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Objective: This review aims to determine the incidence and risk of pancreatic
adverse events (AEs) associated with immune checkpoint inhibitors (ICls) therapy
for solid tumors.

Methods: We conducted a comprehensive systematic literature search in
PubMed, Embase, and Cochrane Library up to March 15, 2023, to identify all
randomized controlled trials comparing ICls with standard treatment in solid
tumors. We included studies that reported immune-related pancreatitis or
elevation of serum amylase or lipase levels. Following protocol registration in
PROSPERO, we conducted a systematic review and meta-analysis.

Results: 59 unique randomized controlled trials with at least one ICl-containing arm
(41 757 patients) were retrieved. The incidences for all-grade pancreatitis, amylase
elevation and lipase elevation were 0.93% (95% CI 0.77-1.13), 2.57% (95% Cl 1.83-
3.60) and 2.78% (95% Cl 1.83-4.19), respectively. The incidences for grade >3
pancreatitis, amylase elevation and lipase elevation were 0.68% (95% CI 0.54-
0.85), 1.17% (95% Cl 0.83-1.64) and 1.71% (95% Cl 1.18-2.49), respectively. The use
of ICls was associated with an increased risk of all-grade pancreatic immune-related
AEs (irAEs) including pancreatitis (OR=2.04, 95% Cl 1.42-2.94, P =0.0001), amylase
elevation (OR=1.91, 95% Cl 1.47-2.49, P < 0.0001) and lipase elevation (OR=1.77, 95%
Cl1.37-2.29, P <0.0001). In addition to these, the post-hoc analysis found that PD-1
inhibitors had a significant higher risk of pancreatic AEs compared with PD-L1
inhibitors and the patients undergoing dual ICl therapy were at a significantly higher
risk of pancreatic AEs than the patients receiving single ICI therapy.

Conclusion: Our study provides an overview of the incidence and risk of ICI-
associated pancreatitis and pancreatic enzyme elevations in the treatment of
solid tumors. Our findings may help raise awareness among clinicians of the
potential for ICl-associated pancreatic AEs in clinical practice.

Systematic review registration: https://www.crd.york.ac.uk/PROSPERO,
identifier 345350.
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Introduction

Immune checkpoint inhibitors (ICIs) including programmed
cell death 1 (PD-1) inhibitors, programmed cell death 1 ligand 1
(PD-L1)inhibitors and cytotoxic T- lymphocyte-associated antigen
4 (CTLA-4) inhibitors have revolutionized cancer therapy and
become the standard treatment for a number of malignancies in
the past few years (1, 2). While ICIs activate the immune system
against tumor cells, they can also lead to adverse events due to the
imbalance of immunologic homeostasis in normal tissues (3). IrAEs
can range from mild self-limiting symptoms to severe life-
threatening events that can affect nearly all organ systems. These
adverse events include but are not limited to, colitis, hepatitis,
dermatitis, pneumonia, endocrine disorders, nephritis, myocarditis,
and neuropathy (4). As the use of immunotherapy in cancer
patients continues to rise, uncommon irAEs present a significant
clinical challenge (5). Pancreatic AEs are rare but often overlooked,
requiring clinician attention due to their adverse impact on the
quality of life of cancer patients.

Despite early clinical studies confirming the immune-related
toxicity of ICIs in the pancreas (6), several questions remain
unanswered. Firstly, how to effectively recognize pancreatic irAEs,
as they may present as asymptomatic elevations in amylase and/or
lipase levels, as per the guidelines of the National Comprehensive
Cancer Network (NCCN) (7). Furthermore, it is unclear whether
the incidence of pancreatic AEs increases with the widespread use of
ICIs and whether different types of combination therapy affect the
risk of incidence. Therefore, our study aims to address these
knowledge gaps and provide insights into predicting and
managing pancreatic irAEs through a systematic review and
meta-analysis.

Methods
Search strategy

This systematic review and meta-analysis was conducted
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) guidelines (8). The
statement was registered at the International Prospective Register
of Systematic Reviews (number 345350). We conducted a
comprehensive systematic literature search in PubMed, Embase,
and Cochrane Library up to March 15, 2023, for all randomized
controlled trials(RCTs)that compared ICIs with standard treatment
in solid tumors. Based on PICOS (participants, interventions,
comparisons, outcomes, and study design) guidelines (9), the
keywords and Medical Subject Headings (MeSH) terms were used
as follows: “neoplasms”; “immune checkpoint inhibitor”, “PD-1
inhibitors”, “PD-L1 inhibitors”,” CTLA4 inhibitors”
“pembrolizumab”, “nivolumab”, “tislelizumab”, “sintilimab”,
“camrelizumab”, “toripalimab”, “atezolizumab”, “avelumab”,
“durvalumab”, “cemiplimab”, “tremelimumab”, “Ipilimumab”
“drug-related side effects and adverse reactions”, “adverse
reactions”, and “randomized controlled trials”.
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Selection criteria

Studies eligible for inclusion met all the following criteria: (1)
phase III RCTs including at least one ICI-containing arm (ICIs as
monotherapy or in combination with another ICIs or standard
treatment) in adult patients (age >_18 years) with solid cancer; (2)
clinical trials reporting immune-related pancreatitis or elevation of
serum amylase or lipase levels; and (3) studies published in English.
The exclusion criteria were as follows: (1) studies published as
abstracts, letters, or conference reports; (2) studies published
repeatedly; (3)both treatment arms were immunotherapy.

Data extraction

Two investigators (ZZ and WZ) independently evaluated the
titles, abstracts, and full texts to select the potentially eligible
publications. The following data were obtained from the included
study: basic information (first author, publication year, trial name,
and Clinical Trial number), participants(disease diagnosis,
treatment arms, and the number of included patients), and the
number of patients with pancreatitis, amylase elevation, and lipase
elevation for all-grade (G1-5) and for grade 3 or higher (G3-5). The
severity of the AE was graded on a scale from 0 to 5, with grade 0
being no toxicity and grade 5 being death according to the Common
Terminology Criteria for Adverse Events(CTCAE) (10). Additional
data included ICI regimen, control arm regimen, previous lines of
chemotherapy, blindness, and median/mean follow-up (months).
The primary outcome of our meta-analysis was the summary risk of
pancreatic AEs associated with ICI exposure (ICIs as monotherapy
or in combination with other ICIs or standard treatment) vs.
controls in RCTs. If disagreement occurred, it was resolved by
discussion with the corresponding author. All included studies
represented unique trials.

Statistical analysis

To conduct a meta-analysis of the incidence and profile of
pancreatic AEs, a random effect model with logit transformation
was applied. All models are fitted by restricted maximum likelihood
estimation with a classic continuity correction of 0.5 for zero cells
and the corresponding sample sizes. Multiple groups of a trial were
combined separately. The outcome measure is the incidence with its
95% confidence interval (CI). Based on previous studies (11), we
hypothesized that pancreatic AEs are not a frequent event
(incidence < 10%), and we interpreted the odds ratio(OR) as a
measure of risk (12, 13). Pooled ORs and 95% ClIs were estimated
with a random effects model using the Mantel-Haenszel method
(14). If a study included more than one intervention arm, we
separately compared each intervention arm with the control arm.
In addition to that, we conducted subgroup analyses to examine
studies by cancer type and combination type.

Post-hoc analyses were used to assess the pancreatic AEs
differences between anti-PD-1 drugs and anti-PD-L1 drugs, as
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well as, between dual- and single -ICI therapies. We matched the
included RCTs with their tumor type and intervention type, or
tumor type and design of control groups to form several mirror
groups for the adjusted indirect comparison (15). An OR (95% CI)
was derived from each mirror group and then pooled across all ICI
groups using a random-effects model.

We used the inconsistency index 1 statistic and y2 test with its
P-value to evaluate the heterogeneity between studies. According to
the Cochrane Handbook for Systematic Reviews of Interventions,
substantial heterogeneity between studies was defined by ¢* value >
50%, and significant heterogeneity was defined by %2 test P-value
<0.10 (16). Publication bias was assessed using Peter tests with
funnel plots, which is a recommended method for dichotomous
data with low heterogeneity (17, 18). The risk of bias of included
studies were evaluated with the Cochrane risk of bias tool (19). All
analyses were done using Review Manager 5.3 software (Cochrane
Collaboration 2014, Nordic Cochrane Center, Copenhagen,
Denmark) and R statistical software (version 4.1.3; with the
metafor_v3.0-2 packages) (20). A two-sided P-value of <0.05 in
Z-tests (for overall effect) or 2 test (for overall subgroup
comparison) in all analyses was considered statistically significant.

10.3389/fimmu.2023.1166299

Results

Eligible studies and characteristics

We identified 25 874 records from PubMed, Embase, and
Cochrane Library. Figure 1 and Supplementary Table 1 illustrate the
details of the study screening and selection procedures. Finally, 59
eligible studies involving 41 757 patients for quantitative analysis were
included. Details of the study characteristics are presented in Table 1.
Among these 59 RCTs, one was a four-arm study and 9 RCTs were
three-arm. The mean follow-up time for the entire population ranged
from 7.3 to 41.2 months. According to the type of combination
therapy, there were 30 arms of ICI monotherapy 32 arms of ICI plus
chemotherapy or targeted therapy, and 8 arms of dual-ICI therapy. In
our study, we incorporated multiple tumor types including non-small
cell lung cancer (NSCLC, n =19) (21-39), small cell lung cancer(SCLC,
n = 3) (40-42), melanoma (n = 6) (43-48), gastroesophageal junction
cancer (GEJC, n = 6) (49, 51, 52, 54, 80, 81), urothelial carcinoma (UC,
n =4) (55-58), renal cell carcinoma (RCC, n=4) (59-62), breast cancer
(BCn=1) (63), head and neck squamous cell carcinoma (HNSCC,
n=3) (64-66), prostate cancer (PC,n=1) (67), hepatocellular

Cochrane Library

25874 citations identified through PubMed, Embase and

y

25304 citations excluded

7022 preclinical and animal studies
4987 childhood tumors

6354 phase I or [ trials

6941 abstracts

570 full-text assessed for eligibility

y

511 citations excluded

399 duplications
112 no data on interested AEs

59 RCTs with available AEs from data sources

FIGURE 1

Study flow diagrams. PRISMA flow diagram of systematic review and meta-analysis in PubMed, Emabse, and Cochrane Library up to March 15, 2023.
AEs, adverse events; RCTs, randomized controlled trials; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses
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TABLE 1 Characteristics of the randomized clinical trials included in the meta-analysis.

LGEIGEINTS Type of Treatment arm Patient Pancreatitis AMY
(Clinical Trials.gov cancer (no.) (G1-5) (G3- (G1-5)
Identifier) 5)
D. Planchard ARCTIC NSCLC Durvalumab 117 0 0 2 1 0 0
(2020) (21) (NCT02352948)
Durvalumab+ Tremelimumab 173 2 2 4 0 0 0
Tremelimumab 60 0 0 0 0 1 1
Chemotherapy 110 0 0 0 0 0 0
Martin Reck KEYNOTE-024 NSCLC Pembrolizumab 154 1 1
(2019) (22) (NCT02142738)
Chemotherapy 150 0 0
Martin Reck IMpower150 NSCLC Atezolizumab+ Bevacizumab 393 5
(2020) (23) (NCT02366143) + Chemotherapy
Atezolizumab+ Chemotherapy 400 2
Chemotherapy 394 0
Yi-Long Wu CheckMate 078 NSCLC Nivolumab 337 1 1 1 1
(2019) (24) (NCT02613507)
Chemotherapy 156 0 0 0 0
Naiyer A. Rizvi MYSTIC NSCLC Durvalumab 369 2 1 0 0
(2020) (25) (NCT02453282)
Durvalumab+ Tremelimumab 371 3 3 3 3
Chemotherapy 352 0 0 0 0
Robert Jotte IMpowerl31 NSCLC Atezolizumab+ Chemotherapy 666 3 2
(2020) (26) (NCT02367794)
Chemotherapy 334 0 0
Makoto IMpowerl32 NSCLC Atezolizumab+ Chemotherapy 291 4 1
Nishio(2021) (27) (NCT02657434)
Chemotherapy 274 2 2
Yunpeng Yang(2020) (28) InnovENT NSCLC Sintilimab+ Chemotherapy 266 8 3
(NCT03607539)
Chemotherapy 131 10 0
Enriqueta Felip(2021) (29) IMpower010 NSCLC Atezolizumab+ Chemotherapy 495 2 1
(NCT02486718)
Chemotherapy 495 1 1
L. Gandhi KEYNOTE-189 NSCLC Pembrolizumab 405 3 2
(2018) (30) (NCT02578680) +Chemotherapy
Chemotherapy 202 0 0
Howard West IMpowerl30 NSCLC Atezolizumab+ 473 2 0 0 0 1 1
(2019) (31) (NCT02367781) Chemotherapy
Chemotherapy 232 1 0 1 1 0 0
Luis Paz-Ares CheckMate 9LA NSCLC Nivolumab+ Ipilimumab 358 5 4 22 11 26 22
(2021) (32) (NCT03215706) + Chemotherapy
Chemotherapy 349 0 0 6 0 4 3
Ahmet Sezer EMPOWER-Lung 1 NSCLC Cemiplimab 355 11 1 4 1
(2021) (33) (NCT03088540)
Chemotherapy 342 2 1 0 0
Tony S K Mok KEYNOTE-042 NSCLC Pembrolizumab 636 1 0
(2019) (34) (NCT02220894)
Chemotherapy 615 0 0
Z. Wang CHOICE NSCLC Toripalimab+ Chemotherapy 308 3 1 1 0
(2023) (35) (NCT03856422)
Chemotherapy 156 0 0 1 0
(Continued)
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TABLE 1 Continued

Trial name Type of Treatment arm Patient = Pancreatitis
(Clinical Trials.gov cancer (no.) (CAEHN(CER
Identifier) 5)
M. O'Brien KEYNOTE-091 NSCLC Pembrolizumab 580 2 0 2 0 3 0
(2022) (36) (NCT02504372)
Placebo 581 2 1 4 1 2 2
M. Gogishvili EMPOWER-Lung 3 NSCLC Cemiplimab+ Chemotherapy 312 1 0 22 3 15 1
(2022) (37) (NCT034096614)
Chemotherapy 153 0 0 5 0 2 0
G. de Castro NEPTUNE NSCLC Durvalumab+ Tremelimumab 410 2 1
(2023) (38) (NCT02542293)
Chemotherapy 399 0 0
S. Peters BFAST NSCLC Atezolizumab 234 2 1
(2022) (39) (NCT03178552)
Chemotherapy 221 1 0
Martin Reck CA184-156 SCLC Ipilimumab+Chemotherapy 478 1 0 1 1
(2016) (40) (NCT01450761)
Chemotherapy 476 0 0 0 0
Charles M. Rudin KEYNOTE-604 SCLC Pembrolizumab+ 223 1 1
(2020) (41) (NCT03066778) Chemotherapy
Chemotherapy 223 0 0
Jonathan CASPIAN SCLC Durvalumab+ Tremelimumab 266 2 1 6 1 10 6
W Goldman (NCT03043872)
(2021) (42) Durvalumab+ Chemotherapy 265 1 1 11 6 12 9
Chemotherapy 266 0 0 2 1 7 4
James Larkin CheckMate 037 Melanoma Nivolumab 268 2
(2018) (43) (NCT01721746)
Chemotherapy 102 0
Antoni Ribas (NCT00257205) Melanoma Tremelimumab 328 3 3
(2013) (44)
Chemotherapy 327 0 0
Ralf Gutzmer IMspirel50 Melanoma Atezolizumab+ Vemurafenib 230 5 0 46 23 | 74 47
(2020) (45) (NCT02908672) + Cobimetinib
Vemurafenib+ Cobimetinib 281 1 0 45 19 | 77 | 58
Jeffff rey S Webe CheckMate 037 Melanoma Nivolumab 268 3
(2015) (46) (NCT01721746)
Chemotherapy 102 1
M. B. Atkins EA6134 Melanoma Nivolumab+ Ipilimumab 126 2 1 13 7 18 13
(2023) (47) (NCT02224781)
Dabrafenib+Trametinib 130 0 0 12 1 22 |7
G. V. Long KEYNOTE-716 Melanoma Pembrolizumab 487 2 2 3 1 6 4
(2022) (48) (NCT03553836)
Placebo 489 0 0 1 1 8 2
Y.-J. Bang JAVELIN Gastric 300 GEJC Avelumab 184 1 1
(2018) (49) (NCT02625623)
Chemotherapy 177 2 2
Markus Moehler JAVELIN Gastric 100 GEJC Avelumab 243 1 2 9 2
(2020) (50) (NCT02625610)
Chemotherapy 238 9 4 14 | 7
Kohei Shitara KEYNOTE-062 GEJC Pembrolizumab 254 2
(2020) (51) (NCT02494583)
Pembrolizumab 250 0
+Chemotherapy
Chemotherapy 244 1
Yelena Y Janjigian CheckMate 649 GEJC Nivolumab+ Chemotherapy 782 89 45
(2021) (52) (NCT02872116)
Chemotherapy 767 34 | 16

(Continued)
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TABLE 1 Continued

10.3389/fimmu.2023.1166299

Trial name Type of Treatment arm Patient = Pancreatitis
(Clinical Trials.gov cancer (no.) (CAEHN(CER
Identifier) 5)
Yoon-Koo Kang ATTRACTION-4 GEJC Nivolumab+ Chemotherapy 359 1 0
(2021) (53) (NCT02746796)
Chemotherapy 358 4 1
Kohei Shitara KEYNOTE-061 GEJC Pembrolizumab 294 0 0
(2018) (54) (NCT02370498)
Chemotherapy 276 1 1
D.F. Bajorin CheckMate 274 ucC Nivolumab 351 33 13 | 34 18
(2021) (55) (NCT02632409)
Placebo 348 20 5 20 9
Joaquim IMvigor010 ucC Atezolizumab 390 2 1 5 2 5 3
Bellmunt (NCT02450331)
(2021) (56) Placebo 397 2 2 0 0 0 0
Thomas Powles DANUBE ucC Durvalumab 345 1 0 9 3 11 7
(2020) (57) (NCT02516241)
Durvalumab+ Chemotherapy 340 5 3 12 8 20 | 16
Chemotherapy 313 2 1 1 0 2 1
Thomas Powles KEYNOTE-361 ucC Pembrolizumab+ 349 2 2 12 2
(2021) (58) (NCT02853305) Chemotherapy
Pembrolizumab 302 2 2 0 0
Chemotherapy 342 0 0 0 0
R.J. Motzer CheckMate 214 RCC Nivolumab+ Ipilimumab 547 90 56
(2018) (59) (NCT02231749)
Sunitinib 535 58 | 35
T.K. Choueiri CheckMate 9ER RCC Nivolumab + Cabozantinib 320 47 10 53 20
(2021) (60) (NCT03141177)
Sunitinib 320 29 8 38 15
Thomas Powles(2020) (61) KEYNOTE-426 RCC Pembrolizumab+ Axitinib 429 5 4
(NCT02853331)
Sunitinib 425 3 3
S. K. Pal IMMOTION-010 RCC Atezolizumab 390 1 0 4 1 1 1
(2022) (62) (NCT03024996)
Placebo 383 1 1 2 0 3 2
Elizabeth A Mittendorf IMpassion031 BC Atezolizumab+ Chemotherapy 164 0 0
(2020) (63) (NCT03197935)
Chemotherapy 167 0 0
Barbara Burtness KEYNOTE-048 HNSCC Pembrolizumab 300 2 0
(2019) (64) (NCT02358031)
Pembrolizumab+ 276 1 1
Chemotherapy
Cetuximab + Chemotherapy 287 0 0
Ezra E' W Cohen KEYNOTE-040 HNSCC Pembrolizumab 246 1 1
(2019) (65) (NCT02252042)
Chemotherapy 234 0 0
Nancy Y Lee JAVELIN Head and Neck HNSCC Avelumab+ Chemotherapy 348 20 6 10 5
(2021) (66) 100
(NCT02952586) Chemotherapy 344 5 2 5 1
Eugene D Kwon CA184-043 PC Ipilimumab 393 2 2 2 1
(2014) (67) (NCT00861614)
Placebo 396 1 0 2 2
Zhenggang Ren (2021) ORIENT-32 HCC Sintilimab + Bevacizumab 380 2
(68) (NCT03794440)
Sorafenib 185 0
A. L. Cheng IMbrave-150 HCC Atezolizumab+ Bevacizumab 329 10 4
(2022) (69) (NCT03434379)
Sorafenib 156 6 5
(Continued)
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TABLE 1 Continued

10.3389/fimmu.2023.1166299

Trial name Type of Treatment arm Patient = Pancreatitis
(Clinical Trials.gov cancer (no.) (CAEHN(CER
Identifier) 5)
R. K. Kelley COSMIC-312 HCC Atezolizumab+ Cabozantinib 429 3 24 28 | 7
(2022) (70) (NCT03755791)
Sorafenib 395 0 14 14 | 5
Jing Huang ESCORT ESO Camrelizumab 228 1
(2020) (71) (NCT03099382)
Chemotherapy 220 0
Jong-Mu Sun KEYNOTE-590 ESO Pembrolizumab+ Chemotherapy = 370 0
(2021) (72) (NCT03189719)
Chemotherapy 370 1
Kathlen N. Moore IMagyn050 oC Atezolizumab+ Bevacizumab+ 642 4
(2021) (73) (NCT03038100) Chemotherapy
Bevacizumab+ Chemotherapy 644 0
Eric Pujade-Lauraine JAVELIN Ovarian 200 oC Avelumab+ Chemotherapy 182 5 3 2
(2021) (74) (NCT02580058)
Avelumab 187 3 1 1
Chemotherapy 177 1 0 0
Bradley ] Monk JAVELIN Ovarian 100 oC Avelumab+ Chemotherapy 657 1 13 18 13
(2021) (75) (NCT02718417)
Chemotherapy 334 0 4 3 2
Cathy Eng IMblaze 370 CRC Atezolizumab+ Cobimetinib 179 2 6 9 4
(2019) (76) (NCT02788279)
Atezolizumab 90 1 2 1 1
Regorafenib 80 0 3 6 1
D.Reardon CheckMate 143 Glioblastoma | Nivolumab 182 3 7 4
(2020) (77) (NCT02017717)
Bevacizumab 165 1 1 0
Paul Baas CheckMate 743 Mesothelioma | Nivolumab+ Ipilimumab 300 0 17 20 | 13
(2021) (78) (NCT02899299)
Chemotherapy 284 0 1 1 1
Dean AFennel CONFIRM Mesothelioma = Nivolumab 221 1 1
(2021) (79) (NCT03063450)
Placebo 111 0 0

AMY, amylase elevation; Lipase, lipase elevation; G1-5, gradel-5; G3-5, grade3-5.

carcinoma (HCC,n=3) (68-70), esophageal carcinoma (ESO,n=2) (71,
72), ovarian cancer (OC,n=3) (73-75), colorectal cancer (CRC,n=1)
(76), glioblastoma (n=1) (77) and mesothelioma (n=2) (78, 79).
Among the 41 757 patients in the 59 trials that reported
information on treatment-related deaths, no pancreatic-related
deaths occurred. All included RCTs had a low risk of bias. A
detailed evaluation of the risk of bias for each randomized
controlled trial is presented in Supplementary Table 2.

Incidence of pancreatic AEs

A total of 41 757 patients were enrolled in the 59 included RCTs
(70 ICI-containing arms), including 23 334 (55.9%) patients in the
ICI-containing arms and 18 423 patients in the control arms
(44.1%). ICI-containing arms included ICI monotherapy in 30/70
arms, ICI plus chemotherapy or targeted therapy in 32/70 arms, and
ICI dual therapy in 8/70 arms. In the included 70 arms, NSCLC was

Frontiers in Immunology

the most common tumor type, accounting for 32.9% (23/70), and
GEJC accounted for 10.0% (7/70) as the second most common type.

The incidence was 0.93% (95% CI 0.77-1.13, I’=3.4%) for all-grade
pancreatitis and 0.68% (95% CI 0.54-0.85; I’=0) for grade >3
pancreatitis. (Figure 2) Compared with ICI monotherapy, dual-ICI
therapy had significantly higher incidences of all-grade pancreatitis
(1.10% vs 0.70%) and grade =3 pancreatitis (0.94% vs 0.58%) (P< 0.05).
(Supplementary Table 3) However, it was not observed in the patients
undergoing ICI plus chemotherapy or targeted therapy. An overview
of the pancreatitis incidence in different tumor types was shown in
Supplementary Table 3. Pancreatitis has a roughly similar incidence in
different tumor types (G1-5: 0.30-1.79%, G3-5: 0.17-1.12%).

The incidence was 2.57% (1.83-3.60; 1°=89.2%) for all-grade
amylase elevation and 1.17% (0.83-1.64; I° ~76%) for grade >3
amylase elevation. (Figure 2) Compared with ICI monotherapy,
dual-ICI therapy had significantly higher incidences of all-grade
amylase elevation (3.01% vs 1.66%) and grade >3 amylase elevation
(1.79% vs 0.78%) (P< 0.05). (Supplementary Table 4)Similar results
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Pancreatic AE n/N (95%Cl)

Pancreatitis(G1-5) 110/16186 0.93(0.77-1.13)
Pancreatitis(G3-5)  54/14400 0.68(0.54-0.85)
AMY(G1-5) 388/12242  2.57(1.83-3.60)
AMY(G3-5) 142/12513 1.17(0.83-1.64)
Lipase(G1-5) 588/12417 2.78(1.83-4.19)
Lipase(G3-5) 336/13336 1.71(1.18-2.49)

FIGURE 2

10.3389/fimmu.2023.1166299

Summary incidence No. of arms
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“ —
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Summary pooled incidence analysis of pancreatic adverse events associated with immune checkpoint inhibitor therapy. n/N refers to the number of
events (n) observed for the outcome regarding the overall number of patients (N) in patients treated with immune checkpoint inhibitor therapy. AE,
adverse event; Cl, confidence interval; AMY,amylase elevation;Lipase, lipase elevation;G1-5,gradel-5;G3-5.grade3-5.

were found in the patients treated with ICI plus chemotherapy or
targeted therapy (G1-5: 3.78% vs 1.66%, G3-5: 1.57% vs 0.78%, P<
0.05). An overview of the amylase elevation incidence in different
treatment regimens and tumor types is shown in Supplementary
Table 4. The results showed an increased incidence of all-grade and
grade >3 amylase elevation in patients with melanoma (5.62%,2.75%
respectively) and Mesothelioma (5.67%, 2.33% respectively).

The incidence was 2.78% (1.83-4.19, ¥ “93%) for all-grade lipase
elevation and 1.71% (1.18-2.49, I 89%) for grade >3 lipase elevation.
(Figure 2) Compared with ICI monotherapy, dual-ICI therapy had
significantly higher incidences of all-grade lipase elevation (4.08% vs
1.45%) and grade >3 lipase elevation (3.28% vs 1.01%) (P< 0.05).
(Supplementary Table 5)We found similar outcomes in the patients
receiving ICI plus chemotherapy or targeted therapy compared with
ICI monotherapy (G1-5: 5.34% vs 1.45%, G3-5: 2.23% vs 1.01%, P<
0.05). An overview of the amylase elevation incidences in different
treatment regimens and tumor types is shown in Supplementary
Table 5. The patients with melanoma (9.28%,6.14%) are most likely to
develop all-grade and grade 23 lipase elevation.

Risk of pancreatitis associated with
ICI exposure

Pancreatitis as a treatment-related adverse effect was reported in
40 studies (49 ICI-containing arms) and graded using CTCAE. A

total of 28 097 patients were evaluated with 16 186 in the ICI-
containing arms and 11 911 in the control arms. As shown in
Table 2, ICIs significantly increased the risk of all-grade pancreatitis
(OR=2.04, 95% CI 1.42-2.94, P = 0.0001; I°=0) and grade >3
pancreatitis (OR=1.90, 95% CI 1.15-3.13, P=0.01; I’=0). Subgroup
analysis suggested that dual-ICI therapy was associated with a
higher incidence risk of all-grade pancreatitis (OR=3.47, 95%CI
1.22-9.91, P=0.02). (Supplementary Table 6) A similar statistically
significant difference was found in grade >3 pancreatitis(OR=3.56,
95%CI 1.09-11.56, P=0.04). Tumor type-stratified analyses showed
an increased risk of all-grade pancreatitis(OR=2.55, 95%CI 1.32-
4.92, P=0.005) in patients with NSCLC.

Risk of amylase elevation associated with
ICI exposure

Amylase elevation as a treatment-related adverse effect was
reported in 33 studies (41 ICI-containing arms) and graded using
CTCAE. A total of 22 390 patients were evaluated with 12 893 in the
ICI-containing arms and 9 497 in the control arms. As shown in
Table 2, ICIs significantly increased the risk of all-grade amylase
elevation (OR=1.91, 95% CI 1.47-2.49, P < 0.0001; I’= 29%) and
grade >3 amylase elevation (OR=2.04, 95% CI 1.46-2.85, P=0.0001;
I? = 0). Subgroup analysis suggested that all three therapies that

TABLE 2 Summary pooled analysis on the risk of ICI therapy-associated pancreatic adverse events vs. controls in randomized controlled trials.

Variables Pancreatic AEs

Grade 1-5

OR 95%Cl 95%Cl
Pancreatitis 2.04 1.42-2.94 P=0.0001 0 1.90 1.15-3.13 P=0.01 0
Amylase Elevation 1.91 1.47-2.49 P<0.0001 29% 2.04 1.46-2.85 P=0.0001 0
Lipase Elevation 1.77 1.37-2.29 P<0.0001 45% 1.89 1.45-2.45 P<0.0001 18%

ICI, immune checkpoint inhibitor; AEs, adverse events; CI, confidence interval; OR odds ratio.
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include ICI could significantly increase the incidence risk of all-
grade amylase elevation (OR=1.86, 95% CI 1.28-2.69, P=0.001;
OR=1.60, 95% CI 1.09-2.35, P=0.02 and OR=3.79, 95% CI 1.68-
8.57, P=0.001, respectively). (Supplementary Table 7) Tumor type-
stratified analyses showed an increased risk of all-grade amylase
elevation in patients with SCLC (OR=4.10,95% CI 1.44-11.63,
P=0.008), UC (OR=4.64,95% CI 1.30-16.49, P=0.02), RCC
(OR=1.71,95% CI 1.06-2.74, P=0.03), HNSCC (OR=4.00,95% CI
1.55-10.33, P=0.004) and mesothelioma (OR=17.00,95% CI 2.25-
128.60, P=0.006).

Risk of lipase elevation associated with
ICI exposure

Lipase elevation as a treatment-related adverse effect was
reported in 32 studies (40 ICI-containing arms) and graded using
CTCAE. A total of 23 461 patients were evaluated with 13 336 in the
ICI-containing arms and 10 125 in control arms. As shown in
Table 2, ICIs significantly increased the risk of all-grade lipase
elevation (OR=1.77, 95% CI 1.37-2.29, P < 0.0001; I’= 45%) and
grade >3 lipase elevation (OR=1.89, 95% CI 1.45-2.45, P< 0.0001; I*
= 18%). Subgroup analysis suggested that both ICI plus
chemotherapy or targeted therapy and dual-ICI therapy could
significantly increase the incidence risk of all-grade lipase
elevation (OR=1.72, 95% CI 1.34-2.20, P<0.0001, and OR=2.92,
95% CI 1.37-6.20, P=0.005 respectively). (Supplementary Table 8)
As for grade >3 lipase elevation, the trends are similar to those of
the all-grade lipase elevation groups. At the same time, we observed
a significant increase in the risk of all-grade lipase elevation in the
patient with NSCLC (OR=4.23,95% CI 2.14-8.34, P<0.0001), UC
(OR=4.20,95% CI 1.46-12.09, P=0.008), RCC (OR=1.53,95% CI
1.16-2.01, P=0.003), and OC (OR=3.42,95% CI 1.17-9.97, P=0.02).

Post-hoc analyses

In this study, we conducted post-hoc analyses of PD-1/PD-L1
inhibitors related to pancreatic AEs. As shown in Table 3, the
patients with UC undergoing PD-1 inhibitors were at a significantly
higher risk of all-grade amylase elevation (OR=5.24,95% CI 2.59-

10.3389/fimmu.2023.1166299

10.57, P<0.0001), all-grade lipase elevation (OR=4.90,95% CI 1.97-
12.18, P=0.0006) and grade >3 lipase elevation (OR=3.88,95% CI
1.50-10.04, P=0.005), than the patients with UC receiving PD-L1
inhibitors. We conducted post-hoc analyses of dual ICI therapy/
single ICI therapy-related pancreatic AEs. As shown in Table 4, the
patients with NSCLC undergoing dual ICI therapy were at a
significantly higher risk of all-grade pancreatitis (OR=4.72,95% CI
1.11-20.17, P=0.04), grade =3 pancreatitis (OR= 14.98,95% CI 1.82-
123.34, P= 0.01), grade =3 amylase elevation (OR=5.95,95% CI
1.30-27.24, P=0.02) and all-grade lipase elevation (OR=4.99,95% CI
1.99-12.55, P=0.0006), than the patients with NSCLC receiving
single ICI therapy.

Quality of included studies

Given the significant heterogeneity in the meta-analysis of all
the included studies, we performed subgroup analyses to better
understand the heterogeneity. (Supplementary Table 9) Some study
heterogeneity was suggested by the assessment of all-grade amylase
elevation (I’ = 36%), which appeared to be concentrated in the
studies of NSCLC (I = 59%), GJEC (I = 42%) and UC (I’ = 54%). A
similar situation could also be observed with the group of all-grade
lipase elevation (I°=46%) and grade 3 or higher lipase
elevation (I’=26%).

No obvious asymmetry was seen in classic funnel plots,
indicating that no evidence of significant publication bias existed.
Beyond this, the above view was confirmed by Peter’s test.
(Supplementary Table 10).

Discussion

In our meta-analysis, we investigated the incidence and risk of
pancreatic irAEs associated with ICIs, including pancreatitis,
amylase elevation, and lipase elevation. Our findings
demonstrated that the incidence of all-grade and grade>3
pancreatitis with ICIs were 0.93% and 0.68%, respectively. These
rates were consistent with previous studies reporting rates of
pancreatitis (CTLA-4: 0.9-3%, PD-1: 0.5-1.6%, CTLA4 + PD-1:
1.2-2.1%) (11). Our results also showed that patients treated with

TABLE 3 Odds ratios comparing pancreatic irAEs in patients who received anti-PD-1- vs anti-PD-L1-based therapies.

Cancer Pancreatitis

Amylase Elevation

Lipase Elevation

Grade 1-5 Grade3-5

OR
(95%Cl)

NSCLC 1.25

(0.61-2.55)
SCLC 1.14

(0.07-18.29)
uc 0.84

(0.27-2.56)

P

0.55

0.09

0.76

OR
(95%ClI)

2.15
(0.71-6.52)

1.14
(0.07-18.29)

1.45
(0.39-5.32)

0.18

0.93

0.58

Grade 1-5 Grade3-5
OR OR
(95%Cl) (95%Cl)
3.05 0.42 1.57
(0.20-45.65) (0.19-12.78)
524 <0.0001 | 1.74
(2.59-10.57) (0.34-8.83)

P

0.68

0.50

Grade 1-5
OR P
(95%Cl)
347 0.27
(0.39-31.17)
4.90 0.0006
(1.97-12.18)

Grade3-5
OP P
(95%Cl)
1.81 0.61
(0.19-17.47)
3.88 0.005
(1.50-10.04)

irAEs, immune-related adverse events; OR, odds ratio; CI, confidence interval; NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer; UC, urothelial carcinoma; Total, pan-cancer.
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TABLE 4 Odds ratios comparing pancreatic irAEs in patients who received dual ICI therapy - vs single ICI therapy -based therapies.

Cancer Pancreatitis Amylase Elevation Lipase Elevation
Grade 1-5 Grade3-5 Grade 1-5 Grade3-5 Grade 1-5 Grade3-5
(0] P (0] (0] P OR (0] P (0]3
(95%Cl) (95%Cl) (95%Cl) (95%Cl) (95%Cl) (95%Cl)
NSCLC 472 0.04 | 1498 001 | 298 006 595 002 | 499 0.0006 | 491 0.11
(1.11-20.17) (1.82-123.34) (0.97-9.16) (1.30-27.24) (1.99-12.55) (0.69-35.02)

irAEs, immune-related adverse events; OR, odds ratio; CI, confidence interval; NSCLC, non-small cell lung cancer.

dual ICIs therapy had a higher incidence of pancreatitis compared
to those treated with monotherapy, and the combination of ICI
monotherapy with chemotherapy, targeted therapy, or
immunotherapy increased the incidence of pancreatic enzyme
elevation. Moreover, our study revealed that melanoma patients
had the highest incidence of amylase elevation (G1-5: 5.62%, G3-5:
2.75%) and all-grade and grade 3 or higher lipase elevation (G1-5:
9.28%, G3-5: 6.14%) after receiving immunotherapy.

Our study findings revealed a significant increase in the
incidence of pancreatitis, regardless of all grades or grades 3-5, in
the ICI group compared to standard chemotherapy or targeted
therapy. Further, our subgroup analysis identified a tumor-specific
preference for pancreatitis, which was more likely to occur in HCC.
Our data suggested that ICI monotherapy did not increase the risk
of immune-related pancreatitis, whereas ICI combination therapy
did. This may be attributed to the potential of chemotherapeutic
agents and targeted drugs to exacerbate pancreatic damage from
ICIs. Notably, our data indicated a higher likelihood of pancreatitis
in the ICI dual therapy group (G1-5: OR=3.47, 95% CI 1.22-9.91,
P=0.02; G3-5: OR=3.56, 95% CI 1.09-11.65, P=0.04). Therefore,
additional multi-center RCTs are warranted to confirm its statistical
significance. Our results align with previous studies (11, 82, 83).

According to many experts, pancreatitis is more likely to occur
in the early stages with low grades, but can be controlled with
aggressive intravenous fluid replacement (84, 85). Routine
monitoring of amylase and lipase is not recommended for
asymptomatic patients unless pancreatitis is clinically suspected
(85). However, one study suggests that the use of ICI may increase
the risk of developing grade 3 or higher pancreatitis, with clinical
symptoms including loss of appetite, vomiting, and abdominal pain
(86). Additionally, a case report described a 65-year-old man with
stage IV melanoma who developed grade 3 pancreatitis while
receiving ipilimumab and pembrolizumab (87). Despite the
resolution of clinical signs and symptoms, the patient was
diagnosed with pancreatic insufficiency. Interestingly, it seemed
that diabetes was also associated with pancreatitis. One study
showed that both immune-related pancreatitis and immune-
related diabetes occurred earlier than monotherapy when two
ICIs were combined, and immune-related diabetes had a later
onset than immune-related pancreatitis (88), suggesting that the
onset of diabetes might also be a complication of immune-related
pancreatitis (89). In order to improve the quality of life and to avoid
the long-term sequelae of pancreatitis in patients who have used
ICI, vigilant monitoring should be warranted (90).

Frontiers in Immunology 10

So far, the exact mechanism of immune-related pancreatitis
remains under investigation, and the potential mechanisms may
include the increased activity of T cells against antigens present on
tumors and normal tissues,the increase in the concentration of pre-
existing autoimmune antibodies and the increased levels of
inflammatory cytokines (91). Immunohistochemical staining
demonstrated a large infiltration of CD3+ T lymphocytes in the
non-tumor regions of the pancreas from patients with immune-
related pancreatitis (92, 93), which suggested that the potential
asscociation of immune-related pancreatitis with autoimmune
pancreatitis (AIP) (94). The clinical presentation of AIP differred
from that of acute pancreatitis in that abdominal pain and nausea
was milder, and positive imaging might be delayed (95).

It is worth noting that despite their widespread use, steroids
were not found to be effective in treating immune-related
pancreatitis in terms of preventing short- or long-term adverse
outcomes, or improving overall survival (84). In fact, exposure to a
baseline dose of prednisone equivalent to at least 10 mg/d was found
to reduce the efficacy benefit of ICI and significantly shorten
progression-free survival (PFS) and overall survival (OS) in
NSCLC patients (96). Patients with immune-related pancreatitis
were reported to be at risk of relapse upon the resumption of ICI
therapy (97). Nonetheless, in general, immunotherapy may be
resumed when toxicity returns to grade 1 or lower (85). Our
study found that amylase and lipase elevations were more
frequent in the ICI group, suggesting a potential immune-related
mechanism. Subgroup analyses revealed a significantly higher
incidence of all-grade amylase and lipase elevations in melanoma
patients. The tumor-specific preference for immune-related
elevation of pancreatic enzymes and pancreatitis was similar, with
both showing a predilection for NSCLC and UC, as demonstrated
by grouping methods based on tumor type or ICI regimen.
However, non-specific elevations of pancreatic enzymes due to
factors such as alcohol consumption, bowel obstruction, or kidney
failure may also occur, leading to a potential overestimation of the
incidence of immune-related elevations (98, 99). Nevertheless,
unlike pancreatitis, our study provided compelling evidence of a
plausible causal association between ICI therapy and elevations of
amylase and lipase. We hypothesized that ICI therapy may result in
weak pancreatic injury, such as enzyme elevations, rather than
robust injury like immune-related pancreatitis. Nonetheless, the
decision to continue ICI therapy in patients with grade 3 or higher
amylase or lipase elevations without clinical or imaging evidence of
pancreatitis after immunotherapy requires further investigation.
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It is assumed that the elevation of pancreatic enzymes is
associated with pancreatitis and could implicate its development.
Research has shown that elevated amylase levels increase the risk of
pancreatitis (100). Additionally, 39% of patients with grade 3 or
higher lipase elevations had significant clinical symptoms of
pancreatitis (84), which was consistent with a retrospective study
of 21 cases of immune-related lipase elevations (101). Patients with
clinically symptomatic immune-related pancreatitis had higher
mean peak serum lipase levels than those without clinical
symptoms, but this was not the case in patients with other causes
of acute pancreatitis (100). These studies demonstrated that
elevated pancreatic enzyme values do not determine the severity
of pancreatitis but indicate an increased risk. However, another
study found that the true incidence of pancreatitis in patients with
immune-related lipase elevations was only 14%, suggesting that in
patients with elevated immune-related lipase without clinical
symptoms, pancreatic X-ray abnormalities, and diabetes mellitus
by fasting blood glucose, the lipase increase may be regarded as a
non-clinically significant event (101). Further clinical trials are
needed to confirm these findings.

In the post-hoc analysis, the findings indicated that PD-1
inhibitors had a significantly higher risk of pancreatic AEs
compared to PD-L1 inhibitors, consistent with other immune-
related adverse events, such as pneumonitis (15). Furthermore,
the study revealed a statistically significant increase in the
incidence of pancreatic AEs with dual-ICI therapy relative to
single-ICI therapy, possibly due to the similarity in toxicity
profiles of CTLA-4 inhibitors and PD-1 inhibitors. In Phase II
and III trials of patients with nonresectable melanoma who were
randomized to combination versus monotherapy, grade 3 or 4
adverse events occurred in 55-59% of the patients receiving
combination therapy, as compared with 16-21% with nivolumab
alone and 27-28% with ipilimumab alone (102, 103). Therefore, it is
important to be vigilant about the occurrence of irAEs when using
dual-ICI therapy, including monitoring pancreatic enzymes.

The study had several limitations. Firstly, our meta-analysis was
based on phase IIT RCT's with strict inclusion criteria, which may
limit the generalizability of the findings to real-world settings.
Secondly, we may have missed some pancreatic AE cases, as we
only analyzed cases recorded in the main text and appendix, which
could result in reporting bias (104). Furthermore, some studies
included in the analysis were open-label. Thirdly, individual patient
data was not available, which prevented us from analyzing the
relationship between pancreatic enzyme elevations and pancreatitis
or linking immune-related pancreatitis with other irAEs. Lastly,
although we acknowledged that drug dose might affect the
incidence of irAEs, we were unable to conduct subgroup analyses
due to the wide variation in drugs and doses across studies.

Conclusion

Our study offers a comprehensive overview of the incidence and
risk of ICI-associated pancreatitis and pancreatic enzyme elevations
in various solid tumor types and treatment combinations.
Moreover, the post-hoc analysis revealed that PD-1 inhibitors
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have a significantly higher risk of pancreatic AEs than PD-L1
inhibitors, and patients receiving dual ICI therapy have a
significantly higher risk of pancreatic AEs than those receiving
single ICI therapy. These findings should enhance clinicians’
awareness of ICI-associated pancreatic AEs in their clinical practice.
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