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Abstract

Background Recognition and management of adverse events (AEs) associated with immune checkpoint inhibitor (ICI) use
by cancer patients requires expertise from multiple disciplines. Greater awareness of potential AEs may result in earlier
recognition, appropriate management, and better patient outcomes.

Objective The primary objective of this overview of systematic reviews was to synthesize and consolidate systematic review
evidence describing the incidence proportion and severity of AEs associated with various ICI therapies across different
cancers.

Methods A systematic literature search of four databases was conducted to identify systematic reviews that describe the
incidence proportion and severity of AEs related to ICI therapy in cancer patients. A systematic review was eligible if it
included adults with cancer; on ICI alone or in combination with another ICI, chemotherapy, or targeted therapy; severity
(graded according to the Common Terminology Criteria for Adverse Events) and incidence proportion of AEs and whether
it reported its eligibility criteria. AEs of interest were identified through an iterative ranking exercise by key stakeholders
and knowledge users. Extraction of PICOTTS elements and quality indicators (AMSTAR-2) were used to manage overlap of
primary studies across systematic reviews at the outcome level. Cancer subtypes were mapped to drug class and AE severity.
Results Overall, 129 systematic reviews met the inclusion criteria for data mapping. Systematic reviews reported incidence
proportions for more than 76 AEs, of which 34 were identified as AEs of interest. After overlap assessment, 65 systematic
reviews were chosen for data extraction. The three AEs with the highest median incidence were fatigue (18.3%, interquartile
range [IQR] 15.0-28.0%), diarrhea (15.3%, IQR 9.7-29.2%) and rash (14.4%, IQR 10.3-19.2%). The three AEs (high-grade)
with the highest median incidence were diarrhea (1.5%, IQR 1.2-6.0%), colitis (1.3%, IQR 0.6-6.1%) and neutropenia (1.2%,
IQR 0.4-3.3%). Incidence proportions of high-grade AEs were often considerably lower than all-grade AEs and combination
therapy (ICI combinations or combinations of ICI with chemotherapy or targeted therapy) was responsible for some of the
highest incidence proportions regardless of AE. Rare AEs and certain cancer subtypes were not well reported.

Conclusions Early recognition of AEs associated with ICIs requires expertise from diverse specialists, not just oncologists.
Greater awareness of potential AEs may result in earlier recognition, appropriate management, and better patient outcomes.
PROSPERO Registration CRD42021231593.

1 Introduction

A growing number of oncology patients are being treated
with immunotherapy, a type of biologic therapy against
cancer [1]. The use of immunotherapy is part of a shift
away from traditional cytotoxic chemotherapy [2]. Immune
checkpoint inhibitors (ICIs) are novel immunotherapy agents
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Incidence proportions were determined for 34 different
adverse events (AEs) to immune checkpoint inhibitors
(ICIs) when used for cancer treatment, from 65 system-
atic reviews.

The most common all-grade AEs were fatigue (18.3%),
diarrhea (15.3%) and rash (14.4%).

The incidence proportions of high-grade AEs was almost
always lower than all-grade events.

Combinations of ICIs or ICI with chemotherapy were
responsible for most upper limit outliers.

Greater awareness may result in earlier recognition,
appropriate management, and better patient outcomes.

programmed death-ligand 1 inhibitors (anti-PD-L1; atezoli-
zumab, durvalumab, avelumab) and anti-cytotoxic T-lym-
phocyte-associated protein 4 (anti-CTLA-4; ipilimumab)
[5].

Although this class of medication is effective in enhanc-
ing the body’s immune system to target tumor cells, it can
also lead to immune- or treatment-related toxicities that can
affect multiple organ systems [4]. This significantly changes
the type, frequency and severity of adverse events (AEs)
associated with cancer treatment compared with cytotoxic
therapies or molecularly targeted agents [6]. The Common
Terminology Criteria for Adverse Events (CTCAE) provides
standardized definitions for the categorization of AEs asso-
ciated with these and other drugs as well as defined levels
of severity ranging from one to five [4, 7]. The incidence of
AEs varies by agent, exposure time, dose, tumor histology
and patient population [8, 9].

Understanding ICI-related AEs is important for oncolo-
gists and non-oncology clinicians, given the growing use of
ICIs and the multidisciplinary approach to the diagnosis and
management of serious AEs. While the toxicity profile of
these drugs may be familiar to oncologists, other healthcare
providers may not be as familiar with these toxicities. A
recent survey suggests that even medical oncologists expe-
rience some discomfort managing ICI-related AEs and rely
on a multidisciplinary team approach for management [10].
Literature scoping exercises performed by our group identi-
fied an overwhelming number of systematic reviews that
describe the incidence of ICI-related AEs, however there
are no current, high-quality, comprehensive syntheses of
AE incidence, and severity data that map different types of
cancers and ICIs were found.
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Overviews of systematic reviews use explicit methods
to identify relevant systematic reviews, and extract and
synthesize relevant systematic review-level data to address
a research question. Overviews are a particularly useful
method to use for research questions related to AEs, as in
this case where many systematic reviews exist that focus on
different AEs across differing populations (i.e., different can-
cer subtypes) with different interventions (i.e., different ICIs
and their combinations) [11]. This overview of systematic
reviews synthesizes and consolidates the current evidence
on risk of AEs associated with ICI therapy across cancer
indications in the hope of providing relevant and important
data for oncology and non-oncology clinicians to increase
earlier recognition and appropriate management of AEs.

2 Methodology

The primary objective of this overview of systematic reviews
was to describe, map and assess the quality of systematic
review evidence reporting AE rates and their severity with
the use of ICIs grouped by class (ICI alone, ICI combina-
tions, ICI with chemotherapy) across different cancer sub-
types. The protocol was written in accordance with the
Preferred Reporting Items for Systematic review and Meta-
Analysis Protocols (PRISMA-P) checklist along with guid-
ance from Lunny et al. and Gates et al., and was registered
in PROSPERO (CRD42021231593) [12-14].

2.1 Systematic Review Eligibility Criteria

A systematic review was included if it met the following
criteria: (1) the population of interest was adult patients with
cancer; (2) the intervention was any ICI alone or in combina-
tion with another ICI, chemotherapy or targeted therapy; (3)
incidence proportions of any AEs are reported (in aggregate,
meta-analyzed, or could be calculated from raw numbers)
for those receiving ICI therapy; (4) AE severity is reported
using the CTCAE framework; and (5) systematic review
authors reported their eligibility criteria.

While systematic reviews of case reports and case series
focusing on specific rare AEs were excluded from data
mapping and extraction of incidence proportions, they were
retained and described, as we anticipated that rare AEs
would not be well represented in other systematic reviews.

2.2 Literature Search and Citation Screening

The initial search strategy was developed by an experienced
medical information specialist and was peer-reviewed using
the Peer-Review of Electronic Search Strategies (PRESS)
guideline [15]. We searched OVID Medline®, Embase®,
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the International Health Technology Assessment Data-
base and the Cochrane Database of Systematic Reviews
from January 2011 to January 2021, and then updated the
search again in September 2021 (Online Resource 1). The
search date was limited to 2011 onwards, as the first ICI,
ipilimumab, was approved for use in the US in 2011. To
supplement the search, reference lists of included system-
atic reviews were manually searched for additional rel-
evant systematic reviews. Grey literature searching was
limited to Google Scholar’s first 10 pages [16]. There was
no language restriction to the search. After deduplication,
search results were imported into COVIDENCE® (Veritas
Health Innovation, Melbourne, VIC Australia; http://www.
covidence.org), a systematic review management software
program. Study selection was conducted in two stages, in
duplicate, by three reviewers (SM, KA, PT) and discrep-
ancies were resolved by another reviewer (SK). In the first
stage, potentially relevant systematic reviews were iden-
tified from title and abstract review, after which eligible
systematic reviews were confirmed from full-text review
in the second stage.

2.3 Data Mapping and Extraction

The data mapping went through several stages. First, all sys-
tematic reviews with AE incidence proportion and severity
data were mapped across all included systematic reviews in
Excel® (version 16.54).

Second, a ranking process with 12 experts in the field
was conducted. AEs reported in three or more systematic
reviews were listed and shared with local knowledge users,
content experts and key stakeholders (five medical oncolo-
gists, three oncology pharmacists, two intensive care physi-
cians, one endocrinologist, one internal medicine specialist).
These experts were purposefully selected from our institu-
tion based on their expertise. Two rounds of an iterative
ranking process were used to systematically select AEs of
interest to be included for data extraction. In the first round,
all experts were given a list of all AEs reported in three or
more eligible systematic reviews and were asked to iden-
tify AEs of clinical importance and rank the top 10. AEs
identified by more than one expert were included as AEs of
interest, as were all AEs ranked in the top 10 regardless of
confirmation. The second round underwent the same process
after disclosing the findings of the first round to all experts.
The ranking process identified 34 AEs of interest from 76
unique AEs reported in systematic reviews. These 34 AEs
of interest, from 12 CTCAE categories, included anemia,
thrombocytopenia, neutropenia, hypothyroid, hyperthyroid,
hypophysitis, adrenal insufficiency, hyperglycemia, diabetes,
thyroiditis, hypopituitarism, diarrhea, colitis, nausea/vomit-
ing, hepatitis, pancreatitis, increased ALT, increased AST,

increased bilirubin, increased lipase, rash, pruritis, vitiligo,
arthralgia, myalgia, myositis, arthritis, pneumonitis, acute
kidney injury, nephritis, peripheral neuropathy, uveitis,
fatigue and pyrexia.

Third, for each selected AE of interest, the incidence
proportion and 95% confidence interval (CI) was collected
for each class or combination of drugs (PD-1/PD-L1,
CTLA4, PD-1/PD-L1 and CTLAA4, any ICI and cytotoxic
chemotherapy or targeted therapy), for all cancers and the
predetermined cancer subtypes (melanoma, lung cancer,
renal cell cancer, urothelial cancer, digestive system cancer
[including esophageal, gastric, colorectal and hepatobil-
iary cancers], head and neck cancer, gynecological cancer
and lymphoma) and separately for all severities (CTCAE
1-5) and high severity (CTCAE 3 or higher). For simplic-
ity, all incidence proportion data extracted were rounded
to one decimal place when possible. Data were extracted
in Microsoft Excel® (version 16.54; Microsoft Corpora-
tion, Redmond, WA, USA) by one reviewer and verified
by another.

2.4 Approach to Managing Overlap in Primary
Studies Across Systematic Reviews

‘Overlap’ describes the scenario where multiple included
systematic reviews contain same primary study data for the
same comparison and outcome [17]. Using primary study
results multiple times in the same analysis overstates its
sample size and number of events, falsely leading to greater
precision in the analysis [18]. This may impact both nar-
rative description of the results or a statistical synthesis
(e.g., including the results from a primary study twice in
the same meta-analysis). Significant overlap in primary
study AE data between systematic reviews was anticipated
since selected AEs were reported in at least three systematic
reviews.

Overlap in primary study AE data was assessed and man-
aged for each combination of AE, cancer type and severity
at the outcome level. The systematic review with the great-
est relevance to our research objectives and highest quality,
as per AMSTAR-2, was selected for data extraction when
overlap in primary study AE data for the same outcome (AE,
severity, cancer subtype and ICI class or combination) was
identified [19, 20]. Relevance of systematic reviews was
determined using the following criteria in order of impor-
tance: (1) relevance of the systematic review’s research ques-
tion to our own overview objectives; (2) publication recency;
(3) number of included trials and patients enrolled; (4) avail-
ability of both high-grade and all-grade severity; (5) meta-
analysed or weighted incidence proportions preferred over
aggregate data. We assessed systematic review relevance
first, and when two or more systematic reviews were deemed
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equally relevant, the higher quality (per AMSTAR-2) was
chosen.

2.5 Quality Assessment of Included Systematic
Reviews

The methodological quality of the systematic reviews was
assessed using AMSTAR-2 by one study member and veri-
fied by another. Individual items in the AMSTAR-2 tool
were tabulated, described, and integrated into our results and
conclusions. Overall quality ratings (high, moderate, low,
and critically low) were determined using critical domains
and the method described by Shea et al. [19]. The meth-
odological quality of individual trials within the included
systematic reviews was not assessed.

2.6 Reporting of Findings

Reporting of findings followed the Preferred Reporting
Items for Overviews of Systematic Reviews Including
Harms (PRIO-HARMS) checklist [21] [Online Resource
1, eTable 1]. For each AE, the incidence proportions were
extracted by AE severity, drug class or combination and
cancer subtype. When only raw numbers (i.e., cases of AEs
and total number of patients at risk are reported but inci-
dence proportions are not calculated) were available, inci-
dence proportions and 95% Cls were calculated in aggregate
(i.e., without meta-analysis). In cases where two system-
atic reviews were identified as the best available evidence
with no overlap of primary studies, and raw numbers were
available from both reviews, we calculated and reported
the aggregate. Incidence proportions of AE for all cancers
are reported in tabular form as well as in forest plots and
box and whisker plots for comparison by cancer subtype,
AE severity and anticancer therapy used. Within each AE
and severity grouping (all-grade or high-grade), median
incidence proportions and interquartile ranges (IQRs) were
calculated across values extracted for different cancer sub-
types and drug classes or combinations, and reflected in box
and whisker plots, while forest plots were report for all data
points without measures of central tendency. When medians
and IQRs were calculated, minimum and maximum values
are exclusive of outliers, where outliers are defined as data
points outside of the interval: Q1 — (1.5 X IQR) to Q3 +
(1.5 x IQR). It should be noted that in this context, outliers
may identify high- or low-risk groups for each AE defined
by their cancer, treatment or both.

With the goal of broader readability for multiple audi-
ences, we have utilized focused appendices for descriptive
tables to provide detailed results at the outcome level, organ-
ized by AE. The “Results” and “Discussion” sections within
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this manuscript are limited to a higher-level summary of
findings.

3 Results

3.1 Search Results, Data Mapping and Overlap
Assessment

Our search identified 2255 unique records, 652 of which met
the eligibility criteria at the title/abstract stage and went on
to the full-text selection stage. After inspection of full texts,
129 systematic reviews were eligible for inclusion (Online
Resource 1, eFig. 1). Data mapping exercises revealed that
incidence proportions of 76 unique AEs were reported
across the 129 eligible systematic reviews. Most systematic
reviews did not attempt to differentiate between immune-
mediated and treatment-related AEs.

Following the management of primary study overlap, 65
of 129 systematic reviews were selected for data extraction
[9, 22-85]. Generally, systematic reviews assessed either
a variety of AEs in a specific cancer or a specific type of
AE across a variety of cancers. The 65 included systematic
reviews varied by population, intervention, and outcome
(Table 1). Characteristics of eligible systematic reviews that
were not chosen for data extraction (n = 64) and system-
atic reviews of case reports (n = 21) are provided in Online
Resource 1, eTables 2 and 3. Chosen systematic reviews
were generally of critically low (20/65), low (12/65) or mod-
erate quality (29/65), as assessed using AMSTAR-2 (Online
Resource 1, eTables 4 and 5).

3.2 Incidence Proportions of Immune Checkpoint
Inhibitor (ICl)-Related Adverse Events (AEs)

Incidence proportions for each individual AE were
reported by as many as 74 (diarrhea; from which 14 non-
overlapping systematic reviews were chosen) and as few as
3 (uveitis; from which all 3 were chosen) unique but over-
lapping systematic reviews. Across all cancer subtypes
and ICI classes and combinations, the three AEs (all-
grade) with the highest median incidence proportion were
fatigue (18.3%, IQR 15.0-28.0%), diarrhea (15.3%, IQR
9.7-29.2%) and rash (14.4%, IQR 10.3-19.2%). Across
all cancer subtypes and ICI classes and combinations,
the three AEs (high-grade) with the highest median inci-
dence proportions were diarrhea (1.5%, IQR 1.2-6.0%),
colitis (1.3%, IQR 0.6-6.1%) and neutropenia (1.2%, IQR
0.4-3.3%). A more detailed description (and graphical
depiction with forest plots) of the incidence proportion of
each AE by drug class/combination and between cancers
is provided in Online Resource 2.
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Briefly, among blood and lymphatic system all-grade AEs
(anemia, thrombocytopenia, neutropenia), anemia (median
5.5%, IQR 3.8-9.2%) was most common. For high-grade
AE:s in this group, neutropenia was most common (median
1.2%, IQR 0.4-3.3%). Among endocrine AEs (hypothyroid-
ism, hyperthyroidism, hypophysitis, adrenal insufficiency,
hyperglycemia, diabetes, thyroiditis, hypopituitarism), hypo-
thyroid was the most common all-grade AE (median 7.7%,
IQR 4.6-10.9%), while hypopituitarism was the most com-
mon high-grade AE (median 1.0%, IQR 0.6-1.3%). Among
gastrointestinal and hepatobiliary AEs (diarrhea, colitis,
nausea/vomiting, hepatitis, pancreatitis, increased ALT/
AST/bilirubin/lipase), diarrhea was the most common all-
grade AE (median 15.3%, IQR 9.7-29.2%) and high-grade
AE (median 1.5%, IQR 1.2-6.0%). Among skin and subcuta-
neous tissue AEs (rash, pruritis, vitiligo), rash was the most
common all-grade AE (median 14.4%, IQR 10.3-19.2%) and
high-grade AE (median 0.8%, IQR 0.5-0.8%). Among mus-
culoskeletal and connective tissue AEs (arthralgia, myal-
gia, myositis, arthritis), arthralgia was the most common
all-grade AE (median 6.3%, IQR 5.0-10.6%) and high-grade
AE (median 0.2%, IQR 0.0-0.4%). Among respiratory, renal,
nervous system and ocular AEs (pneumonitis, acute kidney
injury, nephritis, peripheral neuropathy, uveitis), pneumoni-
tis was the most common all-grade AE (median 3.7%, IQR
2.3-6.3%), while acute kidney injury was the most common
high-grade AE (median 1.1%, IQR 0.6-1.3%). Among gen-
eral AEs (pyrexia and fatigue), fatigue was the most com-
mon all-grade AE (median 18.3%, IQR 15.0-28.0%) and
high-grade AE (median 1.1%, IQR 0.9-2.0%). Acknowl-
edging that median incidence proportion rates represent a
wide range of cancer subtypes and therapeutic combinations,
more granular data are also provided, by cancer subtype and
therapeutic regimens (i.e., monotherapy, combination ther-
apy), in Online Resource 2. Readers with specific queries
(i.e., what is the incidence proportion of high-grade colitis
in melanoma with CTLA4 monotherapy?) will find more
granular descriptions of incidence proportions here.

Within each AE grouping, incidence proportions were
highly variable between ICI class or combination, and
between cancer subtypes with no obviously notable pat-
tern other than in every instance the incidence proportion
of high-grade AEs was lower than the all-grade incidence
proportion; a summary of the incidence proportion of all
selected AEs with ICI treatments of all cancers is presented
in Fig. 1 and again graphically in Online Resource 1, eFig. 2.
Median incidence proportions across cancer subtypes and
ICI groups are presented in Fig. 2a, b, and Online Resource
1, eTables 7a and 7b. Maximum outliers were identified
for 22 of 34 AEs (Fig. 2a, b, and Online Resource 1, eTa-
bles 7a and 7b). Outliers were most often attributed to com-
binations of PD-1/PD-L1 and CTLA-4 inhibitors (47%)
followed by combinations of any ICI with chemotherapy

A\ Adis

(26%). Maximum outliers in blood and lymphatic system
AEs (anemia, thrombocytopenia, and neutropenia) were all
attributed to combinations of ICI and chemotherapy. Maxi-
mum outliers were distributed across most cancer subtypes,
with melanoma being the most common (42%).

Rare AEs identified from systematic reviews of case
reports included sarcoidosis like-granulomas, sclerosing
cholangitis, lupus, Stevens—Johnson syndrome/toxic epider-
mal necrolysis, scleroderma, bullous disorders, polymyalgia
rheumatica, glomerular disease, encephalitis, myasthenia
gravis, neuro-ophthalmic AEs, cardiac AEs, and vasculitis
(Online Resource 1, eTable 3 and Online Resource 2).

4 Discussion

Immunotherapy has changed the landscape of cancer therapy
over the last decade with the introduction of ICIs. It has
provided treatment options alone or in combination as first-
or second-line treatments for more than 50 cancer types,
and there are more than 3000 ongoing active clinical trials
[86]. Clinical success is largely due to its different mecha-
nism of action, cancer destruction by activating the host’s
immune system rather than targeting cancer cells directly,
such as traditional chemotherapy. Not only has this resulted
in improved clinical outcomes compared with traditional
chemotherapy alone but it has also come with a profound
change in the type of AEs associated with cancer treatment.
Since the efficacy of ICIs is related to its manipulation of
the immune system, the pathophysiology of AEs is presum-
ably also mediated by manipulation of the immune system.
Immune-mediated or immune-related AEs appear as auto-
immune diseases that can affect any organ system with a
wide range of severity and are not always reversible. Delayed
recognition and inappropriate management results in nega-
tive outcomes, including death [87]. This new spectrum of
AEs requires rapid recognition and appropriate manage-
ment, however due to the diverse range of severity and organ
systems affected, a multidisciplinary team of organ system
specialists and internists in addition to medical oncologists
need to be aware and involved in both the diagnosis and
management of AEs.

There is currently an overwhelming quantity of system-
atic reviews available in the literature that report incidence
proportions of a wide range of AEs in various cancers, using
IClIs alone or in combination [88]. The purpose of this over-
view of systematic reviews was to map all the available evi-
dence related to ICI AEs across subpopulations of cancer
patients to provide a comprehensive synthesis of relevant
data for oncologists and non-oncology clinicians alike. Cre-
ating awareness of the incidence and types of AEs beyond
the field of oncology will hopefully lead to earlier recog-
nition of these AEs and subsequently earlier, appropriate
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High grade (CTCAE 3-5)

Fig. 1 Incidence proportions and severity of adverse events associated with ICI use in all cancers. /CI immune checkpoint inhibitor. Artwork

Credit: Artist is tigatelu via www.vectorstock.com

treatment. We are only aware of one other overview of
reviews related to ICI toxicity [89]. Raschi et al. conducted
an overview of reviews to characterize immune-related AEs
for the purpose of comparison with postmarketing surveil-
lance using the FDA’s Adverse Event Reporting System.
These authors identified 32 systematic reviews published
before October 2018 from a search of a single database and
focused on the comparative risk of AEs between ICI-based
therapies and chemotherapy alone rather than incidence pro-
portions as we have in this overview.

In this overview, we identify a set of AEs that are mean-
ingful to clinicians and report their incidence proportions in
a variety of clinically relevant settings. AEs occur commonly
in all patient populations and in all contexts in which ICIs
are prescribed, but compared with all presentations of AEs,
high-grades are considerably less common. Combination
therapy, whether it is combinations of ICI drugs or combina-
tions of ICI drugs with traditional chemotherapy (or targeted
therapy), accounts for more than half of the highest inci-
dence proportion estimates identified for all AEs. It is inter-
esting to note that most systematic reviews did not differenti-
ate between immune-related and treatment-related AEs. This
differentiation is difficult to make and perhaps not clinically
important (i.e., diarrhea may not only be immune-mediated

but may also be a precursor to colitis, which is considered
immune-mediated) if the link is made between the AEs and
the ICI. More obvious treatment-related AEs, such as infu-
sion-related reactions, were not ranked high enough by our
panel of experts to be included in this review.

Rare AEs were not well represented across cancer sub-
types in the systematic reviews identified. For this reason,
we systematically excluded AEs that were only reported in
fewer than three systematic reviews. Although not a main
objective of this study, we did collate 21 systematic reviews
of case reports and case series of rare AEs. During the AE
ranking process by which we chose the AEs of interest for
this overview, there were several AEs that were excluded
because they were reported in fewer than three eligible sys-
tematic reviews or they were not deemed to be of interest
by our expert panel. Because our search strategy was not
specifically designed for systematic reviews of case reports
and case series, it is possible that more exist in the literature.
It is worth mentioning that pharmacovigilance, particularly
through spontaneous reporting databases, may be a practical
way to characterize rare AEs [90]. It is also worth noting
that certain cancers were also not well represented across
systematic reviews (e.g., lymphoma breast cancer, gyneco-
logical cancers). This is most likely because indications for
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Distribution of incidence (%) for all-grade adverse events associated with ICl use from included systematic reviews
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«Fig.2 a Distribution of incidence proportions (%) for all-grade
adverse events associated with any ICI use across all cancers. Colored
boxes represent median and interquartile ranges, while the lines
extending beyond the boxes represent the minimum and maximum
incidence proportion values. Dots represent individual data points
and dots beyond the vertical lines are outliers. b Distribution of inci-
dence proportions (%) for high-grade adverse events associated with
any ICI use across all cancers. Colored boxes represent median and
interquartile ranges, while the lines extending beyond the boxes rep-
resent the minimum and maximum incidence proportion values. Dots
represent individual data points and dots beyond the vertical lines are
outliers.

ICI therapy for these cancers are not as well established (and
thus there are fewer primary trials) as other cancers (e.g.,
melanoma, renal cell carcinoma).

The quality of the included systematic reviews ranges
mainly from critically low to moderate according to our
AMSTAR-2 assessments. While this does speak to the over-
all quality of the systematic reviews we included, we feel
that this does not reflect the quality of incidence propor-
tion data that we extracted. The most relevant AMSTAR-2
questions for this overview pertain to the conduct of meta-
analyses. While efficacy outcomes were typically meta-
analysed appropriately, AE incidence proportion data were
often reported simply in aggregate. Due to resource limita-
tions, we did not extract AE rates from primary studies for
the purpose of meta-analysis; rather, we elected to report
them as described by systematic review authors, with iden-
tification of those that were meta-analysed and those that are
reported in aggregate. We acknowledge this as a limitation
to our methods as some estimates may be over- or under-
estimated without appropriate weighting. For transparency,
we have identified how each incidence proportion estimate
was derived. It should also be recognized that given the time
span of our search, different versions of the CTCAE were
used in some studies. As the definitions of some AEs may
change slightly between versions, it is possible that older
studies may have used outdated definitions of some AEs.
To minimize the impact of this, we considered publication
recency when assessing the relevance of systematic reviews
when selecting systematic reviews for data extraction.

One of the strengths of our overview is our manage-
ment of primary study overlap across systematic reviews.
The nature of our research question inevitably identified
systematic reviews with overlapping or duplicated primary
studies. We employed a reproducible strategy for selecting
the single best systematic review for each data point that we
extracted based on quality and relevance. With this strategy,
we maximized the use of published data without any over-
lap of primary studies. This would not have been possible
without a comprehensive data mapping exercise. Another
strength of this overview is the identification of outliers. In
this context, outliers may represent high- or low-risk groups
for each AE. For example, the median incidence proportion

of high-grade pneumonitis across all cancers and treatments
was 1.0% (IQR 0.7-1.3%), but one systematic review identi-
fied that when ICI therapy was combined with traditional
chemotherapy for lung cancer, the incidence proportion of
pneumonitis was much higher (6.8%, 95% CI 4.9-9.5). As
expected, outliers (above the median) were more likely to
involve combination ICI therapy or combinations of ICI and
traditional chemotherapy. Melanoma was the most common
cancer subtype that was associated with outliers, which
may be related to the fact that ICI therapy has been used in
melanoma for longer than other cancer subtypes. It must be
acknowledged that in order to identify outliers, we calculated
median incidence proportions across all cancer subtypes and
therapeutic regimens (including monotherapy and combina-
tion therapies). These median estimates are based on inci-
dence proportions from a heterogenous selection of popula-
tions receiving ICI therapy. Although this type of analysis
allows us to identify outliers, readers must understand that
the median incidence proportions may be skewed by com-
bination therapies where incidence proportions are high, or
cancer subtypes where incidence proportions are low. For
this reason, we provide granular data from data mapping
exercises to allow the reader to see the data from different
perspectives, acknowledging that readers may come from
different disciplines with specific queries.

Creating awareness of the types and incidence of AEs
with ICI therapy in cancer is the first step but only partly
addresses the clinical problem we have identified. Important
topics such as AE rates for individual drugs, the effect of
dose, and timing were beyond the scope of this overview and
should be the topics of future systematic reviews and over-
views. Diagnosis and treatment of the included AEs were
also not addressed in this overview but will be an important
part of the overall management of AEs related to ICI ther-
apy. In accordance with recent guidelines [91, 92] creating
awareness of ICI-related AEs will lead to earlier diagnostic
and treatment interventions.

5 Conclusion

Early recognition of AEs associated with ICIs requires
expertise from various specialists, not just oncologists. We
hope that readers will develop a greater awareness of poten-
tial AEs and that this results in earlier recognition, appropri-
ate management, and better patient outcomes. This overview
synthesizes and maps the current evidence on AEs associ-
ated with ICI therapy across cancer types with the aim of
increasing awareness among oncology and non-oncology
clinicians. In this overview, we characterize the incidence
of AEs across an extensive variety of clinical conditions
defined by type of cancer, severity, and therapeutic combina-
tions. Incidence proportions of AEs varied between cancer
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subtypes, but combination therapy, including combinations
with traditional chemotherapy or targeted therapy, were
responsible for most upper limit outliers. Considering the
number of ongoing trials with ICIs in cancer, there will be
a considerable increase in the volume of new data that will
requiring ongoing monitoring to further enhance our under-
standing of the risks and benefits of these therapies.
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