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Abstract. Immunotherapy is one of the most recent systemic 
treatments to emerge for use in oncology, and is based on 
the blocking of inhibitory immune checkpoints to poten-
tiate the immune response to cancer. The anti‑cytotoxic 
T  lymphocyte‑associated antigen‑4 antibody ipilimumab 
and anti‑programmed cell death protein 1 antibodies, 
including nivolumab and pembrolizumab, are currently 
available and widely used, and other immune‑inhibiting 
antibodies are now under intensive investigation. These 
antibodies have shown efficacy in a growing number of 
tumor types, following initial observations of their notable 
effects in melanoma treatment. Despite the efficacy of these 
antibodies, their novel mechanisms of action are also associ-
ated with a new class of side effects called immune‑related 
adverse events (IRAEs). These side effects do not share a 
common pathophysiology with other anticancer treatments 
and, therefore, they often require specific therapies. When 
detected early and correctly treated, IRAEs are reversible; 
however, they can become severe and life‑threatening if 
underestimated or inappropriately treated. This review 
aims to revisit the pathogenesis of IRAEs, with attention 
to gastrointestinal manifestations, since these are common 
and potentially dangerous complications of immunotherapy 
and represent a major cause of treatment discontinuation. 
Recommendations and guidelines for the management of 
IRAEs are also presented, in order to provide a clear and 
applicable algorithm for use by clinicians.
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1. Introduction

Immunotherapy has become a new paradigm in cancer treat-
ment since the reinforcement of immune surveillance has been 
shown to represent an efficacious approach to cancer immu-
notherapy (1). In this context, the interactions between tumor 
cells and stromal cells regulate the release of soluble factors 
that promote tumor progression, including vascular endothe-
lial factor, interleukin‑6 and transforming growth factor‑β, 
which promote effector immune cells to strengthen their role 
in immune surveillance (2).

The inflammatory tumor microenvironment affects 
cross‑talk between T cells and antigen‑presenting cells 
(APCs), as well as between T cells and tumor cells, resulting 
in impaired cytotoxicity (3). Therefore, the antitumor response 
is regulated by the alternative expression of either activating 
or inhibiting immune checkpoint proteins by immune cells (4). 
In the context of cancer immunotherapy, two immune check-
point receptors have been primarily studied, namely cytotoxic 
T lymphocyte‑associated antigen 4 (CTLA4) and programmed 
cell death protein 1 (PD1), which are inhibitory receptors 
that control T cell activation in immune responses at various 
levels (5).

CTLA4 is exclusively expressed on T cells and primarily 
regulates the amplitude of the early stages of T cell activation, 
acting as a counterbalance to the activity of the co‑stimulatory 
receptor cluster of differentiation (CD) 28 (5). Furthermore, 
the activation of T cells requires two sets of signals: The 
engagement of T cell receptors (TCRs), and a second signal 
that results from the binding of co‑stimulatory receptors on 
the T cell with cell‑surface molecules on APCs (5). CTLA4 
is homologous to CD28 and the two receptors are localized 
on the surface of T cells where they compete to bind to the 
co‑stimulatory ligands CD80 (also termed B7.1) and CD86 
(also termed B7.2) on APCs  (4‑6). Furthermore, CTLA4 
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and CD28 are centrally important for the initial activation of 
naïve T cells induced by the migration of activated APCs to 
lymphoid organs (6).

In contrast to CTLA4, the principal inhibitory role 
mediated by PD1 is to limit the activity of T cells in 
peripheral tissues (including tumors) through the inhibition 
of TCR signaling and the downregulation of anti‑apoptotic 
molecules and pro‑inflammatory cytokines. PD1 expression 
on the surface of T cells occurs due to chronic and continuous 
antigen exposure and consequent lymphocyte activation, 
and defines an anergic or exhausted state. PD1 recognizes 
two known ligands, programmed death ligand (PD‑L)1 
(also known as B7‑H1) and PD‑L2 (also known as B7‑DC), 
which are expressed on tumor cells, APCs and certain 
non‑hematopoietic cells  (4). Consequently, PD1/PD‑L1 
interaction induces apoptosis, inhibits T lymphocyte 
proliferation, survival and effector functions, and promotes 
the differentiation of T cells into Forkhead box P3‑positive 
regulatory T cells (4,5).

Targeting these immune checkpoints can reinforce 
endogenous antitumor activity. The human CTLA4‑blocking 
antibody, ipilimumab, demonstrated an overall survival (OS) 
benefit for patients with advanced melanoma (7). In addi-
tion, two PD1‑blocking antibodies, pembrolizumab and 
nivolumab, have also exhibited favorable clinical activity in 
melanoma and other solid tumors, including non‑small cell 
lung cancer, renal cell cancer, ovarian cancer and head and 
neck cancers (8,9).

Despite their clinical efficacy in terms of progression‑free 
survival and OS, these immune checkpoint inhibitors induce 
novel toxicities in the form of tissue‑specific inflammation 
or immune‑related adverse events (IRAEs). Commonly 
affected tissues include the skin (rash, pruritus and vitiligo), 
bowel (diarrhea and colitis), liver (hepatitis and elevated 
liver enzymes) and endocrine glands (hypophysitis, hypo-
thyroidism, thyroiditis and adrenal insufficiency)  (10,11). 
These effects are mediated by T cell hyperactivation against 
self‑antigens, similarly to autoimmune disorders, and have 
been more frequently reported with anti‑CTLA4 blockade 
compared with PD1/PD‑L1 inhibition (10). Even if responsive 
to corticosteroids and immunosuppressive agents, such as 
tumor necrosis factor‑blocking antibodies for colitis or myco-
phenolate mofetil for hepatitis, IRAEs occasionally lead to 
discontinuation of treatment (11).

New evidence has shown improved clinical responses with 
the combination of anti‑PD1 and anti‑CTLA4 antibodies, at the 
cost of a higher incidence of drug‑associated AEs of grade 3 
or 4 compared with monotherapies (12). In a previous study, 
although the majority of IRAEs were treated and controlled, 
the discontinuation of the clinical trial due to IRAEs in the 
patient cohort under combination treatment was higher (55%) 
compared with the monotherapy with anti‑PD1 or anti‑CTLA4 
antibodies (12,13).

Considering the promising results of immunotherapy, a 
coadjutant factor reducing the IRAEs could be advisable to 
avoid the use of corticosteroids or other immunosuppressive 
agents. This review revisits the recent advances in the 
knowledge of IRAEs, focusing on their pathogenesis, to 
propose novel strategies limiting these effects without 
interfering with the clinical efficacy of immunotherapy.

2. Epidemiology of IRAEs

IRAEs occur in up to 90% of patients treated with anti‑CTLA4 
and in 70% of those receiving anti‑PD1/PD‑L1 antibodies 
(Table  I)  (14,15). Grade 1 and 2 events are most common 
in the skin and the bowel, whereas grade 3 and 4 toxicities 
are prevalent in the digestive tract (16,17). The majority of 
IRAEs occur within 3‑6 months of therapy (16,17) and the 
risk of developing IRAEs appears to be dose‑dependent for 
anti‑CTLA4 antibodies (18), but not for anti‑PD1 agents. The 
combination therapy of ipilimumab with nivolumab provides 
significant clinical results, but also severe toxicities (9). The 
rate of grade 3 and 4 toxicities for such a combination is 55%, 
in contrast to monotherapies with nivolumab or ipilimumab, 
which have frequencies of 16 and 27%, respectively  (9). 
Several studies have also described the additional toxic effects 
of combinatory immune checkpoint inhibition due to their 
different mechanisms of action (12,19,20).

Skin toxicity is observed in almost half of patients 
treated with ipilimumab (44%); the majority of these cases 
are of grade 1 and 2 toxicity, whereas severe skin toxicity 
(grade  3‑4) is recorded in <2% of patients. Skin toxici-
ties observed with anti‑PD1 antibodies include rash (14%), 
pruritus (10%), and occasionally psoriasiform eruptions (21). 
Vitiligo is the most frequent IRAE for anti‑CTLA4 and 
anti‑PD1 therapies in patients with melanoma (21). In addi-
tion, there have been several reported cases of Sweet's 
syndrome or Stevens‑Johnson syndrome, as well as toxic 
epidermal necrosis, pyoderma gangrenosum and cutaneous 
sarcoidosis during anti‑CTLA4 therapy, as well as exacer-
bation of pre‑existing conditions, such as eczema, vitiligo 
or rosacea and extensive alopecia (22). In ~20% of patients 
treated with ipilimumab, a rash has been reported in the form 
of maculo‑papular erythema on the trunk, back or extremi-
ties, mostly at grade 1 (22). Dry mouth affects ~5% of patients 
receiving immunotherapy (16), and oral candidiasis or Sjögren 
syndrome may also occur, although these are more frequently 
reported with PD1‑inhibitors (14).

The most common gastrointestinal AEs include diar-
rhea, vomiting and colitis with abdominal pain or causing 
intestinal perforation (23). Gastrointestinal IRAEs generally 
occur after 6‑7 weeks of treatment and include mesenteric 
vessel engorgement, bowel wall thickening and fluid‑filled 
colonic distention; colitis may show a diffuse thickening of 
the colon wall on positron emission tomography‑computed 
tomography  (23). Colitis appears with mucosal erythema 
and ulcerations simulating Crohn's disease  (23). In a 
meta‑analysis including 10 studies and >2,000  patients 
treated with immune checkpoint inhibitors, diarrhea was 
frequently reported (11‑51% of cases), whereas vomiting was 
only described in seven studies (3‑32% of cases) and colitis 
in six studies (1‑16% of cases)  (19). The KEYNOTE‑006 
randomized open‑label study has provided additional insight 
into the risks of different gastrointestinal toxicities from 
pembrolizumab (anti‑PD1) vs. ipilimumab (anti‑CTLA4). 
The findings revealed that diarrhea is more common during 
anti‑CTLA4 (30% any grade and ~10% grade  3‑4) than 
during anti‑PD1/PD‑L1 therapy. Furthermore, in this trial, 
the risk of colitis was 8.2% for ipilimumab vs. 3.6% for 
pembrolizumab (21).
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Other research has suggested an increased risk of 
diarrhea and colitis with ipilimumab in comparison to 
nivolumab treatment. In a recently reported phase 3 trial 
evaluating combined nivolumab/ipilimumab therapy and 
monotherapy with ipilimumab or nivolumab, the risk of diar-
rhea and colitis was observed to be markedly higher in the 
ipilimumab‑containing arms compared with the nivolumab 
monotherapy arm (12).

In patients treated with ipilimumab for melanoma, liver 
toxicity has been reported in ~5% of patients, particularly after 
6 weeks of treatment, as elevated levels of hepatic enzymes 
and bilirubin, or as acute hepatitis (24). Immune‑associated 
elevation of pancreatic enzyme levels has also been reported 
in immunotherapy‑based protocols (25). Checkpoint inhibitor 
therapy can also induce a spectrum of rare cardiac side effects, 
including fibrosis, autoimmune myocarditis, cardiomyopathy, 
heart failure and cardiac arrest (26).

Approximately 5‑10% of patients receiving immune 
checkpoint inhibitors develop an endocrine IRAE of any 
grade, including thyroid dysfunction (most often hypothy-
roidism) (21), hypophysitis (mainly observed with ipilimumab; 
10%) (27), and adrenal insufficiency (with an incidence of 
~6% for all grades and 1% for grades 3‑4 with nivolumab 
and pembrolizumab treatment)  (28). Fatigue is one of the 
most common side effects of immune checkpoint blockade, 
with a frequency of 47% in patients treated with anti‑PD1 
agents (16). Immune‑associated pneumonitis occurs in ~1% of 
patients (29); severe forms are extremely rare with ipilimumab, 
whereas they have been frequently reported with anti‑PD1 
agents (30).

Ophthalmological and neurological IRAEs occur in 
patients treated with ipilimumab (31). Ocular toxicity (inci-
dence, <1%) includes episcleritis, conjunctivitis, uveitis and 
orbital inflammation (31). Autoimmune neuropathies are rare 
(incidence, <1%) and include mild paresthesia as well as severe 
neurological syndromes such as Guillain‑Barré syndrome, 
aseptic or lymphocytic meningitis, posterior reversible 
encephalopathy syndrome, inflammatory enteric neuropathy 
or transverse myelitis (32).

Arthralgia and arthritis are the most common rheumatic 
and musculoskeletal IRAEs, with an incidence of ~5% (33). 
There have been few reports of sicca syndrome, myositis or 
severe salivary hypofunction (33). A small number of cases 
of systemic lupus erythematous or polymyalgia rheumatic 
and giant cell arteritis have been described with CTLA4 
blockade (34). Furthermore, the incidence of arthralgia was 
higher with combined ipilimumab/nivolumab immunotherapy 
(10.5%) compared with ipilimumab or nivolumab monotherapy 
(6.1 and 7.7%, respectively) in a previous study (33).

Kidney damage, including renal failure in patients treated 
with anti‑CTLA4, has also been reported, with an incidence 
of 1% (35); this includes interstitial nephritis, granulomatous 
nephritis and glomerular lupus‑like nephropathy (34). Renal 
dysfunctions or increases in serum creatinine are more 
common with nivolumab therapy compared with ipilimumab 
treatment (incidence, 1‑22%) (36).

Hematological toxicity, including red cell aplasia, autoim-
mune neutropenia or pancytopenia and acquired hemophilia A, 
has also been reported in small number of patients receiving 
anti‑CTLA4 antibodies (37).

Table I. Incidence of IRAEs during anticancer immunotherapy with anti‑CTLA4 or anti‑PD1/PD‑L1 antibodies.

	 IRAE incidence (all grades), %
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 Anti‑CTLA4	 Anti‑PD1/PD‑L1
IRAEs	 immunotherapy	 immunotherapy

Dermatological (rash, pruritus, psoriasiform eruptions, vitiligo, Sweet's 	 44.0	 37.4
syndrome, Stevens‑Johnson syndrome, toxic epidermal necrosis, pyoderma 
gangrenosum, cutaneous sarcoidosis)
Gastrointestinal (diarrhea, colitis, hepatitis, pancreatitis)	 30.0	 20.0
Fatigue	 46.0	 47.0
Endocrine (thyroid dysfunction, hypophysitis, adrenal insufficiency)	 10.0	 <10.0
Musculoskeletal	 6.1	 7.6
Mucosal toxicity (oral mucositis, dry mouth)	 <5.0	 5.0
Respiratory (pulmonitis)	 1.0	 <1.0
Ophthalmological (episcleritis, conjunctivitis, uveitis, orbital inflammation)	 <1.0	 ‑
Neurological (paresthesia, Guillain‑Barré syndrome, aseptic or lymphocytic 	 <1.0	‑
meningitis, posterior reversible encephalopathy syndrome, inflammatory 
enteric neuropathy, transverse myelitis)
Renal (renal failure)	 <1.0	 1.0‑22.0
Hematological (red cell aplasia, autoimmune neutropenia or pancytopenia, 	 <1.0	‑
acquired hemophilia)

IRAE, immune‑related adverse event; CTLA4, cytotoxic T lymphocyte antigen 4; PD1, programmed cell death protein 1; PD‑L1, programmed 
death ligand 1.
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3. Pathogenesis of IRAEs

The major immune checkpoint receptors, which include 
CTLA4 and PD1, perform a pivotal role in regulating 
the mechanisms of tolerance to self‑antigens through the 
downregulation as well as the prevention of abnormal activity 
against self‑antigens (38) (Fig. 1).

The functions of the CTLA4 and PD1 pathways include the 
downregulation of T cell activation, which serves a significant 
function in the interactions between the immune system and 
cancer, as this may be attenuated by the influence of tumor 
cells. Furthermore, the continuous release of antigens by 
tumor cells within the tumor microenvironment has been 
shown to upregulate the inhibitory immune pathways as 
a result of chronic stimulation  (4). Infiltrating T cells are 
frequently reduced due to the presence of CTLA4 and PD1 
within the microenvironment, leading to impaired antitumor 
immunity (6). Once CTLA4 and PD1 bind to their ligands 
(CD80/86 and PD‑L1/PD‑L2, respectively), they negatively 
regulate intercellular interactions, even in the presence of 
tumor antigens  (4). By blocking these interactions with 
CTLA4 and PD1, checkpoint inhibitors lead to increased 
T cell proliferation and activity, followed by an antitumor 
response and potentially by autoimmune reactions  (39). 
Notably, certain polymorphisms of these immune receptor 
genes have been associated with increased susceptibility to 
various autoimmune diseases (39,40). However, the specific 
pathogenic mechanisms of IRAEs, which may occasionally be 
severe and life‑threatening, remain largely unknown.

IRAEs have been associated with massive infiltra-
tion of highly‑activated CD4+ and CD8+ T cells and an 
increased serum release of inflammatory cytokines  (41). 
The most extensive data on the pathogenic mechanisms 
of IRAEs derive from studies on immunotherapy with 
CTLA4 inhibitors, in particular regarding the pathogenesis 
of anti‑CTL4‑associated gastrointestinal and dermatological 
effects. Berman et al  (42) demonstrated that anti‑CTLA4 
agents induced the dysregulation of gastrointestinal mucosal 
immunity, as highlighted by the perturbation of enteric flora 
homeostasis. Variations of perinuclear anti‑neutrophil cyto-
plasmic antibody staining and OmpC (E. coli) levels, as well 
as increased levels of neutrophil‑derived fecal calprotectin, 
have been described (42). Despite this, calprotectin was not 
considered a predictive biomarker of IRAEs, but it only 
occurs in inflammatory bowel disease, indicating a different 
pathogenesis (42).

Since CTLA4 is highly expressed on the surface of regulatory 
T cells (Tregs), which have been indicated to downregulate 
cell‑mediated immunity, an alternative hypothesis proposed 
that anti‑CTLA4 antibodies cause an imbalance between Treg 
activity and effector T cell function. Indeed, anti‑CTLA4 
agents can induce significant peripheral blood Treg depletion, 
despite a high frequency of T‑helper (Th)1 and Th17 cell subsets 
and increased levels of cytotoxic granzyme CD8+ T cells (43). 
Conversely, no differences in mucosal FoxP3+ Tregs in the 
colonic mucosa were observed between anti‑CTLA4‑treated 
patients with and without gastrointestinal IRAEs  (44). 
Furthermore, an expansion of Th17 cells and elevated levels 

Figure 1. CTLA4 and PD1 regulate different stages of T cell response. (A) T cell activation requires two complementary signals: The interaction between the 
TCR and peptide‑MHC complex must be associated with a second co‑stimulatory signal mediated by CD28. Conversely, the binding of CTLA4 to CD80/86 
provides a control signal that suppresses ongoing T cell activation. (B) PD1 is upregulated on T cells following persistent antigen exposure. When PD1 binds to 
its ligand, PD‑L1 or PD‑L2, expressed by tumor cells, the T cell receives an inhibitory signal. Antibodies against CTLA4 or PD1/PD‑L1 can activate T cells. 
CTLA4, cytotoxic T lymphocyte antigen 4; PD1, programmed cell death protein 1; TCR, T cell receptor; MHC, major histocompatibility complex; CD, cluster 
of differentiation; PD‑L1, programmed death ligand 1; PD‑L2, programmed death ligand 2; DC, dendritic cell.
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of serum IL‑17 were associated with gastrointestinal disorders 
during immunotherapy (45).

Based on these data, a trial of neoadjuvant therapy with ipil-
imumab at 10 mg/kg demonstrated that baseline pretreatment 
with IL‑17 is significantly associated with the risk of subse-
quent development of severe immune‑mediated diarrhea (10). 
Host factors, such as genetic predisposition, associated with 
IRAEs have not been completely elucidated, although it is 
plausible that the incidence of gastrointestinal IRAEs may be 
associated with CTLA4 polymorphism alleles (42).

Dermatological IRAEs, including vitiligo, depend on 
T cell activation against melanocytes, which shows a peri-
vascular infiltrate of lymphocytes and eosinophils into the 
epidermis (10), as well as of Melan‑A‑specific CD8+ T cells 

into the dermis (46,47). Notably, the prophylactic use of immu-
nosuppressive therapy, such as corticosteroids, has not been 
shown to prevent the incidence of IRAEs (48).

4. Management of IRAEs

Gastrointestinal effects. Diarrhea and colitis are common 
IRAEs associated with anti‑CTLA4 or anti‑PD‑1/PD‑L1 
use. Management of grade 1 diarrhea (defined as <4 stool 
evacuations above baseline per day) is based on fluid hydra-
tion, electrolyte repletion and anti‑motility agents such as 
loperamide (Table II) (49). The cornerstone of diagnosis in 
patients suspected of severe acute infectious diarrhea (such as 
Clostridium difficile) is the microbiological analysis of stools, 

Table II. Schematic treatment algorithm for management of gastrointestinal adverse events during anticancer immunotherapy.

A, Diarrhea and colitis.

Severity of symptoms	 Description	 Management and follow‑up

Grade 1 	 Diarrhea: <4 stools/day over baseline. 	 Continue ICPI 
	 Colitis: Asymptomatic	 Supportive care: Oral fluid and anti‑motility agents 
		  such as loperamide
		  If symptoms persist: Budesonide 9 mg/daily
Grade 2 	 Diarrhea: 4‑6 stools/day over baseline. 	 Delay ICPI and treat as grade 1 
	 Colitis: Abdominal pain; blood in stool.	 If symptoms persist >5‑7 days: 0.5‑1.0 mg/kg/day 
		  methylprednisolone or PO equivalent
		  If no improvement occurs manage as for grade 3‑4
Grade 3 	 Diarrhea: ≥7 stools/day over baseline; 	 Permanently discontinue ICPI
	 incontinence. Colitis: Severe abdominal	 1.0‑2.0 mg/kg/day methylprednisolone i.v. or equivalent
	 pain, medical intervention indicated, 	 Consider lower gastrointestinal endoscopy
	 peritoneal signs.	 If symptoms persist: Infliximab 5 mg/kg every 2 weeks
		  (if no contraindications)
		  If symptoms persist: Consider alternative 
		  immunosuppressive therapy (such as mycophenolate 
		  mofetil and tacrolimus)
Grade 4	 Life‑threatening, perforation	 As for grade 3

B, Hepatotoxicity.

Severity of symptoms	 Description	 Management and follow‑up

Grade 1	 AST or ALT >1 to 3x ULN; and/or 	 Continue ICPI
	 total bilirubin 1.0‑1.5x ULN	 Exclude liver injury induced by malignancies, alcohol, 
		  viral hepatitis or drugs
Grade 2	 AST or ALT >3.0 to 5.0x ULN; and/or	 Delay ICPI 
	 total bilirubin >1.5 to 3.0x ULN	 If symptoms persist >5‑7 days or worsens: 
		  0.5‑1 mg/kg/day methylprednisolone i.v. or PO equivalent 
Grade 3‑4	 AST or ALT >5.0x ULN; and/or	 Delay or discontinue ICPI 
	 total bilirubin >3.0x ULN	 1‑2 mg/kg/day methylprednisolone i.v. or equivalent
		  If symptoms persist: Consider alternative 
		  immunosuppression (e.g., mycophenolate mofetil)

ICPI, immune checkpoint inhibitors; ULN, upper limit of normal; i.v., intravenous; AST, aspartate aminotransferase; ALT, alanine 
aminotransferase.

https://www.spandidos-publications.com/10.3892/ol.2017.6919
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in association with a complete blood count and the measure-
ment of serum inflammatory parameters (50). If symptoms 
persist, 9 mg of budesonide can be administered daily. The 
prophylactic use of budesonide has been tested during treat-
ment with ipilimumab, without resulting in any difference in 
the incidence of diarrhea (51). Grade 2 colitis (4‑6 episodes 
of diarrhea per day) can represent a risk factor for the devel-
opment of a bowel perforation. Persistent symptoms in the 
absence of perforation require systemic corticosteroid treat-
ment (methylprednisolone 0.5‑1 mg/kg/day or oral equivalent). 
For severe (grade 3 or 4) toxicity, defined as ≥7 stools above 
baseline per day, peritoneal signs, bowel perforation or fever, 
immunotherapy should be permanently discontinued. Patients 
should be hospitalized for clinical monitoring and begin an 
appropriate intravenous (i.v.) electrolyte repletion. Following 
endoscopic evaluation, systemic corticosteroid treatment 
(methylprednisolone 1‑2  mg/kg i.v. daily or equivalent) 
should be administered (50). High‑dose methylprednisolone 
is indicated in clinically unstable patients (17). For severe or 
steroid‑refractory symptoms, infliximab administration at a 
dose of 5 mg/kg every 2 weeks should be considered. Infliximab 
is contraindicated in patients with sepsis or intestinal perfora-
tion. In steroid‑ and infliximab‑refractory patients, the use of 
tacrolimus or mycophenolate mofetil may be evaluated (52). 
However, the development of gastrointestinal toxicities during 
the administration of one immune checkpoint inhibitor does 
not preclude the use of another one (17).

Hepatotoxicity. Autoimmune hepatotoxicity manifests as 
an asymptomatic increase in serum transaminases and total 
bilirubin. Other causes of liver injury, including alcohol 
abuse, viral hepatitis or hepatotoxic medications, should be 
excluded. Ordinarily, the average time to resolution is 8 weeks. 
For grade 2 toxicity, immunotherapy should be withheld and, 
in case of persistence, corticosteroids (methylprednisolone 
0.5‑1 mg/kg i.v. or oral equivalent daily) are recommended. 

For grade 3‑4 toxicity, immunotherapy should be permanently 
discontinued (50). Patients should be hospitalized and receive 
methylprednisolone (1‑2  mg/kg i.v.). If symptoms persist, 
administration of mycophenolate mofetil (50) can be considered, 
and infliximab is not recommended (53) (Table II).

Dermatological disorders. Dermatological toxicities, 
including rash, pruritus and vitiligo, often occur in patients 
treated with immune‑checkpoint inhibitors (54,55). During 
immunotherapy administration, grade 1 rash and pruritus can 
be managed with topical corticosteroids and systemic antihis-
tamines. Delaying of immunotherapy is mandatory in cases of 
grade 2 toxicity; methylprednisolone at a dose of 0.5‑1 mg/kg 
daily or oral equivalent is required with persisting symptoms. 
Furthermore, grade 3 rash necessitates systemic corticosteroid 
therapy (methylprednisolone 1‑2 mg/kg daily) and discon-
tinuation of immune‑checkpoint inhibitor administration (49). 
Infliximab or mycophenolate mofetil can be used to manage 
refractory symptoms (53) (Table III). No treatment for vitiligo 
has been validated thus far (50).

Pneumonitis. Pneumonitis occurs later than other IRAEs (56). 
Although rare, it may be fatal, and an effective workup is there-
fore required. In a patient with a chronic productive cough, 
shortness of breath and hypoxia, chest X‑ray and CT scans 
are diagnostic. Suspicious signs on CT scan include evidence 
of consolidative or ‘ground glass’ opacities with peripheral 
distribution  (57). In mild cases, systemic corticosteroid 
treatment with prednisone 1‑2 mg/kg or methylprednisolone 
1 mg/kg daily can be administered. In more severe toxicities, 
hospitalization, discontinuation of the immune‑checkpoint 
inhibitor and high doses of corticosteroids (methylpred-
nisolone 2‑4 mg/kg daily) are indicated, once pulmonary 
infections have been excluded. If symptoms persist, mycophe-
nolate mofetil, cyclophosphamide or infliximab may also be 
administered (53,58) (Table IV).

Table III. Schematic treatment algorithm for management of dermatological adverse events during anticancer immunotherapy.

Severity of symptoms	 Description	 Management and follow‑up

Grade 1	 Maculopapular rash <10% BSA, with/without	 Continue ICPI
	 symptoms (pruritus, burning, tightness) 	 Supportive care: Anti‑histamines and topical steroid
Grade 2	 Maculopapular rash 10‑30% BSA, 	 Delay ICPI
	 with/without symptoms (pruritus, burning, 	 Topical steroids
	 tightness); limiting instrumental ADL 	 If symptoms persist >7 days: Systemic steroids 
		  (such as methylprednisolone 0.5‑1 mg/kg/day or 
		  PO equivalent)
Grade 3‑4	 Maculopapular rash >30% BSA, 	 Delay or discontinue ICPI
	 with/without symptoms (pruritus, burning, 	 Methylprednisolone 1‑2 mg/kg/day or
	 tightness); limiting self‑care ADL; local or 	 PO equivalent
	 extensive superinfection 	 Consider skin biopsy
		  If symptoms persist: Consider alternative 
		  immunosuppressive therapy (such as 
		  mycophenolate mofetil or infliximab)

ICPI, immune checkpoint inhibitors; BSA, body surface area; ADL, activities of daily living; PO, per os.
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Endocrinopathy. Hypothyroidism and hypophysitis are the 
most common endocrine IRAEs. Therefore, thyroid function 
must be regularly assessed, whereas the pituitary axis should be 
tested only in suspected cases (52). Hypophysitis presents with 
signs of hypopituitarism (fatigue, hypoglycemia, hypotension 
and hypogonadism) and magnetic resonance imaging shows 
enhancement and enlargement of the pituitary gland (59). This 
condition is usually irreversible and requires permanent hormone 
replacement. When symptoms occur, methylprednisolone 

(1‑2 mg/kg/day i.v. or oral equivalent) should be administered. A 
stress dose of i.v. corticosteroids with mineralocorticoid activity 
is indicated in cases of adrenal insufficiency. Immune check-
point therapy must be delayed in symptomatic endocrinopathy 
and permanently discontinued in cases of severe toxicity (60,61). 
Symptomatic hyperthyroidism is managed with β‑blockers and 
steroids (62). Once hypothyroidism is documented, hormone 
replacement represents the treatment of choice, with no indica-
tions for the deferral of immunotherapy (Table IV) (11).

Table IV. Schematic treatment algorithm for management of pneumonitis, endocrinopathy and renal injury occurring as adverse 
events during anticancer immunotherapy.

A, Pneumonitis. 

Severity of symptoms	 Description	 Management and follow‑up

Grade 1	 Asymptomatic; radiographic changes only	 Continue ICPI 
		  Clinical or diagnostic observation 
Grade 2	 Symptomatic (mild to moderate new	 Delay ICPI
	 symptoms)	 1 mg/kg/day methylprednisolone or PO equivalent
		  Consider bronchoscopy and lung biopsy
Grade 3‑4	 Severe symptoms; worsening hypoxia; 	 Discontinue ICPI
	 life‑threatening	 2‑4 mg/kg/day methylprednisolone or i.v. equivalent
		  Consider bronchoscopy and lung biopsy
		  If symptoms are not improving within 48 h or are 
		  worsening: Consider alternative immunosuppressive 
		  therapy (such as mycophenolate mofetil, 
		  cyclophosphamide or infliximab)

B, Endocrinopathy.

Severity of symptoms	 Description	 Management and follow‑up

Grade 1	 Asymptomatic	 Continue ICPI 
		  Hormone replacement
Grade 2	 Symptomatic endocrinopathy	 Delay ICPI 
		  1‑2 mg/kg/day methylprednisolone i.v. or PO equivalent
Grade 3‑4	 Symptomatic endocrinopathy requiring 	 Delay or discontinue ICPI
	 urgent medical intervention, interfering 	 2 mg/kg/day methylprednisolone i.v. or equivalent
	 with ADL. Grade 4: Life‑threatening 	 If suspicion of adrenal crisis: stress dose of steroids 
	 consequences (such as adrenal crisis)	 with mineralocorticoid activity

C, Renal injury.

Severity of symptoms	 Description	 Management and follow‑up

Grade 1	 Creatinine 1.5x ULN 	 Continue ICPI 
		  Creatinine monitoring
Grade 2‑3	 Creatinine >1.5 to 6x ULN	 Delay ICPI
		  0.5‑1 mg/kg/day methylprednisolone i.v. or equivalent
Grade 4	 Creatinine >6x ULN	 Discontinue ICPI
		  1‑2 mg/kg/day methylprednisolone i.v. or equivalent

ICPI, immune checkpoint inhibitors; ADL, activities of daily living; ULN, upper limit of normal; PO, per os; i.v., intravenous.
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Renal injury. Kidney failure presents with interstitial, granu-
lomatous nephritis or glomerular lupus‑like nephropathy. 
Grade  1 toxicity requires constant monitoring of serum 
creatinine once a week without discontinuing the ongoing 
immunotherapy. Interruption of the treatment is recom-
mended in cases of toxicity of grade 2‑3 unresponsive to 
steroids (methylprednisolone 0.5 mg/kg daily i.v.). In grade 4 
toxicity, permanent discontinuation of therapy is mandatory, 
while renal biopsy and high‑dose steroids (methylpredniso-
lone 1‑2 mg/kg daily i.v.) may be useful in cases of kidney 
impairment (Table IV) (50).

Immunosuppressant effect on anticancer immunotherapy. 
There is limited knowledge available regarding the impact 
of corticosteroids on the outcome of cancer treatment. For 
this purpose, a phase II trial was performed with ipilimumab 
monotherapy in advanced melanoma. In this study, 83 patients 
were monitored to determine the disease control efficacy in 
the presence (52% of patients) or absence (48% of patients) 
of steroid treatment for IRAEs (63). Systemic corticosteroid 
treatment of IRAEs did not appear to impact the development 
or maintenance of ipilimumab clinical activity in advanced 
melanoma. By contrast, data are still missing regarding 
the effects of immunosuppressive agents for IRAEs on the 
outcome of anti‑PD1 therapy  (64). Therefore, additional 
studies are required to understand whether the management 
of IRAEs with immunosuppressive agents has a detrimental 
effect on antitumor immunity.

5. Conclusions and future perspectives

Despite the promising results of trials with immunotherapeutic 
agents, this type of treatment can produces adverse effects 
through non‑specific immunological activation, which may 
lead to the discontinuation of treatment. Therefore, targeting 
molecular mechanisms underlying the IRAEs is desirable to 
allow the continuation and completion of treatment. As steroids 
and immunosuppressive agents reduce T cell hyperactivation, 
other molecules could be used to limit the effect of IL‑17. 
Indeed, the increase of this cytokine is significantly associated 
with the risk of developing severe immune‑mediated AEs. 
Notably, the role of IL‑17, as a pro‑inflammatory cytokine, 
has been highlighted in experimental and human autoimmune 
disorders, including psoriasis, inflammatory bowel disease 
and multiple sclerosis (65).

A previous study indicated that the active form of vitamin 
D is able to exert a preventative effect in experimental 
models of autoimmune disorders, due partially to its direct 
suppressive effect on Th17 cells (65). Therefore, since Th17 
cells are inhibited by vitamin D in autoimmune disorders, 
future therapeutic use of vitamin D during treatments with 
immune checkpoint inhibitors may be helpful in the prevention 
of IRAEs. Indeed, vitamin D could reinforce the efficacy of 
combination therapy with anti‑CTLA4 and anti‑PD1 through 
the well‑known cytotoxic activity (66) and reduction of the 
incidence of IRAEs, thus avoiding the discontinuation of 
treatments.

Finally, evidence has demonstrated that the microbiota 
can regulate the clinical response to cancer therapy and the 
onset of toxic AEs (67). A previous study has described the 

association between variations in gut microbiota and the effi-
cacy of immunotherapy with anti‑CTLA4 and anti‑PD1/PD‑L1 
checkpoint inhibitors, whose responsiveness is variable among 
patients (68). In vivo models demonstrated that CTLA4 antago-
nists induce T cell‑mediated mucosal damage in the duodenum 
and colon in parallel to the dysregulation of intestinal and fecal 
microbiota. The inflammatory intestinal microenvironment 
induces the expansion of Th‑17 cells and increases the risk of 
IRAEs such as colitis. The majority of findings supported that 
anti‑CTLA4 blockade may alter the gut microbiota, thereby 
enhancing the antitumor activity.

Unlike CTLA4, PD1/PD‑L1 blockade does not induce 
intestinal damage and this may explain the lower incidence 
of gastro‑intestinal IRAEs during this treatment (69). Thus, 
targeting the microbiota could represent the newest resource 
to enhance anticancer efficacy and prevent toxicity resulting 
from immunotherapy.
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