gamma Poisson shrinker
(MGPS) (Wang et al.,, 2024). ROR and PRR quantify the relationship
between actual and anticipated reporting frequencies, where elevated
values suggest a more pronounced drug-adverse event (AE) correlation.
Both BCPNN and MGPS use Bayesian statistical approaches in their
computations. Notably, MGPS yields more consistent results than
ROR, effectively decreasing the likelihood of false positive outcomes.
Simultaneously, BCPNN’s Information Component (IC) serves as an
indicator of the intensity of drug-AE signal associations (Wu et al,
2024; Noguchi et al,, 2021). The integration of these four methodologies
in our investigation significantly enhances the reliability of drug-AE
signal detection while substantially reducing the occurrence of false
positive results. The equations and criteria for these algorithms are
detailed in Supplementary Table F2 (Supplementary Information 2). If
any of the four algorithms met the predefined criteria, a positive signal
of pancreatitis was identified (Guo et al,, 2024).

2.3 Statistical analysis

SPSS v.22.0 (SPSS Inc., Chicago, IL, USA) was used for all the
statistical analyses. Categorical variables are expressed as numbers
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Flow chart of study selection

and percentages, and continuous variables are expressed as
medians and interquartile ranges (IQR).

3 Results
3.1 Literature search results

Our literature search found 3,327 articles in the selected
databases, and no article was found in gray literature.
First, 414 duplicate articles were excluded from analysis.
Then of 2,787 references were excluded by browsing
titles and abstracts for meta-analyses, reviews, absence of
clinical cases, and irrelevant literature. Of the remaining
126 records, 68 were further excluded after reading
the complete text for the following reasons: no precise
diagnosis of pancreatitis (n = 53) and incomplete cases
(n = 15). Ultimately, 58 articles involving 61 patients
were included in this review. The screening process
is illustrated in Figure 1. Supplementary Table S2
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(Supplementary Information 1) shows basic information on
the 58 publications.

3.2 Patient characteristics

A summary of the main characteristics of the 61 patients is
presented in Table 3. Most patients were male (37/61, 60.7%), and
the median age at ICIs-P diagnosis was 58 vyears (range,
23-82 years). The predominant tumor types were melanoma (18/
61, 29.5%) and NSCLC (16/61, 26.2%). The most commonly used
immune checkpoint drugs for monotherapy were pembrolizumab
(23/61, 37.7%) and nivolumab (17/61, 27.9%), while nivolumab and
ipilimumab were the most commonly used combination drugs (7/
61,11.5%). Blocking the PD-1/PD-L pathway was observed in 78.7%
(48/61) of the cases. The median time to onset of pancreatitis after
the start of ICIs was 108 (range, 52-278) days, but there were some
cases of early toxicity occurring on day 1 of treatment (Jiang et al.,
2018)or late toxicity occurring after 1 year of therapy with ICIs
(Bachiller et al., 2020; Kakuwa et al., 2020; Yilmaz and Baran, 2022)
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TABLE 3 Summary results on the characteristics of patients with ICls-P.

Characteristic All cases (N = 61)

Age, years
Median (range) 58 (23-82)
Gender N (%)
Male/Female, N (%) 37(60.7)/24(39.3)
Tumor type N (%)
Melanoma 18 (29.5)
NSCLC 16 (26.2)
RCC 6 (9.8)
ucC 2 (3.3)
metrocarcinoma 2 (3.3)
Other Tumor 17 (27.9)
Agent(ICIs) N (%)
Pembrolizumab 23 (37.7)
Nivolumab 17 (27.9)
Toripalimab 3(4.9)
Atezolizumab 2 (3.3)
Nivolumab + Ipilimumab 7 (11.5)
Ipilimumab + Pembrolizumab 4 (6.5)
Pembrolizumab + bevacizumab 1(1.6)
Other ICIs (Frequency only 1 time) 4 (6.5)
ICIs type N (%)
Anti-PD-1/L1 48 (78.7)
Anti-CTLA-4 1(1.6)
Combination 12 (19.7)

The median time of onset, day (min-max) [IQR] 108 (1-1,020) [52-278]

Symptoms N (%)*
Typical symptoms of pancreatitis 46 (78.0)
Asymptomatic 9 (15.2)
Nonspecific symptoms 4 (6.8)

Elevation of serum amylase or lipase N (%)
Yes/No 55(90.2)/6(9.8)

Imaging findings of pancreatitis N (%)"
Yes/No 53(91.4)/5(8.6)

Grading of pancreatitis N (%)
G3-G4 39 (64.0)
G2 15 (24.5)
Gl 7 (11.5)

Other immune-related adverse events N (%)*
Colitis 8 (12.3)
Hepatobiliary injury 12 (18.5)
Dysthyroidism (hyper/hypo) 5(7.6)
Gastritis 2 (3.1)
Hyperlipemia 3 (4.6)
Other irAEs 6(9.2)
None 29 (44.6)

Treatment of pancreatitis N (%)
Intravenous fluids 6 (9.8)

Steroids/Steroids and other treatments

For pancreatitis only 27 (44.3)
For other reasons also 18 (29.5)

(Continued in next column)
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TABLE 3 (Continued) Summary results on the characteristics of patients
with ICls-P.

Characteristic All cases (N = 61)

Discontinuation of ICIs therapy only 2(33)
Other 8 (13.1)
Management of ICIs N (%)”
Permanently discontinued 30 (58.8)
Temporarily discontinued, then restarted 7 (13.7)
Continued 3 (5.9)
Treatment already completed at the onset 11 (21.6)
Outcome N (%)
Improvement 51 (83.6)
Death 5(8.2)
Recurrence 5(8.2)

Abbreviations: “Some articles are not available; *Some cases had multiple adverse reactions;
ICIs-P, Immune checkpoint inhibitors-induced pancreatitis; N,number; NSCLC, non-small
cell lung carcinoma; RCC, renal cell carcinoma; UC, urothelial carcinoma; PD-1,
programmed cell death protein 1; PD-L1, programmed death ligand 1; CTLA-4, cytotoxic T
lymphocyte antigen 4; IQR, interquartile range.

or even after the end of treatment (Capurso et al., 2018; Dehghani
et al,, 2018; Wright et al., 2021).

At the onset of pancreatitis,78.0% (46/59) of the patients
presented with typical pancreatitis symptoms, such as abdominal
pain and vomiting. Additionally, 6.8% (4/59) presented with atypical
pancreatitis symptoms, such as weakness and thirst, and 15.2% (9/
59) had no symptoms. Regarding ancillary tests, 90.2% (55/61) of the
patients showed varying degrees of lipase or amylase elevation, and
91.4% (53/58) exhibited typical imaging manifestations of
pancreatitis. Most patients with ICIs-P (39/61, 64.0%) had severe
(G3) or life-threatening (G4) disease. The most common irAEs were
colitis (8/65, 12.3%), hepatobiliary injury (12/65, 18.5%), and
dysthyroidism (5/65, 7.6%).

Overall, corticosteroids were used in 73.8% (45/61) of the cases
during the treatment of pancreatitis. Common corticosteroids
include prednisone, prednisolone, and methylprednisolone. In a
few mild cases, only rehydration therapy was used (6/61, 9.8%),
and ICIs were discontinued (2/61, 3.3%). Regarding ICIs
management, 72.5% (37/51) of patients discontinued ICIs
during the treatment of pancreatitis, 58.8% (30/51) Permanently
discontinued ICIs, and 13.7% (7/51) continued ICIs. In terms of
treatment outcomes, although ICIs-P was largely reversible, with
an improvement rate of 83.6% (51/61), 8.2% (5/61) of patients had
a relapse, and 8.2% (5/61) of patients had an associated death.
Notably, seven patients who were reintroduced to ICIs did not
experience pancreatitis recurrence, and five recurrences occurred
during steroid tapering.

Additionally, among the 61 patients, we identified four
patients with pancreatitis and diabetes mellitus (Supplementary
Table S3, Supplementary Information 1). All patients had a history
of nivolumab treatment except one who was treated with
Toripalimab, and elevated pancreatic enzyme levels and
imaging changes were typically observed during all episodes of
pancreatitis. One patient with a concurrent onset of pancreatitis
and diabetes mellitus had improved outcomes without steroid
treatment (Fang et al., 2023).
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3.3 Descriptive analysis from FAERS

The FAERS database documented a total of 606 cases of ICIs-P
between March 2011 and September 2024. Among the reported
cases, PD-1 inhibitors accounted for 62.0% (376/606), PD-L1
inhibitors for 23.3% (141/606), and CTLA-4 inhibitors for 14.7%
(89/606). The demographic and clinical characteristics of all ICIs-
associated pancreatitis cases are detailed in Supplementary Table F3
(Supplementary Information 2). Specifically, 179 cases were
associated with Nivolumab (179/606, 29.5%), 189 with
Pembrolizumab (189/606, 31.2%), 106 with Atezolizumab (106/
606, 17.5%), and 88 with Ipilimumab (88/606, 14.5%). Males
(307/606, 50.7%) were more frequently affected than females
(217/606, 35.8%), with the majority of cases occurring in the
61-80 age group (260/606, 42.9%). Notably, only two cases
involving Pembrolizumab were reported in children or
adolescents (2/606, 1.1%). Hospitalization was the most common
outcome (231/606, 38.1%), while death or life-threatening outcomes
accounted for 22.1% (134/606) of all reports. The top three reporting
countries were Japan (38.9%, 236/606), the United States (30.7%,
186/606), and France (6.6%, 40/606).

3.4 Signal values associated with
different ICls

The identification of pancreatitis event signals associated with all
ICIs was conducted following the criteria set by the four algorithms,
and the corresponding results are detailed in Table 4. Apart from
Dostarlimab (2/606), Toripalimab (2/606), Retifanlimab (0/606),
and Tremelimumab (1/606), where the small number of cases may
introduce uncertainty in the results and further research is needed
for validation, the remaining ICIs satisfied all four criteria. Notably,
among all ICIs, Cemiplimab demonstrated the strongest association
with ICIs-P, as evidenced by an information component (IC) of 7.20
(IC025 3.54), a reporting odds ratio (ROR) of 151.20 (95% CI
74.39-307.36), a proportional reporting ratio (PRR) of 150.63 ()’
581.12), and an empirical Bayes geometric mean (EBGM) of 147.25
(EBGMO5 76.96). Following Cemiplimab, Atezolizumab, Avelumab,
Ipilimumab, Pembrolizumab, Nivolumab, and Durvalumab
exhibited progressively lower values.

4 Discussion
4.1 Clinical features

From March 2011 to September 2024, the FAERS database
documented 606 cases of immune checkpoint inhibitor-associated
pancreatitis. Both pharmacovigilance analyses and retrospective
case series revealed a male predominance, with a peak incidence
in the 61-80 age group, consistent with the typical cancer onset age
range and prior studies (Hori et al., 2024). Notably, only two cases
involved children or adolescents, suggesting a lower incidence of
ICIs-P in younger populations, which may be attributed to the
infrequent use of immune checkpoint inhibitors in pediatric
patients. PD-1 inhibitors were identified as the primary causative
agents of ICIs-P, with pembrolizumab and nivolumab accounting
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for the highest proportions. A similar phenomenon was observed in
case reviews. This distribution likely reflects the widespread clinical
application of PD-1 inhibitors, particularly as first-line treatment
options for various cancers (Kramer et al., 2023; Nwankwo et al.,
2024). Tt is noteworthy that all immune checkpoint inhibitors
exhibited positive signals for pancreatitis adverse events in the
disproportionality analysis, although results for some drugs may
be uncertain owing to limited case numbers. Statistically significant
associations with pancreatitis were observed for pembrolizumab,
nivolumab, atezolizumab, ipilimumab, cemiplimab, and
tremelimumab. Retrospective case series indicated that melanoma
and non-small cell lung cancer were the predominant tumor types,
with a median time to pancreatitis onset of 108 days following ICIs
treatment, consistent with previous findings (Sakaguchi et al., 2024).
Typical pancreatitis symptoms were present in 78.0% of patients,
while 15.2% were asymptomatic. Nearly all patients exhibited
elevated lipase or amylase levels, and 64.0% experienced severe
(Grade 3) or life-threatening (Grade 4) ICIs-P. Pharmacovigilance
analyses also revealed that death or life-threatening outcomes
accounted for 22.1% of cases. These findings suggest that ICIs-P
immune-related

represents a potentially life-threatening

adverse event, warranting heightened vigilance among
clinicians using immune checkpoint inhibitors, particularly

in high-risk patients.

4.2 Controversial risk factors

The exact prevalence of ICIs-P remains unclear, with reported
rates ranging from 0.3% to 14% (Michot et al., 2018; Su et al., 2018;
George et al,, 2019). This wide range may be due to the heterogeneity
generated by the different severities of the cases and potential risk
factors in these studies. Regarding patient characteristics, our study
showed that male sex and melanoma appeared to increase the risk of
developing ICIs-P. This finding agrees with the results of previous
publications (Zhang et al., 2022). In clinical practice, ICIs should be
used more cautiously in female patients because they are more likely
to develop autoimmune disorders than male patients (Quintero
et al,, 2012; Conforti et al., 2018). Several researchers have analyzed
the correlation between sex and pancreatic AEs and concluded that
there is no noticeable discrepancy in irAEs between male and female
patients (Jing et al., 2021; Ma et al., 2021; Zhang et al.,, 2022). In
addition, our review indicated that ICIs-P patients aged <65 years
were reported more frequently than those aged >65 yrs. Meanwhile,
pharmacovigilance analysis also indicates that the age distribution of
ICIs-P mainly concentrates in the range of 61-80 years old.
However, the effect of age on ICIs-P is controversial, as some
studies have reported a slightly higher prevalence of irAEs in
older patients (Baldini et al., 2020), across the spectrum of irAEs
(Paderi et al., 2021). Other studies have shown that age was not
associated with irAEs (Gomes et al., 2021; Noseda et al., 2021).
Therefore, future studies should focus on the sex and age disparities
in patients with irAEs.

Notably, the strongest association between anti-PD-1 and ICls-
P among all the monotherapies was observed in our analysis, which
is consistent with the results of two previous studies (Reese et al.,
2020; Zhang et al., 2022). However, the association between ICIs and
pancreatitis remains unclear. Several studies have shown that the
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TABLE 4 Associations of immune checkpoint inhibitors with pancreatitis.

ICls \| ROR (95% CI) PRR (x2) IC (IC025) EBGM (EBGMO5)
PD-1
Pembrolizumab 189 2.30 (2.08.2.55) 2.30 (139.97) 1.20 (1.08) 2.29 (2.09)
Nivolumab 179 1.91 (1.73.2.12) 1.91 (79.83) 0.93 (0.84) 1.91 (1.74)
Cemiplimab 4 151.20 (74.39,307.36) 150.63 (581.12) 7.20 (3.54) 147.25 (76.96)
Dostarlimab 2 2.11 (0.78.5.68) 2.11 (1.16) 1.07 (0.40) 2.11 (0.85)
Toripalimab 2 1.64 (0.61.4.43) 1.64 (0.50) 0.71 (0.26) 1.64 (0.66)
Retifanlimab* -
PD-L1
Atezolizumab 106 3.05 (2.67.3.49) 3.05 (150.87) 1.60 (1.40) 3.04 (2.69)
Durvalumab 27 1.86 (1.44.2.42) 1.86 (11.59) 0.90 (0.69) 1.86 (1.47)
Avelumab 8 3.04 (1.79.5.17) 3.04 (9.58) 1.60 (0.94) 3.04 (1.87)
CTLA-4
Ipilimumab 88 2.49 (2.15.2.89) 2.49 (78.37) 1.31 (1.13) 2.48 (2.17)
Tremelimumab 1 220.86 (53.76,907.30) 218.75 (214.86) 7.76 (1.89) 216.84 (59.54)

Abbreviations: *No target incident reported; N,number; ICIs, Immune checkpoint inhibitors; ROR, reporting odds ratio; CI, confidence interval; PRR, proportional reporting ratio; x2, chi-
squared; IC, information component; EBGM, empirical Bayes geometric mean;PD-1, programmed cell death protein 1; PD-L1, programmed death-ligand 1; CTLA-4, cytotoxic T lymphocyte

antigen 4.

prevalence of pancreatitis in ICIs therapy using anti-CTLA4 alone or
in conjunction with nivolumab and ipilimumab is higher than that
using PD-1/PD-L1 alone (Su et al., 2018; George et al., 2019; Bai et al.,
2021). Therefore, prospective studies are required to investigate the
exact association between pancreatitis and various ICIs therapies.

4.3 Challenging diagnoses

Accurate diagnosis of ICIs-P remains challenging because its
clinical presentation can be insidious. The determination of acute
pancreatitis requires at least two of the following characteristics:
clinical symptoms in the abdomen, elevated pancreatic enzymes
(serum lipase/amylase levels at least three times the normal value),
and imaging findings of pancreatitis (Liu et al., 2021), such as
Computed Tomography (CT), Magnetic Resonance Imaging
(MRI), and
Tomography (PET/CT), demonstrating any of the following: (1)

Positron ~ Emission ~ Tomography/Computed
new focal or diffuse pancreatic enlargement; (2) diminished
attenuation, surrounding fat stranding, and no suspicious
metastases; and (3) diffuse enhanced F-deoxyglucose uptake
(Alessandrino et al., 2019; Das et al., 2020). Currently, the
CTCAE 5.0 (Freites-Martinez et al., 2021) and the NCCN
(Thompson et al., 2019) provide insignificantly different grading
criteria for ICIs-related pancreatic injury severity according to
asymptomatic elevated pancreatic enzymes and pancreatitis.
However, this rare ICIs-P event can be observed as a common
clinical symptom of acute pancreatitis or as an asymptomatic
incidental finding (Chandler et al, 2021; Tanaka et al, 2021).
Increased serum amylase and/or lipase levels in ICIs-P can also
indicate asymptomatic or radiological abnormalities, and elevated
pancreatic enzymes are confounding factors (Abu-Sbeih et al,
2019). Therefore, the NCCN guidelines do not recommend
routine testing of pancreatic enzymes at baseline or during ICIs
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treatment. It follows that a ruled-out diagnosis establishes an ICIs-P
diagnosis. The initial examination includes a comprehensive
of other
hypertriglyceridemia,

causes, such as alcohol,
drugs, susceptibility,
tumors, and anatomical variants (Grover et al., 2018).

In addition, Abu-Sbeih et al. reported that ICIs-Ps occurred

frequently in patients who presented with additional irAEs (Abu-

assessment gallstones,

viruses, genetic

Sbeih et al, 2019). Thus, we suggest measuring lipase levels in
patients with adverse events unrelated to the pancreas. Our findings
showed that 55.4% of the patients treated with ICIs-P had other irAEs.
Furthermore, some patients with elevated pancreatic enzyme levels can
have pancreatitis detectable on abdominal imaging despite the absence
of symptoms (Saito et al,, 2019; Chandler et al,, 2021; Yazaki et al,
2022). Our data showed that most patients with ICIs-P presented with
the typical symptoms of pancreatitis (78.0%), abnormal laboratory
findings (90.2%), and imaging abnormalities (91.4%). This could be
because we excluded patients with elevated pancreatic enzyme levels
who did not meet the diagnostic criteria for pancreatitis. Accordingly,
imaging is recommended for patients treated with ICIs-P when elevated
pancreatic enzymes are found to avoid delaying diagnosis. However,
differential diagnosis remains challenging because the imaging features
of ICIs-P are similar to those of autoimmune pancreatitis (AIP). Some
scholars have defined ICIs-P as a type 3 AIP and have suggested that its
diagnosis could be based on the AIP criteria (Shimosegawa et al., 2011;
Okazaki et al., 2014). We summarized the available research evidence
on Table 5 (Das et al,, 2019; Ofuji et al., 2021; Yamamoto et al.,, 2021;
Sayed et al., 2022; Zen, 2022).

4.4 Treatment and management

Owing to the rarity and insufficient evidence of ICIs-P, only the
NCCN has proposed management guidelines for ICIs-P based on its
severity (Thompson et al., 2019). Other guidelines provide no opinion or
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TABLE 5 Comparison between three types of autoimmune pancreatitis.

Subtype of AIP

Other nomenclatures

Type 1

AIP without GEL IgG4-related LPSP

Type 2

AIP with GEL IgG4-unrelated IDCP

10.3389/fphar.2025.1426847

Type 3

Immune checkpoint inhibitors-induced pancreatitis

Prevalence Asia > USA > EU EU > USA > Asia Unclear

Age Old (60, typically >40) Young (30, including children) Aged (60, typically <65)
Gender male >> female male = female (NS) male = female (NS)
Symptoms

Obstructive jaundice Often Often Rare

Abdominal pain Rare Common Common

Pancreas swelling Common Common Common

Serum levels of 1gG4 Elevated (80%-90%) Normal (10%) Normal

Histology

IgG4 + cells

Lymphoplasmacytic periductal infiltration

Granulocytic duct wall infiltration

T-lymphocyte and neutrophil infiltration

Granulocyte epithelial lesions (GEL)

Increased CD8"/CD4" T-cell ratio

Acinar-ductal metaplasia

++

-or+

Fibrosis

-or+

Other organ Involvement (OOI)

Sclerosing cholangitis

Sclerosing sialadenitis

Unrelated with OOI

Unrelated with OOI

Retroperitoneal fibrosis

others
Ulcerative Colitis Rare Often Common
Steroid Responsive Responsive Partially responsive
Recurrence High rate Rare Rare

Abbreviations: AIP, autoimmune pancreatitis; GEL, granulocyte epithelial lesions; IgG4, serum immunoglobulin G subtype 4; LPSP, lymphoplasmacytic sclerosing pancreatitis; IDCP,

lidiopathic duct centric pancreatitis; EU, european union; USA, united states of america.

limited advice regarding the treatment of this irAEs (Brahmer et al,, 2018;
Haanen et al,, 2018; Brahmer et al., 2021). The NCCN guidelines do not
(mild or
asymptomatic lipase/amylase elevation), allow ICIs to be maintained
for grade 2 pancreatitis (moderate), or suggest prednisone/
methylprednisolone (0.5-1 mg/kg/d). For G3-G4 grade pancreatitis
(severe and life-threatening), it is recommended to permanently

recommend intervention for grade Gl pancreatitis

discontinue immunotherapy and start therapy with 1-2 mg/kg/day of
glucocorticoids. When the symptoms of ICIs-P improve to grade 1,
steroids can be gradually reduced over 4-6 weeks; However, the NCCN
guidelines are based on traditional acute pancreatitis rather than ICIs-P
evidence; therefore, the current treatment options suggested may not
be optimal.

However, the effect of steroids on patients with ICIs-P remains
unclear. It has been suggested that there is no clear benefit of steroids in
ICIs-P, either in terms of short- or long-term adverse outcomes or
improved overall survival (Abu-Sbeih et al, 2019). Notably, Almost all
patients in our study had recurrent ICIs-P during steroid reduction. The
NCCN guidelines do not provide recommendations for treating steroid-
refractory ICIs-P or ICIs-P that recurs during steroid tapering. However,
guidelines recommend infliximab for other irAEs if no improvement is
observed within 48 h of steroid administration (Thompson et al., 2019).
Our report identified two cases of steroid-refractory ICIs-P and four cases
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of ICIs-P whose prognosis improved after treatment with infliximab and
had an inadequate reaction to steroids, suggesting that infliximab may be
a potentially feasible therapy for ICIs-P (Cinnor et al., 2017; Townsend
et al,, 2021). In addition, some authors (Ikeuchi et al., 2016) have stated
that patients with severe pancreatitis may require prednisone doses of up
to 4 mg/kg/day, arguing that ICIs-P therapy requires not only a high
initial dose of systemic glucocorticoids, but also a very slow tapering of the
dose. These are the key factors preventing ICIs-P recurrence (Kohlmann
et al., 2019).

In addition, after the resolution of irAEs, the decision on whether
ICIs should be reinstated should be made cautiously. Guidelines
recommend rebooting immunotherapy when harmfulness returns to
grade 1 or lower, whereas severe G3-G4 events should discontinue ICIs
therapy permanently (Thompson et al., 2019). Some studies have found
that survival and tumor remission rates were similar between patients
who discontinued ICIs during the introductory phase due to irAEs and
those who did not discontinue therapy among patients receiving
combination immunotherapy or monotherapy (Schadendorf et al,
2017; Santini et al., 2018). Thus, it is reasonable to administer
checkpoint inhibitors treatment to patients with positive reactions but
with high-grade irAEs. However, recovery from ICIs treatment is not
related to an enhanced risk of long-term adverse consequences with ICIs-
P, and patients who resume ICIs therapy have a marginally longer overall
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(3) Imaging evidence of pancreatitis
* Rule out other causes
« Differential diagnosis
ICls-P
(type 3 AIP)
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Management
A4 A 4 y
: Combined
Grade 1 (Mild) Grade 2 (Moderate)] [Grade 3-4 (Severe)] [new o alelicies
Supportive management with 1V fluid hydration, pain and nausea control
Hold ICI / TD-ICI TD-ICI / PD-ICI ( TD-ICI / PD-ICI
Hold ICI 0.5-1 mg/kg/day 1-2 mg/kg/day Glucose-lowering
prednisone prednisone _therapy
€
(]
g No improvement -
3 within 48 hours 3
g No improvement 5 e g
= E >
(] v 9
5 Qo
= until grade 1 and £
£ aper over 4-6 weeks| improvement
v v
Testing of pancreatic enzymes, review of abdominal pancreatic images,
monitoring of blood glucose measurement
FIGURE 2

Scheme delineating the approach to the ICIs-P diagnosis and management. The recommended approach reconciles existing guidelines with the
newest understanding from clinical experience. ICls-P,Immune checkpoint inhibitors-induced pancreatitis; TD-ICl,temporary discontinuation of
immune checkpoint inhibitors therapy; PD-ICI, permanent discontinuation of immune checkpoint inhibitors therapy.

survival than those who permanently discontinue ICIs treatment,
suggesting that temporary interruption of ICIs followed by
resumption after improvement in lipase values may potentially
increase the anticancer effect of ICIs (Abu-Sbeih et al, 2019). Our
study also found that several patients with G3 grade ICIs-P did not
experience pancreatitis recurrence when ICIs was resumed after
pancreatitis control (Kohlmann et al, 2019; Goyal et al, 2020;
Yamamoto et al., 2021), whereas one patient experienced a new irAE
after the resumption of ICIs during treatment (Pagan et al, 2019).
Therefore, restarting ICIs therapy after the resolution of high-grade irAEs
(e.g., pancreatitis) requires comprehensive consideration according to
the condition. Among these, the response status seems to be a
critical factor, and reboot immunotherapy should always be
performed on a case-by-case basis, specifically in response-deficient or
underresponsive patients.
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There are no guidelines for the management of ICIs-P in
patients with new-onset diabetes. A review study recommended
against the use of glucocorticoids for the treatment of type 1 diabetes
associated with ICIs because it may worsen type 1 diabetes and
induce ketoacidosis (de Filette et al., 2019). Moreover, patients with
acute pancreatitis may become dehydrated due to nausea and
vomiting. Therefore, IV fluid is the primary treatment for acute
pancreatitis (Waller et al., 2018). The current NCCN guidelines
include IV hydration therapy for all ICIs-P grades. Abu-Sbeih et al.
noted that aggressive IV rehydration has substantial utility in
treating ICIs-P and appears to decrease the risk of long-term
adverse events (Abu-Sbeih et al, 2019). We have provided our
diagnostic algorithm and therapeutic suggestions based on the
and our medical

available guidelines, published evidence,

practice (Figure 2).
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4.5 Study limitations

This research has some limitations, mainly because of the
retrospective nature of the case reports and FAERS database is a
spontaneous reporting system: (1) Risk factors and treatment gaps:
Details about risk factors, diagnostic workup, or ICIs-P management
may have been missed; this incomplete data limits the identification
of potential risk factors and the development of comprehensive
strategies. (2) Publication bias: Minor or fatal cases may have been
underreported, distorting the understanding of ICIs-P’s true
incidence and clinical features, which could misguide clinical
decisions and patient counseling. (3) Methodological constraints:
The limited sample size, retrospective nature, and prolonged
inclusion time introduce heterogeneity in diagnosis and care
standards, compromising result reliability, generalizability, and
statistical power. (4) Causal inference limitations: The lack of
comparator cohorts precludes causal inference and risk
stratification in non-pancreatitis populations, hindering clinical
interpretation of therapeutic effects and phenotypic correlations.
(5) FAERS database limitations: Spontaneously reported adverse
events lack proven causality between drugs and events. Incomplete
data (e.g., patient history, dosage) further reduce analytical accuracy;
FAERS only quantifies reported events, not actual incidence rates.
Future studies require multicenter prospective cohorts with
standardized data collection to enhance understanding of ICIs-P.

Despite these limitations, to our knowledge, this is the first study
integrating FAERS data mining and literature review to assess ICIs-
P’s clinical characteristics and risk factors. Additionally, our
systematic review includes the largest published cohort of ICI-
treated cancer patients with pancreatitis, providing valuable

evidence for further research and clinical practice.

5 Conclusion

ICIs-P is a rare, but potentially fatal irAEs. Therefore, clinicians
should be aware of the risks of pancreatitis associated with
immunotherapy and educate patients comprehensively. Early
recognition of ICIs-P in the growing number of patients treated with
ICIs is critical for its successful management. ICIs-P is an irreversible
exocrine autoimmune impairment of the pancreas induced by ICIs that
may manifest as asymptomatic, elevated pancreatic enzyme levels, or
clinical pancreatitis. Patients with pancreatitis symptoms should have
their lipase and amylase levels and radiology evaluated. The diagnosis
should be determined by excluding other causes, and the differential
diagnosis should consider other types of autoimmune pancreatitis.
Steroids are commonly used to treat irAEs associated with checkpoint
inhibitors; however, their role in the treatment and prevention of long-
term complications of ICIs-P requires further investigation. Rational
intravenous rehydration may be beneficial in the treatment of ICIs-P,
particularly in combination with new-onset diabetes. Despite some
conclusions and recommendations, we recognize the need for further
prospective investigations to complement or re-evaluate current
treatment policies and expand our understanding of the pathogenesis
of pancreatitis associated with checkpoint inhibitors.

Frontiers in Pharmacology

10

10.3389/fphar.2025.1426847

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary Material, further inquiries can be directed
to the corresponding authors.

Author contributions

WE: Writing-original draft. HW: Writing-original draft. XZ:
Writing-review and editing. HZ: Writing-review and editing. WY:
Writing-review  and draft,

editing. YG: Writing-original

Writing-review and editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This work was
funded by the Sichuan Provincial Administration of Traditional
Chinese Medicine research project (grant No. 2024MS414 and No.
2024MS313), Beijing Weiai Public Welfare Foundation - “Special
Scientific Research on Diabetes and Related Metabolic Diseases
(2024)”. and Medical Research Project of Chengdu City (grant
No. 2024313).

Acknowledgments

We are extremely grateful to Professor Xu Jie for his assistance in
the analysis of The FAERS database. We would like to thank Editage
(www.editage.cn) for English language editing.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fphar.2025.1426847/
full#supplementary-material

frontiersin.org


http://www.editage.cn
https://www.frontiersin.org/articles/10.3389/fphar.2025.1426847/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2025.1426847/full#supplementary-material
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1426847

Fang et al.

References

Abu-Sbeih, H., Tang, T., Lu, Y., Thirumurthi, S., Altan, M., Jazaeri, A. A,, et al.
(2019b). Clinical characteristics and outcomes of immune checkpoint inhibitor-induced
pancreatic injury. J. Immunother. Cancer 7 (1), 31. doi:10.1186/s40425-019-0502-7

Abu-Sbeih, H., Tran, C. N,, Ge, P. S,, Bhutani, M. S., Alasadi, M., Naing, A., et al.
(2019a). Case series of cancer patients who developed cholecystitis related to immune
checkpoint inhibitor treatment. J. Immunother. Cancer 7 (1), 118. doi:10.1186/s40425-
019-0604-2

Alessandrino, F., Sahu, S., Nishino, M., Adeni, A. E,, Tirumani, S. H., Shinagare, A. B.,
et al. (2019). Frequency and imaging features of abdominal immune-related adverse
events in metastatic lung cancer patients treated with PD-1 inhibitor. Abdom. Radiol.
(NY) 44 (5), 1917-1927. doi:10.1007/s00261-019-01935-2

Bachiller, M. D., Piernavieja, L. C., Chico, P. T., et al. (2020). Pancreatitis induced by
immunotherapy? Two case reports. Eur. J. Hosp. Pharm. 27 (Suppl. 1), A167-A168.
doi:10.1136/ejhpharm-2020-eahpconf.356

Bai, X,, Jiang, S., Zhou, Y., Zhen, H,, Ji, ], Li, Y., et al. (2021). Common immune-
related adverse events of immune checkpoint inhibitors in the gastrointestinal system: a
study based on the us Food and drug administration adverse event reporting system.
Front. Pharmacol. 12, 720776. doi:10.3389/fphar.2021.720776

Baldini, C., Martin, R. P., Voisin, A. L., Danlos, F. X., Champiat, S., Laghouati, S., et al.
(2020). Impact of aging on immune-related adverse events generated by anti-
programmed death (ligand)PD-(L)1 therapies. Eur. J. Cancer 129, 71-79. doi:10.
1016/j.ejca.2020.01.013

Brahmer, J. R,, Abu-Sbeih, H., Ascierto, P. A., Brufsky, J., Cappelli, L. C., Cortazar, F.
B., etal. (2021). Society for Immunotherapy of Cancer (SITC) clinical practice guideline
on immune checkpoint inhibitor-related adverse events. J. Immunother. Cancer 9 (6),
€002435. doi:10.1136/jitc-2021-002435

Brahmer, J. R., Lacchetti, C., Schneider, B. J., Atkins, M. B., Brassil, K. J., Caterino,
J. M, et al. (2018). Management of immune-related adverse events in patients treated
with immune checkpoint inhibitor therapy: American society of clinical oncology
clinical practice guideline. J. Clin. Oncol. 36 (17), 1714-1768. doi:10.1200/JC0O.2017.77.
6385

Capurso, G., Archibugi, L., Tessieri, L., Petrone, M. C,, Laghi, A., and Arcidiacono, P.
G. (2018). Focal immune-related pancreatitis occurring after treatment with
programmed cell death 1 inhibitors: a distinct form of autoimmune pancreatitis?
Eur. J. Cancer 95, 123-126. doi:10.1016/j.ejca.2018.02.006

Chandler, N., Dadlani, A., Bandikatla, S., et al. (2021). A rare case of asymptomatic
pancreatitis due to atezolizumab, an immune checkpoint inhibitor. J. Investigative Med.
69 (5), 1099-1100. doi:10.1136/jim-2021-MW.36

Cinnor, B., Crossman, H., Kaplan, J., Mittal, C., Gerich, M. E., and Kao, D. J. (2017).
First reported case of pembrolizumab-induced immune mediated hemorrhagic gastritis.
Gastroenterology 152 (5), S891. doi:10.1016/s0016-5085(17)33042-1

Conforti, F., Pala, L., Bagnardi, V., De Pas, T., Martinetti, M., Viale, G., et al. (2018).
Cancer immunotherapy efficacy and patients’ sex: a systematic review and meta-
analysis. Lancet Oncol. 19 (6), 737-746. doi:10.1016/S1470-2045(18)30261-4

Das, J. P., Halpenny, D., Do, R. K,, and Ulaner, G. A. (2019). Focal immunotherapy-
induced pancreatitis mimicking metastasis on FDG PET/CT. Clin. Nucl. Med. 44 (10),
836-837. doi:10.1097/RLU.0000000000002692

Das, J. P., Postow, M. A., Friedman, C. F,, Do, R. K,, and Halpenny, D. F. (2020).
Imaging findings of immune checkpoint inhibitor associated pancreatitis. Eur. J. Radiol.
131, 109250. doi:10.1016/j.ejrad.2020.109250

de Filette, J., Pen, J. ]., Decoster, L., Vissers, T., Bravenboer, B., Van der Auwera, B. J.,
et al. (2019). Immune checkpoint inhibitors and type 1 diabetes mellitus: a case report
and systematic review. Eur. J. Endocrinol. 181 (3), 363-374. doi:10.1530/EJE-19-0291

Dehghani, L., Mikail, N., Kramkimel, N., Soyer, P., Lebtahi, R., Mallone, R,, et al.
(2018). Autoimmune pancreatitis after nivolumab anti-programmed death receptor-1
treatment. Eur. J. Cancer 104, 243-246. doi:10.1016/j.¢jca.2018.09.014

Fang, W., Gao, Y., Shi, X,, Zhang, X,, Zhou, S., Zhu, H,, et al. (2023). Immune
checkpoint inhibitors-related pancreatitis with fulminant type 1 diabetes mellitus: case
report and literature review. Front. Immunol. 14, 1243773. doi:10.3389/fimmu.2023.
1243773

Freites-Martinez, A., Santana, N., Arias-Santiago, S., and Viera, A. (2021). Using the
common terminology criteria for adverse events (CTCAE - version 5.0) to evaluate the
severity of adverse events of anticancer therapies. Actas Dermosifiliogr. Engl. Ed. 112 (1),
90-92. doi:10.1016/j.ad.2019.05.009

George, ]., Bajaj, D., Sankaramangalam, K., Yoo, ]. W, Joshi, N. S., Gettinger, S., et al.
(2019). Incidence of pancreatitis with the use of immune checkpoint inhibitors (ICI) in
advanced cancers: a systematic review and meta-analysis. Pancreatology 19 (4),
587-594. doi:10.1016/j.pan.2019.04.015

Gomes, F., Lorigan, P., Woolley, S., Foden, P., Burns, K., Yorke, J., et al. (2021). A
prospective cohort study on the safety of checkpoint inhibitors in older cancer patients -
the ELDERS study. ESMO Open 6 (1), 100042. doi:10.1016/j.esmo0p.2020.100042

Goyal, P., Moyers, J. T., Hammami, M. B,, et al. (2020). Immune checkpoint inhibitor-
induced pancreatic injury: an atypical presentation. Am. J. Gastroenterology 115 (Suppl.
L), S740-S741. doi:10.14309/01.ajg.0000707884.05320.32

Frontiers in Pharmacology

11

10.3389/fphar.2025.1426847

Grover, S., Rahma, O. E., Hashemi, N., and Lim, R. M. (2018). Gastrointestinal and
hepatic toxicities of checkpoint inhibitors: algorithms for management. Am. Soc. Clin.
Oncol. Educ. Book 38, 13-19. doi:10.1200/EDBK_100013

Guo, H.,, Guo, Q,, Li, Z., and Wang, Z. (2024). Association between different GLP-1
receptor agonists and acute pancreatitis: case series and real-world pharmacovigilance
analysis. Front. Pharmacol. 15, 1461398. doi:10.3389/fphar.2024.1461398

Haanen, J., Carbonnel, F., Robert, C., Kerr, K. M., Peters, S., Larkin, J., et al. (2018).
Management of toxicities from immunotherapy: ESMO Clinical Practice Guidelines for
diagnosis, treatment and follow-up. Ann. Oncol. 29 (Suppl. 4), iv264-iv266. doi:10.
1093/annonc/mdy162

Hori, Y., Naitoh, I, Naiki-Ito, A., Kawai, T., Yoshida, M., Kato, A., et al. (2024).
Incidence of pancreatic injury and pancreatitis in patients treated with immune
checkpoint inhibitors. Clin. Transl. Gastroenterol. 15 (4), e00667. doi:10.14309/ctg.
0000000000000667

Ikeuchi, K., Okuma, Y., and Tabata, T. (2016). Immune-related pancreatitis
secondary to nivolumab in a patient with recurrent lung adenocarcinoma: a case
report. Lung Cancer 99, 148-150. doi:10.1016/j.lungcan.2016.07.001

Jiang, R, Xu, L., Huang, Y., Fang, C., Guo, H,, Li, S., et al. (2018). Anti-PD-1 drug
(nivolumab) may induce acute and life-threatening pancreatitis in lung cancer patient: a
case report. Pancreas 47 (8), e53-e54. doi:10.1097/MPA.0000000000001107

Jing, Y., Zhang, Y., Wang, J., Li, K., Chen, X,, Heng, J., et al. (2021). Association
between sex and immune-related adverse events during immune checkpoint inhibitor
therapy. J. Natl. Cancer Inst. 113 (10), 1396-1404. doi:10.1093/jnci/djab035

Kakuwa, T., Hashimoto, M., Izumi, A., Naka, G., Takeda, Y., and Sugiyama, H. (2020).
Pembrolizumab-related pancreatitis with elevation of pancreatic tumour markers.
Respirol. Case Rep. 8 (2), €00525. doi:10.1002/rcr2.525

Kohlmann, J., Wagenknecht, D., Simon, J. C., and Ziemer, M. (2019). Immune-related
pancreatitis associated with checkpoint blockade in melanoma. Melanoma Res. 29 (5),
549-552. doi:10.1097/CMR.0000000000000611

Kramer, S., van Hee, K., Blokzijl, H., van der Heide, F., and Visschedijk, M. C. (2023).
Immune checkpoint inhibitor-related pancreatitis: a case series, review of the literature
and an expert opinion. J. Immunother. 46 (7), 271-275. doi:10.1097/CJI.
0000000000000472

Liu, Y., Zhang, H.,, Zhou, L, Li, W., Yang, L., Li, W, et al. (2021).
Immunotherapy-associated pancreatic adverse events: current understanding of
their mechanism, diagnosis, and management. Front. Oncol. 11, 627612. doi:10.
3389/fonc.2021.627612

Ma, Z., Pei, J., Sun, X., Liu, L., Lu, W., Guo, Q., et al. (2021). Pericardial toxicities
associated with immune checkpoint inhibitors: a pharmacovigilance analysis of the
FDA adverse event reporting system (FAERS) database. Front. Pharmacol. 12, 663088.
doi:10.3389/fphar.2021.663088

Michot, J. M., Ragou, P., Carbonnel, F., Champiat, S., Voisin, A. L., Mateus, C., et al.
(2018). Significance of immune-related lipase increase induced by antiprogrammed
death-1 or death ligand-1 antibodies: a brief communication. J. Immunother. 41 (2),
84-85. d0i:10.1097/CJ1.0000000000000202

Noguchi, Y., Tachi, T., and Teramachi, H. (2021). Detection algorithms and attentive
points of safety signal using spontaneous reporting systems as a clinical data source.
Brief. Bioinform 22 (6), bbab347. doi:10.1093/bib/bbab347

Noseda, R., Bonaldo, G., Motola, D, Stathis, A., and Ceschi, A. (2021). Adverse event
reporting with immune checkpoint inhibitors in older patients: age subgroup
disproportionality analysis in VigiBase. Cancers (Basel) 13 (5), 1131. doi:10.3390/
cancers13051131

Nwankwo, O. C,, Lara-Salazar, F. M., Lara-Salazar, S., Abdulrahim, A. O., Chijioke, I,
Singh, J., et al. (2024). Immune checkpoint inhibitors in cancer treatment and incidence
of pancreatitis. Cureus 16 (8), e68043. doi:10.7759/cureus.68043

Ofuji, K., Hiramatsu, K., Nosaka, T., Naito, T., Takahashi, K., Matsuda, H., et al.
(2021). Pembrolizumab-induced autoimmune side effects of colon and pancreas in a
patient with lung cancer. Clin. ]. GASTROENTEROLOGY 14 (6), 1692-1699. doi:10.
1007/s12328-021-01499-z

Okazaki, K., Tomiyama, T., Mitsuyama, T., Sumimoto, K., and Uchida, K. (2014).
Diagnosis and classification of autoimmune pancreatitis. Autoimmun. Rev. 13 (4-5),
451-458. doi:10.1016/j.autrev.2014.01.010

Paderi, A., Fancelli, S., Caliman, E., Pillozzi, S., Gambale, E., Mela, M. M., et al. (2021).
Safety of immune checkpoint inhibitors in elderly patients: an observational study. Curr.
Oncol. 28 (5), 3259-3267. doi:10.3390/curroncol28050283

Pagan, A., Gill, J., Arroyo, Y., and Bertran-Rodriguez, C. E. (2019). 1379 Immune
checkpoint inhibitor-induced acute pancreatitis and colitis. Am. J. Gastroenterology 114,
§763. doi:10.14309/01.ajg.0000595044.94402.db

Postow, M. A., Sidlow, R., and Hellmann, M. D. (2018). Immune-related adverse
events associated with immune checkpoint blockade. N. Engl. J. Med. 378 (2), 158-168.
doi:10.1056/NEJMral703481

Quintero, O. L., Amador-Patarroyo, M. J., Montoya-Ortiz, G., Rojas-Villarraga, A.,
and Anaya, J. M. (2012). Autoimmune disease and gender: plausible mechanisms for the

frontiersin.org


https://doi.org/10.1186/s40425-019-0502-7
https://doi.org/10.1186/s40425-019-0604-2
https://doi.org/10.1186/s40425-019-0604-2
https://doi.org/10.1007/s00261-019-01935-2
https://doi.org/10.1136/ejhpharm-2020-eahpconf.356
https://doi.org/10.3389/fphar.2021.720776
https://doi.org/10.1016/j.ejca.2020.01.013
https://doi.org/10.1016/j.ejca.2020.01.013
https://doi.org/10.1136/jitc-2021-002435
https://doi.org/10.1200/JCO.2017.77.6385
https://doi.org/10.1200/JCO.2017.77.6385
https://doi.org/10.1016/j.ejca.2018.02.006
https://doi.org/10.1136/jim-2021-MW.36
https://doi.org/10.1016/s0016-5085(17)33042-1
https://doi.org/10.1016/S1470-2045(18)30261-4
https://doi.org/10.1097/RLU.0000000000002692
https://doi.org/10.1016/j.ejrad.2020.109250
https://doi.org/10.1530/EJE-19-0291
https://doi.org/10.1016/j.ejca.2018.09.014
https://doi.org/10.3389/fimmu.2023.1243773
https://doi.org/10.3389/fimmu.2023.1243773
https://doi.org/10.1016/j.ad.2019.05.009
https://doi.org/10.1016/j.pan.2019.04.015
https://doi.org/10.1016/j.esmoop.2020.100042
https://doi.org/10.14309/01.ajg.0000707884.05320.32
https://doi.org/10.1200/EDBK_100013
https://doi.org/10.3389/fphar.2024.1461398
https://doi.org/10.1093/annonc/mdy162
https://doi.org/10.1093/annonc/mdy162
https://doi.org/10.14309/ctg.0000000000000667
https://doi.org/10.14309/ctg.0000000000000667
https://doi.org/10.1016/j.lungcan.2016.07.001
https://doi.org/10.1097/MPA.0000000000001107
https://doi.org/10.1093/jnci/djab035
https://doi.org/10.1002/rcr2.525
https://doi.org/10.1097/CMR.0000000000000611
https://doi.org/10.1097/CJI.0000000000000472
https://doi.org/10.1097/CJI.0000000000000472
https://doi.org/10.3389/fonc.2021.627612
https://doi.org/10.3389/fonc.2021.627612
https://doi.org/10.3389/fphar.2021.663088
https://doi.org/10.1097/CJI.0000000000000202
https://doi.org/10.1093/bib/bbab347
https://doi.org/10.3390/cancers13051131
https://doi.org/10.3390/cancers13051131
https://doi.org/10.7759/cureus.68043
https://doi.org/10.1007/s12328-021-01499-z
https://doi.org/10.1007/s12328-021-01499-z
https://doi.org/10.1016/j.autrev.2014.01.010
https://doi.org/10.3390/curroncol28050283
https://doi.org/10.14309/01.ajg.0000595044.94402.db
https://doi.org/10.1056/NEJMra1703481
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1426847

Fang et al.

female predominance of autoimmunity. J. Autoimmun. 38 (2-3), J109-]J119. doi:10.
1016/j.jaut.2011.10.003

Reese, S. W., Marchese, M., and McNabb-Baltar, J. (2020). Insights from
pharmacovigilance: gastrointestinal-related immune checkpoint inhibitor adverse
events. Gastroenterology 159 (4), 1195-1200. doi:10.1053/j.gastro.2020.06.093

Saito, H., and Ono, K. (2019). Nivolumab-induced pancreatitis: an immune-related
adverse event. Radiology 293 (3), 521. doi:10.1148/radiol.2019191603

Sakaguchi, M., Nakaya, T., Tamada, K., Niki, T., Fukushima, N., Lefor, A. K,, et al.
(2024). Immune checkpoint inhibitor-induced pancreatitis with pancreatic enlargement
mimicking autoimmune pancreatitis: a case report and review of the literature. Intern
Med. 63 (6), 791-798. doi:10.2169/internalmedicine.1943-23

Santini, F. C., Rizvi, H., Plodkowski, A. J., Ni, A., Lacouture, M. E., Gambarin-Gelwan,
M,, et al. (2018). Safety and efficacy of Re-treating with immunotherapy after immune-
related adverse events in patients with NSCLC. Cancer Immunol. Res. 6 (9), 1093-1099.
doi:10.1158/2326-6066.CIR-17-0755

Sayed, A. A., Abreo, M., Thomas, A., and Chari, S. T. (2022). Type 3 autoimmune
pancreatitis (immune checkpoint inhibitor-induced pancreatitis). Curr. Opin.
Gastroenterol. 38 (5), 516-520. do0i:10.1097/MOG.0000000000000873

Schadendorf, D., Wolchok, J. D., Hodi, E. S., Chiarion-Sileni, V., Gonzalez, R.,
Rutkowski, P., et al. (2017). Efficacy and safety outcomes in patients with advanced
melanoma who discontinued treatment with nivolumab and ipilimumab because of
adverse events: a pooled analysis of randomized phase IT and III trials. J. Clin. Oncol. 35
(34), 3807-3814. doi:10.1200/JC0O.2017.73.2289

Shimosegawa, T., Chari, S. T., Frulloni, L., Kamisawa, T., Kawa, S., Mino-Kenudson,
M., et al. (2011). International consensus diagnostic criteria for autoimmune
pancreatitis: guidelines of the International Association of Pancreatology. Pancreas
40 (3), 352-358. doi:10.1097/MPA.0b013e3182142fd2

Su, Q. Zhang, X. C, Hou, Y. L, Yao, Y. X, and Cao, B. W. (2018). Risk of immune-related
pancreatitis in patients with solid tumors treated with immune checkpoint inhibitors: systematic
assessment with meta-analysis. J. Immunol. Res. 2018, 1027323. doi:10.1155/2018/1027323

Sznol, M., Postow, M. A., Davies, M. J., Pavlick, A. C., Plimack, E. R., Shaheen, M.,
et al. (2017). Endocrine-related adverse events associated with immune checkpoint
blockade and expert insights on their management. Cancer Treat. Rev. 58,70-76. doi:10.
1016/j.ctrv.2017.06.002

Tanabe, K., Yokoyama, K., Kanno, A., Ikeda, E., Ando, K., Nagai, H., et al. (2024).
Immune checkpoint inhibitor-induced pancreatitis with pancreatic enlargement
mimicking autoimmune pancreatitis: a case report and review of the literature.
Intern Med. 63 (6), 791-798. doi:10.2169/internalmedicine.1943-23

Frontiers in Pharmacology

12

10.3389/fphar.2025.1426847

Tanaka, T., Sakai, A., Shiomi, H., Masuda, A., Kobayashi, T., Tanaka, S., et al.
(2021). An autopsy case of severe acute pancreatitis induced by administration of
pazopanib following nivolumab. Pancreatology 21 (1), 21-24. doi:10.1016/j.pan.2020.
11.002

Thompson, J. A., Schneider, B. J., Brahmer, J., Andrews, S., Armand, P., Bhatia, S.,
et al. (2019). Management of immunotherapy-related toxicities, version 1.2019. J. Natl.
Compr. Canc Netw. 17 (3), 255-289. doi:10.6004/jnccn.2019.0013

Townsend, M. J., and Grover, S. (2021). S1653 Infliximab for steroid-refractory
immune checkpoint inhibitor-induced pancreatitis. Am. . Gastroenterology 116 (Suppl.
L), S740-S741. doi:10.14309/01.ajg.0000780144.09245.72

Waller, A., Long, B., Koyfman, A., and Gottlieb, M. (2018). Acute pancreatitis:
updates for emergency clinicians. J. Emerg. Med. 55 (6), 769-779. doi:10.1016/j.
jemermed.2018.08.009

Wang, Z., Su, X., Shi, D., and Wei, L. (2024). Evaluate the renal system damage caused
by zoledronic acid: a comprehensive analysis of adverse events from FAERS. BMC
Cancer 24 (1), 1520. doi:10.1186/s12885-024-13284-5

Wright, J. J., Powers, A. C., and Johnson, D. B. (2021). Endocrine toxicities of immune
checkpoint inhibitors. Nat. Rev. Endocrinol. 17 (7), 389-399. doi:10.1038/s41574-021-
00484-3

Wu, S, Hu, W, Chen, M., Xiao, X, and Liu, R. (2024). A real-world
pharmacovigilance study of FDA adverse event reporting system events for
Lutetium-177-PSMA-617. Sci. Rep. 14 (1), 25712. doi:10.1038/s41598-024-77889-3

Yamamoto, K., Oka, K., Son, R., Honda, H., Sakae, H., Hasegawa, K., et al. (2021).
Acute pancreatitis without abdominal pain induced by administration of nivolumab
and ipilimumab. Mod. Rheumatol. Case Rep. 5 (2), 425-430. doi:10.1080/24725625.
2021.1899444

Yazaki, T., Moriyama, I, Tobita, H., Sonoyama, H., Okimoto, E., Oka, A., et al. (2022).
The simultaneous onset of pancreatitis and colitis as immune-related adverse events in a
patient receiving nivolumab treatment for renal cell carcinoma. Intern Med. 61 (10),
1485-1490. doi:10.2169/internalmedicine.7911-21

Yilmaz, M., and Baran, A. (2022). Two different immune related adverse events
occured at pancreas after nivolumab in an advanced RCC patient. J. Oncol. Pharm.
Pract. 28 (1), 255-258. doi:10.1177/10781552211028636

Zen, Y. (2022). Type 2 autoimmune pancreatitis: consensus and controversies. Gut
Liver 16 (3), 357-365. doi:10.5009/gnl210241

Zhang, Y., Fang, Y., Wu, J., Huang, G., Bin, ], Liao, Y., et al. (2022). Pancreatic adverse
events associated with immune checkpoint inhibitors: a large-scale pharmacovigilance
analysis. Front. Pharmacol. 13, 817662. doi:10.3389/fphar.2022.817662

frontiersin.org


https://doi.org/10.1016/j.jaut.2011.10.003
https://doi.org/10.1016/j.jaut.2011.10.003
https://doi.org/10.1053/j.gastro.2020.06.093
https://doi.org/10.1148/radiol.2019191603
https://doi.org/10.2169/internalmedicine.1943-23
https://doi.org/10.1158/2326-6066.CIR-17-0755
https://doi.org/10.1097/MOG.0000000000000873
https://doi.org/10.1200/JCO.2017.73.2289
https://doi.org/10.1097/MPA.0b013e3182142fd2
https://doi.org/10.1155/2018/1027323
https://doi.org/10.1016/j.ctrv.2017.06.002
https://doi.org/10.1016/j.ctrv.2017.06.002
https://doi.org/10.2169/internalmedicine.1943-23
https://doi.org/10.1016/j.pan.2020.11.002
https://doi.org/10.1016/j.pan.2020.11.002
https://doi.org/10.6004/jnccn.2019.0013
https://doi.org/10.14309/01.ajg.0000780144.09245.72
https://doi.org/10.1016/j.jemermed.2018.08.009
https://doi.org/10.1016/j.jemermed.2018.08.009
https://doi.org/10.1186/s12885-024-13284-5
https://doi.org/10.1038/s41574-021-00484-3
https://doi.org/10.1038/s41574-021-00484-3
https://doi.org/10.1038/s41598-024-77889-3
https://doi.org/10.1080/24725625.2021.1899444
https://doi.org/10.1080/24725625.2021.1899444
https://doi.org/10.2169/internalmedicine.7911-21
https://doi.org/10.1177/10781552211028636
https://doi.org/10.5009/gnl210241
https://doi.org/10.3389/fphar.2022.817662
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1426847

	Immune checkpoint inhibitors-induced pancreatitis: a systematic review and real-world pharmacovigilance analysis
	1 Introduction
	2 Materials and methods
	2.1 Systematic review
	2.1.1 Search strategy
	2.1.2 Selection criteria
	2.1.3 Data extraction

	2.2 Pharmacovigilance analysis
	2.2.1 Data sources and collection
	2.2.2 Signal mining

	2.3 Statistical analysis

	3 Results
	3.1 Literature search results
	3.2 Patient characteristics
	3.3 Descriptive analysis from FAERS
	3.4 Signal values associated with different ICIs

	4 Discussion
	4.1 Clinical features
	4.2 Controversial risk factors
	4.3 Challenging diagnoses
	4.4 Treatment and management
	4.5 Study limitations

	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


