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ABSTRACT
Immune checkpoint inhibitors (ICIs) are the standard of 
care for the treatment of several cancers. While these 
immunotherapies have improved patient outcomes in 
many clinical settings, they bring accompanying risks 
of toxicity, specifically immune- related adverse events 
(irAEs). There is a need for clear, effective guidelines for 
the management of irAEs during ICI treatment, motivating 
the Society for Immunotherapy of Cancer (SITC) to convene 
an expert panel to develop a clinical practice guideline. 
The panel discussed the recognition and management of 
single and combination ICI irAEs and ultimately developed 
evidence- and consensus- based recommendations to 
assist medical professionals in clinical decision- making 
and to improve outcomes for patients.

INTRODUCTION
The introduction of new cancer immuno-
therapies for the treatment of metastatic 
cancer and for the adjuvant therapy for high- 
risk primary disease has enabled long- term, 
potentially curative responses in subsets of 
populations of patients with cancer. Immune 
checkpoint inhibitors (ICIs) are antibodies 
designed to block key regulatory signals that 
dampen immune responses, counteracting 
immune suppression in the tumor microen-
vironment and thus enabling tumor- reactive 
T cells to mount an effective anticancer 
response. Currently, US Food and Drug 
Administration (FDA)- approved ICIs fall 
into two major classes: those that target the 
programmed cell death protein 1 (PD-1) and 
programmed death- ligand 1 (PD- L1) (anti-
bodies to the PD- (L)1 axis) and those that 
target the cytotoxic T lymphocyte antigen-4 
(CTLA-4) in the context of the CTLA-4- CD28 
axis (anti- CTLA-4 antibodies).1 These thera-
pies have been approved for the treatment of 

a wide variety of cancer types. A study of ICI 
usage estimated that in 2018, 44% of patients 
with metastatic solid or hematological tumors 
in the US were eligible for treatment with 
ICIs.2 ICIs are also a focus of active drug 
development, and a number of ongoing trials 
are evaluating novel antibodies or testing 
approved ICIs in combination with other 
treatment modalities including chemother-
apies or targeted agents. The use of ICIs as 
adjuvant therapy has been approved for high- 
risk melanoma and esophageal and gastro-
esophageal junction (GEJ) cancers, and 
studies of peri- operative checkpoint blockade 
(including in the neoadjuvant setting) are 
ongoing for a wide variety of other cancers. 
Because ICIs are used across the spectrum 
of disease from early to late stage, the risks 
of treatment (including the potential for 
long- lasting side effects) should be weighed 
against the goals of therapy.

As with any modality, treatment with ICIs 
can result in adverse events (AEs). AEs 
related to the immunological mechanism 
of action of immunotherapy are commonly 
referred to as immune- related AEs (irAEs). 
AEs, including irAEs, are graded according 
to a standard scale of severity such as the 
Common Terminology Criteria for Adverse 
Events (CTCAE v5.0),3 which also assists in 
comparing toxicities across trials. A systematic 
review found that patients treated with anti- 
PD- (L)1 inhibitors developed irAEs at a rate 
of 74% (14% grade ≥3), those treated with 
anti- CTLA-4 inhibitors at a rate of 89% (34% 
grade ≥3), and those treated with combina-
tion ICIs at a rate of 90% (55% grade ≥3).4 
Importantly, the presentation of common 
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irAEs (eg, thryoiditis, dermatitis, etc) differs from that 
of chemotherapy- related AEs. In addition, the timing of 
irAEs is far less predictable, with the potential for events 
to occur and persist long after cessation of treatment. 
The difference in expected frequencies of AEs between 
immunotherapy and chemotherapy or other modalities 
is typically attributed to the unique mechanism of action 
of ICIs.4 5

A number of guidelines detail recommendations for 
the management of immunotherapy- related toxicities, 
including the American Society for Clinical Oncology 
(ASCO), the European Society for Medical Oncology 
(ESMO), the National Comprehensive Cancer Network 
(NCCN), and a prior consensus statement from the 
Society for Immunotherapy of Cancer (SITC).6–9 The 
overall goal of any guideline, including this one, is to 
assist in clinical decision- making to provide the best 
outcomes for patients. Guidelines from different organi-
zations should be complementary in helping providers 
care for their patients. Since the publication of the 2017 
consensus statement on toxicity management from SITC, 
rapid progress in the field of immunotherapy leading 
to expansion in the number of clinical trials and anal-
yses of toxicities have resulted in a concordant increase 
in the data available about irAEs, including additional 
insight on optimal management strategies as well as a new 
appreciation for uncommon presentations such as ICI- 
associated celiac disease. Coupled with ever- expanding 
FDA approvals for new therapies and indications, and 
enhanced public awareness of immunotherapy, these 
new data necessitated the development of updated clin-
ical practice guidelines. As the leading member- driven 
international organization devoted to advancing the 
science and application of cancer immunotherapy, SITC 
assembled an expert panel to develop evidence- and 
consensus- based recommendations to provide guidance 
to clinicians in the management of ICI- associated toxic-
ities. The expert panel discussed and generated recom-
mendations on the diagnosis, treatment, and risk factors 
associated with toxicities occurring during ICI treatment. 
This manuscript reports the panel’s recommendations 
and provides guidance to medical professionals, with the 
goal of improving patient outcomes during and following 
treatment with ICIs. These recommendations are not 
intended to supplant sound clinical judgment, but to 
provide clinicians with the most current thinking on how 
experts manage AEs arising from treatment with ICIs. 
The full series of SITC clinical practice guidelines can 
be found via the SITC website.10 This guideline may be 
updated as new evidence becomes available.

GUIDELINE DEVELOPMENT METHODS
The Institute of Medicine’s (IOM) Standards for Devel-
oping Trustworthy Clinical Practice Guidelines were 
used as a model to develop the recommendations in this 
manuscript. IOM standards dictate that guideline devel-
opment is led by a multidisciplinary expert panel using 

a transparent process where both funding sources and 
conflicts of interest are readily reported. This clinical 
practice guideline is intended to provide guidance and 
is not a substitute for the professional judgment of indi-
vidual treating physicians.

Conflict of interest management
As outlined by IOM standards, all financial relationships 
of expert panel members that might result in actual, 
potential, or perceived conflicts of interest were individ-
ually reported. Disclosures were made prior to the onset 
of manuscript development and updated on an annual 
basis. In addition, panel members were asked to articu-
late any actual or potential conflicts at all key decision 
points during guideline development, so that participants 
would understand all possible influences, biases, and/
or the diversity of perspectives on the panel. Although 
some degree of relationships with outside interests are 
to be expected among experts, panel candidates with 
significant financial connections that may compromise 
their ability to fairly weigh evidence (either actual or 
perceived) were not eligible to participate in guideline 
development.

Recognizing that guideline panel members are among 
the leading experts on the subject matter under consid-
eration and guideline recommendations should have 
the benefit of their expertize, any identified potential 
conflicts of interests were managed as outlined in SITC’s 
disclosure and conflict of interest resolution policies. 
As noted in these policies, panel members disclosing a 
real or perceived potential conflict of interest may be 
permitted to participate in consideration and decision- 
making of a matter related to that conflict, but only if 
deemed appropriate after discussion and agreement by 
the expert panel.

The financial support for the development of this 
guideline was provided solely by SITC. No commercial 
funding was received.

Recommendation development
Panel recommendations are based on literature evidence, 
where possible, and clinical experience, where appro-
priate.11 Consensus for the recommendations herein was 
generated by open communication and scientific debate 
in small- group and whole- group settings, surveying and 
responses to clinical questionnaires, as well as formal 
voting in consensus meetings.

For transparency, a draft of this clinical practice guide-
line was made publicly available for comment during 
the development process and prior to publication. All 
comments were evaluated and considered for inclusion 
into the final manuscript according to the IOM standard.

Evidence rating
The evidence- based and consensus- based recommenda-
tions of the panel were refined throughout the devel-
opment process in order to obtain the highest possible 
agreement among the experts, however, the minimum 
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threshold was defined as 75% approval among the voting 
members. Evidence supporting panel recommendations 
was graded according to the Oxford Centre for Evidence- 
Based Medicine (OCEBM) Levels of Evidence Working 
Group ‘The Oxford Levels of Evidence 2’ (2016 version). 
A summary of the OCEBM grading scale is mentioned in 
table 1. The level of evidence (LE) for a given recommen-
dation is expressed in parentheses following the recom-
mendation (eg, LE: 1). Recommendations without an 
associated LE were based on expert consensus.

GENERAL RECOMMENDATIONS
The same mechanisms by which ICIs exert antitumor 
effects are thought to be partially responsible for the devel-
opment of irAEs—namely, self- reactive T cells escaping 
central tolerance due to inhibited immune checkpoints. 
Other mechanisms have been proposed, including 
epitope spreading and dysbiosis that causes microbiota- 
derived products to be exposed to innate immune cells, 
activating self- reactivity. Although certain irAEs require 
organ- specific management considerations, some over-
arching management principles apply to all ICI- related 
toxicity. While many irAEs resolve with interruption of 
therapy and/or immunosuppressives, cases that do not 
respond to first- line interventions should be managed 
in consultation with appropriate specialties (eg, cardi-
ology, gastroenterology, neurology, rheumatology, etc). 
Organ- specific recommendations may be found in the 
later sections of this manuscript and general concerns for 
managing irAEs include patient selection and risk factors, 
expected timing, terminology, management, and possi-
bility for overlapping toxicity, each of which is discussed 
below. Several ongoing trials are investigating the mech-
anisms responsible for specific irAEs, the impact of inter-
ventions to manage irAEs on ICI efficacy, and strategies 
to reduce the incidence of irAEs. However, no completed 
randomized controlled trials for irAE management have 
been published to date.

Patients with pre- existing autoimmune disorders have 
frequently been excluded from clinical trials evaluating 
ICIs, owing to concerns that autoimmune disorders could 
be exacerbated due to therapy. However, a systematic 
review of patients with pre- existing autoimmunity who 
received ICI therapy showed that these patients do not 
appear to develop de novo irAEs at an increased rate, 
but that flare- ups of existing autoimmunity are common 
during ICI treatment (occurring in 50% of patients).12 
The frequency, severity, and timing of the toxicities 

associated with the patient population with underlying 
autoimmune conditions will soon be evaluated by an 
ongoing NCTN trial (ECTCN10204). Given the likeli-
hood of autoimmune flare- ups, clinical decision- making 
on the use of ICIs for patients with existing autoimmunity 
should carefully weigh the severity and potential conse-
quences of autoimmune disease exacerbation versus 
the potential benefits of ICI treatment. Additional guid-
ance regarding patient selection may be found in tumor 
type- specific guidelines, including those published by 
SITC.13–17

The identification of reliable predictors for risk of irAEs 
is an ongoing area of investigation. In some studies, poten-
tial risk factors identified to be associated with increased 
irAE incidence include the presence of thymic tumors, 
elevated body mass index (BMI), specific human leuko-
cyte antigen (HLA) genotypes, and baseline deviations 
from normal ranges in the levels of some cytokines such 
as interleukin (IL)-6 and IL-17.18–26 Of note, however, no 
readily available biomarkers with predictive value for the 
development of irAEs have been validated at the time of 
publication.

The terminology surrounding AEs may be confusing or 
inconsistent. Clinical trials may describe AEs, treatment- 
related AEs (TRAEs) or treatment- emergent AEs, and 
irAEs. The term ‘AEs’ refers to any adverse event, 
including those not related to treatment. ‘TRAEs’ encom-
passes any AE resulting from a therapy being adminis-
tered and may include AEs from other treatments used 
in conjunction with ICIs. For the purposes of this manu-
script, the authors have defined ‘irAE’ as any AE of likely 
immunological origin arising during or after treatment 
with an ICI, in accordance with the definition used in a 
number of clinical trials investigating ICIs.27 28 Grades of 
AEs are defined as in the CTCAE v5.0.3

Importantly, the timing of irAE emergence can differ 
notably from other TRAEs. While many irAEs typically 
occur in a short time- frame following administration of 
treatment (as with other TRAEs),29 30 irAEs can occur at 
any point during or after cessation of treatment (beyond 
6–12 months).31 The exact mechanisms underlying this 
phenomenon are under active investigation. Finally, some 
irAEs may cause life- long effects, such as type 1 diabetes 
and thyroid destruction. Additionally, hypophysitis can 
disrupt normal gonadal/menstrual function and cause 
galactorrhea.32 Although autoimmune hypophysitis is 
rare in healthy women, the incidence may be higher 
in women with prior pregnancies.33 It is not known if 

Table 1 Summary of ‘The Oxford Levels of Evidence 2’ (Adapted from OCEBM Levels of Evidence Working Group)

Level 1 Level 2 Level 3 Level 4 Level 5

Systematic review or 
meta- analysis

Randomized trial or 
observational study 
with dramatic effect

Non- randomized, 
controlled cohort, or, 
follow- up study

Case series, case- 
control, or, historically 
controlled study

Mechanism- based 
reasoning

OCEBM, Oxford Centre for Evidence- Based Medicine.
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immunotherapy affects fertility in women of childbearing 
age, nor if the risk is greater than that posed by standard 
chemotherapy agents. Additionally, ICI therapy is consid-
ered category D in pregnancy, and evidence from solid 
organ transplant recipients indicates that the risk of fetal 
malformation is greatly increased if patients are exposed 
to immunosuppressives such as mycophenolate,34 35 which 
are commonly used to manage irAEs. While three isolated 
case reports have been published of successful pregnan-
cies carried to term while on ICI therapy for metastatic 
melanoma,36–38 adherence to pregnancy prevention is 
strongly encouraged during treatment.

Managment for irAEs also differs from those for AEs 
with conventional cancer therapies. Treatment for irAEs 
typically includes immunosuppression with corticoste-
roids or other immunosuppressive agents in addition 
to symptomatic treatments and withholding of ICI dose 
and/or permanent discontinuation based on irAE grade 
and resolution as clinically appropriate. For severe toxic-
ities, consultation with a specialist is recommended.39 In 
contrast to conventional chemotherapy or molecularly 
targeted therapy, there is no known role for dose reduc-
tion of ICIs in the management of irAEs.

Systemic corticosteroids are commonly used as a first- 
line treatment for irAEs, and they may be associated with 
their own toxicities. Common toxicities resulting from 
long- term corticosteroid therapy include hypertension, 
osteoporosis (increasing risk of bone fractures), cata-
racts, hirsutism, stria distensae, weight gain, gastroin-
testinal (GI) dysfunction, insomnia and mental status 
changes, lower extremity edema, muscle weakness, meta-
bolic dysfunction (notably, hyperglycemia and type II 
diabetes) and, most importantly, increased risk for infec-
tions (bacterial, fungal, and viral).40 41 Acute high- dose 
steroid use is also associated with toxicities, including 
gastritis, mental status changes, and hyperglycemia.42 43 
Therefore, while physicians should monitor patients for 
ICI toxicities, they should also be aware of the potentially 
increased risk of overlapping toxicities if corticosteroids 
are used, such as diabetes or musculoskeletal toxicities 
(as discussed below), as well as the need for monitoring 
or prophylaxis related to corticosteroid toxicities. The 
subsequent use of other immunosuppressive agents to 
treat corticosteroid- refractory irAEs also carries potential 
risks, with which clinicians should familiarize themselves 
prior to administration. However, in patients who do 
not respond to initial corticosteroid therapy, second- line 
immunosuppressive therapy should be considered.

In many cases, ICI therapy may be temporarily inter-
rupted due to toxicity. Once the toxicity has sufficiently 
resolved (generally to grade 1 symptoms or lower with 
≤10 mg prednisone equivalents per day), patients may be 
re- challenged. A retrospective analysis of 40 patients with 
a variety of tumor types who were re- challenged with anti- 
PD- (L)1 ICIs found that 43% developed recurrences of 
prior irAEs and that 13% developed new irAEs.44 Another 
retrospective analysis of 38 patients with non- small cell 
lung cancer (NSCLC) who were re- challenged with ICIs 

found a rate of 26% for recurrent irAEs and 26% for new 
irAEs.45 In both of these studies, the rate of recurrence 
was higher in patients who had initially experienced a 
grade ≥3 irAE, although this difference did not reach 
statistical significance.44 45

A notable group of irAEs—myositis, myocarditis, and 
myasthenia gravis—are frequently seen in the same 
patients and deserve particular attention due to a high 
mortality rate. Myositis and myasthenia gravis share a 
number of overlapping symptoms (ocular, bulbar, axial, 
and respiratory pattern of weakness) and frequently 
occur in a cluster with myocarditis. Given the high rate 
of fatality for patients who develop myasthenia gravis 
(20%) or myocarditis (17%), suspicion of one or more of 
these irAEs should prompt evaluation for all three.46 47 A 
retrospective analysis of patients with skin cancer found 
that 32% of myositis cases were accompanied by myocar-
ditis, and that 5% of myositis cases were accompanied 
by myasthenia gravis.48 A systematic analysis of patients 
that developed myasthenia gravis found that this irAE 
was accompanied by myositis and myocarditis at rates of 
16% and 9%, respectively.46 Special considerations for the 
management of these three irAEs are discussed in more 
detail in the organ- specific sections of this manuscript. 
Additionally, studies are increasingly recognizing that 
multisystem irAEs can occur, and therefore it is important 
to be mindful of the possibility that different irAEs may 
occur concomitantly in the same patient.49

Specific considerations for important irAEs affecting a 
variety of organs and systems are discussed in individual 
sections later in the manuscript. The sections are gener-
ally ordered by expected frequency of clinical occur-
rence, from most to least common. A literature review 
of each specific toxicity is accompanied by recommen-
dations regarding the diagnosis and/or management of 
that toxicity.

General panel recommendations
The following recommendations are intended to form 
a generalized framework for the management of irAEs 
resulting from ICI treatment, including direction for 
at what grade of toxicity to hold and/or permanently 
discontinue therapy as well as optimal timing and dosing 
for administration of corticosteroids and/or other immu-
nosuppressive agents. Exceptions to these recommen-
dations or deviations from these general management 
principles may exist for certain toxicities. These excep-
tions will be noted in the individual toxicity sections of 
this manuscript.

 ► Patients should receive dedicated education on irAEs 
by a medical professional and may receive additional 
materials such as informational booklets or reference 
cards.

 ► Patients should be encouraged to use contraception 
while receiving immunotherapy. Fertility should be 
discussed prior to treatment.

 ► The following tests should be performed prior to 
beginning ICI therapy: complete blood count (CBC) 

 on A
pril 27, 2024 by guest. P

rotected by copyright.
http://jitc.bm

j.com
/

J Im
m

unother C
ancer: first published as 10.1136/jitc-2021-002435 on 25 June 2021. D

ow
nloaded from

 

http://jitc.bmj.com/


5Brahmer JR, et al. J Immunother Cancer 2021;9:e002435. doi:10.1136/jitc-2021-002435

Open access

with differential, comprehensive metabolic panel 
(CMP), thyroid- stimulating hormone (TSH), free 
thyroxine (fT4). Urinalysis should be considered to 
evaluate for baseline kidney disease.

 ► Consider performing a baseline electrocardio-
gram (EKG) on patients deemed at a higher risk 
for myocarditis (eg, cardiac comorbidities, diabetes 
mellitus, anti- PD- (L)1 with anti- CTLA-4 ICI combina-
tion therapy, etc). Baseline troponin testing may also 
be considered to provide information for evaluating 
potential future cardiac toxicity.

 ► When beginning corticosteroid therapy, patients 
should be specifically counseled about potential toxic-
ities, including hyperglycemia, mood disturbances, 
insomnia, gastritis, weight gain, and opportunistic 
infections (eg, Pneumocystis pneumonia) (LE: 140 41).

 ► CBC with differential, CMP, TSH, and fT4 tests should 
be performed intermittently throughout the course 
of treatment in patients receiving ICI therapy.

 ► Patients should be referred to a specialist when they 
experience toxicities of grade ≥3, if toxicities of any 
grade do not respond to steroid treatment, if toxici-
ties require hospitalization or for selected lower- grade 
toxicities in which diagnosis or management advice 
is needed, such as neurological and rheumatological 
toxicities (eg, inflammatory arthritis not interfering 
with instrumental activities of daily living, mild pain 
with erythema, or joint swelling).

 ► Diagnostic evaluation for all irAEs should attempt to 
rule out other possible etiologies (eg, diarrhea/colitis 
associated with Clostridium difficile infection), but 
treatment for irAEs should be initiated as is deemed 
clinically appropriate.

 ► For patients with life- threatening autoimmune disor-
ders, the decision to initiate ICI therapy should only 
be considered after a careful risk- benefit discussion 
between patient and provider, and consideration of 
alternative therapies. Consideration should include 
risks of autoimmune flares against the survival bene-
fits of ICI therapies, especially in cancers with high 
expected rates of durable responses (LE: 112).

 ► Patients with a history of non- life- threatening auto-
immune disease should only receive ICIs after coun-
seling on the possibility of exacerbation or flare- ups. 
These patients should be monitored closely for exac-
erbations of their existing autoimmunity while being 
treated with ICIs, and concurrent monitoring and 
treatment by an appropriate specialist should be 
considered (LE: 112).

 ► Unless otherwise specified, patients experiencing 
grade 1 irAEs should be monitored for worsening 
symptoms, but may continue ICI therapy.

 ► Unless otherwise specified, patients experiencing 
grade 2 irAEs should have ICI therapy tempo-
rarily withheld and be treated with corticosteroids 
depending on the toxicity in question.

 ► The decision to re- challenge patients with ICIs may 
be complex. Factors that may cause clinicians to 

lean away from re- challenge include severe or life- 
threatening irAEs, requirement for prolonged or 
multiple immunosuppressants, and a history of long- 
term ICI therapy and/or patients with complete 
responses or prolonged clinical benefit.

 ► Unless otherwise specified, patients who have expe-
rienced grade 2 irAEs may be re- challenged with ICI 
therapy if their signs and symptoms have resolved or 
are controlled with ≤10 mg of prednisone (or equiva-
lent) per day (LE: 344 45).

 ► The decision to re- challenge a patient who has expe-
rienced grade 3 or 4 irAEs should be risk- adjusted 
based on anticipated benefit with therapy versus the 
potential for toxicity (LE: 344 45).

 ► Patients experiencing any grade of myositis, myocar-
ditis, or neurological symptoms (such as myasthenia 
gravis):
1. Should be referred to a specialist.
2. Should be tested with a shared set of diagnostics, 

due to the possibility of overlapping symptoms and 
high risk to the patient.

3. Should have testing including erythrocyte sedi-
mentation rate (ESR), C reactive protein (CRP), 
creatine kinase (CK), antibody tests (acetylcholine, 
muscle- specific kinase (MusK), striational), aldo-
lase, troponin, EKG, nerve conduction, and elec-
tromyography (EMG).

4. Should receive frequent pulmonary assess-
ment in addition to typical irAE treatment (ie, 
corticosteroids).

GASTROINTESTINAL TOXICITY
Nausea
Nausea (sometimes with accompanying vomiting) is 
a relatively common ICI- associated AE, and occurs in 
12% of patients being treated with PD- (L)1 inhibitors, 
19% of patients being treated with CTLA-4 inhibitors, 
and 25% of patients being treated with combination 
CTLA-4 and PD- (L)1 inhibitors. Despite the frequent 
occurrence of low- grade nausea, events of grade ≥3 are 
rare and occur in 0%–2% of patients.4 While nausea 
and vomiting are not typically serious alone, they may 
be symptomatic of other conditions affecting the upper 
GI tract, which require intervention, including infec-
tion, GI metastases, endocrinopathy, or other irAEs 
such as gastritis or colitis. A number of effective options 
exist for the treatment of nausea, and the most appro-
priate agent depends on assessment of the individual 
patient.50 51

Upper GI adverse events
In addition to nausea, other irAEs of the upper GI tract 
have been observed, although they are rare. The irAEs 
that have been observed include gastritis,52 duodenitis,53 
and esophagitis.54 55 In the largest case series on upper 
tract irAEs, gastric involvement was more common than 
duodenal involvement by both endoscopy and histology.56 
Information on the management of these irAEs is sparse, 
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but management techniques often resemble those used 
for diarrhea and colitis.

Diarrhea and colitis
Diarrhea is another common irAE. Diarrhea has been 
reported in approximately 44% (10% grade ≥3) of 
patients treated with combination CTLA-4 inhibitors and 
PD- (L)1 inhibitors, 36% (8% grade ≥3) of those treated 
with CTLA-4 inhibitors, and 11% of those treated with 
PD- (L)1 inhibitors (1% grade ≥3).4 57 Diarrhea merits 
close monitoring, since severe diarrhea alone is clinically 
concerning, and the presence of diarrhea may indicate 
colitis, another serious and potentially life- threatening 
irAE.

Colitis is inflammation of the colon, with diarrhea being 
a common symptom. The diagnosis of colitis may be 
inferred by symptoms, and alarm symptoms include pain 
and hematochezia. Colitis occurs in 16% (11% grade ≥3) 
of patients treated with combination ICIs, 8% (5% grade 
≥3) of those treated with CTLA-4 inhibitors and 1% (1% 
grade ≥3) of those treated with PD- (L)1 inhibitors.4 58 
A study of 182 patients with ICI- induced colitis showed 
that positive fecal lactoferrin and fecal calprotectin >150 
μg/g of stool were both predictive of inflammation, as 
detected by endoscopic and histological findings.59 Fecal 
lactoferrin and calprotectin are more well- studied in 
the context of inflammatory bowel disease than in ICI- 
induced colitis. While data from ICI- induced colitis does 
correlate with endoscopic findings, this evidence is not 
currently strong enough to justify the use of these tests 
exclusively (ie, excluding endoscopy if fecal lactoferrin 
and calprotectin tests are negative). The incidence of 
immune- related GI AEs is higher in patients treated 
with combination anti- CTLA-4/anti- PD- (L)1 regimens 
compared with ICI monotherapy, but the rates of colitis 
do not vary between tumor types for patients receiving 
ICIs targeting the PD-1/PD- L1 axis.58

Colitis can lead to a number of complications, including 
bowel perforation, ischemia, necrosis, bleeding, and 
toxic megacolon. The median time until the onset of 
diarrhea or colitis is 5–10 weeks.29 60 Upon treatment of 
patients with corticosteroids, symptoms of diarrhea and 
colitis may be expected to improve or resolve in 1–2 
weeks.61 62 In a retrospective study, 34% of patients who 
were re- challenged experienced recurrence of colitis, and 
risk factors for recurrence included initial treatment with 
anti- PD- (L)1 inhibitors, re- challenge with anti- CTLA-4 
inhibitors, higher grade of colitis, requirement for immu-
nosuppressive therapy during initial colitis, and longer 
duration of initial colitis.63 Patients who do not experi-
ence an improvement of their symptoms in 3–5 days 
should be considered steroid- refractory and may benefit 
from treatment with a tumor necrosis factor (TNF)-α 
antagonist antibody, such as infliximab or vedolizumab, 
which block α₄β₇ integrin, resulting in gut- selective anti- 
inflammatory activity.64–66 Notably, evidence is emerging 
that early administration of infliximab or vedolizumab 
(<10 days after symptom onset) may be associated with 

more favorable outcomes in immune- mediated colitis, 
including fewer hospitalizations, less frequent steroid 
taper failures, shorter courses of steroids, and shorter 
duration of symptoms compared with later treatment.67 
There are currently no head- to- head studies comparing 
infliximab with vedolizumab for the management of ICI- 
induced colitis.

Immune- modulating medications such as inflix-
imab and vedolizumab may be problematic in patients 
with latent viral or bacterial infections. Infliximab, for 
example, has received a black box warning from the 
FDA due to the risk of reactivation in patients with latent 
tuberculosis (TB) infection. However, evidence suggests 
that patients with HIV may safely receive infliximab,68 and 
that patients with TB, HIV, and hepatitis B virus (HBV) 
may safely receive vedolizumab.69–71

Colitis frequently merits examination by methods 
such as colonoscopy, flexible sigmoidoscopy, and/
or computed tomography (CT) scan. The diagnosis 
of immune- related colitis (without diarrhea) is typi-
cally based on histology. In cases where factors such as 
suspected bowel perforation or toxic megacolon exclude 
performing a colonoscopy, a CT scan is an effective, 
non- invasive alternative.72 ICI- induced colitis may be 
inflammatory and possibly ulcerative, and may appear 
in multiple locations and patterns in the colon. Histo-
logical analysis of biopsies may also reveal patterns of 
immune infiltration associated with chronic, acute, or 
lymphocytic colitis.73 A prospective study of 37 patients 
with ICI- induced colitis found that patients treated with 
anti- CTLA-4 ICIs exhibited enrichment of CD4+ T cells, 
while those treated with anti- PD- (L)1 ICIs exhibited 
enrichment of CD8+ T cells.74

A number of risk factors have been identified that may 
predict the development of diarrhea and colitis. The gut 
microbiome of the patient may influence colitis develop-
ment, with patients enriched in the phylum Bacteroidetes 
less likely to develop ICI- associated colitis and patients 
enriched in bacteria of the phylum Firmicutes more likely 
to develop colitis (although Firmicutes was also associated 
with enhanced overall survival (OS) and progression- free 
survival (PFS)).75 76 Prior treatment with non- steroidal 
anti- inflammatory drugs (NSAIDs) also increases the risk 
of colitis.77 Patients with an existing history of GI autoim-
mune disorders, particularly inflammatory bowel disease, 
exhibit flare- ups in a substantial minority of cases as a 
result of ICI therapy (although they may develop other 
irAEs).78–82

Although rare, new- onset celiac disease has been 
reported after ICI therapy. The initial presentation of 
ICI- associated celiac disease shares several features with 
duodenitis, with the most common presentation being 
abdominal pain, vitamin deficiencies, dermatitis herpiti-
formis, transaminase elevations, and constitutional symp-
toms. Diagnosis was established by the presence of tissue 
transglutaminase antibodies (tTG IgA). Among the eight 
patients who presented with new- onset celiac disease 
after ICI, improvement in signs and symptoms (including 
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down- trending tTG IgA) was observed after a gluten- free 
diet was implemented as the sole intervention.83

Hepatitis
In the context of ICI therapy, hepatitis is often asymp-
tomatic and typically manifests as an elevation in alanine 
transaminase (ALT) and/or aspartate transaminase 
(AST) serum levels.84 Of note, other sources of elevated 
ALT/AST include muscle, so some centers add on CK 
measurement to make sure myositis/myocarditis is not 
being missed if values are elevated. Hepatic toxicities 
typically manifest 1–15 weeks after treatment, although 
as with any irAE they may occur after delays of months 
or years.29 60 Hepatitis (defined as ALT/AST eleva-
tion) occurs in 5% (1% grade ≥3) of patients treated 
with PD- (L)1 inhibitors, 5% (2% grade ≥3) of patients 
treated with CTLA-4 inhibitors, and in 19% (9% grade 
≥3) of patients treated with combination ICIs.4 Infliximab 
should not be used in patients with liver injury, given the 
risk for hepatotoxicity.85 Owing to their use in non- ICI- 
mediated autoimmune hepatitis, immunomodulatory 
agents such as tacrolimus and mycophenolate mofetil 
have been suggested as treatments for steroid- refractory 
ICI- mediated hepatitis.86 Biopsy can be considered to 
initially diagnose steroid- refractory ICI- induced hepatitis, 
or to help identify the cause of steroid failure.

Cholecystitis and cholangitis
Cholecystitis and cholangitis are forms of hepatobiliary 
toxicity that are rarely associated with ICI therapy. A 
number of case reports have described isolated cases of 
each disease after ICI therapy.87 Due to a low number 
of total cases, however, it is difficult to estimate the inci-
dence and causal relationship with immunotherapy, if 
any, of these irAEs. One case series that included >4000 
patients estimated the incidence of suspected cholecys-
titis associated with any ICI as <1%88 and another retro-
spective analysis of medical records of 91 patients treated 
with nivolumab reported a cholangitis incidence of 3% 
(3 cases).89 Emerging evidence is suggesting that biliary 
complications may represent a distinct presentation asso-
ciated with anti- PD- (L)1 therapy and that cholangiopathic 
irAEs may be more prone to steroid- refractoriness.90 91 
Case reports have emerged of the successful use of tocili-
zumab to manage steroid- refractory biliary irAEs,92 93 
however, due to relatively sparse data further studies are 
needed to determine true incidence rates and optimal 
interventions.

Pancreatitis
ICI therapy may cause elevated levels of lipase or amylase. 
However, diagnosis of acute pancreatitis as an ICI- 
related irAE is rare.94 The clinical diagnosis of pancre-
atitis requires at least two of three features to be present: 
elevated lipase to more than 3 times upper limit of normal 
(ULN), epigastric pain consistent with pancreatitis, and 
characteristic radiographic imaging.95 Because patients 
with elevated amylase or lipase are often otherwise 

asymptomatic for pancreatitis, few cases of ICI- related 
acute pancreatitis have been documented.94 Addition-
ally, no association has been demonstrated between the 
degree of lipase elevation and the severity or prognosis 
of pancreatitis.

In a retrospective analysis of 2,279 patients monitored 
for lipase elevation, patients receiving anti- PD- (L)1, anti- 
CTLA-4, or combination ICI therapies exhibited grade ≥3 
lipase elevation (ie, >2–5 times ULN with symptoms or >5 
times ULN without symptoms) at rates of 4%, 2%, and 8%, 
respectively. Of the patients with grade ≥3 lipase eleva-
tion, 61% exhibited no other symptoms of pancreatitis, 
while 39% exhibited at least one other typical symptom 
of acute pancreatitis. The median time from ICI therapy 
initiation to peak measured lipase elevation was 146 days 
in patients treated with anti- PD- (L)1 therapy, 69 days in 
patients treated with anti- CTLA-4 therapy, and 110 days for 
patients treated with combination ICI therapy (p=0.03). 
In these cases, symptoms typically resolved to grade ≤1 
within roughly 50 days, regardless of steroid usage. Risk 
factors for adverse outcomes resulting from acute pancre-
atitis (eg, chronic pancreatitis, diabetes) included longer 
duration of ICI therapy, history of smoking, and history 
of hyperlipidemia. The administration of intravenous 
(IV) fluids during acute pancreatitis was associated with 
better long- term outcomes, but for patients with grade 3 
or 4 acute pancreatitis, the use of corticosteroids does not 
appear to improve outcomes and management should 
include consultation with a GI specialist.96

GI toxicity panel recommendations
The following recommendations are intended to be 
used within the framework of toxicity management, 
including direction for what grade of toxicity to hold 
and/or permanently cease treatment, considerations for 
life- threatening toxicities, as well as recommendations on 
optimal timing and dosing for administration of corti-
costeroids and/or other immunosuppressive agents by 
grade of AE, discussed in the General panel recommen-
dations section. Any GI- specific exceptions or additional 
considerations to the general toxicity management prin-
ciples are noted in the recommendations below.

Nausea
 ► Patients who develop ICI- related nausea and vomiting 

of grade ≥2 should receive antiemetics (LE: 150 51). If 
no response to these therapies is observed within 5–7 
days, esophagogastroduodenoscopy should be consid-
ered. Corticosteroids are not recommended for ICI- 
related nausea and vomiting.

Diarrhea and colitis
 ► Diagnostic workup for grade 1 diarrhea or colitis symp-

toms should include CBC, CMP, and fecal lactoferrin.
 ► Additional workup should be performed for patients 

with diarrhea or colitis symptoms of grade ≥2, and 
these additional tests should include fecal calpro-
tectin, and stool infectious analysis (stool ova and 
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parasite, C. difficile and cytomegalovirus (CMV) 
testing via polymerase chain reaction (PCR) if avail-
able or if high index of suspicion is present, among 
other infectious studies (eg, COVID-19)). Serum 
TSH and celiac serologies (antitransglutaminase anti-
bodies with total IgA level) may also be considered, 
if clinical suspicion of ICI- induced celiac disease is 
present.

 ► Abdominal CT scan should be obtained in patients 
with signs and symptoms of colitis complications, 
such as bowel perforation or toxic megacolon. Flex-
ible sigmoidoscopy and/or colonoscopy with biopsy 
should be performed for patients with diarrhea or 
colitis symptoms of grade ≥3 or with persistent (≥5 
days) diarrhea or colitis symptoms of grade 2 (LE: 
472–74).

 ► ICIs may be temporarily withheld (instead of discon-
tinued) in patients experiencing grade ≥3 diarrhea or 
colitis symptoms. These patients may be re- challenged 
with ICIs if their symptoms are stable (grade ≤1 or 
baseline) with <10 mg/day of prednisone (or equiv-
alent) (LE: 463).

 ► Close monitoring for recurrence of diarrhea or colitis 
symptoms is recommended after re- challenging 
patients with ICI therapy.

 ► Corticosteroids should be started in patients experi-
encing diarrhea or colitis symptoms of grade ≥2. The 
initial dose of prednisone should be 1 mg/kg/day (or 
equivalent) for grade 2 diarrhea or colitis and 1–2 
mg/kg/day for grades 3 and 4. Grade 4 diarrhea or 
colitis should initially be treated with IV corticoster-
oids. Corticosteroids should be tapered within 4 weeks 
after improvement of diarrhea or colitis symptoms to 
grade ≤1 (LE: 161).

 ► Prior to administration of infliximab or vedolizumab, 
patients should be tested for HBV, HIV, and TB. 
Administration of infliximab or vedolizumab should 
not be delayed if test results are pending.

 ► If diarrhea or colitis symptoms do not respond to 
corticosteroid therapy within 3–5 days, if diarrhea or 
colitis symptoms recur after tapering corticosteroids, 
or if there is severe ulcerative presentation on colo-
noscopy, 3 doses of infliximab (5 mg/kg) should be 
administered at 0, 2, and 6 weeks (LE: 165) to reduce 
the risk of colitis recurrence.

 ► If diarrhea or colitis symptoms persist after the second 
dose of infliximab treatment, the third dose should be 
held and 3 doses of vedolizumab (300 mg) should be 
administered at 0, 2, and 6 weeks (LE: 197).

 ► If no clinical improvement is observed following 
immunosuppressive therapy in patients with grade ≥3 
diarrhea or colitis, a repeat endoscopy with infectious 
workup (C. difficile and CMV) should be performed. 
Repeat endoscopy should be performed prior to 
resuming ICI therapy.

 ► If diarrhea or colitis symptoms recur following corti-
costeroid taper, they should be evaluated and treated 
in the same manner as the first episode.

Hepatitis
 ► Liver biochemical tests (aka liver function tests 

(LFTs)) should be checked prior to each ICI infusion. 
Diagnostic workup for grade ≥2 liver toxicity should 
include ALT, AST, alkaline phosphatase, prothrombin 
time/international normalized ratio (PT/INR) 
serum bilirubin, iron studies, autoimmune hepatitis 
panel (antinuclear antibody (ANA), antineutrophil 
cytoplasmic antibody (ANCA), antimitochondrial 
antibody (AMA), peripheral ANCA (p- ANCA), and 
antismooth muscle antibody (ASMA)), and viral 
hepatitis panel.

 ► For patients experiencing liver toxicity of grade ≥3, 
abdominal imaging (eg, CT, magnetic resonance 
imaging (MRI), etc) should be considered if the 
patient has pre- existing liver disease or if there is 
concern of disease progression/liver metastases.

 ► LFTs should be rechecked weekly for patients expe-
riencing grade 1–2 liver toxicities, and should be 
rechecked every 1–2 days for patients with liver toxic-
ities of grade ≥3.

 ► Corticosteroids should be administered to patients 
experiencing liver toxicity of grade ≥2. Grade 2 liver 
toxicity should be treated initially with prednisone 
0.5–1 mg/kg/day (or equivalent), and grades 3 and 
4 should be treated initially with methylpredniso-
lone 1–2 mg/kg/day (or equivalent). Corticosteroids 
should be tapered over a period of 4–6 weeks after 
LFTs revert to grade ≤1 (LE: 186).

 ► If ALT or AST results do not improve to grade ≤1 
within 10–14 days of corticosteroid initiation, or if 
liver toxicity recurs after steroid taper, mycophe-
nolate mofetil (1–2 g divided two times per day) 
may be given (LE: 498). Infliximab should not be 
used in patients with liver toxicity, given the risk for 
hepatotoxicity (LE: 186 99). Other agents that could 
be considered include tacrolimus and antithymocyte 
globulin (ATG).

 ► If ALT or AST results do not improve to grade ≤1 
within 10–14 days of administration of mycophe-
nolate mofetil, liver biopsy should be considered and 
possible CMV infection should be ruled out by PCR, 
if available.

Cholecystitis and cholangitis
 ► Patients who develop ICI- related acute cholecystitis 

or cholangitis should not receive steroids and should 
instead receive typical treatments for these diseases. 
Diagnosis of these conditions should result in a patient 
being referred to a GI specialist and/or surgeon.

Pancreatitis
 ► In patients with clinical symptoms of pancreatitis, 

workup for acute pancreatitis should include amylase, 
lipase, CBC, CMP, triglycerides, and abdominal CT 
scan. ICI therapy should be held if acute pancreatitis 
is confirmed until resolution of symptoms and CT 
findings.
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 ► Patients with persistent (>4 weeks) or recurrent 
symptoms of acute pancreatitis should receive repeat 
abdominal CT with contrast to evaluate for possible 
consequences of acute pancreatitis. These patients 
should also be evaluated for non- pancreatic etiologies 
of lipase or amylase elevation.

 ► Patients with elevated lipase or amylase but no other 
symptoms of acute pancreatitis should be monitored 
closely for the development of acute pancreatitis but 
should continue on immunotherapy.

 ► Prednisone (0.5–1 mg/kg/day) or equivalent may be 
considered in patients with acute pancreatitis if no 
improvement of symptoms occurs within 3–5 days of 
supportive treatment (IV fluids and analgesics). These 
patients should also be referred to a GI specialist.

FATIGUE
Fatigue is a common AE that occurs both in response to 
ICI therapy and as a result of cancer.100 Fatigue is also 
frequently a symptom of other forms of ICI toxicity, 
including adrenal insufficiency, hypothyroidism, hypoph-
ysitis, hepatitis, renal insufficiency, pneumonitis, neuro-
logical toxicities, and anemia.101–108 Fatigue occurs in 21% 
(1% grade ≥3), 25% (2% grade ≥3), and 36% (4% grade 
≥3) of patients treated with anti- PD- (L)1, anti- CTLA-4, 
and combination ICIs, respectively.4 Fatigue is most likely 
to occur after the first month following initiation of ICI 
therapy.109

Fatigue may be mechanistically linked to inflamma-
tion and is strongly influenced by a number of psycho-
social factors such as history of depression or childhood 
adversity.110 111 Following the conclusion of ICI therapy, 
many patients report long- term fatigue.112 For patients 
experiencing cancer- related fatigue during or after treat-
ment, evidence regarding pharmaceutical treatments is 
mixed.113–119 The available evidence is further compli-
cated by significant placebo responses in clinical trials of 
medications for patients with cancer with fatigue.120 Non- 
pharmaceutical strategies such as exercise, psychological 
interventions, energy conservation and monitoring, and 
acupuncture are more strongly supported by clinical trial 
results.113 121–128

Fatigue panel recommendations
The following recommendations are intended to be used 
within the framework of toxicity management discussed 
in the General panel recommendations section, 
including direction for what grade of toxicity to hold 
and/or permanently cease treatment, considerations 
for life- threatening toxicities, as well as recommenda-
tions on optimal timing and dosing for administration 
of corticosteroids and/or other immunosuppressive 
agents by grade of AE. Any fatigue- specific exceptions 
or additional considerations to the general toxicity 
management principles are noted in the recommenda-
tions below.

 ► Evaluation for patients with new or worsening ICI- 
related fatigue should include CBC, CMP, TSH, fT4, 

morning cortisol, and adrenocorticotropic hormone 
(ACTH).

 ► If other organ- specific toxicities are ruled out, ICI- 
related fatigue should be managed similarly to cancer- 
related fatigue.

 ► Patients with fatigue should also be evaluated for 
comorbidities that commonly cluster with fatigue, 
including pain, insomnia, depression, and anxiety.

 ► Patients experiencing fatigue should be evaluated for 
comorbid conditions that may contribute to fatigue, 
including hypoxemia, obstructive sleep apnea, anemia, 
heart failure, liver insufficiency, renal insufficiency, 
reduced pulmonary function, electrolyte disturbance, 
thyroid dysfunction, adrenal insufficiency, nutritional 
deficiency, or sedating medications.

 ► Management of fatigue may include non- 
pharmacological strategies such as energy conserva-
tion, energy- level diaries, moderate- intensity aerobic 
exercise, cognitive behavioral therapy, and nutritional 
evaluation, which have been shown to be helpful in 
cancer- related fatigue and are likely to be helpful for 
ICI- related fatigue (LE: 1120–122 124–128).

SKIN TOXICITY
Dermatological toxicities are one of the most common 
categories of irAE. They are also one of the earliest to 
appear, at an average of 3–4 weeks after the start of treat-
ment.29 The most common skin irAEs do not frequently 
reach grade ≥3 severity; however, more serious toxicities, 
including Stevens- Johnson syndrome/toxic epidermal 
necrolysis (SJS/TEN), bullous rashes, and toxic epidermal 
necrolysis have been reported in rare instances.129–133 
Common manifestations of skin toxicities associated with 
ICI therapy are shown in figure 1.

Rash
Patients treated with ICIs commonly develop rashes, 
although these rashes do not frequently rise to grade 
≥3 severity. Patients develop rashes at a rate of 23% (1% 
grade ≥3), 10% (<1% grade ≥3), and 41% (5% grade ≥3) 
in response to therapy with anti- CTLA-4, anti- PD- (L)1, 
and combination ICI therapies, respectively.4 A variety 
of rashes have been recorded, including maculopapular, 
eczema or atopic dermatitis, lichenoid rash, blistering 
disorders, and pruritus or acneiform; all of these subtypes 
are often combined as “rashes” in reports of irAE inci-
dence. Rash typically presents early in treatment, with 
onset from 2–5 weeks after first ICI treatment.134 Rash is 
often accompanied by pruritus.

Pruritus
Pruritus is a very common irAE, and often occurs in 
conjunction with rashes or other skin toxicities but may 
also present with no obvious skin lesions in 50% of cases. 
Treatment with anti- PD- (L)1, anti- CTLA-4, and combina-
tion ICIs is associated with pruritus rates of 15% (0% grade 
≥3), 25% (1% grade ≥3) and 34% (2% grade ≥3), respec-
tively.4 Management may include topical corticosteroids, 
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oral antipruritics, and systemic immunomodulators. One 
retrospective analysis that included a total of 285 patients 
treated with ICIs across three centers and encompassing 
427 skin irAEs found that most cases of pruritus (n=17) 
showed moderate to substantial improvement in symp-
toms after the administration of γ-aminobutyric acid 
(GABA) analogs pregabalin and gabapentin.135

Vitiligo
Vitiligo frequently presents concurrently with other irAEs, 
and especially with other skin irAEs. Vitiligo has been 
documented primarily in patients with melanoma,136 137 
and appears to be associated with response to immuno-
therapy and survival in patients with melanoma.138 139 
However, vitiligo in patients with other types of cancer 
has been reported, and it is possible that these cases are 
under- reported due to a lack of systematic skin evaluation 
outside of patients with melanoma.140–142 A systematic 
review found that patients treated with ipilimumab (anti- 
CTLA-4) developed vitiligo at a rate of 4%, those treated 
with nivolumab (anti- PD-1) at 9%, and those treated with 
pembrolizumab (anti- PD-1) at 6%.143

Uncommon skin toxicities
More uncommon, potentially severe or life- threatening 
cutaneous irAEs have been observed in patients treated 
with ICIs. These include pemphigus, pemphigoid, 
lichenoid rash, and SJS/TEN.144–146 Diagnosing and 
distinguishing between these irAEs may require the use 
of the salt- split skin technique on a skin biopsy sample, 
which uses skin separated between the epidermis and 
dermis to enable direct immunofluorescence analysis.147 
Pemphigoid appears to be largely associated with anti- 
PD- (L)1 ICIs,136 148 149 and is less common with anti- 
CTLA-4 ICIs (primarily appearing in a small number of 

case reports).150 151 Pemphigoid occurs in an estimated 
1% of patients receiving anti- PD- (L)1 therapy.148

SJS/TEN is rare and can be life- threatening, and SJS/
TEN has been reported in patients treated with anti- PD-1 
and anti- CTLA-4 inhibitors.131 152–154 SJS/TEN is accompa-
nied by mucosal involvement (ocular, oral, or anogenital). 
SJS/TEN may be rapid and acute, or may appear progres-
sively from a less severe skin toxicity, such as lichenoid 
eruptions that fail to respond to typical therapies.

Skin toxicity panel recommendations
The following recommendations are intended to be used 
within the framework of toxicity management, including 
direction for at what grade of toxicity to hold and/or 
permanently cease treatment, considerations for life- 
threatening toxicities, as well as recommendations on 
optimal timing and dosing for administration of corti-
costeroids and/or other immunosuppressive agents by 
grade of AE, discussed in the General panel recommen-
dations section. Any skin- specific exceptions or additional 
considerations are noted in the recommendations below.

 ► For patients with pruritus without rash, treatment 
with high- potency topical corticosteroids and GABA 
agonists may be considered (LE: 4135).

 ► Workup for patients with potential ICI- related rash 
(grade <3) should include CBC with differential, 
CMP, assessment of the percentage body surface area 
involved by the rash, assessment of special features 
(eg, bullous formation, mucosal involvement), and 
patient history of allergy or atopy. Referral to a derma-
tologist should be considered.

 ► Workup for patients with potential ICI- related rash 
(grade ≥3) should also include referral to a dermatol-
ogist and possible skin biopsy.

Figure 1 Manifestations of immune checkpoint inhibitor (ICI)- associated skin toxicity. (A) bullous pemphigoid rash; (B) 
lichenoid dermatitis; (C) vitiligo; (D) pruritus; (E) psoriaform dermatitis; (F) maculopapular rash.
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 ► Rash with blisters, mucosal involvement, or bullous 
formation should trigger suspicion of lichenoid rash, 
pemphigus, pemphigoid, or SJS/TEN and follow- up 
testing, including skin biopsy with direct immunofluo-
rescence studies and serum antibodies to desmogleins 
1 and 3, bullous pemphigoid antigens 1 and 2, and 
indirect immunofluorescence studies in salt- split skin. 
ICI therapy should be interrupted until resolution or 
significant improvement of symptoms.

 ► If ICI- related rash does not respond to topical or oral 
corticosteroids, is grade ≥3, or is intolerable, a derma-
tological consultation is recommended.

 ► Grade ≥2 dermatological events (rash, pruritus) may 
recur after steroid taper. Therefore, a dermatolog-
ical consultation or use of a steroid- sparing agent is 
recommended (rituximab for pemphigus (LE: 1155) 
or bullous pemphigoid (LE: 4156), dupilumab for 
eczema (LE: 1157), infliximab for lichenoid rash, and 
omalizumab for urticaria/pruritus (LE: 1158 159)).

 ► Patients who have experienced grade 3 ICI- related 
rash may be re- challenged with ICIs. Rash that does 
not respond to immunosuppressive therapy should 
underscore the possibility of an infection and corre-
sponding cultures should be obtained.

MUSCULOSKELETAL TOXICITY
Arthralgia
Arthralgia in numerous sites can occur during ICI 
therapy. In addition to being a toxicity induced by ICI 
therapy, arthralgia is also a known consequence associ-
ated with some cancers, chemotherapeutics, and radia-
tion.160–163 This complicates the reporting and attribution 
of arthralgia, since it may be difficult to distinguish the 
source of arthralgia in the context of ICI cancer therapy. 
A systematic review reported arthralgia in 1%–43% of 
patients enrolled in ICI clinical trials.164 In some cases, 
arthralgia may be a symptom of a more serious inflamma-
tory AE such as inflammatory arthritis.

Myalgias
Similar to arthralgia, it is difficult to accurately report on 
the incidence of ICI- induced myalgia, since myalgia can 
also occur due to cancer. Myalgia occurs in 2%–21% of 
patients participating in ICI clinical trials.164 Myalgias can 
be an isolated AE, or can be associated with inflammatory 
myositis.165 166

Arthritis
Inflammatory arthritis is an ICI- associated AE. Patients 
with ICI- associated arthritis have clinically heteroge-
neous presentations; some patients have symptoms that 
are similar to rheumatoid arthritis, others have psoriatic 
arthritis- like symptoms, and in some rare instances, there 
are symptoms of a reactive arthritis.164 167–170 In addition 
to arthralgia, arthritis may be accompanied by symp-
toms such as joint stiffness and swelling and can affect 
patients’ ability to perform activities of daily living. Syno-
vitis, tenosynovitis, and/or enthesitis can be detected 

on physical examination. Patients are mostly seronega-
tive for rheumatoid factor and anti- cyclic citrullinated 
peptide (anti- CCP) antibodies, but cases of seropositivity 
have been reported.169 171 172 In a systematic review of ICI- 
related inflammatory arthritis, 1%–7% of clinical trial 
participants developed arthritis.164

Polymyalgia rheumatica
Symptoms of ICI- induced polymyalgia rheumatica (PMR) 
include joint pain and stiffness (primarily in the shoul-
ders and hips), and may rarely be accompanied by giant- 
cell arteritis (GCA), in which case visual symptoms must 
be assessed.173 174 Assessment of the incidence of PMR 
is difficult because the majority of studies of musculo-
skeletal irAEs are observational and retrospective. The 
median time to onset of PMR is 12 weeks, and the majority 
of cases respond well to corticosteroids.175 Patients with 
corticosteroid- refractory PMR may derive benefit from 
non- steroidal agents such as methotrexate, hydroxychlo-
roquine, or tocilizumab.

Dry mouth and sicca syndrome
Dry mouth (or xerostomia) may occur as a separate 
irAE, or it may be a symptom of another irAE such as 
ICI- induced sicca syndrome.176 Dry mouth may also be 
linked to infections such as oral candidiasis—this is of 
particular concern in patients treated with ICIs, since 
oral corticosteroid use (commonly used to combat some 
ICI toxicities) is a risk factor for oral candidiasis.29 177 178 
Dry mouth may be the cause of complications including 
infection and dental pathologies, including the loss of 
teeth, in severe cases of sicca syndrome.178 179 For this 
reason, it is important to account for the possibility of 
infection during diagnosis and monitoring. A systematic 
review determined that many clinical trials did not report 
the overall incidence of dry mouth, but that incidence 
varies from 3%–24% depending on the study.174 For 
initial management of dry mouth or painful sores, oral 
rinses with doxepin mouthwash or diphenhydramine- 
lidocaine- antacid mouthwash (sometimes called ‘magic 
mouthwash’) have been shown to reduce radiotherapy- 
related mucositis pain,180 181 but data are lacking on their 
efficacy in ICI- treated patients. Sialogogue therapy, cevi-
meline, pilocarpine, or other systemic acetylcholinergic 
agents have been anecdotally reported as helpful when 
symptoms are persistent and bothersome and refractory 
to topical mouth rinses.

ICI- induced sicca syndrome may feature severe symp-
toms, including dry eyes and dry mouth. Sicca accom-
panied by true Sjögren syndrome (typically with the 
presence of ANAs, anti- Ro, and/or anti- La antibodies) 
is rare, occurring at a rate of <1% in a registry study 
of grade ≥2 irAEs.167 The median time to onset of dry 
mouth, indicative of sicca syndrome, is 70 days. Patients 
who develop sicca syndrome often do not experience full 
resolution of their symptoms, and they may require long- 
term care for salivary hypofunction as well as being at risk 
for loss of teeth.176
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Vasculitis
Vasculitis resulting from ICI treatment is a rare irAE and 
has been reported involving large vessels, medium vessels, 
small vessels, and the central nervous system.182 183 GCA, a 
type of large vessel vasculitis, has been seen with PD- (L)1 
and CTLA-4 blockade and may be associated with PMR 
symptoms. No deaths have been attributed to ICI- induced 
vasculitis, and symptoms in each case resolved following 
withholding of ICIs and/or corticosteroid therapy. Induc-
tion with rituximab or cyclophosphamide have also been 
used in addition to steroids. Vasculitis typically occurs at 
a median of 3 months following initial ICI treatment.182 
In those patients with suspected GCA, a low threshold for 
temporal artery biopsy in consultation with a rheumatol-
ogist and urgent corticosteroids may be warranted due to 
risk of visual loss.

Myositis
Myositis is a rare, potentially serious irAE, occurring in 
1% of patients treated with anti- PD(L)1 ICIs and <1% of 
patients treated with anti- CTLA-4 ICIs.46 Little systematic 
data exist regarding the occurrence of myositis during 
treatment with other ICIs. Myositis is often associated with 
other serious muscular and neurological dysfunction, 
including myocarditis (9% of patients with ICI- associated 
myositis) and myasthenia gravis (9% of patients with ICI- 
associated myositis).46 Fatalities in patients with myositis 
may arise from associated irAEs such as myocarditis, or 
may occur directly as a result of myositis, particularly if 
there is diaphragmatic or respiratory muscle involvement. 
Symptoms of myositis include restricted eye movement, 
problems with speaking or swallowing, muscle weakness 
in the limbs, and myalgia. Some patients are asymptom-
atic, but exhibit elevated levels of CK. Conversely, some 
symptomatic patients present with normal CK levels. 
Myositis may require continued monitoring and/or 
follow- up treatment—in one analysis, 50% of myositis 
cases were ongoing or had resulted in sequelae at the end 
of the 5- year observation period.48

Musculoskeletal toxicity panel recommendations
The following recommendations are intended to be 
used within the framework of toxicity management, 
including direction for what grade of toxicity to hold 
and/or permanently cease treatment, considerations for 
life- threatening toxicities, as well as recommendations on 
optimal timing and dosing for administration of corti-
costeroids and/or other immunosuppressive agents by 
grade of AE, discussed in the General panel recommen-
dations section. For suspected myositis, myocarditis, and 
myasthenia gravis, there is a possibility of overlapping 
symptoms, and therefore patients should be evaluated 
with a shared set of diagnostics, as described in more 
detail in the General panel recommendations section. 
Any additional musculoskeletal- specific exceptions or 
additional considerations are noted in the recommenda-
tions below.

 ► Patients with grade ≥2 (or persistent) rheumato-
logical irAEs such as inflammatory arthritis, PMR/
GCA, vasculitis, myositis, or sicca syndrome should 
be referred to a rheumatologist for choice and inter-
pretation of diagnostic testing as well as management 
recommendations.

Inflammatory arthritis and PMR 

 ► Initial diagnostic evaluation for patients with possible 
inflammatory arthritis should include ESR, CRP, rheu-
matoid factor, anti- CCP and ANA, and joint count 
and radiological investigation of the affected joint(s) 
where appropriate (with X- ray, MRI, or ultrasound) in 
consultation with a rheumatologist.

 ► Initial diagnostic evaluation for possible PMR should 
include ESR and CRP.

 ► Corticosteroid dosing for inflammatory arthritis and 
PMR may start at 10–20 mg/day of prednisone equiv-
alents for grade 2 symptoms. For grade ≥3 symptoms, 
higher dosages of 40–60 mg/day of prednisone equiv-
alents may be required (LE: 1184 185).

 ► Treatments for patients with inflammatory arthritis 
that requires long- term treatment or does not 
respond to corticosteroids may include TNF-α inhib-
itors (eg, infliximab), methotrexate, leflunomide, 
hydroxychloroquine, sulfasalazine, or IL-6 receptor 
(IL- 6R) inhibitors (eg, tocilizumab), depending on 
the circumstances (LE: 1186–190). Decisions regarding 
this medication selection depend on severity, comor-
bidities, and anticipated time to efficacy, and should 
be managed by a rheumatologist.

Dry mouth and sicca syndrome
 ► Patients with possible sicca syndrome should consult 

with a rheumatologist, oral medicine specialist, or 
dentist.

 ► Patients with grade ≥2 sicca syndrome may be treated 
with 20–40 mg/day of prednisone equivalents, 
subsequently tapered over 4–6 weeks (LE: 1191). An 
oral rinse containing dexamethasone may also be 
considered.

Myositis
 ► Patients with possible myositis should consult with a 

rheumatologist or neurologist and be monitored for 
signs of myocarditis or myasthenia gravis.

 ► Grade 1 myositis that presents with elevated CK and 
muscle weakness should be managed as grade 2. Oral 
corticosteroids may be offered as well as analgesia with 
acetaminophen or NSAIDs if no contraindications are 
present.

 ► Patients with grade 3 myositis should be referred to 
a rheumatologist or neurologist. Hospitalization may 
be considered for severe weakness.

 ► For patients with grade 3 myositis, ICIs should be held 
until myositis is grade ≤1 while off immune suppres-
sion and permanently discontinued if there is any 
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evidence of myocardial involvement. Prednisone 
should be initiated at 1 mg/kg or equivalent.

 ► For patients with grade 3 myositis and muscle weak-
ness severely limiting mobility, cardiac or respiratory 
involvement, or dysphagia, 1–2 mg/kg of methylpred-
nisolone IV or higher- dose bolus may be considered 
as well as plasmapheresis or intravenous immunoglob-
ulin (IVIG) (LE: 3192).

 ► If symptoms of myositis and CK levels do not improve 
or worsen after 4–6 weeks, other immunosuppres-
sant therapy, such as methotrexate, azathioprine, or 
mycophenolate mofetil may be considered (LE: 3192). 
Rituximab has been used in primary myositis but 
caution is advised given its long biological duration.

Vasculitis
 ► Evaluation for patients with suspected vasculitis 

should include CBC with differential, CMP, ESR, CRP, 
ANCA, serum complement (C3/C4), serology for 
viral hepatitis, serum cryoglobulins, urinalysis, and 
blood cultures (to rule out endocarditis).

 ► Evaluation for vasculitis of grade ≥2 should include 
biopsy of the affected organ(s), or imaging through 
CT or MRI if biopsy is not possible.

OPHTHALMOLOGICAL TOXICITY
The most common ocular irAEs are dry eyes and uveitis, 
but a number of additional pathologies have been 
reported, including neurological toxicities affecting 
the optic nerve and cranial nerves related to eye move-
ment (eg, optic neuropathy), pathologies of the muscles 
surrounding the eye (eg, extraocular muscle myopathy), 
and other inflammatory events (eg, keratitis, orbitop-
athy).46 193–198 Untreated ocular toxicities may lead to 
vision loss, highlighting a need for prompt recognition 
and appropriate management. Ocular pathologies similar 
to ICI- induced irAEs may also arise as a result of cancer 
(eg, infections or metastasis to the eye or orbit) or pre- 
existing autoimmune disease.199

Dry eyes
Dry eyes may be an AE in their own right or may be a 
symptom of another AE such as sicca syndrome.168 The 
dry eye syndrome associated with ICI treatment may 
be severe enough to cause corneal perforation.200 The 
incidence of dry eyes in prospective trials ranges from 
1%–24%.201

Uveitis
Uveitis typically presents with symptoms such as eye 
redness, pain, photophobia, floaters, and blurred 
vision.196 202 Uveitis induced by ICI therapy may be ante-
rior, posterior, or panuveitis.203–209 Uveitis occurs at a rate 
of <1%–6% in clinical trials, based on a systematic review 
of the literature.201 It is important to note that symptoms 
of uveitis may not reflect the potential severity of the 
condition, and that uveitis can also occur as a result of 
infectious causes or metastasis to the eye. Therefore, a 
careful assessment is necessary to exclude other causes 

that require different treatment and to ensure proper 
management is initiated to prevent vision loss.210–212 
Metastasis to the eye is especially concerning, since the 
eye is an immune- privileged site and could conceivably 
be difficult to treat with immunotherapies.212 Several 
steroid- sparing agents for non- infectious uveitis have 
been investigated outside of the context of ICI therapy, 
including methotrexate, mycophenolate mofetil (which 
did not demonstrate superiority to methotrexate),213 and 
secukinumab.214

Opthamological toxicity panel recommendations
The following recommendations are intended to be used 
within the framework of toxicity management, including 
direction for at what grade of toxicity to hold and/or 
permanently cease treatment, considerations for life- 
threatening toxicities, as well as recommendations on 
optimal timing and dosing for administration of corti-
costeroids and/or other immunosuppressive agents by 
grade of AE, discussed in the General panel recommen-
dations section. Any opthamological- specific exceptions 
or additional considerations are noted in the recommen-
dations below.

 ► Ophthalmological consultation by a specialist is 
crucial for accurate and proper diagnosis, grading, 
and management. ICI- related ophthalmological AEs 
of note include dry eyes, uveitis, iritis, conjunctivitis, 
serous retinal detachment, and optic neuritis.

 ► Eye symptoms of visual disturbance; red, painful, 
dry, or irritated eyes; double vision; droopy or puffy 
eyelids; and difficultly moving the eyes that are grade 
1–2 in any patient undergoing immunotherapy 
should prompt the clinician to consider ophthalmo-
logical referral if available.

 ► Eye symptoms of visual disturbance; red, painful, 
dry or irritated eyes; double vision; droopy or puffy 
eyelids; and difficultly moving the eyes that are grade 
≥3 in any patient undergoing immunotherapy should 
prompt immediate ophthalmological referral.

 ► If ocular or bulbar symptoms are present (eg, diffi-
culty moving eyes), MRI of the brain (including pitui-
tary cuts) should be conducted.

 ► Initiation of systemic or topical treatment with corti-
costeroids for eye symptoms should occur under the 
guidance of an ophthalmologist, unless systemic ster-
oids are needed for non- ophthalmological issues. 
Over- the- counter agents such as artificial tears may 
be used for symptom management as clinically 
appropriate.

 ► Steroid treatment may worsen ocular conditions that 
are due to infection and can manifest with similar 
symptoms (eg, herpetic keratitis/uveitis) or may mask 
accurate diagnosis and grading when the patient is 
examined by an ophthalmologist.

ENDOCRINE TOXICITY
It is notable that a number of endocrine toxicities persist 
even after therapeutic intervention for the irAE and the 
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conclusion of ICI therapy, especially in the case of thyroid 
dysfunction. This is commonly attributed to permanent 
organ damage or impairment due to autoimmunity.215 216 
It is also important to understand that, although rare, 
polyglandular endocrinopathies are possible, potentially 
complicating diagnosis and treatment.217–221

Hypothyroidism and hyperthyroidism
Hypothyroidism and hyperthyroidism are frequently 
asymptomatic or exhibit ambiguous symptoms, neces-
sitating routine monitoring of parameters such as TSH 
and total T3/fT4 levels.222–224 Hypothyroidism is the 
more common of the two toxicities, occurring in about 
8% of patients receiving anti- PD- (L)1 therapy, 3% of 
patients receiving anti- CTLA-4 therapy, and 15% of 
patients receiving combination ICI therapy. Grade ≥3 
hypothyroidism is rare, occurring in roughly 0%–2% 
of patients receiving combination ICI therapies.4 The 
standard of care for the treatment of hypothyroidism is 
levothyroxine.225

Hyperthyroidism occurs less frequently, in 5% of 
patients treated with anti- PD- (L)1 inhibitors and 4% 
of patients treated with anti- CTLA-4 inhibitors.4 Rarely, 
ICI therapy may lead to Graves’ disease.226 Symptoms of 
elevated thyroid hormone may also appear transiently and 
evolve into hypothyroidism215 as a result of patients expe-
riencing thyrotoxicosis during the course of thyroiditis, 
due to the destruction of thyroid follicles and necrosis.227 
Hypothyroidism frequently occurs following this tran-
sient hyperthyroidism, as a sequela of ongoing thyroid-
itis—roughly 90% of patients who develop thyrotoxicosis 
do not recover full thyroid function, requiring long- term 
levothyroxine replacement. The median time to thyrotox-
icosis is 5 weeks, and the median time to hypothyroidism 
is 10 weeks.215

Hypophysitis
Hypophysitis is an uncommon but important irAE, 
and is often accompanied by symptoms such as fatigue, 
nausea, vomiting, weakness, headache, and gonado-
trophic deficiency (including loss of libido or erectile 
dysfunction).228 229 ICI- induced hypophysitis is most 
frequently manifested as secondary adrenal insufficiency 
due to ACTH deficiency, and less commonly due to TSH, 
follicle- stimulating hormone (FSH), and luteinizing 
hormone (LH) deficiency.216 230 Because hypophysitis can 
be induced through both ICI therapy and through the 
appearance of pituitary metastases, it is vital that a brain 
scan (preferably a pituitary- protocol MRI) be conducted 
to distinguish hypophysitis from alternative causes of 
headache, including brain metastases.231 Typical findings 
on MRI indicative of ICI- associated hypophysitis include 
geographic hypoenhancing lesions in the anterior lobe 
of the pituitary gland.232 It is further important to note 
that cortisol and ACTH test results may be inaccurate if 
patients are receiving steroids at baseline, for example, in 
patients with lung cancer treated with concurrent chemo 

and checkpoint inhibitors accompanied by dexametha-
sone premedication.

Hypophysitis occurs in 1% of patients treated with 
anti- PD- (L)1 ICIs and in 4% of patients treated with 
anti- CTLA-4 ICIs (0% and 2% grade ≥3, respectively).4 
Patients receiving ICI combination therapy develop 
hypophysitis at a rate of 9%–11%.233 In an analysis of 
689 patients who developed ICI- related hypophysitis, the 
median time between ICI treatment initiation and diag-
nosis of hypophysitis was 76 days.234

Primary adrenal insufficiency
Rarely, in addition to secondary adrenal insufficiency 
caused by disruption of the pituitary gland, irAEs have been 
noted in which the adrenal glands are directly damaged 
following ICI therapy, leading to primary adrenal insuffi-
ciency.235 As with secondary adrenal insufficiency, primary 
adrenal insufficiency can lead to life- threatening adrenal 
crisis due to vasodilatory shock.236 The symptoms of 
adrenal insufficiency, like other endocrinopathies, can be 
non- specific and difficult to diagnose without additional 
testing. Symptoms may include, nausea, loss of appetite, 
weight loss, fatigue, light- headedness, hypoglycemia, and 
hypotension.236–238 Primary adrenal insufficiency is rare 
in ICI- treated patients and would be associated with high 
serum ACTH levels in conjunction with low morning 
serum cortisol.101 However, morning cortisol and ACTH 
levels are not always definitive—an ACTH stimulation test 
is considered the standard of care assessment for adreno-
cortical insufficiency.

Adrenal insufficiency is not a common ICI- associated 
irAE, but it necessitates vigilance and close monitoring 
due to the possibility of adrenal crisis. Adrenal insuffi-
ciency occurs in 1% of patients treated with anti- PD- (L)1 
or CTLA-4 therapies, and is estimated to occur at a rate 
of 5% in patients treated with combination ICIs.4 233 In a 
review of case reports, the median onset of adrenal insuf-
ficiency measured from the first dose of ICI therapy was 
10 weeks.235

Type I diabetes mellitus
Type I diabetes mellitus (T1DM) induced by ICI therapy is 
rare, but frequently serious. The incidence of ICI- induced 
diabetes is estimated at approximately 1%.239 240 T1DM 
may develop shortly after the beginning of ICI treatment 
or as much as 1 year following the start of treatment.241 242 
Diabetes occurs at a rate of <1%–2% in patients treated 
with anti- PD- (L)1 inhibitors.233 Diabetes has occurred 
in patients treated with anti- CTLA-4 inhibitors, but this 
is a very rare occurrence.243 Often, the initial presenta-
tion is fulminant T1DM and diabetic ketoacidosis (DKA). 
However, patients may be asymptomatic or present with 
symptoms such as fatigue, nausea, vomiting, weight loss, 
polyuria, or polydipsia.241 243 Autoantibodies indicative of 
T1DM are found in up to 53% of cases, with the majority 
being anti- glutamic acid decarboxylase (GAD-65) anti-
bodies,244 although insulin autoantibodies have also 
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been reported.240 Almost all patients with T1DM require 
insulin therapy for management.

Endocrine toxicity panel recommendations
The following recommendations are intended to be used 
within the framework of toxicity management, including 
direction for at what grade of toxicity to hold and/or 
permanently cease treatment, considerations for life- 
threatening toxicities, as well as recommendations on 
optimal timing and dosing for administration of corti-
costeroids and/or other immunosuppressive agents by 
grade of AE, discussed in the General panel recommenda-
tions section. Any endocrine- specific exceptions or addi-
tional considerations are noted in the recommendations 
below.

 ► Patients experiencing endocrine toxicities should 
be treated with hormone replacement, and immu-
notherapy should generally be continued as soon 
as patients are stable (often without interruption). 
Management of thyroid toxicities and T1DM gener-
ally do not require the use of corticosteroid therapy.

Hypothyroidism and hyperthyroidism
 ► Thyroid function (TSH, fT4) should be tested every 

4–6 weeks during ICI treatment, and should continue 
to be tested every 6–12 months following the conclu-
sion of ICI treatment.

 ► Patients with elevated TSH and normal fT4 should 
receive repeat TSH and fT4 testing routinely, and if 
this pattern persists without hypothyroidism symptoms 
then levothyroxine treatment should be considered. 
Levothyroxine should be administered to patients 
with hypothyroidism at 1.5–1.6 μg/kg/day for young, 
healthy patients, and should be administered at 25 or 
50 μg/day for patients >65 years of age or with heart 
disease.

 ► Patients with symptoms of hypothyroidism and/
or with elevated TSH and low fT4 should be tested 
for morning cortisol to identify possible concurrent 
adrenal insufficiency.

 ► Patients with low TSH and normal fT4 should receive 
repeat TSH and fT4 testing routinely, and if symp-
toms of hyperthyroidism or high fT4 develop patients 
should be treated with beta- blockers. Patients with 
asthma or chronic obstructive pulmonary disease 
should be treated with cardioselective beta- blockers 
such as atenolol or metoprolol.

 ► Patients with persistently low TSH and high fT4 
should be evaluated for hyperthyroidism and Graves’ 
disease etiology.

Hypophysitis
 ► Patients with low TSH and normal or low fT4 should 

be tested for ACTH levels and morning cortisol to 
identify possible hypophysitis.

 ► Patients with low ACTH levels and low morning 
cortisol should be tested for FSH, LH, TSH, fT4, and 
sex hormones to evaluate possible hypophysitis.

 ► If symptoms of acute hypophysitis are observed, 
immunotherapy should be interrupted and corticos-
teroids administered (LE: 4245).

 ► Patients with hypophysitis should receive replacement 
hydrocortisone at 10–12 mg/m2/day.

 ► Patients on hydrocortisone therapy should be encour-
aged to have a medical alert device, and the patient 
and caregivers should be educated on the possibility 
of stress doses of steroids (administered during hospi-
talization or severe illness), emergency use of paren-
teral dexamethasone or hydrocortisone.

Adrenal insufficiency
 ► Patients with suspected primary adrenal insufficiency 

should be tested for AM cortisol and CMP in addition 
to ACTH stimulation testing.

 ► If adrenal insufficiency of any grade is diagnosed, 
immunotherapy should be temporarily withheld and 
steroid replacement therapy should be started.

 ► Patients with adrenal insufficiency should be moni-
tored for signs of adrenal crisis, such as hemodynamic 
instability.

 ► For patients who develop adrenal insufficiency, a 
medical alert bracelet should be provided.

Type I diabetes mellitus
 ► Patients with new- onset diabetes (type I) should 

be tested for hemoglobin A1c, C- peptide, autoan-
tibodies and counseled on diabetes management, 
including diet and lifestyle changes, glucose moni-
toring, and insulin treatment. If patients experience 
severe hyperglycemia or DKA on ICIs, they should be 
hospitalized.

 ► Patients with hyperglycemia should be evaluated for 
DKA and ICIs should be held until DKA is resolved.

NEUROLOGICAL TOXICITY
In a systematic review of neurological irAEs, overall inci-
dence for patients treated with anti- PD- (L)1, anti- CTLA-4, 
and ICI combinations was measured at 6%, 4%, and 12%, 
respectively. However, the majority of these irAEs were 
non- specific, grade 1 or 2 events. The incidence of events 
grade ≥3 in this review of the literature was below 1% for 
all neurological irAEs.246 Another single- institution study 
found an incidence of 1.5%, with 28 patients with neuro-
logical irAEs grade ≥3 among 1,834 patients treated with 
ICIs over a 6- year period.247 Neurological irAEs have the 
potential to be fatal or to cause lasting (sometimes perma-
nent) impairment of neurological function.46 248 249 The 
symptoms of neurological irAEs are frequently overlap-
ping and may be ambiguous. Additionally, toxicity may 
involve the peripheral nervous system or the central 
nervous system. For example, both myasthenia gravis and 
peripheral neuropathy may involve muscle weakness, a 
symptom shared with other irAEs such as myositis. Neuro-
logical irAEs typically occur within the first 3 months after 
starting ICIs.46 192
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Myasthenia gravis
Myasthenia gravis is a significant neurological toxicity with 
a high potential for patient fatality.46 193 Patients present 
with fatigable or fluctuating muscle weakness, generally 
involving proximal muscles (neck and shoulder) more 
than distal muscles. There may be diaphragmatic weak-
ness resulting in respiratory compromise. Bulbar and 
ocular muscles are commonly affected in myasthenia 
gravis resulting in ptosis, extraocular movement abnor-
malities leading to double vision, facial weakness, and 
difficulty swallowing. Autoantibodies against the acetyl-
choline receptor (AChR) or MusK may be present in 
ICI- related myasthenia gravis, but toxicity can occur inde-
pendent of positive serology. One retrospective analysis 
that included 47 total patients with ICI- related myasthenia 
gravis reported serological positivity rates by anti- AChR 
antibody and anti- MuSK antibody of 66.7% (30/45) and 
5.3% (1/19), respectively.250 Patients with myasthenia 
gravis may also develop myocarditis and/or myositis as 
part of a potentially dangerous combination of pathol-
ogies.46 251 Patients treated with anti- PD- (L)1 ICIs are at 
greater risk of developing myasthenia gravis than patients 
treated with anti- CTLA-4 ICIs.46 The standard of care for 
myasthenia gravis includes IVIG and plasma exchange 
(PLEX), and in patients with autoimmune myasthenia 
gravis also includes high- dose pulse corticosteroids.252–254

Encephalitis
ICIs may result in encephalitis at an incidence estimated 
to be <1%. Patients may present with a wide range of symp-
toms including altered behavior, confusion, short- term 
memory impairment, agitation, speech abnormality, and 
seizures. Treatment with anti- PD- (L)1 monotherapies or 
with combination ICIs is associated with a higher risk of 
encephalitis compared with treatment with anti- CTLA-4 
ICIs.46 Rarely, patients have been found to have positive 
autoimmune encephalitis or paraneoplastic neurological 
syndrome antibodies.255–257

Peripheral neuropathy
Peripheral neuropathies may be observed in a number 
of different phenotypic presentations, including painful 
small fiber sensory type and cranial neuropathies,258 259 as 
well as sensorimotor presentations more typical of classic 
immune- mediated phenomena, such as Guillain- Barré 
syndrome.46 260 Guillain- Barré syndrome is more common 
in patients treated with anti- CTLA-4 or combination anti- 
CTLA-4 plus anti- PD-1 ICIs when compared with patients 
treated with anti- PD- (L)1 ICIs alone.46 Guillain- Barré 
syndrome, or ascending polyradiculoneuropathy, can 
develop soon after ICI treatment is started, usually within 
the first 3 cycles. Patients may develop early lower back or 
thigh pain followed by ascending weakness, sensory loss, 
and areflexia as the main symptoms. Facial weakness and 
extraocular movement impairment as a result of cranial 
neuropathies may occur. There may also be dysregulation 
of autonomic nerves. Nerve root enhancement and thick-
ening may be seen on imaging.

Patients may develop other acute neuropathies, 
including painful sensory neuropathy and isolated cranial 
mononeuropathies, especially of the facial and abducens 
nerves.258 Patients with painful neuropathies may require 
pain management.

Aseptic meningitis
Patients may present with headache, neck stiffness, 
photophobia, low- grade fever, and nausea. Typically, 
mental status is normal in these patients (in contrast with 
encephalitis). As with any case of meningitis, the possi-
bility of infectious meningitis must be seriously consid-
ered during diagnosis and treatment and leptomeningeal 
metastasis should also be ruled out. Patients with head-
ache should also have hypophysitis ruled out. Meningitis 
is associated more frequently with anti- CTLA-4 and anti- 
CTLA-4 plus anti- PD- (L)1 combination therapies than 
with anti- PD- (L)1 monotherapies.46

Neurological toxicity panel recommendations
The following recommendations are intended to be used 
within the framework of toxicity management, including 
direction for at what grade of toxicity to hold and/or 
permanently cease treatment, considerations for life- 
threatening toxicities, as well as recommendations on 
optimal timing and dosing for administration of corti-
costeroids and/or other immunosuppressive agents by 
grade of AE, discussed in the General panel recommen-
dations section. For suspected myositis, myocarditis, and 
myasthenia gravis, there is a possibility of overlapping 
symptoms, and therefore patients should be evaluated 
with a shared set of diagnostics, as described in more 
detail in the General panel recommendations section. 
Any other neural- specific exceptions or additional consid-
erations are noted in the recommendations below.

 ► Patients diagnosed with neurological irAEs should be 
referred to a specialist, regardless of severity.

 ► Patients with ocular myasthenia of grade ≤2, non- 
Guillain- Barré polyneuropathy of grade ≤2 (LE: 
2261–263), or aseptic meningitis (LE: 4264–266) of any 
grade should receive 0.5–1 mg/kg/day of prednisone 
or equivalent depending on severity.

 ► Patients with any grade of encephalitis or Guillain- 
Barré syndrome should receive pulse- dose methyl-
prednisolone at 1000 mg IV daily for 3–5 days, and 
should additionally receive IVIG or PLEX.252–254

 ► Patients with any grade of myasthenia symptoms 
should have a neurology consultation. Workup should 
include diagnostic antibody testing for myasthenia 
gravis and evaluation for concurrent myositis, myocar-
ditis, and thyroid dysfunction. Electrodiagnostic 
studies may be performed to distinguish myasthenia 
gravis from myositis. Pulmonary function should be 
assessed with negative inspiratory force (NIF) and 
vital capacity (VC).

 ► Workup for patients with suspected aseptic meningitis 
should include MRI of the brain and pituitary with 
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and without contrast, lumbar puncture (LP), cortisol, 
and ACTH.

 ► Patients with suspected aseptic meningitis should 
receive antibiotics until bacterial meningitis can be 
ruled out.

 ► Workup for patients with suspected encephalitis 
should include MRI of the brain, LP, CBC, CMP, auto-
immune encephalopathy and paraneoplastic panels 
of blood and cerebrospinal fluid (CSF), PCR for infec-
tious encephalitis, thyroid panel, and electroenceph-
alogram (EEG).

 ► If ICI- related encephalitis does not respond to pulse- 
dose corticosteroids, patients may receive IVIG (2 g/
kg in divided doses over the course of 5 days), PLEX 
(one session every other day for 5–7 cycles), or ritux-
imab (375 mg/m2 weekly infusion for 4 weeks) (LE: 
1253).

 ► Patients with suspected ICI- related encephalitis 
should receive empirical antiviral treatment until viral 
encephalitis can be ruled out.

 ► Workup for patients with suspected Guillain- Barré 
syndrome should include MRI of the spine to rule 
out a compressive lesion, LP, EMG, nerve conduction 
studies, and ganglioside antibody panel of blood and 
CSF.

 ► Patients diagnosed with Guillain- Barré syndrome 
should always permanently discontinue ICI therapy, 
and should receive IVIG or PLEX with corticosteroid 
therapy (LE: 1254). These patients should receive 
frequent pulmonary assessments.

 ► Workup for patients with (non- Guillain- Barré) 
suspected peripheral neuropathy should include MRI 
of the spine, EMG nerve conduction, and blood work 
including B12, serum protein electrophoresis (SPEP), 
hemoglobin A1c, B6, ESR, CRP, and folic acid.

 ► Patients diagnosed with painful peripheral neurop-
athy should receive neuropathic pain medication 
such as gabapentin, pregabalin, or duloxetine until 
neuropathy resolves (LE: 1267–269).

 ► If ocular or bulbar symptoms are present, MRI of the 
brain should be conducted.

 ► Patients diagnosed with myasthenia gravis should 
discontinue ICI therapy and should receive IVIG or 
PLEX with corticosteroid therapy and pyridostig-
mine. These patients should receive frequent pulmo-
nary assessments (LE: 1252). For patients with grade 
2 myasthenia gravis, in addition to consultation with 
neurology and discontinuation of ICI, corticoster-
oids should be administered (prednisone, 1–1.5 
mg/kg oral or equivalent daily) and tapered based 
on symptom improvement. Pyridostigmine may be 
considered, starting at 30 mg orally three times a day 
and gradually increase to a maximum of 120 mg orally 
four times a day as tolerated and based on symptoms 
(LE: 1252).

 ► Patients with grade 3 or 4 myasthenia gravis should be 
admitted to the hospital and may need ICU- level moni-
toring. ICIs should be permanently discontinued, and 

frequent pulmonary function assessments and daily 
neurological review should be performed. Corticos-
teroids should be continued (LE: 3252). Additionally, 
IVIG 2 g/kg over 5 days (0.4 g/kg/day) or plasma-
pheresis for 5 days may be considered.

PULMONARY TOXICITY
The term ‘pneumonitis’ can refer to a number of disease 
states involving inflammation of the lung tissue.270 In some 
clinical trials, pneumonitis is used as a blanket term to 
describe nearly any pulmonary toxicity, which can include 
related pathologies such as interstitial lung disease (ILD), 
while in other trials pneumonitis has a more specific defi-
nition. Pre- existing interstitial lung abnormalities are risk 
factors for the development of ICI- induced ILD.271 For 
the purposes of this manuscript, pneumonitis is defined 
broadly as lung tissue inflammation.

Pneumonitis
Pneumonitis is a relatively common irAE that is associ-
ated with lower rates of patient survival.102 272 Symptoms 
include dyspnea, persistent cough, chest pain, fever, and 
hypoxia (potentially leading to respiratory failure).273 
Patients with pneumonitis may also be asymptomatic, yet 
show detectable inflammation on CT scan.273 274 Radio-
logical findings with ICI- associated pneumonitis may 
vary, with distinctive features seen on imaging, including 
discrete patchy or confluent consolidation with or 
without air bronchograms and predominantly peripheral 
or subpleural distribution, ground- glass opacities, centri-
lobular nodules, bronchioloitis- like appearance with tree- 
in- bud micronodularity or patterns that do not clearly 
fit within other classifications.273 Characteristic CT scans 
showing common presentations of ICI- associated pneu-
monitis are shown in figure 2.

Pneumonitis is associated with the expansion of inflam-
matory T cell subsets, in both bronchoalveolar lavage 
samples and from direct tissue samples of pneumonitis- 
related lesions.275 276 In published meta- analyses, patients 
with NSCLC or renal cell carcinoma (RCC) have a higher 
risk of developing pneumonitis compared with patients 
with melanoma following treatment with PD- (L)1 inhibi-
tors.277 Recent literature indicates that a history of asthma 
and/or smoking may predispose patients to developing 
higher grade pneumonitis with ICI therapy.278 Other risk 
factors that influence the incidence of ICI- associated 
pneumonitis include prior curative- intent radiotherapy 
and squamous tumor histology.279 280 Pneumonitis that 
does not improve with corticosteroid treatment may also 
be more common in patients who are former or active 
smokers, or those who have underlying lung conditions.273

Pneumonitis occurs in 4% of patients receiving PD- (L)1 
inhibitors (1% grade ≥3) and 1% of patients receiving 
anti- CTLA-4 therapy (1% grade ≥3).4 The rate of pneu-
monitis in patients treated with combination ICIs is 
significantly higher than the rate for patients treated with 
ICI monotherapies, at 7% (2% grade ≥3).277 A system-
atic review also determined that PD-1 inhibitors cause 
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pneumonitis at a higher rate than PD- L1 inhibitors in 
patients with NSCLC.281 Notably, the incidence of pneu-
monitis recorded in clinical trials may be lower than that 
observed in routine clinical practice. A retrospective study 
at a single institution recorded an incidence of 19%, with 
12% of patients experiencing pneumonitis of grade ≥3.280 
An analysis of ICI- treated patients that developed pneu-
monitis found that the median onset of pneumonitis is 
3 months, and in one clinical trial the median time to 
resolution of symptoms was 3–4 weeks.273 282

Recurrent pneumonitis following improvement of 
symptoms has been observed both in patients who were 
re- challenged with ICI therapy and in patients who were 
not, demonstrating the need for careful monitoring of all 
patients with ICI- induced pneumonitis after resolution of 
symptoms. In a small sample of patients who were re- chal-
lenged with ICI therapy following complete clinical reso-
lution of pneumonitis (n=12), 25% developed recurrent 
pneumonitis that resolved by reinstating the same initial 

intervention: withholding of ICIs (grade 1) and/or corti-
costeroid treatment (grade 2).273 In recent studies, pneu-
monitis has also been found to assume a chronic course 
in approximately 2% of patients with NSCLC or mela-
noma treated with ICIs.283 Patients with steroid- refractory 
ICI- induced pneumonitis may benefit from mycopheno-
late mofetil or high- dose IVIG (hdIVIG), although this 
has only been reported in case studies.280 284 Based on 
its application in other immune- mediated lung diseases, 
cyclophosphamide might also be expected to provide 
benefit in steroid- refractory pneumonitis.285 286 However, 
little data exist that directly tests the use of cyclophospha-
mide in this treatment context. One study of 120 patients 
with chronic hypersensitivity pneumonitis (CHP) found 
that those who were able to tolerate a full course of infu-
sions with cyclophosphamide (6 infusions at 600 mg/m2) 
appeared to stabilize in their decline in lung function.287 
Other approaches that have been reported include anti- 
cytokine agents. Infliximab (5 mg/kg, IV) has been used to 

Figure 2 Manifestations of ICI- associated pneumonitis. Radiological features of pneumonitis associated with anti- 
programmed cell death protein-1/programmed death- ligand 1 therapy stratified into five distinct phenotypes. (From Naidoo et 
al273, JCO, 2017)
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treat patients with ICI- induced pneumonitis, with mixed 
results from a number of case reports.273 288–290 A study 
of the IL- 6R antagonist antibody tocilizumab (4 mg/kg, 
IV) for the treatment of nivolumab- associated irAEs also 
showed potential benefit in the setting of grade ≥3 pneu-
monitis.291 An ongoing prospective study through ECOG- 
ACRIN will compare the efficacy of IVIG versus infliximab 
for steroid- refractory pneumonitis (NCT04438382).

Sarcoidosis
Due to the rarity of ICI- associated sarcoidosis, it is diffi-
cult to definitively assess the incidence of this irAE.292 
However, it is important that clinicians recognize the 
possibility of sarcoidosis, since the formation of gran-
ulomas associated with this irAE may resemble disease 
progression or recurrence.292 293 Sarcoidosis may arise in 
a number of sites within the body, most commonly the 
lymph nodes (71% of cases), lungs (60% of cases), and 
skin (55% of cases). Sarcoidosis occurs at a mean of 9 
months following the start of ICI treatment, and symp-
toms resolve in a mean of 4 months.292 Because sarcoid-
osis is usually asymptomatic and may mimic progressive 
disease, especially with lymph node involvement, biopsy 
may be considered in the differential.

Pulmonary toxicity panel recommendations
The following recommendations are intended to be used 
within the framework of toxicity management, including 
direction for at what grade of toxicity to hold and/or 
permanently cease treatment, considerations for life- 
threatening toxicities, as well as recommendations on 
optimal timing and dosing for administration of corti-
costeroids and/or other immunosuppressive agents by 
grade of AE, discussed in the General panel recommenda-
tions section. Any pulmonary- specific exceptions or addi-
tional considerations are noted in the recommendations 
below.

 ► Patients with pre- existing autoimmune ILD should be 
referred to a specialist where possible before initiation 
of ICI therapy for the consideration of pulmonary 
function tests (PFTs) and risk assessment (LE: 3271).

 ► Patients with suspected pneumonitis should be exam-
ined via high- resolution CT of the chest. If the CT 
scan is negative, PFTs should be considered to identify 
a potential functional deficit (LE: 4273).

 ► If PFTs are indicated, they should include spirom-
etry and diffusing capacity of the lungs for carbon 
monoxide (DLCO).

 ► Patients experiencing grade 2 pneumonitis should 
receive 1–2 mg/kg/day prednisone (or equivalent), 
tapering over 4–6 weeks. For pneumonitis of grade 
≥3, patients should receive 1–2 mg/kg/day meth-
ylprednisolone IV or equivalent, tapering over 4–6 
weeks (LE: 3294).

 ► If high- dose corticosteroid therapy does not improve 
pneumonitis symptoms within 72 hours (or if symp-
toms are life- threatening), options include (in no 
particular order) mycophenolate mofetil (1–1.5 g 

two times per day, tapering in consultation with a 
pulmonary specialist (LE: 3295 296)), hdIVIG (2 g/kg 
in divided doses over 2–5 days, per institutional guide-
lines (LE: 4284)), infliximab (5 mg/kg, one dose with 
optional repeat 14 days later (LE: 4273 288–290)), cyclo-
phosphamide (LE: 3285), or tocilizumab (LE: 4291).

 ► If patients have experienced grade 2 pneumonitis, 
they may be re- challenged with ICIs upon complete 
resolution of symptoms. These patients should be 
monitored through more frequent consultations with 
their physician (LE: 4273).

INFUSION REACTIONS
Infusion reactions are relatively infrequent for the 
majority of ICIs, typically occurring in <10% of patients. 
Infusion reactions occur in 4% of patients treated with 
anti- PD- (L)1 inhibitors and in 2%–6% of patients treated 
with ipilimumab, depending on the infusion regimen 
used.58 297 A systematic review found that all patients 
treated with anti- PD-1 or anti- PD- L1 ICIs developed infu-
sion reactions of grade ≥3 at a rate of <1%, those treated 
with anti- PD- L1 ICIs specifically at 2%, and those treated 
with anti- CTLA-4 or combination ICIs at 0%.298 However, 
avelumab causes a markedly higher incidence of infu-
sion reactions compared with other ICIs, in the range of 
21%–29% (0%–3% grade ≥3).137 299 While this difference 
may be due to unique features of avelumab in compar-
ison to other ICIs, it may also be due to differences in the 
definition of infusion reactions in the safety analyses of 
clinical trials examining avelumab. For example, a pooled 
safety profile of patients enrolled in two clinical trials 
aggregated all infusion reactions, drug hypersensitivity, 
hypersensitivity reactions, signs and symptoms of infusion 
reactions occurring on the same day or the day after infu-
sion, and possible signs and symptoms of infusion reac-
tions occurring on the day of infusion into the category of 
infusion reactions.300 Treatment with nivolumab may also 
result in a higher incidence of infusion reactions when 
administered to patients with Hodgkin lymphoma, from 
14%–20% incidence (0% grade ≥3).301

Infusion reactions are typically short- lived. The time 
frame of infusion reaction onset is typically immediate 
(during infusion) to up to 1 hour post- infusion. Symp-
toms of infusion reactions include chest tightness, cough, 
wheezing, rigors, back pain, tongue swelling, dizziness, 
rash, pruritus, fever, dyspnea, angioedema, tachycardia, 
hypotension or hypertension, and, rarely, anaphylaxis. 
While infusion reactions are typically not severe and 
rarely exceed grade 2, more serious reactions can be 
potentially fatal, especially when anaphylaxis is present. 
While specific data regarding treatment of ICI- related 
infusion reactions are limited, protocols for the general 
management of infusion reactions to monoclonal anti-
bodies (of which ICIs are a subset) are applicable.302

Infusion toxicity panel recommendations
The following recommendations are intended to be used 
within the framework of toxicity management, including 
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direction for at what grade of toxicity to hold and/or 
permanently cease treatment, considerations for life- 
threatening toxicities, as well as recommendations on 
optimal timing and dosing for administration of corti-
costeroids and/or other immunosuppressive agents by 
grade of AE, discussed in the General panel recommen-
dations section. Any infusion reaction- specific exceptions 
or additional considerations are noted in the recommen-
dations below.

 ► If a patient experiences an infusion reaction, the infu-
sion should be stopped for at least 30 minutes and 
supportive medications (including steroids, antihis-
tamines, and beta- agonists) should be administered. 
Following this, the infusion may be restarted for reac-
tions that were grade ≤2.

 ► If a patient has experienced a prior infusion reaction, 
premedication (eg, corticosteroids, NSAIDs, antihista-
mines) should be used to mitigate possible reactions 
during subsequent infusions.

 ► If a patient has experienced an infusion reaction to an 
ICI, switching to another ICI (that is approved for use 
in the same indication) may be considered to reduce 
the likelihood of subsequent infusion reactions.

RENAL TOXICITY
Like pulmonary toxicities, renal toxicities can appear 
as a wide variety of pathologies that exhibit highly over-
lapping symptoms, although tubulointerstitial nephritis 
(TIN) is the most common.104 303 Typically, TIN mani-
fests as reduced renal function, indicated by rising serum 
creatinine (Cr), low- grade proteinuria, and sterile pyuria 
in roughly 50% of cases. Rarely, ICIs lead to the devel-
opment of glomerular disease. Patients who develop 
minimal change disease, focal segmental glomeruloscle-
rosis, or membranous nephropathy often present with 
nephrotic syndrome. Conversely, patients with nephritic 
lesions (eg, pauci- immune crescentic glomerulonephritis 
(GN) due to ANCA vasculitis) present with hematuria, 
subnephrotic proteinuria, and impaired renal func-
tion.104 303–305

Acute kidney injury
Acute kidney injury (AKI) describes a condition in 
which kidney function is severely impacted or lost and 
may occur via a number of etiologies including prerenal 
disease, acute tubular necrosis, TIN, autoimmune reac-
tivation of membranous nephropathy, and glomerular 
diseases.104 304 306–308 AKI can be graded using the CTCAE 
scale but may also be graded with the Kidney Disease: 
Improving Global Outcomes (KDIGO) criteria, which 
defines AKI through the specific criteria of serum Cr 
levels and urine output, as opposed to the more vague 
criteria outlined in the CTCAE.309 The KDIGO criteria 
may enable more detailed classification of kidney disease, 
since KDIGO stages disease severity using both eleva-
tion above baseline and absolute thresholds in serum Cr 
levels, while the CTCAE only measures based on eleva-
tion above baseline.309 310 However, the majority of clinical 

trials use the CTCAE scale of severity, which may result 
in underestimation of the rate of AKI. Furthermore, 
AKI is common in patients receiving ICI therapy, but in 
most cases, it is not the direct result of ICI toxicity. It is 
important to differentiate between all- cause AKI (eg, due 
to hypovolemia or acute tubular necrosis (ATN)) and 
ICI- induced AKI to ensure appropriate management.311 
With these limitations in mind, the recorded incidence 
of ICI- induced AKI in patients from pooled clinical trials 
receiving anti- PD- (L)1 ICIs was 2% and the incidence for 
patients receiving ipilimumab was 2%.304 312 Combination 
therapy with anti- PD- (L)1 and anti- CTLA-4 ICIs resulted 
in an AKI incidence of 5%.304 The majority of TIN cases 
are steroid responsive. Patients with steroid- refractory 
TIN may benefit from mycophenolate mofetil, based 
on its efficacy in non- ICI- induced cases of interstitial 
nephritis.313–315 Other options, including rituximab, have 
been explored for some glomerular and renal vasculitis 
diseases.308 316

Renal toxicity panel recommendations
The following recommendations are intended to be used 
within the framework of toxicity management, including 
direction for at what grade of toxicity to hold and/or 
permanently cease treatment, considerations for life- 
threatening toxicities, as well as recommendations on 
optimal timing and dosing for administration of corti-
costeroids and/or other immunosuppressive agents by 
grade of AE, discussed in the General panel recommen-
dations section. Any kidney- specific exceptions or addi-
tional considerations are noted in the recommendations 
below.

 ► Patients with possible ICI- related AKI should have 
a urinalysis and quantification of proteinuria with a 
spot urine protein:Cr ratio. It should be noted that 
normal urinalysis does not exclude TIN.

 ► In cases of AKI with no clear alternative etiology, TIN 
should be suspected. Less commonly, ICI therapy 
can also cause glomerular lesions, which should be 
suspected in the setting of an active urinary sediment 
or heavy proteinuria.

 ► In cases of potential ICI- related AKI, concomitant 
medications known to cause TIN (eg, NSAIDs, proton 
pump inhibitors, and some antibiotics) should be 
discontinued. If an antibiotic is implicated, and 
ongoing treatment of infection is required, an antibi-
otic from a different class should be used to treat the 
infection.

 ► In patients with stage I AKI (Cr increase of >0.3 mg/
dL or 1.5–1.9 times baseline), the ICI should be held 
while the patient undergoes evaluation and treatment 
of reversible causes (eg, hypovolemia). ICI therapy can 
be restarted if the AKI resolves. Nephrology referral 
should be considered for patients with progressive or 
persistent stage I AKI.

 ► Patients with stage II or III AKI (Cr ≥2 times baseline) 
and/or significant (grade ≥2) proteinuria should 
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have ICIs temporarily withheld and undergo expe-
dited evaluation by a nephrologist.

 ► Given the lack of specific clinical features for ICI- 
related AKI, renal biopsy should be strongly consid-
ered when feasible, particularly when a plausible 
alternative etiology for AKI exists or urine studies are 
suggestive of glomerular disease.

 ► The first- line treatment for ICI- related TIN is gluco-
corticoids (LE: 3317). Patients with glomerular disease 
should receive standard therapy for the underlying 
lesion.

 ► Patients with interstitial nephritis that does not 
respond to glucocorticoid therapy may receive inflix-
imab or mycophenolate mofetil (LE: 4313–315).

 ► Patients with renal allografts may receive ICIs, but only 
after extensive counseling on the associated risks and 
high probability of rejection and subsequent dialysis 
dependence (LE: 4318), particularly with anti- PD- (L)1 
antibodies.

CARDIOVASCULAR TOXICITY
Myocarditis
Toxicities affecting the heart are uncommon with ICI 
therapy, but important due to the high mortality rate 
when they overtly develop. In a retrospective study of 
AEs in patients receiving ICIs, death occurred in 50% 
of patients who developed myocarditis and in 21% of 
patients who developed pericardial disease.319 Owing 
to the low number of events, data on incidence divided 
by drug and by specific cardiovascular toxicities (eg, 
myocarditis, pericardial disease) are limited. However, 
data gathered from an eight- center patient registry of 
964 patients treated with ICIs found that the overall 
incidence of myocarditis was 1% (n=35). In the anal-
ysis, nearly all myocarditis cases had elevated troponins 
(94%) and an abnormal EKG (89%), while left ventric-
ular ejection fraction (LVEF) was normal in 51% of 
cases. Among the 35 patients with myocarditis, 16 (46%) 
experienced a major adverse cardiac event, including 
ventricular arrythmias and complete heart block, cardio-
genic shock, cardiac arrest, or cardiovascular death. In 
this analysis, myocarditis was associated with diabetes 
mellitus, sleep apnea, and high BMI, and occurred 
at a median onset of 34 days following the start of ICI 
therapy.47 The initial diagnosis for suspected cases of ICI- 
induced myocarditis typically looks for elevated troponin 
levels and EKG changes, followed by cardiac MRI, and 
finally the gold standard for myocarditis: endomyocar-
dial biopsy (endovascular). Baseline and subsequently 
scheduled troponin levels can be obtained, but in asymp-
tomatic patients there has been no evidence that this 
improves outcome or even provides an early indicator of 
possible myocarditis. Patients with myocarditis are gener-
ally initially treated with high- dose corticosteroids. Early 
treatment with steroids may be important, as shown in 
a retrospective analysis including 126 patients with ICI- 
induced myocarditis from 23 different sites that found 
administration of corticosteroids within 24 hours of 

admission led to a lower rate of major adverse cardiac 
events (7.0%) than treatment between 24 and 72 hours 
(34.3%) and >72 hours after intake (85.1%; p<0.001).320 
Those resistant to corticosteroids may benefit from ther-
apies including ATG, mycophenolate mofetil, abatacept, 
or alemtuzumab.47 321–323 A retrospective analysis of 60 
patients who developed ICI- associated myocarditis found 
that those requiring second- line immunosuppressives 
had higher all- cause mortality than those treated with 
steroids alone (50% vs 21%; p=0.02). Moreover, inflix-
imab use was associated with increased risk of death from 
cardiovascular causes (odds ratio (OR) 12.0; 95% CI 2.1 
to 67.1; p=0.005).324

Thromboembolic events
Attribution of thromboembolic events to ICI therapy 
may be difficult, since these events may occur as a result 
of cancer.325 326 Venous thromboembolism (VTE), in 
fact, is one of the most common causes of mortality 
in patients with cancer.327 It is estimated that between 
4% and 20% of patients with cancer will develop 
VTE.328 Case reports have recorded thromboembolic 
events that appear to be temporally associated with ICI 
therapy.329–331 However, attempts to estimate the overall 
incidence of thromboembolic events in ICI- treated 
patients (roughly 8% in a retrospective study by Guti-
érrez Sainz et al332) have not distinguished between 
events induced by ICI therapy and events induced by the 
malignancy itself (or thromboembolic events induced 
by other therapies, such as chemotherapy). Regardless 
of the ultimate etiology of the thrombotic event, oral 
apixaban has been shown to be non- inferior to subcuta-
neous dalteparin in a multinational randomized trial,333 
and subsequent meta- analyses support direct- acting oral 
anticoagulants as standard of care for cancer- associated 
venous embolisms.334

Cardiovascular toxicity panel recommendations
The following recommendations are intended to be used 
within the framework of toxicity management, including 
direction for at what grade of toxicity to hold and/or 
permanently cease treatment, considerations for life- 
threatening toxicities, as well as recommendations on 
optimal timing and dosing for administration of corti-
costeroids and/or other immunosuppressive agents by 
grade of AE, discussed in the General panel recommen-
dations section. For suspected myositis, myocarditis, and 
myasthenia gravis, there is a possibility of overlapping 
symptoms, and therefore patients should be evaluated 
with a shared set of diagnostics, as described in more 
detail in the General panel recommendations section. 
Any additional cardiac- specific exceptions or additional 
considerations are noted in the recommendations below. 
Additional consideration for the management of cardiac- 
related AEs may be found in the series of American Heart 
Association (AHA)/American College of Cardiology 
(ACC) guidelines.
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Myocarditis
 ► A diagnosis of ICI- induced myocarditis should be 

considered in any patient developing new cardiac 
symptoms, new cardiac arrhythmias, new heart blocks, 
or cardiac lab findings (eg, asymptomatic troponin 
elevation) who has received an ICI therapy in the 
past 12 weeks. Suspicion of ICI- induced myocarditis 
should trigger hospital admittance and consultation 
with a cardiologist.

 ► Patients with suspected ICI- induced myocarditis 
should undergo cardiac MRI if available (with or 
without right heart catheterization and myocardial 
biopsy), EKG, and testing for serum troponin levels.

 ► Patients with suspected ICI- induced myocarditis 
should receive high- dose corticosteroids (1000 mg 
methylprednisolone IV or equivalent daily for 3–5 
days, until troponin normalizes) as soon as possible 
once the diagnosis is considered likely, followed by 
4–6 weeks 1–2 mg/kg prednisone taper. Permanent 
discontinuation of ICI therapy should be seriously 
considered.

 ► If signs or symptoms do not respond to corticosteroid 
therapy within 24 hours, additional therapies such as 
ATG, mycophenolate mofetil, abatacept, or alemtu-
zumab should be considered as additional treatment 
(LE: 4321–323). Caution is advised against the use inflix-
imab for steroid- refractory myocarditis (LE: 4324).

 ► Management of cardiac irAEs should take place in 
a coronary care unit, with temporary pacemaker 
support available for rapid access if indicated.

Thromboembolic events
 ► If a patient experiences an arterial thromboembolic 

event, they should be examined for possible vasculitis. 
If vasculitis is not detected, the patient may be re- chal-
lenged with ICIs.

 ► Patients who experience a thromboembolic event or 
are deemed at risk for such should not receive ster-
oids and should instead receive typical treatments 
for thromboembolism, such as low molecular weight 
heparin or a direct- acting oral anticoagulant (LE: 
1334–337).

HEMATOLOGICAL TOXICITY
While hematological toxicities are uncommon, they are 
important to consider due to their potential to become 
life- threatening. Referral to a hematologist for manage-
ment should be considered on a case- by- case basis. Hema-
tological toxicities take a large number of forms, including 
cytopenias, acquired coagulopathies, and macrophage 
activation- related conditions, among others.331 338–343 
The most common ICI- induced hematological irAEs are 
thrombocytopenia and hemolytic anemia (HA).103 344 
While it is difficult to assess the overall incidence of hema-
tological irAEs due to low numbers of cases, a study of 
745 patients treated with anti- PD- (L)1 ICIs reported an 
incidence of <1% for all hematological irAEs. When a 
small group of patients who had previously experienced 

hematological irAEs was re- challenged with ICI therapy 
(n=7), 43% of patients experienced a recurrent hemato-
logical irAE. While the majority of hematological irAEs 
resolve to symptoms grade <2 following a median of 2–9 
weeks, a number of patients exhibit symptoms for signifi-
cantly longer.344

Hemolytic anemia
HA associated with ICI therapy (autoimmune HA 
(AIHA)) is one of the most common ICI- associated hema-
tological irAEs. AIHA occurs in patients treated with ICIs 
at a median of 50 days after the initiation of treatment.103 
The median time for AIHA to resolve below grade 2 
symptoms is 2 weeks.344 Treatment with anti- PD- (L)1 ICIs 
appears to present a significantly greater risk of AIHA 
than treatment with anti- CTLA-4 ICIs.345

Thrombocytopenia
Thrombocytopenia is a fairly common occurrence in 
patients with cancer, but the recorded incidence of 
immune- related thrombocytopenia (immune thrombo-
cytopenia (ITP)) is low.346 Thrombocytopenia can result 
from cancer itself, chemotherapy, other medications, 
disseminated intravascular coagulation (DIC), radia-
tion therapy, some infections, and pre- existing auto-
immunity (particularly in patients with hematological 
cancers).347–356 Because patients may already be experi-
encing thrombocytopenia as a result of cancer or due to 
a number of oncological treatment regimens, it may be 
prudent to establish a baseline platelet count and monitor 
for additional drops below this value when beginning ICI 
therapy.357 The median time to onset for ITP is 41 days, 
and the median time for symptoms to resolve to below 
grade 2 is 4 weeks.103 344 Steroid- refractory ITP has been 
successfully managed with rituximab.358 359

Hemaphagocytic lymphohistiocytosis/macrophage activation 
syndrome
Hemaphagocytic lymphohistiocytosis/macrophage 
activation syndrome (HLH/MAS) is a hematological 
disorder involving inappropriate macrophage activation, 
with a high potential for lethality. The diagnostic criteria 
include cytopenias, hyperferritinemia (commonly in 
thousands of ng/mL), fever, splenomegaly, coagulopathy, 
LFT abnormalities, and elevation of soluble IL-2 receptor. 
Examination of bone marrow aspirate by a pathologist can 
also be important to identify potential HLH.360 361 HLH 
occurs at a median of 26 days, and is more common in 
patients treated with anti- CTLA-4 ICIs than anti- PD- (L)1 
ICIs.103 The management of HLH/MAS is complex and 
not ‘one size fits all,’ potentially encompassing cytotoxic 
chemotherapies such as etoposide, cytokine modulation 
with agents such as anti- IL-6, and/or corticosteroids, 
depending on the etiology and patient characteristics.361

Aplastic anemia
Aplastic anemia (AA) is often a result of immune- related 
bone marrow failure, and manifests as pancytopenia. AA 
has a low rate of resolution and is frequently difficult to 
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treat.344 ATG has been attempted as a salvage therapy in a 
patient who developed lethal AA after dual PD-1/CTLA-4 
inhibition for metastatic melanoma that did not improve 
after granulocyte colony- stimulating factor (G- CSF), 
tranexamic acid, and repeated platelet transfusions,362 
but data are lacking on optimal management and options 
are limited.

Pure red cell aplasia
Pure red cell aplasia (PRCA) can be associated with either 
anti- CTLA-4 or anti- PD- (L)1 ICIs but occurs rarely. PRCA 
symptoms present at a median of 89 days following the 
start of ICI treatment.363

Neutropenia
ICI- related neutropenia typically occurs at a median of 
10.5 weeks after the initiation of ICI therapy. As with any 
form of neutropenia, ICI- related neutropenia carries an 
increased risk of infectious complications.364

Hematological toxicity panel recommendations
The following recommendations are intended to be used 
within the framework of toxicity management, including 
direction for at what grade of toxicity to hold and/or 
permanently cease treatment, considerations for life- 
threatening toxicities, as well as recommendations on 
optimal timing and dosing for administration of corti-
costeroids and/or other immunosuppressive agents by 
grade of AE, discussed in the General panel recommen-
dations section. Any hematological- specific exceptions or 
additional considerations are noted in the recommenda-
tions below.

Thrombocytopenia
 ► Diagnostic workup for patients with possible ICI- 

related ITP should include CBC with differential, 
blood smear evaluation, DIC labs (PT/partial throm-
boplastin time (PTT)/fibrinogen/d- dimer), and 
LDH.

 ► For patients with ICI- related ITP, treatment should 
follow hematological standard of care. Typically, this 
includes steroids (prednisone dose of 1 mg/kg oral or 
equivalent (LE: 1365)).

 ► For patients with severe ITP, IVIG (0.5 g/kg/day for 
5 days (LE: 1366) should be administered in addition 
to steroids. Rituximab may also be considered (LE: 
2358 359).

Neutropenia
 ► Diagnostic workup for patients with possible ICI- 

related neutropenia should include CBC with differ-
ential and blood smear evaluation.

 ► For patients being treated with chemo- immunotherapy 
who develop neutropenia, it is important to differ-
entiate between immune- related neutropenia and 
chemotherapy- induced myelosuppression.

 ► For patients with immune- related neutropenia, treat-
ment should follow hematological standard of care. 

Typically, this includes steroids (prednisone 1 mg/kg 
oral or equivalent) with G- CSF (LE: 3364 367).

Aplastic anemia and pure red cell aplasia
 ► Diagnostic workup for patients with possible ICI- 

related AA, PRCA, or related pancytopenia/bone 
marrow failure should include CBC with differential, 
reticulocyte count, and blood smear evaluation.

 ► For patients with ICI- related AA, additional immuno-
suppressive therapies beyond steroids should be used, 
such as cyclosporine. ATG may also be considered 
(LE: 4362).

 ► For patients with PRCA, hematological standard of 
care includes steroids (LE: 3363).

 ► For patients with steroid- refractory PRCA, additional 
immunosuppressive therapies such as cyclosporine 
may be required (LE: 3363). ATG may be also be 
considered (LE: 4362).

Hemaphagocytic lymphohistiocytosis
 ► Diagnostic workup for patients with possible ICI- 

related HLH should include CBC with differential, 
blood smear evaluation, ferritin, and soluble IL-2 
receptor. Because this condition is life- threatening, 
it should be suspected when symptoms arise and 
warrants early consultation with a specialist.

 ► For patients with ICI- related secondary HLH, hemato-
logical consultation is required as this is a challenging 
condition to manage. Standard of care treatment typi-
cally involves steroids and immunosuppressives, such 
as etoposide or tocilizumab (LE: 3361 368).

Hemolytic anemia
 ► Diagnostic workup for patients with possible ICI- 

related HA should include CBC with differen-
tial, reticulocyte count, blood smear evaluation, 
direct antiglobulin test (Coomb’s), and LDH with 
ADAMTS13 level.

 ► For patients with ICI- related AIHA, treatment should 
follow hematological standard of care. Typically, this 
includes steroids (prednisone dose of 1 mg/kg oral or 
equivalent) (LE: 3369).

 ► For patients with severe ICI- related AIHA that do not 
respond to steroids, IVIG (0.5 g/kg/day for 5 days) 
(LE: 3370) should be added.

IMMUNE-RELATEDADVERSE EVENTS ASSCOCIATED WITH ICI 
COMBINATION STRATEGIES
ICI combinations
Only one combination of ICIs is FDA- approved, nivolumab 
with ipilimumab, which has indications for the treatment 
of unresectable or metastatic melanoma, metastatic 
NSCLC, advanced RCC, hepatocellular carcinoma (HCC), 
microsatellite instability high (MSI- H) or mismatch repair 
deficient (dMMR) metastatic colorectal cancer, and meso-
thelioma.371 372 The dosing and timing for each ICI in the 
combination regimen is different across approved disease 
settings—for example, for HCC, ipilimumab is given at 3 
mg/kg with nivolumab at 1 mg/kg every 3 weeks, whereas 
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for metastatic NSCLC, ipilimumab is given at 1 mg/kg 
every 6 weeks with nivolumab 3 mg/kg every 3 weeks, 
and other schedules are approved as well. As discussed 
previously, combination ICI therapy generally results in 
a higher incidence of all- grade irAEs and of grade ≥3 
irAEs. Combination therapy is also associated with higher 
rates of fatal toxicity—a meta- analysis encompassing  
>16,000,000 adverse drug reactions in records from 7 
academic centers found that among the 613 fatal ICI- 
associated toxicities reported, the most common causes 
of death for combination anti- PD- (L)1/anti- CTLA-4 
therapy were colitis (n=32; 37%) and myocarditis (n=22; 
25%).373

Data are sparse for head- to- head comparisons of toxic-
ities with ICI combination regimens at different dosing 
regimens in the same disease state. Of note, the phase 
IIIb/IV CheckMate 511 study, which enrolled patients with 
advanced melanoma, showed that combination regimens 
incorporating ipilimumab at 1 mg/kg are associated with 
fewer severe toxicities, despite comparable response rates. 
In the study, patients were randomized 1:1 to nivolumab 
at 1 mg/kg with 3 mg/kg ipilimumab or nivolumab at 3 
mg/kg with ipilimumab at 1 mg/kg every 3 weeks for 4 
doses. Objective response rates and PFS were not signifi-
cantly different between the arms, however, the incidence 
of grade 3–5 TRAEs was significantly higher among the 
patients being treated with the higher dose of ipilimumab 
(48% vs 34%; p=0.006).374 Similarly, the CheckMate 040 
trial, which randomized patients with HCC 1:1:1 to either 
nivolumab 1 mg/kg with ipilimumab 3 mg/kg every 3 
weeks for 4 doses followed by nivolumab 240 mg every 
2 weeks, nivolumab 3 mg/kg with ipilimumab 1 mg/kg 
every 3 weeks for 4 doses followed by nivolumab 240 mg 
every 2 weeks, or nivolumab 3 mg/kg every 2 weeks with 
ipilimumab 1 mg/kg every 6 weeks, found higher inci-
dence of irAEs overall as well as more irAEs requiring 
discontinuation of treatment in the group receiving high- 
dose ipilimumab.375

ICI-chemotherapy combinations
An expanding number of specific combination regimens 
involving chemotherapy and ICIs have been approved by 
the FDA, including indications for breast cancer, head 
and neck squamous cell carcinoma, and lung cancer. 
Clinical trials involving ICI- chemotherapy combinations 
have reported toxicity profiles that generally correspond 
to the additive effects of each agent as monotherapy; 
combination regimens have not thus far resulted in new 
AE signals.376–380

ICI-targeted therapy combinations
ICIs in combination with a variety of small molecule 
tyrosine kinase inhibitors (TKIs) or anti- angiogenic 
antibodies have been approved in a variety of disease 
settings, such as HCC, RCC, NSCLC, and melanoma. The 
approved combination regimens involving TKIs with ICIs 
have generally thus far resulted in toxicity profiles similar 
to those of each agent administered as a monotherapy 

(eg, rash and diarrhea with TKIs, and hypertension with 
anti- vascular endothelial growth factor receptor (VEGFR) 
antibodies), although the combination of pembroli-
zumab with axitinib appeared to cause a higher incidence 
of grade ≥3 AEs.381 382 A multitude of ongoing studies are 
investigating ICIs with other small molecule inhibitors 
against a variety of targets. Other combinations, such as 
ipilimumab with vemurafenib,383 durvalumab with osim-
ertinib,384 nivolumab with ademaciclib,385 and ipilim-
umab with dabrafenib and trametinib,386 have exhibited 
unexpectedly high rates of toxicity, leading to clinical 
trial discontinuations. Severe liver toxicity in addition to 
increased incidence of pneumonitis has been seen with 
the combination of epidermal growth factor receptor 
(EGFR) TKIs and anti- PD- (L)1 ICIs,384 387 emphasizing 
the need for caution in the application of combination 
immunotherapy regimens. The management of toxicities 
arising from combination regimens may be complex, and 
thus consultation with appropriate specialists (eg, cardi-
ology in cases of cardiac AEs with ICI/VEGFR TKI combi-
nations) should be top- of- mind.

ICI combinations panel recommendations
The following recommendations are intended to be used 
within the framework of toxicity management, including 
direction for at what grade of toxicity to hold and/or 
permanently cease treatment, considerations for life- 
threatening toxicities, as well as recommendations on 
optimal timing and dosing for administration of corti-
costeroids and/or other immunosuppressive agents by 
grade of AE, discussed in the General panel recommen-
dations section. Any exceptions specific to combination 
ICI therapies or additional considerations are noted in 
the recommendations below.

 ► Patients receiving combination ICI therapies should 
be counseled on the increased risk of toxicities, 
including long- term or delayed toxicities (LE: 14), 
especially when ipilimumab is given at 3 mg/kg as 
opposed to 1 mg/kg (LE: 2374). These patients may 
also be monitored more frequently for signs and 
symptoms of irAEs.

 ► Patients should be counseled to monitor their blood 
pressure routinely while being treated with pembroli-
zumab and axitinib (LE: 2381).

 ► Patients experiencing hypertension while being 
treated with combination immunotherapy and 
axitinib should be prescribed medication to control 
their hypertension, and axitinib may be held if hyper-
tension is grade ≥2.

 ► In patients being treated with combination thera-
pies, it is important to attribute the source of an AE 
to the appropriate drug or condition. If an AE can 
be attributed to a non- ICI etiology, the dose of the 
ICI should be maintained and appropriate supportive 
care should be initiated.

 ► If the origin of an AE cannot be attributed with confi-
dence, referral to an appropriate specialist can be 
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considered if further diagnostic testing may impact 
treatment decisions.

CONCLUSIONS
Rapid progress in the development and implementa-
tion of ICIs has been accompanied by an increased need 
for effective diagnosis and management of ICI- induced 
toxicity. Continued clinical trials will hopefully provide 
additional data on the incidence of, and risk factors 
contributing to, these diverse AEs. An important area 
of research is translational studies aimed at developing 
validated predictive biomarkers for early identification 
of at- risk patients. Ideally, future research will continue 
to improve the management of ICI- induced toxicity and 
result in improvements to standardized protocols for 
their diagnosis, monitoring, and resolution. As the field 
evolves, these guidelines may be updated.

Author affiliations
1Department of Oncology and the Thoracic Oncology, Johns Hopkins Sidney Kimmel 
Cancer Center, Baltimore, Maryland, USA
2Department of Internal Medicine, University of Missouri- Kansas City, Kansas City, 
Missouri, USA
3Unit of Melanoma Cancer Immunotherapy and Innovative Therapy, National Tumour 
Institute IRCCS Fondazione 'G. Pascale', Napoli, Italy
4Department of Medicine, University of Pittsburgh School of Medicine, Pittsburgh, 
Pennsylvania, USA
5Department of Medicine, Johns Hopkins University School of Medicine, Baltimore, 
Maryland, USA
6Massachusetts General Hospital, Boston, Massachusetts, USA
7New York Nephrology Vasculitis and Glomerular Center, Albany, New York, USA
8Department of Hematology and Oncology, Harold C. Simmons Comprehensive 
Cancer Center, University of Texas Southwestern Medical Center, Dallas, Texas, USA
9Department of Pharmacy, Roswell Park Comprehensive Cancer Center, Buffalo, 
New York, USA
10Department of Medicine, Roswell Park Comprehensive Cancer Center, Buffalo, 
New York, USA
11Department of Medicine, Vanderbilt- Ingram Cancer Center, Nashville, Tennessee, 
USA
12Department of Medicine, Memorial Sloan Kettering Cancer Center, New York, New 
York, USA
13Department of Medicine, Helen F. Graham Cancer Center, Newark, Delaware, USA
14Department of Oncology, Beaumont Hospital Dublin, The Royal College of 
Surgeons of Ireland, Dublin, Ireland
15Department of Neurology, Memorial Sloan Kettering Cancer Center, New York, New 
York, USA
16Cancer Specialist of North Florida, Fleming Island, Florida, USA
17Department of Ophthalmology and Visual Science, University of Chicago Medical 
Center, Chicago, Illinois, USA
18Robert H. Lurie Comprehensive Cancer Center, Northwestern University Medical 
Center, Chicago, Illinois, USA
19Division of Cancer Treatment & Diagnosis, National Cancer Institute, Rockville, 
Maryland, USA

Twitter Paolo Antonio Ascierto @PAscierto

Acknowledgements The authors acknowledge SITC staff for their contributions 
including Ben Labbe, PhD and Sam Million- Weaver, PhD for medical writing, and 
Emily Gronseth, PhD; Angela Kilbert; and Lionel Lim for project management 
and editorial support. Additionally, the authors wish to thank the society for 
supporting the manuscript development. In addition, SITC wishes to thank the 
American Society for Transplantation and Cellular Therapy (ASTCT) for providing a 
representative to serve on the SITC Immune Checkpoint Inhibitor- related Adverse 
Events Guideline Expert Panel.

Contributors All authors served on the SITC Immune Checkpoint Inhibitor- related 
Adverse Events Guideline Expert Panel, drafted content, and provided critical 

review during the manuscript development. MSE and JRB provided leadership as 
Chairs of the Expert Panel and provided guidance on the manuscript structure and 
content and thus are first and last authors; all other authors contributed equally to 
the manuscript development and review and therefore are listed alphabetically by 
last name. JB was the patient advocate representative. All authors have read and 
approved the final version of this manuscript.

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors.

Competing interests PAA—Contracted research: Bristol- Myers Squibb, Roche, 
Array; Consulting fees: Bristol- Myers Squibb, Roche, Array, Novartis, Merck Serono, 
Pierre Fabre, Incyte, Medimmune, Sindax, AstraZeneca, Sun Pharma, Sanofy, Idera, 
Ultimovacs, Sandox, Immunocore, 4sc, Alkermes, Italfarmaco, Nektar, Boehringer- 
Ingelheim, Eisai, Regeneron; Travel support: MSD. JRB—Contracted research: 
AstraZeneca, Bristol- Myers Squibb, Genentech/Roche, Merck, RAPT Therapeutics, 
Inc, Revolution Medicines; Consulting fees: Amgen, Bristol- Myers Squibb, 
Genentech/Roche, Eli Lilly, GlaxoSmithKline, Merck, Sanofi, Regeneron; Data 
and safety monitoring board/committees: GlaxoSmithKline, Sanofi. JB—Partner 
consulting fees: AstraZeneca, Merck, Roche, Pfizer, Lilly, Daiichi, Seattle Genetics, 
Novartis. LCC—Consulting fees: AbbVie; Contracted research: Bristol- Myers Squibb, 
Merck, EMD Serono, Alkermes, Iovance, Merrimack, National Cancer Institute. 
DEG—Consulting fees: Samsung Bioepis, Catalyst Pharmaceuticals, Bristol- Myers 
Squibb Steering Committee, G1 Therapeutics; Contracted research: AstraZeneca, 
BerGenBio, Karyopharm, Bristol- Myers Squibb Steering Committee; Ownership 
interest: Gilead. DBJ—Consulting fees: Bristol- Myers Squibb, Catalyst Biopharma, 
Iovance, Jansen, Merck, Novartis, Oncosec; Contracted research: Bristol- Myers 
Squibb, Incyte. MEL—Contracted research: Veloce, US Biotest, Lutris, Paxman, 
Novocure Inc; Grant funding: National Cancer Institute Cancer Center support 
grant P30 CA008748, National Institute of Arthritis and Musculoskeletal and Skin 
Diseases grant U01AR0775; Royalty: Legacy Healthcare Services, Apricity Health, 
Azitra, Inc, Deciphera, Galderma Research and Development, Johnson and Johnson, 
NCODA, Novocure Inc, Kyowa Kirin Inc, Loxo, Merck Sharp and Dohme Corporation, 
Janssen Research & Development, Menlo Therapeutics, Novartis Pharmaceuticals 
Corporation, QED Therapeutics, F. Hoffmann- La Roche AG, Amgen Inc, AstraZeneca 
Pharmceuticals, Genentech Inc, Seattle Genetics, Lutris, Paxman Coolers, OnQuality 
Pharmaceuticals Ltd, Takeda Millenium. JN—Consulting fees: AstraZeneca, Bristol- 
Myers Squibb, Merck, Roche/Genentech; Contracted research: AstraZeneca, Merck; 
Non- CME services: Merck, Bristol- Myers Squibb, AstraZeneca. M- AP—Consulting 
fees: AbbVie, Bellicum, Celgene, Bristol- Myers Squibb, Incyte, Kite/Gilead, Merck, 
Novartis, Nektar Therapeutics, Omeros, and Takeda; Contracted research: Incyte, 
Kite/Gilead and Miltenyi Biotec; Ownership interest: NexImmune Member, DSMBs 
for Cidara Therapeutics, Servier and Medigene. IP—Consulting fees: Merck, 
Amgen; Ownership interest: Celldex; Partner ownership: Celldex. BDS—Consulting 
fees: Kite/Gilead, Juno/Celgene; Contracted research: ADC Therapeutics; NPI: 
1215164884. SPS—Consulting fees: Takeda, GSK, Kura, Celgene, Daiichi- Sankyo. 
DS—Scientific advisory board: Allergan, Alimera, Biogen. JAS—Consulting 
fees: Array, Nektar, Bristol- Myers Squibb, Iovance, Curis; Contracted research: 
Bristol- Myers Squibb, Corvus, Caltera. HA- S, FBC, MSE, LH, EH, GAM, MN, RS, 
MT—Nothing to disclose. SITC staff: SMW—Shares owned: Pacific Biosciences of 
California Inc, Editas Medicine. EG, AK, BL, LL—Nothing to disclose.

Patient consent for publication Not required.

Provenance and peer review Not commissioned; externally peer reviewed.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

ORCID iDs
Paolo Antonio Ascierto http:// orcid. org/ 0000- 0002- 8322- 475X
Marc S Ernstoff http:// orcid. org/ 0000- 0002- 8132- 7069

REFERENCES
 1 Hargadon KM, Johnson CE, Williams CJ. Immune checkpoint 

blockade therapy for cancer: an overview of FDA- approved immune 
checkpoint inhibitors. Int Immunopharmacol 2018;62:29–39.

 2 Haslam A, Prasad V. Estimation of the percentage of US patients 
with cancer who are eligible for and respond to checkpoint inhibitor 
immunotherapy drugs. JAMA Netw Open 2019;2:e192535.

 on A
pril 27, 2024 by guest. P

rotected by copyright.
http://jitc.bm

j.com
/

J Im
m

unother C
ancer: first published as 10.1136/jitc-2021-002435 on 25 June 2021. D

ow
nloaded from

 

https://twitter.com/PAscierto
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-8322-475X
http://orcid.org/0000-0002-8132-7069
http://dx.doi.org/10.1016/j.intimp.2018.06.001
http://dx.doi.org/10.1001/jamanetworkopen.2019.2535
http://jitc.bmj.com/


26 Brahmer JR, et al. J Immunother Cancer 2021;9:e002435. doi:10.1136/jitc-2021-002435

Open access 

 3 Common terminology criteria for adverse events (CTCAE) V5. 
Available: https:// ctep. cancer. gov/ protocolDevelopment/ electronic_ 
applications/ ctc. htm

 4 Arnaud- Coffin P, Maillet D, Gan HK, et al. A systematic review of 
adverse events in randomized trials assessing immune checkpoint 
inhibitors. International Journal of Cancer 2019;145:639–48.

 5 Khan M, Lin J, Liao G, et al. Comparative analysis of immune 
checkpoint inhibitors and chemotherapy in the treatment 
of advanced non- small cell lung cancer: a meta- analysis of 
randomized controlled trials. Medicine 2018;97:e11936.

 6 Puzanov I, Diab A, Abdallah K, et al. Managing toxicities associated 
with immune checkpoint inhibitors: consensus recommendations 
from the Society for immunotherapy of cancer (SITC) toxicity 
management Working group. J Immunother Cancer 2017;5:95.

 7 Brahmer JR, Lacchetti C, Schneider BJ, et al. Management of 
immune- related adverse events in patients treated with immune 
checkpoint inhibitor therapy: American Society of clinical oncology 
clinical practice guideline. JCO 2018;36:1714–68.

 8 Thompson JA. New NCCN guidelines: recognition and management 
of Immunotherapy- Related toxicity. Journal of the National 
Comprehensive Cancer Network 2018;16:594–6.

 9 Haanen JBAG, Carbonnel F, Robert C, et al. Management of 
toxicities from immunotherapy: ESMO clinical practice guidelines 
for diagnosis, treatment and follow- up. Annals of Oncology 
2017;28:iv119–42.

 10 SITC cancer immunotherapy guidelines. Available: https://www. 
sitcancer. org/ research/ cancer- immunotherapy- guidelines

 11 Editors- Graham R, Mancher M, et al, Institute of Medicine 
Committee on Standards for Developing Trustworthy Clinical 
Practice Guidelines. Clinical practice guidelines we can trust. 
National Academies Press (US), 2011. doi:https:// doi. org/ 10. 17226/ 
13058

 12 Abdel- Wahab N, Shah M, Lopez- Olivo MA. Suarez- Almazor me: use 
of immune checkpoint inhibitors in the treatment of patients with 
cancer and preexisting autoimmune disease: a systematic review. 
Annals of Internal Medicine 2018;168:121–30.

 13 Rini BI, Battle D, Figlin RA, et al. The Society for immunotherapy of 
cancer consensus statement on immunotherapy for the treatment 
of advanced renal cell carcinoma (RCC). j. immunotherapy cancer 
2019;7:354.

 14 Kamat AM, Bellmunt J, Galsky MD, et al. Society for 
immunotherapy of cancer consensus statement on immunotherapy 
for the treatment of bladder carcinoma. J Immunother Cancer 
2017;5:68.

 15 Brahmer JR, Govindan R, Anders RA, et al. The Society for 
immunotherapy of cancer consensus statement on immunotherapy 
for the treatment of non- small cell lung cancer (NSCLC). J 
Immunother Cancer 2018;6:75.

 16 Cohen EEW, Bell RB, Bifulco CB, et al. The Society for 
immunotherapy of cancer consensus statement on immunotherapy 
for the treatment of squamous cell carcinoma of the head and neck 
(HNSCC). J Immunother Cancer 2019;7:184.

 17 Sullivan RJ, Atkins MB, Kirkwood JM, et al. An update on the 
Society for immunotherapy of cancer consensus statement on 
tumor immunotherapy for the treatment of cutaneous melanoma: 
version 2.0. j. immunotherapy cancer 2018;6:44.

 18 Cho J, Kim HS, Ku BM, et al. Pembrolizumab for patients with 
refractory or relapsed thymic epithelial tumor: an open- label phase 
II trial. JCO 2019;37:2162–70.

 19 Giaccone G, Kim C, Thompson J, et al. Pembrolizumab in patients 
with thymic carcinoma: a single- arm, single- centre, phase 2 study. 
Lancet Oncol 2018;19:347–55.

 20 Rajan A, Heery CR, Perry S, et al. Safety and clinical activity of 
anti- programmed death- ligand 1 (PD- L1) antibody (ab) avelumab 
(MSB0010718C) in advanced thymic epithelial tumors (TETS). 
Journal of Clinical Oncology 2016;34:e20106.

 21 Tarhini AA, Zahoor H, Lin Y, et al. Baseline circulating IL-17 
predicts toxicity while TGF-β1 and IL-10 are prognostic of relapse 
in ipilimumab neoadjuvant therapy of melanoma. J Immunother 
Cancer 2015;3:39.

 22 Callahan MK, Yang A, Tandon S, et al. Evaluation of serum IL-17 
levels during ipilimumab therapy: correlation with colitis. Journal of 
Clinical Oncology 2011;29:2505.

 23 Valpione S, Pasquali S, Campana LG, et al. Sex and interleukin-6 
are prognostic factors for autoimmune toxicity following treatment 
with anti- CTLA4 blockade. J Transl Med 2018;16:94.

 24 Guzman- Prado Y, Ben Shimol J, Samson O. Body mass index and 
immune- related adverse events in patients on immune checkpoint 
inhibitor therapies: a systematic review and meta- analysis. Cancer 
Immunol Immunother 2021;70:89-100. doi:10.1007/s00262-020-
02663-z

 25 Cappelli LC, Dorak MT, Bettinotti MP, et al. Association of HLA- 
DRB1 shared epitope alleles and immune checkpoint inhibitor- 
induced inflammatory arthritis. Rheumatology 2019;58:476–80.

 26 Chat V, Ferguson R, Simpson D, et al. Autoimmune genetic 
risk variants as germline biomarkers of response to melanoma 
immune- checkpoint inhibition. Cancer Immunology, Immunotherapy 
2019;68:897–905.

 27 Ferris RL, Blumenschein G, Fayette J, et al. Nivolumab for recurrent 
squamous- cell carcinoma of the head and neck. New England 
Journal of Medicine 2016;375:1856–67.

 28 Ready N, Farago AF, de Braud F, et al. Third- Line nivolumab 
monotherapy in recurrent SCLC: CheckMate 032. Journal of 
Thoracic Oncology 2019;14:237–44.

 29 Weber JS, Kähler KC, Hauschild A. Management of immune- related 
adverse events and kinetics of response with ipilimumab. J Clin 
Oncol 2012;30:2691–7.

 30 Davies M, Duffield EA. Duffield EA: safety of checkpoint inhibitors 
for cancer treatment: strategies for patient monitoring and 
management of immune- mediated adverse events. Immunotargets 
Ther 2017;6:51–71.

 31 Couey MA, Bell RB, Patel AA, et al. Delayed immune- related events 
(dire) after discontinuation of immunotherapy: diagnostic hazard of 
autoimmunity at a distance. Journal for ImmunoTherapy of Cancer 
2019;7:165.

 32 Duma N, Lambertini M. It is time to talk about fertility and 
immunotherapy. Oncologist 2020;25:277–8.

 33 Faje A. Immunotherapy and hypophysitis: clinical presentation, 
treatment, and biologic insights. Pituitary 2016;19:82–92.

 34 Andrade Vila JH, da Silva JP, Guilhen CJ, et al. Even low dose of 
mycophenolate mofetil in a mother recipient of heart transplant can 
seriously damage the fetus. Transplantation 2008;86:369–70.

 35 Merlob P, Stahl B, Klinger G. Tetrada of the possible mycophenolate 
mofetil embryopathy: a review. Reprod Toxicol 2009;28:105–8.

 36 Burotto M, Gormaz JG, Samtani S, et al. Viable pregnancy in a 
patient with metastatic melanoma treated with double checkpoint 
immunotherapy. Semin Oncol 2018;45:164–9.

 37 Xu W, Moor RJ, Walpole ET, et al. Pregnancy with successful 
foetal and maternal outcome in a melanoma patient treated with 
nivolumab in the first trimester: case report and review of the 
literature. Melanoma Res 2019;29:333–7.

 38 Bucheit AD, Hardy JT, Szender JB, et al. Conception and viable 
twin pregnancy in a patient with metastatic melanoma while treated 
with CTLA-4 and PD-1 checkpoint inhibition. Melanoma Res 
2020;30:423–5.

 39 Butterfield LH, Kaufman HL, Johnson DH. SITC’s Guide to 
Managing Immunotherapy Toxicity, 1 edn. New York: Springer 
Publishing Company, 2019.

 40 Sarnes E, Crofford L, Watson M, et al. Incidence and US costs of 
Corticosteroid- Associated adverse events: a systematic literature 
review. Clin Ther 2011;33:1413–32.

 41 Rice JB, White AG, Scarpati LM, et al. Long- Term systemic 
corticosteroid exposure: a systematic literature review. Clin Ther 
2017;39:2216–29.

 42 Brady VJ, Grimes D, Armstrong T, et al. Management of steroid- 
induced hyperglycemia in hospitalized patients with cancer: a 
review. Oncol Nurs Forum 2014;41:E355–65.

 43 Brown ES, Khan DA, Nejtek VA. The psychiatric side effects 
of corticosteroids. Annals of Allergy, Asthma & Immunology 
1999;83:495–504. quiz 503-4946.

 44 Simonaggio A, Michot JM, Voisin AL, et al. Evaluation of 
Readministration of immune checkpoint inhibitors after immune- 
related adverse events in patients with cancer. JAMA Oncology 
2019;5:1310–7.

 45 Santini FC, Rizvi H, Plodkowski AJ, et al. Safety and efficacy 
of Re- treating with immunotherapy after immune- related 
adverse events in patients with NSCLC. Cancer Immunol Res 
2018;6:1093–9.

 46 Johnson DB, Manouchehri A, Haugh AM, et al. Neurologic toxicity 
associated with immune checkpoint inhibitors: a pharmacovigilance 
study. J Immunother Cancer 2019;7:134.

 47 Mahmood SS, Fradley MG, Cohen JV, et al. Myocarditis in patients 
treated with immune checkpoint inhibitors. J Am Coll Cardiol 
2018;71:1755–64.

 48 Moreira A, Loquai C, Pföhler C, et al. Myositis and neuromuscular 
side- effects induced by immune checkpoint inhibitors. Eur J Cancer 
2019;106:12–23.

 49 Shankar B, Zhang J, Naqash AR, et al. Multisystem immune- 
related adverse events associated with immune checkpoint 
inhibitors for treatment of Non–Small cell lung cancer. JAMA Oncol 
2020;6:1952–6.

 on A
pril 27, 2024 by guest. P

rotected by copyright.
http://jitc.bm

j.com
/

J Im
m

unother C
ancer: first published as 10.1136/jitc-2021-002435 on 25 June 2021. D

ow
nloaded from

 

https://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm
http://dx.doi.org/10.1002/ijc.32132
http://dx.doi.org/10.1097/MD.0000000000011936
http://dx.doi.org/10.1186/s40425-017-0300-z
http://dx.doi.org/10.1200/JCO.2017.77.6385
http://dx.doi.org/10.6004/jnccn.2018.0047
http://dx.doi.org/10.6004/jnccn.2018.0047
http://dx.doi.org/10.1093/annonc/mdx225
https://www.sitcancer.org/research/cancer-immunotherapy-guidelines
https://www.sitcancer.org/research/cancer-immunotherapy-guidelines
https://doi.org/10.17226/13058
http://dx.doi.org/10.1186/s40425-019-0813-8
http://dx.doi.org/10.1186/s40425-017-0271-0
http://dx.doi.org/10.1186/s40425-018-0382-2
http://dx.doi.org/10.1186/s40425-018-0382-2
http://dx.doi.org/10.1186/s40425-019-0662-5
http://dx.doi.org/10.1186/s40425-018-0362-6
http://dx.doi.org/10.1200/JCO.2017.77.3184
http://dx.doi.org/10.1016/S1470-2045(18)30062-7
http://dx.doi.org/10.1200/JCO.2016.34.15_suppl.e20106
http://dx.doi.org/10.1186/s40425-015-0081-1
http://dx.doi.org/10.1186/s40425-015-0081-1
http://dx.doi.org/10.1200/jco.2011.29.15_suppl.2505
http://dx.doi.org/10.1200/jco.2011.29.15_suppl.2505
http://dx.doi.org/10.1186/s12967-018-1467-x
http://dx.doi.org/10.1007/s00262-020-02663-z
http://dx.doi.org/10.1007/s00262-020-02663-z
http://dx.doi.org/10.1093/rheumatology/key358
http://dx.doi.org/10.1007/s00262-019-02318-8
http://dx.doi.org/10.1056/NEJMoa1602252
http://dx.doi.org/10.1056/NEJMoa1602252
http://dx.doi.org/10.1016/j.jtho.2018.10.003
http://dx.doi.org/10.1016/j.jtho.2018.10.003
http://dx.doi.org/10.1200/JCO.2012.41.6750
http://dx.doi.org/10.1200/JCO.2012.41.6750
http://dx.doi.org/10.2147/ITT.S141577
http://dx.doi.org/10.2147/ITT.S141577
http://dx.doi.org/10.1186/s40425-019-0645-6
http://dx.doi.org/10.1634/theoncologist.2019-0837
http://dx.doi.org/10.1007/s11102-015-0671-4
http://dx.doi.org/10.1097/TP.0b013e31817cf28a
http://dx.doi.org/10.1016/j.reprotox.2009.02.007
http://dx.doi.org/10.1053/j.seminoncol.2018.03.003
http://dx.doi.org/10.1097/CMR.0000000000000586
http://dx.doi.org/10.1097/CMR.0000000000000657
http://dx.doi.org/10.1016/j.clinthera.2011.09.009
http://dx.doi.org/10.1016/j.clinthera.2017.09.011
http://dx.doi.org/10.1188/14.ONF.E355-E365
http://dx.doi.org/10.1016/S1081-1206(10)62858-X
http://dx.doi.org/10.1001/jamaoncol.2019.1022
http://dx.doi.org/10.1158/2326-6066.CIR-17-0755
http://dx.doi.org/10.1186/s40425-019-0617-x
http://dx.doi.org/10.1016/j.jacc.2018.02.037
http://dx.doi.org/10.1016/j.ejca.2018.09.033
http://dx.doi.org/10.1001/jamaoncol.2020.5012
http://jitc.bmj.com/


27Brahmer JR, et al. J Immunother Cancer 2021;9:e002435. doi:10.1136/jitc-2021-002435

Open access

 50 Davis MP, Hallerberg G. A systematic review of the treatment of 
nausea and/or vomiting in cancer unrelated to chemotherapy or 
radiation. J Pain Symptom Manage 2010;39:756–67.

 51 Glare P, Pereira G, Kristjanson LJ, et al. Systematic review of the 
efficacy of antiemetics in the treatment of nausea in patients with 
far- advanced cancer. Supportive Care in Cancer 2004;12:432–40.

 52 Johncilla M, Grover S, Zhang X, et al. Morphological spectrum 
of immune check‐point inhibitor therapy‐associated gastritis. 
Histopathology 2020;76:531–9.

 53 Cramer P, Bresalier RS. Gastrointestinal and hepatic complications 
of immune checkpoint inhibitors. Curr Gastroenterol Rep 2017;19:3.

 54 Boike J, Dejulio T. Severe esophagitis and gastritis from nivolumab 
therapy. ACG Case Rep J 2017;4:e57.

 55 Acero Brand FZ, Suter N, Adam J- P, et al. Severe immune mucositis 
and esophagitis in metastatic squamous carcinoma of the larynx 
associated with pembrolizumab. Journal for ImmunoTherapy of 
Cancer 2018;6:22.

 56 Tang T, Abu- Sbeih H, Luo W, et al. Upper gastrointestinal symptoms 
and associated endoscopic and histological features in patients 
receiving immune checkpoint inhibitors. Scand J Gastroenterol 
2019;54:538–45.

 57 Wang DY, Ye F, Zhao S, et al. Incidence of immune checkpoint 
inhibitor- related colitis in solid tumor patients: a systematic review 
and meta- analysis. Oncoimmunology 2017;6:e1344805.

 58 Wang Y, Zhou S, Yang F, et al. Treatment- Related adverse events 
of PD-1 and PD- L1 inhibitors in clinical trials: a systematic review 
and meta- analysis. JAMA Oncol 2019;5:1008–19. doi:10.1001/
jamaoncol.2019.0393

 59 Abu- Sbeih H, Ali FS, Luo W, et al. Importance of endoscopic and 
histological evaluation in the management of immune checkpoint 
inhibitor- induced colitis. J Immunother Cancer 2018;6:95.

 60 Kumar V, Chaudhary N, Garg M, et al. Current diagnosis and 
management of immune related adverse events (irAEs) induced 
by immune checkpoint inhibitor therapy. Front Pharmacol 
2017;8:49.

 61 Turner D, Walsh CM, Steinhart AH, et al. Response to 
corticosteroids in severe ulcerative colitis: a systematic review of 
the literature and a meta- regression. Clinical Gastroenterology and 
Hepatology 2007;5:103–10.

 62 O'Day S, Weber JS, Wolchok JD, et al. Effectiveness of treatment 
guidance on diarrhea and colitis across ipilimumab studies. Journal 
of Clinical Oncology 2011;29:8554.

 63 Abu- Sbeih H, Ali FS, Naqash AR, et al. Resumption of immune 
checkpoint inhibitor therapy after immune- mediated colitis. JCO 
2019;37:2738–45.

 64 Wang Y, Abu- Sbeih H, Mao E, et al. Immune- checkpoint 
inhibitor- induced diarrhea and colitis in patients with advanced 
malignancies: retrospective review at MD anderson. Journal for 
ImmunoTherapy of Cancer 2018;6:37.

 65 Gisbert JP, GONZÁLEZ- LAMA Y, MATÉ J. Systematic review: 
infliximab therapy in ulcerative colitis. Aliment Pharmacol Ther 
2007;25:19–37.

 66 Abu- Sbeih H, Ali FS, Alsaadi D, et al. Outcomes of vedolizumab 
therapy in patients with immune checkpoint inhibitor- induced 
colitis: a multi- center study. J Immunother Cancer 2018;6:142.

 67 Abu- Sbeih H, Ali FS, Wang X, et al. Early introduction of selective 
immunosuppressive therapy associated with favorable clinical 
outcomes in patients with immune checkpoint inhibitor–induced 
colitis. Journal for ImmunoTherapy of Cancer 2019;7:93.

 68 Cepeda EJ, Williams FM, Ishimori ML, et al. The use of anti- tumour 
necrosis factor therapy in HIV- positive individuals with rheumatic 
disease. Ann Rheum Dis 2008;67:710–2.

 69 Ng SC, Hilmi IN, Blake A, et al. Low frequency of opportunistic 
infections in patients receiving Vedolizumab in clinical trials and 
post- marketing setting. Inflamm Bowel Dis 2018;24:2431–41.

 70 Zerôncio M, Blake A, Rana- Khan Q. Bhayat F: PTH-068 
tuberculosis in patients treated with vedolizumab: clinical trial 
and post- marketing case series. Gut 2017;66:A240. doi:10.1136/
gutjnl-2017-314472.467

 71 Sneller MC, Clarridge KE, Seamon C, et al. An open- label phase 1 
clinical trial of the anti-α 

4 β 7 monoclonal antibody vedolizumab in 
HIV- infected individuals. Sci Transl Med 2019;11:eaax3447.

 72 Garcia- Neuer M, Marmarelis ME, Jangi SR, et al. Diagnostic 
comparison of CT scans and colonoscopy for immune- related 
colitis in ipilimumab- treated advanced melanoma patients. Cancer 
Immunology Research 2017;5:286–91.

 73 Wang Y, Abu- Sbeih H, Mao E, et al. Endoscopic and histologic 
features of immune checkpoint Inhibitor- Related colitis. Inflamm 
Bowel Dis 2018;24:1695–705.

 74 Coutzac C, Adam J, Soularue E, et al. Colon immune- related 
adverse events: anti- CTLA-4 and anti- PD-1 blockade induce 

distinct immunopathological entities. Journal of Crohn's and Colitis 
2017;11:1238–46.

 75 Chaput N, Lepage P, Coutzac C, et al. Baseline gut microbiota 
predicts clinical response and colitis in metastatic melanoma 
patients treated with ipilimumab. Annals of Oncology 
2017;28:1368–79.

 76 Dubin K, Callahan MK, Ren B, et al. Intestinal microbiome analyses 
identify melanoma patients at risk for checkpoint- blockade- induced 
colitis. Nat Commun 2016;7:10391.

 77 Marthey L, Mateus C, Mussini C, et al. Cancer immunotherapy with 
anti- CTLA-4 monoclonal antibodies induces an inflammatory bowel 
disease. J Crohns Colitis 2016;10:395–401.

 78 Menzies AM, Johnson DB, Ramanujam S, et al. Anti- Pd-1 therapy 
in patients with advanced melanoma and preexisting autoimmune 
disorders or major toxicity with ipilimumab. Annals of Oncology 
2017;28:368–76.

 79 Johnson DB, Sullivan RJ, Ott PA, et al. Ipilimumab therapy in 
patients with advanced melanoma and preexisting autoimmune 
disorders. JAMA Oncol 2016;2:234–40.

 80 Danlos F- X, Voisin A- L, Dyevre V, et al. Safety and efficacy of 
anti- programmed death 1 antibodies in patients with cancer and 
pre- existing autoimmune or inflammatory disease. Eur J Cancer 
2018;91:21–9.

 81 Gutzmer R, Koop A, Meier F, et al. Programmed cell death protein-1 
(PD-1) inhibitor therapy in patients with advanced melanoma and 
preexisting autoimmunity or ipilimumab- triggered autoimmunity. Eur 
J Cancer 2017;75:24–32.

 82 Abu- Sbeih H, Faleck DM, Ricciuti B, et al. Immune checkpoint 
inhibitor therapy in patients with preexisting inflammatory bowel 
disease. J Clin Oncol 2020;38:576–83.

 83 Badran Y, Shih A, Leet D, et al. Immune checkpoint inhibitor- 
associated celiac disease. J Immunother Cancer 2020;8:e000958.

 84 Reddy HG, Schneider BJ, Tai AW. Immune checkpoint inhibitor- 
associated colitis and hepatitis. Clin Transl Gastroenterol 
2018;9:e180–180.

 85 Zhang HC, Luo W, Wang Y. Acute liver injury in the context of 
immune checkpoint inhibitor- related colitis treated with infliximab. J 
Immunother Cancer 2019;7:47.

 86 Beretta- Piccoli BT, Mieli- Vergani G, Vergani D. Autoimmune 
hepatitis: standard treatment and systematic review of alternative 
treatments. WJG 2017;23:6030–48.

 87 Doherty GJ, Duckworth AM, Davies SE, et al. Severe steroid- 
resistant anti- PD1 T- cell checkpoint inhibitor- induced hepatotoxicity 
driven by biliary injury. ESMO Open 2017;2:e000268.

 88 Abu- Sbeih H, Tran CN, Ge PS, et al. Case series of cancer patients 
who developed cholecystitis related to immune checkpoint inhibitor 
treatment. J Immunother Cancer 2019;7:118.

 89 Kawakami H, Tanizaki J, Tanaka K, et al. Imaging and 
clinicopathological features of nivolumab- related cholangitis 
in patients with non- small cell lung cancer. Invest New Drugs 
2017;35:529–36.

 90 Gelsomino F, Vitale G, D'Errico A, et al. Nivolumab- induced 
cholangitic liver disease: a novel form of serious liver injury. Ann 
Oncol 2017;28:671–2.

 91 Onoyama T, Takeda Y, Yamashita T, et al. Programmed cell death-1 
inhibitor- related sclerosing cholangitis: a systematic review. WJG 
2020;26:353–65.

 92 Reddy CA, Schneider BJ, Brackett LM, et al. Nivolumab- induced 
large- duct cholangiopathy treated with ursodeoxycholic acid and 
tocilizumab. Immunotherapy 2019;11:1527–31.

 93 Moi L, Bouchaab H, Mederos N, et al. Personalized Cytokine- 
Directed therapy with tocilizumab for refractory immune checkpoint 
Inhibitor–Related cholangiohepatitis. Journal of Thoracic Oncology 
2021;16:318–26.

 94 Friedman CF, Clark V, Raikhel AV, et al. Thinking critically 
about classifying adverse events: incidence of pancreatitis in 
patients treated with nivolumab + ipilimumab. J Natl Cancer Inst 
2017;109:djw260.

 95 Banks PA, Bollen TL, Dervenis C, et al. Classification of acute 
pancreatitis--2012: revision of the Atlanta classification and 
definitions by international consensus. Gut 2013;62:102–11.

 96 Abu- Sbeih H, Tang T, Lu Y, et al. Clinical characteristics and 
outcomes of immune checkpoint inhibitor- induced pancreatic injury. 
J Immunother Cancer 2019;7:31.

 97 Mosli MH, MacDonald JK, Bickston SJ, et al. Vedolizumab for 
induction and maintenance of remission in ulcerative colitis: a 
Cochrane systematic review and meta- analysis. Inflamm Bowel Dis 
2015;21:1151–9.

 98 Tanaka R, Fujisawa Y, Sae I, et al. Severe hepatitis arising from 
ipilimumab administration, following melanoma treatment with 
nivolumab. Jpn J Clin Oncol 2017;47:175–8.

 on A
pril 27, 2024 by guest. P

rotected by copyright.
http://jitc.bm

j.com
/

J Im
m

unother C
ancer: first published as 10.1136/jitc-2021-002435 on 25 June 2021. D

ow
nloaded from

 

http://dx.doi.org/10.1016/j.jpainsymman.2009.08.010
http://dx.doi.org/10.1007/s00520-004-0629-y
http://dx.doi.org/10.1111/his.14029
http://dx.doi.org/10.1007/s11894-017-0540-6
http://dx.doi.org/10.14309/crj.2017.57
http://dx.doi.org/10.1186/s40425-018-0332-z
http://dx.doi.org/10.1186/s40425-018-0332-z
http://dx.doi.org/10.1080/00365521.2019.1594356
http://dx.doi.org/10.1080/2162402X.2017.1344805
http://dx.doi.org/10.1001/jamaoncol.2019.0393
http://dx.doi.org/10.1186/s40425-018-0411-1
http://dx.doi.org/10.3389/fphar.2017.00049
http://dx.doi.org/10.1016/j.cgh.2006.09.033
http://dx.doi.org/10.1016/j.cgh.2006.09.033
http://dx.doi.org/10.1200/jco.2011.29.15_suppl.8554
http://dx.doi.org/10.1200/jco.2011.29.15_suppl.8554
http://dx.doi.org/10.1200/JCO.19.00320
http://dx.doi.org/10.1186/s40425-018-0346-6
http://dx.doi.org/10.1186/s40425-018-0346-6
http://dx.doi.org/10.1111/j.1365-2036.2006.03131.x
http://dx.doi.org/10.1186/s40425-018-0461-4
http://dx.doi.org/10.1186/s40425-019-0577-1
http://dx.doi.org/10.1136/ard.2007.081513
http://dx.doi.org/10.1093/ibd/izy153
http://dx.doi.org/10.1136/gutjnl-2017-314472.467
http://dx.doi.org/10.1126/scitranslmed.aax3447
http://dx.doi.org/10.1158/2326-6066.CIR-16-0302
http://dx.doi.org/10.1158/2326-6066.CIR-16-0302
http://dx.doi.org/10.1093/ibd/izy104
http://dx.doi.org/10.1093/ibd/izy104
http://dx.doi.org/10.1093/ecco-jcc/jjx081
http://dx.doi.org/10.1093/annonc/mdx108
http://dx.doi.org/10.1038/ncomms10391
http://dx.doi.org/10.1093/ecco-jcc/jjv227
http://dx.doi.org/10.1093/annonc/mdw443
http://dx.doi.org/10.1001/jamaoncol.2015.4368
http://dx.doi.org/10.1016/j.ejca.2017.12.008
http://dx.doi.org/10.1016/j.ejca.2016.12.038
http://dx.doi.org/10.1016/j.ejca.2016.12.038
http://dx.doi.org/10.1200/JCO.19.01674
http://dx.doi.org/10.1136/jitc-2020-000958
http://dx.doi.org/10.1038/s41424-018-0049-9
http://dx.doi.org/10.1186/s40425-019-0532-1
http://dx.doi.org/10.1186/s40425-019-0532-1
http://dx.doi.org/10.3748/wjg.v23.i33.6030
http://dx.doi.org/10.1136/esmoopen-2017-000268
http://dx.doi.org/10.1186/s40425-019-0604-2
http://dx.doi.org/10.1007/s10637-017-0453-0
http://dx.doi.org/10.1093/annonc/mdw649
http://dx.doi.org/10.1093/annonc/mdw649
http://dx.doi.org/10.3748/wjg.v26.i3.353
http://dx.doi.org/10.2217/imt-2019-0121
http://dx.doi.org/10.1016/j.jtho.2020.09.007
http://dx.doi.org/10.1093/jnci/djw260
http://dx.doi.org/10.1136/gutjnl-2012-302779
http://dx.doi.org/10.1186/s40425-019-0502-7
http://dx.doi.org/10.1097/MIB.0000000000000396
http://dx.doi.org/10.1093/jjco/hyw167
http://jitc.bmj.com/


28 Brahmer JR, et al. J Immunother Cancer 2021;9:e002435. doi:10.1136/jitc-2021-002435

Open access 

 99 Gisbert JP, González- Lama Y, Maté J. Thiopurine- Induced liver 
injury in patients with inflammatory bowel disease: a systematic 
review. Am J Gastroenterol 2007;102:1518–27.

 100 Hofman M, Ryan JL, Figueroa‐Moseley CD, et al. Cancer‐Related 
fatigue: the scale of the problem. Oncologist 2007;12:4–10.

 101 Bornstein SR, Allolio B, Arlt W, et al. Diagnosis and treatment of 
primary adrenal insufficiency: an endocrine Society clinical practice 
guideline. The Journal of Clinical Endocrinology & Metabolism 
2016;101:364–89.

 102 Suresh K, Psoter KJ, Voong KR, et al. Impact of checkpoint inhibitor 
pneumonitis on survival in NSCLC patients receiving immune 
checkpoint immunotherapy. J Thorac Oncol 2019;14:494–502.

 103 Davis EJ, Salem Joe‐Elie, Young A, et al. Hematologic 
complications of immune checkpoint inhibitors. Oncologist 
2019;24:584–8.

 104 Mamlouk O, Selamet U, Machado S, et al. Nephrotoxicity of 
immune checkpoint inhibitors beyond tubulointerstitial nephritis: 
single- center experience. J Immunother Cancer 2019;7:2.

 105 Lin C- H, Chen K- H, Chen K- Y, et al. Immune checkpoint inhibitor 
therapy- induced hypophysitis ∼ a case series of Taiwanese patients. 
J Formos Med Assoc 2019;118:524–9.

 106 El- Shafie KT. Clinical presentation of hypothyroidism. J Family 
Community Med 2003;10:55–8 https:// pubmed. ncbi. nlm. nih. gov/ 
23011981/

 107 Ahmed M. Checkpoint inhibitors: what Gastroenterologists need to 
know. WJG 2018;24:5433–8.

 108 Schoenfeld JD, Nishino M, Severgnini M, et al. Pneumonitis 
resulting from radiation and immune checkpoint blockade illustrates 
characteristic clinical, radiologic and circulating biomarker features. 
J Immunother Cancer 2019;7:112.

 109 Cortellini A, Vitale MG, De Galitiis F, et al. Early fatigue in cancer 
patients receiving PD-1/PD- L1 checkpoint inhibitors: an insight from 
clinical practice. J Transl Med 2019;17:376.

 110 Bower JE, Lamkin DM. Inflammation and cancer- related fatigue: 
mechanisms, contributing factors, and treatment implications. 
Brain Behav Immun 2013;30 Suppl:S48–57. doi:10.1016/j.
bbi.2012.06.011

 111 Bower JE. The role of neuro‐immune interactions in cancer‐related 
fatigue: Biobehavioral risk factors and mechanisms. Cancer 
2019;125:353–64.

 112 Lai- Kwon J, Khoo C, Lo S, et al. The survivorship experience for 
patients with metastatic melanoma on immune checkpoint and 
BRAF- MEK inhibitors. J Cancer Surviv 2019;13:503–11.

 113 Bower JE, Bak K, Berger A, et al. Screening, assessment, and 
management of fatigue in adult survivors of cancer: an American 
Society of clinical oncology clinical practice guideline adaptation. 
JCO 2014;32:1840–50.

 114 Spathis A, Fife K, Blackhall F, et al. Modafinil for the treatment of 
fatigue in lung cancer: results of a placebo- controlled, double- blind, 
randomized trial. Journal of Clinical Oncology 2014;32:1882–8.

 115 Mücke M, Cuhls H, Mochamat CH, et al, Mochamat. 
Pharmacological treatments for fatigue associated with 
palliative care. Cochrane Database Syst Rev 2015:CD006788. 
doi:10.1002/14651858.CD006788.pub3

 116 Minton O, Richardson A, Sharpe M. Stone P: drug therapy for the 
management of cancer‐related fatigue. Cochrane Database of 
Systematic Reviews 2010;7.

 117 Moraska AR, Sood A, Dakhil SR, et al. Phase III, randomized, 
double- blind, placebo- controlled study of long- acting 
methylphenidate for cancer- related fatigue: North central cancer 
treatment group NCCTG- N05C7 trial. Journal of Clinical Oncology 
2010;28:3673–9.

 118 Barton DL, Liu H, Dakhil SR, et al. Wisconsin ginseng (Panax 
quinquefolius) to improve cancer- related fatigue: a randomized, 
double- blind trial, N07C2. JNCI Journal of the National Cancer 
Institute 2013;105:1230–8.

 119 Yennurajalingam S, Tannir NM, Williams JL, et al. A Double- 
Blind, Randomized, Placebo- Controlled Trial of Panax Ginseng 
for Cancer- Related Fatigue in Patients With Advanced Cancer. 
Journal of the National Comprehensive Cancer Network 
2017;15:1111–20.

 120 de la Cruz M, Hui D, Parsons HA, et al. Placebo and nocebo 
effects in randomized double- blind clinical trials of agents for 
the therapy for fatigue in patients with advanced cancer. Cancer 
2010;116:766–74.

 121 Kangas M, Bovbjerg DH, Montgomery GH. Cancer- Related fatigue: 
a systematic and meta- analytic review of non- pharmacological 
therapies for cancer patients. Psychol Bull 2008;134:700–41.

 122 Mustian KM, Alfano CM, Heckler C, et al. Comparison of 
pharmaceutical, psychological, and exercise treatments for cancer- 
related fatigue. JAMA Oncology 2017;3:961–8.

 123 de Raaf PJ, de Klerk C, Timman R, et al. Systematic monitoring and 
treatment of physical symptoms to alleviate fatigue in patients with 
advanced cancer: a randomized controlled trial. Journal of Clinical 
Oncology 2013;31:716–23.

 124 Cramp F. Daniel J: exercise for the management of cancer‐related 
fatigue in adults. Cochrane Database of Systematic Reviews 2008.

 125 Taso C- J, Lin H- S, Lin W- L. Chen S- W: the effect of yoga exercise 
on improving depression, anxiety, and fatigue in women with breast 
cancer: a randomized controlled trial. Journal of Nursing Research 
2014;22:155–64.

 126 Zhang Y, Lin L, Li H, et al. Effects of acupuncture on cancer- 
related fatigue: a meta- analysis. Supportive Care in Cancer 
2018;26:415–25.

 127 Cheng C- S, Chen L- Y, Ning Z- Y, et al. Acupuncture for cancer- 
related fatigue in lung cancer patients: a randomized, double 
blind, placebo- controlled pilot trial. Support Care Cancer 
2017;25:3807–14. doi:10.1007/s00520-017-3812-7

 128 Montgomery GH, David D, Kangas M, et al. Randomized controlled 
trial of a cognitive- behavioral therapy plus hypnosis intervention 
to control fatigue in patients undergoing radiotherapy for breast 
cancer. JCO 2014;32:557–63.

 129 Dasanu CA. Late- Onset Stevens–Johnson syndrome due to 
nivolumab use for hepatocellular carcinoma. Journal of Oncology 
Pharmacy Practice 2019;25:2052–5.

 130 Salati M, Pifferi M, Baldessari C, et al. Stevens–Johnson syndrome 
during nivolumab treatment of NSCLC. Annals of Oncology 
2018;29:283–4.

 131 Nayar N, Briscoe K, Fernandez Penas P. Toxic epidermal 
Necrolysis–like reaction with severe satellite cell necrosis 
associated with nivolumab in a patient with ipilimumab 
refractory metastatic melanoma. Journal of Immunotherapy 
2016;39:149–52.

 132 Vivar KL, Deschaine M, Messina J, et al. Epidermal programmed 
cell death- ligand 1 expression in ten associated with nivolumab 
therapy. J Cutan Pathol 2017;44:381–4.

 133 Tetzlaff MT, Nagarajan P, Chon S, et al. Lichenoid dermatologic 
toxicity from immune checkpoint blockade therapy: a detailed 
examination of the clinicopathologic features. Am J Dermatopathol 
2017;39:121–9.

 134 Sibaud V. Dermatologic reactions to immune checkpoint inhibitors. 
Am J Clin Dermatol 2018;19:345–61.

 135 Phillips GS, Wu J, Hellmann MD, et al. Treatment outcomes of 
immune- related cutaneous adverse events. Journal of Clinical 
Oncology 2019;37:2746–58.

 136 Hwang SJE, Carlos G, Wakade D, et al. Cutaneous adverse events 
(AEs) of anti- programmed cell death (PD)-1 therapy in patients 
with metastatic melanoma: A single- institution cohort. J Am Acad 
Dermatol 2016;74:455–61.

 137 Keilholz U, Mehnert JM, Bauer S, et al. Avelumab in patients with 
previously treated metastatic melanoma: phase 1B results from the 
javelin solid tumor trial. J Immunother Cancer 2019;7:12.

 138 Hua C, Boussemart L, Mateus C, et al. Association of vitiligo with 
tumor response in patients with metastatic melanoma treated with 
pembrolizumab. JAMA Dermatol 2016;152:45–51.

 139 Teulings H- E, Limpens J, Jansen SN, et al. Vitiligo- Like 
depigmentation in patients with stage III- IV melanoma receiving 
immunotherapy and its association with survival: a systematic 
review and meta- analysis. Journal of Clinical Oncology 
2015;33:773–81.

 140 Kosche C, Mohindra N, Choi JN. Vitiligo in a patient undergoing 
nivolumab treatment for non–small cell lung cancer. JAAD Case 
Reports 2018;4:1042–4.

 141 Uenami T, Hosono Y, Ishijima M, et al. Vitiligo in a patient with 
lung adenocarcinoma treated with nivolumab: a case report. Lung 
Cancer 2017;109:42–4.

 142 Yin ES, Totonchy MB, Leventhal JS. Nivolumab- associated vitiligo- 
like depigmentation in a patient with acute myeloid leukemia: a 
novel finding. JAAD Case Reports 2017;3:90–2.

 143 Dai J, Belum VR, Wu S, et al. Pigmentary changes in patients 
treated with targeted anticancer agents: a systematic review and 
meta- analysis. J Am Acad Dermatol 2017;77:902–10.

 144 Chen W- S, Tetzlaff MT, Diwan H, et al. Suprabasal acantholytic 
dermatologic toxicities associated checkpoint inhibitor therapy: a 
spectrum of immune reactions from paraneoplastic pemphigus- like 
to Grover- like lesions. J Cutan Pathol 2018;45:764–73.

 145 Schmidgen MI, Butsch F, Schadmand- Fischer S. Loquai C: 
Pembrolizumab- induced lichen planus pemphigoides in a patient 
with metastatic melanoma. JDDG: Journal der Deutschen 
Dermatologischen Gesellschaft 2017;15:742–5.

 146 Shi VJ, Rodic N, Gettinger S, et al. Clinical and histologic features 
of lichenoid mucocutaneous eruptions due to Anti–Programmed cell 

 on A
pril 27, 2024 by guest. P

rotected by copyright.
http://jitc.bm

j.com
/

J Im
m

unother C
ancer: first published as 10.1136/jitc-2021-002435 on 25 June 2021. D

ow
nloaded from

 

http://dx.doi.org/10.1111/j.1572-0241.2007.01187.x
http://dx.doi.org/10.1634/theoncologist.12-S1-4
http://dx.doi.org/10.1210/jc.2015-1710
http://dx.doi.org/10.1016/j.jtho.2018.11.016
http://dx.doi.org/10.1634/theoncologist.2018-0574
http://dx.doi.org/10.1186/s40425-018-0478-8
http://dx.doi.org/10.1016/j.jfma.2018.07.014
http://www.ncbi.nlm.nih.gov/pubmed/ 23011981
http://www.ncbi.nlm.nih.gov/pubmed/ 23011981
https://pubmed.ncbi.nlm.nih.gov/23011981/
https://pubmed.ncbi.nlm.nih.gov/23011981/
http://dx.doi.org/10.3748/wjg.v24.i48.5433
http://dx.doi.org/10.1186/s40425-019-0583-3
http://dx.doi.org/10.1186/s12967-019-02132-x
http://dx.doi.org/10.1016/j.bbi.2012.06.011
http://dx.doi.org/10.1002/cncr.31790
http://dx.doi.org/10.1007/s11764-019-00770-0
http://dx.doi.org/10.1200/JCO.2013.53.4495
http://dx.doi.org/10.1200/JCO.2013.54.4346
http://dx.doi.org/10.1002/14651858.CD006788.pub3
http://dx.doi.org/10.1200/JCO.2010.28.1444
http://dx.doi.org/10.1093/jnci/djt181
http://dx.doi.org/10.1093/jnci/djt181
http://dx.doi.org/10.6004/jnccn.2017.0149
http://dx.doi.org/10.1002/cncr.24751
http://dx.doi.org/10.1037/a0012825
http://dx.doi.org/10.1001/jamaoncol.2016.6914
http://dx.doi.org/10.1200/JCO.2012.44.4216
http://dx.doi.org/10.1200/JCO.2012.44.4216
http://dx.doi.org/10.1002/14651858.CD006145.pub2
http://dx.doi.org/10.1007/s00520-017-3955-6
http://dx.doi.org/10.1007/s00520-017-3812-7
http://dx.doi.org/10.1200/JCO.2013.49.3437
http://dx.doi.org/10.1177/1078155219830166
http://dx.doi.org/10.1177/1078155219830166
http://dx.doi.org/10.1093/annonc/mdx640
http://dx.doi.org/10.1097/CJI.0000000000000112
http://dx.doi.org/10.1111/cup.12876
http://dx.doi.org/10.1097/DAD.0000000000000688
http://dx.doi.org/10.1007/s40257-017-0336-3
http://dx.doi.org/10.1200/JCO.18.02141
http://dx.doi.org/10.1200/JCO.18.02141
http://dx.doi.org/10.1016/j.jaad.2015.10.029
http://dx.doi.org/10.1016/j.jaad.2015.10.029
http://dx.doi.org/10.1186/s40425-018-0459-y
http://dx.doi.org/10.1001/jamadermatol.2015.2707
http://dx.doi.org/10.1200/JCO.2014.57.4756
http://dx.doi.org/10.1016/j.jdcr.2018.08.009
http://dx.doi.org/10.1016/j.jdcr.2018.08.009
http://dx.doi.org/10.1016/j.lungcan.2017.04.019
http://dx.doi.org/10.1016/j.lungcan.2017.04.019
http://dx.doi.org/10.1016/j.jdcr.2016.10.008
http://dx.doi.org/10.1016/j.jaad.2017.06.044
http://dx.doi.org/10.1111/cup.13312
http://jitc.bmj.com/


29Brahmer JR, et al. J Immunother Cancer 2021;9:e002435. doi:10.1136/jitc-2021-002435

Open access

death 1 and Anti–Programmed cell death ligand 1 immunotherapy. 
JAMA Dermatol 2016;152:1128–36.

 147 Gammon WR, Kowalewski C, Chorzelski TP, et al. Direct 
immunofluorescence studies of sodium chloride—separated skin in 
the differential diagnosis of bullous pemphigoid and epidermolysis 
bullosa acquisita. J Am Acad Dermatol 1990;22:664–70.

 148 Siegel J, Totonchy M, Damsky W, et al. Bullous disorders 
associated with anti–PD-1 and anti–PD- L1 therapy: a retrospective 
analysis evaluating the clinical and histopathologic features, 
frequency, and impact on cancer therapy. J Am Acad Dermatol 
2018;79:1081–8.

 149 Naidoo J, Schindler K, Querfeld C, et al. Autoimmune bullous skin 
disorders with immune checkpoint inhibitors targeting PD-1 and 
PD- L1. Cancer Immunol Res 2016;4:383–9.

 150 Hanley T, Papa S, Saha M. Bullous pemphigoid associated with 
ipilimumab therapy for advanced metastatic melanoma. JRSM 
Open 2018;9:205427041879302.

 151 Kuwatsuka Y, Iwanaga A, Kuwatsuka S, et al. Bullous pemphigoid 
induced by ipilimumab in a patient with metastatic malignant 
melanoma after unsuccessful treatment with nivolumab. J Dermatol 
2018;45:e21–2.

 152 Dika E, Ravaioli GM, Fanti PA, et al. Cutaneous adverse effects 
during ipilimumab treatment for metastatic melanoma: a 
prospective study. Eur J Dermatol 2017;27:266–70.

 153 Griffin LL, Cove- Smith L, Alachkar H, et al. Toxic epidermal 
necrolysis (ten) associated with the use of nivolumab (PD-1 
inhibitor) for lymphoma. JAAD Case Rep 2018;4:229–31.

 154 Chen C- B, Wu M- Y, Ng CY, et al. Severe cutaneous adverse 
reactions induced by targeted anticancer therapies and 
immunotherapies. Cancer Manag Res 2018;10:1259–73.

 155 Wang H- H, Liu C- W, Li Y- C, et al. Efficacy of rituximab for 
pemphigus: a systematic review and meta- analysis of different 
regimens. Acta Derm Venereol 2015;95:928–32.

 156 Polansky M, Eisenstadt R, DeGrazia T, et al. Rituximab therapy 
in patients with bullous pemphigoid: a retrospective study of 20 
patients. J Am Acad Dermatol 2019;81:179–86.

 157 Wang F- P, Tang X- J, Wei C- Q, et al. Dupilumab treatment in 
moderate- to- severe atopic dermatitis: a systematic review and 
meta- analysis. J Dermatol Sci 2018;90:190–8.

 158 Zhao Z- T, Ji C- M, Yu W- J, et al. Omalizumab for the treatment 
of chronic spontaneous urticaria: A meta- analysis of randomized 
clinical trials. J Allergy Clin Immunol 2016;137:1742–50.

 159 Tharp MD, Bernstein JA, Kavati A, et al. Benefits and Harms of 
Omalizumab Treatment in Adolescent and Adult Patients With 
Chronic Idiopathic (Spontaneous) Urticaria: A Meta- analysis of 
"Real- world" Evidence. JAMA Dermatol 2019;155:29–38.

 160 Glare PA, Davies PS, Finlay E. Syrjala KL: pain in cancer survivors. 
Journal of Clinical Oncology 2014;32:1739–47.

 161 Bennett MI, Kaasa S, Barke A, et al. The IASP classification 
of chronic pain for ICD-11: chronic cancer- related pain. Pain 
2019;160:38–44.

 162 Izumi M, Takayama K, Yabuuchi H, et al. Incidence of hypertrophic 
pulmonary osteoarthropathy associated with primary lung cancer. 
Respirology 2010;15:809–12.

 163 Muralidharan A, Smith MT. Pathobiology and management of 
prostate cancer- induced bone pain: recent insights and future 
treatments. Inflammopharmacology 2013;21:339–63.

 164 Cappelli LC, Gutierrez AK, Bingham CO, et al. Rheumatic and 
musculoskeletal immune- related adverse events due to immune 
checkpoint inhibitors: a systematic review of the literature. Arthritis 
Care Res 2017;69:1751–63.

 165 Konoeda F, Suzuki S, Nishimoto Y, et al. A case of myasthenia 
gravis and myositis induced by nivolumab. Rinsho Shinkeigaku 
2017;57:373–7.

 166 Fox E, Dabrow M, Ochsner G. A case of Nivolumab- Induced 
myositis. Oncologist 2016;21:e3.

 167 Le Burel S, Champiat S, Mateus C, et al. Prevalence of immune- 
related systemic adverse events in patients treated with anti- 
Programmed cell Death 1/anti- Programmed cell Death- Ligand 1 
agents: A single- centre pharmacovigilance database analysis. Eur J 
Cancer 2017;82:34–44.

 168 Cappelli LC, Gutierrez AK, Baer AN, et al. Inflammatory arthritis and 
sicca syndrome induced by nivolumab and ipilimumab. Ann Rheum 
Dis 2017;76:43–50.

 169 Ruiz- Bañobre J, Pérez- Pampín E, García- González J, et al. 
Development of psoriatic arthritis during nivolumab therapy for 
metastatic non- small cell lung cancer, clinical outcome analysis and 
review of the literature. Lung Cancer 2017;108:217–21.

 170 Ghosh N, Tiongson MD, Stewart C. Bass Ar: checkpoint inhibitor- 
associated arthritis: a systematic review of case reports and case 
series. J Clin Rheumatol 2020.

 171 Smith MH, Bass AR. Arthritis after cancer immunotherapy: 
symptom duration and treatment response. Arthritis Care Res 
2019;71:362–6.

 172 Buder- Bakhaya K, Benesova K, Schulz C, et al. Characterization 
of arthralgia induced by PD-1 antibody treatment in patients 
with metastasized cutaneous malignancies. Cancer Immunology, 
Immunotherapy 2018;67:175–82.

 173 Dasgupta B, Cimmino MA, Maradit- Kremers H, et al. 2012 
provisional classification criteria for polymyalgia rheumatica: 
a European League against Rheumatism/American College 
of rheumatology collaborative initiative. Ann Rheum Dis 
2012;71:484–92.

 174 Benfaremo D, Manfredi L, Luchetti MM, et al. Musculoskeletal and 
rheumatic diseases induced by immune checkpoint inhibitors: a 
review of the literature. Curr Drug Saf 2018;13:150–64.

 175 Calabrese C, Cappelli LC, Kostine M, et al. Polymyalgia rheumatica- 
like syndrome from checkpoint inhibitor therapy: case series and 
systematic review of the literature. RMD Open 2019;5:e000906.

 176 Warner BM, Baer AN, Lipson EJ, et al. Sicca syndrome 
associated with immune checkpoint inhibitor therapy. Oncologist 
2019;24:1259–69.

 177 Fukushima C, Matsuse H, Tomari S, et al. Oral candidiasis 
associated with inhaled corticosteroid use: comparison of 
fluticasone and beclomethasone. Annals of Allergy, Asthma & 
Immunology 2003;90:646–51.

 178 Plemons JM, Al- Hashimi I, Marek CL, et al. Managing xerostomia 
and salivary gland hypofunction: Executive summary of a report 
from the American dental association Council on scientific Affairs. J 
Am Dent Assoc 2014;145:867–73.

 179 Zero DT, Brennan MT, Daniels TE, et al. Clinical practice guidelines 
for oral management of Sjögren disease. The Journal of the 
American Dental Association 2016;147:295–305.

 180 Sio TT, Le- Rademacher JG, Leenstra JL, et al. Effect of doxepin 
mouthwash or Diphenhydramine- Lidocaine- Antacid mouthwash vs 
placebo on Radiotherapy- Related oral mucositis pain: the alliance 
A221304 randomized clinical trial. JAMA 2019;321:1481–90.

 181 Miller RC, Le- Rademacher J, Sio TTW, et al. A phase III, 
randomized double- blind study of doxepin rinse versus magic 
mouthwash versus placebo in the treatment of acute oral mucositis 
pain in patients receiving head and neck radiotherapy with or 
without chemotherapy (alliance A221304). Int J Radiat Oncol Biol 
Phys 2016;96:938.

 182 Daxini A, Cronin K, Sreih AG. Vasculitis associated with immune 
checkpoint inhibitors—a systematic review. Clin Rheumatol 
2018;37:2579–84.

 183 Castillo B, Gibbs J, Brohl AS, et al. Checkpoint inhibitor- associated 
cutaneous small vessel vasculitis. JAAD Case Rep 2018;4:675–7. 
doi:10.1016/j.jdcr.2018.05.020

 184 Kirwan JR, Bijlsma JWJ, Boers M, et al. Effects of glucocorticoids 
on radiological progression in rheumatoid arthritis. Cochrane 
Database of Systematic Reviews 2007;350.

 185 Hernández- Rodríguez J, Cid MC, López- Soto A, et al. Treatment 
of polymyalgia rheumatica: a systematic review. Arch Intern Med 
2009;169:1839–50.

 186 Alonso- Ruiz A, Pijoan JI, Ansuategui E, et al. Tumor necrosis 
factor alpha drugs in rheumatoid arthritis: systematic review and 
metaanalysis of efficacy and safety. BMC Musculoskelet Disord 
2008;9:52.

 187 Alfaro- Lara R, Espinosa- Ortega HF, Arce- Salinas CA. Systematic 
review and meta- analysis of the efficacy and safety of leflunomide 
and methotrexate in the treatment of rheumatoid arthritis. 
Reumatología Clínica 2019;15:133–9.

 188 Rempenault C, Combe B, Barnetche T, et al. Clinical and structural 
efficacy of hydroxychloroquine in rheumatoid arthritis: a systematic 
review. Arthritis Care Res 2020;72:36–40.

 189 Suarez‐Almazor ME, Belseck E, Shea B. Sulfasalazine for treating 
rheumatoid arthritis. Cochrane Database Syst Rev 1998.

 190 Emery P, Keystone E, Tony HP, et al. Il-6 receptor inhibition 
with tocilizumab improves treatment outcomes in patients with 
rheumatoid arthritis refractory to anti- tumour necrosis factor 
biologicals: results from a 24- week multicentre randomised 
placebo- controlled trial. Ann Rheum Dis 2008;67:1516–23.

 191 Shih KC, Lun CN, Jhanji V, et al. Systematic review of randomized 
controlled trials in the treatment of dry eye disease in Sjogren 
syndrome. J Inflamm 2017;14:26.

 192 Dubey D, David W, Reynolds K. Guidon A: immune checkpoint 
inhibitor related neurologic adverse events: clinical spectrum, 
management and outcomes (S21.003). Neurology2019;92:S21.003.

 193 Johnson DB, Saranga- Perry V, Lavin PJM, et al. Myasthenia gravis 
induced by ipilimumab in patients with metastatic melanoma. JCO 
2015;33:e122–4.

 on A
pril 27, 2024 by guest. P

rotected by copyright.
http://jitc.bm

j.com
/

J Im
m

unother C
ancer: first published as 10.1136/jitc-2021-002435 on 25 June 2021. D

ow
nloaded from

 

http://dx.doi.org/10.1001/jamadermatol.2016.2226
http://dx.doi.org/10.1016/0190-9622(90)70094-X
http://dx.doi.org/10.1016/j.jaad.2018.07.008
http://dx.doi.org/10.1158/2326-6066.CIR-15-0123
http://dx.doi.org/10.1177/2054270418793029
http://dx.doi.org/10.1177/2054270418793029
http://dx.doi.org/10.1111/1346-8138.14043
http://dx.doi.org/10.1684/ejd.2017.3023
http://dx.doi.org/10.1016/j.jdcr.2017.09.028
http://dx.doi.org/10.2147/CMAR.S163391
http://dx.doi.org/10.2340/00015555-2116
http://dx.doi.org/10.1016/j.jaad.2019.03.049
http://dx.doi.org/10.1016/j.jdermsci.2018.01.016
http://dx.doi.org/10.1016/j.jaci.2015.12.1342
http://dx.doi.org/10.1001/jamadermatol.2018.3447
http://dx.doi.org/10.1097/j.pain.0000000000001363
http://dx.doi.org/10.1111/j.1440-1843.2010.01769.x
http://dx.doi.org/10.1007/s10787-013-0183-7
http://dx.doi.org/10.1002/acr.23177
http://dx.doi.org/10.1002/acr.23177
http://dx.doi.org/10.5692/clinicalneurol.cn-000991
http://dx.doi.org/10.1634/theoncologist.2016-0170
http://dx.doi.org/10.1016/j.ejca.2017.05.032
http://dx.doi.org/10.1016/j.ejca.2017.05.032
http://dx.doi.org/10.1136/annrheumdis-2016-209595
http://dx.doi.org/10.1136/annrheumdis-2016-209595
http://dx.doi.org/10.1016/j.lungcan.2017.04.007
http://dx.doi.org/10.1002/acr.23467
http://dx.doi.org/10.1007/s00262-017-2069-9
http://dx.doi.org/10.1007/s00262-017-2069-9
http://dx.doi.org/10.1136/annrheumdis-2011-200329
http://dx.doi.org/10.2174/1574886313666180508122332
http://dx.doi.org/10.1136/rmdopen-2019-000906
http://dx.doi.org/10.1634/theoncologist.2018-0823
http://dx.doi.org/10.1016/S1081-1206(10)61870-4
http://dx.doi.org/10.1016/S1081-1206(10)61870-4
http://dx.doi.org/10.14219/jada.2014.44
http://dx.doi.org/10.14219/jada.2014.44
http://dx.doi.org/10.1016/j.adaj.2015.11.008
http://dx.doi.org/10.1016/j.adaj.2015.11.008
http://dx.doi.org/10.1001/jama.2019.3504
http://dx.doi.org/10.1016/j.ijrobp.2016.09.047
http://dx.doi.org/10.1016/j.ijrobp.2016.09.047
http://dx.doi.org/10.1007/s10067-018-4177-0
http://dx.doi.org/10.1016/j.jdcr.2018.05.020
http://dx.doi.org/10.1002/14651858.CD006356
http://dx.doi.org/10.1002/14651858.CD006356
http://dx.doi.org/10.1001/archinternmed.2009.352
http://dx.doi.org/10.1186/1471-2474-9-52
http://dx.doi.org/10.1016/j.reuma.2017.07.020
http://dx.doi.org/10.1002/acr.23826
http://dx.doi.org/10.1002/14651858.CD000958
http://dx.doi.org/10.1136/ard.2008.092932
http://dx.doi.org/10.1186/s12950-017-0174-3
http://dx.doi.org/10.1200/JCO.2013.51.1683
http://jitc.bmj.com/


30 Brahmer JR, et al. J Immunother Cancer 2021;9:e002435. doi:10.1136/jitc-2021-002435

Open access 

 194 Dalvin LA, Shields CL, Orloff M, et al. Checkpoint inhibitor immune 
therapy: systemic indications and ophthalmic side effects. Retina 
2018;38:1.

 195 Carrera W, Baartman BJ, Kosmorsky G. A case report of drug- 
induced myopathy involving extraocular muscles after combination 
therapy with tremelimumab and Durvalumab for non- small cell lung 
cancer. Neuro- Ophthalmology 2017;41:140–3.

 196 Papavasileiou E, Prasad S, Freitag SK. Lobo A- M: Ipilimumab- 
induced ocular and orbital Inflammation—A case series and 
review of the literature. Ocular Immunology and Inflammation 
2016;24:140–6.

 197 Sheldon CA, Kharlip J, Tamhankar MA. Inflammatory orbitopathy 
associated with ipilimumab. Ophthalmic Plastic Reconstructive 
Surgery 2017;33:S155–8.

 198 Wilson MA, Guld K, Galetta S, et al. Acute visual loss after 
ipilimumab treatment for metastatic melanoma. J Immunother 
Cancer 2016;4:66.

 199 Canamary AM, Takahashi WY, Sallum JMF. Autoimmune 
retinopathy: a review. Int J Retina Vitreous 2018;4:1.

 200 Nguyen AT, Elia M, Materin MA, et al. Cyclosporine for 
dry eye associated with nivolumab: a case progressing to 
corneal perforation. Cornea 2016;35:399–401. doi:10.1097/
ICO.0000000000000724

 201 Abdel- Rahman O, Oweira H, Petrausch U, et al. Immune- Related 
ocular toxicities in solid tumor patients treated with immune 
checkpoint inhibitors: a systematic review. Expert Rev Anticancer 
Ther 2017;17:387–94.

 202 Basilious A, Lloyd JC. Posterior subcapsular cataracts and 
hypotony secondary to severe pembrolizumab induced uveitis: case 
report. Can J Ophthalmol 2016;51:e4–6.

 203 Numata S, Iwata Y, Okumura R, et al. Bilateral anterior uveitis and 
unilateral facial palsy due to ipilimumab for metastatic melanoma 
in an individual with human leukocyte antigen DR4: a case report. J 
Dermatol 2018;45:113–4.

 204 Nallapaneni NN, Mourya R, Bhatt VR, et al. Ipilimumab- induced 
hypophysitis and uveitis in a patient with metastatic melanoma and 
a history of ipilimumab- induced skin rash. J Natl Compr Canc Netw 
2014;12:1077–81.

 205 Aaberg MT, Aaberg TM. Pembrolizumab administration associated 
with posterior uveitis. Retin Cases Brief Rep 2017;11:348–51.

 206 Diem S, Keller F, Rüesch R, et al. Pembrolizumab- triggered uveitis: 
an additional surrogate marker for responders in melanoma 
immunotherapy? J Immunother 2016;39:379–82.

 207 Hanna KS. A rare case of Pembrolizumab- Induced uveitis 
in a patient with metastatic melanoma. Pharmacotherapy 
2016;36:e183–8.

 208 Taylor SC, Hrisomalos F, Linette GP, et al. A case of recurrent 
bilateral uveitis independently associated with dabrafenib and 
pembrolizumab therapy. Am J Ophthalmol Case Rep 2016;2:23–5.

 209 Fierz F, Meier F, Chaloupka K. Böni: Intraocular Inflammation 
Associated with New Therapies for Cutaneous Melanoma - Case 
Series and Review. Klinische Monatsblätter für Augenheilkunde 
2016;233:540–4.

 210 Kiratli H, Mocan MC, İrkeç M. In vivo confocal microscopy in 
differentiating Ipilimumab- Induced anterior uveitis from metastatic 
uveal melanoma. Case Rep Ophthalmol 2016;7:404–9.

 211 Manusow JS, Khoja L, Pesin N, et al. Retinal vasculitis and ocular 
vitreous metastasis following complete response to PD-1 inhibition 
in a patient with metastatic cutaneous melanoma. J Immunother 
Cancer 2014;2:41.

 212 Kanavati S, Ottensmeier C, Foria V, et al. Bilateral metastatic 
cutaneous melanoma to retina and vitreous after ipilimumab treated 
with pars plana vitrectomy and radiotherapy. Retin Cases Brief Rep 
2018;12:184–7.

 213 Rathinam SR, Gonzales JA, Thundikandy R, et al. Effect of 
Corticosteroid- Sparing treatment with mycophenolate mofetil vs 
methotrexate on inflammation in patients with uveitis: a randomized 
clinical trial. JAMA 2019;322:936–45.

 214 Letko E, Yeh S, Foster CS, et al. Efficacy and safety of intravenous 
Secukinumab in noninfectious uveitis requiring steroid- sparing 
immunosuppressive therapy. Ophthalmology 2015;122:939–48.

 215 Iyer PC, Cabanillas ME, Waguespack SG, et al. Immune- 
Related thyroiditis with immune checkpoint inhibitors. Thyroid 
2018;28:1243–51.

 216 Solinas C, Porcu M, De Silva P, et al. Cancer immunotherapy- 
associated hypophysitis. Semin Oncol 2018;45:181–6.

 217 Sakurai K, Niitsuma S, Sato R, et al. Painless thyroiditis and 
fulminant type 1 diabetes mellitus in a patient treated with an 
immune checkpoint inhibitor, nivolumab. Tohoku J Exp Med 
2018;244:33–40.

 218 Win MA, Thein KZ, Qdaisat A, et al. Acute symptomatic 
hypocalcemia from immune checkpoint therapy- induced 
hypoparathyroidism. Am J Emerg Med 2017;35:1039.e5–1039.e7.

 219 Lupu J, Pages C, Laly P, et al. Transient pituitary ACTH- dependent 
Cushing syndrome caused by an immune checkpoint inhibitor 
combination. Melanoma Res 2017;27:649–52.

 220 Zeng MF, Chen LL, Ye HY, et al. Primary hypothyroidism and 
isolated ACTH deficiency induced by nivolumab therapy: case 
report and review. Medicine 2017;96:e8426.

 221 Min L, Ibrahim N. Ipilimumab- induced autoimmune adrenalitis. 
Lancet Diabetes Endocrinol 2013;1:e15.

 222 Osorio JC, Ni A, Chaft JE, et al. Antibody- Mediated thyroid 
dysfunction during T- cell checkpoint blockade in patients with non- 
small- cell lung cancer. Ann Oncol 2017;28:583–9.

 223 Raedler LA. Keytruda (pembrolizumab): first PD-1 inhibitor 
Approved for previously treated unresectable or metastatic 
melanoma. Am Health Drug Benefits 2015;8:96–100.

 224 Raedler LA. Opdivo (nivolumab): second PD-1 inhibitor receives 
FDA approval for unresectable or metastatic melanoma. Am Health 
Drug Benefits 2015;8:180–3.

 225 Jonklaas J, Bianco AC, Bauer AJ, et al. Guidelines for the 
treatment of hypothyroidism: prepared by the American thyroid 
association Task force on thyroid hormone replacement. Thyroid 
2014;24:1670–751.

 226 Brancatella A, Viola N, Brogioni S, et al. Graves’ Disease Induced 
by Immune Checkpoint Inhibitors: A Case Report and Review of the 
Literature. Eur Thyroid J 2019;8:192–5.

 227 Angell TE, Min L, Wieczorek TJ, et al. Unique cytologic features 
of thyroiditis caused by immune checkpoint inhibitor therapy for 
malignant melanoma. Genes & Diseases 2018;5:46–8.

 228 Cukier P, Santini FC, Scaranti M, et al. Endocrine side effects of 
cancer immunotherapy. Endocr Relat Cancer 2017;24:T331–47.

 229 Postow MA, Callahan MK, Wolchok JD. Immune checkpoint 
blockade in cancer therapy. JCO 2015;33:1974–82.

 230 De Sousa SMC, Sheriff N, Tran CH, et al. Fall in thyroid stimulating 
hormone (TSH) may be an early marker of ipilimumab- induced 
hypophysitis. Pituitary 2018;21:274–82.

 231 Kim YH, Lee BJ, Lee KJ, et al. A case of pituitary metastasis from 
breast cancer that presented as left visual disturbance. J Korean 
Neurosurg Soc 2012;51:94–101.

 232 Kurokawa R, Ota Y, Gonoi W, et al. Mri findings of immune 
checkpoint Inhibitor–Induced hypophysitis: possible association 
with fibrosis. American Journal of Neuroradiology 2020.

 233 de Filette J, Andreescu CE, Cools F, et al. A systematic review and 
meta- analysis of endocrine- related adverse events associated with 
immune checkpoint inhibitors. Horm Metab Res 2019;51:145–56. 
doi:10.1055/a-0843-3366

 234 Guerrero E, Johnson DB, Bachelot A, et al. Immune checkpoint 
inhibitor–associated hypophysitis—World health organisation 
VigiBase report analysis. Eur J Cancer 2019;113:10–13.

 235 Tan MH, Iyengar R, Mizokami- Stout K, et al. Spectrum of immune 
checkpoint inhibitors- induced endocrinopathies in cancer patients: 
a scoping review of case reports. Clin Diabetes Endocrinol 
2019;5:1.

 236 Akarca FK, Can O, Yalcinli S, et al. Nivolumab, a new 
immunomodulatory drug, a new adverse effect; adrenal crisis. Turk 
J Emerg Med 2017;17:157–9.

 237 Trainer H, Hulse P, Higham CE. Lorigan P: hyponatraemia 
secondary to nivolumab- induced primary adrenal failure. Endocrinol 
Diabetes Metab Case Rep 2016;2016:16–108.

 238 Shariff AI, D'Alessio DA. Primary adrenal insufficiency from 
immune checkpoint inhibitors. AACE Clinical Case Reports 
2018;4:232–4.

 239 Stamatouli AM, Quandt Z, Perdigoto AL, et al. Collateral damage: 
insulin- dependent diabetes induced with checkpoint inhibitors. 
Diabetes 2018;67:1471–80.

 240 Zhang Z, Riebandt G, Sharma R, et al. 856 Preliminary review 
of Diabetes Mellitus incidence in patients treated with immune 
checkpoint inhibitors (ICI) therapy – Roswell Park Comprehensive 
Cancer Center (RPCCC) experience. Journal for ImmunoTherapy of 
Cancer 2020;8:A909–A510.

 241 Okamoto M, Okamoto M, Gotoh K, et al. Fulminant type 1 diabetes 
mellitus with anti‐programmed cell death‐1 therapy. J Diabetes 
Investig 2016;7:915–8.

 242 Hughes J, Vudattu N, Sznol M, et al. Precipitation of autoimmune 
diabetes with anti- PD-1 immunotherapy. Diabetes Care 
2015;38:e55–7.

 243 de Filette JMK, Pen JJ, Decoster L, et al. Immune checkpoint 
inhibitors and type 1 diabetes mellitus: a case report and systematic 
review. Eur J Endocrinol 2019;181:363–74.

 on A
pril 27, 2024 by guest. P

rotected by copyright.
http://jitc.bm

j.com
/

J Im
m

unother C
ancer: first published as 10.1136/jitc-2021-002435 on 25 June 2021. D

ow
nloaded from

 

http://dx.doi.org/10.1097/IAE.0000000000002181
http://dx.doi.org/10.1080/01658107.2017.1291686
http://dx.doi.org/10.1097/IOP.0000000000000509
http://dx.doi.org/10.1097/IOP.0000000000000509
http://dx.doi.org/10.1186/s40425-016-0170-9
http://dx.doi.org/10.1186/s40425-016-0170-9
http://dx.doi.org/10.1186/s40942-017-0104-9
http://dx.doi.org/10.1097/ICO.0000000000000724
http://dx.doi.org/10.1080/14737140.2017.1296765
http://dx.doi.org/10.1080/14737140.2017.1296765
http://dx.doi.org/10.1016/j.jcjo.2015.09.008
http://dx.doi.org/10.1111/1346-8138.13779
http://dx.doi.org/10.1111/1346-8138.13779
http://dx.doi.org/10.6004/jnccn.2014.0105
http://dx.doi.org/10.1097/ICB.0000000000000368
http://dx.doi.org/10.1097/CJI.0000000000000143
http://dx.doi.org/10.1002/phar.1839
http://dx.doi.org/10.1016/j.ajoc.2016.04.004
http://dx.doi.org/10.1055/s-0042-102668
http://dx.doi.org/10.1159/000448730
http://dx.doi.org/10.1186/s40425-014-0041-1
http://dx.doi.org/10.1186/s40425-014-0041-1
http://dx.doi.org/10.1097/ICB.0000000000000477
http://dx.doi.org/10.1001/jama.2019.12618
http://dx.doi.org/10.1016/j.ophtha.2014.12.033
http://dx.doi.org/10.1089/thy.2018.0116
http://dx.doi.org/10.1053/j.seminoncol.2018.09.002
http://dx.doi.org/10.1620/tjem.244.33
http://dx.doi.org/10.1016/j.ajem.2017.02.048
http://dx.doi.org/10.1097/CMR.0000000000000405
http://dx.doi.org/10.1097/MD.0000000000008426
http://dx.doi.org/10.1016/S2213-8587(13)70031-7
http://dx.doi.org/10.1093/annonc/mdw640
http://www.ncbi.nlm.nih.gov/pubmed/26629272
http://www.ncbi.nlm.nih.gov/pubmed/26629287
http://www.ncbi.nlm.nih.gov/pubmed/26629287
http://dx.doi.org/10.1089/thy.2014.0028
http://dx.doi.org/10.1159/000501824
http://dx.doi.org/10.1016/j.gendis.2017.11.002
http://dx.doi.org/10.1530/ERC-17-0358
http://dx.doi.org/10.1200/JCO.2014.59.4358
http://dx.doi.org/10.1007/s11102-018-0866-6
http://dx.doi.org/10.3340/jkns.2012.51.2.94
http://dx.doi.org/10.3340/jkns.2012.51.2.94
http://dx.doi.org/10.3174/ajnr.A6692
http://dx.doi.org/10.1055/a-0843-3366
http://dx.doi.org/10.1016/j.ejca.2019.03.002
http://dx.doi.org/10.1186/s40842-018-0073-4
http://dx.doi.org/10.1016/j.tjem.2017.05.007
http://dx.doi.org/10.1016/j.tjem.2017.05.007
http://dx.doi.org/10.4158/ACCR-2017-0133
http://dx.doi.org/10.2337/dbi18-0002
http://dx.doi.org/10.1136/jitc-2020-SITC2020.0856
http://dx.doi.org/10.1136/jitc-2020-SITC2020.0856
http://dx.doi.org/10.1111/jdi.12531
http://dx.doi.org/10.1111/jdi.12531
http://dx.doi.org/10.2337/dc14-2349
http://dx.doi.org/10.1530/EJE-19-0291
http://jitc.bmj.com/


31Brahmer JR, et al. J Immunother Cancer 2021;9:e002435. doi:10.1136/jitc-2021-002435

Open access

 244 MKdF J, Joeri JP, Lore D. Immune checkpoint inhibitors and type 
1 diabetes mellitus: a case report and systematic review. European 
Journal of Endocrinology 2019;181:363–74.

 245 Lupi I, Manetti L, Raffaelli V, et al. Diagnosis and treatment of 
autoimmune hypophysitis: a short review. J Endocrinol Invest 
2011;34:e245–52.

 246 Cuzzubbo S, Javeri F, Tissier M, et al. Neurological adverse events 
associated with immune checkpoint inhibitors: review of the 
literature. Eur J Cancer 2017;73:1–8.

 247 Dubey D, David WS, Reynolds KL, et al. Severe neurological toxicity 
of immune checkpoint inhibitors: growing spectrum. Ann Neurol 
2020;87:659–69.

 248 Spain L, Walls G, Julve M, et al. Neurotoxicity from immune- 
checkpoint inhibition in the treatment of melanoma: a single centre 
experience and review of the literature. Ann Oncol 2017;28:377–85.

 249 Blackmon JT, Viator TM. Central nervous system toxicities of 
anti- cancer immune checkpoint blockade. J Neurol Neuromed 
2016;1:39–45.

 250 Huang Y- T, Chen Y- P, Lin W- C, et al. Immune checkpoint inhibitor- 
induced myasthenia gravis. Front Neurol 2020;11:634.

 251 Safa H, Johnson DH, Trinh VA, et al. Immune checkpoint 
inhibitor related myasthenia gravis: single center experience 
and systematic review of the literature. J Immunother Cancer 
2019;7:319.

 252 Schneider- Gold C, Gajdos P, Toyka KV, et al. Corticosteroids for 
myasthenia gravis. Cochrane Database Syst Rev 2005;150.

 253 Nosadini M, Mohammad SS, Ramanathan S, et al. Immune therapy 
in autoimmune encephalitis: a systematic review. Expert Rev 
Neurother 2015;15:1391–419.

 254 Hughes RAC, Swan AV, Raphaël J- C, et al. Immunotherapy 
for Guillain- Barré syndrome: a systematic review. Brain 
2007;130:2245–57.

 255 Manson G, Maria ATJ, Poizeau F, et al. Worsening and newly 
diagnosed paraneoplastic syndromes following anti- PD-1 or anti- 
PD- L1 immunotherapies, a descriptive study. J Immunother Cancer 
2019;7:337.

 256 Santomasso B. D’Angelo S: Anti- CRMP5- Associated 
Paraneoplastic Neurologic Syndrome Developing in a Patient with 
Metastatic Merkel Cell Carcinoma During Immune Checkpoint 
Inhibitor Treatment (P5.409). Neurology 2018;90:P5.409 https:// n. 
neurology. org/ content/ 90/ 15_ Supplement/ P5. 409

 257 Vogrig A, Fouret M, Joubert B, et al. Increased frequency of anti- 
Ma2 encephalitis associated with immune checkpoint inhibitors. 
Neurol Neuroimmunol Neuroinflamm 2019;6:e604.

 258 Dubey D, David WS, Amato AA, et al. Varied phenotypes 
and management of immune checkpoint inhibitor- associated 
neuropathies. Neurology 2019;93:e1093–103.

 259 Chen X, Haggiagi A, Tzatha E, et al. Electrophysiological findings 
in immune checkpoint inhibitor- related peripheral neuropathy. Clin 
Neurophysiol 2019;130:1440–5.

 260 Supakornnumporn S, Katirji B. Guillain- Barré syndrome triggered by 
immune checkpoint inhibitors: a case report and literature review. J 
Clin Neuromuscul Dis 2017;19:80–3.

 261 Hughes RA, Mehndiratta MM, Rajabally YA. Corticosteroids for 
chronic inflammatory demyelinating polyradiculoneuropathy. 
Cochrane Database Syst Rev 2017;11:CD002062.

 262 Benatar M, Mcdermott MP, Sanders DB, et al. Efficacy of 
prednisone for the treatment of ocular myasthenia (epitome): a 
randomized, controlled trial. Muscle Nerve 2016;53:363–9.

 263 Swick HM, McQUILLEN MP. The use of steroids in the treatment of 
idiopathic polyneuritis. Neurology 1976;26:205.

 264 Lima G, Kahn A, Sama S, et al. Aseptic meningitis as an immune- 
related adverse event after pembrolizumab. Case Rep Oncol Med 
2019;2019:1–2.

 265 Toyozawa R, Haratake N, Toyokawa G, et al. Atezolizumab- Induced 
aseptic meningitis in patients with NSCLC. JTO Clinical and 
Research Reports 2020;1:100012.

 266 Cordes LM, Davarpanah NN, Reoma LB, et al. Neurotoxicities 
associated with checkpoint inhibitors: two case reports and a 
review of the literature. Clinical Case Reports 2020;8:24–32.

 267 Wiffen PJ, Derry S, Bell RF, et al. Gabapentin for chronic 
neuropathic pain in adults. Cochrane Database Syst Rev 
2017;6:CD007938.

 268 Azmi S, ElHadd KT, Nelson A, et al. Pregabalin in the management 
of painful diabetic neuropathy: a narrative review. Diabetes Ther 
2019;10:35–56.

 269 Lunn MP, Hughes RA. Duloxetine for treating painful neuropathy, 
chronic pain or fibromyalgia. Cochrane Database Syst Rev 
2014;1:Cd007115.

 270 Sears CR, Peikert T, Possick JD, et al. Knowledge gaps and 
research priorities in immune checkpoint Inhibitor–related 

pneumonitis. An official American thoracic Society research 
statement. Am J Respir Crit Care Med 2019;200:e31–43.

 271 Nakanishi Y, Masuda T, Yamaguchi K, et al. Pre- Existing interstitial 
lung abnormalities are risk factors for immune checkpoint inhibitor- 
induced interstitial lung disease in non- small cell lung cancer. 
Respir Investig 2019;57:451–9.

 272 Suresh K, Naidoo J. Lower survival in patients who develop 
pneumonitis following immunotherapy for lung cancer. Clin Lung 
Cancer 2020;21:e169–70.

 273 Naidoo J, Wang X, Woo KM, et al. Pneumonitis in patients treated 
with Anti- Programmed Death-1/Programmed death ligand 1 
therapy. J Clin Oncol 2017;35:709–17.

 274 Barjaktarevic IZ, Qadir N, Suri A, et al. Organizing pneumonia 
as a side effect of ipilimumab treatment of melanoma. Chest 
2013;143:858–61.

 275 Suresh K, Naidoo J, Zhong Q, et al. The alveolar immune cell 
landscape is dysregulated in checkpoint inhibitor pneumonitis. J 
Clin Invest 2019;129:4305–15.

 276 Läubli H, Koelzer VH, Matter MS, et al. The T cell repertoire 
in tumors overlaps with pulmonary inflammatory lesions in 
patients treated with checkpoint inhibitors. Oncoimmunology 
2018;7:e1386362.

 277 Nishino M, Giobbie- Hurder A, Hatabu H, et al. Incidence of 
programmed cell death 1 Inhibitor- Related pneumonitis in patients 
with advanced cancer: a systematic review and meta- analysis. 
JAMA Oncol 2016;2:1607–16.

 278 Galant- Swafford J, Troesch A, Tran L, et al. Landscape of immune- 
related pneumonitis in cancer patients with asthma being treated 
with immune checkpoint blockade. Oncology 2020;98:123–30.

 279 Voong KR, Hazell SZ, Fu W, et al. Relationship between prior 
radiotherapy and Checkpoint- Inhibitor pneumonitis in patients 
with advanced Non–Small- Cell lung cancer. Clin Lung Cancer 
2019;20:e470–9.

 280 Suresh K, Voong KR, Shankar B, et al. Pneumonitis in non- small cell 
lung cancer patients receiving immune checkpoint immunotherapy: 
incidence and risk factors. J Thorac Oncol 2018;13:1930–9.

 281 Khunger M, Rakshit S, Pasupuleti V, et al. Incidence of pneumonitis 
with use of programmed death 1 and programmed death- ligand 
1 inhibitors in non- small cell lung cancer: a systematic review and 
meta- analysis of trials. Chest 2017;152:271–81. doi:10.1016/j.
chest.2017.04.177

 282 Rizvi NA, Mazières J, Planchard D, et al. Activity and safety of 
nivolumab, an anti- PD-1 immune checkpoint inhibitor, for patients 
with advanced, refractory squamous non- small- cell lung cancer 
(CheckMate 063): a phase 2, single- arm trial. Lancet Oncol 
2015;16:257–65.

 283 Naidoo J, Cottrell TR, Lipson EJ, et al. Chronic immune checkpoint 
inhibitor pneumonitis. J Immunother Cancer 2020;8:e000840.

 284 Petri CR, Patell R, Batalini F, et al. Severe pulmonary toxicity from 
immune checkpoint inhibitor treated successfully with intravenous 
immunoglobulin: case report and review of the literature. Respir 
Med Case Rep 2019;27:100834.

 285 Wiertz IA, van Moorsel CHM, Van Moorsel CHM. 
Cyclophosphamide in steroid- refractory hypersensitivity 
pneumonitis and non- classifiable interstitial lung disease. European 
Respiratory Journal 2017;50:PA3828. doi:10.1183/1393003.
congress-2017.PA3828

 286 Barnes H, Holland AE, Westall GP. Glaspole in: cyclophosphamide 
for connective tissue disease–associated interstitial lung disease. 
Cochrane Database of Systematic Reviews 2018;1.

 287 Hastings RA, Saunders P, Hogben C. P164 cyclophosphamide for 
the treatment of refractory chronic hypersensitivity pneumonitis. 
Thorax 2018;73:A191.

 288 Nishino M, Ramaiya NH, Awad MM, et al. Pd-1 Inhibitor–Related 
pneumonitis in advanced cancer patients: radiographic patterns 
and clinical course. Clin Cancer Res 2016;22:6051–60.

 289 Ortega Sanchez G, Jahn K, Savic S, et al. Treatment of 
mycophenolate- resistant immune- related organizing pneumonia 
with infliximab. Journal for ImmunoTherapy of Cancer 2018;6:85.

 290 Cooksley T, Marshall W, Gupta A. Early infliximab in life- threatening 
immune- mediated pneumonitis. QJM: An International Journal of 
Medicine 2019;112:929–30.

 291 Stroud CR, Hegde A, Cherry C, Naqash AR, et al. Tocilizumab for 
the management of immune mediated adverse events secondary to 
PD-1 blockade. J Oncol Pharm Pract 2019;25:e21712.

 292 Rambhia PH, Reichert B, Scott JF, et al. Immune checkpoint 
inhibitor- induced sarcoidosis- like granulomas. Int J Clin Oncol 
2019;24:1171–81.

 293 Rodriguez EF, Lipson E, Suresh K, et al. Immune checkpoint 
blocker- related sarcoid- like granulomatous inflammation: a rare 
adverse event detected in lymph node aspiration cytology of 

 on A
pril 27, 2024 by guest. P

rotected by copyright.
http://jitc.bm

j.com
/

J Im
m

unother C
ancer: first published as 10.1136/jitc-2021-002435 on 25 June 2021. D

ow
nloaded from

 

http://dx.doi.org/10.3275/7863
http://dx.doi.org/10.1016/j.ejca.2016.12.001
http://dx.doi.org/10.1002/ana.25708
http://dx.doi.org/10.1093/annonc/mdw558
http://dx.doi.org/10.29245/2572.942X/2016/4.1040
http://dx.doi.org/10.3389/fneur.2020.00634
http://dx.doi.org/10.1186/s40425-019-0774-y
http://dx.doi.org/10.1002/14651858.CD002828.pub2
http://dx.doi.org/10.1586/14737175.2015.1115720
http://dx.doi.org/10.1586/14737175.2015.1115720
http://dx.doi.org/10.1093/brain/awm004
http://dx.doi.org/10.1186/s40425-019-0821-8
https://n.neurology.org/content/90/15_Supplement/P5.409
https://n.neurology.org/content/90/15_Supplement/P5.409
http://dx.doi.org/10.1212/NXI.0000000000000604
http://dx.doi.org/10.1212/WNL.0000000000008091
http://dx.doi.org/10.1016/j.clinph.2019.03.035
http://dx.doi.org/10.1016/j.clinph.2019.03.035
http://dx.doi.org/10.1097/CND.0000000000000193
http://dx.doi.org/10.1097/CND.0000000000000193
http://dx.doi.org/10.1002/14651858.CD002062.pub4
http://dx.doi.org/10.1002/mus.24769
http://dx.doi.org/10.1212/WNL.26.3.205
http://dx.doi.org/10.1155/2019/7183747
http://dx.doi.org/10.1016/j.jtocrr.2020.100012
http://dx.doi.org/10.1016/j.jtocrr.2020.100012
http://dx.doi.org/10.1002/ccr3.2534
http://dx.doi.org/10.1002/14651858.CD007938.pub4
http://dx.doi.org/10.1007/s13300-018-0550-x
http://dx.doi.org/10.1002/14651858.CD007115.pub3
http://dx.doi.org/10.1164/rccm.201906-1202ST
http://dx.doi.org/10.1016/j.resinv.2019.05.002
http://dx.doi.org/10.1016/j.cllc.2019.10.009
http://dx.doi.org/10.1016/j.cllc.2019.10.009
http://dx.doi.org/10.1200/JCO.2016.68.2005
http://dx.doi.org/10.1378/chest.12-1467
http://dx.doi.org/10.1172/JCI128654
http://dx.doi.org/10.1172/JCI128654
http://dx.doi.org/10.1080/2162402X.2017.1386362
http://dx.doi.org/10.1001/jamaoncol.2016.2453
http://dx.doi.org/10.1159/000503566
http://dx.doi.org/10.1016/j.cllc.2019.02.018
http://dx.doi.org/10.1016/j.jtho.2018.08.2035
http://dx.doi.org/10.1016/j.chest.2017.04.177
http://dx.doi.org/10.1016/S1470-2045(15)70054-9
http://dx.doi.org/10.1136/jitc-2020-000840
http://dx.doi.org/10.1016/j.rmcr.2019.100834
http://dx.doi.org/10.1016/j.rmcr.2019.100834
http://dx.doi.org/10.1183/1393003.congress-2017.PA3828
http://dx.doi.org/10.1183/1393003.congress-2017.PA3828
http://dx.doi.org/10.1136/thorax-2018-212555.322
http://dx.doi.org/10.1158/1078-0432.CCR-16-1320
http://dx.doi.org/10.1186/s40425-018-0400-4
http://dx.doi.org/10.1093/qjmed/hcz224
http://dx.doi.org/10.1093/qjmed/hcz224
http://dx.doi.org/10.1200/JCO.2017.35.15_suppl.e21712
http://dx.doi.org/10.1007/s10147-019-01490-2
http://jitc.bmj.com/


32 Brahmer JR, et al. J Immunother Cancer 2021;9:e002435. doi:10.1136/jitc-2021-002435

Open access 

patients treated for advanced malignant melanoma. Hum Pathol 
2019;91:69–76.

 294 Park C, Keam B, Yoon SH, et al. Clinical insights on outcomes 
of corticosteroid administration in immune checkpoint inhibitor- 
induced pneumonitis by retrospective case series analysis. ESMO 
Open 2019;4:e000575.

 295 Morisset J, Johannson KA, Vittinghoff E, et al. Use of 
mycophenolate mofetil or azathioprine for the management of 
chronic hypersensitivity pneumonitis. Chest 2017;151:619–25.

 296 Adegunsoye A, Oldham JM, Fernández Pérez ER, et al. Outcomes 
of immunosuppressive therapy in chronic hypersensitivity 
pneumonitis. ERJ Open Res 2017;3:00016-2017–2017.

 297 Momtaz P, Park V, Panageas KS, et al. Safety of Infusing ipilimumab 
over 30 minutes. JCO 2015;33:3454–8.

 298 El Osta B, Hu F, Sadek R, et al. Not all immune- checkpoint 
inhibitors are created equal: meta- analysis and systematic review 
of immune- related adverse events in cancer trials. Crit Rev Oncol 
Hematol 2017;119:1–12.

 299 D'Angelo SP, Russell J, Lebbé C, et al. Efficacy and safety of first- 
line Avelumab treatment in patients with stage IV metastatic Merkel 
cell carcinoma: a Preplanned interim analysis of a clinical trial. 
JAMA Oncol 2018;4:e180077.

 300 Kelly K, Infante JR, Taylor MH, et al. Safety profile of avelumab in 
patients with advanced solid tumors: a pooled analysis of data 
from the phase 1 javelin solid tumor and phase 2 javelin Merkel 200 
clinical trials. Cancer 2018;124:2010–7.

 301 Younes A, Santoro A, Shipp M, et al. Nivolumab for classical 
Hodgkin’s lymphoma after failure of both autologous stem- cell 
transplantation and brentuximab vedotin: a multicentre, multicohort, 
single- arm phase 2 trial. Lancet Oncol 2016;17:1283–94.

 302 Cáceres MC, Guerrero- Martín J, Pérez- Civantos D, et al. The 
importance of early identification of infusion- related reactions to 
monoclonal antibodies. Ther Clin Risk Manag 2019;15:965–77.

 303 Cortazar FB, Kibbelaar ZA, Glezerman IG, et al. Clinical features 
and outcomes of immune checkpoint Inhibitor–Associated AKI: a 
multicenter study. Journal of the American Society of Nephrology 
2020;31:435–46.

 304 Cortazar FB, Marrone KA, Troxell ML, et al. Clinicopathological 
features of acute kidney injury associated with immune checkpoint 
inhibitors. Kidney Int 2016;90:638–47.

 305 Shirali AC, Perazella MA, Gettinger S. Association of acute 
interstitial nephritis with programmed cell death 1 inhibitor therapy 
in lung cancer patients. American Journal of Kidney Diseases 
2016;68:287–91.

 306 Izzedine H, Gueutin V, Gharbi C, et al. Kidney injuries related to 
ipilimumab. Invest New Drugs 2014;32:769–73.

 307 Jung K, Zeng X, Bilusic M. Nivolumab- associated acute 
glomerulonephritis: a case report and literature review. BMC 
Nephrol 2016;17:188.

 308 Lin JS, Wang DY, Mamlouk O, et al. Immune checkpoint inhibitor 
associated reactivation of primary membranous nephropathy 
responsive to rituximab. J Immunother Cancer 2020;8:e001287.

 309 Kellum JA, Lameire N, KDIGO AKI Guideline Work Group. 
Diagnosis, evaluation, and management of acute kidney injury: a 
KDIGO summary (Part 1). Crit Care 2013;17:204.

 310 Shingarev R, Glezerman IG. Kidney complications of immune 
checkpoint inhibitors: a review. American Journal of Kidney 
Diseases 2019;74:529–37.

 311 Seethapathy H, Zhao S, Chute DF, et al. The incidence, causes, 
and risk factors of acute kidney injury in patients receiving immune 
checkpoint inhibitors. Clinical Journal of the American Society of 
Nephrology 2019;14:1692–700.

 312 Manohar S, Kompotiatis P, Thongprayoon C, et al. Programmed 
cell death protein 1 inhibitor treatment is associated with acute 
kidney injury and hypocalcemia: meta- analysis. Nephrology Dialysis 
Transplantation 2019;34:108–17.

 313 Preddie DC, Markowitz GS, Radhakrishnan J, et al. Mycophenolate 
mofetil for the treatment of interstitial nephritis. Clinical Journal of 
the American Society of Nephrology 2006;1:718–22.

 314 Thumfart J, Müller D, Rudolph B, et al. Isolated sarcoid 
granulomatous interstitial nephritis responding to infliximab therapy. 
American Journal of Kidney Diseases 2005;45:411–4.

 315 Stanton B, Caza T, Huang D, et al. Tubulointerstitial nephritis as the 
initial presentation of Crohn's disease and successful treatment 
with infliximab. ACG Case Rep J 2017;4:e24.

 316 Mamlouk O, Lin JS, Abdelrahim M, et al. Checkpoint inhibitor- 
related renal vasculitis and use of rituximab. J Immunother Cancer 
2020;8:e000750.

 317 González E, Gutiérrez E, Galeano C, et al. Early steroid treatment 
improves the recovery of renal function in patients with drug- 
induced acute interstitial nephritis. Kidney Int 2008;73:940–6.

 318 De Bruyn P, Van Gestel D, Ost P, et al. Immune checkpoint blockade 
for organ transplant patients with advanced cancer: how far can we 
go? Curr Opin Oncol 2019;31:54–64.

 319 Salem J- E, Manouchehri A, Moey M, et al. Cardiovascular toxicities 
associated with immune checkpoint inhibitors: an observational, 
retrospective, pharmacovigilance study. Lancet Oncol 
2018;19:1579–89.

 320 Zhang L, Zlotoff DA, Awadalla M, et al. Major adverse 
cardiovascular events and the timing and dose of corticosteroids in 
immune checkpoint Inhibitor–Associated myocarditis. Circulation 
2020;141:2031–4.

 321 Arangalage D, Delyon J, Lermuzeaux M, et al. Survival after 
fulminant myocarditis induced by Immune- Checkpoint inhibitors. 
Ann Intern Med 2017;167:683–4.

 322 Salem J- E, Allenbach Y, Vozy A, et al. Abatacept for severe immune 
checkpoint Inhibitor–Associated myocarditis. New England Journal 
of Medicine 2019;380:2377–9.

 323 Esfahani K, Buhlaiga N, Thébault P, et al. Alemtuzumab for immune- 
related myocarditis due to PD-1 therapy. N Engl J Med Overseas Ed 
2019;380:2375–6.

 324 Cautela J, Zeriouh S, Gaubert M, et al. Intensified 
immunosuppressive therapy in patients with immune checkpoint 
inhibitor- induced myocarditis. Journal for ImmunoTherapy of 
Cancer 2020;8:e001887.

 325 Abdol Razak N, Jones G, Bhandari M, et al. Cancer- Associated 
thrombosis: an overview of mechanisms, risk factors, and 
treatment. Cancers 2018;10:380.

 326 Noble S, Pasi J. Epidemiology and pathophysiology of cancer- 
associated thrombosis. Br J Cancer 2010;102:S2–9.

 327 Khorana AA. Venous thromboembolism and prognosis in cancer. 
Thromb Res 2010;125:490–3.

 328 Karimi M. Cohan N: cancer- associated thrombosis. Open 
Cardiovasc Med J 2010;4:78–82.

 329 Tsukamoto J, Monteiro M, Vale S, et al. Thromboembolic events 
related to treatment with checkpoint inhibitors: report of two cases. 
Case Rep Oncol 2018;11:648–53.

 330 Abbas W, Dixit G, Rao RR, et al. Immunotherapy- induced acute 
pulmonary thromboembolism: a case report. South Asian J Cancer 
2019;8:172–82.

 331 Kunimasa K, Nishino K, Kimura M, et al. Pembrolizumab- induced 
acute thrombosis: a case report. Medicine 2018;97:e10772.

 332 Gutiérrez Sainz L, Martínez- Marin V, Viñal Lozano D, et al. Incidence 
of vascular thromboembolism events in cancer patients receiving 
immunotherapy: a single institution experience. Annals of Oncology 
2019;30:v725.

 333 Agnelli G, Becattini C, Meyer G, et al. Apixaban for the treatment 
of venous thromboembolism associated with cancer. New England 
Journal of Medicine 2020;382:1599–607.

 334 Li A, Garcia DA, Lyman GH, et al. Direct oral anticoagulant (DOAC) 
versus low- molecular- weight heparin (LMWH) for treatment of 
cancer associated thrombosis (cat): a systematic review and meta- 
analysis. Thromb Res 2019;173:158–63.

 335 Lazo- Langner A, Goss GD, Spaans JN, et al. The effect of low- 
molecular- weight heparin on cancer survival. A systematic review 
and meta- analysis of randomized trials. J Thromb Haemost 
2007;5:729–37.

 336 Akl EA, Terrenato I, Barba M, et al. Low- Molecular- Weight heparin 
vs unfractionated heparin for perioperative thromboprophylaxis in 
patients with cancer: a systematic review and meta- analysis. Arch 
Intern Med 2008;168:1261–9.

 337 Akl EA, Barba M, Rohilla S, et al. Low- Molecular- Weight heparins 
are superior to vitamin K antagonists for the long term treatment 
of venous thromboembolism in patients with cancer: a Cochrane 
systematic review. J Exp Clin Cancer Res 2008;27:21.

 338 Comito RR, Badu LA, Forcello N. Nivolumab- induced aplastic 
anemia: a case report and literature review. Journal of Oncology 
Pharmacy Practice 2019;25:221–5.

 339 Delyon J, Mateus C, Lambert T. Hemophilia A induced by 
ipilimumab. New England Journal of Medicine 2011;365:1747–8.

 340 Wei G, Nwakuche U, Cadavid G, et al. Large granular lymphocytosis 
with severe neutropenia following ipilimumab therapy for metastatic 
melanoma. Exp Hematol Oncol 2012;1:3.

 341 Bernard- Tessier A, Jeanville P, Champiat S, et al. Immune- Related 
eosinophilia induced by anti- programmed death 1 or death- ligand 1 
antibodies. Eur J Cancer 2017;81:135–7.

 342 Simeone E, Grimaldi AM, Esposito A, et al. Serious haematological 
toxicity during and after ipilimumab treatment: a case series. J Med 
Case Rep 2014;8:240.

 343 Kopecký J, Trojanová P, Kubeček O, et al. Treatment possibilities of 
ipilimumab- induced thrombocytopenia--case study and literature 
review. Jpn J Clin Oncol 2015;45:381–4.

 on A
pril 27, 2024 by guest. P

rotected by copyright.
http://jitc.bm

j.com
/

J Im
m

unother C
ancer: first published as 10.1136/jitc-2021-002435 on 25 June 2021. D

ow
nloaded from

 

http://dx.doi.org/10.1016/j.humpath.2019.07.001
http://dx.doi.org/10.1136/esmoopen-2019-000575
http://dx.doi.org/10.1136/esmoopen-2019-000575
http://dx.doi.org/10.1016/j.chest.2016.10.029
http://dx.doi.org/10.1183/23120541.00016-2017
http://dx.doi.org/10.1200/JCO.2015.61.0030
http://dx.doi.org/10.1016/j.critrevonc.2017.09.002
http://dx.doi.org/10.1016/j.critrevonc.2017.09.002
http://dx.doi.org/10.1001/jamaoncol.2018.0077
http://dx.doi.org/10.1002/cncr.31293
http://dx.doi.org/10.1016/S1470-2045(16)30167-X
http://dx.doi.org/10.2147/TCRM.S204909
http://dx.doi.org/10.1681/ASN.2019070676
http://dx.doi.org/10.1016/j.kint.2016.04.008
http://dx.doi.org/10.1053/j.ajkd.2016.02.057
http://dx.doi.org/10.1007/s10637-014-0092-7
http://dx.doi.org/10.1186/s12882-016-0408-2
http://dx.doi.org/10.1186/s12882-016-0408-2
http://dx.doi.org/10.1136/jitc-2020-001287
http://dx.doi.org/10.1186/cc11454
http://dx.doi.org/10.1053/j.ajkd.2019.03.433
http://dx.doi.org/10.1053/j.ajkd.2019.03.433
http://dx.doi.org/10.2215/CJN.00990119
http://dx.doi.org/10.2215/CJN.00990119
http://dx.doi.org/10.1093/ndt/gfy105
http://dx.doi.org/10.1093/ndt/gfy105
http://dx.doi.org/10.2215/CJN.01711105
http://dx.doi.org/10.2215/CJN.01711105
http://dx.doi.org/10.1053/j.ajkd.2004.10.011
http://dx.doi.org/10.14309/crj.2017.24
http://dx.doi.org/10.1136/jitc-2020-000750
http://dx.doi.org/10.1038/sj.ki.5002776
http://dx.doi.org/10.1097/CCO.0000000000000505
http://dx.doi.org/10.1016/S1470-2045(18)30608-9
http://dx.doi.org/10.1161/CIRCULATIONAHA.119.044703
http://dx.doi.org/10.7326/L17-0396
http://dx.doi.org/10.1056/NEJMc1901677
http://dx.doi.org/10.1056/NEJMc1901677
http://dx.doi.org/10.1056/NEJMc1903064
http://dx.doi.org/10.1136/jitc-2020-001887
http://dx.doi.org/10.1136/jitc-2020-001887
http://dx.doi.org/10.3390/cancers10100380
http://dx.doi.org/10.1038/sj.bjc.6605599
http://dx.doi.org/10.1016/j.thromres.2009.12.023
http://dx.doi.org/10.1159/000492463
http://dx.doi.org/10.4103/sajc.sajc_25_19
http://dx.doi.org/10.1097/MD.0000000000010772
http://dx.doi.org/10.1093/annonc/mdz265.021
http://dx.doi.org/10.1056/NEJMoa1915103
http://dx.doi.org/10.1056/NEJMoa1915103
http://dx.doi.org/10.1016/j.thromres.2018.02.144
http://dx.doi.org/10.1111/j.1538-7836.2007.02427.x
http://dx.doi.org/10.1001/archinte.168.12.1261
http://dx.doi.org/10.1001/archinte.168.12.1261
http://dx.doi.org/10.1186/1756-9966-27-21
http://dx.doi.org/10.1177/1078155217726159
http://dx.doi.org/10.1177/1078155217726159
http://dx.doi.org/10.1056/NEJMc1110923
http://dx.doi.org/10.1186/2162-3619-1-3
http://dx.doi.org/10.1016/j.ejca.2017.05.017
http://dx.doi.org/10.1186/1752-1947-8-240
http://dx.doi.org/10.1186/1752-1947-8-240
http://dx.doi.org/10.1093/jjco/hyu222
http://jitc.bmj.com/


33Brahmer JR, et al. J Immunother Cancer 2021;9:e002435. doi:10.1136/jitc-2021-002435

Open access

 344 Delanoy N, Michot J- M, Comont T, et al. Haematological immune- 
related adverse events induced by anti- PD-1 or anti- PD- L1 
immunotherapy: a descriptive observational study. The Lancet 
Haematology 2019;6:e48–57.

 345 Tanios GE, Doley PB, Munker R. Autoimmune hemolytic anemia 
associated with the use of immune checkpoint inhibitors for cancer: 
68 cases from the food and drug administration database and 
review. Eur J Haematol 2019;102:157–62.

 346 Shiuan E, Beckermann KE, Ozgun A, et al. Thrombocytopenia in 
patients with melanoma receiving immune checkpoint inhibitor 
therapy. J Immunother Cancer 2017;5:8.

 347 Moreno C, Hodgson K, Ferrer G, et al. Autoimmune cytopenia in 
chronic lymphocytic leukemia: prevalence, clinical associations, and 
prognostic significance. Blood 2010;116:4771–6.

 348 Hauswirth AW, Skrabs C, Schützinger C, et al. Autoimmune 
thrombocytopenia in non- Hodgkin's lymphomas. Haematologica 
2008;93:447–50.

 349 Reese JA, Li X, Hauben M, et al. Identifying drugs that cause acute 
thrombocytopenia: an analysis using 3 distinct methods. Blood 
2010;116:2127–33.

 350 Kuter DJ, Tillotson GS. Hematologic effects of antimicrobials: 
focus on the oxazolidinone linezolid. Pharmacotherapy 
2001;21:1010–3.

 351 Grewal PK, Uchiyama S, Ditto D, et al. The Ashwell receptor 
mitigates the lethal coagulopathy of sepsis. Nat Med 
2008;14:648–55.

 352 Delsol G, Guiu- Godfrin B, Guiu M, et al. Leukoerythroblastosis and 
cancer frequency, prognosis, and physiopathologic significance. 
Cancer 1979;44:1009–13.

 353 Takeyama H, Sakiyama T, Wakasa T, et al. Disseminated 
carcinomatosis of the bone marrow with disseminated intravascular 
coagulation as the first symptom of recurrent rectal cancer 
successfully treated with chemotherapy: a case report and review 
of the literature. Oncol Lett 2017;13:4290–4.

 354 Conti FM, Hitomi Yokoyama AP, Dezan MR, et al. Diagnosis and 
Management Of POST- Transfusion Purpura - Case Report. Blood 
2013;122:4834.

 355 Kuter DJ. Managing thrombocytopenia associated with cancer 
chemotherapy. Oncology 2015;29:282–94.

 356 DiCarlo AL, Kaminski JM, Hatchett RJ, et al. Role of 
thrombocytopenia in radiation- induced mortality and review 
of therapeutic approaches targeting platelet regeneration after 
radiation exposure. J Radiat Oncol 2016;5:19–32.

 357 Rodeghiero F, Stasi R, Gernsheimer T, et al. Standardization 
of terminology, definitions and outcome criteria in immune 
thrombocytopenic purpura of adults and children: report from an 
international Working group. Blood 2009;113:2386–93.

 358 Zaja F, Vianelli N, Volpetti S, et al. Low- Dose rituximab in adult 
patients with primary immune thrombocytopenia. Eur J Haematol 
2010;85:329–34.

 359 Patel VL, Mahévas M, Lee SY, et al. Outcomes 5 years after 
response to rituximab therapy in children and adults with immune 
thrombocytopenia. Blood 2012;119:5989–95.

 360 Gars E, Purington N, Scott G, et al. Bone marrow 
histomorphological criteria can accurately diagnose 
hemophagocytic lymphohistiocytosis. Haematologica 
2018;103:1635–41.

 361 La Rosée P, Horne A, Hines M, et al. Recommendations for the 
management of hemophagocytic lymphohistiocytosis in adults. 
Blood 2019;133:2465–77.

 362 Helgadottir H, Kis L, Ljungman P, et al. Lethal aplastic anemia 
caused by dual immune checkpoint blockade in metastatic 
melanoma. Annals of Oncology 2017;28:1672–3.

 363 Balasubramanian SK, Sadaps M, Thota S, et al. Rational 
management approach to pure red cell aplasia. Haematologica 
2018;103:221–30.

 364 Boegeholz J, Brueggen CS, Pauli C, et al. Challenges in diagnosis 
and management of neutropenia upon exposure to immune- 
checkpoint inhibitors: meta- analysis of a rare immune- related 
adverse side effect. BMC Cancer 2020;20:300.

 365 Mithoowani S, Gregory- Miller K, Goy J, et al. High- Dose 
dexamethasone compared with prednisone for previously untreated 
primary immune thrombocytopenia: a systematic review and meta- 
analysis. The Lancet Haematology 2016;3:e489–96.

 366 Qin Y- H, Zhou T- B, Su L- N, et al. The efficacy of different 
dose intravenous immunoglobulin in treating acute idiopathic 

thrombocytopenic purpura: a meta- analysis of 13 randomized 
controlled trials. Blood Coagul Fibrinolysis 2010;21:713–21.

 367 Finkel I, Sternschuss M, Wollner M, et al. Immune- Related 
neutropenia following treatment with immune checkpoint inhibitors. 
J Immunother 2020;43:67–74.

 368 Trottestam H, Horne A, Aricò M, et al. Chemoimmunotherapy for 
hemophagocytic lymphohistiocytosis: long- term results of the HLH-
94 treatment protocol. Blood 2011;118:4577–84.

 369 Kulpa J, Skrabs C, Simanek R, et al. Probability of remaining in 
Unsustained complete remission after steroid therapy withdrawal 
in patients with primary warm- antibody reactive autoimmune 
hemolytic anemia. Wien Klin Wochenschr 2016;128:234–7.

 370 Flores G, Cunningham- Rundles C, Newland AC, et al. Efficacy 
of intravenous immunoglobulin in the treatment of autoimmune 
hemolytic anemia: results in 73 patients. Am J Hematol 
1993;44:237–42.

 371 OPDIVO prescribing information. Available: https://www. 
accessdata. fda. gov/ scripts/ cder/ daf/ index. cfm? event= overview. 
process& ApplNo= 125554

 372 YERVOY prescribing information. Available: https://www. 
accessdata. fda. gov/ scripts/ cder/ daf/ index. cfm? event= overview. 
process& ApplNo= 125337

 373 Wang DY, Salem J- E, Cohen JV, et al. Fatal toxic effects associated 
with immune checkpoint inhibitors: a systematic review and meta- 
analysis. JAMA Oncol 2018;4:1721–8.

 374 Lebbé C, Meyer N, Mortier L, et al. Evaluation of two dosing 
regimens for nivolumab in combination with ipilimumab in patients 
with advanced melanoma: results from the phase IIIb/IV CheckMate 
511 trial. Journal of Clinical Oncology 2019;37:867–75.

 375 Yau T, Kang Y- K, Kim T- Y, et al. Efficacy and safety of nivolumab 
plus ipilimumab in patients with advanced hepatocellular carcinoma 
previously treated with sorafenib: the CheckMate 040 randomized 
clinical trial. JAMA Oncol 2020;6:e204564.

 376 Schmid P, Adams S, Rugo HS, et al. Atezolizumab and nab- 
paclitaxel in advanced triple- negative breast cancer. N Engl J Med 
Overseas Ed 2018;379:2108–21.

 377 Horn L, Mansfield AS, Szczęsna A, et al. First- Line Atezolizumab 
plus chemotherapy in extensive- stage small- cell lung cancer. New 
England Journal of Medicine 2018;379:2220–9.

 378 Paz- Ares L, Luft A, Vicente D, et al. Pembrolizumab plus 
chemotherapy for squamous Non–Small- Cell lung cancer. N Engl J 
Med Overseas Ed 2018;379:2040–51.

 379 Gandhi L, Rodríguez- Abreu D, Gadgeel S, et al. Pembrolizumab 
plus chemotherapy in metastatic Non–Small- Cell lung cancer. N 
Engl J Med Overseas Ed 2018;378:2078–92.

 380 Rischin D, Harrington KJ, Greil R, et al. Protocol- specified final 
analysis of the phase 3 KEYNOTE-048 trial of pembrolizumab 
(pembro) as first- line therapy for recurrent/metastatic head and 
neck squamous cell carcinoma (r/m HNSCC). Journal of Clinical 
Oncology 2019;37:6000.

 381 Motzer RJ, Penkov K, Haanen J, et al. Avelumab plus axitinib 
versus sunitinib for advanced renal- cell carcinoma. New England 
Journal of Medicine 2019;380:1103–15.

 382 Makker V, Rasco D, Vogelzang NJ, et al. Lenvatinib plus 
pembrolizumab in patients with advanced endometrial cancer: an 
interim analysis of a multicentre, open- label, single- arm, phase 2 
trial. Lancet Oncol 2019;20:711–8.

 383 Ribas A, Hodi FS, Callahan M, et al. Hepatotoxicity with 
combination of vemurafenib and ipilimumab. New England Journal 
of Medicine 2013;368:1365–6.

 384 Oxnard GR, Yang JC- H, Yu H, et al. TATTON: a multi- arm, phase 
Ib trial of osimertinib combined with selumetinib, savolitinib, or 
durvalumab in EGFR- mutant lung cancer. Annals of Oncology 
2020;31:507–16.

 385 Masuda JTJ, Masuda N, et alet al. Phase II study of nivolumab in 
combination with abemaciclib plus endocrine therapy in patients 
with HR+, HER2- metastatic breast cancer: WJOG11418B 
NEWFLAME trial. In: 2020 virtual San Antonio breast cancer 
symposium (SABCS). San Antonio, 2020.

 386 Minor DR, Puzanov I, Callahan MK, et al. Severe gastrointestinal 
toxicity with administration of trametinib in combination with 
dabrafenib and ipilimumab. Pigment Cell Melanoma Res 
2015;28:611–2.

 387 Oshima Y, Tanimoto T, Yuji K, et al. EGFR–TKI- Associated interstitial 
pneumonitis in Nivolumab- Treated patients with Non–Small cell lung 
cancer. JAMA Oncol 2018;4:1112–5.

 on A
pril 27, 2024 by guest. P

rotected by copyright.
http://jitc.bm

j.com
/

J Im
m

unother C
ancer: first published as 10.1136/jitc-2021-002435 on 25 June 2021. D

ow
nloaded from

 

http://dx.doi.org/10.1016/S2352-3026(18)30175-3
http://dx.doi.org/10.1016/S2352-3026(18)30175-3
http://dx.doi.org/10.1111/ejh.13187
http://dx.doi.org/10.1186/s40425-017-0210-0
http://dx.doi.org/10.1182/blood-2010-05-286500
http://dx.doi.org/10.3324/haematol.11934
http://dx.doi.org/10.1182/blood-2010-03-276691
http://dx.doi.org/10.1592/phco.21.11.1010.34517
http://dx.doi.org/10.1038/nm1760
http://dx.doi.org/10.1002/1097-0142(197909)44:3<1009::AID-CNCR2820440331>3.0.CO;2-J
http://dx.doi.org/10.3892/ol.2017.5983
http://dx.doi.org/10.1182/blood.V122.21.4834.4834
http://www.ncbi.nlm.nih.gov/pubmed/25952492
http://dx.doi.org/10.1007/s13566-015-0201-z
http://dx.doi.org/10.1182/blood-2008-07-162503
http://dx.doi.org/10.1111/j.1600-0609.2010.01486.x
http://dx.doi.org/10.1182/blood-2011-11-393975
http://dx.doi.org/10.3324/haematol.2017.186627
http://dx.doi.org/10.1182/blood.2018894618
http://dx.doi.org/10.1093/annonc/mdx177
http://dx.doi.org/10.3324/haematol.2017.175810
http://dx.doi.org/10.1186/s12885-020-06763-y
http://dx.doi.org/10.1016/S2352-3026(16)30109-0
http://dx.doi.org/10.1097/MBC.0b013e3283401490
http://dx.doi.org/10.1097/CJI.0000000000000293
http://dx.doi.org/10.1182/blood-2011-06-356261
http://dx.doi.org/10.1007/s00508-015-0863-y
http://dx.doi.org/10.1002/ajh.2830440404
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=125554
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=125554
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=125554
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=125337
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=125337
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=125337
http://dx.doi.org/10.1001/jamaoncol.2018.3923
http://dx.doi.org/10.1200/JCO.18.01998
http://dx.doi.org/10.1001/jamaoncol.2020.4564
http://dx.doi.org/10.1056/NEJMoa1809615
http://dx.doi.org/10.1056/NEJMoa1809615
http://dx.doi.org/10.1056/NEJMoa1809064
http://dx.doi.org/10.1056/NEJMoa1809064
http://dx.doi.org/10.1056/NEJMoa1810865
http://dx.doi.org/10.1056/NEJMoa1810865
http://dx.doi.org/10.1056/NEJMoa1801005
http://dx.doi.org/10.1056/NEJMoa1801005
http://dx.doi.org/10.1200/JCO.2019.37.15_suppl.6000
http://dx.doi.org/10.1200/JCO.2019.37.15_suppl.6000
http://dx.doi.org/10.1056/NEJMoa1816047
http://dx.doi.org/10.1056/NEJMoa1816047
http://dx.doi.org/10.1016/S1470-2045(19)30020-8
http://dx.doi.org/10.1056/NEJMc1302338
http://dx.doi.org/10.1056/NEJMc1302338
http://dx.doi.org/10.1016/j.annonc.2020.01.013
http://dx.doi.org/10.1111/pcmr.12383
http://dx.doi.org/10.1001/jamaoncol.2017.4526
http://jitc.bmj.com/

	Society for Immunotherapy of Cancer (SITC) clinical practice guideline on immune checkpoint inhibitor-related adverse events
	Abstract
	Introduction
	Guideline development methods
	Conflict of interest management
	Recommendation development
	Evidence rating

	General recommendations
	General panel recommendations

	Gastrointestinal toxicity
	Nausea
	Upper GI adverse events
	Diarrhea and colitis
	Hepatitis
	Cholecystitis and cholangitis
	Pancreatitis
	GI toxicity panel recommendations
	Nausea
	Diarrhea and colitis
	Hepatitis
	Cholecystitis and cholangitis
	Pancreatitis


	Fatigue
	Fatigue panel recommendations

	Skin toxicity
	Rash
	Pruritus
	Vitiligo
	Uncommon skin toxicities
	Skin toxicity panel recommendations

	Musculoskeletal toxicity
	Arthralgia
	Myalgias
	Arthritis
	Polymyalgia rheumatica
	Dry mouth and sicca syndrome
	Vasculitis
	Myositis
	Musculoskeletal toxicity panel recommendations
	Inflammatory arthritis and PMR

	Dry mouth and sicca syndrome
	Myositis

	Vasculitis

	Ophthalmological toxicity
	Dry eyes
	Uveitis
	Opthamological toxicity panel recommendations

	Endocrine toxicity
	Hypothyroidism and hyperthyroidism
	Hypophysitis
	Primary adrenal insufficiency
	Type I diabetes mellitus
	Endocrine toxicity panel recommendations
	Hypothyroidism and hyperthyroidism
	Hypophysitis
	Adrenal insufficiency
	Type I diabetes mellitus


	Neurological toxicity
	Myasthenia gravis
	Encephalitis
	Peripheral neuropathy
	Aseptic meningitis
	Neurological toxicity panel recommendations

	Pulmonary toxicity
	Pneumonitis
	Sarcoidosis
	Pulmonary toxicity panel recommendations

	Infusion reactions
	Infusion toxicity panel recommendations

	Renal toxicity
	Acute kidney injury
	Renal toxicity panel recommendations

	Cardiovascular toxicity
	Myocarditis
	Thromboembolic events
	Cardiovascular toxicity panel recommendations
	Myocarditis
	Thromboembolic events


	Hematological toxicity
	Hemolytic anemia
	Thrombocytopenia
	Hemaphagocytic lymphohistiocytosis/macrophage activation syndrome
	Aplastic anemia
	Pure red cell aplasia
	Neutropenia
	Hematological toxicity panel recommendations
	Thrombocytopenia
	Neutropenia
	Aplastic anemia and pure red cell aplasia
	Hemaphagocytic lymphohistiocytosis
	Hemolytic anemia


	Immune-relatedadverse events asscociated with ICI combination strategies
	ICI combinations
	ICI-chemotherapy combinations
	ICI-targeted therapy combinations
	ICI combinations panel recommendations

	Conclusions
	References


