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Treatment of the Immune-Related Adverse Effects
of Immune Checkpoint Inhibitors
A Review
Claire F. Friedman, MD; Tracy A. Proverbs-Singh, MD; Michael A. Postow, MD

Immune checkpoint inhibitors enhance antitumor immunity by
blocking negative regulators (checkpoints) of T cell function that
exist on both immune and tumor cells. Although there are many

T cell checkpoints that could be susceptible to this approach, 2 par-
ticular targets, cytotoxic T-lymphocyte antigen 4 (CTLA-4) and pro-
grammed cell death 1 (PD-1) have been most extensively evaluated
in the clinic. Ipilimumab (anti–CTLA-4) is currently approved by the
US Food and Drug Administration (FDA) for the treatment of meta-
static melanoma,1,2 and the PD-1–blocking antibodies nivolumab3-5

and pembrolizumab6-8 are both FDA approved for the treatment of
metastatic melanoma and non–small cell lung cancer (NSCLC).4,5,8

Nivolumab is also approved for the treatment of renal cell
carcinoma.9,10 Many other immune checkpoint inhibitors, such as
those targeting the ligand for PD-1, PD-L1, are undergoing clinical
investigation.11

Despite the effective antitumor immune response induced by
these inhibitors, by blocking the negative regulators of immunity that
are normally important for maintaining immunologic homeostasis,
treatment can be associated with distinctive inflammatory ad-
verse effects known as immune-related adverse events (irAEs). Im-
mune-related adverse events are distinct both in mechanism and

management from adverse effects commonly associated with
chemotherapy.12,13 In this review, we discuss the most common irAEs
and provide suggestions for optimal treatment. We have elected to
focus on data relevant to the FDA-approved antibodies targeting
CTLA-4 (ipilimumab) in melanoma and PD-1 (nivolumab and pem-
brolizumab) in melanoma, NSCLC, and renal cell carcinoma, as these
agents are most currently relevant to the clinic. We searched Medline
for phase 2 and 3 studies of ipilimumab, nivolumab, and pembroli-
zumab within these indications to report the overall incidence of
irAEs. In our discussion of treatment for specific irAEs, we incorpo-
rate relevant published case reports and retrospective series, as well
as our own clinical experience.

The Overall Incidence and Clinical Importance
of Immune-Related Adverse Events
The majority of data documenting irAEs come from large pub-
lished trials, mostly in patients with advanced melanoma, NSCLC,
and renal cell carcinoma. Additionally, reports of large patient co-
horts from expanded access programs and retrospective analyses

IMPORTANCE The development of immune checkpoint inhibitors targeting cytotoxic
T-lymphocyte antigen 4 (CTLA-4) and programmed cell death-1 (PD-1) has significantly
improved the treatment of a variety of cancers and led to US Food and Drug Administration
approvals for patients with a variety of malignant neoplasms. Immune checkpoint inhibitors
enhance antitumor immunity by blocking negative regulators of T-cell function that exist both
on immune cells and on tumor cells. Although these agents can lead to remarkable responses,
their use can also be associated with unique immune-related adverse effects (irAEs).

OBSERVATIONS In general, use of PD-1 inhibitors such as nivolumab and pembrolizumab has a
lower incidence of irAEs compared with those that block CTLA-4 such as ipilimumab. The
combination of nivolumab and ipilimumab has a higher rate of irAEs than either approach as
monotherapy. Consensus guidelines regarding the treatment of the most common irAEs
including rash, colitis, hepatitis, endocrinopathies, and pneumonitis have been established.
The mainstay of irAE treatment consists of immunosuppression with corticosteroids or other
immunosuppressant agents such as infliximab; most irAEs will resolve with appropriate
management.

CONCLUSIONS AND RELEVANCE The clinical use of immune checkpoint inhibitors is expanding
rapidly. Oncology practitioners will therefore be required to recognize and manage irAEs in a
growing patient population. Early recognition and treatment are essential to prevent patient
morbidity and mortality, and adherence to established algorithms is recommended.
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have also provided information on the incidence of irAEs.14,15 In gen-
eral, PD-1 inhibitors have a lower incidence of irAEs compared with
those that block CTLA-4 such as ipilimumab, whereas the combi-
nation of nivolumab and ipilimumab has a higher rate of irAEs than
either approach as monotherapy. For example, in a phase 3 study
in patients with advanced melanoma receiving nivolumab, ipili-
mumab, or the combination of both, grade 3/4 treatment-related
adverse events were observed in 16% of patients treated with niv-
olumab, 27% of patients treated with ipilimumab, and 55% of pa-
tients treated with the combination.16 Similar results were seen in
a phase 3 study of pembrolizumab vs ipilimumab in patients with
melanoma, with lower rates of grade 3/4 adverse events in pa-
tients receiving pembrolizumab.7 The incidence of grade 3/4 irAEs
from PD-1–blocking antibodies alone does not appear to signifi-
cantly vary among patients with different tumor types, with grade
3/4 rates of less than 20%.4,8-10 Fortunately, despite the rate of grade
3/4 adverse events, irAEs that lead to treatment-related death are
rare, 2% or less.4,17

Management of Common Immune-Related
Adverse Events

The optimal management of irAEs is based on clinical experience be-
cause no prospective trials have been conducted to evaluate the best
irAE treatment strategy. Nevertheless, based primarily on the ex-
perience in patients with melanoma receiving ipilimumab, consen-
sus management regarding the treatment of the common irAEs in-
cluding rash, colitis, hepatitis, endocrinopathies, and pneumonitis
has been established.18 The mainstay of irAE treatment consists of
immunosuppression with corticosteroids or other immunosuppres-
sant agents such as infliximab. Fortunately, with appropriate man-
agement, most irAEs resolve,19 and temporary immunosuppres-
sion to treat an irAE does not seem to limit the efficacy of immune
checkpoint inhibition.14,17 In patients who require a prolonged course
of corticosteroids to resolve their symptoms (20 mg of prednisone
or equivalent daily for �4 weeks), Pneumocystis carinii pneumonia

prophylaxis should be considered as per National Comprehensive
Cancer Network guidelines.20

In this section, we review the current literature related to the
most common irAEs in patients treated with immune checkpoint in-
hibitors. In clinical practice, the majority of treatment decisions
should be driven by patient-reported symptoms, although there are
some laboratory and imaging correlates for irAEs (Figures 1 and 2).21

Rash and/or Pruritus
The most common irAE associated with checkpoint inhibitor use is
rash and/or pruritus. Nearly 50% of patients treated with ipili-
mumab will experience this irAE.12 Rash is also one of the most com-
mon toxic effects of anti–PD-1 therapy, occurring in approximately
40% of patients treated with nivolumab or pembrolizumab alone
and in approximately 60% of patients treated with the combina-

Figure 1. Imaging Findings of an Immune-Related Adverse Effect

Mural thickening of the ascending colonA Fluorodeoxyglucose avidity of the pancreasB

A, Mural thickening (arrowhead) of the ascending colon associated with diarrhea and abdominal pain. B, Fluorodeoxyglucose avidity (arrowhead) of the pancreas
associated with elevated amylase and lipase levels but no clinical symptoms of pancreatitis.

Figure 2. Physical Examination Findings of an Immune-Related Adverse
Effect

Erythematous maculopapular rash located on the hand.
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tion of ipilimumab and nivolumab.16,22 Fortunately, the rate of grade
3/4 rash with these agents remains low, at less than 10%.7,23

Rashes typically appear faintly erythematous, reticular, and
maculopapular and are located across the limbs and trunk.24 These
immune-related rashes can frequently begin within the first 2 weeks
of therapy and can be seen in patients with any tumor type.25,26 Less
common dermatologic toxic effects such as bullous pemphigoid and
Sweet syndrome have also been described.27,28

The initial approach for dermatologic toxic effects is support-
ive. Topical corticosteroid creams of medium to high potency can
be used for rash.29 Cold compresses, oatmeal baths, and topical cor-
ticosteroids may be helpful in relieving symptoms of pruritus in ad-
dition to systemic antihistamines such as diphenhydramine hydro-
chloride and hydroxyzine hydrochloride. Oral or topical doxepin
hydrochloride, a tricyclic antidepressant, has also been used with
some success for pruritic symptoms30 as has oral aprepitant.29 Anti–
CTLA-4 or anti–PD-1 therapy can be continued while managing grade
1 to 2 skin toxic effects. Severe rash (grade 3 or higher) should be
treated with oral corticosteroids, usually at an equivalent dose of
prednisone 1-mg/kg daily. In these cases of more severe rash, treat-
ment with additional immunotherapy should be delayed until symp-
toms improve to baseline or grade 1 or lower. In the event of severe
rashes, not initially responsive to oral corticosteroids, clinicians
should consider the addition of immunosuppressive medications
such as infliximab, mycophenolate mofetil, or cyclophosphamide.
Treatment with immune checkpoint inhibitors should be discontin-
ued if cutaneous symptoms fail to improve after 12 weeks of sup-
portive management due to the risk of more severe symptoms.

Rarely, Stevens-Johnson syndrome/toxic epidermal necrolysis
has been reported.31 In these case reports, management is reliant
on a multispecialty approach with dermatology and critical care
evaluation. Patients require hospitalization for supportive manage-
ment with intravenous fluids and electrolyte replacement. Higher-
dose oral corticosteroids, such as prednisone 1- to 2-mg/kg daily or
methylprednisolone 1- to 4-mg/kg daily, can be considered in se-
vere cases.12 In cases of Stevens-Johnson syndrome/toxic epider-
mal necrolysis, treatment with the precipitating immune check-
point inhibitor should be permanently discontinued.

Mucosal toxic effects, such as mucositis, gingivitis, and sicca
syndrome have also been described, particularly with the anti–
PD-1 agents. Symptoms can be managed with supportive care in-
cluding oral rinses with topical steroid, viscous lidocaine hydrochlo-
ride, and good oral hygiene.24

Vitiligo is another cutaneous irAE that usually occurs at least 3
weeks after initiation of immune checkpoint inhibitor therapy. Viti-
ligo frequently occurs over the upper extremities and is observed
in a greater number of patients treated with the anti–PD-1 agents,
such as pembrolizumab (<10%) compared with ipilimumab (2%).7

No definitive treatment exists for immune therapy–related vitiligo.
The development of vitiligo may be associated with favorable treat-
ment benefit in patients treated with pembrolizumab,32,33 as it has
been described with other immunotherapy agents,34 but this re-
quires further study.

Diarrhea and/or Colitis
Diarrhea and/or colitis is commonly seen in patients treated with
checkpoint inhibitors. The incidence of grade 3/4 colitis is higher
among patients treated with the CTLA-4–blocking antibodies (7%)

compared with those targeting PD-1 (1.8%).7 Moreover, the rate of
grade 3/4 diarrhea with the combination of ipilimumab and niv-
olumab is not significantly higher than that in patients treated with
either antibody alone (6.1% for ipilimumab vs 2.2% for nivolumab
vs 9.3% for the combination).16

Although time of onset can vary, the median time to onset of
diarrhea in patients treated with ipilimumab or the combination of
ipilimumab and nivolumab is 6 to 8 weeks after the initiation of
therapy.22 Sometimes radiographic changes can be seen on com-
puted tomography scan such as mild diffuse bowel thickening or seg-
mental colitis associated with diverticulosis, which is characterized
by segmental moderate wall thickening in a segment of preexisting
diverticulosis.35 Diarrhea from checkpoint inhibitor therapy is be-
lieved to arise as a result of underlying colonic inflammation
(colitis). Nevertheless, in clinical trials, diarrhea is often reported
separately from colitis as per definitions by the Common Terminol-
ogy Criteria for Adverse Events based on patient symptoms. Clini-
cians should be aware that diarrhea and colitis are typically treated
similarly.

When patients present with diarrhea, the first step in manage-
ment should always to be to assess for etiologies other than irAEs,
such as infection with Clostridium difficile or other bacterial or viral
pathogens. Antidiarrheal agents, such as loperamide hydrochlo-
ride, diphenoxylate hydrochloride, or atropine sulfate, can be used
up to 4 times daily in mild cases. For patients who have a minimal
increase in bowel movements over baseline that persists, budes-
onide (9 mg daily) can also be used. If symptoms persist (>3 days),
present with at least moderate intensity, or there is imaging consis-
tent with colonic inflammation, oral (prednisone 1- to 2-mg/kg daily)
or intravenous corticosteroid treatment (methylprednisolone up to
2 mg/kg twice a day) should be implemented.26 In severe cases, hos-
pitalization may be necessary for administration of intravenous flu-
ids and electrolyte replacement. For severe and/or steroid-
refractory symptoms, infliximab (an anti–tumor necrosis factor
agent), at a dose of 5 mg/kg once every 2 weeks, has been used with
success (Figure 3)36-38 based on data from patients with inflamma-
tory bowel disease.39 Many times a colonoscopy is considered, but
in our experience this rarely changes management and should only
be performed if the diagnosis remains unclear. Treatment with ad-
ditional immune checkpoint inhibition should be held until symp-
toms resolve to grade 1 or less.

Development of diarrhea and/or colitis during use of 1 check-
point inhibitor does not necessarily prohibit the use of another. For
example, patients who experienced colitis from ipilimumab therapy
did not have recurrence of symptoms while taking nivolumab.40 Mor-
tality associated with treatment-related diarrhea and/or colitis is usu-
ally a result of delayed recognition of symptoms or delayed and/or non-
adherence to treatment.41 Fortunately, given the increased awareness
and recognition of colitis, there have been no deaths from colitis in
any recently published trials.16,19 There is no treatment that has been
shown to prevent immune checkpoint inhibitor–related diarrhea.
Budesonide was tested as a prophylactic agent, but unfortunately it
did not significantly reduce the incidence of diarrhea.42

Hepatitis
Hepatitis related to checkpoint inhibition is associated with eleva-
tions in levels of aspartate transaminase, alanine transaminase, and
occasionally bilirubin. Hepatitis can occur at any time but generally
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begins 8 to 12 weeks after the initiation of checkpoint inhibitor
therapy. In most cases the hepatitis is asymptomatic.22,43 Immune-
related hepatotoxic effects of all grades are more frequently re-
ported in patients treated with CTLA-4–blocking antibodies (but still
<10%) compared with patients treated with PD-1–blocking
antibodies.23,44 Combination therapy with anti–CTLA-4 and anti–
PD-1 inhibition is associated with a higher incidence of hepatotoxic
effects than either single-antibody approach.16 Immunomodula-
tory medications, such as prednisone, can be effective in patients
with hepatitis, and the median time to resolution is typi-
cally approximately 8 weeks.19

Hepatic function should be monitored before each dose of
checkpoint inhibition, and if elevated, viral and other drug-
induced causes of hepatitis should be excluded. No characteristic
radiographic finding is associated with checkpoint inhibition
hepatitis; however, in severe cases periportal edema or hepato-
megaly may be observed.43 As with treating other irAEs, if no
other immediate cause is obvious, prompt treatment with corti-
costeroids (prednisone 1- to 2-mg/kg/d or methylprednisolone
0.5 to 1-mg/kg/d) is recommended. In rare cases, elevations in
aspartate transaminase and alanine transaminase are steroid
refractory and mycophenolate mofetil (500-1000 mg every 12
hours) or tacrolimus may provide benefit. Unlike other gastroin-
testinal irAEs such as colitis/diarrhea, infliximab is contraindicated
in cases of hepatitis due to an increased risk of hepatotoxic
effects with infliximab therapy itself. A protracted course may
require multiple cycles (of �3 weeks) of systemic steroids with or
without additional immunosuppressive medications.43 In a highly
refractory case with rapid clinical decompensation, antithymocyte
globulin 1.5-mg /kg for 2 consecutive days has been added
to steroids and mycophenolate mofetil with some success.45

Hepatic toxic effects may take more than 1 month to resolve and
can result in permanent discontinuation of checkpoint inhibitor use
in the event of persistent grade 3/4 hepatitis. For grade 1/2

treatment-related hepatitis, therapy should be delayed and liver
function test monitoring increased, but treatment can be resumed
provided resolution of transaminitis to grade 1 or lower occurs.
Some patients may have a rebound increase of their liver function
test values. It is important to ensure that these values remain nor-
mal, even after completion of immunosuppression and apparent
resolution.

Endocrinopathy
Whereas the aforementioned irAEs usually have straightforward pre-
sentation, the diagnosis of endocrinopathies associated with check-
point inhibition can be more challenging. Patients may present with
nonspecific symptoms, including fatigue, nausea, headache, and de-
pression; therefore, practitioners must be vigilant. Hypophysitis (pi-
tuitary inflammation) and hypothyroidism are the most common en-
docrinopathies and are believed to occur in up to 10% of patients
treated with CTLA-4 inhibition.46,47 Case reports of autoimmune in-
sulin-dependent diabetes have also been reported in the literature.48

The frequency of endocrinopathy in patients treated with anti–
PD-1 agents is less well known but appears to be lower, at less than
1% in patients with advanced melanoma7,16 and up to 6.9% in pa-
tients with NSCLC.8 It is possible that rates of significant endocri-
nopathy vary slightly from trial to trial based on differences in pro-
tocol-required evaluations, which may have led to different levels
of diagnostic sensitivity.

Typically, hypophysitis is diagnosed by means of clinical symp-
toms of fatigue, headache, hypogonadism (amenorrhea or impo-
tence), hypotension, hypoglycemia, and radiographic findings (en-
hancement and enlargement of the pituitary on brain magnetic
resonance imaging49,50). Biochemical evidence of pituitary dys-
function (low adrenocorticotropic hormone and thyrotropin and
occasionally low luteinizing hormone, follicle-stimulating hor-
mone, growth hormone, and/or prolactin levels) is often noted in
peripheral blood assessments.

Figure 3. Treatment of Severe and Steroid-Refractory Immune-Related Adverse Effects (irAEs)

Type and Severity of irAE

Colitis and/or diarrhea

Grade 3-4
• Increase of ≥7 stools per 

day over baseline
• Abdominal pain, fever,

and change in bowel 
habits

Hepatitis

Grade 3-4
• Aspartate transaminase

and/or alanine trans-
aminase levels >5 
times ULN

• Total bilirubin level 
>3 times ULN

Pneumonitis

Grade 3-4
• Severe, life-threatening

symptoms
• Worsening hypoxia

Initial Management

• Admit to hospital for 
intravenous corticosteroid
therapy (methylpredni-
solone 1-2 mg/kg daily 
dose)

• Supportive care including
intravenous fluids, supple-
mental oxygen, and 
antibiotics as needed

• Withhold hepatotoxic drugs
• Consider further diagnostic 

imaging or procedures

Additional 

Immunosuppression

Colitis and/or diarrhea

• If no improvement after
3 days, give infliximab 
5 mg/kg

• Can redose infliximab
after 2 weeks if needed

Hepatitis

• If no improvement after
3 days, start mycopheno-
late mofetil 500-1000 mg
every 12 hours

Pneumonitis

• If no improvement after
48 hours, start additional
agent as above or 
cyclophosphamide

Immunosuppression 

Tapering Schedule

Colitis and/or diarrhea

• Rapidly  tapering course
of steroids as tolerated
over 4-6 weeks

• Increase steroids if
diarrhea flares and then
restart tapering

Hepatitis

• Rapidly tapering course
of steroids as tolerated;
discontinue mycophenolate
mofetil once tapered to
prednisone 10 mg daily

Pneumonitis

• Taper steroids slowly over 
6 weeks

• Mycophenolate mofetil
management as above if
needed

This figure is based on published
management algorithms but also
incorporates our clinical experience
at Memorial Sloan Kettering Cancer
Center. ULN indicates upper limit of
normal.
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An important distinction for endocrinologic toxic effects is that
unlike other irAEs that typically completely resolve with appropri-
ate treatment, immune checkpoint inhibitor–related endocrinopa-
thy usually requires permanent hormone replacement. For pa-
tients who present with acute symptoms, some clinicians have
described a course of high-dose corticosteroids (prednisone 1- to
2-mg/kg daily) that may be effective in reversing the inflammatory
process and preventing long-term hormone deficiency in rare cases.
Gonadal function in some men has recovered.49 Nonetheless, given
the potential for permanent hypothalamic-pituitary-gonadal dys-
function, patients of childbearing age should be counseled appro-
priately on the possibility of immune checkpoint inhibitor use
affecting future fertility.

Because routine monitoring of thyroid function with a thyro-
tropin laboratory evaluation is required prior to each dose of ipili-
mumab and the combination of ipilimumab and nivolumab, pa-
tients receive a diagnosis of thyroid function abnormalities
(hyperthyroidism or hypothyroidism) before they are sympto-
matic. Hyperthyroidism can be managed with a β-blocker and ste-
roids (if acute thyroiditis is present).51 Hypothyroidism occurs more
commonly than hyperthyroidism and is managed with replace-
ment doses of thyroid hormone.

The most severe endocrinopathy is acute adrenal insufficiency
or adrenal crisis. Stress dose steroids should be used in the event
that adrenal crisis is suspected. Hospitalization is required to man-
age the symptoms of severe dehydration, electrolyte abnormali-
ties (hyperkalemia and hyponatremia), hypotension, and/or shock.
In isolated cases, patients have been able to wean from steroids over
time, but in our experience this is the exception.52 Patients receiv-
ing long-term hydrocortisone supplementation for secondary hy-
poadrenalism will need an increase in their steroid dose when un-
dergoing medically stressful scenarios such as a planned surgical
procedure or an infection. We recommend consultation and ongo-
ing care with an endocrinologist in these situations.

Pneumonitis
Pneumonitis is a rare (<10%) but potentially life-threatening irAE
seen in patients treated with CTLA-4– and PD-1–blocking anti-
bodies.3,6,7,16,53,54 Although it may occur at any time, the appear-
ance of pneumonitis tends to occur later than other irAEs, most com-
monly several months after treatment is initiated. The incidence of
pneumonitis is higher in patients receiving anti–PD-1 therapy com-
pared with ipilimumab therapy, but rates of grade 3/4 adverse events
are fortunately low in patients receiving both classes of drugs, alone
or in combination.7,17 The rate of grade 3/4 pneumonitis secondary
to treatment with pembrolizumab or nivolumab is similar across tu-
mor types; however, there have been more treatment-related deaths
due to pneumonitis in patients with NSCLC.4,55

Any patient presenting with pulmonary symptoms, such as an
upper respiratory infection, new cough, shortness of breath, or
hypoxia (pulse oximetry, <90%) should be assessed with cross-
sectional imaging. Computed tomography findings consistent with
pneumonitis include bilateral consolidative and ground glass
opacities predominantly in peripheral distribution, mimicking the
cryptogenic organizing pneumonia pattern; and ground glass
opacities with interlobular septal thickening in basilar and periph-
eral distribution, mimicking the nonspecific interstitial pneumonia
pattern.21,56

In mild to moderate cases, oral steroid treatment including pred-
nisone 1- to 2-mg/kg daily or methylprednisolone 0.5- to 1-mg/kg
daily should be initiated. In moderate to severe cases, a bronchos-
copy should be performed to exclude infectious etiologies before
starting immunosuppression. In severe cases, the patient should be
hospitalized and treatment should consist of high doses of cortico-
steroids (ie, methylprednisolone 2- to 4-mg/kg/d) and additional im-
munosuppression, including mycophenolate mofetil, cyclophos-
phamide, and infliximab can be administered. No further doses of
immune checkpoint inhibition should be administered after mod-
erate to severe cases.56

In addition to pneumonitis, other pulmonary manifestations
of inflammatory conditions have been observed including
sarcoidosis.57,58 These conditions are evaluated and treated simi-
larly to pneumonitis.

Management of Less Common Immune-Related
Adverse Events
Although the skin, bowel, liver, endocrine system, and lung are more
commonly affected by immune checkpoint–blocking antibodies,
other rare irAEs can occur and affect the pancreas, bone marrow,
and neurologic system. In this section, we share our experience and
the experience described in the literature regarding these less com-
mon irAEs.

Pancreatitis
Pancreatitis is defined as the presence of 2 of the following 3 fea-
tures: clinical symptoms, radiographic findings of an inflamed
pancreas, or elevated pancreas enzyme levels (amylase and lipase).59

In clinical trials, pancreatitis has been rarely reported with immune
checkpoint inhibition.60 When patients have a clinical diagnosis of
pancreatitis, other etiologies such as malignant pancreatic/biliary ob-
structive processes, alcohol-related pancreatitis, and gallstone dis-
ease should be excluded. Once immune checkpoint antibody–
related pancreatitis is diagnosed, patients can be successfully treated
with prednisone 1 mg/kg tapered over several weeks once symp-
toms abate.

In many trials of immune checkpoint inhibitors, patients had
asymptomatic elevations in amylase and/or lipase levels.61-64 In most
of these cases, however, patients with elevated laboratory values
did not meet criteria for clinical pancreatitis. Because the clinical
relevance of these asymptomatic elevations remains unclear, we
do not advocate for steroid immunosuppression when only
amylase and/or lipase values are elevated in the absence of symp-
toms or radiographic findings. We therefore only recommend
checking these values in patients who are otherwise suspected of
having pancreatitis on clinical grounds. This helps avoid false-
positive diagnoses of pancreatitis, a problem compounded by the
inherently nonspecific nature of elevated amylase and lipase
values.65

Hematologic Toxicities
Hematologic irAEs occur occasionally, and severity varies from mild,
asymptomatic cytopenias to more significant reports of immune
thrombocytic purpura, autoimmune hemolytic anemia, acquired
hemophilia, and disseminated intravascular coagulopathy.66,67
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Anemia is described in less than 5% of patients treated with ipili-
mumab and in less than 10% of patients treated with PD-1 inhibi-
tors. However, neutropenia68 and pure red cell aplasia69 have also
been reported in the literature. A complete blood cell count should
be performed prior each dose administration. Similarly to all other
irAEs, early diagnosis is crucial.

Resolution typically occurs with discontinuation of immune
checkpoint inhibition and supportive management with corticoste-
roids (the equivalent of prednisone 1-mg/kg daily) and transfusion
of blood product as needed. However, in isolated cases in which
cytopenias are refractory to treatment cessation and steroid
therapy, patients have improved after administration of intrave-
nous immunoglobulin with or without additional immunosuppres-
sive agents, such as cyclosporine.63,66,68 Following mild hemato-
logic abnormalities, patients can generally continue immune
checkpoint inhibition with close observation.

Neurologic Toxic Effects
Treatment with immune checkpoint inhibition occasionally results
in neurologic toxic effects (<5%) of varying severity.70 Neurologic
irAEs may range from sensory neuropathies, such as paresthesias,71

to more severe toxic effects such as aseptic meningitis, temporal
arteritis,72 a myasthenia gravis–like syndrome,73,74 and Guillain-
Barré syndrome.71 Guillain-Barré syndrome is particularly notable
given that it led to 1 patient death in an adjuvant study of ipili-
mumab therapy.70,71,75

Given the potential for severe adverse effects, early recogni-
tion of neurologic irAEs is important.12 For diagnosis, lumbar punc-

ture may be helpful. Findings such as a high white blood cell count
(particularly with a high lymphocyte proportion) can point to an
immune-mediated etiology. In these cases, the initiation of high-
dose corticosteroid treatment (such as methylprednisolone 2-mg/
kg) and/or plasmapheresis may halt and reverse neurologic
complications.71 Unfortunately, treatment with steroids is not uni-
versally effective and some patients may require intravenous im-
munoglobulin or supportive medications, such as pyridostigmine
bromide, in the case of myasthenia gravis–like disease.70,71 After a
patient experiences a severe (grade 3 or 4) neurologic toxic
effect, immune checkpoint inhibitor use should be permanently
discontinued.62,75

Conclusions
Immune checkpoint inhibitors have already been FDA approved to
treat patients with melanoma, NSCLC, and renal cell carcinoma. Many
additional checkpoint-blocking agents are currently undergoing clini-
cal evaluation, and it is likely that this class of drugs will play an in-
creasingly important role for patients with many types of solid and
hematologic malignant neoplasms. Oncology practitioners will there-
fore be required to recognize and manage irAEs in a growing pa-
tient population. Adherence to established algorithms is recom-
mended, and as experience with these agents grows, it is imperative
that practitioners report new or rare irAEs. Ideally, prospective stud-
ies should be conducted to test different immunosuppressive man-
agement strategies.
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