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ABSTRACT

The use of checkpoint inhibitor-based
immunotherapy has transformed the treatment
landscape for melanoma as well as many other
cancer types. With the ability to potentiate
tumor-specific immune responses, these agents
can result in durable tumor control. However,
this activation of the immune system can lead
to a unique constellation of side effects, distinct
from other cancer therapies, collectively termed
immune-mediated adverse events (irAEs). This
review will focus on irAEs and guidelines for
management related to the most clinically rel-
evant checkpoint inhibitors, those that target
programmed death receptor-1 (PD-1) and cyto-
toxic T lymphocyte antigen-4 (CTLA-4).
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INTRODUCTION

Immune checkpoint proteins, including cyto-
toxic T lymphocyte antigen-4 (CTLA-4) and
programmed death receptor-1 (PD-1), prevent
unopposed immune activation and tissue dam-
age by initiating signaling cascades that inhibit
T cell function [1, 2]. Immune checkpoint
blocking antibodies bind to immune check-
point proteins in an effort to overcome tumor-
mediated inhibition of T cell function. While
multiple checkpoints are being investigated as
potential therapeutic targets, the current clini-
cal use of immune checkpoint inhibitors (ICI)
has focused on antibodies that block CTLA-4
(ipilimumab, tremelimumab), PD-1 (pem-
brolizumab, nivolumab, cemiplimab), and its
ligand PDL-1 (atezolizumab, avelumab, and
durvalumab). These therapies have revolution-
ized the treatment of many cancers, in partic-
ular melanoma, where they have resulted in
improved survival and the potential for durable
responses [3–5].

While there is a potential for an antitumor
effect, this disinhibition of T cell function can
lead to a distinct constellation of inflammatory
side effects, collectively termed immune-related
adverse events (irAEs). Although the exact
mechanism of irAEs is not known, translational
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Table 1 Presentation, workup, and management of irAE toxicities

Toxicity Presentation Workup Initial management

Dermatologic Maculopapular or

papulopustular rash

Pruritis

Vitiligo

Sweet’s syndrome

Lichenoid reactions

Eczema

Bullous disorders

DRESS

SJS/TEN

Complete skin examination

Consider skin biopsy

Consider ANA, SS-A, SS-B if

autoimmune condition suspected

Consider infection and other drug-

induced rash

Grade 1: emollients, topical

corticosteroids, and/or oral

antihistamines

Grade 2: hold ICI if no improvement to

grade 1

Grade 3–4: hold ICI; treat with systemic

1–2 mg/kg/day steroids; dermatology

consultation

GI

Colitis Colitis

Diarrhea

Fever

Abdominal pain

Rectal bleeding

CBC, CMP, TSH, ESR, CRP

CMV serologies

Stool culture, C. difficile, ova and
parasite

Consider CT abdomen/pelvis

Consider GI consult for endoscopy

with biopsy for grade 2 and higher

Grade 2–4: hold ICI until recovery to

grade 1 or less; start 1–2 mg/kg/day

steroids; consult gastroenterology

If no response within 3–5 days, consider

single 5 mg/kg dose of infliximab

Consider vedolizumab in cases refractory

to or a with a contraindication to

infliximab

Hepatitis Asymptomatic

elevation of AST/

ALT

Fulminant hepatitis

CMP

Viral studies

Consider ANA, anti-smooth

muscle antibodies, and ANCA if

autoimmune hepatitis suspected

Consider CT abdomen/pelvis if

liver metastases suspected

Consider other drug-induced

hepatitis

Grade 2: hold ICI until recovery to grade

1 or less; start systemic steroids if no

improvement

Grade 3–4: hold ICI; hepatology consult;

start 1–2 mg/kg/day steroids

For steroid-refractory cases, consider

mycophenylate mofetil

Endocrine

Thyroid Hypothyroidism

Hyperthyroidism

Thyroid storm

Myxedema

TSH

Free T4

AM cortisol to rule out concurrent

adrenal insufficiency

TSH receptor antibodies if Graves’

disease suspected

Hypothyroidism: thyroid hormone

replacement

Symptomatic thyrotoxicosis: consider

endocrinology referral; propranolol can

be used to manage symptoms
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Table 1 continued

Toxicity Presentation Workup Initial management

Pituitary Hypophysitis

Dysfunction of

thyroid, adrenal, or

gonadal axis

Serum electolytes

TSH

Free T4

ACTH

Cortisol or cosyntropin stimulation

test

Testosterone (men)

Estradiol (women)

FSH

LH

Consider MRI of sella

Hold ICI until stabilization on hormone

replacement

Life-long physiologic hormone

replacement is usually required

Endocrinology consult in cases of

confirmed hypophysitis

Patient education about stress doses of

hydrocortisone; medic alert bracelet

Pneumonitis Cryptogenic

organizing

pneumonia

Nonspecific interstitial

pneumonitis

Hypersensitivity

pneumonitis

Usual interstitial

pneumonitis

Pulmonary fibrosis

Chest x-ray

Chest CT

Consider nasal swab and sputum

and blood culture

Grade 2–4: hold ICI; start steroids

1–2 mg/kg/day and broad-spectrum

antibiotics; pulmonology consult for

bronchoscopy

Consider infliximab, cyclophosphamide,

or mycophenylate mofetil in steroid-

refractory cases

Rheumatologic Seronegative

spondyloarthropathy

Polyarthritis

Large joint reactive

arthritis

Sicca syndrome

Myositis

ANA, RF, anti-CCP, ESR, CRP

CK, aldolase if myositis suspected

Consider HLA B27 testing

Consider imaging of affected joints

EMG or muscle biopsy in cases of

myositis

Grade 1: NSAIDs; prednisone if no

improvement

Grade 2–4: hold ICI; treat with systemic

steroids; rheumatology consult

Consider methotrexate, sulfasalazine,

leflunomide, or anti-cytokine therapy in

conjunction with rheumatology
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Table 1 continued

Toxicity Presentation Workup Initial management

Neurologic Autoimmune

encephalitis

Myasthenia gravis

Guillain-Barré

syndrome

Peripheral neuropathy

PRES

Aseptic meningitis

Transverse myelitis

Brain/spine MRI

Lumbar puncture

B12, folate, TSH, HIV

Acetylcholine receptor, antistriated

muscle antibodies, and PFTs with

NIF if myasthenia gravis suspected

Antiganglioside antibody tests and

electrodiagnostic testing if GBS

suspected

Grade 2–4: hold ICI; systemic steroids;

neurology consult

Consider intravenous immunoglobulin

or plasmapheresis in steroid-refractory

cases

Renal Acute interstitial

nephritis

Minimal change

disease

Lupus-like nephritis

Thrombotic

microangiopathy

BMP

Urinalysis

Renal ultrasound

Consider other drug-induced

causes.

Grade 2–4: hold ICI; nephrology

consult; consider steroids if there is no

other identifiable cause

Ocular Uveitis

Peripheral ulcerative

keratitis

Choroidal

neovascularization

Thyroid-associated

orbitopathy

Idiopathic orbital

inflammation

Referral to ophthalmology for full

vision examination

All grades: prompt referral to

ophthalmology

Grade 2: topical corticosteroids

Grade 3–4: systematic corticosteroids

Cardiovascular Myocarditis

Pericarditis

Cardiac fibrosis

Arrhythmias

Heart failure

Troponin

ECG

BNP

Echocardiogram

Chest x-ray

Consider stress test, cardiac MRI,

and cardic catheterization

All grades: hold ICI; high-dose steroids

(dose and route decided on case-by-case

basis); cardiology consult
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research suggests that irAEs develop through a
combination of pathways involving autoreac-
tive T cells, autoantibodies, and cytokines [6, 7].
For instance, T cell infiltration directed at anti-
gens in both normal and tumor tissue has been
described [8, 9]. T cell activation leads to pro-
duction of inflammatory cytokines, including
interleukin-17 (IL-17), which has been impli-
cated in colitis [10, 11]. Direct binding of anti-
CTLA-4 antibodies to CTLA-4, which is expres-
sed in normal pituitary tissue, leads to comple-
ment activation and hypophysitis [12, 13]. Anti-
PD-1 therapy may affect humoral immunity,
leading to increased levels of pre-existing
autoantibodies, including anti-thyroid anti-
bodies [14].

Unlike the adverse effects associated with
more traditional forms of therapy, such as
cytotoxic or molecularly targeted agents, irAEs
can be variable in their onset and often require
specific management [15, 16]. Consensus
guidelines from the American Society of Clini-
cal Oncology (ASCO), European Society of
Medical Oncology (ESMO), National Compre-
hensive Cancer Network (NCCN), and Society

for Immunotherapy of Cancer (SITC) provide
recommendations for monitoring, diagnosis,
and treatment of irAEs [15–18].

Incidence of any-grade irAEs with single-
agent ICI varies by agent and by trial. Overall
incidence of any-grade irAE in studies including
multiple solid tumor types has been reported
at\ 75% for anti-CTLA-4 monotherapy with
ipilimumab [19] and 66% with anti-PD-1/PD-L1
monotherapy [20]. Combined PD-1 and CTLA-4
blockade leads to a higher incidence of irAEs
[21, 22]. This review will focus on the presen-
tation, incidence, and management of irAEs of
ipilimumab and PD-1 antibodies, as these are
standard-of-care therapies for melanoma
(Table 1).

We searched MEDLINE via PubMed
(pubmed.gov) in October 2018 to identify all
publications and trials reporting on immune
checkpoint inhibitor toxicities in melanoma.
The search was conducted using the terms
melanoma and PD-1 (nivolumab, pem-
brolizumab) and CTLA-4 (ipilimumab, tremeli-
mumab). Society guidelines (ASCO, ESMO,
SITC, and NCCN) were also reviewed; references

Table 1 continued

Toxicity Presentation Workup Initial management

Hematologic Hemolytic anemia

Red cell aplasia

Neutropenia

Thrombocytopenia

Myelodysplasia

Cryoglobulinemia

CBC with differential

Peripheral smear

LDH, haptoglobin, reticulocyte

count, bilirubin, and free

hemoglobin if hemolysis suspected

Consider evaluation for viral or

bacterial causes

Consider bone marrow biopsy in

conjunction with hematology

All grades: consider hematology consult;

steroids on a case-by-case basis

DRESS drug reaction with esosinophilia and systemic symptoms, SJS/TEN Stevens-Johnson syndrome/toxic epidermal
necrolysis, ANA antinuclear antibodies, CBC complete blood count, CMP complete metabolic panel, TSH thyroid-
stimulating hormone, ESR erythrocyte sedimentation rate, CRP C-reactive protein, CMV cytomegalovirus, AST aspartate
aminotransferase, ALT alanine aminotransferase, ANCA antineutrophil cytoplasmic antibodies, ACTH adrenocorticotropic
hormone, FSH follicle-stimulating hormone, LH luteinizing hormone, RF rheumatoid factor, anti-CCP anti-citrullinated
protein antibody, CK creatine kinase, EMG electromyography, PRES posterior reversible encephalopathy syndrome, PFT
pulmonary function testing, NIF negative inspiratory force, GBS Guillain-Barré syndrome, ECG electrocardiogram, BNP
brain natriuretic peptide
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from these consensus statements were reviewed
for relevant data. This article is based on previ-
ously conducted studies and does not contain
any studies with human participants or animals
performed by any of the authors.

DERMATOLOGIC TOXICITY

Dermatologic toxicity is the most common irAE
reported in patients with melanoma who are
treated with either CTLA-4 or PD-1 blockade
[4, 23]. All-grade dermatologic toxicity has been
reported in 30–40% of patients treated with PD-
1/PD-L1 inhibitors [24, 25] and 50% of patients
treated with ipilimumab, though the majority
of dermatologic irAEs were grade 1 or 2 [24, 26].
A meta-analysis of dermatologic toxicity, which
included eight clinical trials of nivolumab and
five of pembrolizumab, reported an incidence of
all-grade rash of 16.7% and 14.3%, respectively
[26]. Of note, vitiligo, which was seen only in
patients with melanoma and is associated with
tumor response [27], has been reported in 7.5%
of patients treated with nivolumab and 8.3% of
patients treated with pembrolizumab [26].

The presentation varies and includes macu-
lopapular or papulopustular rash, pruritis, viti-
ligo, Sweet’s syndrome, urticarial dermatitis,
lichenoid reactions, eczema, and bullous disor-
ders [28, 29]. The most common skin toxicity
seen in anti-PD-1 or anti-CTLA-4 therapy is a
rash [28–31]. Severe toxicities including Ste-
vens-Johnson syndrome/toxic epidermal
necrolysis (SJS/TEN) or drug reaction with eosi-
nophilia and systemic symptoms (DRESS) are
more common with combination ICI [15].
Onset typically occurs within days to weeks
[32, 33] but may not appear until after several
months of treatment [33].

Grade 1 dermatologic irAEs are managed
with emollients, topical corticosteroids, and/or
oral antihistamines [15, 16]. ICI can be contin-
ued with grade 2 toxicity but should be held if
the irAE does not improve to grade 1 [15, 16].
ICI should be stopped for grade 3 or 4 toxicity,
and treatment with systemic corticosteroids
should be considered in addition to other sup-
portive care [15, 16]. ICI should be permanently
discontinued and patients referred to a

specialist in life-threatening cases, especially if
there is concern for a rare dermatologic irAE
such as SJS/TEN or DRESS [15].

GASTROINTESTINAL TOXICITY

Diarrhea or Colitis

Diarrhea is commonly reported in patients on
ICI therapy, though incidence is higher in
patients receiving anti-CTLA-4 blockade. A sys-
tematic review, which included ten clinical tri-
als of patients with multiple solid tumor types,
reported diarrhea in 27–54% and colitis in
8–22% of patients treated with anti-CTLA-4
therapy [34]. The highest incidence of colitis is
reported in patients treated with combination
CTLA-4/PD-1 blockade, and risk of grade 3 or 4
symptoms is also increased with combination
compared with monotherapy. A lower inci-
dence is seen with CTLA-4 monotherapy; colitis
with PD-1 blockade alone is rare [15]. A ran-
domized phase III trial of 945 previously
untreated patients with advanced melanoma
reported any-grade colitis in 2.2% of patients
treated with nivolumab, 11.3% of patients
treated with ipilimumab, and 12.8% of patients
treated with ipilimumab and nivolumab. Grade
3 or 4 colitis was reported in 1% of patients with
nivolumab, 7.7% with ipilimumab, and 8.3%
with combination ipilimumab-nivolumab [21].

Diarrhea is felt to be due to underlying
colonic inflammation or colitis, though in
many cases these are reported separately.
Patients with overt colitis can present with
diarrhea but may also complain of fever,
abdominal pain, and rectal bleeding [15]. In
patients treated with anti-CTLA-4 monother-
apy, the average time to onset of GI irAEs is after
the third infusion, although symptoms may
occur as early as after the first infusion [19].
Additionally, diarrhea or colitis may recur after
discontinuation of therapy and can have a
similar presentation to chronic inflammatory
bowel disease [35, 36].

The differential diagnosis of diarrhea in
patients on ICI includes an irAE, viral, bacterial,
or parasitic GI infection or tumor-related
symptom. A workup for other causes of
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diarrhea, including infection by C. difficile or
other GI pathogens and metastasis to the GI
tract, should be considered [15]. In patients
presenting with persistent grade 2 or higher
diarrhea/colitis, ICI should be stopped, and
1–2 mg/kg/day of steroids should be started. If
there is no response within 3–5 days, infliximab
should be considered; a single 5 mg/kg dose is
usually sufficient [15, 16].

Case reports have described the use of
vedolizumab, an anti-integrin a4b7 antibody
with gut-specific effects, for patients with ster-
oid-dependent or -refractory ICI-induced colitis
[37, 38]. A series of seven patients with mela-
noma or non-small-cell lung cancer (NSCLC)
who were treated with nivolumab or ipili-
mumab and developed steroid-dependent or
partially refractory colitis reported steroid-free
enterocolitis remission in six patients, which
occurred at a median of 56 days after starting
vedolizumab and which was not associated with
any significant adverse events [37]. Similarly, a
case report described nivolumab-induced
enteritis, which was refractory to steroids and
infliximab and responded rapidly to vedolizu-
mab [38]. Patients with refractory colitis and
enteritis should be managed in conjunction
with a gastroenterologist. Larger, prospective
studies will clarify the role of vedolizumab in
management of steroid-dependent or -refrac-
tory colitis.

Hepatitis

Incidence of hepatitis in patients treated with
ipilimumab is dose-dependent, with\4% inci-
dence of any-grade hepatitis in patients treated
with 3 mg/kg [3] and 15% in patients treated
with 10 mg/kg [39]. Any-grade hepatitis is
reported in 1–6% of patients treated with anti-
PD-1 therapy compared with 30% in patients
treated with combination therapy [21, 40].
Grade 3–4 elevation in AST/ALT has been
reported in 6–9% of patients treated with ipili-
mumab and nivolumab compared with 1–2% of
patients treated with either ipilimumab or
nivolumab monotherapy in a phase III trial of
previously untreated patients with advanced
melanoma [21]. A pooled safety analysis of 576

patients with melanoma treated with nivolu-
mab reported a median time to resolution of
hepatic irAEs of 3.3 weeks [41].

Hepatitis most commonly presents with
asymptomatic elevation of AST and ALT with or
without elevated bilirubin [16, 29], although a
more severe presentation with fulminant hep-
atitis has been reported [40]. Transaminase ele-
vation is most often seen between 6 and
14 weeks following initiation of treatment [40].

Differential diagnosis of patients who
develop transaminase elevation while on ICI
therapy includes drugs (ICI or other), alcohol,
and infection, especially viral hepatitis [16]. In
patients with grade 2 toxicity, ICI should be
held and LFTs monitored; therapy can be
resumed if there is resolution to grade 1. Ster-
oids (methylprednisolone 0.5–1 mg/kg/day or
prednisone 1–2 mg/kg/day) should be started if
there is no improvement [15, 16]. In cases of
grade 3 or 4 toxicity, steroids should be started
at 1–2 mg/kg/day. Rare cases are refractory to
high-dose steroids, and then mycophenolate
mofetil (500–1000 mg twice daily) should be
considered. In contrast to the management of
steroid-refractory diarrhea and colitis, inflix-
imab is contraindicated because of concerns
regarding hepatotoxicity-related to infliximab
[15, 16]. Successful use of anti-thymocyte glob-
ulin has been reported in a steroid-refractory
case, and this may be considered, particularly in
cases of acute clinical deterioration [42]. Refer-
ral to hepatology and liver biopsy should be
considered in steroid or mycophenolate mofe-
til-resistant cases [15, 16].

ENDOCRINOPATHIES

Endocrinopathies associated with ICI include
hypo- or hyperthyroidism, thyroiditis,
hypophysitis, primary adrenal insufficiency,
and insulin-dependent diabetes mellitus
(IDDM) [43]. The most common endocrino-
pathies reported with ICI are thyroid and pitu-
itary toxicity. Primary adrenal insufficiency and
IDDM are rare endocrine irAEs and have been
reported in 0.7% and 0.2% of patients, respec-
tively [43]. Endocrinopathies may present with
non-specific symptoms, including fatigue,
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headache, or weakness and can therefore be
challenging to diagnose [44]. The time to onset
of endocrine irAEs varies by agent. The median
onset of moderate-to-severe endocrine irAEs in
melanoma patients treated with ipilimumab
occurs at 7–20 weeks [45]. A single-institution
retrospective review of patients with melanoma
treated with ipilimumab reported a median
time to onset of hypophysitis of 4 months;
however, timing of onset ranged from 8 to
19 months after initiation of therapy [46].
Hypothyroidism was reported within the first
5 months and up to 3 years after initiation [46].
A pooled analysis of safety events with nivolu-
mab reported a median time of onset of
approximately 10 weeks [41]. Unlike other
irAEs, which resolve with treatment, endocri-
nopathies are often permanent and require
lifelong hormone replacement [47].

Thyroid Toxicity

Hypothyroidism is more common with ICI
therapy than hyperthyroidism [43]. A subset of
patients develop an initial hyperthyroid phase,
often subclinical, which is later followed by
hypothyroidism. A meta-analysis of 38 ran-
domized controlled trials to determine the
incidence of endocrine irAEs after ICI treatment
reported an overall incidence of hypothy-
roidism of 6.6%, with lowest incidence (3.8%)
in patients treated with ipilimumab and highest
incidence (13.2%) with combination therapy
[43]. Hyperthyroidism is less common with
overall incidence reported at 2.9%; the lowest
incidence occurs with PD-L1 inhibitors (0.6%)
and the highest incidence with combination
therapy (8%) [43]. Thyroid storm has rarely
been reported in patients treated with ICI [48].
Median onset of thyroid dysfunction occurs
4 weeks after starting treatment [49].

Thyroid-stimulating hormone (TSH) and free
thyroxine (T4) should be checked at baseline
and routinely during ICI therapy [15–18].
Patients with hypothyroidism should be treated
with thyroid hormone replacement [15]. Thy-
roiditis should be managed conservatively dur-
ing the thyrotoxic phase; however, other causes
of thyrotoxicosis, including Graves’ disease,

should be ruled out with laboratory tests and
imaging and referral to endocrinology as
appropriate [15]. Symptomatic hyperthyroidism
may be treated with beta blockers.

Pituitary Toxicity

The highest incidence of hypophysitis occurs
with anti-CTLA-4 monotherapy and combina-
tion therapy. Incidence increases with increas-
ing doses of ipilimumab (1–4% with
ipilimumab 3 mg/kg; 16% with 10 mg/kg)
[24, 46, 50, 51]. Hypophysitis is rare with anti-
PD-1 monotherapy [43]. Median onset occurs
after 8–9 weeks or after the third dose of ipili-
mumab [52]. Median onset with nivolumab
monotherapy occurs at 4.9 months (range
1.4–11 months) [53].

Hypophysitis presents with non-specific
symptoms, including fatigue, headache, and
weakness, requiring a high degree of clinical
suspicion for prompt diagnosis. Symptoms vary
depending on the region of the pituitary affec-
ted and may result from dysfunction of the
thyroid, adrenal, or gonadal axis [53], with
adrenocorticotropic hormone (ACTH) and TSH
deficiency most commonly described in anti-
CTLA-4-associated hypophysitis [54]. Hypogo-
nadotropic hypogonadism has been described,
although the incidence is difficult to determine
given the effect of severe illness on the gonadal
axis. Diabetes insipidus is rare [54].

Baseline testing of serum ACTH and cortisol
can be considered, especially in patients with
pre-existing endocrine disease [15, 18]. Patients
with clinical or laboratory features of
hypophysitis should undergo the following
testing of thyroid, adrenal, and gonadal axes,
preferably in the morning and prior to the
administration of steroids: TSH, free T4, ACTH,
cortisol or cosyntropin stimulation test, testos-
terone (men), estradiol (women), follicle-stim-
ulating hormone (FSH), luteinizing hormone
(LH), and MRI of the sella [15]. Results consis-
tent with hypophysitis include deficiency of at
least one pituitary hormone with MRI abnor-
mality or deficiency of two or more pituitary
hormones in the presence of symptoms [15].
MRI findings may include stalk thickening,
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pituitary enlargement, and heterogeneous
enhancement [15].

Adrenal insufficiency secondary to ICI-in-
duced hypophysitis is usually permanent,
requiring lifelong hormone replacement [54].
Recovery of secondary hypothyroidism and
hypogonadism has been described with fre-
quency varying from 6 to 64% and 11 to 57%,
respectively [54]. A small retrospective study of
patients with advanced melanoma and ipili-
mumab-induced hypophysitis found that treat-
ment with glucocorticoids did not improve the
frequency of resolution or time to resolution of
hypophysitis [55].

If a diagnosis of hypophysitis is made,
endocrinology consultation should be strongly
considered [15]. Patients should be treated with
replacement of the deficient hormones,
including physiologic steroid and thyroid hor-
mone replacement. If adrenal insufficiency and
hypothyroidism are both present, steroids
should be started prior to thyroid hormone
replacement to prevent adrenal crisis [15].
Patients with adrenal insufficiency should
receive comprehensive education regarding the
potential life-threatening nature of adrenal cri-
sis and be provided with stress doses of hydro-
cortisone in case of infection, trauma, or illness
[15].

PNEUMONITIS

Pneumonitis is the most common pulmonary
toxicity of ICI therapy [15] and should be con-
sidered in any patient presenting with new
respiratory symptoms. Overall, the incidence of
pneumonitis is low. The incidence is slightly
higher with PD-1 monotherapy compared with
CTLA-4 monotherapy and increases with the
use of dual checkpoint inhibition [56]. The lar-
gest published series of pneumonitis after anti-
PD-1 and PD-L1 therapy reported 5% incidence
among 915 patients, with 1–2% grade 3–4
pneumonitis [56].

Patients may develop cough, chest pain,
wheezing, shortness of breath, new oxygen
requirement, or fatigue; the severity and acuity
of onset vary [15]. Additionally, patients can be
asymptomatic with the diagnosis made

incidentally on imaging studies [56]. In rare
cases, hypoxia may progress rapidly and lead to
respiratory failure [17]. A retrospective review of
patients with multiple tumor types treated with
either anti-PD-1/PD-L1 monotherapy or com-
bination with anti-CTLA-4 therapy reported a
median onset at 2.8 months, though there was a
high degree of variability (9 days to
19.2 months). Onset occurred earlier in patients
treated with combination therapy (median
2.7 months) versus anti-PD-1/PD-L1 monother-
apy (4.6 months) [56]. A smaller series described
earlier onset in patients with NSCLC compared
with patients with melanoma (2.1 versus
5.2 months) [57]. Imaging findings vary and
include cryptogenic organizing pneumonia
(COP), nonspecific interstitial pneumonitis
(NSIP), hypersensitivity pneumonitis (HP), or
usual interstitial pneumonitis (UIP)/pulmonary
fibrosis (PF) [15]. Clinical and radiographic fea-
tures may overlap with pneumonia, lymphan-
gitic spread of tumor, and diffuse alveolar
hemorrhage. Given these overlapping features
and the potential for rapid development of
respiratory failure, a high index of suspicion
should be maintained in patients on ICI therapy
who develop respiratory symptoms.

Baseline pulmonary function tests (PFTs)
should be considered in patients who are at
high risk of developing pulmonary toxicity [18].
Because it can be difficult to distinguish
between pneumonitis and infection, guidelines
recommend concurrent broad-spectrum antibi-
otics and immunosuppression while workup is
underway [15, 16]. In patients with grade 2
pneumonitis, ICI should be held; pulmonology
should be consulted for bronchoscopy with
bronchoalveolar lavage (BAL), and methyl-
prednisolone 1 mg/kg/day should be started.
Re-challenge can be considered if symptoms
and imaging improve. For grade 3–4 pneu-
monitis, initiation of 2 mg/kg/day methylpred-
nisolone is recommended. Additionally,
hospitalization may be needed along with a
pulmonology consult for bronchoscopy
[15, 16]. Limited data exist regarding the man-
agement of steroid-refractory pneumonitis, but
reports of additional immunosuppression with
infliximab, cyclophosphamide, or
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mycophenolate mofetil suggest these may be of
benefit [15, 16].

RARE IRAES

Sarcoid

Pulmonary and extra-pulmonary sarcoid have
been reported in patients treated with both
anti-PD-1/PD-L1 and anti-CTLA-4 therapy
[58, 59]. Sarcoidosis should be considered when
chest imaging shows mediastinal or hilar lym-
phadenopathy or reticulonodular opacities [15].
Extrapulmonary sarcoid may involve the heart,
kidneys, central nervous system, or eyes. The
diagnosis is confirmed by the histologic pres-
ence of non-caseating granulomas [15]. Alter-
nate diagnoses, including infection and
progression of malignancy, should be excluded.

Guidelines for management of sarcoid are
extrapolated from guidelines for management
of sarcoid in the general population. Corticos-
teroids should be considered for patients with
grade 2 or higher sarcoid, worsening radio-
graphic changes, worsening lung function or
pulmonary symptoms, involvement of extra-
pulmonary organs, or hypercalcemia [15].

Rheumatologic Toxicity

A high index of suspicion for rheumatologic
irAEs should bemaintained given the prevalence
of musculoskeletal complaints in the general
oncology population and given the diverse
spectrum of rheumatologic irAEs. Arthralgia has
been reported in approximately 15% of patients
treated with ICI; however, the incidence of
inflammatory arthritis and other rheumatologic
irAEs is not well characterized [60, 61].

Patients may present with arthritis, includ-
ing seronegative spondyloarthropathy, pol-
yarthritis affecting the small joints of the hands,
which clinically resembles rheumatoid arthritis,
or large joint reactive arthritis, which may occur
in combination with conjunctivitis and
urethritis [15]. Other rheumatologic irAEs
include sicca syndrome, myositis, which
resembles polymyositis, giant cell arteritis,

polymyalgia rheumatica, systemic lupus ery-
thematosus, and sarcoidosis [60–64]. A small
case series of patients with multiple tumor types
treated with nivolumab or ipilimumab
monotherapy or combination therapy reported
a time to onset of rheumatologic irAE ranging
from 2 to 13 months after initiation of treat-
ment [64]. Symptoms may persist beyond ces-
sation of treatment [60].

Grade 1 toxicity is managed with NSAIDs,
followed by prednisone if no improvement. ICI
should be held and rheumatology consulted for
grade 2 or higher rheumatologic toxicity, as
erosion and irreversible joint damage can occur
within weeks [15]. Grade 2 and higher toxicity
are often managed with prednisone. If symp-
toms do not improve on steroids, additional
immunosuppression, including methotrexate,
sulfasalazine, leflunomide, or anti-cytokine
therapy, may be needed [15]. In selected cases,
ICI can be resumed in consultation with
rheumatology if symptoms improve to grade 1
[17].

Neurologic Toxicity

Neurologic irAEs encompass a heterogeneous
set of complications. A systematic review of
neurologic adverse events associated with ICI
therapy, which included 59 clinical trials
involving 9208 patients and 23 case reports
describing 26 cases, reported a broad spectrum
of toxicities with potential for involvement of
any aspect of the central or peripheral nervous
system [65]. Incidence was 12% with combina-
tion therapy, 6.1% with anti-PD-1 therapy, and
3.8% with anti-CTLA-4 therapy [65]. Diagnoses
may include autoimmune encephalitis, myas-
thenia gravis, Guillain-Barré syndrome (GBS),
peripheral neuropathy, posterior reversible
encephalopathy syndrome (PRES), aseptic
meningitis, and transverse myelitis [66]. Median
onset is 6 weeks after starting treatment [65].
Most neurologic toxicity is low grade, with
higher incidence of grade 3–4 toxicity after anti-
CTLA-4 treatment (0.7%) compared with anti-
PD-1 treatment (0.4%) [65].

The differential diagnosis for patients with
neurologic symptoms includes infection, CNS
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metastasis or leptomeningeal spread, paraneo-
plastic syndromes, vitamin B12 deficiency, and
diabetic neuropathy. For grade 2 and higher
neurologic symptoms, ICI should be held and
steroids started while diagnostic evaluation,
including lumbar puncture, brain MRI, and
neurology consultation, is performed. If symp-
toms worsen or fail to improve with steroids,
treatment with intravenous immunoglobulin
[67] or plasmapheresis [68] can be considered;
however, data are limited, and recommenda-
tions are drawn from case reports [69].

Renal Toxicity

Renal irAEs are rare, with incidence of 2% with
ICI monotherapy and 5% with combination
ipilimumab/nivolumab [70, 71]. However, more
recent studies suggest that the incidence of
renal irAEs was under-reported in earlier studies
and that true incidence may be closer to
13–29% [70]. Patients may present with hema-
turia, worsening hypertension, electrolyte
imbalance, altered urine output, or rising crea-
tinine [70].

Acute interstitial nephritis (AIN) is the most
commonly reported pathology [70]. Other
pathologies, including minimal change disease,
lupus-like nephritis, and thrombotic microan-
giopathy, have also been described with ipili-
mumab therapy [70]. Renal toxicityoccurs earlier
with ipilimumab (2–3 months) compared with
anti-PD-1 therapy (3–10 months) [70].

Distinguishing between immune-related and
other causes of kidney injury is challenging
given the prevalence of kidney injury due to
dehydration, sepsis, and other medications in
the oncology population. Workup includes
inquiry about new medications and assessment
of volume status; urinalysis and renal ultra-
sound can be performed. ICI should be held for
cases of grade 2 and higher nephrotoxicity, and
steroids should be considered if there is no
other identifiable cause [15].

Ocular Toxicity

Ophthalmologic toxicity occurs in \ 1% of
patients treated with ICI [72] and includes

uveitis, peripheral ulcerative keratitis, Vogt-
Koyanagi-Harada syndrome, choroidal neovas-
cularization, melanoma-associated retinopathy,
thyroid-associated orbitopathy, and idiopathic
orbital inflammation [72]. Median onset occurs
at 2 months [72]. Few case reports describing
the ocular toxicity of ICI have been published
[72].

Ocular toxicity is often seen in combination
with other irAEs, particularly colitis; therefore,
full review of systems should be performed.
Prompt ophthalmologic referral is necessary in
all cases of visual complaints to distinguish
between different grades and pathologies of
ocular toxicity. Grade 2 toxicity can be treated
with topical corticosteroids, while grade 3–4
toxicities often require systemic corticosteroids
[15].

Cardiac Toxicity

The true incidence of cardiac irAEs is unknown
but is estimated to be\1% [8]. The incidence is
likely under-reported given the lack of system-
atic monitoring in clinical trials and difficulty
in accurately diagnosing cardiac toxicity, par-
ticularly myocarditis [15, 73]. In an analysis
using a pharmacovigilance database for patients
receiving nivolumab with or without ipili-
mumab, a total of 18 cases of drug-related severe
myocarditis were reported among 20,594
patients (0.09%). A higher incidence was seen in
patients treated with combination ipilimumab/
nivolumab (0.27%) compared with nivolumab
alone (0.06%) [8].

Cardiac irAEs include myocarditis, peri-
carditis, cardiac fibrosis, arrhythmias, and new
onset heart failure [8, 15, 74–77]. There may be
a link between development of rhabdomyolysis,
myositis, vasculitis, and cardiac toxicity; there-
fore, patients who develop these toxicities
should be monitored closely for cardiac symp-
toms [15].

ASCO and SITC guidelines recommend
baseline electrocardiography and troponin in
all patients; the ideal optimal monitoring fre-
quency for troponin during therapy has not
been defined [15, 17]. Patients who develop
symptoms concerning for cardiac irAE should
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undergo workup including electrocardiogram,
troponin, brain natriuretic peptide (BNP),
echocardiogram, and chest x-ray [15–18].
Myocarditis can be rapidly fatal; therefore, early
cardiology consultation and admission to the
hospital in cases of suspected myocarditis are
recommended. Patients with confirmed
myocarditis should be treated with high-dose
corticosteroids, and ICI therapy should be
stopped. The timing of corticosteroid initiation
is made on an individual basis, as there are no
data available to establish a threshold (for
example, cutoff troponin) for starting corticos-
teroids in cases of suspected myocarditis [15].

Hematologic Toxicity

Hemolytic anemia, red cell aplasia, neutrope-
nia, thrombocytopenia, myelodysplasia, cryo-
globulinemia, and hemophilia A have been
reported following ICI therapy [25, 40, 78–83].

The differential diagnosis for progressive
cytopenias includes cancer progression or bone
marrow involvement, GI bleeding, and drug
effect. Guidelines recommend treatment with
corticosteroids on a case-by-case basis in con-
junction with hematology consultation [15].

STEROID-REFRACTORY IRAES

Management of steroid-refractory irAEs is based
on case reports and single-center series [84].
Interleukin-6 (IL-6) receptor blockade with
tocilizumab is used to treat immune-related
toxicity from other therapies, including cyto-
kine release syndrome (CRS) associated with
chimeric antigen receptor (CAR) T therapy. A
retrospective series of 87 patients with various
solid tumor types (82% lung cancer) who were
treated with nivolumab reported use of tocili-
zumab for treatment of irAEs in 34 patients [84].
In this single-center study, high-grade irAEs in
patients who were already receiving corticos-
teroids were treated with tocilizumab, and
clinical improvement was observed in 27 of 34
patients. The most common irAEs treated with
tocilizumab were pneumonitis and serum sick-
ness/systemic inflammatory response syndrome
(SIRS). Similarly, a series of three patients with

metastatic melanoma who were treated with
tocilizumab for severe arthritis due to ICI
described significant clinical improvement in
all three patients [85]. Intestinal perforation is a
rare complication of IL-6 inhibition [86];
therefore, guidelines recommend avoiding
tocilizumab use in patients with colitis or GI
metastases [17]. Randomized studies are needed
to clarify the relative safety and efficacy of
tocilizumab and other immunomodulators in
the treatment of steroid-refractory irAEs.

ROLE OF DOSE REDUCTION

Studies have compared the efficacy and tolera-
bility of lower doses of ICI therapy to minimize
irAEs while maintaining response rates. For
example, the phase IIIb/IV Checkmate 511
study randomized 360 patients with melanoma
to receive either nivolumab 1 mg/kg and ipili-
mumab 3 mg/kg or nivolumab 3 mg/kg and
ipilimumab 1 mg/kg every 3 weeks for 4 doses,
followed by nivolumab 480 mg every 4 weeks
[87]. Grade 3 or higher treatment-related
adverse events occurred in 34% of patients
treated with nivolumab 3 mg/kg and ipili-
mumab 1 mg/kg compared with 48% of patients
treated with nivolumab 1 mg/kg and ipili-
mumab 3 mg/kg. Efficacy end points were
descriptive, and objective response rate (ORR)
and progression free survival (PFS) were similar
between the two groups. The phase 1b KEY-
NOTE-029 study treated 153 patients with
melanoma with pembrolizumab 2 mg/kg and
ipilimumab 1 mg/kg every 3 weeks for 4 doses,
followed by pembrolizumab 2 mg/kg every
3 weeks [88]. Grade 3 or higher treatment-re-
lated adverse events occurred in 45% of
patients. ORR was 61%, suggesting that stan-
dard-dose pembrolizumab in combination with
reduced-dose ipilimumab exhibits anti-tumor
activity and a tolerable safety profile. Future
data will clarify duration of response and long-
term survival. Currently, there are no data
regarding the role of dose reduction in patients
who previously experienced irAEs. Until addi-
tional evidence is available on the outcomes of
dose reduction or decreased dose frequency,
ASCO guidelines recommend interruption of
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ICI therapy or permanent discontinuation
instead of dose reduction [17].

BIOMARKERS TO PREDICT IRAE

To facilitate prevention and early detection of
severe irAEs, studies have examined the pre-
dictive value of various serum biomarkers;
however, data on the monitoring of biomarkers
to prevent irAEs are limited. A study of 35
patients with locally and regionally advanced
melanoma who received ipilimumab before and
after surgery assessed serum cytokines at base-
line, during, and after therapy and found that
baseline levels of IL-17 were significantly asso-
ciated with development of grade 3 diar-
rhea/colitis [11]. Decreased levels of IL-10,
which correlated with development of an irAE
including ischemic papillopathy and optic
neuritis, have been described in a patient who
was treated for bladder cancer with anti-CLTA-4
therapy [89]. A study of 98 patients with mela-
noma who were treated with anti-PD-1
monotherapy or combination therapy prospec-
tively analyzed serum samples for 65 cytokines
to predict development of irAE [90]. Eleven
cytokines were significantly upregulated in
patients who developed severe irAE at both
baseline and early treatment (week 1–6) com-
pared with patients who did not develop severe
irAE. These studies suggest that monitoring of
serum cytokine levels may be used to determine
risk of irAE; however, the optimal nature and
frequency of testing has not been defined. Lar-
ger, multi-institution prospective studies will
clarify the clinical utility of patients’ cytokine
signatures and will assist with clinical decision-
making based on risk stratification.

ICI USE IN SPECIAL POPULATIONS

Autoimmune Disease

Data on safety of ICI therapy in patients with
preexisting autoimmune disease are limited, as
these patients were excluded from trials leading
to FDA approval given concern for exacerbation
of autoimmunity. In a series of 30 patients with

advanced melanoma and autoimmune disease
who were treated with ipilimumab, 27% of
patients developed an exacerbation of autoim-
mune disease, most of which were manageable
with low-dose corticosteroids. Conventional
grade 3–5 irAEs were reported in 33% of
patients, and there was one fatality from colitis
in a patient with skin-limited psoriasis; how-
ever, 50% of patients had no major toxicity or
flare [91]. A series of 119 patients with advanced
melanoma and autoimmune disease and/or
previous irAE with ipilimumab who were trea-
ted with anti-PD-1 therapy reported flare
requiring immunosuppression in 38% of
patients; 85% of flares were mild, but 10% of
flares led to permanent discontinuation of
therapy. Response rate was 33%, suggesting that
ICI therapy can lead to clinical benefit even in
the presence of autoimmune disease requiring
immunosuppression [92]. A systematic review
including 123 patients with multiple autoim-
mune comorbidities and tumor types treated
with anti-PD-1 or anti-CTLA-4 monotherapy or
combination therapy reported exacerbation of
autoimmunity in 41%, de novo irAEs in 25%,
and both exacerbation of autoimmunity and de
novo irAE in 9%. There were fewer adverse
events in patients who were receiving
immunosuppression at the time of ICI initia-
tion, although the data are insufficient to
determine whether there is a role for mainte-
nance immunosuppression to reduce the risk of
adverse events [93]. Long-term prospective
studies are needed to clarify the optimal
approach to ICI therapy in patients with
autoimmune disease. The available evidence
suggests that flares of autoimmunity and irAEs
often occur in this population and can be
managed successfully with steroids, although
severe and fatal events can occur. Therefore,
initiation and monitoring of ICI therapy in
patients with autoimmune disease require
multi-disciplinary collaboration.

Re-Challenge After High-Grade irAEs

Guidelines recommend permanent discontinu-
ation of ICI therapy after grade 4 irAEs, except
for endocrine toxicity, which can be managed
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with hormone replacement [15–17]. Permanent
discontinuation after grade 3 toxicity in cases
with high risk of morbidity and mortality,
including following pulmonary, hepatic, pan-
creatic, ophthalmologic, and neurologic irAEs,
is also recommended. Studies have addressed
the safety and efficacy of re-challenge in
patients who develop clinically significant irAEs
with ICI therapy.

A multicenter, retrospective analysis, which
included 80 patients with melanoma who had
stopped combination therapy for an irAE and
who were re-challenged with anti-PD-1
monotherapy, described recurrence of the same
irAE in 18% of patients and development of a de
novo irAE in 21% of patients [94]. Forty (50%)
patients developed any grade irAE; of these, 26
were grade 1–2, and 14 were grade 3–5. Thirty
percent of patients discontinued anti-PD-1
therapy for irAE. There was one grade 5 recur-
rence in a patient who had a grade 2 rash with
combination therapy and developed SJS/TEN
with anti-PD-1 re-challenge and died despite
high-dose steroids, intravenous immunoglobu-
lin (IVIg), and infliximab. Colitis was less likely
to recur than other irAEs (6% versus 28%);
hypophysitis was also unlikely to recur. Other
toxicities, including hepatitis, pneumonitis,
nephritis, and pancreatitis, appeared to have
higher risk of recurrence, although the sample
size was small. The authors suggested two
mechanisms to account for the high rate of irAE
observed with anti-PD-1 re-challenge: (1)
immune priming by combination ICI therapy
may increase risk of toxicity with re-challenge
and (2) delayed presentation of combination
therapy toxicity may occur.

Reviews have also examined the safety of re-
challenge with anti-PD-1 therapy in patients
who developed toxicity with anti-CTLA-4
monotherapy. In a retrospective series of 67
patients with melanoma who developed signif-
icant irAEs with ipilimumab (76% grade 3, 10%
grade 4) and were re-challenged with anti-PD-1
monotherapy, 2 patients had recurrence of irAE,
and 23 developed de novo irAEs [92]. Eight
patients discontinued therapy because of irAEs,
and there were no treatment-related deaths.

These studies suggest that re-challenge with
anti-PD-1 therapy can be considered following

clinically significant irAEs with anti-PD-1, anti-
CTLA-4, or combination therapy; however,
caution should be used as fatal events have been
reported. One limitation of these retrospective
studies is the subjectivity of the decision to re-
challenge following irAE. Decision to re-chal-
lenge with anti-PD-1 therapy should be made
on a case-by-case basis with consideration of
prior irAE, organ affected, clinical scenario and
severity, and alternative treatment options.

Patients with History of Solid Organ
Transplant

Pre-clinical studies have shown that the PD-1
and CTLA-4 pathways are involved in the
maintenance of immune tolerance to trans-
planted organs [95–98]. Therefore, patients with
a history of solid organ transplant were exclu-
ded from clinical trials leading to FDA approval
of anti-PD-1 and anti-CTLA-4 agents given the
concern about precipitating rejection [99]. It is
important to clarify the safety and use of ICI
therapy in this patient population given the
increased incidence of malignancy in transplant
recipients who are receiving chronic immuno-
suppression and given the increasing use of ICI
therapy to treat advanced cancers.

Data to support the use of ICI in organ
transplant recipients are limited to case series. A
review of 12 case reports of organ transplant
recipients, including 9 kidney, 2 liver, and 1
heart transplant, who were treated with anti-
PD-1, anti-CTLA-4, or both sequentially for
multiple tumor types (7/12 melanoma) reported
graft rejection in 4/9 kidney transplant patients,
none of whom could be salvaged with
immunosuppression. Increased risk of rejection
was seen in patients treated with anti-PD-1
agents. None of the patients treated with anti-
CTLA-4 monotherapy developed rejection;
however, 4/8 patients treated with anti-PD-1
monotherapy and 2/3 patients treated with
ipilimumab followed by anti-PD-1 agents
developed rejection. Of the 12 patients included
in the series, 8 had a response or stabilization
with ICI therapy [99]. The observed increase in
risk with anti-PD-1 therapy supports the obser-
vation in mouse studies that the PD-1 pathway
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plays a more dominant role in allograft toler-
ance [98]; however, larger studies are needed to
clarify the relative risk of graft rejection with
anti-PD-1 and anti-CTLA-4 therapy.

Factors that may contribute to risk of graft
rejection include choice of ICI therapy, time
since organ transplant, tumor type, strength of
immunosuppressive regimen required to main-
tain graft tolerance, and immunogenicity of the
transplanted organ [99]. The risks of ICI therapy,
including the possibility of graft failure, should
be discussed with patients and their transplant
physicians prior to treatment. Given the chal-
lenges of ICI therapy in this population, optimal
management involves multi-disciplinary collab-
oration with transplant specialists.

HIV1 Patients

Pre-clinical studies have shown that during
chronic HIV infection, CD8? T cells express
high levels of PD-1, which leads to decreased
cytokine production and reduced activity
against HIV-infected cells, a phenomenon
called immune exhaustion [100]. In mice and
non-human primates, blockade of PD-1 can lead
to improvement in immune exhaustion [100]. A
phase I study of a PD-L1 antibody described
improvement in HIV-specific immunity in a
subset of patients [101], suggesting that check-
point inhibitors may have activity in the treat-
ment of chronic HIV infection.

Patients with HIV are at increased risk of
multiple types of malignancy, and several cur-
rent clinical trials are evaluating the safety and
efficacy of checkpoint inhibitors in HIV?
patients. For example, a multi-center phase I
trial including 30 HIV? patients with multiple
solid tumor types or non-Hodgkin lymphoma
(NHL) and CD4 count C 100 cells/ll and
antiretroviral therapy (ART) for at least 4 weeks
who were treated with pembrolizumab reported
grade 3 adverse events in 20% of patients. One
patient developed fatal Kaposi’s sarcoma-asso-
ciated herpesvirus-associated multicentric
Castleman disease (KSHV-MCD) [102]. A multi-
center phase II study including 20 HIV?
patients with multiple solid tumor types treated
with durvalumab reported grade 1–2 adverse

events in 40% of patients, no high-grade
adverse events, and no viral reactivation [103].

A systematic review, which identified 73
patientswithHIVwhowere treatedwith anti-PD-
1, anti-CTLA-4, or combination therapy for var-
ious solid tumor types reported grade 3 or higher
irAEs in 6 of 70 patients with reported adverse
events. The majority of these adverse events
occurred in patients who had received ipili-
mumab, including one patient who was treated
with ipilimumab monotherapy and three
patients who were treated with combination
ipilimumab/nivolumab. Therewereno reports of
immune reactivation inflammatory syndrome
(IRIS). Of the 28 patients with undetectable HIV
viral load before treatment, HIV became
detectable in the blood of 2 of 28 patients; how-
ever, 5 of 6 patients with a detectable viral load
had a decrease in viral load with ICI therapy
[104]. A retrospective series of ten patients with
HIV and metastatic melanoma or Merkel cell
carcinoma who were treated with anti-PD-1,
anti-CTLA-4, or combination therapy described
irAEs in 50%of patients, with twoof these graded
as severe. There were no treatment-related
deaths, and there was no significant increase in
HIV viral load in the seven patients whose viral
loads were monitored [105]. The results of these
studies suggest that HIV? patients can be safely
treated with ICI therapy; ongoing prospective
studies will clarify risk factors for severe adverse
events in this patient population.

CONCLUSIONS

ICI therapy has transformed the treatment
landscape for multiple malignancies. Anti-PD-1
therapies are approved for treatment of mela-
noma, renal cell carcinoma, non-small cell lung
cancer, and head and neck squamous cell carci-
noma. Furthermore, indications for ICI therapy
have expanded to include adjuvant therapy in
addition to treatment of advancedmalignancies.
The evolving application of ICI therapy high-
lights the importance of recognition and man-
agement of immune-related toxicity. Future
studies will identify risk factors and biomarkers
for toxicity andwill clarify the safety and efficacy
of ICI therapy in patient populations that have

Oncol Ther (2019) 7:101–120 115



been excluded from clinical trials. Multi-disci-
plinary collaboration is essential to optimize the
management of irAEs and to guide decision-
making in challenging situations.
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Patterns of onset and resolution of immune-related
adverse events of special interest with ipilimumab.
Cancer. 2013;119(9):1675–82.

46. Ryder M, Callahan M, Postow MA, Wolchok J, Fagin
JA. Endocrine-related adverse events following ipil-
imumab in patients with advanced melanoma: a
comprehensive retrospective review from a single
institution. Endocr Relat Cancer.
2014;21(2):371–81.

47. Friedman CF, Proverbs-Singh TA, Postow MA.
Treatment of the immune-related adverse effects of
immune checkpoint inhibitors: a review. JAMA
Oncol. 2016;2(10):1346–53.

48. McMillen B, Dhillon MS, Yong-Yow S. A rare case of
thyroid storm. BMJ Case Rep.
2016;2016:bcr2016214603.

49. Morganstein DL, Lai Z, Spain L, et al. Thyroid
abnormalities following the use of cytotoxic
T-lymphocyte antigen-4 and programmed death
receptor protein-1 inhibitors in the treatment of
melanoma. Clin Endocrinol. 2017;86(4):614–20.

50. Eggermont AM, Chiarion-Sileni V, Grob JJ, et al.
Prolonged survival in stage III melanoma with ipil-
imumab adjuvant therapy. N Engl J Med.
2016;375(19):1845–55.

51. Ascierto PA, Del Vecchio M, Robert C, et al. Ipili-
mumab 10 mg/kg versus ipilimumab 3 mg/kg in
patients with unresectable or metastatic melanoma:
a randomised, double-blind, multicentre, phase 3
trial. Lancet Oncol. 2017;18(5):611–22.

52. Weber JS, Yang JC, Atkins MB, Disis ML. Toxicities
of immunotherapy for the practitioner. J Clin
Oncol. 2015;33(18):2092–9.

53. Sznol M, Postow MA, Davies MJ, et al. Endocrine-
related adverse events associated with immune
checkpoint blockade and expert insights on their
management. Cancer Treat Rev. 2017;58:70–6.

54. Byun DJ, Wolchok JD, Rosenberg LM, Girotra M.
Cancer immunotherapy—immune checkpoint
blockade and associated endocrinopathies. Nat Rev
Endocrinol. 2017;13(4):195–207.

55. Min L, Hodi FS, Giobbie-Hurder A, et al. Systemic
high-dose corticosteroid treatment does not
improve the outcome of ipilimumab-related
hypophysitis: a retrospective cohort study. Clin
Cancer Res. 2015;21(4):749–55.

56. 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(7):709–17.

57. Delaunay M, Cadranel J, Lusque A, et al. Immune-
checkpoint inhibitors associated with interstitial
lung disease in cancer patients. Eur Respir J.
2017;50(5):1700050.

58. Lomax AJ, McGuire HM, McNeil C, et al.
Immunotherapy-induced sarcoidosis in patients
with melanoma treated with PD-1 checkpoint
inhibitors: case series and immunophenotypic
analysis. Int J Rheum Dis. 2017;20(9):1277–85.

59. Vogel WV, Guislain A, Kvistborg P, Schumacher TN,
Haanen JB, Blank CU. Ipilimumab-induced sar-
coidosis in a patient with metastatic melanoma
undergoing complete remission. J Clin Oncol.
2012;30(2):e7–10.

60. Cappelli LC, Gutierrez AK, Bingham CO 3rd, Shah
AA. Rheumatic and musculoskeletal immune-re-
lated adverse events due to immune checkpoint
inhibitors: a systematic review of the literature.
Arthritis Care Res (Hoboken). 2017;69(11):1751–63.

61. Suarez-Almazor ME, Kim ST, Abdel-Wahab N, Diab
A. Review: immune-related adverse events with use

118 Oncol Ther (2019) 7:101–120



of checkpoint inhibitors for immunotherapy of
cancer. Arthritis Rheumatol. 2017;69(4):687–99.

62. Naidoo J, Cappelli LC, Forde PM, et al. Inflamma-
tory arthritis: a newly recognized adverse event of
immune checkpoint blockade. Oncologist.
2017;22(6):627–30.

63. Belkhir R, Burel SL, Dunogeant L, et al. Rheumatoid
arthritis and polymyalgia rheumatica occurring
after immune checkpoint inhibitor treatment. Ann
Rheum Dis. 2017;76(10):1747–50.

64. Cappelli LC, Gutierrez AK, Baer AN, et al. Inflam-
matory arthritis and sicca syndrome induced by
nivolumab and ipilimumab. Ann Rheum Dis.
2017;76(1):43–50.

65. 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.

66. Hottinger AF. Neurologic complications of immune
checkpoint inhibitors. Curr Opin Neurol.
2016;29(6):806–12.

67. Liao B, Shroff S, Kamiya-Matsuoka C, Tummala S.
Atypical neurological complications of ipilimumab
therapy in patients with metastatic melanoma.
Neuro Oncol. 2014;16(4):589–93.

68. Vallet H, Gaillet A, Weiss N, et al. Pembrolizumab-
induced necrotic myositis in a patient with meta-
static melanoma. Ann Oncol. 2016;27(7):1352–3.

69. Touat M, Talmasov D, Ricard D, Psimaras D. Neu-
rological toxicities associated with immune-check-
point inhibitors. Curr Opin Neurol.
2017;30(6):659–68.

70. Wanchoo R, Karam S, Uppal NN, et al. Adverse renal
effects of immune checkpoint inhibitors: a narrative
review. Am J Nephrol. 2017;45(2):160–9.

71. Cortazar FB, Marrone KA, Troxell ML, et al. Clini-
copathological features of acute kidney injury
associated with immune checkpoint inhibitors.
Kidney Int. 2016;90(3):638–47.

72. Antoun J, Titah C, Cochereau I. Ocular and orbital
side-effects of checkpoint inhibitors: a review arti-
cle. Curr Opin Oncol. 2016;28(4):288–94.

73. Lurz P, Eitel I, Adam J, et al. Diagnostic performance
of CMR imaging compared with EMB in patients
with suspected myocarditis. JACC Cardiovasc
Imaging. 2012;5(5):513–24.

74. Laubli H, Balmelli C, Bossard M, Pfister O, Glatz K,
Zippelius A. Acute heart failure due to autoimmune
myocarditis under pembrolizumab treatment for

metastatic melanoma. J Immunother Cancer.
2015;3:11.

75. Tadokoro T, Keshino E, Makiyama A, et al. Acute
lymphocytic myocarditis with anti-PD-1 antibody
nivolumab. Circ Heart Fail. 2016;9(10):e003514.

76. Heinzerling L, Ott PA, Hodi FS, et al. Cardiotoxicity
associated with CTLA4 and PD1 blocking
immunotherapy. J Immunother Cancer. 2016;4:50.

77. Varricchi G, Galdiero MR, Marone G, et al. Car-
diotoxicity of immune checkpoint inhibitors.
ESMO Open. 2017;2(4):e000247.

78. Shiuan E, Beckermann KE, Ozgun A, et al. Throm-
bocytopenia in patients with melanoma receiving
immune checkpoint inhibitor therapy. J Im-
munother Cancer. 2017;5:8.

79. Helgadottir H, Kis L, Ljungman P, et al. Lethal
aplastic anemia caused by dual immune checkpoint
blockade in metastatic melanoma. Ann Oncol.
2017;28(7):1672–3.

80. Palla AR, Kennedy D, Mosharraf H, Doll D.
Autoimmune hemolytic anemia as a complication
of nivolumab therapy. Case Rep Oncol.
2016;9(3):691–7.

81. Delyon J, Mateus C, Lambert T. Hemophilia A
induced by ipilimumab. N Engl J Med.
2011;365(18):1747–8.

82. Pellegrino B, Musolino A, Tiseo M. Anti-PD-1-re-
lated cryoglobulinemia during treatment with
nivolumab in NSCLC patient. Ann Oncol.
2017;28(6):1405–6.

83. Kong BY, Micklethwaite KP, Swaminathan S, Kef-
ford RF, Carlino MS. Autoimmune hemolytic ane-
mia induced by anti-PD-1 therapy in metastatic
melanoma. Melanoma Res. 2016;26(2):202–4.

84. Stroud CR, Hegde A, Cherry C, et al. Tocilizumab for
the management of immune mediated adverse
events secondary to PD-1 blockade. J Oncol Pharm
Pract. 2019;25(3):551–7.

85. Kim ST, Tayar J, Trinh VA, et al. Successful treat-
ment of arthritis induced by checkpoint inhibitors
with tocilizumab: a case series. Ann Rheum Dis.
2017;76(12):2061–4.

86. Shipman L. Rheumatoid arthritis: tocilizumab and
the risk of intestinal perforation. Nat Rev Rheuma-
tol. 2016;12(9):499.

87. Lebbe C, Meyer N, Mortier L, et al. Evaluation of
two dosing regimens for nivolumab in combination
with ipilimumab in patients with advanced

Oncol Ther (2019) 7:101–120 119



melanoma: results from the phase IIIb/IV Check-
Mate 511 trial. J Clin Oncol. 2019;37(11):867–75.

88. Long GV, Atkinson V, Cebon JS, et al. Standard-dose
pembrolizumab in combination with reduced-dose
ipilimumab for patients with advanced melanoma
(KEYNOTE-029): an open-label, phase 1b trial.
Lancet Oncol. 2017;18(9):1202–10.

89. Sun J, Schiffman J, Raghunath A, Ng Tang D, Chen
H, Sharma P. Concurrent decrease in IL-10 with
development of immune-related adverse events in a
patient treated with anti-CTLA-4 therapy. Cancer
Immun. 2008;8:9.

90. Lim SY, Lee JH, Gide TN, et al. Circulating cytokines
predict immune-related toxicity in melanoma
patients receiving anti-PD-1-based immunotherapy.
Clin Cancer Res. 2019;25(5):1557–63.

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

92. Menzies AM, Johnson DB, Ramanujam S, et al. Anti-
PD-1 therapy in patients with advanced melanoma
and preexisting autoimmune disorders or major tox-
icity with ipilimumab. Ann Oncol.
2017;28(2):368–76.

93. Abdel-Wahab N, Shah M, Lopez-Olivo MA, Suarez-
Almazor ME. Use of immune checkpoint inhibitors
in the treatment of patients with cancer and pre-
existing autoimmune disease. Ann Intern Med.
2018;169(2):133–4.

94. Pollack MH, Betof A, Dearden H, et al. Safety of
resuming anti-PD-1 in patients with immune-re-
lated adverse events (irAEs) during combined anti-
CTLA-4 and anti-PD1 in metastatic melanoma. Ann
Oncol. 2018;29(1):250–5.

95. Ito T, Ueno T, Clarkson MR, et al. Analysis of the
role of negative T cell costimulatory pathways in
CD4 and CD8 T cell-mediated alloimmune respon-
ses in vivo. J Immunol. 2005;174(11):6648–56.

96. Zhang T, Fresnay S, Welty E, et al. Selective CD28
blockade attenuates acute and chronic rejection of

murine cardiac allografts in a CTLA-4-dependent
manner. Am J Transplant. 2011;11(8):1599–609.

97. Tanaka K, Albin MJ, Yuan X, et al. PDL1 is required
for peripheral transplantation tolerance and pro-
tection from chronic allograft rejection. J Immunol.
2007;179(8):5204–10.

98. Riella LV, Paterson AM, Sharpe AH, Chandraker A.
Role of the PD-1 pathway in the immune response.
Am J Transplant. 2012;12(10):2575–87.

99. Kittai AS, Oldham H, Cetnar J, Taylor M. Immune
checkpoint inhibitors in organ transplant patients.
J Immunother. 2017;40(7):277–81.

100. Velu V, Shetty RD, Larsson M, Shankar EM. Role of
PD-1 co-inhibitory pathway in HIV infection and
potential therapeutic options. Retrovirology.
2015;12:14.

101. Gay CL, Bosch RJ, Ritz J, et al. Clinical trial of the
anti-PD-L1 antibody BMS-936559 in HIV-1 infected
participants on suppressive antiretroviral therapy.
J Infect Dis. 2017;215(11):1725–33.

102. Uldrick TS, Goncalves PH, Abdul-Hay M, et al.
Assessment of the safety of pembrolizumab in
patients with HIV and advanced cancer - a phase 1
study. JAMA Oncol. 2019. https://doi.org/10.1001/
jamaoncol.2019.0393.
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