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Abstract
Purpose of review Immune checkpoint inhibitors have revolutionised the treatment of multiple malignancies and have a growing
list of indications. As our familiarity with these agents grows, so does our understanding of their unique spectrum of toxicities.
Here, we will review the literature regarding the toxicities of checkpoint inhibitors and address challenges encountered in day-to-
day clinical practice.
Recent findings Inhibitors of the PD-1/PD-L1 axis are considerably less toxic than the anti-CTLA-4 antibody ipilimumab. The
combination of ipilimumab and anti-PD-1 agents is being trialled in multiple malignancies and is associated with increased
toxicity. There is accumulating evidence suggesting a potential correlation between a subset of toxicities and clinical benefit in
several tumour types, although conflicting data exists. Retrospective series have shown that anti-PD-1 can be safely administered
to patients with prior high-grade toxicity from ipilimumab or combination immunotherapy.
Summary The management of checkpoint inhibitor toxicity is complex and requires collaboration with our subspecialty col-
leagues. Identifying predictive biomarkers of both efficacy and toxicity would likely help guide treatment decisions, and should
be a research priority in the years ahead.

Keywords Checkpoint inhibitors . CTLA-4 . PD-1 . Ipilimumab . Nivolumab . Pembrolizumab . Toxicity . Immune-related
adverse events (irAEs)

Introduction

Immune checkpoints are a collection of inhibitory path-
ways built into the immune system, which are essential
for the maintenance of self-tolerance and the regulation
of physiologic immune responses. Dysregulation of im-
mune checkpoints is an important mechanism by which
some tumours evade host immunity. Immune checkpoint
inhibitors (ICIs) are immunomodulatory antibodies that

upregulate host antitumour immunity, and have demon-
strated efficacy in multiple tumour types.

The primary targets for currently approved checkpoint in-
hibitors include cytotoxic T lymphocyte-antigen 4 (CTLA-4)
and the programmed cell death receptor 1 (PD-1) and its li-
gand, PD-L1. The anti-CTLA-4 antibody ipilimumab has
been shown to improve overall survival in patients with ad-
vanced melanoma, and was granted FDA approval in 2011
[1]. The anti-PD-1 antibodies pembrolizumab and nivolumab
closely followed suit, and were approved for the treatment of
advancedmelanoma in 2014 [2•, 3•]. The indications for these
antibodies and others in development has grown exponential-
ly over the past 6 years, as they are trialled with varying
success across most tumour types (Table 1).

As experience with checkpoint inhibition grows, so does
understanding of the unique spectrum of side effects that can
occur as a result of non-specific immunostimulation. Many
toxicities mimic autoimmune diseases and have been pre-
defined in clinical trials as immune-related adverse events
(irAEs). Toxicities are graded using the National Cancer
Institute Common Terminology Criteria for Adverse events
(NCI CTCAE) [4]. These criteria were developed primarily
as a means to standardise reporting of AEs for clinical trials
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rather than to guide clinical care, though are frequently used in
toxicity management algorithms. IrAEs can affect any organ

system, and differ in their pattern and severity depending on
which checkpoint is targeted (Fig. 1) [5•].Management is with

Table 1 FDA-approved checkpoint inhibitors

Drug Indications Pivotal trial/s

Ipilimumab Metastatic melanoma MDX010-20

Adjuvant treatment resected stage III melanoma EORTC 18071

Nivolumab Metastatic melanoma Checkmate-066

Adjuvant treatment resected stage III/IV melanoma Checkmate-238

2L metastatic NSCLC Checkmate-017 & 057

2L metastatic RCC Checkmate-025

2L recurrent or metastatic SCCHN Checkmate-141

Locally advanced or metastatic UCCa Checkmate-275

Classical Hodgkin lymphomab Checkmate-205 & 039

2L MSI-H or MMR deficient metastatic CRCc Checkmate-142

2L HCC Checkmate-040

Ipilimumab + nivolumab Metastatic melanoma
1L metastatic RCC (intermediate/poor risk)

Checkmate-069
Checkmate-214

Pembrolizumab Metastatic melanoma Keynote-006

1L metastatic NSCLC (PD-L1 ≥ 50%) Keynote-024

1L metastatic NSCLC in combination with carboplatin/pemetrexed Keynote-021

2L NSCLC (PD-L1 ≥ 1%) Keynote-010

2L recurrent or metastatic SCCHN Keynote-012

1L locally advanced or metastatic UCC (cisplatin-ineligible) Keynote-052

2L locally advanced or metastatic UCCa Keynote-045

Classical Hodgkin lymphomad Keynote-087

2L metastatic gastric cancer (PD-L1 CPS ≥ 1)e Keynote-059

MSI-H or MMR deficient metastatic solid organ tumoursf Keynote-012, 016, 028, 158 & 164

Atezolizumab 1L locally advanced or metastatic UCC (cisplatin-ineligible) IMvigor-210

2L locally advanced or metastatic UCCa IMvigor-210

2L metastatic NSCLC OAK, POPLAR

Durvalumab 2L locally advanced or metastatic UCCa Study 1108

Consolidation therapy, unresectable stage III NSCLCg PACIFIC

Avelumab Metastatic Merkel cell carcinoma JAVELIN Merkel 200

2L locally advanced or metastatic UCCa JAVELIN Solid Tumour Trial

FDA, Food and Drug Administration; 1L, 1st line; 2L, second line; NSCLC, non-small cell lung cancer; RCC, renal cell carcinoma; SCCHN, squamous
cell carcinoma of the head and neck; UCC, urothelial carcinoma;MSI-H, microsatellite instability-high;MMR, DNA mismatch repair; CRC, colorectal
cancer; HCC, hepatocellular carcinoma; CPS, combined positive score
a Locally advanced or metastatic UCC who have disease progression during or following platinum-containing chemotherapy, or progression within
12 months of neoadjuvant or adjuvant platinum-based chemotherapy
b Classical Hodgkin lymphoma that has relapsed or progressed after autologous haematopoietic stem cell transplantation (HSCT) and brentuximab
vedotin, or 3 or more lines of systemic therapy that includes autologous HSCT
c Patients ≥12 years old withMSI-H orMMR deficient metastatic CRC that has progressed following treatment with a fluoropyrimidine, oxaliplatin, and
irinotecan
dAdult and paediatric patients with refractory classical Hodgkin lymphoma, or who have relapsed after 3 or more prior lines of therapy
e Recurrent locally advanced or metastatic gastric or gastroesophageal junction adenocarcinoma whose tumours express PD-L1 CPS ≥1 with disease
progression on or after two or more prior lines of therapy including fluoropyrimidine- and platinum-containing chemotherapy and if appropriate, HER2/
neu-targeted therapy
f Adult and paediatric patients with unresectable or metastatic, MSI-H or MMR deficient solid tumours that have progressed following prior treatment
and who have no satisfactory alternative treatment options, or colorectal cancer that has progressed following treatment with a fluoropyrimidine,
oxaliplatin, and irinotecan
gUnresectable, stage III NSCLC whose disease has not progressed following concurrent platinum-based chemotherapy and radiation therapy
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immunosuppression using corticosteroids and less commonly
other immunomodulatory agents. No prospective trials have
tested management strategies for specific irAEs, though sev-
eral professional groups have developed consensus guidelines
to assist with their management [6•, 7•].

This review will focus on the toxicities of ipilimumab and
anti-PD-1 antibodies (hereafter referred to as anti-PD-1) using
an organ system-based approach, and will address some chal-
lenges encountered in day-to-day practice.

Systemic Adverse Effects

Systemic AEs of ICI therapy include fatigue and less com-
monly infusion reactions. Fatigue is the most commonly re-
ported AE across studies using anti-PD-1 and ipilimumab,
occurring in 16–37% and 42% of patients respectively [1,
8]. Important causes of fatigue to consider in patients receiv-
ing ICI include hypothyroidism, hypophysitis and less com-
monly primary adrenal insufficiency. Infusion reactions may
manifest as fever, pruritus, dyspnoea, wheeze, urticaria, hypo-
tension, angioedema and even anaphylaxis. These are relative-
ly uncommon, though occur in up to 25% of patients receiving
the anti-PD-L1 antibody avelumab [9]. US prescribing infor-
mation for avelumab recommends premedication with acet-
aminophen and an antihistamine for at least the first four cy-
cles of treatment [10].

Dermatologic Adverse Effects

Skin toxicities occur in 40–50% of patients treated with
ipilimumab and 30–40% of patients treated with anti-PD-1

[1,2•,3•, 8, 11, 12]. Ipilimumab is most commonly associated
with a morbilliform eruption and pruritus. Ipilimumab skin
toxicity tends to occur earlier and is dose-dependent [13].
Skin toxicity following anti-PD-1 is less severe and tends to
occur later. Lichenoid reactions, eczema, vitiligo and pruritus
are the most commonly reported following anti-PD-1 mono-
therapy [13, 14]. Bullous dermatoses, psoriasis, lichenoid re-
actions of the mucous membranes and hair re-pigmentation
have also been described [13, 15, 16]. The majority of skin
toxicities are low-grade and easily managed with emollients,
topical corticosteroids and oral antihistamines. ICI therapy can
be continued with caution for CTCAE grade 2 skin toxicity,
though interrupted if the AE does not resolve to ≤ grade 1
within a week or two. ICI therapy should be interrupted for
≥ grade 3 skin toxicity and systemic corticosteroids com-
menced [7•]. Although rare, exfoliative conditions such as
Stevens-Johnson syndrome/toxic epidermal necrolysis (SJS/
TEN) and drug reaction with eosinophilia and systemic symp-
toms (DRESS) have been reported and may be fatal. In these
settings, ICI therapy should be permanently discontinued [6•].

Endocrine Adverse Effects

Thyroid Disease

Thyroid dysfunction (hypothyroidism, hyperthyroidism and
thyroiditis) was reported in 6–20% of patients in large phase
3 clinical trials of ICI therapy [17]. Hypothyroidism is more
common than hyperthyroidism. The latter is often transient
and precedes a permanent hypothyroid state, inferring a mech-
anism akin to destructive thyroiditis [17]. In a prospective
analysis of 51 patients with NSCLC treated with

Fig. 1 The frequency of irAEs
per organ system [% (G3/4)] in
patients with advanced melanoma
receiving ipilimumab (ipi),
nivolumab (nivo) or a
combination of both agents (ipi/
nivo). Based on data from
Checkmate 067 [4]. The asterisk
denotes hepatic treatment-related
adverse events of potential
immunologic aetiology, including
elevations in aspartate and alanine
aminotransferases, alkaline
phosphatase, gamma-
glutamyltransferase and bilirubin.
Image courtesy of Eveleen/
shutterstock.com
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pembrolizumab in the Keynote-001 study, anti-thyroid anti-
bodies were detected in 80% of patients who developed hy-
pothyroidism compared to 8% of patients who did not develop
thyroid dysfunction [18]. This suggests that autoimmune thy-
roid disease and thyroid dysfunction as an irAE may have a
similar pathogenesis.

Thyroid dysfunction is considerably more common in pa-
tients treated with anti-PD-1 monotherapy or combination
ipilimumab/nivolumab than ipilimumab alone [6•]. In a sys-
tematic review, the incidence of hypothyroidism following
treatment with ipilimumab, nivolumab or pembrolizumab
and combination ipilimumab/nivolumab was 3.8, 7.0 and
13.2% respectively. Hyperthyroidism occurred in 1.7, 3.2
and 8.0% respectively [19•], though its incidence may be
underreported due to its predominantly transient nature. The
development of Graves’ disease is rare.

Management of hypothyroidism is with thyroid hormone
replacement. Patients with symptomatic hyperthyroidism
should be treated with beta-blockers. Rarely, carbimazole or
corticosteroids are required, though it should be noted that the
latter has not been shown to prevent the onset of hypothyroid-
ism due to thyroid gland destruction [7•].

Hypophysitis

Prior to the introduction of ipilimumab, hypophysitis was rare.
The incidence of hypophysitis is 1–4%with ipilimumab 3mg/
kg, 16% with ipilimumab 10mg/kg and 7%with combination
ipilimumab/nivolumab [1, 5, 20, 21]. It is rare with anti-PD-1
monotherapy (incidence < 1%) [22]. The median time from
commencing ipilimumab to the diagnosis of hypophysitis is
8–9 weeks, or after the third dose of treatment [23].
Hypophysitis manifests with non-specific symptoms such as
fatigue, headache and weakness, with less frequent symptoms
including confusion, insomnia, temperature intolerance and
loss of libido. Visual impairment due to optic pathway in-
volvement is rare compared to classic lymphocytic
hypophysitis [22]. The diagnosis is confirmed by biochem-
ical evidence of hypopituitarism and with MRI abnormal-
ities including pituitary enlargement, stalk thickening and
heterogeneous enhancement (Fig. 2a) [6]. Multiple anterior
pituitary hormone deficiencies can occur, with central hy-
pothyroidism and central adrenal insufficiency the most
commonly observed [6•, 24]. The true incidence of
hypogonadotropic hypogonadism is difficult to estimate
given the effect of severe illness on the gonadal axis [25].
The growth hormone axis is not significantly affected and
diabetes insipidus is rare [26].

Management of confirmed hypophysitis involves physio-
logic hormone supplementation in consultation with an endo-
crinologist. When adrenal insufficiency and hypothyroidism
co-exist, steroids should always be commenced prior to thy-
roid hormone to avoid precipitating an adrenal crisis. High-

dose steroids should be administered to patients presenting
with adrenal crisis, headaches and visual disturbance [6•],
though this has not been shown to affect the frequency or
timing of pituitary recovery [22, 27]. Thyroid and gonadal
function recovers in a proportion of patients (37–50% and
57% respectively), though adrenal recovery is rare [22, 28,
29]. All patients with adrenal insufficiency should be
instructed to carry a medical alert bracelet.

Rare Endocrine Adverse Events

Primary adrenal insufficiency and insulin-deficient diabetes
are rare, with a reported incidence of 0.7 and 0.2% respective-
ly. The former is more commonly observed with combination
ICI therapy and the latter with anti-PD-1/PD-L1monotherapy,
though small patient numbers limit data interpretation [19•,
30]. C-peptide and antibodies against islet cells (ICA) and
glutamic acid decarboxylase (GAD) should be measured to
help distinguish between type 1 and type 2 diabetes [7•].

Gastrointestinal Adverse Events

Hepatitis

Hepatic AEs with ICI therapy consist mainly of asymptomatic
elevations of alanine and aspartate transaminase, though more
serious autoimmune-like hepatitis with elevated bilirubin and
acute liver failure can occur. Like most other irAEs, the risk of
hepatotoxicity with ipilimumab is dose-dependent. In studies
using ipilimumab 3 mg/kg, the incidence of hepatitis ranges
from 1.2–3.9% (all grades) and 0.8–1.6% (≥ grade 3) [1, 2•,
5•, 20]. In the EORTC 18071 study of adjuvant ipilimumab
10 mg/kg, hepatitis occurred in 17.6% (all grades) and 4.3%
(≥ grade 3) respectively [21]. A higher incidence of ≥ grade 3
hepatitis (up to 20% depending on definition) is observed
when ipilimumab 3 mg/kg and nivolumab 1 mg/kg are com-
bined [5•]. Severe hepatitis is rare with anti-PD-1 monothera-
py (1.1–1.3% ≥ grade 3) [2•, 3•, 5•, 20].

Alternative causes of hepatic inflammation should be ex-
cluded including viral infections, medications, alcohol, throm-
boembolic disease and disease progression [6•]. ICI therapy
should be interrupted for ≥ grade 2 hepatitis, and corticoste-
roids commenced immediately for ≥ grade 3 hepatitis or grade
2 toxicity that is slow to resolve. Mycophenolate mofetil
(MMF) is recommended in steroid-refractory cases [7•].
Anti-thymocyte globulin (ATG) has been used successfully
to treat a case of fulminant ICI-related hepatitis [31].

Colitis

Diarrhoea is one of the most common toxicities in patients
treated with ipilimumab, and severe colitis is a frequent reason
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for treatment discontinuation. Approximately one third of pa-
tients develop diarrhoea while colitis occurs in 8–22% [32].
Severe (≥ grade 3) colitis is uncommon in patients receiving
anti-PD-1 monotherapy (1–3%) [2•, 3•, 20]. Onset is usually
10–12 weeks following the commencement of treatment,
though can develop following the first infusion [33].
Symptoms include diarrhoea (92% of patients) [32], abdomi-
nal pain, haematochezia, passage of mucus, vomiting, fever
and weight loss [34]. Extra-intestinal manifestations resem-
bling those that occur in inflammatory bowel disease have
been described [34]. Colonic perforation occurs in < 1% of
patients treated with ipilimumab for advanced melanoma
[32], though has been reported in up to 7% of patients receiv-
ing the same agent for advanced RCC [35].

Prompt recognition and treatment of colitis is crucial. In the
setting of acute diarrhoea, the main differential diagnosis is
gastrointestinal infection. Stool should be analysed for bacte-
rial enteropathogens and Clostridium difficile toxin in all pa-
tients receiving checkpoint inhibitors who present with diar-
rhoea. Faecal calprotectin can help indicate whether there is an

inflammatory aetiology [6•, 7•]. Flexible sigmoidoscopy and
biopsy is usually sufficient to make a diagnosis as the
rectosigmoid is involved in most cases [34]. Biopsy should
be performed even when the bowel mucosa appears normal,
as some types of colitis appear normal endoscopically. In the
setting of persistent diarrhoea with a normal colonoscopy,
examination of the small bowel with enteroscopy should be
considered as cases of enteritis without colitis have been de-
scribed [36]. Immunohistochemical staining for cytomegalo-
virus should also be routine [6, 7]. Screening tests for hepatitis
B and C, human immunodeficiency virus (HIV) and tubercu-
losis should be performed pre-emptively in case a tumour
necrosis factor-alpha (TNF-α) inhibitor is required [37].

ICI therapy should be interrupted for ≥ grade 2 colitis.
Systemic corticosteroids should be commenced for patients
with persistent grade 2 diarrhoea and all patients with ≥ grade
3 diarrhoea [6•, 7•]. If there is failure to respond to corticoste-
roids within 3–5 days, infliximab 5 mg/kg should be com-
menced in a similar fashion to inflammatory bowel disease
management algorithms. Response to infliximab is usually

Fig. 2 a Pituitary enlargement
and heterogeneous enhancement
in a patient with hypophysitis
following their second dose of
ipilimumab. b Pneumonitis in a
patient receiving nivolumab for
metastatic NSCLC. c Vitiligo in a
patient receiving pembrolizumab
for metastatic melanoma
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rapid (within 1–3 days) and a single dose is usually sufficient
[32, 38–42]. An initial clinical response should be followed by
a slow steroid wean over at least 8 weeks, as relapses are
common. The development of a syndrome resembling chronic
inflammatory bowel disease has been described [34].

Pulmonary Adverse Effects

Pneumonitis

Pneumonitis is an uncommon but potentially fatal toxicity of
ICI therapy. The incidence is approximately 5%with anti-PD-
1/PD-L1 monotherapy (1–2% ≥ grade 3) and up to 10% in
those receiving combination immunotherapy [2•, 3•, 5•, 20,
43•]. Pneumonitis following ipilimumab monotherapy is rare.
The most common symptoms are dyspnoea (53%) and cough
(35%) [43•]. The median time to onset is 2.8 months [43•],
with an earlier onset reported in NSCLC patients [44]. The
rate of grades 3–4 pneumonitis is similar across tumour types,
but there appears to be higher treatment-related mortality due
to pneumonitis in patients with NSCLC [45].

Pneumonitis should be considered when any patient receiv-
ing ICI therapy develops new respiratory symptoms, and a
chest CT requested. Radiographic findings are variable, with
patterns resembling cryptogenic organising pneumonia, usual
interstitial pneumonia, non-specific interstitial pneumonia and
hypersensitivity pneumonitis observed [6•, 43•] (Fig. 2b).
Diagnosis can be challenging given the overlap of clinical
and radiographic findings with common problems such as
pneumonia, lymphangitis carcinomatosis and cancer pro-
gression [6•]. Bronchoscopy with bronchoalveolar lavage
may assist in excluding infectious aetiologies. Lung biopsy
is seldom required, though may be useful in the setting of
unexplained lymphadenopathy or if there is ongoing radio-
logic or clinical doubt as to the aetiology of pulmonary
infiltrates [6•, 7•].

ICI therapy should be withheld and immunosuppressive
treatment initiated promptly when there is a high degree of
suspicion for pneumonitis. Infection should ideally be ruled
out bronchoscopically prior to immunosuppression, though
this is not always feasible. Acknowledging this difficulty,
most treatment algorithms advocate for the administration of
broad-spectrum antibiotics in conjunction with immunosup-
pressive treatment [7•]. Systemic corticosteroids should be
initiated for ≥ grade 2 pneumonitis, and patients monitored
with serial pulse oximetry, pulmonary function testing and
chest radiography. In cases of ≥ grade 3 pneumonitis, pa-
tients should be admitted to hospital for parenteral cortico-
steroids and ICI therapy permanently discontinued. If there
is no clinical or radiologic improvement after 48 h, the
addition of infliximab, MMF or cyclophosphamide should
be considered [7•].

Rechallenging patients with ICI following complete res-
olution of grade 1 or 2 pneumonitis appears to be reason-
ably safe, with only three of 12 patients developing a sec-
ond pneumonitis event in a retrospective series. All three
patients had low-grade recurrent pneumonitis that
responded well to either drug holding or corticosteroids
[43•]. That said, given the potentially catastrophic conse-
quences of recurrent high-grade pneumonitis, patients must
be well informed of the potential risks and clinicians must
remain vigilant.

Sarcoidosis

Pulmonary sarcoidosis and sarcoid-like granulomatous re-
actions have also been reported following both anti-PD-1/
PD-L1 and ipilimumab [46, 47]. The diagnosis is
suspected when reticulonodular pulmonary opacities and/
or symmetric mediastinal and hilar lymphadenopathy are
visualised radiologically, and confirmed by visualisation of
non-caseating granulomas histologically [6•]. Given the
clinical and radiologic similarities to malignant disease
progression, clinicians and radiologists need to be aware
of this entity. Extra-pulmonary manifestations have also
been reported [46]. Management strategies are extrapolat-
ed from sarcoidosis treatment algorithms for the general
population.

Rheumatologic

Arthralgia has been reported in approximately 15% of
patients receiving ICI therapy, but the incidence of true
inflammatory arthritis has not been well defined [48].
Syndromes resembling rheumatoid arthritis and seronega-
tive spondyloarthropathies have been described, with a
small proportion of the former accompanied by elevated
rheumatoid factor or anti-cyclic citrullinated peptide anti-
body titres [6•]. Cases of sicca syndrome, polymyalgia
rheumatica, inflammatory myopathies, temporal arteritis
and other vasculitides have also been reported [48–52].

All patients with suspected ≥ grade 2 inflammatory ar-
thritis should be reviewed by a rheumatologist, because
erosive and irreversible joint damage can occur within
weeks of symptom onset. Patients with symptoms
persisting for ≥ 6 weeks or those whose steroid dose cannot
be tapered to ≤ 10 mg prednisone (or equivalent) within
4 weeks should also be referred, as the addition of disease-
modifying anti-rheumatic drugs or biologics such as
TNF-α inhibitors may be required. Due to their rarity and
the potential for life- and organ-threatening consequences,
all patients with suspected vasculitis or myositis should be
reviewed by a rheumatologist immediately [6•].

72 Page 6 of 12 Curr Oncol Rep (2018) 20: 72



Uncommon Adverse Effects

Neurologic

Neurologic irAEs are uncommon. A systematic review of 59
trials involving 9208 patients reported an incidence of 3.8%
following anti-CTLA-4 therapy, 6.1% following anti-PD-1
and 12% following combination therapy [53]. The majority
of these were low-grade and consisted of non-specific symp-
toms such as headache. High-grade (≥ grade 3) neurologic
AEs occurred in < 1% of patients and included autoimmune
encephalitis, aseptic meningitis, myasthenia gravis, Guillain-
Barre syndrome (GBS), peripheral sensorimotor neuropathies
and posterior reversible encephalopathy syndrome [53].
Investigations depend on the clinical presentation, but may
include central nervous system imaging, lumbar puncture for
cerebrospinal fluid analysis and nerve conduction studies [54].
Cancer progression, infection and paraneoplastic syndromes
should be considered in the differential diagnosis. For all
≥ grade 2 neurologic symptoms, ICI therapy should be
interrupted while investigation ensues and systemic cortico-
steroids commenced. Intravenous immunoglobulin or plasma-
pheresis should be considered for the treatment of GBS and
myasthenia gravis [54]. Early neurology consultation is essen-
tial [6•, 7•, 54].

Renal

Acute kidney injury (AKI) was reported in 2.2% of patients
following ICI therapy in a combined analysis of 3695 patients
[55]. Grades 3–4 AKI or the requirement for dialysis occurred
in 0.6%. AKI occurred more frequently in patients who re-
ceived combination therapy with ipilimumab/nivolumab
(4.9%) than in patients who received ipilimumab (2.0%),
nivolumab (1.9%) or pembrolizumab (1.4%) alone [55].
Recently published data suggests that the incidence of renal
irAEs may be underreported, with low-grade AKI occurring
in up to 29% of patients ( [56].

The onset of AKI following ipilimumab (2–3 months) is
earlier than anti-PD-1 (3–10 months) [56]. Acute interstitial
nephritis is the most commonly reported histologic finding
[56]. Podocytopathies (minimal change disease, membranous
nephropathy), lupus nephritis and thrombotic microangiopa-
thies have also been reported following ipilimumab [56–59].

When immune-related renal disease is suspected, renal bi-
opsy should be considered to confirm aetiology and guide
management [6•]. When confirmed, ICI therapy should be
interrupted and systemic corticosteroids administered [6•, 7•].

Cardiac

Cardiac irAEs are rare, occurring in < 1% of patients treated
with ICI therapy. A higher incidence has been reported with

combination ipilimumab/nivolumab (0.27%) than with
nivolumab alone (0.06%) [60]. A range of toxicities including
myocarditis, cardiomyopathy, cardiac fibrosis, arrhythmias
and pericarditis have been described [60–64]. When
suspected, early cardiology consultation is essential given
the potential for sudden death. Interruption of ICI therapy
and high-dose corticosteroids have successfully treated cardi-
ac irAEs. Escalation to other immunosuppressive agents such
as infliximab, MMF or ATG should be considered in steroid-
refractory cases [6, 7].

Ocular

Ocular irAEs occur in < 1% of patients receiving ICI ther-
apy [7•, 65], and include uveitis, peripheral ulcerative ker-
atitis, Vogt-Koyanagi-Harada syndrome, choroidal neovas-
cularisation and melanoma-associated retinopathy [65].
Thyroid-associated orbitopathy, idiopathic orbital inflam-
mation, episcleritis, blepharitis and optic nerve swelling
have also been reported [6•, 65, 66]. Prompt ophthalmo-
logic assessment including dilated fundoscopy and slit
lamp examination is necessary for all visual complaints
[6•, 7•]. Generally speaking, mild irAEs can be treated
with topical corticosteroids whereas systemic corticoste-
roids and discontinuation of ICIs are indicated for more
severe ocular and orbital inflammation [65].

Haematologic

Reported haematologic irAEs include aplastic anaemia, auto-
immune haemolytic anaemia, immune thrombocytopenic pur-
pura , neut ropenia , acqui red haemophi l ia A and
cryoglobulinaemia [67–72]. The optimal treatment of these
rare and potentially severe AEs is not known. High-dose cor-
ticosteroids should be commenced in consultation with a
haematologist [7•].

Association Between Immune-Mediated
Toxicity and Response to Treatment

There is accumulating evidence that the development of irAEs
may be associated with a response to immunotherapy and
prolonged survival. An association between vitiligo and both
tumour regression and prolonged survival has been observed
in patients withmelanoma for several decades, even before the
advent of modern immunotherapies [73–76]. Vitiligo-like de-
pigmentation results from anti-melanoma immunity that also
targets healthy melanocytes, as a result of the shared expres-
sion of melanocyte differentiation antigens (Fig. 2c) [77]. In a
recent systematic review and meta-analysis of 27 studies
reporting individual patient data, the development of vitiligo
was significantly associated with both progression-free
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survival (PFS) (hazard ratio [HR] 0.51) and overall survival
(HR 0.25), indicating that these patients have a 2–4 times
lower risk of disease progression and death compared to pa-
tients who do not develop vitiligo [77]. In a prospective ob-
servational study of 67 patients treatedwith pembrolizumab as
part of a phase 1 study, the development of vitiligo was asso-
ciated with a higher objective response rate (ORR 71% with
vitiligo vs 28% without vitiligo) [78].

Several recent studies have shown an association between
irAEs other than vitiligo and favourable outcomes. In a single-
centre prospective review of thyroid dysfunction in 51 patients
with advanced NSCLC treated with pembrolizumab, the me-
dian overall survival was significantly longer in those who
developed thyroid dysfunction compared to those who did
not (median 40 vs 14 months, HR 0.29; 95% CI 0.09–0.94)
[18]. In a retrospective review of 163 patients with advanced
melanoma and RCC who received anti-CTLA-4 antibodies as
part of three separate trials, 5 of the 8 patients (62.5%) who
developed hypophysitis had objective tumour responses,
which is considerably higher than the expected ORR of 10–
20% in the population as a whole [79]. In another retrospec-
tive review of 198 patients with metastatic melanoma or RCC
treated with ipilimumab, ORR in patients who developed en-
terocolitis was 36% for melanoma and 35% for RCC, com-
pared with 11 and 2% respectively in those without enteroco-
litis [39]. The administration of corticosteroids and/or
infliximab does not appear to affect the response and overall
survival of patients treated with ipilimumab for melanoma
[80, 81]. In the largest published series of patients with pneu-
monitis following anti-PD-1/PD-L1, the majority of patients
with pneumonitis were also responders to immunotherapy. As
noted by the authors, however, the variety of diseases, treat-
ments and methods of assessment makes the assumption of a
causal relationship problematic [43]. Case reports also suggest
that the development of sarcoidosis may be associated with
prolonged tumour response [47, 82].

Despite the data presented above, the relationship between
irAEs and clinical benefit is yet to be resolved. Several large
retrospective studies have failed to show a relationship be-
tween irAEs and response rates, time to treatment failure and
survival [81, 83, 84]. The possibility of confounding between
increased time on ICI therapy and a higher likelihood of both
irAEs and clinical benefit from treatment must be acknowl-
edged. Nevertheless, the observed associations between irAEs
and clinical benefit are intriguing.

Risk of Toxicity Based on Patient Clinical
Factors

Disease burden may have a bearing on toxicity following ICI
therapy. In a pooled analysis of data from the Checkmate 069
and 067 trials in which patients with advanced melanoma

received combination ipilimumab/nivolumab for 4 cycles
(induction) followed by nivolumab monotherapy (mainte-
nance), patients who discontinued treatment at any time due
to an AE were less likely to have M1c disease (49 vs 61%) or
an elevated lactate dehydrogenase (27 vs 39%) [85•].
Similarly, greater immune-related toxicity is seen with high-
dose ipilimumab (10 mg/kg) in the adjuvant [21] versus met-
astatic [86] settings. It has been hypothesised that ICI therapy
may be associated with greater toxicity in patients with early-
stage disease, as a result of the immunosuppressive effects of a
higher disease burden in the metastatic setting [87].

Tumour type may also influence toxicity. In a systematic
review incorporating 6938 patients across 48 prospective ICI
monotherapy trials, the authors sought to identify patterns and
incidence of irAEs based on tumour type and ICI class [88].
Melanoma patients treated with anti-PD-1 had a higher fre-
quency of gastrointestinal and skin irAEs and a lower frequen-
cy of pneumonitis than NSCLC patients treated with anti-PD-
1. Arthritis and myalgia were more common in melanoma
compared with RCC, where pneumonitis was more prevalent.
In some instances (e.g. vitiligo in melanoma) there is a sound
immunologic hypothesis for the pattern of toxicity observed.
Other proposed explanations for the different toxicities ob-
served in different tumour types include differences in the
tumour microenvironment and neoantigen expression [88].
In patients with NSCLC treated with anti-PD-1, comorbidities
such as chronic obstructive pulmonary disease and prior tho-
racic radiation may help account for the higher incidence of
pneumonitis in this population [88].

Some patients have been excluded from or underrepresent-
ed in the seminal clinical trials of checkpoint inhibitors, due to
concerns about safety and excess toxicity. Examples include
those with pre-existing autoimmune diseases, chronic viral
infections, organ dysfunction, brain metastases, organ trans-
plant recipients and those at the extremes of age. As
summarised in a review by Johnson et al., there is accumulat-
ing data challenging the notion that ICIs are contraindicated in
such patients [89•].

Recommencing ICI Following Prior
Immune-Related Toxicity

The decision to recommence ICI therapy following resolution
of high-grade irAEs represents a challenge for clinicians. With
the exception of endocrine toxicities which can be treated with
physiologic hormone replacement, guidelines recommend
permanent discontinuation of ICIs following a CTCAE grade
4 toxicity [6•, 7•]. Due to the potential for morbidity and
mortality, permanent discontinuation is recommended for
grade 3 hepatitis, pneumonitis, neurologic and ophthalmolog-
ic toxicities [6•].
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In general, the toxicity profile of anti-PD-1 is consider-
ably more favourable than that of their anti-CTLA-4 coun-
terparts. There has until recently been little data on their
safety in patients with previous high-grade irAEs follow-
ing ipilimumab. To clarify this, Menzies et al. performed a
retrospective analysis of 119 patients with advanced mela-
noma and pre-existing autoimmune diseases and/or major
irAEs with ipilimumab that went on to receive anti-PD-1
[90•]. In patients with prior ipilimumab toxicity requiring
immunosuppression (n = 67), recurrence of the same irAE
was rare (2 of 67 patients, i.e. 3%). In contrast, new irAEs
occurred frequently and were often high-grade. Twenty-
three patients (34%) developed new irAEs, and 14 of these
(61%) were ≥ grade 3. Notably, recurrence of colitis was
rare (2%), even in those with severe colitis requiring
TNF-α inhibitors.

In a retrospective review of 40 patients with metastatic
melanoma who received ipilimumab after progression on an-
ti-PD-1, grades 3–4 irAEs occurred in 35% of patients, which
is higher than observed in the anti-PD-1-naïve population [1,
91]. No association between toxicity and response was ob-
served in this study [91].

The safety of resuming anti-PD-1 in patients who develop
high-grade irAEs during combination ipilimumab/nivolumab
has also been explored. In a study of 88 patients with meta-
static melanoma who discontinued combination therapy due
to clinically significant irAEs, all patients were re-challenged
with anti-PD-1 [92•]. Approximately 40% of patients devel-
oped clinically significant recurrent (18%) or distinct (21%)
irAEs upon PD-1 re-challenge. Of the 14 patients with recur-
rence of the same irAE, 7 were grades 3–4 and 10 (71%)
discontinued treatment due to the recurrent irAE. There was
one grade 5 event, a recurrent rash which progressed to fatal
SJS/TEN. Certain toxicities appeared more or less likely to
recur than others. Colitis, a classic ipilimumab-associated tox-
icity was less likely to recur, with only 2 of 33 (6%) patients
experiencing recurrent colitis or diarrhoea with anti-PD-1
resumption.

There is accumulating evidence that patient outcomes are
not compromised when ICIs are discontinued due to toxicity.
In a retrospective analysis designed to assess the efficacy and
safety of combination ipilimumab/nivolumab in patients with
metastatic melanoma who discontinued treatment because of
AEs, the response rate in those who discontinued treatment
was numerically higher than in those who did not (58.3 vs
50.2%). Median PFS non-significantly favoured patients
who did not cease treatment for an AE (8.4 vs 10.8 months)
as did an 18-month landmark PFS (38 vs 49%), though
longer follow-up is required to see if these potential differ-
ences widen [85•, 87]. Prospective studies are required to
determine whether resumption of maintenance anti-PD-1 is
beneficial for patients who cease combination therapy due
to toxicity.

Conclusion

ICI therapy has revolutionised the treatment of multiple
malignancies. While the toxicity profile is generally
favourable, irAEs can develop and may occasionally be
life-threatening. Management is with immunosuppression
and requires close collaboration with our subspecialty in-
ternal medicine colleagues.

As the number of patients treated with ICI therapy around
the world grows, we continue to learn more about the intrica-
cies of managing immune-related toxicity. Collaboration be-
tween groups is required to continue gathering real-world pa-
tient data, to help inform the challenging decisions we make
on a day-to-day basis regarding patients who frequently differ
from those included in landmark clinical trials. Identifying
predictive biomarkers of both efficacy and toxicity would help
guide treatment decisions, and should be a research priority in
the years ahead.

Compliance with Ethical Standards

Conflict of Interest Matteo S. Carlino has received compensation from
MSD, Bristol-Myers Squibb, Novartis, and Amgen for service on advi-
sory boards.

David J. Palmieri declares that he has no conflict of interest.

Human and Animal Rights and Informed Consent This article does not
contain any studies with human or animal subjects performed by any of
the authors.

References

Papers of particular interest, published recently, have been
highlighted as:
• Of importance

1. Hodi FS, O’Day SJ, McDermott DF, Weber RW, Sosman JA,
Haanen JB, et al. Improved survival with ipilimumab in patients
with metastatic melanoma. N Engl J Med. 2010;363(8):711–23.

2.• Robert C, Schachter J, Long GV, Arance A, Grob JJ, Mortier L, et
al. Pembrolizumab versus Ipilimumab in Advanced Melanoma. N
Engl J Med 2015; 372(26):2521–32. This landmark phase 3
study showed that the anti-PD-1 agent pembrolizumab
prolonged PFS and OS and had less high-grade toxicity than
ipilimumab in patients with advanced melanoma.

3.• Robert C, Long GV, Brady B, Dutriaux C,MaioM,Mortier L, et al.
Nivolumab in previously untreated melanoma without BRAF mu-
tation. N Engl J Med. 2015;372(4):320–30. This landmark phase
3 study showed that the anti-PD-1 nivolumab prolonged PFS
(median 5.1 vs 2.2 months) and OS (1-year OS 72.9 vs 42.1%)
compared to dacarbazine in patients withmetastatic melanoma
without a BRAF mutation.

4. SERVICES. USDOHAH. Common Terminology Criteria for
Adverse Events (CTCAE) Version 4.03 2010 [Available from:
https://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03].

5.• Wolchok JD, Chiarion-Sileni V, Gonzalez R, Rutkowski P, Grob JJ,
Cowey CL, et al. Overall survival with combined Nivolumab and

Curr Oncol Rep (2018) 20: 72 Page 9 of 12 72

https://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03


Ipilimumab in advanced melanoma. N Engl J Med. 2017;377(14):
1345–56. This large phase 3 study showed that combination
therapy with nivolumab plus ipilimumab and monotherapy
with nivolumab resulted in significantly longer OS than
ipilimumab monotherapy among patients with previously un-
treated advanced melanoma, albeit with greater treatment-
related toxicity (59% grade 3 or 4 AEs) in the combination
therapy arm.

6.• Puzanov I, Diab A, Abdallah K, Bingham CO 3rd, Brogdon C,
Dadu R, et al. Managing toxicities associated with immune check-
point inhibitors: consensus recommendations from the Society for
Immunotherapy of Cancer (SITC) Toxicity Management Working
Group. J Immunother Cancer. 2017;5(1):95. This is one of two
consensus recommendations on the management of irAEs fol-
lowing ICI therapy, developed by a professional working group
(SITC).

7.• Haanen J, Carbonnel F, Robert C, Kerr KM, Peters S, Larkin J, et al.
Management of toxicities from immunotherapy: ESMO Clinical
Practice Guidelines for diagnosis, treatment and follow-up. Ann
Oncol. 2017;28(suppl_4):iv119–iv42. This is one of two consen-
sus recommendations on the management of irAEs following
ICI therapy, developed by a professional working group
(ESMO).

8. Naidoo J, Page DB, Li BT, Connell LC, Schindler K, Lacouture
ME, et al. Toxicities of the anti-PD-1 and anti-PD-L1 immune
checkpoint antibodies. Ann Oncol. 2016;27(7):1362.

9. Heery CR, O'Sullivan-Coyne G, Madan RA, Cordes L, Rajan A,
Rauckhorst M, et al. Avelumab for metastatic or locally advanced
previously treated solid tumours (JAVELIN Solid Tumor): a phase
1a, multicohort, dose-escalation trial. Lancet Oncol. 2017;18(5):
587–98.

10. Administration. USFaD. Bavencio Prescribing Information 2017
[Available from: https://www.accessdata.fda.gov/drugsatfda_docs/
label/2017/761049s000lbl.pdf.

11. Lacouture ME, Wolchok JD, Yosipovitch G, Kahler KC, Busam
KJ, Hauschild A. Ipilimumab in patients with cancer and the man-
agement of dermatologic adverse events. J Am Acad Dermatol.
2014;71(1):161–9.

12. BelumVR, Benhuri B, PostowMA, HellmannMD, Lesokhin AM,
Segal NH, et al. Characterisation and management of dermatologic
adverse events to agents targeting the PD-1 receptor. Eur J Cancer.
2016;60:12–25.

13. Collins LK, Chapman MS, Carter JB, Samie FH. Cutaneous ad-
verse effects of the immune checkpoint inhibitors. Curr Probl
Cancer. 2017;41(2):125–8.

14. Hwang SJ, Carlos G, Wakade D, Byth K, Kong BY, Chou S, et al.
Cutaneous adverse events (AEs) of anti-programmed cell death
(PD)-1 therapy in patients with metastatic melanoma: a single-
institution cohort. J Am Acad Dermatol. 2016;74(3):455–61.e1.

15. Hwang SJ, Carlos G, Chou S, Wakade D, Carlino MS, Fernandez-
Penas P. Bullous pemphigoid, an autoantibody-mediated disease, is
a novel immune-related adverse event in patients treated with anti-
programmed cell death 1 antibodies. Melanoma Res. 2016;26(4):
413–6.

16. Rivera N, Boada A, Bielsa MI, Fernandez-Figueras MT, Carcereny
E, Moran MT, et al. Hair repigmentation during immunotherapy
treatment with an anti-programmed cell death 1 and anti-
programmed cell death ligand 1 agent for lung cancer. JAMA
Dermatol. 2017;153(11):1162–5.

17. Morganstein DL, Lai Z, Spain L, Diem S, Levine D, Mace C, 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.

18. Osorio JC, Ni A, Chaft JE, Pollina R, Kasler MK, Stephens D, et al.
Antibody-mediated thyroid dysfunction during T-cell checkpoint

blockade in patients with non-small-cell lung cancer. Ann Oncol.
2017;28(3):583–9.

19.• Barroso-Sousa R, Barry WT, Garrido-Castro AC, Hodi FS, Min L,
Krop IE, et al. Incidence of endocrine dysfunction following the use
of different immune checkpoint inhibitor regimens: a systematic
review and meta-analysis. JAMA Oncol 2017. This is the largest
published systematic review and meta-analysis of the incidence
of endocrine dysfunction following treatment with FDA-
approved ICI regimens.

20. Larkin J, Chiarion-Sileni V, Gonzalez R, Grob JJ, Cowey CL, Lao
CD, et al. Combined nivolumab and ipilimumab or monotherapy in
untreated melanoma. N Engl J Med. 2015;373(1):23–34.

21. Eggermont AM, Chiarion-Sileni V, Grob JJ, Dummer R, Wolchok
JD, Schmidt H, et al. Prolonged survival in stage III melanomawith
Ipilimumab adjuvant therapy. N Engl J Med. 2016;375(19):1845–
55.

22. Torino F, Corsello SM, Salvatori R. Endocrinological side-effects
of immune checkpoint inhibitors. Curr Opin Oncol. 2016;28(4):
278–87.

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

24. Faje AT, Sullivan R, Lawrence D, Tritos NA, Fadden R, Klibanski
A, et al. Ipilimumab-induced hypophysitis: a detailed longitudinal
analysis in a large cohort of patients with metastatic melanoma. J
Clin Endocrinol Metab. 2014;99(11):4078–85.

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

26. Corsello SM, Barnabei A, Marchetti P, De Vecchis L, Salvatori R,
Torino F. Endocrine side effects induced by immune checkpoint
inhibitors. J Clin Endocrinol Metab. 2013;98(4):1361–75.

27. Min L, Hodi FS, Giobbie-Hurder A, Ott PA, Luke JJ, Donahue H, 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.

28. Weber JS, Kahler KC, Hauschild A. Management of immune-
related adverse events and kinetics of response with ipilimumab. J
Clin Oncol. 2012;30(21):2691–7.

29. Weber JS, Dummer R, de Pril V, Lebbe C, Hodi FS, Investigators
MDX. Patterns of onset and resolution of immune-related adverse
events of special interest with ipilimumab: detailed safety analysis
from a phase 3 trial in patients with advanced melanoma. Cancer.
2013;119(9):1675–82.

30. Mellati M, Eaton KD, Brooks-Worrell BM, HagopianWA,Martins
R, Palmer JP, et al. Anti-PD-1 and anti-PDL-1 monoclonal antibod-
ies causing type 1 diabetes. Diabetes Care. 2015;38(9):e137–8.

31. Chmiel KD, Suan D, Liddle C, Nankivell B, Ibrahim R, Bautista C,
et al. Resolution of severe ipilimumab-induced hepatitis after
antithymocyte globulin therapy. J Clin Oncol. 2011;29(9):e237–40.

32. Gupta A, De Felice KM, Loftus EV Jr, Khanna S. Systematic re-
view: colitis associated with anti-CTLA-4 therapy. Aliment
Pharmacol Ther. 2015;42(4):406–17.

33. Bertrand A, Kostine M, Barnetche T, Truchetet ME, Schaeverbeke
T. Immune related adverse events associated with anti-CTLA-4
antibodies: systematic review and meta-analysis. BMC Med.
2015;13:211.

34. Marthey L, Mateus C,Mussini C, NachuryM, Nancey S, Grange F,
et al. Cancer immunotherapy with anti-CTLA-4 monoclonal anti-
bodies induces an inflammatory bowel disease. J Crohns Colitis.
2016;10(4):395–401.

35. Yang JC, Hughes M, Kammula U, Royal R, Sherry RM, Topalian
SL, et al. Ipilimumab (anti-CTLA4 antibody) causes regression of
metastatic renal cell cancer associated with enteritis and
hypophysitis. J Immunother. 2007;30(8):825–30.

72 Page 10 of 12 Curr Oncol Rep (2018) 20: 72

https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/761049s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/761049s000lbl.pdf


36. Messmer M, Upreti S, Tarabishy Y, Mazumder N, Chowdhury R,
Yarchoan M, et al. Ipilimumab-induced enteritis without colitis: a
new challenge. Case Rep Oncol. 2016;9(3):705–13.

37. Furst DE, Keystone EC, So AK, Braun J, Breedveld FC, Burmester
GR, et al. Updated consensus statement on biological agents for the
treatment of rheumatic diseases, 2012. Ann Rheum Dis.
2013;72(Suppl 2):ii2–34.

38. Merrill SP, Reynolds P, Kalra A, Biehl J, Vandivier RW, Mueller
SW. Early administration of infliximab for severe ipilimumab-
related diarrhea in a critically ill patient. Ann Pharmacother.
2014;48(6):806–10.

39. Beck KE, Blansfield JA, Tran KQ, Feldman AL, Hughes MS,
Royal RE, et al. Enterocolitis in patients with cancer after antibody
blockade of cytotoxic T-lymphocyte-associated antigen 4. J Clin
Oncol. 2006;24(15):2283–9.

40. Hillock NT, Heard S, Kichenadasse G, Hill CL, Andrews J.
Infliximab for ipilimumab-induced colitis: a series of 13 patients.
Asia Pac J Clin Oncol. 2017;13(5):e284–e90.

41. Minor DR, Chin K, Kashani-Sabet M. Infliximab in the treatment
of anti-CTLA4 antibody (ipilimumab) induced immune-related co-
litis. Cancer Biother Radiopharm. 2009;24(3):321–5.

42. Pages C, Gornet JM, Monsel G, Allez M, Bertheau P, Bagot M, et
al. Ipilimumab-induced acute severe colitis treated by infliximab.
Melanoma Res. 2013;23(3):227–30.

43.• Naidoo J, Wang X, Woo KM, Iyriboz T, Halpenny D, Cunningham
J, et al. Pneumonitis in patients treated with anti-programmed
Death-1/programmed death ligand 1 therapy. J Clin Oncol.
2017;35(7):709–17. This is the largest published series of pneu-
monitis following anti-PD-1/PD-L1 agents, and comprehensive-
ly characterises the clinical, radiologic and pathologic features
as well as management of this entity.

44. Delaunay M, Cadranel J, Lusque A, Meyer N, Gounant V, Moro-
Sibilot D, et al. Immune-checkpoint inhibitors associated with in-
terstitial lung disease in cancer patients. Eur Respir J. 2017;50(2):
1700050.

45. Herbst RS, Baas P, Kim DW, Felip E, Perez-Gracia JL, Han JY, et
al. Pembrolizumab versus docetaxel for previously treated, PD-L1-
positive, advanced non-small-cell lung cancer (KEYNOTE-010): a
randomised controlled trial. Lancet. 2016;387(10027):1540–50.

46. Lomax AJ, McGuire HM, McNeil C, Choi CJ, Hersey P, Karikios
D, et al. Immunotherapy-induced sarcoidosis in patients with mel-
anoma treated with PD-1 checkpoint inhibitors: case series and
immunophenotypic analysis. Int J Rheum Dis. 2017;20(9):1277–
85.

47. Vogel WV, Guislain A, Kvistborg P, Schumacher TN, Haanen JB,
Blank CU. Ipilimumab-induced sarcoidosis in a patient with meta-
static melanoma undergoing complete remission. J Clin Oncol.
2012;30(2):e7–e10.

48. Suarez-Almazor ME, Kim ST, Abdel-Wahab N, Diab A. Review:
immune-related adverse events with use of checkpoint inhibitors for
immunotherapy of Cancer. Arthritis Rheumatol. 2017;69(4):687–
99.

49. Cappelli LC, Gutierrez AK, Baer AN, Albayda J, Manno RL,
Haque U, et al. Inflammatory arthritis and sicca syndrome induced
by nivolumab and ipilimumab. Ann Rheum Dis. 2017;76(1):43–
50.

50. Naidoo J, Cappelli LC, Forde PM, Marrone KA, Lipson EJ,
Hammers HJ, et al. Inflammatory arthritis: a newly recognized
adverse event of immune checkpoint blockade. Oncologist.
2017;22(6):627–30.

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

52. Cappelli LC, Gutierrez AK, Bingham CO, 3rd, Shah AA.
Rheumatic and musculoskeletal immune-related adverse events

due to immune checkpoint inhibitors: a systematic review of the
literature. Arthritis Care Res (Hoboken) 2017; 69(11):1751–1763.

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

54. Spain L, Walls G, Julve M, O'Meara K, Schmid T, Kalaitzaki E, et
al. Neurotoxicity from immune-checkpoint inhibition in the treat-
ment of melanoma: a single centre experience and review of the
literature. Ann Oncol. 2017;28(2):377–85.

55. Cortazar FB, Marrone KA, Troxell ML, Ralto KM, Hoenig MP,
Brahmer JR, et al. Clinicopathological features of acute kidney
injury associated with immune checkpoint inhibitors. Kidney Int.
2016;90(3):638–47.

56. Wanchoo R, Karam S, Uppal NN, Barta VS, Deray G, Devoe C, et
al. Adverse renal effects of immune checkpoint inhibitors: a narra-
tive review. Am J Nephrol. 2017;45(2):160–9.

57. Fadel F, El Karoui K, Knebelmann B. Anti-CTLA4 antibody-in-
duced lupus nephritis. N Engl J Med. 2009;361(2):211–2.

58. Murakami N, Motwani S, Riella LV. Renal complications of im-
mune checkpoint blockade. Curr Probl Cancer. 2017;41(2):100–10.

59. Izzedine H, Gueutin V, Gharbi C,Mateus C, Robert C, Routier E, et
al. Kidney injuries related to ipilimumab. Investig New Drugs.
2014;32(4):769–73.

60. Johnson DB, Balko JM, Compton ML, Chalkias S, Gorham J, Xu
Y, et al. Fulminant myocarditis with combination immune check-
point blockade. N Engl J Med. 2016;375(18):1749–55.

61. 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.

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

63. Heinzerling L, Ott PA,Hodi FS, Husain AN, Tajmir-Riahi A, Tawbi
H, et al. Cardiotoxicity associated with CTLA4 and PD1 blocking
immunotherapy. J Immunother Cancer. 2016;4:50.

64. Varricchi G, Galdiero MR, Marone G, Criscuolo G, Triassi M,
Bonaduce D, et al. Cardiotoxicity of immune checkpoint inhibitors.
ESMO Open. 2017;2(4):e000247.

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

66. Papavasileiou E, Prasad S, Freitag SK, Sobrin L, Ipilimumab-
induced Ocular LAM. Orbital inflammation—a case series and
review of the literature. Ocul Immunol Inflamm. 2016;24(2):140–6.

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

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

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

70. Akhtari M, Waller EK, Jaye DL, Lawson DH, Ibrahim R,
Papadopoulos NE, et al. Neutropenia in a patient treated with
ipilimumab (anti-CTLA-4 antibody). J Immunother. 2009;32(3):
322–4.

71. Pellegrino B, Musolino A, Tiseo M. Anti-PD-1-related
cryoglobulinemia during treatment with nivolumab in NSCLC pa-
tient. Ann Oncol. 2017;28(6):1405–6.

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

73. Bystryn JC, Rigel D, Friedman RJ, Kopf A. Prognostic significance
of hypopigmentation in malignant melanoma. Arch Dermatol.
1987;123(8):1053–5.

Curr Oncol Rep (2018) 20: 72 Page 11 of 12 72



74. Nordlund JJ, Kirkwood JM, Forget BM, Milton G, Albert DM,
Lerner AB. Vitiligo in patients with metastatic melanoma: a good
prognostic sign. J Am Acad Dermatol. 1983;9(5):689–96.

75. Quaglino P, Marenco F, Osella-Abate S, Cappello N, Ortoncelli M,
Salomone B, et al. Vitiligo is an independent favourable prognostic
factor in stage III and IVmetastatic melanoma patients: results from
a single-institution hospital-based observational cohort study. Ann
Oncol. 2010;21(2):409–14.

76. Boasberg PD, Hoon DS, Piro LD, Martin MA, Fujimoto A,
Kristedja TS, et al. Enhanced survival associated with vitiligo ex-
pression duringmaintenance biotherapy for metastatic melanoma. J
Invest Dermatol. 2006;126(12):2658–63.

77. Teulings HE, Limpens J, Jansen SN, Zwinderman AH, Reitsma JB,
Spuls PI, et al. Vitiligo-like depigmentation in patients with stage
III-IV melanoma receiving immunotherapy and its association with
survival: a systematic review and meta-analysis. J Clin Oncol.
2015;33(7):773–81.

78. Hua C, Boussemart L, Mateus C, Routier E, Boutros C, Cazenave
H, et al. Association of Vitiligo with tumor response in patients with
metastatic melanoma treated with pembrolizumab. JAMA
Dermatol. 2016;152(1):45–51.

79. Blansfield JA, Beck KE, Tran K, Yang JC, Hughes MS, Kammula
US, et al. Cytotoxic T-lymphocyte-associated antigen-4 blockage
can induce autoimmune hypophysitis in patients with metastatic
melanoma and renal cancer. J Immunother. 2005;28(6):593–8.

80. Arriola E, Wheater M, Karydis I, Thomas G, Ottensmeier C.
Infliximab for IPILIMUMAB-related colitis-letter. Clin Cancer
Res. 2015;21(24):5642–3.

81. Horvat TZ, Adel NG, Dang TO, Momtaz P, Postow MA, Callahan
MK, et al. Immune-related adverse events, need for systemic im-
munosuppression, and effects on survival and time to treatment
failure in patients with melanoma treated with ipilimumab at
Memorial Sloan Kettering Cancer Center. J Clin Oncol.
2015;33(28):3193–8.

82. Andersen R, Norgaard P, Al-Jailawi MK, Svane IM. Late develop-
ment of splenic sarcoidosis-like lesions in a patient with metastatic
melanoma and long-lasting clinical response to ipilimumab.
Oncoimmunology. 2014;3(8):e954506.

83. Maker AV, Yang JC, Sherry RM, Topalian SL, Kammula US, Royal
RE, et al. Intrapatient dose escalation of anti-CTLA-4 antibody in
patients with metastatic melanoma. J Immunother. 2006;29(4):455–
63.

84. De Felice KM, Gupta A, Rakshit S, Khanna S, Kottschade LA,
Finnes HD, et al. Ipilimumab-induced colitis in patients with met-
astatic melanoma. Melanoma Res. 2015;25(4):321–7.

85.• Schadendorf D,Wolchok JD, Hodi FS, Chiarion-Sileni V, Gonzalez
R, Rutkowski P, et al. Efficacy and safety outcomes in patients with
advanced melanoma who discontinued treatment with nivolumab
and ipilimumab because of adverse events: a pooled analysis of
randomized phase II and III trials. J Clin Oncol. 2017;35(34):
3807–14. This pooled analysis of two major randomised trials

demonstrated that efficacy outcomes are similar in patients
who discontinued combination ipilimumab/nivolumab treat-
ment because of AEs in the induction phase of treatment, and
those who did not cease treatment.

86. Ascierto PA, Del Vecchio M, Robert C, Mackiewicz A, Chiarion-
Sileni V, Arance A, et al. Ipilimumab 10mg/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.

87. Carlino MS, Sandhu S. Safety and efficacy implications of
discontinuing combination ipilimumab and nivolumab in advanced
melanoma. J Clin Oncol. 2017;35(34):3792–3.

88. Khoja L, Day D, Wei-Wu Chen T, Siu LL, Hansen AR. Tumour-
and class-specific patterns of immune-related adverse events of im-
mune checkpoint inhibitors: a systematic review. Ann Oncol.
2017;28(10):2377–85.

89.• Johnson DB, Sullivan RJ, Menzies AM. Immune checkpoint inhib-
itors in challenging populations. Cancer 2017;123(11):1904–11.
This review aggregates and synthesizes the available preclinical
and clinical data surrounding immune checkpoint inhibitor
therapy in challenging clinical populations to assist oncologists
in treatment decision making.

90.• Menzies AM, Johnson DB, Ramanujam S, Atkinson VG, ANMW,
Park JJ, et al. Anti-PD-1 therapy in patients with advanced mela-
noma and preexisting autoimmune disorders or major toxicity with
ipilimumab. Ann Oncologia. 2017;28(2):368–76. This retrospec-
tive review of 119 patients with advanced melanoma and pre-
existing autoimmune diseases and/or major irAEs to
ipilimumab was the first to examine the safety and efficacy of
anti-PD-1 agents in this population. Immune toxicities were
relatively frequent but were often mild and easily managed
without discontinuation of anti-PD-1. Response rates (33–
40%) were quite high, suggesting that patients with a tendency
to autoimmunity may benefit more from anti-PD-1 therapy.

91. Bowyer S, Prithviraj P, Lorigan P, Larkin J, McArthur G, Atkinson
V, et al. Efficacy and toxicity of treatment with the anti-CTLA-4
antibody ipilimumab in patients with metastatic melanoma after
prior anti-PD-1 therapy. Br J Cancer. 2016;114(10):1084–9.

92.• Pollack MH, Betof A, Dearden H, Rapazzo K, Valentine I, Brohl
AS, et al. Safety of resuming anti-PD-1 in patients with immune-
related adverse events (irAEs) during combined anti-CTLA-4 and
anti-PD1 in metastatic melanoma. Ann Oncol 2017. This study of
80 patients with metastatic melanoma who discontinued com-
bination anti-CTLA-4/anti-PD-1 therapy due to clinically sig-
nificant irAEs, was the first to evaluate the safety and efficacy
of re-challenging such patients with anti-PD-1 monotherapy.
Approximately 40% of patients experienced clinically signifi-
cant recurrent or distinct toxicities with anti-PD-1 monothera-
py, though these were generally low-grade and easily manage-
able. One patient did however die from SJS/TENS. Certain
toxicities appeared more likely to recur than others.

72 Page 12 of 12 Curr Oncol Rep (2018) 20: 72


	Immune Checkpoint Inhibitor Toxicity
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Systemic Adverse Effects
	Dermatologic Adverse Effects
	Endocrine Adverse Effects
	Thyroid Disease
	Hypophysitis
	Rare Endocrine Adverse Events

	Gastrointestinal Adverse Events
	Hepatitis
	Colitis

	Pulmonary Adverse Effects
	Pneumonitis
	Sarcoidosis
	Rheumatologic

	Uncommon Adverse Effects
	Neurologic
	Renal
	Cardiac
	Ocular
	Haematologic

	Association Between Immune-Mediated Toxicity and Response to Treatment
	Risk of Toxicity Based on Patient Clinical Factors
	Recommencing ICI Following Prior Immune-Related Toxicity
	Conclusion
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance



