
Monoclonal antibodies targeting immune checkpoints 
are able to restore antitumour immunity, thus revers-
ing immune escape or evasion and promoting tumour 
cell death. Such antibodies include those targeting the 
cytotoxic T lymphocyte antigen 4 (CTLA-4)–CD28 
and programmed cell death 1 (PD-1)–programmed cell 
death 1 ligand 1 (PD- L1) axes. CTLA-4 is a receptor 
expressed on the surface of T cells that modulates CD28 
co- stimulatory signalling by competing for its activat-
ing ligands (CD80 and CD86) that are expressed on the 
surface of antigen- presenting cells during the early phase 
of the immune response, consequently impairing T cell 
activation. Activation of CTLA-4 inhibits the NF- κB sig-
nalling pathway, leading to impaired IL-2 production1,2. 
CTLA-4 is also constitutively expressed on regulatory 
T (Treg) cells, which promote immunosuppression in 
the tumour microenvironment (TME)3. PD-1 is also a 
cell surface receptor, which recognizes and binds to the 
endogenous ligands PD- L1 and PD- L2. This receptor 
is a member of the immunoglobulin superfamily and is 
expressed on T cells and B cells but also on cells involved 
in innate immunity, such as natural killer cells and 

myeloid cells4. Activation of either or both of these 
receptors has an inhibitory effect on the T cell response, 
thus, in the absence of a malignancy, inducing immune 
tolerance and preventing autoimmunity5. However, both 
immune checkpoints can also be hijacked by cancer cells 
in order to develop a microenvironment that is tolerant 
of tumour growth6.

The introduction of ipilimumab (an anti- CTLA-4 
antibody) into clinical practice transformed the prog-
nosis of patients with advanced- stage melanoma by 
enabling a subset of patients with this previously uni-
versally terminal disease (20–30%) to achieve long- term 
remissions7. Following this initial success, anti- PD-1 and 
anti- PD-L1 antibodies entered the clinic, resulting in 
dramatic improvements in the prognosis of patients with 
melanoma or several other advanced- stage malignan-
cies. Since 2015, anti- CTLA-4 and anti- PD-1 antibodies 
have shown tremendous efficacy when used in combi-
nation, with increased response rates in patients with 
advanced- stage melanoma8, renal cell carcinoma (RCC)9, 
microsatellite instability (MSI)-high cancers10, small- cell 
lung cancer (SCLC)11 and non- small-cell lung cancer 
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(NSCLC)12,13 compared with either agent as mono-
therapy, albeit at the cost of increased toxicities. These 
toxicities are mainly considered immune- related adverse 
events (irAEs), meaning that they are off- target effects 
of an excessively activated immune system. As a conse-
quence of the improved survival provided by immune- 
checkpoint inhibitors (ICIs), clinicians are increasingly  
confronted with patients with irAEs, which often require 
new skills to successfully diagnose and manage.

The frequency of irAEs is mainly dependent on the 
agents used but also on the specific characteristics of 
individual patients (Table 1). The incidence of fatal ICI- 
associated adverse events is estimated to be between 
0.3% and 1.3%14 (Table 2). This risk remains lower than 
that associated with conventional treatments: for exam-
ple, ~0.9% with platinum- doublet chemotherapy15, 
~15% with allogeneic haematopoietic stem cell trans-
plantation16 and 0–4% with targeted therapies, such 
as VEGF- targeted agents or tyrosine kinase inhibitors 
(TKIs)9. Regardless of the ICI used, toxicities with fatal 
outcomes tend to occur early in the course of treatment 
and evolve rapidly, especially in patients receiving com-
binations of agents. The median time to the onset of 
a fatal toxic event is ~14.5 days for ICI combinations, 
whereas the onset of such events tends to be delayed 
to 40 days in patients receiving ICI monotherapies  
(P < 0.001)13. The spectrum of fatal irAEs differs widely 
between regimens, as demonstrated in a meta- analysis 

published in December 2018 (ref.13). In this analysis, coli-
tis was the most frequent cause of death as an irAE in 
patients receiving anti- CTLA-4 antibodies (135 (70%) of 
193 deaths), whereas fatalities in patients receiving anti- 
PD-1 or anti- PD-L1 antibodies were mainly attributed 
to pneumonitis (115 (35%) of 333), hepatitis (75 (22%) 
of 333) and neurotoxic effects (50 (15%) of 333).  
In patients receiving combination therapies, ICI- related 
deaths were mainly attributed to colitis (32 (37%) of 87) 
or myocarditis (22 (25%) of 87). Of note, patients who 
develop myocarditis as an irAE have the highest fata-
lity rate (52 (39.7%) of 131 events reported) across all 
treatment groups14.

A thorough understanding of irAEs, including the 
underlying pathogenesis, kinetics of appearance and clin-
ical presentation, will not only help clinicians to manage 
these events more effectively but also enable assessments 
of the safety of treatment resumption after irAE resolu-
tion. Rare forms of irAE are increasingly being reported 
in the medical literature, and clinicians must take into 
consideration the heterogeneous clinical presentations 
of patients with these events and the broad spectrum of  
affected organs. This suggestion underlines the fact 
that the management of patients with irAEs often goes 
beyond the field of oncology and frequently demands a 
multidisciplinary approach. New mono clonal antibod-
ies targeting other immune checkpoints are currently 
being tested in clinical trials and might soon further 
enrich the therapeutic arsenal. Therefore, highlighting 
what is already known about the demographics, kine-
tics and pathogenesis of irAEs related to anti- CTLA-4,  
anti- PD-1 and anti- PD-L1 antibodies will be useful in 
revealing current unmet needs and possibly in prepar-
ing oncologists for the challenges created by the intro-
duction of new ICIs with novel mechanisms of action.  
No widely validated strategies for the surveillance of 
irAEs are currently available, and a greater understand-
ing of the variations in the propensity of patients to 
develop irAEs is clearly required. A general consensus 
exists, however, that the optimal management of irAEs 
relies primarily on early recognition in order to limit the 
need for treatment interruptions, preserve quality of life 
and avoid or minimize the risk of rare fatal outcomes.

Incidence and kinetics of irAEs

Anti- CTLA-4 antibodies

Ipilimumab was the first ICI to demonstrate a survival 
benefit in patients with metastatic melanoma. IrAEs of 
any grade can occur in up to 60% of patients treated 
with ipilimumab, and 10–30% of these are typically 
considered serious (defined as grade 3–4 according to 
the National Cancer Institute’s Common Terminology 
Criteria for Adverse Events (CTCAE)). In a phase III 
trial comparing the efficacy of a 10 mg/kg dose of ipil-
imumab with that of a 3 mg/kg dose administered on 
the same schedule in patients with previously treated 
advanced- stage melanoma, patients in the high- dose ipil-
imumab group had an increased prevalence of grade ≥3  
adverse events (37% versus 18%; Table 1). This finding 
suggests that the risk of irAEs in patients receiving ipil-
imumab is dose- dependent17,18. In a cohort of patients 
with high- risk stage III melanoma, patients received 
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10 mg/kg doses of adjuvant ipilimumab on a 3-weekly 
and then 3-monthly basis for up to 3 years17. In this study, 
54.1% of patients had grade ≥3 treatment- related adverse 
events, including immune- related deaths in 5 patients 
(1.1%), highlighting that long- term treatment with high- 
dose anti- CTLA-4 antibodies is associated with a high 
risk of irAEs.

The majority of grade ≥3 irAEs occur within 
8–12 weeks of commencing treatment, with diarrhoea 
and/or colitis being the most common (occurring in 
~20% of patients) and skin rash usually having the ear-
liest onset (fig. 1a). Other, less- frequent toxicities (occur-
ring in 3–20% of patients) include pruritus, hepatitis and 
endocrinopathies, such as hypophysitis and thyroiditis.  

Table 1 | Frequencies of treatment- related irAEs in selected cohorts

Study details Any- grade adverse events (grade ≥3 adverse events)

Study Dose (n) Diarrhoea Colitis Pulmonary Rash Neurological Endocrinopathy Hepatic Renal

Ipilimumab

EORTC 18071 
(ref.17)

10 mg/kg, 
3-weekly (471)

41.2% (9.8%) 15.5% 
(8.2%)

– 34.2% (1.1%) 4.5% (1.9%) 37.8% (7.8%) 24.4% (10.9%) –

Hodi et al.166 3 mg/kg, 
3-weekly (131)

27.5% (4.6%) 7.6% (5.3%) – 19.1% (0.8%) – 7.6% (3.8%) 3.8% (0%) –

Nivolumab

CheckMate 
066 (ref.21)

3 mg/kg, 
2-weekly (206)

16% (1%) 1% (0.5%) 1.5% (0%) 15% (0.5%) – 7.3% (1%) 3.4% (1.5%) 1.9% 
(0.5%)

CheckMate 
057 (ref.167)

3 mg/kg, 
2-weekly (287)

8% (1%) 1% (0.3%) 4.9% (1.4%) 9% (3.5%) 0.3% (0.3%)a 10.5% (0%) 10.8% (1.4%) 2% (0%)

Pembrolizumab

KEYNOTE-010 
(ref.146)

2 mg/kg, 
3-weekly (339)

7% (1%) 1% (1%) 5% (2%) 9% (0.3%) – 15% (1%) 0.3% (0.3%) –

KEYNOTE-010 
(ref.146)

10 mg/kg, 
3-weekly (343)

6% (0%) 1% (0.3%) 4% (2%) 13% (0.3%) – 16.5% (2%) 1% (0%) –

KEYNOTE-054 
(ref.99)

200 mg, 
3-weekly (509)

19.1% (0.8%) 3.7% (2%) 4.7%b (0.8%) 16.1% (0.2%) – 23.4% (1.8%) 1.8% (1.4%) 0.4% 
(0.4%)

Ipilimumab plus nivolumab

CheckMate 
067 (ref.168)

3 mg/kg 
ipilimumab 
plus 1 mg/kg 
nivolumab, 
3-weekly (313)

45% (9%) 13% (8%) 7% (1%) 30% (3%) – 34% (6%) 33% (20%) 7% (2%)

CheckMate 
214 (ref.9)

1 mg/kg 
ipilimumab 
plus 3 mg/kg 
nivolumab, 
3-weekly (547)

27% (4%) – – 22% (1%) – 16% (0.4%)c – –

CheckMate 
227 (ref.13)

1 mg/kg 
6-weekly 
ipilimumab 
plus 3 mg/kg  
2-weekly 
nivolumab 
(576)

16.3% (1.6%) 1% (0.5%) 3% (2%) 16.7% (1.6%) – 12.3% (1%)c 3.5% (3%) –

Avelumab

JAVELIN Solid 
Tumour169

10 mg/kg, 
2-weekly (184)

7% (0%) – 1% (1%) – 1% (1%)d 7% (0%) 1.6% (1.1%)e –

JAVELIN 
Merkel 200 
(ref.170)

10 mg/kg, 
2-weekly (88)

10% (0%) – 1% (0%) 13% (0%) – 7% (0%) 6.8% (2%)e 1% (0%)

Atezolizumab

OAK171 1,200 mg, 
3-weekly (609)

15.4% (0.7%) 0.3% (0%) 1% (0.7%) – – – 0.3% (0.3%) –

Durvalumab

ATL ANTIC172 10 mg/kg, 
2-weekly (444)

0.7% (0.2%)f 0.4% (0%)f 2% (0.7%)f 0.7% (0.2%)f – 10.1% (0.5%)f 0.7% (0.7%)f –

irAE, immune- related adverse event. aEncephalitis. bSarcoidosis in 1.4%. cAll hypothyroidism. dMonoplegia. eTransaminase increase (treatment related or unrelated). 
fAdverse events of special interest that required the use of systemic steroids, other immunosuppressants or endocrine therapy, and with no clear other cause; 
therefore, the percentages reported here probably do not reflect the true rate of irAEs of any grade because any irAEs events that were not managed with such 
treatments, for example, would have been excluded.
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Hepatotoxicity generally has a more rapid onset than 
that of endocrine toxicities (within 4–9 weeks versus 
7–10 weeks of commencing treatment). Other, rare 
toxicities (arising in <2% of patients) include episcleri-
tis and/or uveitis, pancreatitis, nephritis, myasthenia  
gravis, autoimmune autonomic ganglionopathy, 
Guillain–Barré syndrome (GBS) and other neuropathies, 
sarcoidosis-like reactions, autoimmune thrombocyto-
penia, toxic epidermal necrolysis and Stevens–Johnson- 
like syndromes18 (Table 1). In a review of the literature, 
neurological irAEs of any grade occurred in 3.8% of 
patients receiving anti- CTLA-4 antibodies; grade ≥3 
adverse events, which typically included headaches, 
encephalopathy and meningitis, occurred in <1%  
of patients and had a median onset of 6 weeks after 
treatment initiation19.

Anti- PD-1 antibodies

In comparison with anti- CTLA-4 antibodies, irAEs 
related to anti- PD-1 antibodies (such as nivolumab or 
pembrolizumab) are less frequent and differ in their 
spectrum of organ involvement (fig. 1b). Approximately 
10% of patients receiving anti- PD-1 antibodies have 
grade ≥3 irAEs. Occasional any- grade toxicities  
(in 5–20% of patients) include fatigue, headache, arthral-
gia, rash, pruritus, pneumonitis, diarrhoea and/or colitis, 
hepatitis and endocrinopathies (Table 1). Data from 
patients receiving anti- PD-1 antibodies indicate that 
most irAEs occur within the first 6 months of treatment. 
Toxicities owing to anti- PD-1 or anti- PD-L1 antibodies 
might take longer to resolve than those related to ipil-
imumab, although the type of irAE is also an impor-
tant determinant, and no direct comparisons of time 

Table 2 | Frequencies of treatment- related deaths in selected cohorts

Study details Treatment- related deaths

Study Dose (n) Deaths (%) Causes of death

Ipilimumab

EORTC 18071 (ref.17) 10 mg/kg, 3-weekly (471) 5 (1.1) Colitis in three patients, myocarditis 
in one patient and multiple organ 
failure associated with Guillain–Barré 
syndrome in one patient

Hodi et al.166 3 mg/kg, 3-weekly (131) 2 (1.4) Colitis in one patient and liver failure 
in one patient

Nivolumab

CheckMate 066 (ref.21) 3 mg/kg, 2-weekly (206) 0 –

CheckMate 057 (ref.167) 3 mg/kg, 2-weekly (287) 1 (0.5) Encephalitis

Pembrolizumab

KEYNOTE-010 (ref.146) 2 mg/kg, 3-weekly (339) 3 (0.9) Pneumonitis in two patients and 
pneumonia in one patient

KEYNOTE-010 (ref.146) 10 mg/kg, 3-weekly (343) 3 (0.9) Myocardial infarction in one patient, 
pneumonia in one patient and 
pneumonitis in one patient

KEYNOTE-054 (ref.99) 200 mg, 3-weekly (509) 1 (0.2) Myositis

Ipilimumab plus nivolumab

CheckMate 067 (ref.168) 3 mg/kg ipilimumab plus 1 mg/kg 
nivolumab, 3-weekly (313)

2 (0.6) Liver failure in one patient and 
myocarditis in one patient

CheckMate 214 (ref.9) 1 mg/kg ipilimumab plus 3 mg/kg 
nivolumab, 3-weekly (547)

8 (1.5) Aplastic anaemia, haemophagocytic 
lymphohistiocytosis, lower 
gastrointestinal haemorrhage, liver 
failure, lung infection, pneumonia, 
pneumonitis and unexplained sudden 
death each in one patient

CheckMate 227 (ref.13) 1 mg/kg 6-weekly ipilimumab plus 
3 mg/kg 2-weekly nivolumab (576)

7 (1.2) Pneumonitis in three patients and 
acute tubular necrosis, cardiac 
tamponade, circulatory collapse  
and myocarditis each in one patient

Avelumab

JAVELIN solid tumour169 10 mg/kg, 2-weekly (184) 0 –

JAVELIN Merkel 200 (ref.170) 10 mg/kg, 2-weekly (88) 0 –

Atezolizumab

OAK171 1,200 mg, 3-weekly (609) 0 –

Durvalumab

ATL ANTIC172 10 mg/kg, 2-weekly (444) 0 –
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to resolution of irAEs caused by different agents are 
currently available20.

In the milestone CheckMate 066 trial, comparing the 
efficacy and safety of nivolumab with that of dacarba-
zine, three- quarters of patients with previously untreated 
BRAF- wild-type, advanced- stage melanoma had an 
adverse event of any grade, with a similar incidence of 
grade ≥3 toxicities of 11.7% and 17.6% with nivolumab 
and dacarbazine, respectively21. The most common irAEs 
among patients in the nivolumab group were endo-
crinopathies (mostly thyroiditis), pneumonitis, hepa-
titis, diarrhoea and colitis. Fatigue, pruritus and nausea  
(of any grade) were also reported in >15% of patients21.

Pembrolizumab seems to have a somewhat similar 
toxicity profile to that of nivolumab, as demonstrated 
by the safety profiles of cohorts receiving this agent in 
the various prospective KEYNOTE trials with data pub-
lished so far (Table 1). In the phase III KEYNOTE-407 
trial22, the efficacy of pembrolizumab plus carboplatin 
and paclitaxel or nab-paclitaxel versus that of carbo-
platin and paclitaxel or nab-paclitaxel alone was inves-
tigated in patients with previously untreated metastatic 
squamous NSCLC. This trial did not reveal any increase 
in grade ≥3 adverse events (which occurred in 69.8% of 
patients receiving pembrolizumab plus chemotherapy 
versus 68.2% of those receiving chemotherapy alone). 
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Fig. 1 | Kinetics of main irAEs. Global view of main immune- related 

adverse events (irAEs) in patients receiving ipilimumab (part a), anti- 

programmed cell death 1 (PD-1) or anti- programmed cell death 1 ligand 1 

(PD- L1) antibodies (part b) or ipilimumab plus an anti- PD-1 antibody 

(part c)152. Time of onset and toxicity grade are extrapolated and adapted 

from the references provided and are indicative only. Patients receiving 

anti- PD-1 or anti- PD-L1 antibodies have a lower incidence of any- grade 

irAEs than those receiving anti- cytotoxic T lymphocyte antigen 4 (CTL A-4) 

antibodies, and patients receiving a combination of both classes of agent 

have the highest incidence of irAEs. The incidence of grade ≥3 irAEs follows 

a similar distribution, with 6%, 24% and 55% of patients receiving anti- PD-1 

and/or anti- PD-L1 antibodies, anti- CTL A-4 antibodies or a combination of 

the two having grade ≥3 irAEs, respectively153–155. Overall, irAEs in patients 

receiving combination immune- checkpoint inhibitors (ICIs) have an earlier 

onset than the same irAEs in those receiving monotherapies1. Ipilimumab- 

induced colitis typically occurs between 4 and 8 weeks after first infusion 

and is almost never seen >2 months after the last treatment dose156 (median 

reported time between colitis and last dose of ipilimumab is 11 days (range 

0–59))157,158. ICI- induced hypophysitis typically emerges between 6 and 

14 weeks of treatment, with a median time of onset of 8 weeks in a large 
cohort of patients with metastatic melanoma receiving ipilimumab159,160. 

The median reported time to new onset or exacerbation of pre- existing 

abnormalities in thyroid function becoming detectable on biochemical 

tests is typically 4–7 weeks after treatment onset in patients receiving 

ICIs161. ICI- induced hepatitis seems to have a more variable onset time, with 

data from small series of patients indicating that abnormal liver test results 

can emerge between 1 and 14 weeks of treatment, with median onset times 

ranging from 3 to 9 weeks162,163. Neurological irAEs are reported to occur 

between 1 and 7 weeks of treatment initiation in patients receiving 

ipilimumab, albeit with a slightly earlier onset (2 to 6 weeks) for myasthenia 

gravis (not shown)65, 4.5 weeks for anti- PD-1 antibodies and 2 weeks in 

patients receiving combination ICI19. Data from a systematic review 

confirmed this interval, indicating a median onset of neurological irAEs of 

6 weeks after treatment, with partial or complete recovery of adequately 

managed irAEs expected within 4 weeks91. A 2–12-week interval between 

treatment onset and the development of acute interstitial nephritis (AIN) 

was reported in patients receiving ipilimumab, with delayed AIN occurring 

up to 26 weeks after treatment onset95. A longer delay of AIN onset, from 

3 to 12 months, was reported in patients receiving anti- PD-1 and/or anti- 
PD-L1 antibodies164. Rheumatic irAEs are a new nosological entity with a 

median time to onset of 7.3 weeks, with, once again, a wide dispersion of 

onset times, with events described >50 weeks after ICI initiation165. 

Pneumonitis is exceptionally rare in patients receiving anti- CTL A-4 

anti bodies as opposed to those receiving anti- PD-1 or anti- PD-L1 

antibodies or ICI combination therapy. A median time to onset of 2.5 months 

has been reported for pneumonitis among patients receiving any ICIs 

(ranging from 2 to 24 months), with expected resolution of symptoms of 

mild to moderate pneumonitis within 2–8 weeks62. Another study revealed 

a shorter time to onset of pneumonitis, starting as early as 9 days from initial 

infusion of an anti- PD-1 antibody32.
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Pneumonitis and autoimmune hepatitis were slightly 
more frequent among patients in the pembrolizumab 
plus chemotherapy group than in the chemotherapy 
alone group (2.5% versus 1.1% and 1.8% versus 0%, 
respectively)22. Discontinuation of treatment owing 
to adverse events was more frequent in the pembroli-
zumab plus chemotherapy group than in the chemo-
therapy group (13.3% versus 6.4%); however, patients  
in the pembrolizumab plus chemotherapy groups  
still had improved overall survival (OS) outcomes22. 
Importantly, >97% of patients in both groups had toxi-
cities, with more than two- thirds having at least one  
grade ≥3 adverse event, albeit with considerable 
differences in the types of events22.

Ipilimumab plus nivolumab

The combination of an anti- CTLA-4 antibody and an 
anti- PD-1 antibody increases both the incidence and 
severity of irAEs. For example, a phase II trial com-
paring the efficacy of ipilimumab plus nivolumab with 
that of ipilimumab alone in patients with BRAF- wild-
type melanoma revealed a much greater incidence of 
grade ≥3 toxicities in the combination group (54% 
versus 24%)23. IrAEs also tended to occur earlier in the 
course of treatment with ipilimumab plus nivolumab 
compared with ipilimumab monotherapy (fig. 1c). The 
most frequently occurring irAE was colitis (in 17% of 
patients), followed by dermatological, endocrine and 
hepatic events23. In the CheckMate 067 trial7, grade ≥3 
treatment- related adverse events occurred in 55% of 
patients in the group receiving ipilimumab (3 mg/kg)  
plus nivolumab (1 mg/kg), compared with 27.3% and 
16.3% in the ipilimumab and nivolumab monother-
apy groups, respectively. The CheckMate 214 trial9, 
in which the efficacy of ipilimumab (1 mg/kg) plus 
nivolumab (3 mg/kg) was compared with that of the 
TKI sunitinib in patients with advanced- stage RCC, 
was the first to show an OS advantage in this disease. 
The respective frequencies of the most common tox-
icities (colitis and/or diarrhoea, dermatological, endo-
crine and hepatic events) were lower than those seen 
in patients with advanced- stage melanoma treated 
with the same combination8. More patients discontin-
ued the combination treatment owing to adverse events  
(22% versus 12%), although fewer patients receiving 
ipilimumab plus nivolumab had treatment- related 
grade ≥3 adverse events, relative to those in the 
sunitinib group (46% versus 63%). This finding is 
mostly explained by the reduced dose of ipilimumab 
used in CheckMate 214 relative to CheckMate 067, 
together with the narrower therapeutic range of 
sunitinib. Patient demographics in these trials7,8 were 
similar in both groups and, thus, the different toxicity 
profiles are unlikely to be the result of disparities in 
patient characteristics. The potential contribution of 
tumour- induced immunomodulation to differences 
in the severity of adverse events between patients with 
RCC and those with melanoma is unknown. Once 
again, premature discontinuation of treatment owing to 
irAEs did not have a negative effect on patient outcomes, 
similar to the experience with patients with melanoma. 
A phase III trial comparing the two ipilimumab plus 

nivolumab regimens is currently being conducted in  
patients with metastatic melanoma (NCT02714218),  
in whom 3 mg/kg ipilimumab plus 1 mg/kg nivolumab 
is still the standard- of-care approach. Similar incidences 
of irAEs have been reported in a systematic review of 
data from patients receiving ICIs for the treatment  
of metastatic RCC or melanoma24; however, the only 
data on combinations of ICIs in patients with RCC to 
be included in this analysis came from the CheckMate 
016 phase I trial25.

In the phase I CheckMate 012 trial involving pati-
ents with advanced- stage NSCLC12, 6-weekly versus 
12-weekly dosing intervals of 1 mg/kg ipilimumab 
were investigated in patients also receiving 2-weekly  
3 mg/kg nivolumab; similar numbers of patients 
(14 (37%) versus 13 (33%)) had grade ≥3 adverse 
events. In the phase III CheckMate 227 trial13, patients 
with NSCLCs harbouring a high tumour mutational 
burden (TMB; ≥10 mutations per Mb) seemed to be 
more sensitive to the 1 mg/kg ipilimumab plus 3 mg/kg 
nivolumab combination regimen (1-year progression- 
free survival 42.6% in patients with a high TMB versus 
30.9% in all patients), although according to a subgroup 
analysis this improved efficacy came at the cost of a 
higher risk of grade ≥3 adverse events (37% in the high 
TMB subgroup versus 18% among all patients receiving 
this combination)13. Treatment- related mortality was 
slightly greater than 1% in both the immunotherapy 
and conventional chemotherapy arms13. As expected, 
the causes of treatment- related deaths were different in 
each arm, with vascular and/or thrombotic, infectious 
and haematological (agranulocytosis and thrombo-
cytopenia) adverse events as the leading causes in 
the conventional chemotherapy group and severe 
irAEs (such as myocarditis, pneumonitis and renal 
insufficiency) in the combination immunotherapy  
group (Table 1).

Anti- PD-L1 antibodies

In a systematic review, Khoja et al.26 were unable to dis-
criminate the adverse event profiles of the anti- PD-L1 
antibodies (BMS-936559 and atezolizumab) from 
those of anti- PD-1 antibodies. However, the authors 
advanced the hypothesis that anti- PD-L1 antibodies, 
theoretically, might be less toxic owing to the pres-
ervation of PD- L2 signalling, thus better preserving 
immune homeostasis. A reliable comparison of the 
risk of adverse events is difficult owing to the different 
indications and tumour types, outside of NSCLC, for 
which anti- PD-1 antibodies and anti- PD-L1 antibod-
ies are FDA approved27. Nonetheless, a meta- analysis 
by Khunger et al.28 that included data from 19 clin-
ical trials focusing on anti- PD-1 and/or anti- PD-L1 
antibody- associated lung toxicities revealed a signifi-
cantly higher incidence of pneumonitis among patients 
receiving anti- PD-1 antibodies (4.9% versus 1.9%; 
P < 0.001). The severity of pneumonitis was also higher 
in this group than in cohorts receiving anti- PD-L1 
antibodies. An increased incidence of pneumonitis was 
also reported in a meta- analysis of data from >5,000 
patients with NSCLC who received either anti- PD-1 
or anti- PD-L1 antibodies (4% versus 2%; P = 0.01)29.  
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As strongly suggested by a meta- analysis described 
in the next section30, this slightly higher incidence 
of toxicities associated with anti- PD-1 antibodies 
might reflect the adverse effects of pembrolizumab 
rather than nivolumab, with the former having a 
higher adverse event rate, and the better safety pro-
file of atezolizumab among PD- L1 inhibitors in this 
comparison.

A subset of patients receiving the anti- PD-L1 anti-
body avelumab have infusion- related reactions (IRRs). 
These IRRs are predominantly grade 1–3 in severity, 
manifest as chills, pyrexia and flushing and most likely 
reflect the activation of innate immunity owing to the 
presence of an intact, fully human Fc region. These 
adverse events affect approximately one- quarter of all 
patients and generally occur during or just after the 
first four infusions of the drug31. Reducing the rate of 
infusion, temporarily suspending the infusion, admin-
istering premedication consisting of paracetamol and 
antihistamines or, if required, administering low- dose 
steroids are all effective methods of managing this type 
of adverse event32.

Comparative safety

In a systematic review and meta- analysis of data from 
36 comparative phase II and III randomized trials 
(n = 15,370), investigators compared the safety profiles 
of several ICIs30. Atezolizumab had the best overall safety 
profile, as indicated by the lowest risk of adverse events of 
any grade and grade ≥3 adverse events (66.4% and 15.1%, 
respectively), followed by nivolumab (71.8% and 14.1%), 
pembrolizumab (75.1% and 19.8%) and ipilimumab 
(86.8% and 28.6%). Treatment with atezolizumab con-
ferred the highest risk of hypothyroidism, and nausea 
and vomiting. The predominant treatment- related 
adverse events associated with pembrolizumab were 
arthralgia, pneumonitis and hepatic toxicities, while  
nivolumab mainly caused endocrine toxicities. The 
main treatment- related adverse events associated with 
ipilimumab were skin, gastrointestinal and renal toxic-
ities30. Treatment with nivolumab resulted in the lowest 
risk of adverse events among all ICIs in the subgroup 
of patients with NSCLC. So far, different risk factors 
for anti- PD-1-related pneumonitis have been reported 
in different published retrospective analyses. A retro-
spective analysis of data from 123 patients with NSCLC 
demonstrated that pre- existing pulmonary fibrosis (even 
at a mild stage) substantially increases the risk of anti- 
PD-1-related pneumonitis in patients with NSCLC33. 
Indeed, pneumonitis was observed in half of the patients 
with a fibrosis score of 1 and in all patients with a fibro-
sis score of 2 or 3 (indicating a greater amount of scar-
ring)33. The findings of another series of 915 patients 
showed that worsening cases of anti- PD-1-induced  
and/or anti- PD-L1-induced pneumonitis were more 
frequent in patients who are either current or for-
mer smokers, as well as in those with underlying lung 
comorbidities32.

Nevertheless, pneumonitis has been suggested to be 
predictive of favourable outcomes in patients receiv-
ing anti- PD-1 antibodies34. Moreover, an association 
between nivolumab- related irAEs and efficacy has 
been reported in patients with NSCLC35. Most trials 
exclude patients with interstitial lung disease owing 
to an increased risk of adverse events. For this reason, 
we propose that, in patients with a higher risk of anti- 
PD-1 antibody- induced and/or anti- PD-L1 antibody- 
induced pneumonitis (owing to pre- existing pulmonary 
fibrosis and/or other lung comorbidities), ICIs should 
not be entirely avoided but rather that the ICI with the 
lowest risk of lung toxicities (for example, nivolumab or 
atezolizumab over pembrolizumab) should be selected if 
possible and especially if used as a second- line treatment.

The same analogy could be applied to selecting the 
most appropriate ICI according to the pre- existing risk 
factor profiles of each patient. Following a thorough 
clinical assessment, the ICI associated with the lowest 
possible risk of the most likely adverse events could be 
selected for each patient.

Types of irAE

The spectrum of organ systems affected by irAEs is very 
broad; as such, toxicities can affect almost any organ, 
with varying frequencies and severities (fig. 2). Clinicians 
should be aware that rare, yet life- threatening irAEs are 

• Uveitis
• Sjögren syndrome
• Conjunctivitis and/or 

blepharitis
• Episcleritis and/or scleritis
• Retinitis 

• Pneumonitis
• Pleuritis
• Sarcoid-like granulomatosis

Hepatitis

• Pancreatitis
• Autoimmune diabetes

• Skin rash
• Pruritus
• Vitiligo
• DRESS
• Psoriasis
• Stevens–Johnson 

syndrome

• Arthralgia
• Arthritis
• Myositis
• Dermatomyositis

Fatigue

• Colitis
• Enteritis
• Gastritis

• Interstitial nephritis
• Glomerulonephritis

• Encephalitis
• Meningitis
• Polyneuropathy
• Guillain–Barré syndrome
• Subacute inflammatory 

neuropathies

• Anaemia
• Neutropenia
• Thrombocytopenia
• Thrombotic 

microangiopathy
• Acquired haemophilia
• Vasculitis

• Hypophysitis
• Thyroiditis
• Adrenalitis

•Myocarditis
• Pericarditis

Fig. 2 | The spectrum of irAEs by affected organ or organs. Immune- checkpoint 

inhibitors (ICIs) promote the activation and expansion of T cells. Owing to the diversity  
of the T cell population and the ability of these cells to infiltrate most organs, ICIs can 
cause a wide range of immune- related adverse events (irAEs), and these can affect 

virtually any organ. The most frequently affected organs and the most common specific 

irAEs are highlighted in boxes. irAEs contributing to most fatalities are highlighted in 

bold. DRESS, drug rash with eosinophilia and systemic symptoms.
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constantly being reported. This ever- changing body of 
evidence creates a challenge to the successful diagnosis 
and management of patients with these events.

Cutaneous irAEs

Cutaneous irAEs affect between one- third and more 
than half of all patients receiving ICIs36. Rash, pruri-
tus and vitiligo are the most widely reported skin toxi-
cities and are similar in patients receiving anti- CTLA-4 
antibodies and those receiving anti- PD-1 antibodies37 
(Table 1). The occurrence of vitiligo has been linked to 
better tumour responses and outcomes in patients with 
advanced- stage melanoma38. In a retrospective study39, 
the emergence of lichenoid and spongiotic histopatholog-
ical patterns of dermatitis was associated with favourable 
outcomes in a small cohort of patients receiving anti- 
PD-1 or anti- PD-L1 antibodies for the treatment of vari-
ous malignancies. The majority of ICI- induced cutaneous 
irAEs are maculopapular and affect <30% of the body 
surface area (BSA), with follicular, pustular, vesicular and 
acneiform presentations all being reported40.

With effective management, ICI- induced rash can 
almost fully resolve within 1–2 months, although some 
patients have persistent and/or recurrent low- grade cuta-
neous toxicities after completing subsequent courses of 
treatment41. However, extensive (covering >30% of BSA), 
exfoliative, ulcerative or bullous ICI- induced dermatitis 
is not uncommon: grade ≥3 cutaneous irAEs are typi-
cally observed in 2–3% of patients receiving ICI mono-
therapies and 4–10% receiving combinations of ICIs42. 
A pooled analysis of mucocutaneous irAEs revealed 
other rare, less- severe toxicities including xerosis, stoma-
titis, urticaria, photosensitivity reactions, changes in hair 
colour, alopecia areata and hyperhidrosis37. Other cuta-
neous presentations include ICI- induced dermatomyosi-
tis, drug response with eosinophilia and granulomatous, 
lichenoid, panniculitis- like and lupus- like reactions40.

Particular caution must be taken in the management 
of patients with either active or past psoriasis or even in 
those with a family history of psoriasis; exacerbation of 
previous psoriasis has been described in five patients 
receiving pembrolizumab, nivolumab or durvalumab43. 
Patients receiving anti- PD-1 or anti- PD-L1 antibodies 
seem to have a broader range of skin toxicities than 
those receiving anti- CTLA-4 antibodies as monother-
apies; however, a possible bias exists in the reporting of 
these events owing to the wider use of anti- PD-1 and 
anti- PD-L1 antibodies in clinical practice. Skin reac-
tions caused by antibodies targeting PD-1 or PD- L1 also 
tend to have a delayed onset in comparison with those 
caused by anti- CTLA-4 monotherapies either during 
prolonged treatment or after treatment has been dis-
continued42,44,45. Treatment with ICI combination ther-
apy is associated with earlier- onset skin toxicities with 
an increased incidence and greater severity than those 
associated with monotherapies46.

Lower digestive tract irAEs

As previously mentioned, colitis is the most frequently 
observed irAE in patients receiving ipilimumab, occur-
ring in 10–20% of patients47 (Table 1). Endoscopic exam-
inations usually reveal a mucosa with diffuse ulceration 

and oedema that can possibly affect the entire colon 
rather than a segment. Associated diffuse enteritis is 
also present in one- quarter of patients and can occur 
in the absence of colitis48. Enteritis should be consid-
ered in patients with diarrhoea with unexplained weight 
loss and an endoscopic examination showing a colonic 
mucosa with no apparent pathological alterations.

Examinations of colon biopsy samples from patients 
with ICI- induced colitis typically reveal a mixed lympho-
cytic and neutrophilic infiltrate with apoptotic mucosal 
epithelial cells and crypt abscesses. The presence of 
plasma cells and eosinophils is also common. Owing  
to the acute nature of this irAE, however, the structure 
of the epithelium is usually preserved, in contrast to the 
pathology of inflammatory bowel disease (IBD). Even 
in the absence of macroscopic disease, biopsy samples 
should be obtained in order to assess the possibility of 
underlying microscopic colitis49. Histological features  
of active inflammation encompassing extensive mucosal 
distortion with crypt abscesses and plasmacytosis have 
been correlated with a higher risk of recurrence. The 
presence of large (>1 cm in diameter) and deep (>2 mm) 
ulcerations, together with extensive mucosal involve-
ment, is predictive of the requirement for biological 
therapies according to data from a large retrospective 
study50. In another retrospective analysis51, adding inflix-
imab to corticosteroids as an initial treatment was shown 
to be associated with a shorter time to symptom reso-
lution and a reduced need for steroids in patients with 
ICI-induced high- grade colitis. Although prospective 
data are still awaited, evidence suggests the beginning of  
a paradigm shift towards more selective management  
of high- grade ICI- induced colitis using biological agents 
as first- line therapies. This strategy has the potential to 
prevent adverse outcomes by avoiding the development 
of a chronic inflammatory state at an early stage.

CTLA-4 inhibition can result in a loss of self- 
tolerance of mucosal flora and autoantigens. Depletion 
of Treg  cells in the bowel mucosa seems to have an 
important role in this process52. This phenomenon can 
also be influenced by genetic predisposition; for exam-
ple, the presence of a CTLA4 polymorphism (Y60C) 
has been shown to increase the risk of early onset  
Crohn’s disease53.

Qualitative alterations in the gut microbiota of 
mice loaded with certain strains of bacteria, such as 
Bacteroides fragilis and Burkholderia cepacia, have 
been shown to protect against the development of anti- 
CTLA-4 antibody- induced colitis and are associated 
with an enhanced antitumour effect54–56. In humans, 
a prospective study of the composition of the colonic 
microbiota at the start of treatment demonstrated that 
over- representation of bacteria of the genus Bacteroides 
was associated with a lower incidence of colitis. In addi-
tion, progression to colitis can successfully be predicted 
by analysing the composition of the microbiota: a pau-
city of several bacterial pathways, such as polyamine 
transport and vitamin B biosynthesis, is correlated with 
an increased risk of colitis57. Furthermore, two patients 
with ICI- induced colitis that was refractory to steroids, 
anti- TNF antibodies and anti- integrin antibodies have 
been successfully treated with transplantation of faecal 
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microbiota from healthy unrelated donors58. Follow- up 
colon biopsy samples from these two patients had altered 
immune infiltrates, with a substantial decrease in infil-
trating CD8+ T cells in both patients and an increase in 
infiltrating Treg cells in one58. In a phase I trial59, a positive 
correlation was reported between high serum IL-17 levels  
before treatment with ipilimumab and the development 
of colitis. Whether or not serum IL-17 titres can be used 
as a reliable predictor of ipilimumab- induced colitis 
remains unknown.

The underlying biology of anti- PD-1 antibody- 
induced colitis is different to that of ipilimumab- induced 
colitis. PD-1 has been shown to be upregulated in gut 
biopsy samples from patients with IBD, and anti- PD-1 
antibodies have been shown to lead to severe enteritis 
in ovalbumin- specific transgenic mouse models60,61. 
Nevertheless, anti- PD-1 antibody- induced colitis and/or 
enteritis is much less prevalent than ipilimumab- induced 
colitis, thus highlighting a putative redundant role of this 
pathway in the maintenance of gut immune homeostasis.

Pulmonary irAEs

Patients receiving anti- PD-1 antibodies are more likely to 
have any- grade immune- related pneumonitis than those 
receiving anti- CTLA-4 antibodies (1–5% versus <1%)62 
(Table 1). This life- threatening complication is often chal-
lenging to diagnose, especially among patients with lung 
cancer who also have pre- existing chronic lung disease. 
Several patterns of radiological presentation have been 
reported, including cryptogenic organizing pneumonia 
(COP) as the most frequent but also nonspecific inter-
stitial pneumonia, hypersensitivity pneumonitis, acute 
interstitial pneumonia, sarcoid- type reactions and 
acute respiratory distress syndrome62. COP- like radio-
logical presentations are more common in patients with 
NSCLC and are a potential predictor of the need for 
immunosuppression early in the course of treatment32.  
In a retrospective study of data from 43 patients with 
anti- PD-1 or anti- PD-L1 antibody- induced pneumonitis, 
12 (27%) had grade ≥3 pneumonitis, 5 (12%) of whom 
ultimately had a fatal outcome during treatment of this 
adverse event32. One death was attributed to cancer pro-
gression, although three of the other patients died from  
infectious complications related to drug-induced immuno-
suppression and a fourth from refractory pneumonitis.  
Importantly, 7 (64%) of the 12 patients with grade ≥3  
pneumonitis had improvements upon treatment with 
steroids and withdrawal of ICIs, while the patients who 
died did so despite additional immunosuppression with 
infliximab and/or cyclophosphamide either owing to 
refractory disease or infectious complications. These 
findings highlight the tremendous need to determine the 
optimal management of frail patients requiring immuno-
suppression and to develop predictive tools to guide the 
optimal use of agents such as steroids and/or infliximab32.

The demographics of patients with pneumonitis have 
provided important insights into the pathogene sis of 
this irAE. Anti- PD-1 or anti- PD-L1 antibody- induced 
pneumonitis is more frequent in the first- line setting 
and has both a greater incidence and severity in patients 
with NSCLC than in those with melanoma28,63. These 
observations suggest that chemotherapy- induced lung  

inflammation, previous radiotherapy, pre- existing lung 
disease and smoking are all risk factors that contribute 
to the occurrence, severity and prognosis of this irAE. 
A decreased prevalence of ICI- induced pneumonitis 
in the second- line setting could be explained by more 
patients in this setting having suppressed or compro-
mised immune system function owing to the typically 
increased tumour burdens and prior treatment with 
chemotherapy. Few reports describing the histopatho-
logy of patients with ICI- induced pneumonitis are cur-
rently available. The autopsy of a 35-year- old patient 
who died with nivolumab- associated pneumonitis (after 
mela noma progression on first- line dacarbazine followed 
by second- line ipilimumab) revealed diffuse alveolar 
damage, interstitial CD8+ T cell- enriched lymphocytic 
infiltrates and panlobular sarcoid- like granulomatous 
lesions owing to pneumonitis64. Bronchoalveolar lavage 
of patients with anti- PD-1 or anti- PD-L1 antibody- 
induced pneumonitis can reveal lymphocytosis with 
variable CD4+ T cell:CD8+ T cell ratios; inverted CD4+ 
T cell:CD8+ T cell ratios have been reported in patients 
with sarcoid- like presentations65,66.

Hypophysitis

Hypophysitis, a condition involving inflammation of the 
pituitary gland, is rare in patients receiving anti- PD-1 
antibodies but much more common in those receiving 
ipilimumab, with an incidence of 12.0–13.3% in the 
real- world setting67,68. The development or worsening of 
fatigue, weakness, headache, visual disturbances, arterial 
hypotension and nausea in patients receiving ICIs should 
raise the suspicion of hypophysitis and requires imme-
diate assessment of pituitary functional status. Pituitary 
MRI should be performed early in the course of the 
condition in order to eliminate pituitary metastases as 
a differential diagnosis and to assess the degree of pitu-
itary enlargement owing to potential mass effects with 
compression of the optic chiasm. Enlargement of the 
pituitary stalk resolves within 6 weeks in the majority of 
patients68,69. Adrenal insufficiency of central (pituitary) 
origin is usually persistent, even after pituitary inflam-
mation has regressed70. With proper management, 
however, approximately one- third to half of all patients 
recover function of the pituitary–thyroid axis, and the 
gonadal axis is restored in half of all men with this irAE. 
Interestingly, diabetes insipidus is an uncommon comor-
bidity in this setting compared with other autoimmune 
diseases68. Iwama et al.71 published interesting findings 
on the pathogenesis of ipilimumab- induced hypophysi-
tis. In a case series of seven patients, all patients devel-
oped circulating autoantibodies to thyroid- stimulating 
hormone (TSH)-secreting cells and, less frequently, to 
follicle- stimulating hormone (FSH)-secreting or adren-
ocorticotropic hormone- secreting cells71, all of which 
are associated with defects in their respective func-
tional axes. These investigators also found that human 
prolactin- secreting and TSH- secreting pituitary cells 
express CTLA-4 (ref.71). Anti- CTLA-4 antibody- induced 
hypophysitis might be caused by direct binding of the 
monoclonal antibody to the CTLA-4 antigens present 
in the pituitary gland rather than a consequence of 
T cell infiltration following activation of immune cells 
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within the TME or the lymphatic system (implying a 
loss of self- tolerance). In support of this hypothesis, 
Caturegli et al.72 confirmed the expression of CTLA-4 
in nonmalignant pituitary cells as well as in pituitary 
adenomas in an autopsy series of patients who received 
anti- CTLA-4 antibodies. Ipilimumab is an immuno-
globulin G1 (IgG1) antibody that is, therefore, capable 
of activating the classical complement cascade; thus, a 
type II hypersensitivity reaction could have a role in the 
pathogenesis of hypophysitis (via antibody- dependent 
complement- mediated cytotoxicity (CDC)). In support 
of this hypothesis, a lower frequency of tremelimumab- 
associated hypophysitis was observed in clinical trials 
involving this agent73, which is an IgG2 anti- CTLA-4 
antibody and is thus less likely to activate the comple-
ment cascade. However, the high density of CTLA-4 
expression in the pituitary gland might nonetheless lead 
to hypophysitis, even with the use of tremelimumab, by 
increasing the risk of an antibody- dependent cellular 
cytotoxicity (ADCC). This suggestion is supported 
by the presence of a higher level of pituitary CTLA-4 
expression in a patient with clinical and histologi-
cal evidence of severe hypophysitis associated with 
tremelimumab in the aforementioned autopsy series72. 
Rare incidences of anti- PD-1 antibody- induced hypo-
physitis have also been reported74. Overall, ICI- induced 
hypophysitis seems to occur owing to a combination 
of ADCC, CDC and direct cell- mediated cytotoxicity 
owing to a loss of self- tolerance.

Thyroid irAEs

In contrast to hypophysitis, thyroid dysfunction seems 
to be more frequently associated with antibodies target-
ing PD-1, as opposed to CTLA-4 (ref.75). Interestingly, 
to date, thyroid dysfunctions are the only endocrine 
irAEs reported to be associated with anti- PD-L1 anti-
bodies75. In the real- world setting, nearly 20% of patients 
receiving anti- PD-1 antibodies present with thyroid 
dysfunction, which typically occurs early in the course 
of treatment, with a median onset of 6 weeks following 
the first infusion76,77. Most thyroid irAEs are asympto-
matic, presenting with mild thyrotoxicosis or primary 
hypothyroidism related to destructive thyroiditis or, less 
commonly, thyrotoxicosis related to autoimmune thy-
roid disease (Graves disease)77. In a published study in  
which thyroid function was monitored prospectively 
in patients with melanoma receiving pembrolizumab76, 
most patients presenting with hyperthyroidism subse-
quently developed hypothyroidism within 1–3 months. 
ICIs can be continued in the majority of patients who 
develop hyperthyroidism, and β- blockers can be pre-
scribed for symptom relief. In those with persistent 
hypothyroidism, levothyroxine substitution should be 
initiated after ruling out the possibility of adrenal insuf-
ficiency. Data from studies of the pathophysiology of 
ICI- induced thyroid dysfunction are currently lacking; 
future cytological and molecular analyses of thyroid 
fine- needle aspirates could address this issue. The prog-
nosis of patients who recover from thyroid dysfunction 
is uncertain, with some authors reporting full recovery 
(true thyroiditis)78 and others persistent hypothyroidism 
(Hashimoto- like course) in small series of patients77.

Hepatic irAEs

Hepatic irAEs seem to have an almost equal incidence in 
patients receiving ipilimumab and in those receiving anti- 
PD-1 antibodies as monotherapies (occurring in 5–10% 
of patients), albeit with a tendency towards greater sever-
ity in patients receiving ipilimumab79 (Table 1). Patients 
with ICI- induced hepatitis most commonly present with 
isolated elevations of liver transaminases, and these 
symptoms are often limited after treatment discontinu-
ation80. Nevertheless, in daily clinical practice, growing 
evidence of severe cases associated with liver dysfunction 
(hyperbilirubinaemia and coagulopathy) is emerging, 
as is evidence of rare life- threatening forms associated 
with acute liver failure81. According to current guidelines, 
ICIs should be suspended in patients with grade 2 eleva-
tions in liver transaminase levels (defined as 2–5 times 
the upper limit of normal) and permanently stopped 
when transaminase levels exceed this cut- off80,81. Liver 
biopsy samples should be obtained from all patients with 
moderate to severe elevations of liver transaminase lev-
els (greater than three times the upper limit of normal)  
to rule out an alternative cause.

In a phase I trial involving patients with RCC25, 
the combination of 3 mg/kg ipilimumab plus 1 mg/kg 
nivolumab was more toxic than the reverse (1 mg/kg and 
3 mg/kg doses of ipilimumab and nivolumab, respec-
tively) mainly owing to hepatotoxicities, with similar 
levels of efficacy. Almost 1 in 5 patients in the 3 mg/kg  
ipilimumab plus 1 mg/kg nivolumab group had grade 3–4  
hepatitis (17.0% versus 6.4% of patients receiving 1 mg/kg  
ipilimumab plus 3 mg/kg nivolumab), among other 
toxicities25. Thus, the 1 mg/kg ipilimumab plus 3 mg/kg  
nivolumab combination was chosen for comparison with 
sunitinib in the phase III CheckMate 214 trial.

Typical histological features of hepatic irAEs include 
a mixed panlobular immune cell infiltrate with lympho-
cytic predominance with, in some patients, signs of focal 
to confluent necrosis82. Cholestasis consistent with a 
portal mononuclear infiltrate can be observed in patients 
with severe hepatic irAEs following treatment with ipil-
imumab83. Another interesting finding is the presence 
of fibrin- ring histiocytes surrounding lipid vacuoles in 
two patients with hepatitis related to ipilimumab plus 
nivolumab combination therapy84.

Cardiac irAEs

In a retrospective registry study of data from eight clinical 
centres85, investigators estimated the prevalence of ICI- 
induced myocarditis to be 1.14%. ICI- induced myocarditis 
is widely feared owing to the high risk of death associated 
with this irAE. An interrogation of the pharmacovigilance 
databases of Bristol- Myers Squibb (the manufacturer  
of nivolumab and ipilimumab) revealed 18 instances of 
severe ICI- related myocarditis among 20,594 patients 
(0.09%)86. The incidence of severe myocarditis was higher 
in patients receiving a combination of nivolumab and 
ipilimumab (0.27%) than in those receiving nivolumab 
alone (0.06%)86. Similarly, myocarditis seemed more likely 
to be fatal in patients receiving combination ICI therapy 
(5 fatalities versus 1 fatality or mortality of 0.27% versus 
0.06%; P < 0.001)86. In a review of the WHO database pub-
lished in 2018, mortality of 46% was reported in a total 
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of 101 patients with ICI- induced myocarditis (67% with 
combination ICI therapy versus 36% with anti- PD-1 or 
anti- PD-L1 antibodies as monotherapy)87.

The clinical presentation of ICI- induced myocardi-
tis is heterogeneous, ranging from chest pain to acute 
dyspnoea and/or acute circulatory collapse88. Fatal cases 
of myocarditis have been reported after a single dose of  
3 mg/kg ipilimumab plus 1 mg/kg nivolumab, and 
emerging data suggest that myocarditis usually occurs 
early in the course of treatment: 81% of events occur 
within the first 4 cycles (at a median of 34 days from 
treatment initiation)85,86,89.

Mechanisms of ICI- induced myocarditis again impli-
cate a loss of self- tolerance. Histological autopsy exam-
ination of a patient who died from anti- PD-1-induced 
myocarditis showed a predominantly CD8+ T cell infil-
trate, together with some CD4+ T cells and sparsely 
distributed B cells90. In another report, observations 
from two patients confirmed the existence of shared 
T cell receptor clonality between tumour- infiltrating 
and myocardial- infiltrating T cells without signs of IgG 
deposits in the heart86.

Any signs of cardiac insufficiency or chest discomfort 
in a patient receiving ICIs should prompt a full cardiac 
assessment. In addition, a baseline electrocardiogram 
is advised before starting treatment with ICIs because 
cardiac toxicities could manifest as isolated arrhythmias. 
Furthermore, the risk of silent myocardial injury during 
the course of treatment justifies regular monitoring of 
serum troponin levels.

Neurological irAEs

Neurological irAEs can affect the central or the periph-
eral nervous system, encompassing a wide range of 
clinical presentations19,91. Kao et al.92 published a retro-
spective cohort study describing the development of 
neurological complications with an incidence of 2.9% 
(10/347) in patients receiving anti- PD-1 antibodies. 
Half of the patients presented with concomitant irAEs 
affecting other organs, such as hypothyroidism, colitis 
and hepatitis92. Collectively, the neurological and neuro-
muscular complications of ICI treatment include myo-
pathies, neuromuscular junction disorders, peripheral 
neuropathies (PNPs; including axonal and demyelinat-
ing polyradiculoneuropathies), length- dependent and 
non- length-dependent neuropathies, asymmetric mon-
oneuritis multiplex, cerebellar ataxia, retinopathy, bilat-
eral internuclear ophthalmoplegia and headache93. We 
emphasize, however, that a growing body of literature 
on neurological irAEs with pleomorphic presentations 
continues to accumulate94.

Encephalitis and/or aseptic meningitis. Central nervous 
system (CNS) symptoms, such as seizures, confusion, 
ataxia or even amnesia, should prompt an extensive diag-
nostic work- up aimed at excluding the possibility of not 
only infectious, metabolic and/or toxic complications but 
also paraneoplastic phenomena or CNS metastasis. For 
example, a diagnosis of autoimmune encephalitis as an 
adverse effect of ICIs is made by exclusion. Examinations 
of the cerebrospinal fluid (CSF) might reveal polyclonal 
lymphocytosis with an elevated protein concentration 

despite no evident abnormalities on brain MRI in some 
patients. Otherwise, brain MRI reveals hyperintense 
T2 signals in affected regions, and an observation of 
meningeal thickening and/or enhancement might 
redirect the diagnosis towards aseptic meningitis or 
meningoencephalitis depending on the clinical pres-
entation. An autoantibody panel should be used to ana-
lyse serum and/or CSF samples because ICI- associated 
CNS irAEs involving anti- N-methyl- d-aspartate recep-
tor, anti- contactin-associated protein- like 2 or anti- Hu 
autoantibodies have all been reported95–97.

Myasthenia gravis or necrotizing myositis. Patients who 
develop myasthenia gravis during ICI treatment typi-
cally have a higher risk of myasthenic crisis than those 
with classical autoimmune myasthenia gravis, as well as 
a higher risk of myositis98. In the KEYNOTE-054 trial, 
in which the efficacy of adjuvant pembrolizumab was 
investigated in patients with resected melanoma, myosi-
tis was the only cause of treatment- related death, affect-
ing 1 patient among >500 treated with pembrolizumab99 
(Table 2). Serum creatine kinase and troponin levels 
should be monitored, and their elevation should raise 
the suspicion of myositis and/or myocarditis100. Myalgia, 
including ptosis, diplopia associated with limb- girdle 
muscular dystrophy and axial (mostly cervical) weak-
ness are the most common symptoms. The course of 
disease of patients with such symptoms is typically vari-
able, with symptom onset occurring within 6 weeks of 
treatment initiation (range 2–12 weeks) and with peaks  
of severity occurring between 1 and 4 weeks101. Anti- 
acetylcholine receptor and myositis- associated auto-
antibodies are not present according to the available case 
reports, while the endomysial and perimysial regions 
of muscle biopsy samples are often densely infiltrated 
with macrophages and focal clusters of CD8+, CD4+ 
and CD20+ immune cells. Electroneuromyography and 
examinations of muscle biopsy samples are also useful 
methods of distinguishing between myasthenia gravis 
and necrotizing myositis and enable possible overlap to 
be documented in patients with challenging symptoms102.

GBS, GBS- like syndromes and other inflammatory 

neuropathies. Immune- related neuropathies occur-
ring in patients receiving ICIs can be diffuse or focal 
and either acute or subacute, and patients with such 
symptoms can present with either motor or sensory 
deficits. Such neuropathies can be mild and might not 
require an intervention. However, severe demyelinat-
ing polyradiculoneuropathies resembling GBS have also 
been reported103, as have palsies affecting the cranial 
nerves II, VI and VII104–107. In contrast to classical GBS, 
ICI- induced subacute inflammatory demyelinating 
PNP is responsive to corticosteroids, in addition to the 
classical treatments of primary PNP (that is, intravenous 
immunoglobulins and plasmapheresis)108.

Ocular irAEs

Uveitis and sicca syndrome are the main ocular irAEs of 
ICIs reported in the literature109. The complex mecha-
nisms of these ocular and glandular toxicities are typi-
cally poorly understood, although various hypotheses 
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have been proposed110. Patients with ICI- associated 
uveitis typically present with a diverse range of patho-
logies, which include iridocyclitis, paracentral acute 
middle maculopathy, retinal vasculitis, multifocal choro-
iditis and Vogt–Koyanagi–Harada (VKH)-like panu-
veitis111. VKH is a syndrome in which classical uveitis 
occurs with simultaneous auditory, meningeal and skin  
involvement112. Sensitization to melanin- related anti-
gens has been proposed as the aetiology of this syn-
drome, with PD-1-positive T cell infiltration of the uvea 
being involved in anterior and posterior uveitis113–115. 
VKH syndrome has been reported in patients receiv-
ing ipilimumab, pembrolizumab and in those receiving 
nivolumab116–118. Ulcerative keratitis, idiopathic orbital 
inflammation, choroidal neovascularization and 
melanoma- associated retinopathy have also all been 
described119. The location of uveitis is variable, rang-
ing from anterior to posterior uveitis and/or posterior 
sclerititis120. Comorbid painful eye movements, which 
are sometimes associated with chemosis and ophthal-
moplegia, should raise the suspicion of ocular myosi-
tis. Data from small series of patients have revealed an 
association between ocular myositis and colitis, as well 
as between ocular myositis and thyroid disease, the lat-
ter in the absence of anti- TSH receptor autoantibodies 
that typically characterize the orbitopathy of Graves 
hyperthyroidism. The symptoms of these patients were 
refractory to steroids and required additional immuno-
suppressive drugs to obtain partial remission of the oph-
thalmoplegia121. Graves disease- associated orbitopathy 
without hyperthyroidism has also been reported, which 
underscores the importance of screening for impaired 
eye motricity and warning signs of inflammation during 
treatment with ICIs122.

Rheumatological irAEs

In 2017, Cappelli et al.123 published a dedicated systematic 
review of the literature on rheumatological and musculo-
skeletal irAEs. These authors reported considerable varia-
tions in the reported incidences of arthralgia and myalgia, 
ranging from 1% to 43% and 1% to 20%, respectively123, 
thus highlighting the difficulties experienced by clinicians 
in reporting these kinds of symptoms in clinical trials. 
Case series and individual case reports are still the main 
sources of knowledge of these types of irAE and typi-
cally relate to patients with seronegative inflammatory 
arthritis, tenosynovitis, dermatomyositis, polymyositis 
and eosinophilic fasciitis. Two cases of giant cell arteritis 
(GCA) with polymyalgia rheumatica have been reported 
following treatment with ipilimumab124. A causal link was 
not established in the two cases of GCA in patients who 
received ipilimumab, although the success of abatacept 
(a CTLA-4 analogue and thus a competitive antagonist) 
in treating patients with primary GCA underlines the 
hypothesis that inhibition of this immune checkpoint 
might increase the risk of developing overt disease.

Renal irAEs

Acute interstitial nephritis (AIN) is the most common 
renal irAE, with an underlying pathogenesis that differs 
from that of other drug- related forms of AIN, in which a 
delayed hypersensitivity reaction is involved as opposed 

to a loss of self- tolerance, as is more commonly observed 
in patients receiving ICIs125. Shirali et al.126 advanced the 
hypothesis of an alternative mechanism of ICI-induced 
nephritis involving the release of autoreactive T cells 
in patients receiving nephrotoxic agents, such as pro-
ton pump inhibitors and NSAIDs, owing to the high 
prevalence of such patients in their cohort. Once again, 
however, the theory of a failure of self- tolerance seems 
convincing because ICI- induced acute kidney injury 
mostly occurs in patients with a history of other irAEs. 
The clinical course of renal irAEs also differs from 
that of other drug- related AINs in that patients have 
a slower recovery, both after withdrawal of the causa-
tive agent and in response to corticosteroids. Patients 
might present with lesions consistent with glomerulo-
nephritis (owing to the presence of immune complexes, 
minimal- change disease or, in one case, lupus nephritis) 
or even thrombotic microangiopathy (TMA)127. Patients 
with drug- related TMAs might not present with clas-
sical signs of haemolytic anaemia and circulating  
schisto cytes if the thrombotic process is restricted to  
the renal parenchyma128.

Haematological irAEs

In contrast to other anticancer therapies, haematolog-
ical irAEs in patients receiving ICIs are uncommon. 
Despite this rarity, a variety of manifestations have 
been described. Highlighting the existence of crosstalk 
between cellular and humoral immunity and Treg cell- 
mediated self- tolerance, cases of antibody- mediated 
haemolytic anaemia, thrombotic thrombocytopenic 
purpura, acquired haemophilia A, autoimmune neutro-
penia and autoimmune thrombocytopenia have all 
been reported129–132. Interestingly, cross- reactions that 
elicit relapsing autoimmune thrombocytopenia after 
sequential treatment with nivolumab and ipilimumab 
have been described, indicating that the same or sim-
ilar irAEs might re- emerge on subsequent treatment 
with a different class of agent132. PD-1 expression in 
treatment- naive and/or memory B cells might explain 
the enhancement of autoreactive clones during PD-1 
inhibition133. A causative role of anti- PD-1 antibodies 
in CD8+ T cell- mediated severe bone marrow aplasia 
has also been suggested in a series of elderly, heavily 
pretreated patients134. Haemophagocytic lymphohisti-
ocytosis is also a rare but very serious complication that 
is worth mentioning owing to a high mortality, which is  
partly attributed to diagnostic delays owing to the dif-
ficulties associated with the accurate diagnosis of this 
complication. Therefore, a patient presenting with 
severe inflammatory syndrome with associated fever, 
cytopenias and splenomegaly should prompt a full par-
aclinical work- up, including analysis of bone marrow 
aspirates and/or biopsy samples for the presence of 
haemophagocytic signs135.

Management of irAEs

Several guidelines on the management of irAEs have 
been published, including those provided by ESMO136, 
the Society for Immunotherapy of Cancer (SITC) 
Toxicity Management Working Group137 and the 
National Comprehensive Cancer Network (NCCN)138. 
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These guidelines provide comprehensive general treat-
ment algorithms for most of the frequently occurring  
irAEs, with clear guidelines regarding the type of immuno-
suppressive drugs to use and the duration of treatment 
based on the severity of the irAE, after ruling out other 
differential diagnoses (such as infectious compli cations, 
tumour progression, pulmonary embolism, cardiac 
events, pleural effusion and others). For this reason, 
we emphasize only the key general points regarding 
the management of irAEs and monitoring of responses 
to ICIs in patients receiving such treatments (box 1). 
In patients with severe and/or treatment- refractory 

irAEs, expert opinions regarding their management, 
together with the use of novel biological agents target-
ing key inflammatory enzymes, have been published139. 
Indeed, we have proposed a personalized treatment  
algorithm139, which is intended to guide the mana gement 
of severe and/or refractory irAEs, based on the immuno-
pathological patterns of each patient as rational tools  
to inform a personalized and selective immuno-
suppressive strategy. The predominance of the respective 
lympho cytic, neutrophilic and/or monocytic compo-
nents present in biopsy samples obtained from affected 
organs could be used to guide the choice of specific 
immunosuppressive agents. For example, an anti- IL-6 
antibody, such as tocilizumab, could be considered in 
patients with a T cell- enriched immune infiltrate, with 
anti- TNF antibodies, such as infliximab, reserved for 
those with monocytic and/or neutrophilic infiltrates. An 
over- representation of B cells and/or plasma cells could 
also be indicative of the need to add an anti- B cell ther-
apy, such as rituximab, in patients with refractory irAEs. 
A proper strategy for the management of severe and/or 
steroid- refractory irAEs, with the upfront administra-
tion of cytokine- directed biological therapies has two 
main objectives: rapid inhibition of the acute phase of 
the inflammatory reaction, thus limiting the risk of ster-
oid dependencies, and the inhibition of tumour develop-
ment, including that promoted by cytokines such as IL-1 
and IL-6. Such a rationale could provide a solution to the 
lack of currently validated biomarkers for the manage-
ment of irAEs. This personalized algorithm was used to 
guide the management of a patient with severe refractory 
symptomatic stenosis of the upper oesophagus upon 
small steroid tapers, who required an 8-month course 
of high- dose steroids, with several bolus doses of methyl-
prednisolone. Histological analysis of oropharynx biopsy 
samples revealed the presence of a predominantly T cell- 
enriched infiltrate (~90% of immune cells). Following 
this observation, the patient received a single intrave-
nous dose of tocilizumab. This led to rapid ameliora-
tion of stenosis symptoms, with successful prednisone 
tapering without recurrent dysphagia140.

Of course, all these considerations should be dis-
cussed with the patient, taking into consideration the 
treatment goals and including a careful assessment 
of the balance between benefits and possible risks. 
Complex situations require a decision- making process 
that is coordinated across the various involved medical 
specialties.

Autoimmune diseases

Historically, patients with autoimmune diseases or 
their associated symptoms have been excluded from 
clinical trials involving ICIs owing to concerns regard-
ing a higher risk of serious irAEs. However, data from 
three retrospective studies suggest that ICIs are gener-
ally safe and tolerable in patients with melanoma141,142 
or NSCLC143 who also have autoimmune diseases. In 
these studies, investigators noted that only a minority 
of patients (23–38%) had an exacerbation of their auto-
immune disease. Furthermore, the adverse events were 
manageable, and permanent discontinuation of ICIs 
was rare. The conclusions of a systematic review of data 

Box 1 | Key points in the management of patients with irAEs

•	A decision to reintroduce immune- checkpoint inhibitors (ICIs) following 

discontinuation owing to immune- related adverse events (irAEs) should be made  

on an individual basis, taking into account the clinical setting and specific clinical 

needs of each patient.

•	Neurological irAEs should be managed conservatively, and rechallenge should be 

attempted only in patients with corticosteroid- sensitive and fully resolved peripheral 

neuropathies or myasthenia gravis. By contrast, patients who have had even mild 

encephalitis should not be re- exposed to ICIs.

•	Permanent discontinuation of ICIs is advocated in patients with high- grade ocular, 

hepatic, pancreatic and/or pulmonary irAEs. Rechallenge with an anti- cytotoxic 

T lymphocyte	antigen	4	(CTLA-4)	antibody	is	contraindicated	owing	to	a	high	risk	 
of relapse and/or bowel perforations in patients with severe colitis.

•	A rigorous clinical examination, including an assessment of each patient’s baseline 

bowel movements, is advised before ICI initiation.

•	Abdominal pain, diarrhoea and/or rectal bleeding should prompt a thorough clinical 

work- up including the elimination of infectious causes, such as Clostridium difficile 

infection. Biopsy samples should be obtained for pathological description and 

molecular analyses.

•	Grade ≥2–3 colitis indicates a need to withhold ICIs and start steroid therapy 

immediately. Infliximab should be considered in the absence of symptomatic 

improvements within 2–5 days. Delayed endoscopic examination is correlated with 

an increased risk of treatment- refractoriness50.

•	Hospitalization should be considered in patients with grade ≥3 irAEs and tailored 

regarding comorbidities, frailty status and kinetics of evolution in patients with  

lower- grade irAEs.

•	Tapering of steroids should be considered after 48 hours of consistent symptom 

improvement and extended over 4–6 weeks to avoid flare phenomena related to  

the long half- life of ICIs.

•	Certain symptoms such as dyspnoea, cough and heart palpitations should advocate  

a full clinical work- up including the exclusion of infectious pneumonia, tumour 

progression, pulmonary embolism, cardiac events and pleural carcinomatosis.

•	Grade 1 pneumonitis indicates a need for ICI withholding, with close clinical follow- 

up until resolution of symptoms. Corticosteroids should be initiated in the absence  

of clinical improvement. Grade ≥2 disease indicates a need for corticosteroids in 

addition to ICI withholding. Infliximab and/or cyclophosphamide should be considered 

for refractory pneumonitis, taking into account the limited effectiveness and high risks 

of infection with this approach.

•	A personalized immunosuppression strategy, involving monoclonal antibodies 

targeting key inflammatory cytokines, should be considered for patients with  

steroid- refractory irAEs.

•	Symptom control and instauration of hormone substitution therapy (or anti- thyroid 

medication in patients with Graves disease) should be ensured before resuming ICI 

treatment in patients with endocrine irAEs.

•	Asymptomatic biochemical abnormalities, such as elevations of serum creatinine, 

liver enzyme and/or troponin/creatine kinase levels, should prompt a full clinical 

work- up. ICIs can potentially be resumed after parameter normalization, followed  

by close monitoring. Electrolyte disturbances should raise suspicions of endocrine 

irAEs (hypophysitis or adrenalitis) or renal complications.
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from patients receiving ICIs for the treatment of cancer 
who also had a pre- existing autoimmune disease con-
firmed that ICIs can be administered safely and with-
out the need for treatment discontinuation in ~50% of 
patients144. Furthermore, the incidence of grade ≥3 irAEs 
in clinical trials that excluded patients with pre- existing 
autoimmune diseases ranges from 7–15%145–147, which 
is similar to the incidence reported in a retrospective 
analysis of data from 56 patients with NSCLC and a 
pre- existing autoimmune disease who received anti- 
PD-1 antibodies (11%)143. In this analysis143, 14% of 
patients permanently discontinued treatment owing to 
irAEs, which is slightly higher than the discontinuation 
rates observed in clinical trials that excluded patients 
with autoimmune diseases (3–8%)145–147. At the time of 
treatment initiation, 82% of patients in this study had 
no active symptoms of autoimmune disease, and only 
20% were receiving treatment for such conditions143. 
Therefore, the conclusions of this analysis might not be 
applicable to patients with more severe and symptomatic 
pre- existing autoimmune disease.

Interestingly, a case report indicates that selective 
immunosuppression using antibodies targeting specific 
inflammatory mediators administered in combination 
with anti- PD-1 antibodies might prevent or delay the 
exacerbation of autoimmune diseases in patients with 
concurrent advanced- stage melanoma and Crohn’s 
disease, without affecting the antitumour efficacy of 
the anti- PD-1 antibody148. This observation suggests 
that active autoimmune disease could be controlled in 
patients receiving anti- PD-1 antibodies using selective 
concomitant immunosuppression.

Personalized surveillance strategies

Clinically validated biomarkers enabling individualized 
assessments of the risk of irAEs are still lacking. IrAEs 
can occur early in the course of treatment and are some-
times associated with a severe clinical presentation. Such 
variations in severity suggest the presence of pre- existing 
factors influencing their occurrence (box 2). Late- onset 
irAEs are also difficult to predict with the available 
tools and, consequently, are hard to prevent. Whether 
or not active surveillance strategies could be useful in 
this setting remains a relevant question. Preventive 
strategies and pretreatment assessments of target organ 
function have long been implemented in mitigating 
specific chemotherapy- related toxicities. However, 
chemotherapy- related toxicities are more predictable 
than irAEs and are often related to cumulative dose and 
organ reserve, such as in patients receiving platinum 
salts and anthracyclines149,150. Severe irAEs are rare, and 
no evidence- based algorithms for active surveillance of 
such events are available, although the fact that the con-
sequences of irAEs can be serious and even fatal in some 
patients is a strong argument in favour of proposing such 
strategies, formulated on the basis of the available data 
and expert opinion (box 3).

We believe that the establishment of formal contrain-
dications to the use of ICIs among patients with a high 
risk of irAEs is not supported by strong and well- founded 
scientific evidence. Therefore, withholding ICIs from all 
patients with cancer and an autoimmune disease cannot 
be universally justified and could even be deleterious in 
light of the potentially curative effects of ICIs. Instead 
of imposing formal contraindications, we propose the 
use of a personalized risk- based surveillance strategy 
for each patient. An important point, which should be 
emphasized and explained to patients, is that the pro-
longed use of certain classes of immunosuppressive 
drugs might reduce the effectiveness of ICIs.

We propose a strategy that combines mandatory 
pretreatment clinical and biological assessments of all 
patients with an autoimmune disease, provided that such 
testing is locally available (box 3). Various risk factors 
for developing irAEs have been reported or suggested 
in the literature (box 2). Pre- existing autoimmune dis-
eases, and especially those that remain active at the time 
of treatment onset, are examples of intrinsic risk factors 
with the highest available level of evidence. The use of a 
combination of ICIs is considered a major extrinsic risk 
factor. Therefore, information on patient and/or fam-
ily history regarding the most frequent autoimmune 
symptoms should be obtained before treatment, together 

Box 2 | Potential risk factors for irAEs

High- risk factors (indicating preferable avoidance of immune- checkpoint  

inhibitors (ICIs) or, if not possible, administration of ICIs under a personalized 

surveillance strategy)

•	Connective tissue diseases (CTDs)

 - Inflammatory myopathy (polymyositis and dermatomyositis), systemic lupus 

erythematosus, Sjögren syndrome, systemic sclerosis, antisynthetase syndrome, 

rheumatoid arthritis, severe psoriasis and mixed CTDs

•	Vasculitis

 - Granulomatosis with polyangiitis (Wegener’s granulomatosis), microscopic 

polyangiitis, eosinophilic granulomatosis with polyangiitis (Churg–Strauss 

syndrome), severe Behçet disease, Takayasu arteritis, giant cell arteritis, Buerger 

disease, Kawasaki disease, polyarteritis nodosa, severe immunoglobulin A (IgA) 

vasculitis (Henoch–Schönlein purpura), severe cutaneous vasculitis, polymyalgia 

rheumatica, severe cryoglobulinaemia and undifferentiated systemic vasculitis

•	Other autoimmune diseases

 - Primary biliary cirrhosis, severe autoimmune hepatitis, multiple sclerosis, severe 

antiphospholipid syndrome, myasthenia gravis, Guillain–Barré syndrome, 

inflammatory bowel disease, Miller–Fisher syndrome, Vogt–Koyanagi–Harada 

syndrome, eosinophilic fasciitis (Shulman syndrome), relapsing polychondritis  

and severe autoinflammatory diseases

•	Treatment- related factors

 - Combination of ICIs (anti- cytotoxic T lymphocyte antigen 4 (CTLA-4) antibody with 

either an anti- programmed cell death 1 (PD-1) or anti- programmed cell death 1 

ligand 1 (PD- L1) antibody)

•	Intrinsic factors

 - Tumour and genetic heterogeneities, cancer type, tumour microenvironment  

and the microbiota

Intermediate- risk factors (administer ICIs under close monitoring)

•	Limited and/or previously treated autoimmune diseases

 - Type I diabetes, autoimmune thyroiditis, nonsevere forms of IgA nephropathy, IgM 

nephropathy, Behçet disease, autoinflammatory diseases, autoimmune hepatitis 

and antiphospholipid syndrome, pernicious anaemia, vitiligo, Still disease and  

adult- onset Still disease, cold agglutinin disease, idiopathic thrombocytopenic 

purpura and coeliac disease

•	Limited CTDs

 - Psoriatic arthritis and/or psoriasis

irAE, immune- related adverse event.
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with a careful assessment of medical history focused on 
autoimmunity. Other intrinsic, but less formally charac-
terized, predisposing factors have also been suggested, 
such as hereditary genetic polymorphisms that increase  
the risk of an inflammatory response, cancer type and the  
nature of the immune infiltrate of the TME as well as  
the composition of the gut microbiota.

No clear highest- risk time window for the emergence 
of irAEs exists; therefore, we propose a continuous sur-
veillance strategy for possible symptoms of autoimmune 
disease during ICI treatment in patients deemed to have 
a high risk of developing or reactivating an autoimmune 
disease. The kinetics of other nonspecific biological 
abnormalities occurring in patients with cancer, includ-
ing asymptomatic increases in creatinine kinase, mild 
elevations in liver enzymes and serum creatinine lev-
els, inflammatory markers and isolated autoantibodies, 
should be assessed carefully in order to avoid the need 
for unnecessary investigations137,151. Preferably, such 
parameters should be measured serially in the same 
laboratory using the same analytical methods to limit 
technical variability.

Isolated autoantibodies (in the absence of symp-
toms suggestive of autoimmune disease) are frequently 
detected in patients with cancer, typically owing to 
tumour necrosis or paraneoplasia, and are regarded 
as false positives in the setting of irAE management. 
However, the presence of such antibodies could be help-
ful if assessed at baseline and repeated in patients with 
suspected irAEs as a diagnostic adjunct by assessing the 
kinetics of the respective antibody titres. The interpre-
tation of the presence of a treatment-emergent auto-
antibody should nevertheless be cautious in order to avoid  
the need for unnecessary investigations. We acknowl-
edge that such extensive biological assessments have a 
financial cost and should be tailored to the availability 
of these tests across different cancer centres.

High- risk patients receiving ICIs should be regu-
larly monitored for treatment- related complications by 
specialized multidisciplinary teams. In this context, we 
also emphasize the importance of having local man-
agement protocols validated by the multidisciplinary 
team regarding the attitude clinical staff should adopt 
when investigating suspected irAEs or reactivation of 
autoimmune diseases in patients receiving ICIs. Finally, 
distinguishing between either the development or reacti-
vation of a primary autoimmune disorder and a classical 
irAE in patients receiving ICIs is particularly challeng-
ing, but is also highly relevant owing to the therapeutic 
implications.

Conclusions

The development of cancer immunotherapy will con-
tinue to shape the therapeutic landscape in the coming 
years, and new agents will continue to enter the clinic. 
New ICIs and cellular immunotherapies developed 
using T cell engineering will change the demographics 
and epidemiology of irAEs and reinforce the need for 
efficient toxicity management strategies and qualified 
multidisciplinary teams.

In the future, irAEs will probably be viewed as pleo-
morphic clinical presentations, thus posing new diag-
nostic and therapeutic challenges for treating physicians. 
Improving awareness, training a new generation of 
physi cians with specific skills in the diagnosis and man-
agement of irAEs and encouraging multidisciplinary 
interactions are all essential if we are to address these 
emerging needs in this new and complicated area of 
oncology. At the same time, a conscious need exists to 

Box 3 | Proposed surveillance strategy for irAEs

General pretreatment assessments

•	Performance status: including weight, height and BMI

•	Cardiovascular function: including heart rate, blood pressure, electrocardiography, 

serum cardiac troponin and creatine kinase levels, N- terminal prohormone of brain 

natriuretic peptide (NT- proBNP), blood electrolytes and chest radiography

•	Kidney function: including estimated glomerular filtration rate, urine spot analysis 

for proteinuria,	creatininuria,	calciuria,	natriuria	and	protein	to	creatinine	ratio

•	Liver function: including total serum bilirubin, aspartate transaminase (AST), 

alanine transaminase (ALT), γ- glutamyl transferase (GGT) and alkaline phosphatase 

(ALP) levels

•	Immune function and/or infection status: including serum C- reactive protein (CRP), 

erythrocyte sedimentation rate and complete blood counts, screening for antinuclear 

antibodiesa, complement C3 and/or C4a, HIV-1 or HIV-2, hepatitis B virus, hepatitis C 

virus and/or hepatitis E virusa, human T lymphotropic virus (HTLV-1) and/or HTLV-2a  

(if endemic), dosage and immunosubtraction or immunofixation of immunoglobulin G 

(IgG), IgA and IgMa

•	Endocrine function: including serum levels of cortisol and adrenocorticotropic 

hormone (ACTH) (at 8 am)a, luteinizing hormone (LH)a, follicle- stimulating hormone 

(FSH)a, oestradiola, testosteronea, thyroid- stimulating hormone (TSH) and free T4

•	Gastrointestinal function: monitoring of pretreatment bowel movements, faecal 

lactoferrin and calprotectin50

•	Storage of pretreatment serum samples

Work- up for suspicion of specific immune- related adverse events (irAEs)  

and/or autoimmune diseases

•	Suspected connective tissue diseases: presence of anti- Ro/SSA, anti- La/SSB, anti- Sm, 

anti- nRNP/U1-RNP, anti- Scl-70/anti- topoisomerase, anti- double-stranded DNA 

(dsDNA), anti- Jo1, anti- histone, anti- gp210, anti- p62, anti- sp100, anti- centromere 

and/or anti- PM-Scl autoantibodies

•	Suspected vasculitis: presence of antineutrophil cytoplasmic antibodies (ANCAs)  

with c- ANCA proteinase, p- ANCA myeloperoxidase and atypical ANCA (x- ANCA or 

a- ANCA) and cryoglobulinaemia

•	Suspected inflammatory bowel disease: presence of anti- transglutaminase 

autoantibodies (anti- tTG and anti- eTG) and anti- Saccharomyces cerevisiae antibody

•	Suspected autoimmune hepatitis: anti- mitochondrial, anti- liver kidney microsomal 

type 1, anti- actin and anti- smooth muscle autoantibodies

•	Suspected thyroiditis with anti- thyroid antibodies: anti- thyroglobulin, anti- microsomal 

and/or anti- thyroid peroxidase and anti- TSH receptor autoantibodies

•	Suspected rheumatoid arthritis: presence of rheumatoid factor and anti- cyclic 

citrullinated peptides

•	Suspected diabetes mellitus: presence of circulating islet cell autoantibodies

•	Suspected myasthenia gravis: anti- acetylcholine receptor, anti- MUSK and  

anti- ganglioside antibodies

•	Suspected anti- synthetase syndrome: presence of anti- phospholipid antibodies

•	Suspected sarcoidosis: angiotensin- converting enzyme, corrected calcium and 24-hour 

calciuria measurements

All patients

•	The emergence of new autoimmune disease symptoms such as arthralgia, myalgia, 

dyspnoea, cardiac pain or palpitation, diarrhoea, abdominal pain, sicca syndrome, 

cutaneous rash, conjunctivitis, scleroderma, headache, and nausea and vomiting 

should prompt investigations for the signs of the suspected autoimmune disease

aTest is considered advisable but not mandatory.
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not overstate the magnitude of the problem given the 
low incidences of severe complications relative to those 
associated with more traditional cancer therapies.

Combining knowledge gathered from primary 
autoimmune disorders, preclinical studies, clinical tri-
als and case series will hopefully clarify many pending 
questions and provide new insights into the pathophys-
iology of irAEs as well as reveal the optimal treatment 
and prevention strategies. The establishment of clini-
cally validated early biomarkers of toxicities will also 
help to elaborate the most appropriate scenarios for 
secondary prevention that enable the resumption of 
ICIs following irAEs.

With regard to therapy, the most urgent unmet needs 
would be determining the optimal agent, dose and tim-
ing of administration for patients with steroid- refractory 
irAEs requiring more- selective immunosuppression. 
The answers to these questions are currently unclear. 
Other more specific needs include determining the best 
selective immunosuppression strategies for primary pre-
vention of irAEs in high- risk patients without compro-
mising the efficacy of ICIs and, similarly, determining 

whether or not secondary prevention strategies with 
selective targeting of certain cytokines would enable ICI 
resumption despite previous severe irAEs.

The spectrum of irAEs is broad and can potentially 
affect every organ with, in certain scenarios, typical 
irAEs that involve multiple organs. Therefore, clinicians 
should conduct thorough clinical and biological work- 
ups in order to minimize the risk of failing to detect 
silent organ and/or deferred presentations. Another 
goal of this Review was to raise awareness regarding the 
kinetics of appearance and the tendency of many irAEs 
to occur earlier and at a higher grade in patients receiv-
ing combinations of ICIs. Similar to most emerging 
challenges in clinical practice, an extensive knowledge 
of the characteristics of this new group of adverse events 
is, in our opinion, the best tool to help clinicians make 
the right therapeutic decisions. The introduction of a 
personalized surveillance strategy that enables irAEs to 
be managed according to the risk profile of each patient 
will be an important clinical development.
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