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ABSTRACT

The aim of the NCCN Guidelines for Management of Immunotherapy-
Related Toxicities is to provide guidance on the management of
immune-related adverse events resulting from cancer immunother-
apy. The NCCN Management of Immunotherapy-Related Toxicities
Panel is an interdisciplinary group of representatives from NCCN
Member Institutions and ASCO, consisting of medical and hema-
tologic oncologists with expertise in a wide array of disease sites, and
experts from the fields of dermatology, gastroenterology, neuro-
oncology, nephrology, emergency medicine, cardiology, oncology
nursing, and patient advocacy. Several panel representatives are
members of the Society for Immunotherapy of Cancer (SITC). The
initial version of the NCCN Guidelines was designed in general
alignment with recommendations published by ASCO and SITC. The
content featured in this issue is an excerpt of the recommendations
for managing toxicity related to immune checkpoint blockade and a
review of existing evidence. For the full version of the NCCN
Guidelines, including recommendations for managing toxicities re-
lated to chimeric antigen receptor T-cell therapy, visit NCCN.org.
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NCCN CATEGORIES OF EVIDENCE AND CONSENSUS

Category 1: Based upon high-level evidence, there is uniform
NCCN consensus that the intervention is appropriate.

Category 2A: Based upon lower-level evidence, there is uni-
form NCCN consensus that the intervention is appropriate.

Category 2B: Based upon lower-level evidence, there is NCCN
consensus that the intervention is appropriate.

Category 3: Based upon any level of evidence, there is major
NCCN disagreement that the intervention is appropriate.

All recommendations are category 2A unless otherwise
noted.

Clinical trials: NCCN believes that the best management of
any patient with cancer is in a clinical trial. Participation in
clinical trials is especially encouraged.

PLEASE NOTE

The NCCN Clinical Practice Guidelines in Oncology (NCCN
Guidelines®) are a statement of evidence and consensus of the
authors regarding their views of currently accepted approaches
to treatment.Any clinician seeking to applyor consult theNCCN
Guidelines is expected to use independentmedical judgment in
the context of individual clinical circumstances to determine any
patient’s care or treatment. The National Comprehensive Cancer
Network® (NCCN®) makes no representations or warranties of
any kind regarding their content, use, or application and dis-
claims any responsibility for their application or use in any way.

The complete NCCN Guidelines for Management of Immu-
notherapy-Related Toxicities are not printed in this issue of
JNCCN but can be accessed online at NCCN.org.

© National Comprehensive Cancer Network, Inc. 2019. All
rights reserved. The NCCN Guidelines and the illustrations
herein may not be reproduced in any form without the express
written permission of NCCN.
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Overview
The aim of the NCCN Guidelines for Management of
Immunotherapy-Related Toxicities is to provide guid-
ance on the management of immune-related adverse
events (irAEs) resulting from cancer immunotherapy.
The NCCN Management of Immunotherapy-Related
Toxicities Panel is an interdisciplinary group of repre-
sentatives from NCCN Member Institutions and ASCO.
The panel consists of medical oncologists and hemato-
logic oncologists with expertise in a wide array of disease
sites, as well as experts from the fields of dermatology,
gastroenterology, neurooncology, nephrology, emergency
medicine, cardiology, oncology nursing, and patient
advocacy. Several NCCN Panel representatives are
members of the Society for Immunotherapy of Cancer
(SITC). The initial version of the NCCN Guidelines was
designed in general alignment with recommendations
published by ASCO and SITC.1,2

The content featured in this issue is an excerpt of the
recommendations for managing toxicity related to im-
mune checkpoint blockade and a review of existing ev-
idence. For the full version of these NCCN Guidelines,
including recommendations for managing toxicities re-
lated to chimeric antigen receptor (CAR) T-cell therapy,
please see NCCN.org.

Immune Checkpoint Inhibitors
Some of the most effective immunotherapies to date
target immune checkpoints exploited by cancers to
decrease immune activity. This section discusses what is
known regarding immune checkpoint inhibitor (ICI)-
mediated immune dysfunction. For a discussion of the
efficacy data for ICIs, see the NCCN Guidelines for
treatment of cancer by site at NCCN.org.

ICI-Mediated Immune Dysfunction
The pharmacodynamics and pharmacokinetics of ICI
immunotherapy differ greatly from that of cytotoxic
chemotherapy or targeted anticancer therapy.3 Similarly,
anti-cytotoxic T lymphocyte-associated antigen 4 (CTLA-4)
and anti-PD-1/PD-L1 immunotherapies are associated
with toxicity profiles that are distinct from those sen with
conventional anticancer therapies, though their pre-
sentationmay at times be similar.4–10 Whereas traditional
cytotoxic chemotherapy often results in acute-onset
emetic and myelosuppressive effects, irAEs tend to have
a relatively delayed onset and be inflammatory or auto-
immune in nature.11–14

Although the pathophysiology of ICI-related irAEs is
not yet fully elucidated, knowledge regarding the role of
immune checkpoint pathways in autoimmune disease
provides some clues. Many autoimmune diseases are
related to failure of T-cell tolerance and uncontrolled
activation of immune effector cells. Alterations in the

genes encoding immune checkpoint proteins have been
implicated in autoimmune disease. CTLA-4 and PD-1
polymorphisms have been linked to human autoimmune
diseases including celiac disease, diabetes mellitus, lupus,
rheumatoid arthritis, and autoimmune thyroid disease.
The spectrum of irAEs associated with blockade of im-
mune checkpoints falls in line with the phenotypes seen
as a result of mutations in the genes encoding CTLA-4
and PD-1 and has considerable overlap across the var-
ious ICIs.15–18

The precise pathophysiology of ICI-mediated irAEs
is currently unknown. Translational research provides
some evidence that irAEs may result from some com-
bination of autoreactive T cells, autoantibodies, and/or
proinflammatory cytokines (eg, interleukin [IL]-17).17,19

One potential mechanism is T-cell activity directed at
antigens present in both tumor cells and healthy
tissue.20,21 Inflammation in otherwise normal tissues
could result from elevated levels of inflammatory cyto-
kines as a downstream effect of T-cell activation.22–25

Additionally, direct binding of immune checkpoint
antibodies to targets expressed in normal tissues
(eg, CTLA expression in the pituitary) could lead to
complement-mediated inflammation.26,27 Finally, im-
munotherapy might increase the levels of pre-existing
autoreactive antibodies.28

Early- and later-onset irAEs may result from distinct
mechanisms that have yet to be elucidated. Typical
earlier-onset, common irAEs appear to involve gener-
alized epithelial inflammation and may be observed in
the form of rash, colitis, and pneumonitis. These irAEs
typically involve recruitment of neutrophils into nor-
mal tissues. Later-onset irAEs, which are typically less
common, can include neurologic events and hypo-
physitis, among others. These tend to bemore localized,
organ-specific reactions. Research is ongoing into the
specific mechanisms underlying irAEs associated with
specific ICIs.

Incidence and Prevalence of irAEs
The incidence and prevalence of ICI-related toxicity is
still being fully elucidated; many of the existing figures
are based on trials of ipilimumab, pembrolizumab, and
nivolumab. Comprehensive irAE data on newer agents
are still being collected and analyzed. Due to the nature
of irAEs and inconsistent reporting, it is likely that re-
ported rates underestimate the actual incidence of these
events. The reported incidence of any-grade irAEs as-
sociated with single-agent ICI treatment ranges widely
across agents and trials, from approximately 15% to
90%.1,29 Severe irAEs requiring immunosuppression
and hold or discontinuation of treatment are estimated
between 0.5% and 13% for monotherapy.29 Analysis of
pooled trial data found that 43% of patients discontinued

256 © JNCCN—Journal of the National Comprehensive Cancer Network | Volume 17 Number 3 | March 2019

NCCN GUIDELINES® Management of Immunotherapy-Related Toxicities,
Version 1.2019

http://NCCN.org
http://NCCN.org
http://www.JNCCN.org


combination therapy (nivolumab/ipilimumab) due to
AEs, with gastrointestinal (GI) events being the most
commonly reported reason for discontinuation.30 ICI
immunotherapies have been associated with rare AEs
that are still being identified and studied at high-volume
centers.

Single-Agent Therapy

CTLA-4
A 2015 meta-analysis by Bertrand et al31 examined data
from 1,265 patients across 22 clinical trials of anti–CTLA-4
antibodies (ipilimumab [n51,132] and tremelimumab
[n5133]), reporting an overall incidence of 72% for any-
grade irAEs and 24% for high-grade irAEs. The most
commonly observed AEs were dermatologic and GI,
followed by endocrine and hepatic events. A randomized,
double-blind, phase III trial in patients with unresectable
or metastatic melanoma revealed a dose-dependent
effect in treatment-related AEs for patients receiving
ipilimumab at a dose of 3 mg/kg (n5362) or 10 mg/kg
(n5364).32 High-grade irAEs were reported in 18% and
30% of the 3 mg/kg and 10 mg/kg treatment groups, with
2 and 4 treatment-related deaths, respectively. The most

common high-grade AEs, including diarrhea, colitis, el-
evated liver enzymes, and hypophysitis, were all more
common at the higher dose of ipilimumab.32 Adjuvant
use of ipilimumab (10 mg/kg) for resected stage III
melanoma appears to be associated with a higher in-
cidence of AEs. Based on phase III data in patients re-
ceiving adjuvant ipilimumab (n5475), the incidence of
high-grade irAEs was 41.6% with 5 fatalities (1.1%).33,34

PD-1/PD-L1
For PD-1/PD-L1 inhibitors, the reported overall inci-
dence of any-grade irAE was up to 30% based on patients
in phase III trials.1,35–37 To date, the incidence of high-
grade AEs associated with PD-1/PD-L1 inhibitors ap-
pears to be somewhat less dose-dependent than for
ipilimumab and to vary by disease site.29 In a recent
meta-analysis of anti-PD-1/PD-L1 agents, any-grade
and severe-grade irAEs occurred in about 26.8% and
6.1% of patients, respectively.38 Rates of high-grade irAEs
were similar across pembrolizumab, nivolumab, and
atezolizumab, ranging from 5% to 8%.38

De Velasco et al39 recently reported on the incidence
of the most common ICI-associated irAEs in a meta-
analysis of 21 randomized phase II/III trials conducted
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from 1996 to 2016. The trials included a total of 6,528
patients who receivedmonotherapy (atezolizumab, n5751;
ipilimumab, n5721; nivolumab, n51,534; pembrolizumab,
n51,522) and 4,926 patients in placebo or standard
therapy control arms using chemotherapy or biologic
agents.39 Due to inconsistent recognition and reporting
of less-common irAEs in the clinical trial data, this meta-
analysis was limited to examination of 5 common and
well-documented types of irAEs: colitis, liver toxicity
(aspartate transaminase [AST] elevation), rash, hypothy-
roidism, and pneumonitis. When compared with patients
in trial control arms, patients receiving ICIs were found
to be at greater risk for any-grade immune-related colitis,
AST elevation, rash, hypothyroidism, and pneumonitis.
Within this cohort, across all ICIs, the incidence of grade
3/4 events was 1.5% for colitis, 1.5% for liver toxicity, 1.1%
for rash, 0.3% for hypothyroidism, and 1.1% for pneu-
monitis. High-grade colitis and rash were significantly
more common among patients on ipilimumab than in
those receiving PD-1/PD-L1 inhibitor.39 In a separate
review of the data, Kumar et al 29 also compared the risk
of developing certain irAEs with different classes of ICIs.

Although ipilimumab was associated with higher rates of
colitis, pruritus, rash, and hypophysitis, PD-1/PD-L1
inhibitors resulted in a higher risk for developing viti-
ligo (typically observed in patients with melanoma),
thyroid dysfunction, hepatotoxicity, and pneumonitis.29

De Velasco et al39 compared the risk of developing
specific irAEs by tumor type (melanoma, lung, and
other), reporting no significant differences for all-grade
or high-grade irAEs. Khoja et al40 also conducted a sys-
tematic review of irAEs by ICI class and tumor type in
6,869 patients in 48 trials between 2003 and 2015, with
probable considerable overlap in patient population
from the De Velasco et al study. Although most findings
were similar, Khoja et al’s findings deviated slightly when
analyzing irAE incidence according to tumor histology in
patients treated with PD-1 inhibitors. They found that
patients withmelanoma experienced higher incidence of
GI and skin irAEs but a lower incidence of pneumonitis
compared with patients with non–small cell lung cancer
(NSCLC). Patients with melanoma experienced arthritis
and myalgia more commonly than those with renal cell
carcinoma (RCC), but patients with RCC experienced
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higher frequency of pneumonitis and dyspnea. However,
comparisons of irAE incidence across disease type were
not adjusted for patient factors such as smoking history
and age. Similar comparisons were not possible for
CTLA-4 blockade becausemost of the available data were
on patients with melanoma.40

The safety data for PD-L1 inhibitors are still maturing,
and data collection is ongoing. Comparison of irAE in-
cidence for PD-1 versus PD-L1 inhibitors have been
calculated primarily from data published on patients
with NSCLC. A 2018 meta-analysis compared the data on
toxicity profiles of PD-1 and PD-L1 inhibitors from 23
studies that occurred between 2013 and 2016 (PD-1:
n53,284; PD-L1: n52,460).41 A near-significant trend
revealed irAEs to bemore common with PD-1 versus PD-
L1 blockade (16% vs 11%; P5.07). However, the incidence
of severe irAEs was not significantly different between
PD-L1 and PD-1 inhibitors (5% vs 3%; P5.4). Pneumo-
nitis occurred twice as often with PD-1 inhibitors (4% vs
2%; P5.01) and hypothyroidism was also more common
with PD-1 inhibitors (6.7% vs 4.2%; P5.07).41 Similar
findings were reported in a 2017 meta-analysis of data

on pneumonitis incidence with PD-1 inhibitors (12 trials,
n53,232) and PD-L1 inhibitors (7 trials, n51,806).42 For
PD-1 versus PD-L1 inhibitors, the incidence for any-
grade pneumonitis was 3.6% versus 1.3% (P5.001) and
1.1% versus 0.4% for high-grade pneumonitis (P5.02).42

Combination Therapy
Numerous ongoing studies are examining regimens that
include ICIs given in combination with another ICI,
chemotherapy, or targeted agent. Although combination
regimens offer the potential for enhanced efficacy, in
general, observed toxicity with ICI-based combination
regimens is greater than that for ICI monotherapy.
Combined PD-1 plus CTLA-4 blockade triggers sub-
stantially more irAEs than anti-PD-1 agents alone, with
high-grade events reported for 55% to 60% of individuals
receiving combination therapy versus 10% to 20% of
individuals receiving anti-PD-1 monotherapy.43–45 Stud-
ies have begun to investigate the extent to which com-
bination therapies pose clinical safety and tolerability
challenges, and whether these challenges will limit their
usefulness as anticancer therapy.46–49
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The only current FDA-approved regimen using
combined ICI therapy is nivolumab plus ipilimumab for
treating advanced melanoma, RCC, or microsatellite-
unstable tumors.50,51 Nivolumab plus ipilimumab re-
sulted in enhanced survival outcomes compared with
ipilimumab monotherapy in advanced melanoma.45,52 In
the phase III CheckMate 067 trial of nivolumab plus ipili-
mumab versus ipilimumab or nivolumab monotherapy
(n5945, randomized in a 1:1:1 ratio), treatment-related AEs
occurred in 96% of patients receiving combination therapy
and 86% of those treated with monotherapy. Although no
unique toxicities were identified in patients receiving ICI
combination therapy, the incidence of high-grade irAEs for
combination therapy (59%) was more than twice the in-
cidence for single-agent nivolumab (21%) and ipilimumab
(28%). The percentages of patients discontinuing treat-
ment due to any-grade treatment-related AEs were 39%,
12%, and 16% for patients receiving combination ther-
apy, nivolumab, and ipilimumab, respectively. Preliminary
findings suggest that early discontinuationdue to irAEs (after
a median of 3 doses) may not compromise survival benefit,
as evidenced by a 3-year survival rate of 67%.45

The KEYNOTE-029 trial began to investigate whether
standard-dose pembrolizumab in combination with
reduced-dose ipilimumab may be more tolerable than
full-dose ICI combinations.53 Dose-modified nivolumab
plus ipilimumab regimens are also under investigation
for NSCLC and small cell lung cancer,54,55 and nivolumab
plus ipilimumab is recommended in the NCCN Guide-
lines for Small Cell Lung Cancer.

Safety data have also been published for early-phase
investigations of ICI therapy in combination with addi-
tional targeted agents or chemotherapeutics.56–58 Im-
mune checkpoint blockade given in combination with
radiation therapy is also the subject of investigation.59,60

ICI Therapy-Related Fatal irAEs
A recently published systematic review and meta-
analysis examined fatal irAEs from ICI therapy using
data from multiple sources.44 Meta-analysis of data from
112 published trials (n519,217) compared the rate of
fatal irAEs by agent. Similar rates of fatal irAEs were
reported for anti-PD-1 (0.36%) and anti-PD-L1 agents
(0.38%), with significantly higher rates of fatal irAEs
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reported for anti-CTLA-4 monotherapy (1.08%) and anti-
PD-1/PD-L1 plus anti-CTLA-4 combination regimens
(1.23%). For ipilimumab monotherapy, significantly fewer
fatal irAEs occurred at the 3 mg/kg dose than 10 mg/kg
dose. However, when used in combination with anti-PD-1
therapy, no significant difference in fatal irAE rate was
observed for ipilimumab at 1mg/kg verus 3 mg/kg dose.44

Examination of 613 cases of fatal ICI-related irAEs
reported in the WHO pharmacovigilance database
revealed that certain ICI agents were associated with a
different spectrum of fatal irAEs.44 The majority of fatal
irAEs associated with ipilimumab monotherapy were
due to colitis (70%), with smaller proportions of hepa-
titis and pneumonitis-related deaths. However, fatal
irAEs with anti-PD-1/PD-L1 therapy were distributed
more broadly: pneumonitis (35%), hepatitis (22%), colitis
(17%), neurologic events (15%), and myocarditis (8%).
Among the fatal irAEs reported for combination regi-
mens (ipilimumab plus anti-PD-1/PD-L1), colitis was
most common (37%), followed by myocarditis (25%),
hepatitis (22%), pneumonitis (14%), and myositis (13%).
When fatality rates were assessed across different types

of irAEs, myocarditis was associated with the highest risk
of death (52/131 cases, 39.7%). Fatality rates for patients
with hepatitis, pneumonitis, nephritis, and neurologic
events ranged between 10% and 17%, while #5% of
hypophysitis, adrenal insufficiency, and colitis cases
proved fatal.44

Finally, temporal patterns of fatal irAEs were ex-
amined using combined pharmacovigilance case re-
ports and multicenter retrospective data review.44 For
irAEs that eventually proved fatal, symptom presenta-
tion occurred a median of 40 days after onset of mon-
otherapy with ipilimumab or an anti-PD-1/PD-L1 agent,
and 14.5 days after initiation of combination regimens.
Median time to death after initiation of ipilimumab
monotherapy, anti-PD-1/PD-L1 monotherapy, or com-
bination regimen was 64, 43, and 35 days, respectively.44

IrAEs as a Biomarker of Treatment Response
Investigators have begun to examine whether developing
certain ICI-mediated irAEs may be linked to improved
treatment response and survival outcomes. An overview
of the preliminary findings related to irAEs and treatment

* Available online, in these guidelines, at NCCN.org.
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outcomes is provided in the next paragraphs. Further
research into this phenomenon is needed to explore
potential patterns.

Historically, induction of cutaneous irAEs was sug-
gested as a positive prognostic factor in patients with
melanoma who received various types of immunother-
apy.61 A retrospective review found that cutaneous irAEs,
particularly vitiligo, may be associated with improved
treatment response with pembrolizumab.62–64 In patients
with melanoma who received nivolumab, rash and vit-
iligo were both associated with improved overall survival
(OS).65 The potential relationship between development
of GI irAEs and survival outcomes has also been in-
vestigated. A retrospective analysis of 327 patients found
an association between GI irAEs and OS, with diarrhea
being an independent predictor of OS regardless of
whether immunosuppressive therapy was required to
manage this irAE.66

In a prospective cohort of 524 patients receiving ICI
therapy, patients who developed rheumatologic irAEs
had a higher tumor response rate compared with
patients who experienced no irAEs (85.7% vs 35.3%;
P,.0001).67 Additionally, early data suggest a possible

association between the development of neurologic
irAEs and favorable disease response. Durable disease
response has been reported in the setting of neurologic
irAEs despite early discontinuation of ICI.68

However, in a retrospective review of 298 patients
who received ipilimumab for metastatic melanoma, the
occurrence of any-grade irAEs was not associated with
OS or time to treatment failure (TTF).69 The authors also
found no association between systemic corticosteroid
therapy to manage irAEs and OS or TTF. Along similar
lines, investigators have also questioned the impact of
early discontinuation of ICI due to toxicity on antitumor
efficacy and safety. Schadendorf et al30 examined pooled
data from randomized phase II/III trials in which pa-
tients received combination nivolumab plus ipilimumab
therapy (n5409). Therapy was discontinued due to AEs
in 176 patients, including 96 patients who discontinued
therapy during the induction phase (in which most high-
grade AEs occurred). Overall response rate (ORR) was
58.3% for patients who discontinued therapy due to AEs
during induction versus 50.2% for those who did not
discontinue therapy. Although similar, median OS was
not reached for either group.30
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Management of ICI-Related Toxicity
The primary facets of irAE management include recog-
nition and grading of toxicity, immunosuppression, and
individualized modification to ICI administration. Early
recognition of symptoms and prompt intervention are
key goals for themanagement of immunotherapy-related
toxicity. Significant irAEs often necessitate holding im-
munotherapy, with permanent discontinuation of the
class of agent associated with the toxicity in the setting of
certain severe irAEs.

General Principles of Immunosuppression
Corticosteroids are the mainstay of treatment of most
high-grade irAEs. Importantly, short-term use of corti-
costeroids to treat irAEs has not been shown to reduce
antitumor efficacy. Appropriate duration and careful
taper of corticosteroid therapy is important to prevent
the recurrence of irAEs. For most irAEs, slow cortico-
steroid taper is recommended to adequately resolve
toxicity and prevent recurrence. Unless otherwise indicated
in the algorithm, patients should be tapered off corticoste-
roid with resolution of symptoms before considering

immunotherapy resumption. Severe or steroid-refractory
irAEs may require administration of additional immu-
nosuppressive agents. For patients with severe irAEs not
responsive to steroids within 48 to 72 hours, initiation of an
additional immunosuppressant agent may be warranted,
in consultation with the relevant medical specialist. Close
monitoring and follow-up should be performed to assess
for response to corticosteroids and other immunosup-
pressants in the setting of ICI-related toxicity.

Tailored recommendations regarding the use of
nonsteroid immunosuppressants can be found in the
individual irAE treatment algorithms and corresponding
discussion sections. Selected endocrine irAEs may be
treated with hormonal supplementation without the
need for immunosuppression.

Immunomodulators
In these guidelines, recommendation for use of spe-
cific immune-modulating agents to manage irAEs are
typically extrapolated from evidence for treating au-
toimmune conditions of the relevant organ system(s).
Several commonly used immunosuppressants for
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managing steroid-refractory or severe irAEs are dis-
cussed in this section.

Tumor necrosis factor (TNF) inhibitors are a class of
drugs widely used to block the inflammatory effects of
TNF in autoimmune diseases.70 Infliximab is a mono-
clonal anti-TNF-a antibody used for treating various
autoimmune diseases, including Crohn’s disease, ul-
cerative colitis, rheumatoid and psoriatic arthritis, and
psoriasis.70–72 Infliximab blocks the interaction of TNF-a
with its receptors, inhibiting induction of proinflamma-
tory cytokines (IL-1, IL-6) and modulating the activity of
immune effectors such as leukocytes, neutrophils, and
eosinophils.72,73 Infliximab has become a commonly used
agent for treating steroid-refractory irAEs that develop
during ICI therapy.17,74 For patients with severe irAEs not
responsive to steroids within 48 to 72 hours, early ini-
tiation of anti-TNF-a therapy (ie, at 72 hours) may be
warranted in consultation with the relevant medical
specialist. Duration of therapy with TNF-a blockers for
irAEs is not clearly defined but is typically a single dose. A
second dose of anti-TNF-a therapy may be required and
can be administered 2 weeks after the initial dose of

infliximab. Anti-TNF-a agents (eg, infliximab) are par-
ticularly effective in management of immune-related
colitis and inflammatory arthritis (IA). At present, inflix-
imab is not recommended for managing immune-related
hepatitis.

Vedolizumab is an integrin antagonist that binds to
a4b7 integrin, blocking its interaction with mucosal
addressin cell adhesion molecule-1, inhibiting the mi-
gration of T cells across the endothelium into inflamed
GI tissues. Vedolizumab is currently indicated for treating
GI inflammation due to ulcerative colitis and Crohn’s
disease.75,76 Case reports have described the use of
vedolizumab for treating ICI-induced enterocolitis.76,77

Vedolizumab may provide more specific immune sup-
pression for the inflamed GI mucosa, hence theoretically
sparing systemic immune suppression and antitumor
immune responses.

Mycophenolate-containing medicines are immu-
nosuppressive agents used for preventing organ rejection
after transplant (ie, kidney, heart, liver). It is available
as mycophenolic acid or as mycophenolate mofetil, a
prodrug of mycophenolic acid.78,79 These agents have
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multiple immunosuppressive actions, which result in
decreased B- and T-cell proliferation, T-cell apoptosis,
and suppression of dendritic cells and IL-1.80,81 Published
studies also support the clinical efficacy of these
mycophenolate drugs in various inflammatory or auto-
immune conditions, such as autoimmune hepatitis, myo-
sitis, bullous disease, interstitial lung disease, and lupus
nephritis, among others.82–87 Retrospective analyses and
case reports describe the use of mycophenolate in the
management of steroid-refractory irAEs, including those
involving the liver, kidney, pancreas, and eyes.43,88–91

Intravenous immunoglobulin (IVIG) has been used
to suppress a wide array of autoimmune and chronic
inflammatory conditions.92,93 It is comprised of pooled
immunoglobulin G harvested from the plasma of healthy
blood donors and prepared for intravenous administra-
tion. The immunomodulatory mechanisms of IVIG are
not fully understood, but it is known to modulate the
activity and effector functions of B- and T-lymphocytes,
impacting antigen presentation, pathogenic autoanti-
bodies, complement system, and cytokines.93–95 Efficacy
has been demonstrated in neurologic inflammatory or

autoimmune conditions such as Guillain-Barré syn-
drome (GBS), myasthenia gravis, neuropathies, rheu-
matologic conditions, blistering disorders, immune
hematologic conditions, and many others.96,97

Plasmapheresis is a type of therapy that may be
indicated when a substance in the plasma, such as
immunoglobulin, becomes acutely toxic, as can occur
during certain autoimmune reactions. During plasma-
pheresis, the blood contents are separated extracorpo-
really, resulting in removal of the plasma and subsequent
therapeutic plasma exchange via infusion. Indications
for which this procedure is a first-line therapy include
neurologic conditions such as myasthenia gravis and
GBS, but it is also indicated for various other autoim-
mune conditions.98 Plasmapheresis (and IVIG) is often
indicated as a second-line therapy for managing neu-
rologic irAEs after limited or nonresponse to initial high-
dose corticosteroid.99 However, success in treating severe
and often rapidly progressive neurologic irAEs has been
mixed.99–101

Additional agents that have been used less fre-
quently as part of advanced lines of immunosuppressive
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therapy include rituximab, tacrolimus, tocilizumab, cy-
closporine, cyclophosphamide, methotrexate, and anti-
rheumatic agents (eg, sulfasalazine, leflunomide).

Considerations for Patients on Immunosuppressants
Additional supportive care measures are needed for
patients receiving an immunosuppressive regimen. Hy-
perglycemia, gastritis, opportunistic bacterial or fungal
infections, and osteoporosis can occur with a longer-term
systemic corticosteroid.102–107 The panel recommends
blood glucose monitoring and various prophylactic mea-
sures. For patients at higher risk of developing gastritis (ie,
those taking nonsteroidal anti-inflammatory drugs or
anticoagulants), histamine 2 blockers or proton pump
inhibitors can be given during steroid therapy. Consider
prophylactic antimicrobial and antifungal agents. Pro-
phylaxis against pneumocystis jiroveci pneumonia should
be considered in patients receiving a prednisone equiv-
alent of $20 mg/day for 4 or more weeks, with general
prophylaxis against fungal infections (ie, fluconazole) for
patients receiving a prednisone equivalent of$20mg/day
for 6 or more weeks. Consider prophylaxis against zoster

reactivation. Finally, vitamin D and calcium supple-
mentation is recommended to reduce the risk of
osteoporosis.

Anti-TNF-a therapy may pose a risk of reactivating
viral infections such as viral hepatitis or tuberculosis.108–111

The panel recommends testing for hepatitis B and C virus
before TNF inhibition, and carriers should be monitored
during and for several months after immunosuppressive
therapy. Additionally, testing for latent/active tubercu-
losis is recommended before start of infliximab therapy;
IFN-gamma release assays are preferred. However, tu-
berculosis testing should not delay initiation of anti-
TNF-a agents for the management of acute severe or
refractory irAEs.

Impact of Immunosuppressive Agents on
Immunotherapy Efficacy
Although no prospective data exist, retrospective data
generally suggest that immunosuppressive therapy started
after onset of irAEs does not appear to decrease ICI ef-
ficacy. Results were recently published from a pooled
analysis of 4 studies enrolling 576 patients who received
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nivolumab for advanced melanoma.112 When adjusting
for the number of nivolumab doses, ORR was higher
among patients who experienced all-grade irAEs compared
with those who did not. Among the 474 phase III trial
participants, 114 (24%) received systemic corticosteroids
for managing irAEs. ORR was not significantly different
between patients who required corticosteroids and those
who did not.112 Similar findings were reported by an earlier
retrospective analysis of 298 patients with metastatic
melanoma who were treated with ipilimumab.69 Within
this cohort, 103 (35%) required corticosteroid therapy to
manage irAEs, and 29 of these patients (10%) also required
anti-TNF-a therapy to address unresolved symptoms. OS
and TTFwere not impacted by the development of irAEs or
the need for corticosteroid therapy to manage them.69

Similarly, among a pooled group of 409 patients who re-
ceived nivolumab plus ipilimumab combination therapy as
part of CheckMate 067 and 069, ORR was not reduced
among patients who required corticosteroid therapy to
manage irAEs relative to the rest of the cohort.30,113

Investigators have also analyzed whether immuno-
suppression via TNF antagonist had a negative impact

on combination ICI therapy response. Based on retro-
spective analysis of data from CheckMate 067 and 069,
using infliximab to manage colitis did not appear to alter
the kinetics of tumor response or durability.30 Another
analysis of pooled data from these trials showed simi-
lar survival outcomes between patients with GI irAEs
who received corticosteroid therapy with or without
infliximab and patients with GI irAEs who did not receive
immunosuppressive agents.113

Due to clinical trial exclusion criteria, less is known
about the impact of immunosuppressants on ICI efficacy
when given before ICI therapy. A recent retrospective study
identified 90 individuals who were on baseline cortico-
steroid therapy ($10 prednisone equivalent daily) from a
cohort of 640 patients with NSCLC on anti-PD-1/PD-L1
monotherapy. Baseline corticosteroid therapy was associ-
ated with poorer outcomes from ICI therapy, as indicated
by decreased ORR, progression-free survival, and OS.114

Additional research will be needed to better understand
the potential impact of corticosteroid exposure before or
during ICI therapy initiation, especially as it pertains to
premedication with corticosteroid before ICI infusion.
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Managing irAEs in Special Patient Populations

Patients With Prior irAEs or Pre-existing
Autoimmune Conditions
In patients with pre-existing autoimmune disease, ex-
acerbation of autoimmunity is a concern with the ad-
ministration of immune-activating agents. Similarly, ICI
therapy must be approached cautiously among patients
who have experienced a prior irAE while receiving im-
munotherapy. Data on the toxicity of ICIs in patients with
pre-existing autoimmune disease or irAEs is generally
lacking due to exclusion of these populations from
clinical trials leading to FDA approval. Based on limited
data from smaller retrospective studies, ICIs appear to be
similarly effective in these patient groups with response
rates of 20% to 40%.115–117 Based on the available data,
most autoimmune disease flares and irAEs in this patient
population have been managed with corticosteroid or
additional immunosuppressive therapy; however, fatal
AEs have been reported.118 Preliminary data on safety
and toxicity are described subsequently.

In the largest series to date, ipilimumab therapy
was provided to a cohort of 30 patients with advanced

melanoma and pre-existing autoimmune disorders, in-
cluding inflammatory bowel disease (n56), rheumatoid
arthritis (n56), psoriasis (n55), systemic lupus eryth-
ematosus (n52), multiple sclerosis (n52), autoimmune
thyroiditis (n52), and various others.117 Thirteen of 30
patients were taking immunosuppressive therapy to
manage their conditions. While on ipilimumab, 27% of
patients experienced exacerbation of their autoimmune
condition, typically in the form of recurrent or enhanced
pre-existing symptoms. Most were managed successfully
using corticosteroid, with 2 patients requiring infliximab.
Ten patients (33%) experienced conventional high-grade
irAEs considered unrelated to their baseline autoim-
mune condition (including one fatality due to colitis in a
patient with skin-limited psoriasis). Three patients ex-
perienced concurrent autoimmune condition flares and
conventional irAEs requiring high-dose corticosteroid.
However, half of the cohort experienced no irAEs or
autoimmune condition flare.117

Studies have also examined the effects of PD-1 in-
hibitors for advanced melanoma in patients with pre-
existing autoimmune disease.115,116 Among a subset of
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19 patients with prior autoimmune disease, PD-1 in-
hibition led to autoimmune flare in 42%, and onset of a
new irAE in 16%.115 In a separate study of 52 patients with
significant autoimmune conditions (eg, rheumatoid ar-
thritis, polymyalgia rheumatica, Sjögren’s syndrome,
immune thrombocytopenic purpura, psoriasis), 38% had
an autoimmune condition flare requiring immunosup-
pression, and 29% developed a new irAE.116 Interestingly,
no members of that cohort with GI or neurologic auto-
immune conditions (n511) experienced a flare.116 In both
studies of PD-1 inhibitors, most flares of pre-existing
autoimmune conditions were adequately managed us-
ing immunosuppressive and symptomatic therapy.115,116

However, onset of new irAEs led to discontinuation of
PD-1 inhibitor in about 10% of patients in 1 study.116

Reviews of the data have also probed the impact of
PD-1 inhibitor therapy for treating melanoma in patients
who developed prior treatment-related irAEs during
ipilimumab monotherapy or combination CTLA-4/PD-1
blockade.115,116,119 Among the 22 patients with ipilimumab-
related irAEs described by Gutzmer et al,115 treatment
with a PD-1 inhibitor led to a flare of the prior irAE in

4.5% of patients, whereas 23% developed a new irAE. In
another study of 67 patients with prior ipilimumab-
related irAEs requiring immunosuppression, flare was
reported in 3% of patients, and 34% developed new
irAEs.116

Nivolumab or pembrolizumab monotherapy was
resumed in a cohort of 80 patients who had previously
discontinued combination ICI therapy due to irAEs.119

On resumption of PD-1 inhibition, 14 patients (18%)
experienced a recurrence of the same irAE and 17 pa-
tients (21%) experienced clinically significant “distinct”
or de novo irAEs. Half of the cohort (n540) experienced
any-grade irAE, with high-grade toxicity in 18% (n514).
Twenty-four patients (30%) discontinued PD-1 mono-
therapy due to irAE. Colitis and neurologic toxicities were
found to be least likely to recur, whereas hepatitis, pan-
creatitis, nephritis, and pneumonitis recurred more com-
monly. Symptomatic hypophysitis and rash were assessed
as intermediate risk for recurrence; however, 1 fatality
occurred due to recurrent andworsening rash and bullous
disease. Due to the relatively high rate of severe but
distinct irAEs that were observed during anti-PD-1 agent
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rechallenge (21%), the authors posited 2 potential
explanations. First, patients could be predisposed to
subsequent toxicity due to immune priming by ICI
combination therapy, and second, delayed presentation of
irAEs due to combination therapy-related toxicity could
have occurred.119 Additional research is needed to un-
derstand the safety of ICI therapy in this population and
others at a potentially greater risk for developing irAEs.

Organ Transplant Recipients
Concerns regarding graft rejection in transplant recipi-
ents has led to the exclusion of this patient population
from many clinical trials of ICI therapy.120 Safety and
efficacy data on ICI therapy in patients who have re-
ceived a prior organ transplant are limited to a small
number of case reports. Safe ipilimumab use has been
reported in several patients who received kidney or liver
transplants.120–123 A 2017 review of 12 case reports on ICI
use in transplant recipients identified 4 patients who
experienced kidney graft rejection after combination
CTLA-4/PD-1 blockade or anti-PD-1 monotherapy.120

PD-1 inhibition appears to be more commonly associated

with graft rejection, suggesting that this pathwaymay play
a more critical role in allograft immune tolerance.120,124

Other factors to consider in organ transplant recipients
who may be candidates for ICI therapy may include
elapsed time between transplant and initiation of im-
munotherapy, the strength of maintenance immuno-
suppressive therapy required to prevent graft rejection,
and the immunogenicity of the transplanted organ.120,121

Research is underway to explore alternative immu-
nosuppressive regimens in an effort to reduce allograft
rejection during ICI therapy.121,124 The safety and utility
of immunotherapy is also being investigated in patients
with multiple myeloma who may be unable to mount
an adequate immune response. In KEYNOTE 183 and
KEYNOTE 185, more deaths were seen for treatment arms
in which pembrolizumab was added to lenalidomide/
dexamethasone or pomalidomide/dexamethasone.125

Specific irAE Management
In general, close consultation with disease-specific
subspecialists is encouraged during irAE management.
Referral to a tertiary care center may be required for
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management of complex cases ormultisystem irAEs. Due
to the kinetics of the immune response, the onset of irAEs
can occur at any point during treatment or even after
completion of therapy.126,127 irAE rebound during steroid
taper has also been reported. The typical timing and
presentation of specific irAEs are discussed in the next
section. Please see the corresponding algorithm pages in
the guidelines for detailed recommendations on assessing
and treating particular irAEs by grade/severity.

Caution and careful judgment are required when
considering whether to resume immunotherapy after
significant toxicity. Clinicians should assess patient’s
tumor status before rechallenge. If an objective response
(complete or partial) to ICI therapy was achieved, re-
sumption of immunotherapy may not be advisable
due to risk of toxicity recurrence. The NCCN Panel
recommends that clinicians discuss the risks/benefits of
restarting immunotherapy with the patient.

Infusion-Related Reactions
Infusion reactions have been reported most commonly
with the PD-L1 inhibitor avelumab. Pooled safety data on

avelumab reported that 25% of patients experienced any-
grade infusion reactions (439/1,738) with high-grade
events in 0.7% (12/1,738); most occurred during the
first infusion, with nearly all reactions occurring within
the first 4 treatment cycles.128,129 Premedication
appeared to decrease the rate of severe infusion-related
reactions.128 The U.S. prescribing instructions for ave-
lumab include acetaminophen and diphenhydramine
before infusion during the first 4 treatment cycles.129

Most infusion reactions associated with ICIs are
mild and associated with low-grade fever, chills,
headache, or nausea. Severe or high-grade reactions
occurred in ,1% of patients across all other ICIs. In-
cidence of any-grade infusion reactions for the
remaining ICIs include atezolizumab at 1.3%, durva-
lumab at 2.2%, ,10% for PD-1 inhibitors, and ,1% for
ipilimumab monotherapy.1,50,51,130–132

Dermatologic Toxicity
Dermatologic toxicities are the most prevalent irAEs
associated with ICI therapy. Inflammatory skin con-
ditions typically present within the first 2 cycles of
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treatment (ie, within several weeks).4,36,39,133,134 Ipilimu-
mab has been consistently associated with higher rates of
all-grade dermatologic irAEs than PD-1/PD-L1 inhibi-
tors; reported incidences of all grade dermatologic tox-
icity range from 37% to 70% for ipilimumab and 17% to
40% for PD-1/PD-L1 inhibitors. The rates of high-grade
dermatologic irAEs are similar across ICI classes and
range from 1% to 3% for ipilimumab and PD-1/PD-L1
inhibitors.2,29,36,135 Generally, regimens combining CTLA-4
blockade with an anti-PD-1/PD-L1 agent led to more
frequent, severe, and earlier presentation of dermato-
logic toxicity.136

Maculopapular rash, with or without pruritus, is the
most common presentation. Vitiligo is also a fairly
common observation in patients with melanoma on
PD-1 inhibitors, typically presenting later in the course of
treatment. Observed inflammatory skin conditions re-
ported with ICI therapy include eczematous, lichenoid,
and psoriasiform manifestations, as well as bullous
dermatitis.4,133,136,137 Alopecia and hair repigmentation
have also been reported.136,138,139 The majority of der-
matologic irAEs are low grade and manageable with

appropriate care without requiring interruption of ICI.
However, rare cases of severe cutaneous reactions such
as Stevens-Johnson syndrome/toxic epidermal necrol-
ysis and drug rash with eosinophilia and systemic
symptoms have been reported.137,140,141 Although serious
conditions typically required hospitalization, resolution
was achievable via systemic immunosuppressive ther-
apy and ICI discontinuation.

GI Toxicity
GI irAEs may present as diarrhea or symptoms of colitis,
which include watery diarrhea, cramping, and urgency.
Diarrhea and colitis are the second-most commonly
reported AEs with ICIs, and symptoms typically develop
within 6 to 8 weeks of starting treatment.142,143 GI irAEs
have been reported more frequently with anti-CTLA-4
monotherapy than with PD-1/PD-L1 inhibitors. In studies
of CTLA-4 blockade, diarrhea has been reported in up to
half of patients, with incidence typically reported between
30% and 40%.29,144 The highest rates of ICI-mediated GI
irAEs have been seen with the addition of a PD-1/PD-L1
inhibitor to CTLA-4 blockade.145–147 Retrospective case
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reviews suggest that symptom grade may not correlate with
colitis severity as seen by endoscopy and histology.66,148

Systematic reviews and meta-analyses have exam-
ined the incidence of specific GI irAEs in patients with
solid tumors who received ICI therapy. Ameta-analysis of
34 studies enrolling 8,863 patients with solid tumors
examined the incidence of GI irAEs with various ICIs.147

The highest rates of GI irAEs were seen in patients re-
ceiving combination ipilimumab plus nivolumab, with
all-grade colitis, severe colitis, and severe diarrhea re-
ported in 13.6%, 9.4%, and 9.2% of patients, respectively.
Incidence of irAEs with ipilimumab monotherapy was
9.1% for all-grade colitis, 6.8% for severe colitis, and 7.9%
for severe diarrhea. Monotherapy with a PD-1/PD-L1
inhibitor had the lowest GI irAE incidence, with 1.3%
for all-grade colitis, 0.9% for severe colitis, and 1.2% for
severe diarrhea. No significant differences in GI irAE
incidence were observed by tumor type (eg, melanoma,
NSCLC, RCC).147 Another meta-analysis compared the
pooled incidence of diarrhea and colitis for different
checkpoint inhibitors in patients withmelanoma (CTLA-4,
n53,116; PD-1 inhibitors, n51,537). PD-1 inhibitors

were associated with a lower relative risk of all-grade
diarrhea and colitis compared with anti–CTLA-4 agents,
whereas combination therapy was associated with a
higher relative risk of diarrhea and colitis than mono-
therapy. Rates of discontinuation were higher among
patients taking anti–CTLA-4 agents.146

Corticosteroids are typically the first line of treat-
ment of GI irAEs. In retrospective reviews of patients with
ICI-related enterocolitis, symptoms resolved with corti-
costeroid treatment in approximately 40% to 60% of
individuals.143,148,149 However, a recent retrospective
analysis of patients found higher infection rates among
patients treated with long-duration steroids (.30 days).
Long-duration corticosteroid without infliximab was as-
sociated with increased infection risk compared with
short-duration steroid plus infliximab, suggesting that
earlier nonsteroid immunosuppressive therapy may
confer better outcomes.66

Endoscopy revealed colonic ulcerations more com-
monly in steroid-refractory cases.143,148,149 Case studies re-
port on the successful use of infliximab for treating severe,
steroid-refractory colitis associated with ipilimumab.149–151
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Case series and reports have also documented success-
ful treatment of ICI-mediated, steroid-dependent, or
steroid-refractory enterocolitis with vedolizumab.76,152

Vedolizumabmay be effective in the setting of infliximab-
resistant inflammation of the small intestine and colon.77

Hepatic Toxicity
Although immune-related hepatotoxicity occurs at a
lower rate than diarrhea/colitis, it is a well-documented
ICI-mediated irAE that is typically mild but can be severe
or even fatal in rare cases.18 Asymptomatic elevations in
AST and alanine transaminase are the most commonly
observed hepatic AEs.10,135 The pooled incidence of
immune-related hepatotoxicity is estimated at 3% to 9%
for ipilimumab and between 0.7% and 1.8% for PD-1/
PD-L1 inhibitors.153 Combination therapy is associated
with a considerably higher incidence of hepatotoxicity
with 29% and 17% experiencing any-grade and high-grade
hepatotoxicity, respectively.153,154 Median time of onset is
typically 5 to 6 weeks from start of treatment, but irAEs
can occur months later.153,155–157 Autoimmune hepatitis
and drug-induced hepatitis can present in a similar

fashion and be difficult to distinguish, but can often
be differentiated by distinct histologic features and
imaging.158,159 A recent study characterized the distinct
histologic patterns associated with hepatitis mediated by
CTLA-4 versus PD-1/PD-L1 blockade.155

Corticosteroids are the most common method of treat-
ment in most studies of ICI-mediated hepatotoxicity.153,155,156

In several cases, reinitiation of steroids after taper was
needed based on worsening liver values.156 Mycophe-
nolate has been used to treat severe persistent hepatitis
despite corticosteroid therapy.91,153,160,161 Another study
reported the use of cyclosporine as an additional im-
munosuppressant in the setting of steroid-refractory
hepatotoxicity.156 Infliximab is not recommended given
concerns for liver toxicity, although it has not been tested
in this setting. Case report data also suggest that
tacrolimus may be effective for treating refractory ICI-
related hepatitis.162,163

Pancreatic Toxicity
Amylase and/or lipase elevations, although typically
asymptomatic, can occur with ICI therapy. The potential
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significance of asymptomatic elevations remains unclear,
but discontinuation of therapy is not usually recom-
mended based on these findings alone.29,135,164 Although
rare, acute pancreatitis has been observed in patients
taking ICIs,135,158,165 and radiologic features of immune-
related pancreatitis have been described.166 Cases of
recurrent pancreatitis have been reported on resumption
of PD-1 inhibitors after a hold for initial irAE.119 Toxic
effects on the endocrine pancreas, such as hyperglyce-
mia and diabetes, are addressed in the larger context of
the endocrine system in the next section.

Endocrine Toxicity
ICI-related endocrine gland autoimmunity has resulted
in dysfunction of the thyroid, pituitary, adrenal glands,
and pancreas. Manifestations of immune-mediated en-
docrine gland dysfunction include hypothyroidism, hy-
perthyroidism, hypophysitis, type I diabetes, and primary
adrenal insufficiency. The mechanisms of ICI-mediated
endocrinopathies have been reviewed by Sznol et al167

and Byun et al.168 Because many symptoms of endo-
crine toxicity could be related to other acute illnesses or

underlying malignancy, diagnosis can be challenging.
Additionally, clinicians have to differentiate whether the
source of endocrine dysfunction is central (ie, pituitary) or
primary (eg, adrenal or thyroid) to tailor management
appropriately.167,168 Due to this potential complexity, en-
docrinology specialists play an important role in the
management of these irAEs, particularly for severe or
complex cases. Alessandrino et al169 reviewed imaging
features of endocrine irAEs at presentation and after
treatment to assist in making a differential diagnosis.

Different patterns of endocrine dysfunction have
been seen with various ICI regimens. Hypophysitis is
characteristic of ipilimumab, whereas thyroid dysfunc-
tion is seenmore commonly with PD-1/PD-L1 inhibitors.
Other types of endocrine irAEs such as primary adrenal
insufficiency and type I diabetes are considerably more
rare. Overall, combination ICI therapywas associatedwith
highest incidence of endocrinopathy.1,167,168,170 Median
time to onset of moderate to severe endocrinopathy has
ranged between 1.75 and 5 months for ipilimumab. Me-
dian time to onset of endocrinopathy with PD-1 inhibitor
monotherapy ranged from 1.4 to 4.9 months.142,168

JNCCN.org | Volume 17 Number 3 | March 2019 275

NCCN GUIDELINES®Management of Immunotherapy-Related Toxicities,
Version 1.2019

http://www.JNCCN.org


A 2018 meta-analysis examined the incidence of
endocrine dysfunction across 38 randomized trials en-
rolling 7,551 patients who received monotherapy with
PD-1 inhibitor, PD-L1 inhibitor, or CTLA-4 inhibitor; or
combination anti-PD-1/CTLA-4 therapy.170 The esti-
mated incidence of hypothyroidism was 3.8% with
ipilimumab and up to 13.2% for combination therapy.
Compared with ipilimumab, PD-1 inhibitors were asso-
ciated with a significantly greater risk of hypothyroidism
(OR, 1.89; 95% CI, 1.17–3.05; P5.03). Interestingly, the risk
of hyperthyroidism was higher with PD-1 versus PD-L1
inhibitors (OR, 5.36; 95% CI, 2.04–14.08; P5.002). Overall,
the observed incidence of hypophysitis was 6.4% for
combination therapy; 3.2% for CTLA-4 inhibitors; 0.4% for
PD-1 inhibitors; and below 0.1% for PD-L1 inhibitors.
Compared with PD-1 monotherapy, hypophysitis was a
more common occurrence during ipilimumab mono-
therapy (OR, 0.29; 95% CI, 0.18–0.49; P,.001) and com-
bination therapy (OR, 2.2; 95% CI, 1.39–3.60; P5.001). The
rarer nature of primary adrenal insufficiency and diabetes
precluded statistical comparison of endocrine irAE in-
cidence between different ICI regimens.170

A retrospective review identified 27 cases of new-
onset insulin-dependent diabetes from a population of
2,960 patients that received ICI therapy over 6 years at 2
academic medical centers (0.9% prevalence).171 All pa-
tients who developed or experienced a worsening of
diabetes (ie, becoming insulin dependent) had received
anti-PD-1/PD-L1 therapy. Median time to onset was
20 weeks after the first ICI cycle; 59% presented with
ketoacidosis, 42% had evidence of pancreatitis, and 40%
had one or more positive autoantibodies on testing.
Additional concurrent irAEs were present among 70% of
the individuals with ICI-related diabetes, many of whom
experienced other endocrine AEs. Seventy-six percent of
the individuals who developed ICI-related diabetes had
the HLA-DR4 genotype, a significantly higher frequency
than that reported for the general population, suggesting
a possible high-risk allele for the development of this
irAE.171 However, further research will be needed.

ICI-mediated endocrine toxicity often results in
permanent organ damage and typically requires life-long
hormonal supplementation.168,172–174 To date, evidence
does not suggest that high-dose corticosteroid therapy
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mitigates organ damage in most cases of ICI-mediated
endocrinopathy; however, corticosteroids may help to
mitigate symptoms of acute inflammation in the setting
of hypophysitis, adrenalitis, or in some cases, thyrotox-
icosis. Experts generally do not recommend corticoste-
roid therapy for managing hypothyroidism or type I
diabetes.167,168,172,174,175

Pulmonary Toxicity
Pneumonitis has been associated with ICI therapy.
Generally, rates of any-grade pneumonitis for PD-1/PD-L1
monotherapy have been reported at or below 5% for all-
grade, and around 1% for high-grade pneumonitis.176,177

Unlike the pattern with most other irAEs, ipilimumab
monotherapy has a lower incidence of pneumonitis com-
paredwithPD-1/PD-L1 inhibitors,with reported rates of less
than 1%.178,179 Observed rates for combination immuno-
therapy (PD-1/PD-L1 inhibitor plus anti-CTLA-4) are higher
than for monotherapy with other ICIs.176,177,180 Although
wide-ranging, median time to irAE onset from start of
treatment has been reported at 2.5 months, with generally
earlier onset for combination versus monotherapy.176,180

A 2016 meta-analysis of 20 clinical trials of PD-1
inhibitors that enrolled 4,496 patients with melanoma,
lung, or renal cancer revealed an overall incidence of all-
grade and high-grade pneumonitis of 2.7% and 0.8%,
with a higher incidence in NSCLC than melanoma.177

Incidence was higher for combination therapy than for
monotherapy (all-grade, 6.6% vs 1.6%; P,.001; high-
grade, 1.5% vs 0.2%; P5.001).

A pooled analysis of 916 patients analyzed pneumo-
nitis among patients who received PD-1/PD-L1 inhibitors
with or without anti–CTLA-4 therapy. Incidence of pneu-
monitis for PD-1/PD-L1 inhibitor monotherapy versus
combination therapy (PD-1/PD-L1 inhibitor 1 CTLA-4
inhibitor) was 3% versus 10%, respectively (P5.001). No
significant differences were observed in rates of pneu-
monitis between PD-1 and PD-L1 inhibitors. A similar
incidence of pneumonitis was seen among the largest
disease cohorts, melanoma and NSCLC, for both mon-
otherapy and combination therapy. Of the patients
diagnosed with pneumonitis in this study,most with low-
grade cases were treated in the outpatient setting, but
19% of patients with G2 pneumonitis and all patients
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with $G3 required inpatient care. All mild pneumonitis
(G1) cases were managed using ICI dose holds or oral
corticosteroid, and all patients with moderate and severe
cases received oral or intravenous corticosteroid. Among
patients with G3 or higher pneumonitis, 42% required
additional immunosuppression with infliximab alone or
infliximab with cyclophosphamide.176

Renal Toxicity
Based on initial studies, the estimated incidence of all-
grade renal toxicity is approximately 2% for monotherapy
and up to 4.9% for ICI combination therapy.154,181 Based on
a review of phase II and III clinical trials of ICIs enrolling
3,695 patients, the incidence of high-grade renal toxicity
was 0.6%.181 However, reviews of emerging data suggest
that incidence of renal toxicity could be considerably
higher.182,183 For ipilimumab, time to onset of renal tox-
icity has been reported to be around 6 to 12 weeks for
ipilimumab, but 3 to 12 months for PD-1 inhibitors.184

In the largest case series to date, time to onset of
renal toxicity was around 3 months from start of ICI
therapy, but varied from 3 weeks to approximately

8 months.181 Within the cohort of 13 patients, kidney
injury was preceded by an extrarenal irAE in 7 patients
and pyuria (.5 white blood cells per high-power field)
was present in 8 of 13 patients. Pathology revealed acute
tubulointerstitial nephritis in 12 of 13 patients. Among
the 10 patients who were treated with corticosteroid, 9
showed recovery of renal function (complete recovery in
2, partial recovery in 7). Four patients required hemo-
dialysis, and 2 remained dialysis-dependent.181 Other
case reports/series have discussed similar approaches to
diagnosis andmanagement of ICI-related nephritis.185–187

Notably, there is conflicting evidence surrounding the
efficacy of corticosteroid therapy for treating acute in-
terstitial nephritis linked to non-ICI–related causes.188,189

Ocular Toxicity
Ophthalmic irAEs are categorized by the affected area
of the eye, into ocular inflammation (eg, uveitis, epis-
cleritis, blepharitis, peripheral ulcerative keratitis), orbital
inflammation/orbitopathy (eg, idiopathic or thyroid-
induced orbitopathy), retinal/choroidal disease (eg, ret-
inopathy or choroidal neovascularization), and optic
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neuropathy.190–192 Dry eye and uveitis have been themost
commonly reported ocular ICI-associated events, with a
reported incidence between 1% and 24%.192–194 Based
on case series and reports, mild ophthalmic irAEs have
generally been managed successfully using a topical
steroid, whereas more severe conditions have required
systemic corticosteroid therapy and discontinuation of
ICI therapy.191,192,195,196 Close cooperation with ophthal-
mologic specialists is critical for prompt diagnosis and
optimal treatment.191,194

Nervous System Toxicity
ICI-mediated neurologic toxicity spans a broad spectrum
of conditions related to autoimmunity within the central
and/or peripheral nervous systems. Some neurologic
irAEs can be challenging to diagnose due to nonspecific
symptoms, variability in presentation, and the wide range
of differential diagnoses to consider.99,101,197 Documented
cases of neurologic irAEs include numerous conditions
such as myasthenia gravis, GBS-like syndrome, central
and/or peripheral neuropathy, aseptic meningitis, en-
cephalitis, and transverse myelitis. With some exceptions

(eg, peripheral neuropathies), irAEs of the nervous system
are higher grade events by default. Fatalities have been
reported in patients receiving ICI who developed severe
neurologic irAEs such as immune-mediated encephalitis,
myasthenia gravis/myasthenic syndromes, and acute
immune demyelinating polyneuropathy.99,100,197–201 The
neurologic irAEs that most commonly resulted in fatality
were encephalitis and myasthenia gravis.44

A systematic review of the literature examined data
on neurologic AEs from case reports and prospective ICI
trials (59 trials, n59,208).202 The overall incidence of
neurologic irAEs was 3.8% for CTLA-4 inhibitors, 6% with
PD-1 inhibitors, and 12% for combination therapy. Head-
ache, encephalopathy, and meningitis were the most
commonly reported events; the majority of events were
lower grade.202 Generally, reviews report a #1% inci-
dence of high-grade neurologic irAEs across various ICI
regimens.101,200,202 Another study probed a pharmaceutical
Global Pharmacovigilance and Epidemiology database
for neurologic irAEs reported in patients with advanced
melanoma receiving nivolumab with or without
ipilimumab (12 trials, n53,763).101 Of 3,763 patients,
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35 (0.93%) experienced 43 serious neurologic irAEs over
an 8-year period, with neuropathy being the most
commonly reported event. Resolution of irAE(s) was
documented in 75% of patients (26 of 35).

Literature and database reviews generally report a
median time to onset of neurologic irAEs of about
6 weeks.99,101,202 Corticosteroid therapy is usually used as
the first line of treatment of neurologic irAEs; high-dose
intravenous corticosteroids and ICI discontinuation was
used in the setting of higher-grade events.99,101 Prompt
treatment is critical for reducing long-term morbidity
andmortality.68,99,101,197,200 Median time to irAE resolution
has been reported at just under 8 weeks.101 Of note,
unlike canonical cases of GBS, ICI-mediated develop-
ment of GBS-like syndrome has been successfully man-
aged using corticosteroid therapy.202

Additional lines of immunosuppressive therapy are
often required for cases of rapidly progressive or steroid-
refractory neurologic irAEs. Autoimmune encephalitis
and other neurologic irAEs have been managed with
agents such as IVIG, plasmapheresis, rituximab, and
cyclosporine, leading to partial or full recovery.99,101,199

However, for several reported cases of myasthenic syn-
drome, encephalitis, or demyelinating polyneuropathy,
irAEs proved fatal despite treatment with multiple lines
of immunosuppressant (including plasmapheresis, IVIG,
tacrolimus, and/or mycophenolate mofetil).99,100 At
present, no definitive outcomes data are available to
guide decisions regarding immune-modulating treat-
ments, and clinicians have relied on data from neurologic
irAE case reports, management of other autoimmune
neurologic disorders, and individual patient characteris-
tics (ie, the presence of irAEs affecting other organ
systems).99

Cardiovascular Toxicity
Cardiac irAEs are potentially fatal ICI-associated tox-
icities that have been associated with ipilimumab,
pembrolizumab, and nivolumab. Case series reveal a
variety of potentialmanifestations of cardiovascular irAEs,
including myocarditis, cardiomyopathy, cardiac fibrosis,
heart failure, and cardiac arrest.20,203,204 Efforts to char-
acterize cardiac irAEs associated with ICI therapy have
begun to provide a better understanding of ICI-associated
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myocarditis. Data collected over 4 years from 8 sites
revealed 35 cases of ICI-mediated myocarditis, which
were compared with a sample of patients on ICI therapy
without myocarditis.204 Prevalence was 1.14% in this pa-
tient population, with amedian onset of 34 days from start
of treatment. However, recent evidence suggests that ICI-
associated cardiovascular toxicity, myocarditis in partic-
ular, is more common than initially thought.44,204–206

Recent analysis of the WHO database revealed 101
individual case safety reports of severe myocarditis after
initiation of ICI therapy.206 Of these patients, 57% had re-
ceived anti PD-1 monotherapy, and 27% received combi-
nation PD-1/PD-L1 plus CTLA-4 inhibitor. For patients with
available dosing information (n559), 64% (n538) had re-
ceived only 1 or 2 ICI doses at the time of toxicity onset.
Concurrent severe irAEs, most commonly myositis and
myasthenia gravis, were reported for 42%. Data on car-
diovascular comorbidities were not available, but only 25%
were on a cardiovascular or diabetes medication regimen.206

Based on multicenter registry data, myocarditis was
seen more often in patients receiving combination ICI
therapy and in patients with diabetes.204 Approximately

half of the patients diagnosed with myocarditis experi-
enced major adverse cardiac events (MACE), which were
defined as “the composite of cardiovascular death, car-
diogenic shock, cardiac arrest, and hemodynamically
significant complete heart block.”204 Troponin levels of
$1.5 ng/mL were associated with a 4-fold increased risk
of MACE (hazard ratio, 4.0; 95% CI, 1.5–10.9; P5.003).
Corticosteroid was administered in 89% of cases, with
high-dose steroids resulting in better treatment re-
sponse. Elevated troponin and higher rates of MACE
were observed more commonly among patients who
were treated with lower-dose corticosteroid.204

Pre-existing cardiovascular pathology was identified
inmost patients (5/8) in one case series.203 Co-occurrence
with noncardiac irAEs was also seen in more than 50% of
patients. Corticosteroids and/or supportive care measures
were helpful to improve symptoms in most cases, al-
though permanent cardiotoxicity and fatalities also oc-
curred despite intervention.203 Myositis and myocarditis
were seen to co-occur in a recent study of ICI-related
fatalities. Notably, myasthenia gravis also co-occurred
in 10% of fatal myocarditis cases.44 Case reports of
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ICI-related myocarditis have reported irAE flare during
steroid taper or ICI rechallenge.207,208 IVIG was success-
fully used in a case report of smoldering ICI-related
myocarditis that initially responded to corticosteroid
but flared on taper.207

Musculoskeletal Toxicity
Musculoskeletal and rheumatic irAEs include in-
flammatory arthritis (IA), myositis, and myalgias. Myo-
sitis is characterized by inflammation involving the
skeletal muscles, and myalgia involves marked discom-
fort originating from a muscle or group of muscles. IA is
typically identified as a result of joint pain (arthralgia)
and/or swelling and stiffness after inactivity. Although
rare, severe myositis can be fatal and has been docu-
mented more commonly in patients receiving PD-1/
PD-L1 inhibitor.209

A recent systematic review of the literature examined
rheumatic and musculoskeletal irAEs associated with ICI
therapy. Data from 33 clinical trials, 3 observational
studies, and 16 case reports/series were included.209

Arthralgia and myalgia were the most commonly re-
ported irAEs, with a widely ranging incidence of 1% to
43%. Five of 33 clinical trials reported cases of arthritis

development, and case reports have described IA, vas-
culitis, myositis, and lupus nephritis. Prospective cohort
studies and retrospective reviews report the incidence of
IA or other rheumatologic irAEs among patients re-
ceiving ICIs to be between 1% and 7%.67,209–211

Among a prospective cohort study of 524 patients
receiving ICIs, 35 (6.6%) were referred to rheumatology.67

Twenty patients had IA that presented similar to rheu-
matoid arthritis (n57), polymyalgia rheumatica (n511),
or psoriatic arthritis (n52), while the remaining 15 pa-
tients were diagnosed with noninflammatory musculo-
skeletal conditions. Nineteen patients with IA required
low to moderate doses of corticosteroid, and metho-
trexate was administered in 2 patients. Notably, ICI
therapy was not discontinued in these cases.

One case series initially reported on 13 patients (5
receiving nivolumab or ipilimumab monotherapy, 8 re-
ceiving combination ICI) who developed new rheuma-
tologic symptoms while receiving an ICI at an academic
medical center between 2012 and 2016.212 Clinical pre-
sentation varied, with involvement in both large and
small joints of the upper and lower extremities. All pa-
tients were treated with corticosteroid therapy, demon-
strating variable response. The authors later published
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their findings on the distinct clinical presentation of IA
within a cumulative series of 30 patients who received
various ICI regimens.213 Patients who received PD-1/PD-L1
inhibitor monotherapy tended to have small joint IA as
their sole irAE, whereas patients on a combination regi-
men (PD-1/CTLA-4 blockade) were more likely to present
with knee arthritis, higher levels of C-reactive protein,
and prior irAE of another type, and display a reactive

arthritis-like phenotype. Ten of 30 patients required ad-
ditional lines of immunosuppressive therapy beyond
corticosteroid (ie, methotrexate or TNF blockers).213

Reported cases of IA or other rheumatologic irAEs
have generally been responsive to immunosuppressive
therapy, with approximately one-quarter to one-third of
patients requiring additional lines of therapy beyond
corticosteroid.67,213,214
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