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SPECIAL ARTICLE

Immune-related adverse events of immune 
checkpoint inhibitors: a brief review
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ABSTRACT

Immune checkpoint inhibitors (icis) such as inhibitors of ctla-4, PD-1, and PD-L1, given as monotherapy or combi-
nation therapy have emerged as effective treatment options for immune-sensitive solid tumours and hematologic 
malignancies. The benefits of icis can be offset by immune-related adverse events (iraes) that leave all organ systems 
vulnerable and subsequently increase the risk for morbidity and mortality.

Because of fluctuating onset and prolonged duration, the toxicities associated with iraes represent a shift from 
the understanding of conventional anticancer toxicities. The ctla-4 and PD-1/PD-L1 inhibitors modulate T-cell 
response differently, resulting in distinct toxicity patterns, toxicity kinetics, and dose–toxicity relationships. Using 
individualized patient education, screening, and assessment for the early identification of iraes is key to proactive 
management and is therefore key to improving outcomes and prolonging therapy.

Management of iraes is guided by appropriate grading, which sets the stage for the treatment setting (out-
patient vs. inpatient), ici treatment course (delay vs. discontinuation), supportive care, corticosteroid use, organ 
specialist consultation, and additional immunosuppression. Health care professionals in oncology must work 
collaboratively with emergency and community colleagues to facilitate an understanding of iraes in an effort to 
optimize seamless care.
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INTRODUCTION

The use of monoclonal antibody–based immune check-
point inhibitors (icis) such as the inhibitors of ctla-4, PD-1, 
and PD-L1 to manipulate the T-cell response to immuno-
sensitive tumours has revolutionized cancer treatment1. 
In addition to conventional radiation, chemotherapy, and 
targeted anticancer therapy, ici monotherapy and com-
bination therapy are rapidly becoming effective options 
for treating solid tumours and hematologic malignancies 
in many settings2–4. However, the advantageous clinical 
outcomes associated with icis can be offset by potentially 
severe immune-related adverse events (iraes) that are 
pathophysiologically unique compared with the familiar 
toxicities of conventional anticancer therapies. For that 
reason, awareness and understanding of the characteris-
tics of iraes by all oncology team members and the general 
medical community are essential for optimizing patient 
care2,5. This brief review addresses the major clinical 
considerations involved in identifying, assessing, and 
managing the iraes of icis.

GENERAL TOXICITY CONSIDERATIONS

The pharmacodynamic and pharmacokinetic differences 
of icis compared with chemotherapy or targeted therapy 
result in delayed onset and prolonged duration of toxicity5. 
The iraes from icis are hypothesized to occur in a number 
of ways secondary to disruption of immunologic self- 
tolerance, and the toxicity mechanisms can vary depend-
ing on the class of ici6,7. When comparing ici classes, it is 
important to understand not only that inhibitors of ctla-4 
and of PD-1/PD-L1 differ in their toxicity mechanisms, 
but that their respective pharmacologic functions lead to 
distinct toxicity patterns7,8.
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Generally speaking, rates of toxicity are higher with 
ctla-4 inhibitors than with PD-1/PD-L1 inhibitors because 
of their “global” activation of naïve and memory T cells from 
the lymph nodes. In contrast, PD-1/PD-L1 inhibitors mod-
ulate T-cell activity “locally” in the peripheral tissues (for 
example, tumour cells or inflammatory tissue)8. Keeping 
in mind that iraes can affect any organ system (Table i), 
the specific toxicities more likely to occur with ctla-4 in-
hibitors are colitis, rash, pruritus, and hypophysitis; pneu-
monitis, dysthyroidism, arthralgia, myalgia, and vitiligo 
are more likely to occur with PD-1/PD-L1 inhibitors7,13,14.

Risk factors for iraes are poorly elucidated at this time, 
but might include such elements as combination icis (for 
example, combined anti–ctla-4 and anti–PD-1/PD-L1), 
variances in microbial gut flora (in the case of ipilimumab- 
induced colitis), or a personal history of autoimmune 
disorders, with recent evidence suggesting a higher risk 
of disease flares rather than de novo iraes7,15–17. Timing of 
toxicity emergence is more predictable with ipilimumab 
because its iraes usually occur within the 12-week induc-
tion period. In contrast, the median time to PD-1/PD-L1 
iraes can vary in the range of 1–6 months, and the toxicity 
type can depend on the particular PD-1/PD-L1 inhibitor 
and tumour site8,13,18,19. Timing of ici toxicity should be 
interpreted cautiously because iraes can occur late in 
the treatment course or months to years after treatment 
discontinuation, highlighting the importance of ongoing 
monitoring2,5. Ipilimumab has also been shown to have 
a dose-dependent relationship with iraes, as seen with 
the 3 mg/kg and 10 mg/kg doses (grade 3/4: 17% and 
31% respectively), with evidence suggesting a lesser or 
inconsistent dose-dependent relationship for the PD-1/
PD-L1 inhibitors8,20.

ASSESSMENT AND MANAGEMENT APPROACHES

Identification, assessment, and management of iraes 
should take a proactive approach, identifying iraes early 
for appropriate immunosuppressant therapy and sup-
portive care, with the goals of minimizing morbidity, 
preventing life-threatening complications, and continu-
ing ici therapy2,5. Individual patient work-ups at baseline, 
throughout treatment, and after discontinuation, with a 
thorough assessment of laboratory values, radiographic 
imaging, and clinical symptoms can aid in early detection 
(Table ii)5.

A thorough baseline work-up for patients on icis is 
required because new symptoms can arise from causes 
such as malignancy progression, fortuitous events related 
to the cancer or existing medical conditions (for example, 
infection, thrombosis, exacerbation of chronic obstruc-
tive pulmonary disease, and so on), and iraes2. Patients 
might also experience more disease-related symptoms (for 
example, pain or hypercalcemia) early in their treatment 
because of the onset with icis being slower than that with 
conventional therapies, highlighting the importance of 
early supportive care. Guidelines, supported by expert 
opinion and clinical experience, act as a valuable resource 
for clinicians in helping to streamline irae management 
and to reduce complications of ici therapy5,9,10,22.

Physicians, nurses, pharmacists, and other oncology 
team members who care for patients receiving icis must 
work collaboratively to provide individualized patient 
education, screening, and ongoing follow-up. The five 
pillars of immunotherapy toxicity management outlined 
in Champiat et al.2 can act as a foundation for establishing 
collaborative practice.

TABLE I Presentation of immune-related adverse events by organ system5,9–12

Organ system Presentation

Routinely reported events Rare or infrequently reported events

Dermatologic Rash (maculopapular, lichenoid), 
pruritus, vitiligo

Acneiform rash, alopecia, bullous pemphigoid, papulopustular rosacea, 
psoriasis, Stevens–Johnson syndrome, toxic epidermal necrosis,  

DRESS, Sweet syndrome

Gastrointestinal Diarrhea, colitis, lichenoid mucositis Enteritis, gastritis, pancreatitis

Endocrine Hypothyroidism, hyperthyroidism,  
thyroiditis, hypophysitis

Autoimmune type 1 diabetes, primary adrenal insufficiency

Hepatic Transaminitis, hepatitis —

Respiratory Pneumonitis Pleuritis, sarcoidosis

Rheumatic Arthralgia, inflammatory arthritis, myalgia Dermatomyositis, myositis, polymyalgia-like syndrome, 
Sjögren syndrome, vasculitis

Renal Increase in serum creatinine, nephritis —

Ophthalmic — Uveitis, conjunctivitis, scleritis, episcleritis, blepharitis, retinitis

Neurologic Sensorimotor neuropathy Aseptic meningitis, autonomic neuropathy, encephalitis,  
facial nerve palsy, Guillain–Barré syndrome, myasthenia gravis, 

posterior reversible leukoencephalopathy, transverse myelitis

Hematologic — Aplastic anemia, hemolytic anemia,  
idiopathic thrombocytopenia purpura, lymphopenia, hemophilia 

Cardiac — Cardiomyopathy, myocarditis, pericarditis

DRESS = drug rash with eosinophilia and systemic symptoms.
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Once toxicity is diagnosed, appropriate irae grading 
can help to guide appropriate management. However, iraes 
can be challenging to grade using the current Common 
Terminology Criteria for Adverse Events, because the criteria 
have limitations with respect to underestimating or over-
estimating the severity of iraes and can be difficult to apply 
in some organ-specific iraes (for example, dermatologic, 
rheumatic)5,23–25. Table iii outlines general irae manage-
ment considerations by Common Terminology Criteria for 
Adverse Events grade. More-detailed information about 
assessment and management of specific toxicities can be 
found in international or provincial guidelines—such as 
those from Cancer Care Ontario5,9,10,26.

Dermatologic irAEs
Skin toxicities are the most common and earliest-onset 
iraes, consisting mainly of rash, vitiligo, and pruritus9,11. 
With all icis, maculopapular rash predominates. Lichenoid 
rashes occur with PD-1/PD-L1 inhibitors and can affect the 
skin as well as the oral mucosa27. Pruritus presents with or 
without rash and significantly compromises health-related 
quality of life for patients because of its resistance to tra-
ditional antipruritic therapy9,27.

Low-grade toxicity (grade 1 or 2) usually requires 
moderate- to high-potency topical corticosteroids and 
supportive care. Systemic corticosteroids and treat-
ment delay would be warranted for grade 3 events, any 

TABLE II Monitoring for patients taking immune checkpoint inhibitors2,5,9,21

Organ system Baseline and routine As clinically indicated

Laboratory Other

Dermatologic — — —

Gastrointestinal — — Stool culture: 
Clostridium difficile, ova and parasites, 

bacteria, CMV DNA PCRa

Stool calprotectin
Lipase with or without amylase

Endocrine TSH,b random glucose,  
morning cortisol,c lytes

Vital signs
Weight

— ACTH, TSH, thyroxine (T4 ± T3), TPOAb,  
thyroglobulin,morning cortisol, glucose, 

luteinizing hormone, 
follicle stimulating hormone,  

testosterone, estrogen, growth hormone
Brain MRI with pituitary cuts

Hepatic AST, ALT, total bilirubin — AST, ALT, total bilirubin, INR, albumin
CMV antibodies,a Epstein–Barr virusa

Respiratory O2 saturation 
(at rest and with ambulation)

CT chest, abdomen, pelvisd CT chest
Chest radiography

Rheumatic CRPe — Rheumatoid factor, ANA titer, CRP, anti-CCP, 
ESR, creatinine kinase

Renal Serum creatinine, lytes — Serum creatinine, lytes
Urinalysis

Ophthalmic — — —

Neurologic — — Lumbar puncture with analysis
MRI brain with or without spinal cord

Hematologic CBC and differential, platelets — CBC and differential, platelets

Cardiovascular — ECGe ECG, echocardiogram
Creatinine kinase, troponin, 

brain natriuretic peptide

Otherf Hepatitis B screening (HBsAg, HBsAb, HBcAb)
Hepatitis C antibody

Tuberculosis test

— —

a In high-risk patients (for example, bone-marrow transplant, HIV, immunocompromised state).
b Frequency varies with institution and clinical judgment.
c Consider routine monitoring for ipilimumab or combination (CTLA-4 and PD-1/PD-L1).
d Baseline assessment of malignancy.
e Baseline for reference.
f Baseline testing in case of need for anti–tumour necrosis factor α (for example, infliximab).
CMV = cytomegalovirus; PCR = polymerase chain reaction; TSH = thyroid stimulating hormone; ACTH = adrenocorticotropic hormone; TPOAb = 
thyroid peroxidase antibody; MRI = magnetic resonance imaging; AST = aspartate aminotransferase; ALT = alanine aminotransferase; INR = international 
normalized ratio; CT = computed tomography; CRP = C-reactive protein; ANA = antinuclear antibodies; CCP = cyclic citrullinated peptide; ESR = 
erythrocyte sedimentation rate; CBC = complete blood count; ECG = electrocardiography; HBsAg, sAb, cAb = hepatitis B surface antigen, antibody 
to surface antigen, core antibody.
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grade of blistering rash, rash with mucosal involvement, 
or life-threatening cutaneous reactions (for example,  
Stevens–Johnson Syndrome, toxic epidermal necrolysis, 
drug rash with eosinophilia and systemic symptoms)5,9,10,27.

Gastrointestinal irAEs
Diarrhea and colitis account for most gastrointestinal tox-
icity and appear to be a class effect with ctla-4 inhibitors 
used alone or combined with PD-1/PD-L1 inhibitors5,10,11.

After infection is ruled out, isolated grade 1 diarrhea 
can be managed with anti-motility agents (loperamide, for 
instance) for 48–72 hours per guidelines; however, patients 
must be monitored closely during that time5,9,10. Low-dose 
systemic corticosteroids (for example, prednisone 10 mg 
or less daily) or local budesonide are options for low-grade 
diarrhea if anti-motility agents are not appropriate9,10. 
Persistent diarrhea of any grade or colitis symptoms (ab-
dominal pain, cramping, rectal bleeding, mucus in the 
stool, fever, or nausea or vomiting) should prompt im-
mediate assessment and treatment with corticosteroids, 

with consideration of additional immunosuppression (for 
example, with infliximab) if no response to corticosteroids 
is observed,9,10,28.

Endocrine irAEs
Endocrine iraes are complex, in that they can affect any axis 
of the endocrine system, including the pituitary, thyroid, 
adrenals, and pancreas29. Hypophysitis occurs mainly 
with ctla-4 inhibitors or combination icis; dysthyroidism 
is predominant with PD-1/PD-L1 inhibitors.

Laboratory monitoring of endocrine function is helpful 
for diagnosis because symptoms are usually nonspecific, 
making early identification challenging11. Unlike the other 
iraes, endocrine toxicities are typically irreversible; how-
ever, they are easily treated with hormone replacement 
and rarely require high-dose corticosteroids or treatment 
discontinuation. Short-term high-dose corticosteroids are 
required only for symptomatic hypophysitis (headache, 
vision changes), adrenal crisis, or severe thyrotoxicosis  
(for example, thyroid storm)9,30. Consultation with an  

TABLE III Management algorithm for immune-related adverse events by grade2,5

Event type Management considerations

Grade 1  n Asymptomatic, minimally symptomatic, or radiographic or laboratory change

 n Supportive care or localized therapy (or both) as outpatient

 n Immune checkpoint inhibitor continued

 n Increased monitoring

Grade 2  n Mild-to-moderate or persistent symptoms

 n Delay immune checkpoint inhibitor if corticosteroids are requireda

 n Oral corticosteroids (0.5–1 mg/kg)b and supportive care as outpatient

 n  Pneumocystis jiroveci prophylaxis per institutional guideline and clinical judgment if 20 mg or more prednisone daily for more than 
1 month; calcium and vitamin D; and prophylaxis for lower gastrointestinal bleed if risk factors are present

 n Taper corticosteroids over at least 2–4 weeks when event reaches grade 1 or less

 n Increased monitoring; treat as grade 3 if symptoms persist

Grade 3  n Moderate-to-severe symptoms

 n Delay immune checkpoint inhibitor; discontinue if risk exceeds benefit

 n  Oral corticosteroids (1–2 mg/kg)b as outpatient; consider intravenous route and hospitalization if symptoms persist for 48–72 hours, 
with or without additional immunosuppressionc if no response to intravenous corticosteroids in 48–72 hours

 n  Pneumocystis jiroveci prophylaxis per institutional guideline and clinical judgment if 20 mg or more prednisone daily for more than 
1 month; calcium and vitamin D; and prophylaxis for lower gastrointestinal bleed if risk factors are present

 n Taper corticosteroids over at least 4–6 weeks when event reaches grade 1 or less

 n Consider organ specialist consultation

Grade 4  n Life-threatening symptoms

 n  Hospitalization for intravenous corticosteroids (2–4 mg/kg)b, with or without additional immunosuppressionc if no response to 
intravenous corticosteroids in 48–72 hours

 n  Pneumocystis jiroveci prophylaxis per institutional guideline and clinical judgment if 20 mg or more prednisone daily for more than 
1 month; calcium and vitamin D; and prophylaxis for lower gastrointestinal bleed if risk factors are present

 n Taper corticosteroids over at least 4–8 weeks when event reaches grade 1 or less

 n Consult with organ specialist

 n Discontinue immune checkpoint inhibitor

a  Immune checkpoint inhibitor can be continued in grade 2 dermatologic or endocrine toxicity.
b Prednisone equivalent.
c  Anti-thymocyte globulin, cyclophosphamide, infliximab, intravenous immunoglobulin, mycophenolate mofetil, tacrolimus, vedolizumab.
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endocrinologist for any grade 2 or greater endocrine tox-
icity is recommended because of disease complexity and 
possible lifelong need for hormone replacement5,30.

Respiratory
Pneumonitis occurs predominantly in patients receiving 
PD-1/PD-L1 monotherapy or combination icis5,9,31. The 
pneumonitis incidence is low, but brings a high risk of poor 
clinical outcome if not treated early9,31.

Systematic reviews indicate that the incidence of 
pneumonitis is higher in patients with non-small-cell lung 
cancer and metastatic renal cell carcinoma than in those 
with melanoma13. The primary symptoms mimic other 
commonly encountered conditions in those populations and 
can include dyspnea and increased frequency of cough, with 
fever and chest pain occurring less frequently9,31. The pneu-
monitis diagnosis is confirmed radiographically and has a 
tendency to fall into 5 distinct radiographic subtypes5,31.

Treatment in the presence of incidental radiographic 
changes is controversial; most guidelines suggest delaying 
the ici until radiographic improvement or resolution5,9,10. 
Compared with other iraes, high-grade pneumonitis might 
require higher doses of corticosteroids (for example, 2–4 mg/
kg) and empiric antibiotic treatment until infection is ruled 
out5,9,10,31. Several immunosuppression approaches have 
been used in case reports for corticosteroid-refractory  
toxicity (for example, inf liximab, cyclophosphamide, 
mycophenolate mofetil, intravenous immunoglobulin)9.

Hepatic
All icis can cause hepatic iraes, with the frequency being 
significantly higher with combination icis5,9.

The clinical presentation is typically asymptomatic, 
with elevations in liver enzymes that rarely progress to 
clinical hepatitis5,9,10,11. Elevations in liver enzymes war-
rant more frequent monitoring until a downward trend is 
documented10. Other causes, such as disease progression, 
drug-induced hepatotoxicity, alcohol intake, or viral infec-
tion, should be ruled out before treatment is initiated5,10,11,. 
In the case of corticosteroid-refractory hepatitis, mycophe-
nolate mofetil is the preferred immunosuppressant because 
of the risk of additive hepatotoxicity with infliximab10,11.

SUMMARY

In this new age of cancer treatment using icis, an un-
derstanding of toxicity patterns and of the assessment 
and management of iraes is an essential skill for general  
practitioners in oncology. Collaborative experience 
-sharing by clinicians and further research will be critical 
in identifying patients at higher risk of iraes so as to opti-
mize monitoring, guide treatment, and extend the duration 
of ici therapy to improve cancer outcomes.

Key Points
 n Any organ system in the body can be affected by iraes, 

with dermatologic, gastrointestinal, endocrine, respi-
ratory, and hepatic effects being the most commonly 
reported in clinical trials.

 n Toxicity patterns, pharmacokinetics, and dose–toxicity  
relationships are different for ctla-4 inhibitors and 

PD-1/PD-L1 inhibitors because of their distinct mecha-
nisms of action. Colitis, rash, hypophysitis, and pruritus 
occur more frequently with ctla-4 inhibitors; pneumo-
nitis, dysthyroidism, arthralgia, myalgia, and vitiligo 
are more frequent with the PD-1/PD-L1 inhibitors.

 n Thorough and individualized patient education, follow- 
up, and assessment are key to early identification and 
management of iraes.

 n Any new symptoms that appear while a patient is 
taking icis should be investigated; the differential in-
cludes disease progression, fortuitous events related to 
the cancer or previous medical conditions, and iraes.

 n Treatment of iraes involves mainly supportive care, 
early management with corticosteroids, and addition 
of alternative immunosuppression (infliximab) for 
toxicity refractory to corticosteroids.
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