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Introduction

Tumor immunotherapy can be grouped into two categories: 
active immunotherapy and passive immunotherapy. Active 
immunotherapy acts by stimulating and enhancing the host’s 
antitumor immune response, which is also divided into 
specific and non-specific, the former using tumor-specific 
antigen, the latter using non-specific substances which can 
stimulate the immune system. Several ICIs have been used 
in cancer therapy (Table 1). Programmed death receptor-1/
ligand-1 (PD-1/L1) and cytotoxic T-lymphocyte-associated 
antigen-4 (CTLA-4) checkpoint inhibitors are the most 
widely used. ICIs can activate non-specific immunity and 
cause irAEs. The pathophysiological mechanisms have 

not been fully elucidated, but are currently thought to be 
related to the invasion of normal tissue by immune cells. 
This paper mainly discusses the toxicities of ICIs in anti-
tumors treatment.

Dermatologic toxicities

Anti-PD-1/PD-L1 agents could lead to dermatologic 
toxicity (1). It has been reported that skin toxicity may 
occur in more than 40% melanoma patients treated 
with anti-PD-1 monoclonal antibodies (mAbs) (2). A 
meta-analysis showed that the average incidence of 
dermatotoxicity is 44% in patients receiving anti-CTLA-4 
therapy (3). The median times of onset are in the range of 
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4–8 weeks for nivolumab, 23 weeks for pembrolizumab (4)  
and 4–10 weeks for ipilimumab (5). Most of the clinical 
manifestations are skin rash with or without skin itching 
(usually mild to moderate), and the typical affected parts 
are trunk and limbs, which can be effectively controlled by 
timely treatment. In addition, PD-1 inhibitors have mucosal 
toxicity, which is manifested as dry mouth and mucositis. 
Patients treated with ICIs also have a very low risk of lethal 
Stevens-Johnson syndrome (SJS) and toxic epidermal 
necrolysis (TEN) (6). Histologically, there are usually 
signs of spongiotic or lichenoid dermatitis features when 
performed the biopsy, and we also find the perivascular 
infiltration is rich in T lymphocytes (7). 

The severity of the following diseases is classified 
according to the Common Terminology Criteria for Adverse 
Events (CTCAE) to guide treatment. ICIs can continue to 
be used for grade 1 skin adverse events such as rashes and/
or itching. Topical emollients, oral antihistamines and/or 

topical weakly potent corticosteroids are used. With effective 
treatment, ICI induced rashes resolve almost completely 
within 1–2 months, although some patients have persistent 
and/or recurrent low-level skin toxicity after completion 
of subsequent treatment (8). Patients with grade 2 adverse 
skin events can continue to use ICIs, but need to check 
weekly for improvement in adverse skin events. If there is no 
improvement, stop the ICIs until the adverse skin events are 
reduced to level 1. When facing level 3 adverse skin event, 
the use of ICIs will be stopped immediately until it reduced 
to level 1. According to the severity of symptoms, systemic 
use of corticosteroids 0.5–1 mg/kg can also be considered. 
Grade 4 cutaneous toxicity is rare, if so, ICIs should be 
discontinued, and the patient should be admitted to the 
hospital as soon as possible for treatment with the help of 
dermatologist. Treatment includes intravenous (methylated) 
prednisolone 1 to 2 mg/kg, which is then gradually reduced 
as the toxicity subside (5).

Table 1 Tumor immunotherapy classification

Category
Agent

Approved for
Mechanism Drug name

ICIs Anti-PD-1 mAb Pembrolizumab (Keytruda) Non-small cell lung cancer 
(NSCLC), metastatic  
melanoma

Nivolumab (Opdivo)

Anti-PD-L1 mAb Atezolizumab (Tecentriq) NSCLC, bladder cancer

Avelumab (Bavencio) Urothelial carcinoma,  
Merkel cell carcinoma

Durvalumab (Imfinzi) Urothelial carcinoma

Anti-CTLA-4 mAb Ipilimumab (Yervoy) Metastatic melanoma

Anti-LAG-3 mAb Relatlimab Melanoma

Therapeutic antibody Rituximab Non-Hodgkin’s
Lymphoma

Trastuzumab Breast cancer

Panitumumab Colorectal cancer

Cancer vaccines Sipuleucel-T vaccine Prostatic cancer

Cervical cancer vaccine Cervical cancer

Cell therapy (adoptive  
T cell transfer, ACT)

Chimeric Antigen Receptor T-Cell 
Immunotherapy (CAR-T) therapy

Yescarta (AxicabtageneCiloleucel, 
KTE-C10)

Acute lymphocytic  
leukemia (ALL)

Small molecule inhibitors Indoleamie 2,3-dioxyge (IDO) inhibitor Epacadostat Melanoma

Immune system modulators Cytokine therapy (IL-2, INF), immune adjuvants (BCG) and short peptides  
(thymus method)

Metastatic renal carcinoma, 
malignant melanoma
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Digestive toxicities

Gastrointestinal toxicities

Gastrointestinal mucosa can absorb nutrients and resist 
the invasion of foreign pathogens, because it is at the 
forefront of foreign material contact, it’s also the focus on 
immunotherapy side effects. CTLA-4 plays a pivotal role 
in the maintenance of intestinal immune homeostasis (9).  
In this homeostasis, CD4+CD25+Treg can mediate 
tolerance to autoantigens and also impede host protective 
immune responses to tumors and pathogens. Anti-CTLA-4 
mAbs treatment may affect Treg-mediated suppression of 
T cell responses and alter the balance of intestinal immune 
regulation, usually leading to enterocolitis (10). In addition, 
immunotherapy also affect the genetic and microbiota 
resulting in gastrointestinal toxicity (9). Gastrointestinal 
toxicity is observed in about 35% of patients in anti-
CTLA-4 mAbs dose-dependent manner (11). However, 
the incidence of gastrointestinal toxicity in anti-PD-1 
mAbs is relatively reduced 6.0–16.0% (12). Gastrointestinal 
toxicities’ median time to onset is in the range of 6 weeks for 
nivolumab, with a considerably longer median (18 weeks) 
reported for colitis of any grade for pembrolizumab (4)  
and 5–10 weeks for ipilimumab (5). Immune-mediated 
gastrointestinal toxicity initially manifests as diarrhea, 
nausea, bloody stools, electrolyte disturbance, vomiting, 
or abdominal pain, leading to intestinal obstruction and 
intestinal perforation. Compared with sigmoid colon, 
ascending colon and rectum, irAEs’ colitis is more likely to 
occur in the descending colon (13). Computed tomography 
(CT) images of the abdomen show edema and thickening 
changes in the colon wall, colonoscopy is still the gold 
standard for confirming immune-associated colitis. Normal 
mucous membranes, mild erythema with mucous granules 
and/or severe ulcer can be seen at colonoscopy (14).

Patients who do not have severe diarrhea should be treated 
with antidiarrheal rehydration and electrolyte replacement 
if necessary and ICIs could be continued.  Patients with 
persistent grade 2 diarrhea or severe diarrhea should stop 
ICIs and receive systemic glucocorticoid therapy (intravenous 
infusion of 1–2 mg/kg per day). For those who are effective 
with intravenous glucocorticoid within 3–5 days, we can 
convert to oral glucocorticoid therapy, and if not effective 
within 8–12 weeks we should convert to infliximab therapy 
under no contraindications. In general, single dose of 
infliximab (5 mg/kg) is sufficient (15). Studies have suggested 
that vedolizumab can replace infliximab (16).

Hepatic toxicities

The incidence of hepatic toxicity is relatively low. Among 
the melanoma patients treated with ICIs, the incidence 
of hepatic toxicity is about 1–2% (17). In contrast, the 
incidence of hepatic toxicity is significantly increased with 
combination therapy, about 15%, among which more than 
50% are grade 3–4 immune-mediated hepatic toxicity (18).  
Median time to onset is highly variable with 25 weeks 
(range, 4–31 weeks) in lung cancer patients under anti-
PD-1 treatment (4) and 6 weeks under anti-CTLA-4 
agents (5). In general, immune-mediated hepatotoxicity 
is usually with elevated alanine aminotransferase (ALT) 
and aspartate aminotransferase (AST). Increased total 
bilirubin may be associated with jaundice and fatigue. 
Severe immune-mediated hepatotoxicity may even result 
in clinical death. Hepatotoxicity of immunosuppressive 
agents show non-specific imaging manifestations, but 
other etiologies (lymphadenopathy, gallbladder edema, 
periportal edema, steatosis) could be excluded by imaging 
examination (19). During liver dysfunction, biopsy can 
be conclusive, and histopathologic findings are usually 
lymphocytic infiltration. Histiocytic aggregates and 
confluent necrosis are rare in anti-PD-1/PD-L1 therapy, 
but are common in anti-CTLA-4 therapy (20).

Pat ients  with moderate  (grade 2)  e levat ion of 
transaminase or total bilirubin should discontinue ICIs and 
have serum transaminase and bilirubin levels tested twice a 
week. If the level 2 is elevated for more than 1 to 2 weeks, 
corticosteroid therapy with a dose of 1 mg/kg/d (methyl) 
prednisolone or other equivalent drugs is required after 
other pathogenic factors are excluded. Once improved, 
ICIs can be continued after corticosteroid tapering. 
If corticosteroid use does not improve, increase the 
corticosteroid dose to 2 mg/kg/d of (methyl) prednisolone 
or an equivalent drug and permanently stop ICIs. For 
patients with grade 3 or 4 elevation of transaminase or 
total bilirubin, ICIs are permanently discontinued and 
corticosteroid therapy is administered with an initial dose of 
1 to 2 mg/kg/d (methyl) prednisolone or other equivalent 
drug (21).

Pulmonary toxicities

Approximately 4% of patients developed pneumonitis 
with anti-PD-1/PD-L1 mAbs, according to a meta-
analysis by Nishino et al. Patients who received anti-PD-1 
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antibodies are more likely to develop immune-related 
pneumonia at any level (1–5% vs. <1%) than patients who 
received anti-CTLA-4 antibodies (22). The median time 
of onset of pneumonitis is considerably later in case of 
pembrolizumab (19 weeks; range, 0.3–84 weeks) compared 
to nivolumab (9 weeks; range, 4–26 weeks) (4). Although 
the incidence of pneumonia is relatively low, the symptoms 
of patients with pneumonia can rapidly deteriorate, leading 
to death possibly (23). Therefore, such patients need to 
be paid close attention. Immune-associated toxic side 
effects of pneumonia are mainly upper respiratory tract 
infection, cough (usually manifested as persistent dry 
cough) or breathing difficulties, lacking of clinical specific 
characteristics. If such abnormalities are found clinically, 
routine imaging examinations such as chest X-ray and CT 
should be performed. Immunotherapeutic pneumonia 
may present as nonspecific interstitial pneumonia, allergic 
pneumonia, acute interstitial pneumonia, or cryptogenic 
pneumonia.  I f  s t i l l  uncertain,  bronchoscopy and 
bronchoalveolar lavage (BAL) should be performed (24).

For grade 1–2 ICI related pneumonia, treatment 
includes oral steroid prednisone 1 mg/kg/d or equivalent 
when infectious pneumonia is excluded. For grade 3 to 
4 cases, admission should include a large intravenous 
dose of corticosteroid [(methyl) prednisolone 2 to  
4 mg/kg/d or equivalent] and a permanent discontinuation 
of immunotherapy. After 2 days, if no improvement is 
found, immunosuppressive therapy should be added, 
either infliximab, mycophenolate mofetil (MMF) or 
cyclophosphamide (5,25).

Endocrine toxicities

Hypothyroidism

In patients with anti-PD-1/PD-L1 mAbs, the incidence 
of hypothyroidism is 6.6%, according to a recent meta-
analysis (26).  Thyroid dysfunction usually occurs 
early in treatment, with a median onset of 6 weeks  
after the first treatment. In a published study that prospectively 
monitored thyroid function in melanoma patients treated 
with pembrolizumab, most patients with hyperthyroidism 
subsequently developed hypothyroidism within 1–3 months (27).  
Endocrine events—their median time to onset is varying 
from 4 to 18 weeks (4). Patients usually have no specific 
symptoms of discomfort. Clinicians should perform 
thyroid biochemical tests, including free T4, free T3 
and TSH, when hypothyroidism is happened. In severe 

cases, central hypothyroidism needs to be excluded 
first, which can take place either independently or as 
part of hypophysitis (28). Patients with fatigue or other 
hypothyroid-related complaints should consider thyroid 
hormone replacement therapy (HRT) (21).

Hyperthyroidism

Endocrine toxicities are common in adverse events reported 
with ICIs. All endocrine glands could be affected during 
immunotherapy, but the pituitary glands, thyroid and 
adrenal are the most common. Barroso-Sousa et al. reported 
that anti-PD-1 mAbs had the higher prevalence than anti-
PD-L1 mAbs, based on the mixed-effects model, the overall 
incidence of hyperthyroidism is estimated to be 2.9% [95% 
confidence interval (CI), 2.4–3.7%] (26). Hyperthyroidism 
is often associated with insomnia, tachycardia, diarrhea, 
tremors, hyperhidrosis and even exophthalmos. Blood 
tests show low levels of thyroid stimulating hormone 
(TSH), normal or high T3 (Triiodothyronine) and/or T4 
(thyroxine). Sometimes anti-thyroid peroxidase antibodies 
and/or thyroid-stimulating immunoglobulin can be found 
in peripheral blood. Patients with hyperthyroidism need to 
be treated with β-blockers (propranolol or atenolol) and it is 
rare to be treated with carbimazole or steroid hormones (21).

Hypophysitis

It is reported that the incidence of hypophysitis is greatest 
at 6.4% with combination therapy; 3.2% with anti-
CTLA-4 agents; 0.4% with anti-PD-1 agents; and <0.1% 
with anti-PD-L1 agents (26). Patients can present with 
nausea, headache, vomiting, loss of libido, fatigue, muscle 
weakness or orthostatic hypotension. Mild hyponatremia 
is always with low levels of blood adrenocorticotropin 
(ACTH) and TSH. Other relative hormones, such as 
follicle-stimulating hormone (FSH), luteinizing hormone 
(LH) or prolactin could be normal. Sometimes, a magnetic 
resonance imaging (MRI) of the pituitary gland resection 
should be performed (29). Once the diagnosis is grade 2 or 
above, ICIs treatment should be interrupted immediately. 
Patients with headaches and other neurological symptoms 
need to be treated with large doses of steroids, and HRT 
requires long-term maintenance (21).

Adrenal gland alterations

Primary adrenal insufficiency was rare in patients treated 
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with ICIs (30). Primary adrenal insufficiency patients often 
experienced nausea/vomiting, fatigue, weight loss or skin 
pigmentation. If necessary, adrenal cortex antibodies and 
anti-21-hydroxylase should be performed (31). Adrenal crisis 
is always a medical emergency and intravenous rehydration 
and corticosteroids should be started immediately (21).

Diabetes

In terms of gene association, CTLA-4 polymorphisms 
are associated with an increased risk of autoimmune 
diseases such as type 1 diabetes (T1D). Preclinical models 
have shown that anti-CTLA-4 can increase the risk of 
autoimmune diabetes (32). The PD-1 pathway also plays 
a role in autoimmune diabetes, because in mouse models, 
blocking the PD-1/PD-L1 axis, mediated by specific CD8 
T cells, also leads to T1D (21). Patients with polyphagia, 
increased urine frequency and volume after immunotherapy 
should be excluded from diabetes. Diabetes induced by ICIs 
are the same diagnostic criteria as the primary diabetes (33). 
Patients with grade 3 to 4 T1D (ketoacidosis) should be 
immediately admitted to the hospital and begin treatment 
as newly developed T1D (21).

Cardiotoxicities

Myocarditis

Myocarditis may occur in less than 1% of patients (34). 
Immune-related toxicity can be manifested as fulminant 
myocarditis with serious toxic effects and high mortality 
(approximately 40%) with anti-PD-1/PD-L1 agents (35,36). 
The symptoms vary from dyspnea, chest pain, palpitations 
and arrhythmias to pleural effusion or pericardial effusion. 
Levels of brain natriuretic peptide (BNP) and serum 
troponin in blood tests could be elevated, and a range 
of cardiac imaging tests should also be used in patients. 
Besides, cardiac MRI is better than echocardiogram to 
reveal cardiac lesions (37). Nevertheless, the gold standard 
for diagnosis is endomyocardial biopsy.

Specific guidelines for the treatment of immune-
mediated myocarditis have not yet been published (1). 
High doses of corticosteroids have been successfully used 
to treat cardiac side effects and should be rapidly applied 
if ICIs-induced cardiac AEs are suspected. If symptoms do 
not respond quickly to steroids, other immunosuppressive 
drugs, such as infliximab, MMF, and anti-thymocyte 
globulin (ATG) may be necessary (21).

Rhythm disturbance

Isolated arrhythmias can occur in patients with structural 
heart disease receiving anti-PD-1/PD-L1 mAbs (38). 
When patients develop arrhythmias, immune-mediated 
toxicity should be excluded first because of their potentially 
lethality. The physician should place the patients in the 
intensive care unit (ICU) and perform cardioversion under 
electrocardiogram. Antiarrhythmic drugs are expectant 
treatment. Methylprednisolone 1–2 mg/kg may be useful in 
severe disturbances (5).

Pericarditis

Rare patients may develop autoimmune pericarditis with 
anti-PD-1/PD-L1 agent. Common symptoms are fever, 
chest pain, orthopnoea and typical pericardial friction. As 
far as we know, cardiac tamponade is rare and only seen in 
rare case reports (39). Colchicine and prednisone may be 
useful.

Neurological disorders

Demyelinating polyradiculoneuropathy 

It has been reported that demyelinating polyradiculopathy 
resembles Guil lain-Barré syndrome in anti-PD-1 
treatment. It generally takes 4 weeks from the onset of 
medication to the onset of symptoms which are usually 
sensory loss, paresthesia, dysarthria, impaired vision 
and diplopia. Conduction deceleration can be observed 
on electromyogram (EMG) nerve. In order to exclude 
brain metastases, cerebral MRI is also necessary. And 
the specific signs of albumin-cytologic dissociation can 
be detected in cerebrospinal fluid (CSF) (40). Since this 
condition can be life-threatening, aggressive approaches, 
including intravenous immunoglobulin and/or high doses 
of methylprednisolone, may be considered in addition to 
intensive care preparation for ventilator support (5).

Encephalitis

Encephalitis in combination with anti-PD-1/PD-L1 
drugs is a rare adverse event which can present as fatigue, 
confusion, vomiting, fever and convulsive tremor. Brain 
MRI, CSF analysis and electroencephalography can show 
some non-specific signs. Cerebellar symptoms could be gait 
disturbance, altered movements and tremor (41). Prior to 
obtaining microbiological results, empirical broad-spectrum 
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antibiotics and antiviral therapy can be initiated if immune-
related encephalitis is highly suspected, intravenous 
immunoglobulin may be used in some severe cases (5).

Myasthenia gravis and myasthenia-like syndromes

As for anti-PD-1/PD-L1-induced myasthenia gravis, 
there is no cranial nerve enhancement or leptomeningeal 
or parenchymal alterations on brain MRI, however, 
pathological fibrillation can be observed in single-fibre 
EMG. It’s necessary to test  serum anti-muscle-specific 
kinase antibodies and anti-acetylcholine receptor and roll 
out the possible concomitant presence of a thymoma. 
Owing to myasthenia gravis can lead to respiratory paralysis, 
clinicians should pay more attention (42). Corticosteroids 
and/or other inhibitors (azathioprine, cyclosporine or 
MMF) may be an effective option (5).

Hematotoxicities

Aplastic anemia

It is an uncommon side effect of immunotherapy compared 
with chemotherapy (43).There are many method to 
diagnose aplastic anemia, blood tests, flow cytometry and 
a bone marrow biopsy. Either in nivolumab monotherapy 
or in combination with ipilimumab, immune treatment-
associated aplastic anemia leading to death has been 
reported (44), doctors must not take it lightly. Transfusion, 
use of granulocyte colony stimulating factor (G-CSF) or 
platelet transfusion should be considered in a case-by-case 
situation under the guidance of the affected cell line. In 
refractory cases, the use of ATG may be considered (5). 

Autoimmune hemolytic anemia (AHIA)

It has been reported that in anti-PD-1 induced AHIA 
patients, there are usually showing reticulocyte count, 
lactate dehydrogenase, and reduced haptoglobin in 
serum, elevated bilirubin, direct Coombs test positive for 
Immunoglobulin G (IgG) or Complement component 
3 (C3) and spherocytosis  in the peripheral  blood  
smear  (45 ) .  We cou ld  cons ider  mycophenola te , 
cyclosporine,  cyclophosphamide,  azathioprine or 
intravenous immunoglobulins for severe situations (5).

Immune thrombocytopenic purpura

It has been reported that idiopathic thrombocytopenia 
purpura (ITP) can occur during anti-PD-1 therapy. It 
shows that platelet-associated IgG increased, platelet count 
decreased, normal levels white blood cell and hemoglobin. 
Besides, megakaryocytes are increased and the proportion 
of immature platelets is high, bone marrow biopsy 
presents no abnormal cells (46). Once ITP is suspected, 
methylprednisolone 1–2 mg/kg should be initiated. 
Intravenous immunoglobulin, rituximab, or thrombopoietin 
may be considered in some severe cases (5).

Ocular syndromes

Uveitis

Adverse events associated with ophthalmic immunity are 
infrequent, affecting only 1% of patients and occurring 
primarily in patients receiving CTLA-4 inhibitor (47). 
Uveitis induced by PD-1/PD-L1 inhibitor is characterized 
by redness of the conjunctiva, blurred vision, photophobia, 
flossing and sore eyes. If highly suspected, a series of 
ophthalmologic examination should be considered, 
for example optical coherence tomography, fundus 
examination, ultrasonography, fluorescence angiography and 
electrophysiological examination (48). For mild to severe 
cases, topical corticosteroids and mydriatic agents may be 
considered. For severe posterior uveitis cases, transscleral 
cryotherapy and vitrectomy may be an option (5).

Vogt-Koyanagi-Harada syndrome

I t  has  been  reported  that  pa t ient s  t rea ted  wi th 
nivolumab may occur Vogt-Koyanagi-Harada syndrome 
(uveomeningitis syndrome), a multisystemic disorder. 
It usually presents with exudative retinal detachment, 
blurred vision, cutaneous and neurological manifestations. 
Mydriatic agents can be considered for the ophthalmologic 
changes (49).

Other ocular toxicity

Uveal effusion has relative with the treatment of 
anti-PD-1 mAbs. Clinical manifestation is blurry 
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vision, ophthalmodynia and redness after 3–8 weeks’ 
immunotherapy. The B-scan ultrasonographic image and 
spectral optical coherence tomography can confirm the 
diagnosis (50). Once PD-1/PD-L1 inhibitors secondary 
retinopathy occurs, we can suffer from blurry vision, and 
clinicians must role out cancer-associated retinopathy (51). 

Conclusions

As the arising using of ICIs, tumor treatment has come 
into an immunotherapy time, especially in NSCLC, and 
more severe and rare toxicities are being recognized. The 
frequency of irAEs depends largely on the drugs used, 
but also on the specific characteristics of the individual 
patient. Most of the irAEs occur within 2 months of the 
start of treatment, but they can occur at any time after 
treatment, so require special attention from doctors. This 
paper mainly describes the toxicities of different drugs，
as for irAEs among different tumors, according to a review 
on Nature Reviews Clinical Oncology, the frequency mainly 
depends on the type of drug used (52). An article published 
on JAMA Oncology also found that there was no association 
between the tumor type and the incidence of ICIs-induced 
thyroid dysfunctions (26). However, melanoma patients are 
more prone to vitiligo after administration of ipilimumab 
than other tumors (21). The irAEs profile of different 
immunotherapy drugs is slightly different, which may be 
due to the different mechanisms of action of different drugs. 
Treatment methods are briefly discussed in this paper. 
For more detailed toxicity classification and treatment 
specifications, please refer to relevant authoritative 
guidelines. Although most immune-related toxicities are 
manageable, they may affect the treatment process, even 
threaten the patients’ life. Therefore, accurate prediction, 
timely diagnosis and early intervention are conducive to 
make immunotherapy work better. With the approval of 
a variety of immunotherapy drugs on the market, we also 
have new challenges. The timing and sequence of use 
immunotherapy agents, combination of immunotherapy 
agents with target therapy and/or chemotherapy and the 
survival outcomes still need to be further clarified.
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