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Abstract: Immune checkpoint inhibitors (ICIs) have radically changed the clinical outcome 
of several cancers with durable responses. CTLA-4 (cytotoxic T lymphocyte antigen-4), PD- 
1 (programmed cell death protein 1) or PDL-1 (programmed cell death ligand protein 1) 
represent ICIs that can be used as monotherapy or in combination with other agents. The 
toxicity p\rofiles of ICIs differ from the side effects of cytotoxic agents and come with new 
toxicities like immune-related adverse events. Typically, these toxicities occur in all organs. 
However, the main organs affected are the skin, digestive, hepatic, lungs, rheumatologic, and 
endocrine. Most of the immune toxicity that occurs is low grade but some more severe 
toxicities can occur that require a rapid diagnosis and appropriate treatment. The recognition 
of symptoms by physicians and patient is necessary to resolve them rapidly and adapt 
treatment to allow the toxicity to resolve. 
Keywords: immune check point inhibitor, toxicity, corticosteroids, immunosuppressive 
treatments

Introduction
Immune Checkpoint Inhibitors (ICI) have radically changed the treatment of several 
cancers. As a result, overall survival (OS) has increased in several types of cancer 
including melanoma, non-small cell lung cancer, renal cell carcinoma, and head and 
neck cancer. Additionally, new indications for ICIs continue to emerge.1

Of note, in addition to an increased anti-tumour immunity, the mechanism of 
action of ICIs reveals a new toxicity profile called immune-related adverse events 
(irAEs). All organs can be affected by these new toxicities, although the more 
frequently affected organs include the skin, digestive, and endocrine organs. The 
majority of toxicities caused by ICIs are low in severity, but some are more serious 
and require multidisciplinary management of side effects.2 To reduce the risk of 
experiencing severe toxicities, gathering information on different immune toxicities 
has been necessary and treatment practices have needed to adapt quickly. This 
review is an overview of the different toxicity profiles of ICIs and a discussion of 
their management strategies.

Pathophysiology
Immune Checkpoint Physiology
Cancer pathophysiology is characterised by the accumulation of several variable 
genetic alterations and the expression of neoantigens, which can lead to the 
presentation of peptides bound by major histocompatibility class I (MHCI) 

Correspondence: Amaury Daste  
Department of Medical Oncology, Hôpital 
Saint-André, CHU Bordeaux-University 
of Bordeaux, 1 Rue Jean Burguet, 
Bordeaux 33000, France  
Fax +33 5 56 79 58 96  
Email amaury.daste@chu-bordeaux.fr

Cancer Management and Research                                                       Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com Cancer Management and Research 2020:12 9139–9158                                                   9139

http://doi.org/10.2147/CMAR.S218756 

DovePress © 2020 Durrechou et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/ 
terms.php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing 

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. 
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

C
an

ce
r 

M
an

ag
em

en
t a

nd
 R

es
ea

rc
h 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0001-9139-8103
http://orcid.org/0000-0001-9455-6744
mailto:amaury.daste@chu-bordeaux.fr
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


molecules on the surface of cancer cells.3 These cancer- 
specific peptide MHCI complexes can be recognised by 
CD8 T-cells.4

According to the cancer-immunity cycle, activated effec-
tor T cells traffic to and infiltrate the tumour bed. Thereafter, 
immune cells specifically recognise cancer cells via the 
interaction between the T-cell receptor (TCR) and cognate 
antigens bound to MHCI. The interaction between the TCR 
and MHCI ultimately target the cancer cell for destruction 
by immune cells.5 The dysregulation of this system is one of 
the causes of cancer development.6

Several signals are required for T-cell activation 
against tumour cells. These include the recognition of 
neoantigens bound to MHCI, many co-stimulation factors, 
and cytokine stimulation that is finely tuned to T-cell 
activation. T-cells also express inhibitory immune check-
points that negatively regulate the T-cell pro-inflammatory 
response. This negative regulation is responsible for self- 
tolerance and limits the damage linked to the activation of 
the immune system.7 Cytotoxic T Lymphocyte Antigen-4 
(CTLA-4) and Programmed Cell Death Protein 1 (PD-1) 
are examples of immune checkpoints in the lymphoid 
organs and in the microenvironment, respectively.2 The 
ligands of CTLA-4 are CD80/86, which are present on 
the surface of antigen presenting cells (APCs) (dendritic 
cells, macrophages, B cells). Programmed Cell Death 
Ligand Protein 1 and 2 (PDL-1 and PDL-2), which are 
present on the surface of both APCs and tumour cells, are 
the ligands of PD-1.2

The identification of T-cell inhibitory signals led to the 
development of the new class of immunotherapy using 
immune checkpoint inhibitors (ICI). ICIs specifically 

hinder immune effector inhibition and potentially expand 
pre-existing anticancer immune response.5

Immune Checkpoint Inhibitors (ICI) 
Physiology
In mouse models, the suppression of the CTLA-4 gene causes 
death of mice due to lymphoproliferation. This observation 
revealed the critical negative regulatory role of CTLA-4.8,9 

The suppression of the PD-1 gene in mice has more limited 
and variable autoimmunity, which includes arthritis and 
cardiomyopathy.10 Tumour cells upregulate CTLA-4 and 
PD-1, which decreases T-cell activity and promotes tumour 
growth. Blocking PD-1/PDL-1 and CTLA-4/CD28 co- 
signaling with ICI treatment blocks intrinsic negative regula-
tion of the immune system and increases the cytotoxic T-cell 
and cytokine response against tumours (Figure 1).1,7

Pathophysiology of Toxicities
irAEs can occur due to diverse, complex, and poorly 
understood mechanisms, which are probably intercon-
nected. These irAEs appear to be a consequence of an 
excessive immune response secondary to the loss of 
immunological self-tolerance.1,7 Once the toxicity occurs, 
it could evolve independently.

One of the mechanisms of ICI toxicity has been under-
lined by the presence of a T-cell infiltrate found in the 
myocardium of patients with myocarditis. Interestingly, no 
B-cells or antibodies were found from the only two cases 
reported.11 Another possible mechanism of ICI toxicity 
was highlighted after the demonstration of the presence 
of similar T-cell clones between the tumour and myocar-
dium thinking the presence of same antigens between the 

Figure 1 Mechanism of action of both anti CTLA-4 and anti PD-1/PD-L1 agents.
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tumour and normal tissue.11 The mechanism of antigenic 
similarity is also described in the appearance of vitiligo in 
patients with advanced melanoma treated with ICIs. In this 
situation, melanocytes are destroyed by T-cell activity in 
response to similar antigens against melanoma and normal 
tissue.12

Previous reports have shown that patients with pre- 
existing anti-Thyroglobuline antibodies, and who are trea-
ted with ICIs, would be more likely to develop more 
thyroid disorders.13 This observation describes the possi-
bility that ICI treatment could activate pre-existing 
humoral autoimmunity in a patient.

Other studies have shown a correlation between CTLA- 
4 gene polymorphisms and the development of irAEs with 
anti-CTLA-4 treatments.14 The role of cytokines in the 
occurrence of irAEs following ICI treatment is also dis-
cussed. For example, a high level of Il-17 was found in 
patients who developed colitis with anti-CTLA-4 
treatment.14 An increase in inflammation due to comple-
ment activation was also highlighted in these patients.

Another mechanism of irAEs was the high expression 
of CTLA-4 antigen in normal tissue, such as the pituitary 
gland responsible for hypophysitis in patients treated with 
anti-CTLA-4 treatment. In an autopsy case series, high 
pituitary CTLA-4 expression was associated with clinical 
and severe hypophysitis pathology.15

The role of other genetic factors and the microbiota in 
the development of irAEs are also currently being 
investigated.2 Mechanisms of irAEs are still poorly under-
stood and are likely to occur as a result of the conjunction 
of several non-exclusive phenomena.

Pre-Therapeutic Assessment
There are no predictive factors for identifying which 
patients will develop immune toxicity secondary to ICI 
treatment. Nonetheless, in certain situations close monitor-
ing can be considered.

Medical History
A complete medical history that includes the collection of 
information about personal and family history with auto-
immune and inflammatory conditions is essential. This is 
important as patients with a family history of autoimmune 
diseases are at higher risk of developing irAEs.16,17 For 
example, in patients with personal or family history of 
HLA B27 or HLA DRB1 genotypes, ICI treatment can 
unmask a predisposition to rheumatological complications 
such as rheumatoid arthritis or ankylosing spondylitis.18–20 

It is important to note that a familial medical history of 
autoimmune diseases is not a contra-indication to using 
ICI therapies, but requires close monitoring.

Medication
As of yet, no medications have increased the toxicity of 
ICI therapies. However, some medications could blind 
toxicity and decrease the efficacy of ICIs. A review of 
all the medications a patient is taking should be completed 
and reported.

Since corticosteroid therapy is frequently used in 
oncology patients, many patients will be on ICI therapy 
and corticosteroids concurrently. Corticosteroids have 
a strong immunosuppressive action on adaptive immunity 
since they decrease antigen presentation, expression of co- 
stimulation markers like CD-80 or CD-86 and, ultimately, 
result in an ineffective T-cell response.21,22 Therefore, 
corticosteroid use has been associated with a decrease in 
the effectiveness of ICI treatment.23

In a cohort study of 640 patients with non-small cell 
lung cancer being treated with anti-PDL-1, 90 (14%) 
patients received corticosteroid doses ≥ 10 mg at the 
instauration of treatment. This therapeutic dose was sig-
nificantly associated with a decrease in progression-free 
survival (hazard ratio: 1.3; P = 0.03) and a decrease in OS 
(hazard ratio: 1.7; P < 0.001).24 If feasible, patients on 
corticosteroid therapy should stop treatment or, alterna-
tively, decrease to the lowest effective dose with a cut 
off of 10 mg/day. If this is not possible, a higher dose of 
corticosteroid could be continued along with ICI therapy, 
keeping in mind that ICI therapy would be likely to have 
a lower efficacy.

Other important medications to monitor include anti-
biotics. In an unplanned analysis from two trials of 
previously treated non-small-cell lung cancer randomly 
assigned to receive atezolizumab (n = 757) or docetaxel 
(n = 755), patients receiving antibiotics in atezolizumab 
arms had shorter OS (8.5 versus 14.1 months, HR 1.32, 
95% CI 1.06–1.63, P = 0.01). This observation was not 
found for the docetaxel arms.25 Similar data were also 
observed for other cancer types like renal cell 
carcinoma.26 This phenomenon could be explained by 
the role of the microbiota. Preclinical models suggest 
that the microbiota influences a patient’s response to 
ICI therapy. Routy et al showed that the use of antibio-
tics 2 months prior to ICI therapy, and up to 1 month 
post ICI initiation, modified the microbiota and was 
responsible for a decrease in the tumour response.27
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In a small cohort of melanoma patients treated with ICIs 
(n=43), the analysis of fecal microbiome samples suggested 
that different microbiota compositions resulted in different 
responses to ICIs. These data were also observed in patients 
with lung cancer.28 Like corticosteroids, the use of antibiotics 
is not a contra-indication for starting ICI therapy, but the 
initiation of antibiotics at the start of ICI treatment must be 
carefully considered and used with caution.

The influence of proton pump inhibitors (PPI) should 
also be considered. Derosa et al reported a negative effect 
of PPI therapy for patients treated with anti PDL-1. The 
negative effects were attributed to the effect that PPIs have 
on the composition of the gut microbiome.26 Even though 
there are few data concerning the relationship between 
PPIs and ICIs and, given that PPIs have a less important 
role compared to corticosteroids or antibiotics, the use of 
PPIs could be considered only if necessary before initia-
tion of ICI therapy.

Imaging
As for other anti-tumour agents, it is necessary to obtain 
up to date computed tomography (CT) scans (TAP/CTAP) 
or magnetic resonance imaging (MRI) data to have a good 
estimate of tumour volume prior to starting treatment with 
ICIs. Close clinical monitoring in the first weeks of ICI 
therapy is recommended due to the possible hyper- 
progression phenomena in certain patients (6 to 29%). 
An early scan evaluation should also be done if there is 
any doubt of hyperprogression.29 Other organs like the 
brain should also be monitored as new lesions could 
emerge with ICI treatment.

Biology
Because ICIs could cause toxicities in any organ, 
a biological assessment is also necessary to screen patients 
at risk or certain pre-existing anomalies.30 Hematological 
investigation (NFS-platelets, TP-TCA), renal function 
(ionogram, magnesium, calcium, urea, creatinine, protei-
nuria), liver function (AST, ALT, bilirubin, GGT, APL), 
diabetes (glucose), pancreatic abnormalities (lipase), car-
diac markers (BNP, troponin), endocrinal function (TSH, 
T4, cortisol at 8 a.m., testosterone, LH, FSH), and muscle 
integrity (CPK) should be analyzed.

Given that ICI treatment could cause potential reacti-
vation of viral infections, viral serology (HBV, HCV, HIV) 
and PCR detection for CMV and EBV are also recom-
mended. An evaluation of inflammation levels are also 
routinely screened (VS, CRP, LDH).

Due to the possibility of ICI treatment causing cardiac 
toxicity, a baseline electrocardiogram and an evaluation of 
ventricular function (if possible) is recommended.

Toxicity Management
The management of toxicity while on ICI therapy requires 
a rapid communication of information to physicians. It is 
also necessary to inform patients of the potential risks of 
ICI treatment and they should be informed to communi-
cate any reactions quickly to their physician.

Almost all published trials on ICI treatment toxicity are 
retrospective, which makes it difficult to establish 
a universal management strategy.2 Different scientific 
societies have developed guidelines, major institutions 
have developed specific multidisciplinary meetings on 
ICI toxicities, and most of the prospective trials created 
their own guidelines. As such, several heterogeneous algo-
rithms have been created and summarize in Supplementary 
data. Despite these useful tools, more specific approaches 
with additional emerging information have been estab-
lished, especially by community oncologists.

It is important to note that even if the presentation of ICI 
toxicities mimics autoimmune diseases, their treatments are 
not similar. For example, the efficacy of corticosteroids in 
autoimmune hepatitis is low compared to the high efficacy 
of corticosteroids for ICI related hepatitis.31 This phenom-
enon might be explained by different types of immune 
infiltration. In ICI-related hepatitis, there are more diffuse, 
cytotoxic T-cell predominant lobular infiltrate patterns with 
fewer CD4 T cells and plasma cells in the liver parenchyma 
compared to patients with primary autoimmune hepatitis.32

Since the underlying mechanism of ICI immunotoxi-
city is related to the inflammation of healthy tissues due to 
a loss of self-tolerance loss, suspending ICI treatment may 
not be sufficient to treat ICI reactions. Thus, corticosteroid 
therapy is usually the first-line treatment. Other immuno-
modulators (mycophenolate mofetil, tacrolimus, cyclos-
porine, or anti-thymocyte antibodies) may also 
sometimes be necessary to treat ICI toxicity if 
a resistance to corticosteroids occurs.1,2 The clinical prin-
ciples of managing immunotoxicity related to ICI treat-
ment are summarised in Figure 2; a strict collaboration 
between physicians and patients is necessary.33

ICI Treatment Suspension
Unlike chemotherapy, a dose reduction is currently not 
recommended if ICI toxicity occurs. Postponing and stop-
ping ICI treatment is currently the first step in managing 
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ICI toxicity.33 Whether to suspend ICI treatment tempora-
rily or permanently depends on the type, grade, and the 
duration of toxicity as well as whether corticosteroid ther-
apy and immunomodulatory treatment were used in the 
management. Typically, a potentially life- threatening 
Grade 4 toxicity for the patient should warrant treatment 
discontinuation.

For endocrine toxicities, hormonal supplementation often 
permits the continuation of ICI treatment without the use of 
corticosteroids. In general, suspending ICI treatment is not 
necessary for rheumatic toxicity. However, low dose corti-
costeroids and management by a specialist is often required.

Optimal Use of Corticosteroid Therapy
Once moderate toxicity appears secondary to ICI treat-
ment, suspending treatment and supportive care are gen-
erally no longer sufficient for management and 
corticosteroid therapy should be quickly initiated. 
A multidisciplinary team should be involved in the deci-
sion to administer corticosteroids but should not delay 
their initiation.

There are multiple methods of corticosteroid adminis-
tration (oral prednisone, IV methylprednisolone, local 
budesonide administration, topicals, eye drops). In 
a retrospective study investigating advanced melanoma, 
up to 35% of patients required corticosteroid therapy for 
managing ICI toxicity.34 Contraindications to the use of 
corticosteroid therapy still exist, especially in cases of 
severe active infection. Corticosteroid use must be care-
fully considered in severe unbalanced psychiatric condi-
tions. However, in cases of severe ICI toxicity, the balance 
is generally in favour of use of corticosteroids.

Patients receiving long-term corticosteroid treatment 
should regularly be screened for side effects (diabetes, 
osteoporosis, muscular atrophy, Cushing’s syndrome, glau-
coma, sleep disorders and psychiatric disorders). 
Immunosuppression induced by corticosteroid therapy 
can lead to a greater susceptibility to bacterial or even 
fungal infections (aspergillosis). Prophylaxis of pneumo-
cystosis with trimethoprim-sulfamethoxazole, atovaquone, 
or pentamidine may be indicated once a prednisone or 
equivalent dose of > 25 mg/day is maintained for more 
than 4 weeks.1,2

The tapering of steroids is also an important step in the 
management of immune toxicity caused by ICI treatment. 
This period could result in rebound symptoms and close 
monitoring is required during the taper period.

Use of Immunomodulatory Therapies
In cases where cortico-refractory toxicity occurs, or 
according to the nature and the severity of ICI toxicity, 
the use of immunomodulators as first-line therapy must be 
discussed (Figure 3).35 Myocarditis requires a rapid ther-
apeutic response and patients treated with high doses of 
steroids have lower cardiac major adverse events than 
patients treated with lower doses.36

Other immunosuppressive therapies are also being inves-
tigated. In a cohort of 781 patients treated with ICIs, 92 
patients presented with diarrhea. In this study, the correlation 
between the grade of diarrhea and the severity of endoscopic 
or histological analysis was poor. However, patients with 
higher endoscopic severity scores as a result of ulcers or 
pancolitis require infliximab more often. Consequently, 

Figure 2 General principles of immunotoxicity management inspired from Menzies 
et al.33

Figure 3 Mechanism of action of immune modulating medications inspired from 
Martins et al.35
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endoscopic evaluation could help physicians identify 
whether to use infliximab over steroids.37

Immunomodulators generally result in remission of the 
toxicity more quickly than corticosteroid therapy. 
However, since they can cause cardiac, vascular, and 
renal toxicity, clinical and biological monitoring by 
a specialised team is required. Additionally, prophylaxis 
therapy for pneumocystosis is essential during treatment 
with several drugs particularly with infliximab.2

Other therapies are also being evaluated for treating 
several ICI toxicities. For example, vedolizumab (anti- 
integrin α4β7 antibody used in inflammatory bowel dis-
eases) is currently being investigated as an agent tor 
treating cases of immuno-induced colitis.38 Abatacept 
(fusion protein inhibiting T cell activation via the recruiter 
CTLA-4), which is an effective treatment for rheumatoid 
arthritis, should also be explored in cases where ICI treat-
ment causes rheumatological toxicity.39

Resuming ICI Treatment
Apart from certain skin (86% reversibility) and endocrine 
(46% reversibility) toxicities, the majority of irAEs 
(including grade 3–4) are reversible within a few weeks. 
The possibility of restarting ICI treatment should therefore 
always be discussed between the clinician and the patient.1 

A medical history of grade 3–4 toxicity from ICI therapy 
often constitutes an exclusion criterion, even though there 
are no prospective trials on this subject. The exception is 
for endocrinopathy, rheumatologic, and several skin toxi-
cities. Any life-threatening toxicity is a definitive contra-
indication for restarting ICI treatment.2

Whether to resume ICI treatment depends on the sever-
ity of the initial toxicity, but the number of subsequent 
therapeutic possibilities are often limited. Therefore, an 
objective tumour response will be a strong argument for 
considering the re-initiation of ICI treatment.2

Another ICI class may possibly be offered to the 
patient. Indeed, according to several retrospective studies, 
it seems that the toxicity of anti PD-1/PDL-1 does not 
predict a toxicity to anti-CTLA-4.33

Since there is a lack of data on whether to recommend 
anti-PD-1 use if toxicity from anti-PDL-1 occurs, or vice 
versa, there are no recommendations in this regard. 
Furthermore, the toxicity was not similar in cases where 
anti PD-1 or anti PDL-1 were introduced after immune 
toxicity occurred with one of these agents.

In a trial among melanoma patients who had to stop 
anti CTLA-4 therapy, only 3% experienced a recurrence in 

toxicity with anti PD-1 and 34% developed a new irAE.33 

The delay between the last dose of the first ICI and the first 
dose of the second ICI seems to be an important factor in 
the recurrence of toxicity.30

Among 38 patients (24 grade 1/2, 14 grade 3/4 and 29 
treated with corticosteroid) with bronchial carcinoma who 
were retreated with the same anti-PD-1 agent after treat-
ment suspension post toxicity, 50% had no further 
immune-related adverse events and only 24% had 
a recurrence of toxicity. A new toxicity was developed 
by 26% of patients who resumed treatment. Among the 19 
patients who developed a recurrent irAE, nearly all were 
manageable and 16/19 (84%) improved to grade 0–1 
events with treatment. Two treatment-related deaths 
occurred despite treatment with high dose corticosteroids, 
anti-TNF agents, and other immunosuppressants. The mor-
tality rate due to irAEs in the retreated cohort was 5%.40

Although recurrent immune adverse events are usually 
less severe than the initial events (probably because of 
heightened surveillance), a decision to restart ICI treat-
ment is likely to depend on the severity of the prior 
event, the availability of alternative treatment options, 
and the overall status of the cancer.40 For toxicities requir-
ing the use of corticosteroid therapy, it is recommended to 
suspend ICI treatment as long as the prednisone equivalent 
dosage remains above 10 mg/day.

According to some authors, resuming ICI treatment can 
be associated with a low dose corticosteroid therapy (< 
10mg/day) to prevent an irAE relapse.

Recently Dolladille et al41 descrip a pharmacovigilance 
cohort of of 24,079 irAEs associated with at least one ICI 
and 452 of 6123 irAEs associated with ICI rechallenges 
(7.4%) were analysis. This cohort study find 28.8% of 
recurrence rate of the same irAE. Colitis, hepatitis and 
pneumonitis were associated with a higher recurrence 
rate, whereas adrenal events were associated with 
a lower recurrence rate compared with other irAEs.

Different Toxicity Profiles
The most frequent irAEs include cutaneous, digestive, 
hepatic, and endocrine toxicities, although almost all 
organs can be affected (Figure 4).2 Each study investi-
gating irAEs defines the severity of toxicity differently, 
thus it is essential to grade the toxicities according to the 
Common Terminology Criteria for Adverse Events 
(CTCAE) to limit evaluation bias.1 A toxicity labeled 
as Grade 3 or higher is considered as a severe toxicity. 
These irAEs occur mainly in the first 6 months of 
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treatment, but can occur up to 1 year after stopping ICI 
treatment.30 Even though few data have described the 
safety profile of long-term ICI exposure, a prolonged ICI 
treatment greater than 2 years does not appear to 
increase the incidence of irAEs.1,2 However, the fre-
quency of irAEs is still relatively low compared to 
other etiologies such as disease progression or conse-
quent infections and these must be ruled out first.42

The diagnosis of irAEs can be difficult for clinicians 
and is often based on several patient factors (clinical 
factors, CT scans, serological or hormonal assays, 
pathology).1 Some biomarkers have been described as 
etiologic factors of irAEs (hypereosinophilia, high level 
of IL 17), but are not yet used in practice.7 Although some 
toxicities can appear early, knowing the time of onset to 
determine whether the irAE is acute or chronic helps 
diagnosis by the clinician.1

Acute Toxicity (≤8 Months)
Acute toxicities are defined as toxicities that occur less 
than 8 months post treatment initiation.

Skin Toxicity
Skin toxicities are usually the first to occur after the 
initiation of ICI treatment and often occur within the first 
2 weeks.2 Typically, four types of skin reactions are 
described: inflammatory, immuno-bullous, keratinocyte 
alteration (acantholytic dyskeratosis), or melanocytic 
(regression of nevus, prurigo, vitiligo).30

Rash and pruritus are the most frequent irAEs. Rash and 
pruritus comprise 50% of skin toxicities with anti-CTLA-4, 
40% of cases with anti PD-1, and 60% of biotherapy cases. 
Severe skin toxicity, defined as grade 3–4 remains below 
10% of cases.34 Cutaneous toxicities are more frequent in 
patients with melanoma than other localisations. 
Approximately 24.3% patients treated with Ipilimumab 
developed a rash43 and 35% developed pruritus since 
materia.44 Typically, the rash is maculopapular in nature, is 
slightly erythematous, and appears on the chest and limbs. 
This type of rash has been reported in 40%, 32%, and 26% of 
patients with metastatic melanoma treated with anti-CTLA-4 
and anti PD-1treatment, anti-CTLA-4 treatment alone, and 
anti-PD-1 monotherapy, respectively.44 However the 

Figure 4 Organs affected by immune-related adverse events.
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occurrence of grade 3–4 events was low (<2% for patient 
treated with anti-CTLA-4).45

The appearance of vitiligo can occur up to 3 weeks 
post initiation of treatment with ICIs (10% with pembro-
lizumab vs 2% with ipilimumab) and almost exclusively 
occurs in the context of advanced melanoma. Vitiligo is 
a frequent toxicity for melanoma patients. Vitiligo predo-
minately occurs in the upper extremities and has been 
associated with a better response to anti-tumour therapy 
in many studies.34

Cases of alopecia, mucositis, cutaneous xerosis, photo-
sensitivity, lichenoid, or psoriasis from reactions have been 
described less frequently. Exceptional cases of DRESS syn-
drome, Steven-Johnsons Syndrome, Lyell (toxic epidermal 
necrolysis), bullous pemphigoid, and Sweet syndrome have 
been observed.7,30 A dermatological consultation as well as 
a skin biopsy must be considered as soon as a grade 2 
toxicity appears to exclude contact dermatitis, viral rash, 
vasculitis, atopic dermatitis, folliculitis, and toxiderma.30 

Typically skin biopsies reveal the presence of 
a perivascular lymphocytic infiltrate.46

Skin toxicities are treated with local treatments, oral, or 
IV anti-inflammatories depending on the grade of toxicity. 
In cases of severe or persistent toxicity, high dose steroids 
or immunosuppressive treatments are required. 
Antihistamines can be used for treating pruritus as well 
as cold compresses or oatmeal baths. Topical corticoster-
oids or tricyclic antidepressants can also be used in the 
most disabling cases. Even though they are rare, cases of 
mucositis and dry syndrome can be treated with good oral 
hygiene, lidocaine, and cortisone mouthwashes.7

Gastrointestinal Toxicity
Digestive irAE including gastrointestinal and hepatic toxi-
city typically occur within 6 to 7 weeks.30 With anti- 
CTLA-4 therapy, gastrointestinal toxicity is one of the 
most common. The symptoms that develop include diar-
rhea in 33% of patients and colitis in 8 to 22% patients. 
Diarrhea also occurs in 6.8 to 19% of patients on anti 
PD-1/PDL-1therapy.44,47 The onset of diarrhea occurs 
relatively quickly, usually before six weeks. Notably, 
experiencing digestive toxicity with anti-CTLA-4 treat-
ment is not predictive of digestive toxicity while on anti 
PD-1 or anti PDL-1 therapy. Combination therapy results 
in a higher frequency (44%) of digestive toxicity that 
occurs earlier on, but such cases are not more severe 
than toxicities associated with anti-CTLA-4 therapy 
alone.44

The most common symptoms of ICI therapy-associated 
enterocolitis include diarrhea, abdominal pain, rectal 
bleeding, weight loss, fever, vomiting, and oral or anal 
ulcerations. Dysphagia or epigastric pain can be signs of 
damage to the upper digestive tract. Biologically, anemia, 
inflammatory syndrome, and hypoalbuminemia may also 
be present.

Since there are no specific biomarkers for this toxicity,7 

it is important to inform the patient of the risks of changes 
in bowel transit times to avoid the development towards 
severe grade 3–4 diarrhea and the increased risk of diges-
tive perforation and peritonitis. If diarrhea is present, 
a stool culture ± parasitological and virological examina-
tion is needed to eliminate the classical enteropathogens 
like Clostridium Difficile. Diverticulitis and chronic 
inflammatory bowel diseases are other differential diag-
noses that also need to be ruled out.

Recto-sigmoidoscopy is recommended for grade 3–4 
and persistent grade 2 gastrointestinal toxicity and is suffi-
cient to confirm the diagnosis; it also eliminates the need 
for a differential diagnosis but should not delay the treat-
ment. The colorectal mucosa is typically erythematous 
with a loss of vascularisation, ulcers, and mucosal ero-
sions. If biopsies are performed, colitis with neutrophilic 
and eosinophilic infiltrate as well as the presence of focal 
or diffuse cryptic abscesses can be observed. Microscopic 
colitis and intestinal pseudo-obstruction have also been 
reported with anti PD-1. The presence of chronic inflam-
mation with a granulomatous reaction can make differen-
tial diagnosis more difficult. In upper digestive disorders, 
a fibroscopy could highlight esophageal ulcers as well as 
images of gastritis or duodenitis.30

The treatment of gastrointestinal irAEs depends on the 
intensity of symptoms. Depending on the treatment centre, 
infliximab may be used as the first line.48 In severe grade 
3–4 colitis other immunosuppressants can be used. 
Mycophenolate mofetil 500 to 1000mg twice a day and 
tacrolimus have been effective. Vedolizumab and anti Il-17 
therapy are currently under investigation for this 
indication.38 Several studies have also evaluated the effi-
cacy of budesonide for prophylaxis but have not shown 
a decreased incidence of diarrhea with ICI treatment.34

Other less frequently occurring digestive disorders 
have also been described. The most common is an elevated 
level of pancreatic enzymes like amylase and lipase. 
A diagnosis of acute pancreatitis cannot be made if there 
is no pain present or there are no available CT images and 
corticosteroid therapy seems effective. Esophagitis, celiac 
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disease, and enteric neuropathy have also been described.7 

More studies are necessary to assess the risk of developing 
chronic inflammatory bowel disease after ICI treatment.

Liver Toxicity
Hepatic toxicity resulting from ICI treatment generally 
occurs within 6 to 14 weeks after initiation of ICI 
treatment.7 Often asymptomatic (isolated cytolysis, chole-
static icterus), it occurs in 5 to 10% of patients on anti- 
PDL-1 therapy, and in up to 25–30% of patients on anti- 
CTLA-4 therapy.49 Grade 3 toxicity is also more frequent 
with combination therapy (14%) than with monotherapy 
(2%). However, the incidence of Grade 3 toxicity is gen-
erally identical with anti-CTLA-4 (1 to 7%) and anti-PD-1 
(1 to 6%) therapies.1

To avoid liver toxicity, liver function must be checked 
prior to each infusion. At the incidence of any disturbance 
to hepatic function it is necessary to eliminate acute sys-
tematically alcoholic hepatitis, use of hepatotoxic drugs, 
thrombosis, or a viral infection (HAV, HBV, HCV, HEV). 
An abdominal ultrasound is systematically performed to 
eliminate the possibility or progression of liver metastasis. 
In the case of immuno-mediated hepatitis, peri-portal 
edema and hepatomegaly can be observed.50 A liver 
biopsy is also recommended for any grade 3–4 toxicity. 
Histologically, sinusoid histiocytosis with endothelitis is 
observed with ICI liver toxicity and sometimes portal 
inflammation with cholangitis makes a differential diag-
nosis with NASH difficult.51

The management of hepatic toxicity depends on the 
grade of toxicity. In cases of refractory corticosteroid 
hepatitis, immunomodulatory treatment with mycopheno-
late mofetil 500 to 1000 mg twice a day can be discussed. 
The administration of tacrolimus or anti-thymocyte anti-
bodies for two days must be discussed in cases of fulmi-
nant hepatitis. Since infliximab can result in hepatic 
toxicity, it is contraindicated in these situations.

Chronic Toxicity
Endocrine Toxicity
ICI-induced thyroiditis accounts for a significant portion of 
the irAEs. Thyroid dysfunction is low with anti-CTLA-4 
therapy (1 to 6.8%)45,52 but occurs in 5 to 10% of patients 
during treatment with anti-PDL-1 monotherapy53–55 and in 
up to 20% of patients with anti-PD-1 and anti- CTLA-4 
combination therapy.47 Interestingly, hypothyroidism occurs 
more frequently (up to 9%) with high doses of anti-CTLA-4 
at 10 mg/kg.56 Although severe grade 3–4 thyroid toxicity is 

rare, regular thyroid assessments measuring TSH (thyroid 
stimulating hormone) and T4 levels are recommended.

In most cases, thyroid dysfunction is discovered inci-
dentally from blood test analysis. However, symptoms of 
hypothyroidism like weight gain, depression, constipation, 
chills, and fatigue can be an alert for physicians. If per-
ipheral hypothyroidism occurs, which is defined as having 
high TSH with low T4 levels, treatment with L-thyroxine 
at a dose of 0.5–1 µg/kg should be initiated. ICI treatment 
can be continued but thyroid function should be monitored 
before each infusion.30 Hyperthyroidism often precedes 
hypothyroidism and must be addressed, especially if the 
patient presented with no symptoms previously. Strict 
monitoring is necessary in cases of low TSH since there 
is an increased risk of developing hypothyroidism 
a second time.

Cases of hyperthyroidism often present with thyrotoxico-
sis syndrome, which is more clinically alarming and include 
symptoms like weight loss, sweating, palpitation, and 
anxiety.7,30 This occurs in 6% of patients on pembrolizumab 
versus 2% of patients on ipilimumab. Every immune- 
mediated case of hyperthyroidism should be treated with 
anti-TSH receptor antibody (TRAK), anti-TG, or anti-TPO 
antibodies. A specialist should be consulted and a thyroid 
scintigraphy is recommended. Symptomatic treatment of 
hyperthyroidism includes the use of beta-blockers. 
Treatment with carbimazole, methimazole, or propylthiour-
acil can be used for patients who are positive for TRAK or 
are symptomatic. Corticosteroid therapy is not recommended 
for immune-mediated hyperthyroidism except in rare cases 
of painful thyroiditis, in which oral prednisolone 0.5 mg/kg 
can be used. For patients who have severe symptoms, ICI 
treatment should be discontinued.

It is important to note that a low TSH level and a low 
T4 level should prompt screening for hypophysitis. 
Hypophysitis due to ICI treatment appears in 4–17% of 
cases of anti-CTLA-4 treatment. This is a dose-dependent 
toxicity. Hypophysitis also occurs in up to 16% of cases of 
combination therapy. Cases of hypophysitis with anti-PD 
-1 or anti-PDL-1 are exceptionally rare, with an incidence 
of 0.5%.57,58 It is important to note that the prevalence of 
hypophysitis is likely to be underestimated since its clin-
ical presentation is non-specific and it is often diagnosed 
late.

The time to onset of hypophysitis is approximately 8–9 
weeks after treatment initiation.7 Although hypophysitis has 
a variable clinical presentation, symptoms can include head-
ache, visual disturbances, mood disorders, symptoms of 
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hypothyroidism, adrenal insufficiency (hypotension, hypo-
glycemia, hyponatremia, hyperkalemia), or hypogonadism 
(amenorrhea, impotence). Rare cases of diabetes insipidus 
have also been described.1 The biological assessment for 
hypophysitis includes TSH, T4 levels, adrenocorticotropic 
hormone (ACTH), follicular stimulating hormone (FSH), 
luteinizing hormone (LH), testosterone, insulin-like growth 
factor 2 (IGF-1), prolactin, and cortisol levels at 8:00 AM. 
If the hypophysitis is global, all hormonal levels are low 
and the cortisol level at 8:00 AM collapses. A brain MRI 
should be performed and typically pituitary edema with 
supra-sellar convexity and heterogeneous contrast enhance-
ment indicates hypophysitis. It can also eliminate the pos-
sibility of other differential diagnoses like carcinomatous 
meningitis or metastasis of the base of the skull.30 The 
diagnosis of hypophysitis can be complex and is based on 
a combination of clinical signs, hormonal tests, and is 
accompanied by a suggestive brain MRI.

A specialist consultation is recommended. According 
to CTCAE 4.0, there is no precise grading classification of 
hypophysitis.1

Hypophysitis management depends on the symptoma-
tology and includes hormone replacement in cases of 
asymptomatic or mild symptoms. Additionally, introduc-
tion of corticosteroids can be used in cases of moderate to 
severe symptoms and ICI treatment should be discontin-
ued. Long-term supplementation for > 2 years is necessary 
for the majority of patients and a card for adrenal insuffi-
ciency must be given to the patient.

ICI-induced type I diabetes is another rare irAE (<1%) 
that occurs with ICI treatment. It is more frequent with 
anti-PD-1 and anti-PDL-1 than with anti-CTLA-4 
therapy.59 ICI-induced type I diabetes could develop 
quickly and result in hyperosmolar coma. Regular blood 
sugar tests should be completed to screen for ICI-induced 
type I diabetes. In some cases, it can present as acute 
ketoacidosis. The anti-GAD and anti-islet antibody assays 
are still necessary for the differential diagnosis of type 1 
versus type 2 diabetes.

According to the CTCAE 4.0, there is no grade classi-
fication of ICI-induced Type 1 diabetes. In all cases, the 
treatment is insulin therapy. The role of corticosteroid 
remains unclear, but its use would make the control of 
diabetes more difficult. ICI treatment can be resumed as 
soon as glycemic decompensation is controlled.30

Primary adrenal insufficiency and hypoparathyroidism 
are other endocrine disorders rarely described in the 
literature.7 According to some authors, in cases where 

patients are experiencing fatigue without endocrine 
damage, corticosteroid therapy with a low-dose of predni-
solone <20 mg/day is tolerated.1

Lung Toxicity
Pulmonary toxicity is one of the later occurring toxicities 
and can occur within 7–24 months after the initiation of 
treatment, but could occur more early. Although it is rare 
(5% incidence with anti-CTLA-4 and 3% with anti-PD-1 
or anti-PDL-1), pulmonary toxicity has the highest rate of 
mortality.55,60,61 Pulmonary toxicity can affect up to 10% 
of patients on combination therapy and up to 2% of these 
cases are grade 3–4.62 The incidence of pneumonitis was 
rather similar across melanoma, NSCLC, and renal cell- 
carcinoma tumours. However, it seems that more treat-
ment-related deaths due to pneumonitis occur in patients 
with NSCLC.63

Given the severity of pulmonary toxicity, a chest CT scan 
should be performed as soon as any new respiratory symp-
toms like dyspnea, cough, hypoxia, chest pain, and crackles 
appear. It is important to note that pulmonary adverse events 
are more often related to disease progression, notably for 
lung cancer or lung metastasis. Electrocardiogram, arterial 
blood gas analyses, and a dosage of cardiac enzymes are also 
necessary to exclude other diagnoses like acute pulmonary 
edema and pulmonary embolism.

In immune mediated pulmonary toxicity, bilateral pul-
monary infiltrate, ground-glass opacities, and an interlob-
ular septal thickening are typically described on the CT 
scan. A differential diagnosis of these non-specific images 
should be performed to rule out carcinomatous lymphan-
gitis, organised cryptogenic pneumonia, non-specific inter-
stitial pneumonia, hypersensitivity pneumonitis, or acute 
respiratory distress syndrome.64,65 Recently, an infection 
with COVID-19 presented that was similar to ICI treat-
ment-induced pneumonitis.66 Fibroscopy of bronchoalveo-
lar lavage could be performed and typically shows 
a lymphocytic inflammatory reaction. This test could be 
interesting for the differential diagnosis of pneumonitis 
versus pulmonary infection. A pulmonary biopsy is gen-
erally not required and is only warranted if there is still 
doubt about the etiology.

Rheumatological Toxicity
Rheumatological symptoms like myalgia and arthralgia can 
occur in 2–12% of patients treated with anti-PDL-1, and in 
1–8% of patients on anti-CTLA-4 treatment.67 Given the 
inflammatory nature of arthralgia, it should signal the 
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possibility of an immuno-mediated toxicity. 
Rheumatological toxicity is rarely serious (1% grade 3–4). 
Clinically, one or more of arthritis with synovitis and teno-
synovitis can be observed. Cases of vasculitis, myositis, 
polymyositis, and temporal arteritis are also possible.68

Symptomatic treatments with paracetamol and/or 
NSAID could be used. A low dose of corticosteroids is 
often necessary for moderate symptoms In case of refrac-
tory presentation anti- TNF-α should be considered.68

Rare Toxicities
Kidney Toxicity
Immune mediated tubulointerstitial nephritis is rare. It 
occurs in 1% of patients on anti-PD-1/PDL-1 or anti- 
CTLA-4 therapy, and in 5% of patients on combination 
therapy.69 Renal failure typically occurs within 13 weeks 
of initiating ICI treatment and it is not always reversible. 
The ICI dose administered to the patient does not depend 
on prior renal function. The possibility of renal toxicity 
justifies a renal assessment prior to each infusion that 
includes ionogram, urea, and creatinine.30 Other causes 
of increased creatinine levels like renal obstruction or 
infection must also be ruled out. A renal biopsy could be 
performed to clarify the diagnostic.

The management of tubulointerstitial nephritis depends 
on the grade of the toxicity. However, symptomatic treat-
ment should avoid using nephrotoxic drugs and correcting 
hypovolemia.

Lupus nephritis has been described with anti-CTLA-4 
therapy.70 In a small case series of 13 patients treated with 
ICIs who developed renal dysfunction, the prevalent 
pathologic lesion was acute tubulointerstitial nephritis in 
12 patients with lymphocytic infiltration and one patient 
presented with thrombotic microangiopathy.71

Neurological Toxicity
Neurological toxicity caused by ICI treatment is extremely 
variable and rare. Less than 3% of patients experience neu-
rological toxicity from ICIs. However, recent studies have 
described up to 6% of cases of neurological toxicity with 
anti-PD-1 therapy, and up to 12% with combination 
therapy.30 The median time to neurotoxicity onset is 13 
weeks after initiating treatment with anti-CTLA-4 therapy.72

The neurotoxicity resulting from ICI treatment can be 
central toxicity or peripheral toxicity. Central neurotoxicity 
includes encephalitis, reversible posterior leukoencephalitis, 
aseptic meningitis, and transverse myelitis while peripheral 
toxicity includes Guillain Barré syndrome, myasthenia, 

radiculoneuritis, demyelination, and polyneuropathy. 
Cranial nerve damage can also sometimes be observed.1 If 
central neurological damage is suspected, a brain MRI or an 
electroencephalogram can eliminate other causes like brain 
metastases, carcinomatous meningitis, hydrocephalus, and 
epilepsy.30 In neuromeningeal disease, a lumbar puncture 
shows pleocytosis of < 500 cells/mm3, which are predomi-
nantly lymphocytic, and proteinorachia < 1.5 g/L.

Although the diversity of neurological disorders does 
not allow classification by grade, ICI treatment must be 
suspended as soon as neurologic toxicity symptoms appear 
and until the etiology of the symptoms is defined. If 
moderate or severe neurologic symptoms occur, ICI treat-
ment must be permanently discontinued.1

The treatment of immune-mediated neurotoxicity uses 
oral or IV corticosteroid therapy at a dose of 0.5–1 mg/kg 
and up to 2 mg/kg for severe symptoms. Corticosteroid 
tapering should be achieved in 4 to 8 weeks.30 If there is 
any suspicion that herpetic meningitis is occurring, corti-
costeroid therapy should be postponed and empirical treat-
ment with IV acyclovir should be initiated and continued 
until results from Herpes simplex virus (HSV) PCR are 
available. In cases of myasthenia gravis or Guillain Barré 
syndrome, treatment with plasmapheresis or IV immuno-
globulins should be discussed.30

Ocular Toxicity
Immune mediated ophthalmic injuries are rare and occur in 
<1% patients.73 All ophthalmic structures can be affected in 
immune mediated ophthalmic injuries. Toxicities include 
conjunctivitis, keratitis, episcleritis, uveitis, orbital inflam-
mation, retinal disease, and choroidal diseases. Any ophthal-
mological symptoms like blurred vision, irritation, or redness 
should result in a consultation with a specialist as soon as 
possible. If any visual loss occurs, oral or IV corticosteroid 
therapy at a dose of 1–2 mg/kg should be initiated. In cases of 
episcleritis or uveitis that is not responding to local corticos-
teroids, ICI treatment should be suspended.1

Cardiac Toxicity
Rare cases of arrhythmia, myocarditis, pericarditis, and 
Takotsubo have been described with ICI treatment.74 

Like many other toxicities, cardiac injury seems to occur 
more frequently with combination therapy. Monitoring 
cardiac enzymes like BNP and troponin are recommended 
during pre-therapeutic assessment but their monitoring is 
not routinely recommended during follow-up. In cases 
where recent dyspnea has occurred, a cardiological 
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consultation should be requested as soon as the diagnosis 
is suspected.30 A high dose of oral or IV corticosteroid 
therapy (1–2 mg/kg) should be initiated rapidly in the 
intensive care unit as well as symptomatic treatment 
including a vasopressor. Treatment with infliximab or 
mycophenolate mofetil should be discussed if there is no 
rapid improvement.30

Hematological Toxicity
Isolated cases of disseminated intravascular coagulation, 
acquired hemophilia, idiopathic thrombocytopenic pur-
pura, and autoimmune hemolytic anemia have been 
reported following treatment with ICIs. These occurred 
more frequently in patients treated for Hodgkin’s lym-
phoma. Effects of ICIs on bone marrow can also be 
observed like myelosuppression, isolated neutropenia, 
and myelodysplasia. In most cases, a bone marrow biopsy 
shows lymphocytic infiltrates without another cause.

Treatment of hematological toxicities from ICIs 
involves oral or IV corticosteroid therapy as well as the 
administration of granulocyte colony stimulating factor 
(GCSF) in cases of neutropenia. In refractory cases, IV 
immunoglobulins or cyclosporine therapy may be offered. 
A complete blood count (CBC) remains essential to mea-
sure prior to each infusion, although hematological anoma-
lies are rarely identified following these analyses.1

Toxicity Profile of Anti-PD-1/PDL-1
Clinical studies investigating anti-PD-1 (nivolumab, pem-
brolizumab) or anti-PDL-1 agents (atezoliumab, avelumab, 
durvalumab) found that 39–70% of patients develop toxicity 
of all grades, combined.75–78 A large systematic review and 
meta-analysis of clinical trials investigating patients treated 
with anti-PD-1 or anti-PDL-1 therapy revealed that fatigue, 
pruritus, and diarrhea were the most common adverse events 

(AEs) described. The most frequent serious AE’s defined as 
grade 3 or higher were fatigue, anemia, and elevated aspar-
tate aminotransferase. Anti-PD-1 agents were associated 
with a greater number of grade 3 AEs and an overall higher 
number of AEs compared to anti-PDL-1 agents (OR: 1.58; 
95% CI: 1.00–2.54) but had a similar toxicity for all AEs 
compared to anti-PDL-1 agents (OR: 1.00; 95% CI: 
0.78–1.32).65 The major causes of treatment-related deaths 
(n = 82) were respiratory (n = 39, 48%), cardiovascular (n = 
9, 9.8%), infectious (n = 7, 8.5%), hematologic (n = 5, 6.1%), 
and hepatic (n = 3, 3.7%) causes.

In contrast to anti-CTLA-4 therapy, the toxicity of anti- 
PD-1 or PDL-1 therapy was not dose related. A dose 
escalation of nivolumab from 0.1–10 mg/kg of body 
weight every 2 weeks demonstrated no increase in 
toxicity.79 Similar results were shown for pembrolizumab 
with a dose escalation from 2–10 mg/kg.80

Toxicity Profile of Anti-CTLA-4 Agents
In clinical studies investigating treatment with the anti- 
CTLA-4 agent ipilimumab, 60–85% of patients developed 
a toxicity of any grade. The median time to onset of anti- 
CTLA-4 toxicities was 6 weeks. The timeline of anti- 
CTLA-4 toxicity occurs earlier than with anti-PD-1 or 
anti-PDL-1 agents.7 Pruritus, digestive damage, and pitui-
tary damage are more frequently described with anti- 
CTLA-4 treatment than with anti-PD-1 or anti-PDL-1 
therapy.2 Additionally, toxicities from anti-CTLA-4 ther-
apy are more severe than with other ICIs (20–30% grade 
3–4 vs, 10–15%).2 A dose related toxicity of anti-CTLA-4 
therapy was identified by Ascierto et al after the evaluation 
of different ipilimumab doses (3mg/kg vs 10mg/kg) in 
melanoma.81 The most relevant toxicities according to 
each treatment are summarised in Table 1.

Table 1 Immune-Related Adverse Events Associated with Anti CTLA-4 or Anti PD-1 or Anti PDL-1 or Association of Anti PD-1 and 
Anti CTLA-4

Anti CTLA-4 (Any Grade (Grade 
≥3))43,44,51,53,55,71

Anti PD-1/PDL-1(Any Grade (Grade 
≥3))43,46,51-54,75,77,78

Anti CTLA-4 + Anti PD-1 (Any 
Grade (Grade ≥3))43

Rash 14.553 −3971 (0.844 −3.151) 477 −25.943 (047 −1.151) 40.3 (4.8)
Pruritis 24.444 −4371 (044 −1.151) 7.246 −23.251 (043 −0.554) 33.2 (1.9)

Diarrhea 22.755 −4973 (3.153 −1071) 6.846 −24.351 (046 −2.553) 44.1 (9.3)

Hepatitis * 1.253 −2171 (044 −5.751) 1.153 −6.251 (143 −1.151) 17.6 (8.3)
Hypothyroidis 1.544 −971 (044 −0.451) 878 −11.678 (044 −0.455) 15 (0.3)

Arthralgia 5.153 −10.851(043 −0.451) 577 −12.651 (043 −0.453) 10.5 (0.3)

Note: The table showed the major immune related adverse events in large phase 3 clinical trial in metastatic or adjuvant setting including the lower and upper rate of 
toxicities. 
Abbreviations: CTLA-4, cytotoxic T lymphocyte associated protein 4; PD-1, program cell death 1; PDL-1, program cell death ligand 1.
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Toxicity Profile of Combination Therapy
Despite better tumour response rates, numerous studies 
show that the risk of developing toxicity with combination 
therapy increases by 50% compared to monotherapy (rela-
tive risk = 1.5).7 Patients receiving a combination of ICIs, 
which is most likely the combination of anti-PD-1 and 
anti-CTLA-4 therapy, are also likely to present with earlier 
toxicity.31 A meta-analysis evaluating the use of combina-
tion therapy also highlights more severe toxicities. In the 
meta-analysis, 55% of events were of grade 3–4 severity 
with combination therapy versus 16% grade 3–4 events 
with nivolumab alone, and 27% grade 3–4 events with 
ipilimumab alone.34

Immunotherapy in High Risk 
Populations
Patients with Auto Immune Diseases
Patients with autoimmune or inflammatory diseases have 
been constantly excluded from ICI clinical trials, so little 
prospective data exist in this high-risk population. Despite 
the lack of data, some retrospective studies have evaluated 
the efficacy and toxicity of ICIs in patients at risk of 
autoimmune flare-ups.

Among 397 patients treated with anti-PD-1 therapy 
who were included in a prospective study and who experi-
enced toxicity, 45 had a history of autoimmune diseases 
like vitiligo, psoriasis, thyroiditis, Gougerot syndrome, 
rheumatoid arthritis, vasculitis, lupus, sarcoidosis, idio-
pathic thrombopenic purpura, and myasthenia gravis. 
Additionally, more than 50% were still symptomatic at 
the beginning of ICI treatment. The majority of patients 
(n = 25, 55.6%) were symptomatic, but few of them (n = 7, 
15.6%) were still receiving immunosuppressive therapy 
with corticosteroids, methotrexate, hydroxychloroquine, 
or others at the time of ICI treatment initiation. The results 
also showed that in the autoimmune group, 44% of 
patients presented with an irAE versus 23.8% in the con-
trol group. Additionally, 50% of these irAEs were identi-
fied as a “flare-up” of the underlying autoimmune disease. 
The suspension of ICI treatment was only necessary for 
four patients with underlying autoimmune conditions 
including acute colitis, microscopic colitis, acute tubuloin-
terstitial nephritis associated with Sjögren’s syndrome, and 
a flare-up of myasthenia gravis. There was no significant 
difference in response rate and overall survival between 
the two groups.82

In another trial, the occurrence of an autoimmune flare- 
up was more frequent in patients with uncontrolled disease 
before the initiation of ICI treatment (60% of all flare-ups) 
and in those still requiring immunosuppressive therapy at 
initiation (50% of all flare-ups).33 Moreover, the median 
onset of irAEs appeared much earlier in these patients (5.4 
months vs 13 months). The response rates were also iden-
tical between patients with and without flare-ups.33

Although patients with autoimmune diseases appear to 
have an increased risk of experiencing irAEs, anti-PD-1 
therapy is beneficial with relatively frequent but moderate 
grade toxicity. The suspension of ICI treatment in these 
patients is rarely required. A medical history of auto- 
immune diseases is not a contraindication to ICI treatment 
but a discussion with the patient is necessary to inform 
them of the risk of flare-ups, the possibility of new 
immune disorders, the progression of the cancer, and alter-
native treatments.33,82

Regarding anti-CTLA-4 therapy, similar treatment 
irAEs were identified in another retrospective study eval-
uating the use of ipilimumab for patients with advanced 
melanoma. Among 30 patients with a history of autoim-
mune disease including rheumatoid arthritis, psoriasis, 
and controlled chronic inflammatory bowel disease, 
43% of patients were still treated with immunomodula-
tors at the initiation of anti-CTLA-4 therapy. An auto- 
immune “flare-up” occurred in 27% of patients with 
a median time of onset of 1 month after the start of 
treatment. All were treated with corticosteroid therapy. 
A high grade 3–5 toxicity occurred in 33% of patients, 
which was unrelated to the underlying autoimmune dis-
ease. In this study, 50% of the patients developed neither 
a flare-up nor an irAE. Regarding the efficacy of the 
treatment, an objective response rate of 20% was 
observed, including a complete response in a patient 
who presented with a flare-up of rheumatoid arthritis. 
The median overall survival found in this study was 
12.5 months.83

These data indicate that the use of anti-CTLA-4 treat-
ment in the context of pre-existing autoimmune or inflam-
matory disease is possible. ICI treatment for patients with 
auto immune diseases is responsible for autoimmune 
decompensation in approximately 20 to 30% of cases but 
this is easily manageable.

The use of immunomodulators for autoimmune or 
inflammatory disorders seem to reflect an advanced illness 
and could decrease the efficacy of ICI treatment. 
Accordingly, it is preferable to use corticoids treatment at 
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doses < 10 mg/day for patients with autoimmune diseases. 
After an interdisciplinary team discussion, a benefit-risk 
balance assessment, and close monitoring, patients with 
a history of autoimmune or inflammatory disease should 
still be able to benefit from ICI treatment.33,82,83

Older Patients
Older patients are currently underestimated in studies, but 
represent an important cohort of patients treated for can-
cer. Chemotherapy toxicity occurs more frequently in 
older patients than in younger patients.40 Older adults’ 
comorbidities and their age-related immune system 
impairment might affect the effectiveness and tolerance 
of ICI treatment. Moreover, older patients are known to 
have a higher prevalence of auto-antibodies and one can 
also expect that ICI treatment may reveal subclinical auto-
immune diseases.41 A meta-analysis of randomised trials 
was conducted to investigate the efficacy of ICI treatment 
in older patients compared to younger adults. The efficacy 
of anti-CTLA-4 or anti-PD-1/PDL-1 therapy for different 
indications was analysed in 1244 older patients and com-
pared to 2078 younger patients. The results revealed that 
there was no statistically significant difference in overall 
survival between younger and older patients (p = 0.93).

The frequency, grade, and characteristics of irAEs 
among patients who were older than 65 years and younger 
than 65 years were also analysed. This study showed no 
statistically significant difference in the incidence of 
irAEs, and the irAE profile was similar in both groups.41

Another study evaluating safety and efficacy of ICI 
treatment in real life conditions showed no difference in 
OS, PFS, or irAEs between patients older than 70 years 
old or younger patients.84 However, Baldini et al analysed 
patients treated with anti-PDL-1 therapy and showed an 
increase in the incidence of grade 2 or higher AEs in 
patients older than 70 years (33% versus 25%, p = 0.03). 
There was also a greater incidence of multiple toxicity 
compared to younger patients but the efficacy was similar 
between the groups with no difference in median PFS or 
median OS.85

According to these meta-analyses, the effectiveness of 
ICI treatment is independent of the patient’s age. It is 
important to note that the definition of older patients is 
not the same in every study, therefore it is difficult to have 
agreeable results. To our knowledge, there are no studies 
on how to treat irAEs specifically in older patients, but 
dose adjustment is not recommended, similar to any other 
situation with anti PDL-1 therapy.34,86 Since older patients 

who have cancer are often taking additional medications 
for other comorbidities, it is important to state that ICI 
treatment is not metabolised by cytochrome P450 
enzymes, therefore enzymatic competition is not expected. 
Patients treated with anticoagulant or antiplatelet therapy 
must be carefully monitored in cases where colitis symp-
toms are identified, given the risk of gastrointestinal 
hemorrhage.41 Moreover, the use of some symptomatic 
treatments such as antihistamine for pruritus or corticos-
teroids may expose older patients to iatrogenic events such 
as worsening diabetes, disturbed mental status, hyperten-
sion, and delirium.41 A geriatric assessment could help 
identify older patients who will benefit from ICI 
treatment.86

Since half of all malignancies are diagnosed in patients 
older that 65 years old, dedicated studies are necessary for 
the proper and safe use of ICI treatment in the older patient 
population.8,41 Since there are no differences in treatment 
efficacy compared to younger patients, and toxicity levels 
are acceptable, there are no restrictions to using ICI treat-
ment in older patients, but close monitoring is important.

Hepatic Insufficiency and Renal Failure
ICIs belong to a large family of monoclonal antibodies. 
They are eliminated via the reticuloendothelial system and 
are not excreted hepatically or renally. Therefore, no dose 
adjustment is necessary for patients with hepatic insuffi-
ciency or renal failure. Currently, the dose of ICI no longer 
depends on weight, but corresponds to a fixed dose. 
According to retrospective studies, no increases in toxicity 
were observed in cirrhotic or renal failure patients.34

The high molecular weight of anti-PD-1 and anti-CTLA 
-4 antibodies suggest that these agents are not removed by 
dialysis and no dose adjustment is required. Two single- 
centre trials highlight their efficacy in patients on dialysis 
but there is a possible increased risk of irAEs.87,88

Another trial with a small sample of patients also 
showed that the activity of anti-PD-1 therapy was similar 
compared to patients with normal renal function, and no 
unexpected irAEs occurred.89

Transplanted and Allografted Patients
Transplant and allograft patients are always excluded from 
prospective trials. As a result, no real prospective data 
exist. A recent literature review published in 2019 evalu-
ated the safety of ICI treatment for 39 patients who had 
had a previous solid organ transplantation. Allograft rejec-
tion occurred in 41% of patients at similar rates for anti- 
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CTLA-4 and anti-PD-1 therapy. The median time to rejec-
tion was 21 days. Among patients with graft rejection, 
graft loss occurred in 81% and death was reported in 
46% of patients.90 Solid organ transplantation is not an 
absolute contraindication to using ICI treatment, but there 
is a high rate of rejection and mortality for these patients. 
A benefit-risk analysis must be done and is dependent on 
the type of graft.

Unlike pulmonary or cardiac grafts, a lost kidney trans-
plant could be managed by dialysis. A multidisciplinary 
consultation is always necessary prior to initiation. 
According to other studies, anti-CTLA-4 would be less 
likely to cause graft rejection compared to anti-PD-1/ 
PDL-1 therapy.2,30 For patients with bone marrow trans-
plants who are not on long-term immunosuppressive thera-
pies, the efficacy of ICIs may be better than in solid organ 
transplant patients. That said, the risk of graft versus host 
disease (GVHD) seems to increase with ICI treatments.2

HIV
Patients with viral infections such as HIV or active viral 
hepatitis were previously excluded from ICI treatment stu-
dies. However, these patients are more often exposed to 
tumour pathologies. Certain retrospective studies appear to 
favour the use of ICIs since the efficacy and toxicity profile 
appears comparable to other agents.91–93 Additionally, no 
viral reactivation was observed in these studies.94

Similarly, pembrolizumab has been used in HIV patients 
with advanced cancer. The patients in this study had to be 
stable with a CD4 count greater than or equal to 100 cells/ 
μL, they had to be on antiretroviral therapy (ART) for 4 or 
more weeks, and had to have an HIV viral load of less than 
200 copies/mL.95 A multidisciplinary discussion between 
an oncologist and infectious disease specialist is recom-
mended before initiating treatment. Apart from any tumour 
pathology, a Canadian trial is currently testing the efficacy 
of ICI treatment in HIV-positive patients with increasing 
viral load while on antiviral triple therapy.96 ICI treatment 
could therefore provide these patients with a dual effect 
with regard to controlling viral replication and tumour 
growth.

Variability in ICI Responses
Immunosuppression – Efficacy 
Relationship
The use of corticosteroid therapy or immunomodulatory 
therapies for immunotoxicity could interfere with the 

effectiveness of ICI treatment. To investigate whether the 
management of immunotoxicity would interfere with the 
effectiveness of subsequent ICI treatment, a retrospective 
study evaluating the resumption of treatment with anti-PD 
-1 after the onset of toxicity with anti-CTLA-4 therapy in 
patients with advanced melanoma was conducted. Among 
67 patients who required corticosteroid therapy or immu-
nomodulatory treatment for toxicity with anti-CTLA-4 
therapy (included 86% grade 3–4 events), the tumour 
response rate with anti-PDL-1 therapy was 40%. 
However, in the five patients still receiving immunosup-
pressive therapy at the initiation of anti-PD-1, the response 
rate did not exceed 15%. This was in contrast to the 44% 
response rate in non-treated patients at the anti-PD-1 
initiation.33

For immune induced colitis, the use of corticosteroid 
therapy or infliximab does not seem to modify the tumour 
response rate.30 According to several other retrospective 
studies, the response rate would not be modified in these 
patients.63,97 More data from prospective studies are 
necessary to evaluate the interaction between immunosup-
pressants and ICI treatments.

Toxicity – Efficacy Relationship
Immune related adverse events are caused by immune 
activation, and the relationship between ICI treatment 
toxicity and efficacy is regularly questioned. The relation-
ship between toxicity and efficacy is complex because 
patients with toxicity represent a very heterogeneous 
group. This is due to different toxicity grades, whether 
a decision to use an immunosuppressive treatment was 
made, and whether ICI treatment was suspended during 
and after the event.

In melanoma, the onset of vitiligo or arthritis appears 
to be correlated with a better tumour response.98

In a retrospective study that included 271 patients 
treated with anti-PD-1 therapy for advanced bronchial 
carcinoma, 116 patients (42.8%) presented with an immu-
notoxicity, of whom 56 required a temporary or permanent 
suspension of ICI treatment. Corticosteroid therapy was 
initiated in approximately 20% of cases. The results of this 
study are in favour of decreased overall survival in 
patients who had to stop ICI treatment (median OS of 
8.3 months vs 14.5 months, p = 0.008). Overall survival 
also appears lower in patients with Performance Status > 
1, liver metastases, and grade 3–4 toxicity (HR OS = 2.29 
95% CI (1.05–4.98); p = 0.036). If all grades were com-
bined, the only toxicity associated with a decreased overall 
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survival would be the appearance of colitis with nivolu-
mab (p = 0.01). No toxicity was associated with an 
improvement in overall survival in this study.98 These 
results should be interpreted with caution because patients 
and the type of care management was very heterogeneous 
among different centres.

In cases of metastatic renal cell carcinoma, a real- 
world efficacy and safety study showed better overall 
survival in patients who developed irAEs of any grade.99 

Similarly, 1747 patients from seven clinical trials investi-
gating metastatic or locally advanced urothelial cancer 
treated with anti-PDL-1, reported immune toxicity in 
64% of responding patients and in 34% of patients who 
did not respond to treatment.100 Similar data were docu-
mented for nivolumab treatment of non-small cell lung 
carcinoma.101 Similar Eggermont et al analysis the effect 
of irAEs for patient treated with pembrolizumab in adju-
vant setting for melanoma. The occurrence of an irAEs 
was associated with a longer recurrence free survival in 
the pembrolizumab arm.102

Rheumatic disorders are interesting predictors of 
response. Kostine et al showed a better tumour response 
rate for patients with rheumatic AEs compared with patients 
without rheumatic AEs (85.7% vs 35.3%; P<0.0001).103

At minimum, the general consensus is that irAEs are 
not required to obtain a benefit from ICI treatment. The 
lack of standard guidelines for managing immunotoxicity 
and the conflicting results from these studies should influ-
ence the development of new prospective trials investigat-
ing this subject.12

Conclusion
Immune checkpoint inhibitors currently represent one of 
the most effective treatments against cancer and are 
increasingly being used as first-line agents for many indi-
cations. With the growing use of ICIs, a new toxicity 
profile has appeared. This included immune related 
adverse events. Although immune related adverse events 
are often reversible and are rarely lethal, they must be 
rapidly recognised by clinicians to optimise their 
management.

The management of immunotoxicity usually involves 
corticosteroid therapy or the use of immunomodulators. For 
those patients who are not eligible to receive other therapeutic 
options, early and adequate management of toxicity even-
tually allows ICI treatment to resume. More studies are 
required to understand more fully the mechanism of immune 
related adverse events and to develop more targeted therapies.

The tolerance profile of ICIs is, overall, better than that 
of chemotherapy. This allows their use to be extended over 
a wider population. However, the prospective data are still 
scarce in patients with underlying autoimmunity and immu-
nosuppression. Given that ICI treatment increases overall 
patient survival and the indications for immunotherapy will 
continue to expand, new toxicities may soon emerge.
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