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Immunotherapy enhances a patient’s immune system to fight dis-
ease and has recently been a source of promising new cancer treatments. 
Among the many immunotherapeutic strategies, immune checkpoint blockade 

has shown remarkable benefit in the treatment of a range of cancer types. Immune 
checkpoint blockade increases antitumor immunity by blocking intrinsic down-
regulators of immunity, such as cytotoxic T-lymphocyte antigen 4 (CTLA-4) and 
programmed cell death 1 (PD-1) or its ligand, programmed cell death ligand 1 
(PD-L1). Several immune checkpoint–directed antibodies have increased overall 
survival for patients with various cancers and are approved by the Food and Drug 
Administration (Table 1).

By increasing the activity of the immune system, immune checkpoint blockade 
can have inflammatory side effects, which are often termed immune-related ad-
verse events. Although any organ system can be affected, immune-related adverse 
events most commonly involve the gastrointestinal tract, endocrine glands, skin, 
and liver.1 Less often, the central nervous system and cardiovascular, pulmonary, 
musculoskeletal, and hematologic systems are involved. The wide range of potential 
immune-related adverse events requires multidisciplinary, collaborative management 
by providers across the clinical spectrum (Fig. 1).

No prospective trials have defined strategies for effectively managing specific 
immune-related adverse events; thus, clinical practice remains variable. Neverthe-
less, several professional organizations are working to harmonize expert consen-
sus on managing specific immune-related adverse events. In this review, we focus 
on 10 essential questions practitioners will encounter while caring for the expand-
ing population of patients with cancer who are being treated with immune check-
point blockade (Table 2).

W h y D o Immune-R el ated A dv er se E v en t s O ccur ?

The precise pathophysiology underlying immune-related adverse events is unknown 
but is believed to be related to the role that immune checkpoints play in maintain-
ing immunologic homeostasis (Fig. 2). CTLA-4 inhibits an immune response in 
several ways, including attenuating T-cell activation at a proximal step in the im-
mune response.2 In contrast, PD-1 is generally believed to inhibit T cells at later 
stages of the immune response in peripheral tissues.3,4 The distinct functions of 
CTLA-4 and PD-1 are reflected in the different toxicity seen in knockout mouse 
models. Mice lacking the CTLA-4 gene die from lymphoproliferation,5,6 whereas 
mice lacking PD-1 have more limited and variable, model-dependent autoimmu-
nity, including arthritis and cardiomyopathy.7

Similarly, patients who are treated with anti–CTLA-4 therapy have immune-
related adverse events that differ from those in patients treated with anti–PD-1, 
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and the effects of anti–CTLA-4 therapy are gen-
erally more severe.8-10 For example, colitis and 
hypophysitis seem to be more common with 
anti–CTLA-4 therapy, whereas pneumonitis and 
thyroiditis appear to be more common with anti–
PD-1 therapy.11-14 Although it is not yet known why 
organ-specific toxic effects differ between these 
two targets, reports of hypophysitis have identi-
fied the expression of CTLA-4 on normal pituitary 
cells, which may contribute to the toxicity of 
anti–CTLA-4 therapy.15,16 In contrast, thyroid dis-
orders can occur in patients receiving anti–PD-1 
therapy who have antithyroid antibodies, whether 
they are present at baseline or detectable only 
after treatment initiation. It may be that in addi-
tion to T-cell–mediated immunity, anti–PD-1 or 
anti–PD-L1 treatment modulates humoral im-
munity, enhancing preexisting antithyroid anti-
bodies.14 Another implication is that PD-1 may 
be involved in maintaining self-tolerance, the 
process that keeps the immune system from at-
tacking the person it was designed to protect.

The extent to which autoantibodies rather 
than autoreactive T cells contribute to immune-
related adverse events remains unknown and 
may differ among toxic effects. In a report of 
two cases of myocarditis, T-cell infiltration of the 
myocardium was evident, and no B cells or anti-
body deposits were identified.17 Similar T-cell 
clones were found in both the myocardium and 
the tumor in one patient, leading to speculation 
that this T-cell population may have been reactive 
against an antigen shared between normal tissue 
(myocardium) and tumor. Vitiligo, a depigmenta-
tion disorder caused by an autoimmune attack 
on melanocytes, is also frequently seen in pa-
tients with melanoma who are treated with im-
mune checkpoint blockade, a finding suggestive 
of cross-reactivity between T cells directed against 
a tumor and T cells directed against a related 
antigen in normal tissue.18

In addition, cytokines may be involved in the 
pathophysiology of immune-related adverse events. 
One study identified elevated levels of interleu-
kin-17 in patients with ipilimumab-induced coli-
tis,19 and interleukin-17 elevations have been 
observed in preclinical models of colitis.20 These 
findings raise the possibility of using interleu-
kin-17 blockade as a strategy for treating colitis 
induced by immune checkpoint blockade, although 
there is also a theoretical risk in reversing the 
favorable antitumor effects of immune checkpoint 

Drug Target Indication

Ipilimumab CTLA-4 Melanoma

Nivolumab PD-1 Melanoma, non–small-cell lung cancer, 
 renal-cell carcinoma, hepatocellular 
carcinoma, classic Hodgkin’s lympho-
ma, squamous-cell carcinoma of the 
head and neck, urothelial carcinoma, 
colorectal cancer with high micro-
satellite instability or mismatch-repair 
deficiency

Pembrolizumab PD-1 Melanoma, non–small-cell lung cancer, 
classic Hodgkin’s lymphoma, squa-
mous-cell carcinoma of the head and 
neck, urothelial carcinoma, gastric 
cancer, solid tumors with high micro-
satellite instability or mismatch-repair 
deficiency

Atezolizumab PD-L1 Non–small-cell lung cancer, urothelial 
 carcinoma

Avelumab PD-L1 Merkel-cell carcinoma, urothelial carcinoma

Durvalumab PD-L1 Urothelial carcinoma

*  CTLA-4 denotes cytotoxic T-lymphocyte antigen 4, PD-1 programmed cell 
death 1, and PD-L1 programmed cell death ligand 1.

Table 1. Immune Checkpoint–Blocking Antibodies Approved by the Food  
and Drug Administration.*

Figure 1. Organs Affected by Immune Checkpoint Blockade.

Immune checkpoint blockade can result in inflammation of any organ. 
Shown are the most common immune-related adverse events that clini-
cians encounter in patients treated with immune checkpoint blockade.
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blockade, as described in a report on one case.21 
Several antibodies that block interleukin-17, such 
as secukinumab, ixekizumab, and brodalumab, 
are already in use for patients with rheumato-
logic conditions, including psoriasis and anky-
losing spondylitis.22

How A r e Immune-R el ated 
A dv er se E v en t s Tr e ated?

Regardless of the precise mechanism, immune-
related adverse events result from excessive immu-
nity against normal organs. Thus, most immune-

Questions about Immune-Related 
Adverse Events Comments

Why do they occur? The precise pathophysiology is unknown.
Translational studies in patients with immune-related adverse events have shown 

that T-cell, antibody, and cytokine responses may be involved.

How are they generally treated? No prospective trials have defined the best treatment approaches, and recommen-
dations are based on consensus opinion.

Immunosuppression is used to reduce the excessive state of temporary inflam-
mation.

Glucocorticoids are usually the first-line immunosuppressive agent.
Additional immunosuppressive agents can be used if glucocorticoids are not 

 initially effective.

When do they occur? Immune-related adverse events usually start within the first few weeks to months 
after treatment but can occur anytime, even after treatment discontinuation.

Dermatologic adverse events are usually the first to appear.

Why do they occur in some 
 patients and not others?

The reason for the occurrence of immune-related adverse events only in certain 
 patients is unknown.

Some studies are investigating whether such factors as germline genetics and the 
composition of host microbiota are related to risk.

Are they associated with the 
 efficacy of immune check- 
point blockade?

Conflicting data are available regarding whether the occurrence of immune-related 
adverse events is associated with improved treatment efficacy.

The development of immune-related adverse events is not required for treatment 
benefit.

Specific adverse events (e.g., vitiligo) may be more clearly associated with treatment 
efficacy.

Does immunosuppression to treat 
such adverse events reduce  
the antitumor efficacy of treat-
ment?

Clinical outcomes are similar in patients who require immunosuppression to treat 
immune-related adverse events and in those who do not require such treatment.

Beneficial responses can persist despite the use of immunosuppression to treat 
immune-related adverse events.

Are there unintended effects of 
 immunosuppression to treat 
adverse events?

Side effects of glucocorticoid use (e.g., hyperglycemia, edema, anxiety, and iatro-
genic adrenal insufficiency) can occur.

Immunosuppression is a risk factor for subsequent opportunistic infections.

Is it safe to restart treatment after  
a major adverse event?

Retrospective studies have shown that immune-related adverse events associated 
with one class of agent (e.g., anti–CTLA-4) may not necessarily recur during 
subsequent treatment with another agent (e.g., anti–PD-1).

The safety of retreatment probably depends on the severity of the initial immune- 
related adverse event.

Is it necessary to restart treatment 
after resolution of an adverse 
event?

Retrospective data suggest that patients who have had a favorable response to 
 immune checkpoint blockade and then discontinue treatment because of 
 immune-related adverse events generally maintain responses.

Prospective data are needed to address whether restarting immunotherapy is 
 necessary.

Is it safe to treat patients at poten-
tially increased risk for such 
 adverse events?

Patients at increased risk for immune-related adverse events (e.g., preexisting auto-
immune disease) may still benefit from immune checkpoint blockade.

Age alone should not be used to exclude patients from treatment, since benefit 
 appears to be similar regardless of age.

Table 2. Ten Questions Relevant to the Management of Immune-Related Adverse Events in Patients Treated with Immune 
Checkpoint Blockade.
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related adverse events are effectively treated by 
delaying administration of the checkpoint inhibi-
tor or by inducing temporary immunosuppres-
sion with agents such as oral glucocorticoids or 
additional immunosuppressants in more severe 
cases. Many reports describe algorithms based 
on clinical experience and provide detailed prac-
tical guidance for how to manage specific im-
mune-related adverse events.1,23-26

Multidisciplinary collaboration can often be 
helpful in treating patients with immune-related 
adverse events. For example, infliximab, an anti-
body against tumor necrosis factor alpha that is 

used to manage Crohn’s disease and ulcerative 
colitis, also has shown efficacy in patients with 
moderate-to-severe colitis induced by immune 
checkpoint blockade.27 In treatment algorithms 
for immune-related adverse events, infliximab is 
usually recommended if glucocorticoids have not 
been successful. However, given the potential 
immediate efficacy of infliximab and the toxic-
ity of long-term glucocorticoid therapy, an unan-
swered question is whether infliximab should be 
given earlier in the treatment of immune-related 
adverse events in order to minimize exposure to 
glucocorticoids. The experience with infliximab 

Figure 2. Possible Mechanisms Underlying Immune-Related Adverse Events.

The mechanisms that result in immune-related adverse events are still being elucidated. Some potential mechanisms 
include increasing T-cell activity against antigens that are present in tumors and healthy tissue, increasing levels of 
preexisting autoantibodies, an increase in the level of inflammatory cytokines, and enhanced complement-mediated 
inflammation due to direct binding of an antibody against cytotoxic T-lymphocyte antigen 4 (CTLA-4) with CTLA-4 
expressed on normal tissue, such as the pituitary gland.
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raises the question of whether additional thera-
pies for inflammatory bowel diseases, such as an 
anti–integrin α4β7 antibody, vedolizumab, could 
be similarly effective for the treatment of colitis 
induced by immune checkpoint blockade, as sug-
gested by a report on a case series.28 Additional 
multidisciplinary cooperation among oncologists, 
other internal medicine specialists, and emer-
gency medicine physicians may lead to the devel-
opment of treatment strategies for rare, yet poten-
tially life-threatening, immune-related adverse 
events, such as pneumonitis and myocarditis.12,17

W hen D o Immune-R el ated 
A dv er se E v en t s O ccur ?

Immune-related adverse events usually develop 
within the first few weeks to months after treat-
ment initiation. However, immune-related adverse 
events can present at any time, including after 
cessation of immune checkpoint blockade ther-
apy, and may wax and wane over time. Several 
studies have indicated that with both anti–
CTLA-4 and anti–PD-1 therapy, dermatologic 
toxicity occurs early.1,29 Although anti–PD-1 or 
anti–PD-L1 therapy is occasionally given for 
months to years, most studies indicate that pro-
longed treatment does not result in an increased 
cumulative incidence of immune-related adverse 
events.30 Nevertheless, whether immune check-
point blockade creates later-term toxicity risk 
(i.e., many years after the initiation of therapy) 
is not known. This question will become an in-
creasingly relevant as indications for this treat-
ment expand to patients with cancer at earlier 
stages, when life expectancy may be measured 
in decades.

W h y D o These E v en t s O ccur in 
Some Patien t s bu t No t O ther s?

It is unclear why some patients have serious 
immune-related adverse events and others do 
not. Since genes influence the risk of certain 
autoimmune diseases in the absence of immune 
checkpoint blockade,31-34 one line of investiga-
tion has examined whether underlying germline 
genetic factors are related to the likelihood of 
immune-related adverse events among patients 
treated with immune checkpoint blockade. In a 
pooled study involving 453 patients with mela-
noma who were treated with ipilimumab, no 

association was found between one specific geno-
type (HLA-A status) and the risk of immune-
related adverse events.35 However, much larger 
genomewide association studies may be needed 
to establish a relationship between genetic factors 
and the risk of immune-related adverse events.

In addition to genetic factors, some investiga-
tions have asked whether the microbiologic com-
position of a patient’s gastrointestinal f lora is 
related to the development of immune-related 
adverse events. Preclinical and emerging clinical 
data suggest that certain bacterial species are 
associated with the efficacy of immune check-
point blockade,36-38 which raises the possibility 
that variations in gastrointestinal flora that affect 
host immunity influence the risk. In two retro-
spective studies, the investigators concluded that 
patients with a predominance of bacteria from 
the Bacteroidetes phylum have reduced rates of 
ipilimumab-induced colitis.39 How Bacteroidetes 
might influence this risk is unknown. Addi-
tional research is needed to determine whether 
manipulation of the microbiota through dietary 
intervention or use of probiotics or antibiotics 
could reduce the risk of colitis or other immune-
related adverse events while maintaining the 
favorable antitumor effects of a particular gastro-
intestinal bacterial composition.

A r e These E v en t s A sso ci ated 
w i th the Effic ac y of Immune 

Check poin t Bl o ck a de?

Regardless of the precise pathophysiological 
mechanisms, the occurrence of immune-related 
adverse events provides evidence that immune 
checkpoint blockade has activated a patient’s im-
mune system. Whether this immunologic activa-
tion correlates with improved antitumor im-
munity remains controversial. The repertoire of 
antigen specificities is quite large, and the hope 
is that with nonspecific activation of the immune 
system, some of the cells may recognize and kill 
the tumor; however, the vast majority of acti-
vated cells do not. Does the magnitude of im-
mune activation increase the chances of success? 
Is the severity of immune-related adverse events 
a measure of the likelihood of an antitumor re-
sponse? Some studies suggest that patients with 
immune-related adverse events have higher re-
sponse rates than patients without such events, 
but these findings have not been universally veri-
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fied.1,40,41 In one large, retrospective study of 
ipilimumab, the treatment outcomes were simi-
lar in patients with and those without immune-
related adverse events.42 At minimum, the general 
consensus is that such events are not required 
to obtain a benefit from immune checkpoint 
blockade.

It is possible that certain immune-related 
adverse events are more directly related to anti-
tumor efficacy than others. For example, several 
studies involving patients with melanoma have 
shown an association between vitiligo and ben-
eficial clinical outcomes.43,44 It has been known 
since at least 1964 that vitiligo can develop in 
patients undergoing immune stimulation for the 
treatment of melanoma.45 Vitiligo is not a com-
mon side effect in patients with other cancers 
who receive treatment with immune checkpoint 
blockade, which suggests that immune-related 
adverse events may vary according to the tumor 
type. However, it is clear that the toxic effects 
that occur in patients with different tumor types 
can be very similar, a finding that leads to the 
notion that the manifestations are more closely 
related to the immune system than to the tumor. 
Immune-related adverse events that are directly 
related to antigen-specific immunity, such as 
vitiligo, may be more strongly correlated with 
antitumor efficacy than other immune-related 
adverse events.

D oes Immunosuppr ession R educe 
the A n ti t umor Effic ac y of 

Immune Check poin t Bl o ck a de?

Since immune checkpoint blockade works by 
increasing antitumor immunity, clinicians have 
wondered whether systemic immunosuppression 
that is used to treat immune-related adverse 
events may interfere with the therapeutic efficacy 
of immune checkpoint blockade. No formal, 
prospective studies testing immunosuppressive 
strategies have been conducted to answer this 
question. Nonetheless, retrospective studies have 
shown that the outcomes for patients whose 
immune-related adverse events were treated with 
immunosuppression were not worse overall than 
the outcomes for patients who did not receive 
immunosuppressive agents for immune-related 
adverse events,1,42 though there may be individual 
exceptions, perhaps relating specifically to the 
type of immunosuppressive treatment used.21 

Studies exploring potential relationships between 
various aspects of immunosuppression — type, 
timing, and duration — and clinical outcomes 
are needed.

D oes Immunosuppr ession  
H av e Unin tended Effec t s?

Although the theoretical risk that immunosup-
pression reduces antitumor efficacy has not been 
proved, immunosuppression does carry additional 
risks that clinicians should consider. Specifically, 
the use of glucocorticoids can result in hyper-
glycemia, fluid retention, and anxiety, as well as 
iatrogenic adrenal insufficiency if the glucocor-
ticoids are tapered too quickly. Although longer-
term glucocorticoid therapy is infrequently need-
ed to treat immune-related adverse events, such 
treatment can lead to additional complications, 
such as cushingoid features, osteoporosis, glau-
coma, opportunistic infections, and debilitating 
proximal muscle weakness.46,47

In addition, immunosuppression for the treat-
ment of immune-related adverse events may place 
patients at risk for opportunistic infections such 
as Aspergillus fumigatus pneumonia,48 cytomegalo-
virus hepatitis, and pneumocystis pneumonia.49,50 
In a retrospective study involving 790 patients 
with advanced melanoma who were treated with 
immune checkpoint blockade, the rate of serious 
infections was 13.5% in the subgroup of patients 
who received either glucocorticoids or infliximab 
for the management of immune-related adverse 
events.51 Given this potential risk of opportu-
nistic infection, when patients require 20 mg 
of prednisone daily or the equivalent for at least 
4 weeks, Pneumocystis jirovecii prophylaxis with 
trimethoprim–sulfamethoxazole, atovaquone, or 
pentamidine should be considered.52

Is  I t  S a fe t o R es ta rt Immune 
Check poin t Bl o ck a de a f ter  

a  Ser ious A dv er se E v en t ?

Since most immune-related adverse events re-
solve within weeks to months after the initiation 
of immunosuppressive therapy,1 one of the most 
important issues in clinical practice is the safety 
of resuming immune checkpoint blockade after 
the adverse event has resolved. Prospective data 
from clinical trials are limited, since study proto-
cols have often required that treatment with 
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immune checkpoint blockade be permanently 
discontinued if a serious immune-related adverse 
event develops. A recent retrospective study in-
volving patients with melanoma showed that 
anti–PD-1 therapy could be safely given after a 
serious ipilimumab-related adverse event requir-
ing immunosuppression.53 Subsequent anti–PD-1 
treatment was associated with a low rate of re-
current immune-related adverse events (3%). These 
findings suggest that toxicity may be treatment-
specific rather than generalizable across the vari-
ous types of immune checkpoint blockade, which 
have nonredundant biologic effects.

More specific to the question of the safety of 
restarting therapy, another retrospective study 
described patients with non–small-cell lung can-
cer (NSCLC) treated with anti–PD-1 or anti–PD-L1 
therapy who had immune-related adverse events 
requiring a delay in treatment, treatment with 
glucocorticoids, or both and who were later re-
treated with anti–PD-1 or anti–PD-L1 therapy.54 
Among 38 patients who were retreated, 50% had 
no further immune-related adverse events, 24% 
had a recurrence of the initial event, and 26% 
had a new event. Thus, clinicians should recog-
nize that restarting immune checkpoint blockade 
after the resolution of immune-related adverse 
events may trigger recurrent or new immune-
related adverse events. Although recurrent ad-
verse events are usually less severe than the ini-
tial events (probably because of heightened 
surveillance), a decision to restart treatment with 
immune checkpoint blockade is likely to depend 
on the severity of the prior event, the availability 
of alternative treatment options, and the overall 
status of the cancer. An absolute contraindica-
tion to restarting treatment with immune check-
point blockade is life-threatening toxicity, partic-
ularly cardiac, pulmonary, or neurologic toxicity.

Is  I t  Necess a r y t o R es ta rt 
Immune Check poin t Bl o ck a de 

a f ter E v en t R esolu tion?

Even if we can sometimes restart treatment after 
an immune-related adverse event, a separate ques-
tion is whether we should do so. Again, on this 
point data remain limited. In a study involving 
patients with advanced melanoma who were 
treated with a combination of nivolumab and 
ipilimumab, those who discontinued the treatment 
because of toxicity during the first 4 months had 

rates of progression-free and overall survival 
that were similar to the rates for patients who 
continued therapy longer.55 In a series of patients 
with NSCLC who had a favorable response to 
treatment with immune checkpoint blockade 
and then had an immune-related adverse event 
that resulted in treatment discontinuation or de-
lay, rates of progression-free and overall survival 
among the patients who restarted treatment af-
ter resolution of the adverse event were equivalent 
to the rates among those who permanently dis-
continued treatment.54 Additional follow-up of 
patients in these retrospective studies and addi-
tional prospective studies are needed to confirm 
that the extent of the benefit is not affected by a 
shorter duration of immunotherapy.

Is  I t  S a fe t o Tr e at Patien t s at 
Incr e a sed R isk for Such E v en t s?

It is possible that some patients are at increased 
risk for immune-related adverse events, such as 
patients with underlying autoimmune disease, 
organ or hematopoietic stem-cell transplants, 
chronic viral infection, organ dysfunction, or 
advanced age. Most of the evidence regarding 
immune-related adverse events comes from pro-
spective clinical trials, but several patient popu-
lations, such as those with autoimmune diseases, 
were not included in clinical trials, so the safety 
of immune checkpoint blockade is less clear for 
these patients.56 Several retrospective studies 
nonetheless suggest that patients with underly-
ing autoimmune disorders can be treated safely 
and effectively with immune checkpoint block-
ade.53,57 Although such patients may be at in-
creased risk for transient exacerbation of their 
autoimmune condition and for immune-related 
adverse events in general, these events have gen-
erally not been high-grade toxic effects. It is our 
opinion that patients with an underlying auto-
immune disorder should be considered for treat-
ment with immune checkpoint blockade if they 
have a life-threatening cancer and that the risks 
and benefits of such therapy should be weighed 
in consultation with appropriate subspecialists.

The safety of immune checkpoint blockade in 
recipients of solid-organ transplants is also un-
certain. More cases of graft rejection have been 
reported with anti–PD-1 or anti–PD-L1 therapy 
than with ipilimumab therapy.58-61 Since more 
patients receive anti–PD-1 or anti–PD-L1 therapy, 
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the greater frequency of published reports of 
transplant rejection may not necessarily mean 
that the risk of rejection is higher with anti–
PD-1 or anti–PD-L1 agents than with ipilimumab. 
The consequences of graft rejection also need 
to be considered. Renal failure due to renal- 
allograft rejection could be managed with hemo-
dialysis; management of cardiac failure from 
cardiac-transplant rejection, although possible,61 
may be more difficult. Immune checkpoint block-
ade should be used cautiously in this patient 
population when other similarly effective treat-
ment options are not available and should be 
monitored in close collaboration with transplant 
specialists.

The safety of immune checkpoint blockade 
after allogeneic hematopoietic stem-cell trans-
plantation is being explored.62 In a study involv-
ing 28 patients treated with ipilimumab, 21% of 
the patients had immune-related adverse events, 
with one treatment-related death due to colitis 
and pneumonitis. Liver and gastrointestinal graft-
versus-host-disease (GVHD) was also reported. It 
remains unclear whether this is evidence of an 
increased risk of immune-related adverse events 
or GVHD. Additional studies of anti–PD-1 or 
anti–PD-L1 treatment after allogeneic transplan-
tation are needed, especially in view of emerging 
evidence of the efficacy of anti–PD-1 agents in 
patients with hematologic cancers.63-65

Patients with chronic viral hepatitis or human 
immunodeficiency virus (HIV) infection have 
also been excluded from trials of treatment with 
immune checkpoint blockade in most cases. 
However, one prospective study of nivolumab in 
patients with hepatocellular carcinoma showed 
that side effects in patients with hepatitis B or 
hepatitis C were similar to the side effects in 
patients without viral hepatitis.66 Less is known 
about the safety of immune checkpoint blockade 
in patients with HIV infection, but several case 
reports have shown that such therapy can be 
safely given to patients with melanoma or NSCLC 
who also have HIV infection.67-69 Overall, treat-
ment with immune checkpoint blockade in pa-
tients with chronic viral infections appears to be 
safe, but the importance of multidisciplinary 
collaboration cannot be overemphasized.

There are minimal data on the safety of im-
mune checkpoint blockade in patients with renal 
or hepatic insufficiency. Nonetheless, since the 
agents that are used for immune checkpoint 

blockade are antibodies that are not cleared by 
the kidneys or liver, the efficacy and safety of 
these agents in patients with renal or hepatic 
impairment should be similar to their efficacy 
and safety in patients without such impairment. 
A prospective study of atezolizumab in patients 
with advanced urothelial carcinoma included pa-
tients with renal impairment (glomerular filtra-
tion rate, >30 but <60 ml per minute).70 Atezolizu-
mab was effective (25% objective response rate), 
but the rate of immune-related adverse events 
was not reported. In a separate, retrospective 
analysis, three patients who were undergoing 
hemodialysis were treated with immune check-
point blockade, and none had immune-related 
adverse events.71 Even less is known about the 
safety of immune checkpoint blockade in the 
context of hepatic impairment, but some pa-
tients with radiographic evidence of cirrhosis or 
abnormal liver-function tests have been treated 
without an obvious increase in toxicity.66 Given 
the possibility of a treatment benefit and no 
demonstrated increase in risk, patients with re-
nal or hepatic impairment can be candidates for 
treatment with immune checkpoint blockade.

Older adults are also underrepresented in 
clinical trials. However, subgroup analyses from 
prospective trials and retrospective studies sug-
gest that the efficacy of immune checkpoint 
blockade in older adults is similar to the efficacy 
in younger adults, without an increase in immune-
related adverse events.72 Similarly, a meta-analysis 
showed that the benefit from treatment with 
immune checkpoint blockade in randomized 
studies did not appear to be dependent on age.73 
Even carefully selected patients older than 90 
years of age have been safely and effectively 
treated with immune checkpoint blockade.74 
Thus, age itself should not be factored into deci-
sions about whether to use this treatment ap-
proach. Comprehensive geriatric assessment and 
measures of frailty may be important predictors 
of immune-related adverse events and a decreased 
quality of life, but this possibility requires ad-
ditional research.

Conclusions

Immune checkpoint blockade is an increasingly 
important cancer treatment. Several studies have 
shown that it has a better safety profile than 
chemotherapy.75,76 Nevertheless, immune-related 
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adverse events requiring specialized manage-
ment can ensue. Most of the toxic effects are 
reversible, aside from effects on the endocrine 
system, which may be permanent. Fortunately, 
deaths from immune-related adverse events are 
exceptionally rare, but deaths due to myocardi-
tis, pneumonitis, colitis, and neurologic events, 
among others, can occur.

There are at least three important opportuni-
ties to improve the treatment of immune-related 
adverse events and refine answers to the 10 ques-
tions addressed in this review. First, studies are 
needed to elucidate mechanisms of immune-
related adverse events (i.e., events mediated by 
antibodies, T cells, and cytokines) in order to 
develop more precise treatments for immune-
related adverse events. Second, establishing inter-
national registries may be helpful in capturing 

real-world data regarding immune-related adverse 
events in patient populations that are under-
represented in clinical trials. Finally, as clinical 
experience with these agents increases, multidis-
ciplinary clinical involvement will be needed to 
share insights from various fields of medicine 
to realize the full potential of this treatment 
approach.

Dr. Postow reports receiving grant support, paid to his insti-
tution, and consulting fees from Bristol-Myers Squibb, hono-
raria from Merck and Bristol-Myers Squibb, and consulting fees 
and advisory board fees from Novartis, Ono Pharmaceutical, 
Array BioPharma, Merck, Incyte, and NewLink Genetics; and Dr. 
Hellmann, receiving consulting fees and advisory board fees 
from Genentech, Merck, AstraZeneca, Novartis, Janssen, and 
Mirati Therapeutics and grant support, consulting fees, and ad-
visory board fees from Bristol-Myers Squibb. No other potential 
conflict of interest relevant to this article was reported.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.

References
1. Weber JS, Hodi FS, Wolchok JD, et al. 
Safety profile of nivolumab monotherapy: 
a pooled analysis of patients with ad-
vanced melanoma. J Clin Oncol 2017; 35: 
785-92.
2. Krummel MF, Allison JP. CTLA-4 en-
gagement inhibits IL-2 accumulation and 
cell cycle progression upon activation of 
resting T cells. J Exp Med 1996; 183: 2533-
40.
3. Dong H, Strome SE, Salomao DR, et al. 
Tumor-associated B7-H1 promotes T-cell 
apoptosis: a potential mechanism of im-
mune evasion. Nat Med 2002; 8: 793-800.
4. Boussiotis VA. Molecular and bio-
chemical aspects of the PD-1 checkpoint 
pathway. N Engl J Med 2016; 375: 1767-78.
5. Tivol EA, Borriello F, Schweitzer AN, 
Lynch WP, Bluestone JA, Sharpe AH. Loss 
of CTLA-4 leads to massive lymphoprolif-
eration and fatal multiorgan tissue de-
struction, revealing a critical negative reg-
ulatory role of CTLA-4. Immunity 1995; 3: 
541-7.
6. Waterhouse P, Penninger JM, Timms 
E, et al. Lymphoproliferative disorders 
with early lethality in mice deficient in 
Ctla-4. Science 1995; 270: 985-8.
7. Nishimura H, Nose M, Hiai H, Minato 
N, Honjo T. Development of lupus-like 
autoimmune diseases by disruption of the 
PD-1 gene encoding an ITIM motif-carry-
ing immunoreceptor. Immunity 1999; 11: 
141-51.
8. Robert C, Schachter J, Long GV, et al. 
Pembrolizumab versus ipilimumab in ad-
vanced melanoma. N Engl J Med 2015; 
372: 2521-32.
9. Larkin J, Chiarion-Sileni V, Gonzalez 
R, et al. Combined nivolumab and ipilimu-
mab or monotherapy in untreated mela-
noma. N Engl J Med 2015; 373: 23-34.

10. Khoja LDD, Wei-Wu Chen T, Siu LL, 
Hansen AR. Tumour- and class-specific 
patterns of immune-related adverse events 
of immune checkpoint inhibitors: a system-
atic review. Ann Oncol 2017; 28: 2377-85.
11. Abdel-Rahman O, ElHalawani H, 
Fouad M. Risk of endocrine complica-
tions in cancer patients treated with im-
mune check point inhibitors: a meta-analy-
sis. Future Oncol 2016; 12: 413-25.
12. Naidoo J, Wang X, Woo KM, et al. 
Pneumonitis in patients treated with anti-
programmed death-1/programmed death 
ligand 1 therapy. J Clin Oncol 2017; 35: 
709-17.
13. Morganstein DL, Lai Z, Spain L, et al. 
Thyroid abnormalities following the use 
of cytotoxic T-lymphocyte antigen-4 and 
programmed death receptor protein-1 
inhibitors in the treatment of melanoma. 
Clin Endocrinol (Oxf) 2017; 86: 614-20.
14. Osorio JC, Ni A, Chaft JE, et al. Anti-
body-mediated thyroid dysfunction dur-
ing T-cell checkpoint blockade in patients 
with non-small-cell lung cancer. Ann On-
col 2017; 28: 583-9.
15. Iwama S, De Remigis A, Callahan 
MK, Slovin SF, Wolchok JD, Caturegli P. 
Pituitary expression of CTLA-4 mediates 
hypophysitis secondary to administration 
of CTLA-4 blocking antibody. Sci Transl 
Med 2014; 6: 230ra45.
16. Caturegli P, Di Dalmazi G, Lombardi 
M, et al. Hypophysitis secondary to cyto-
toxic T-lymphocyte-associated protein 4 
blockade: insights into pathogenesis from 
an autopsy series. Am J Pathol 2016; 186: 
3225-35.
17. Johnson DB, Balko JM, Compton ML, 
et al. Fulminant myocarditis with combina-
tion immune checkpoint blockade. N Engl 
J Med 2016; 375: 1749-55.

18. Byrne EH, Fisher DE. Immune and 
molecular correlates in melanoma treated 
with immune checkpoint blockade. Can-
cer 2017; 123: S11: 2143-53.
19. Callahan M, et al. Evaluation of se-
rum IL-17 levels during ipilimumab ther-
apy: correlation with colitis. J Clin Oncol 
2011; 29: Suppl:2505. abstract.
20. Harbour SN, Maynard CL, Zindl CL, 
Schoeb TR, Weaver CT. Th17 cells give 
rise to Th1 cells that are required for the 
pathogenesis of colitis. Proc Natl Acad Sci 
U S A 2015; 112: 7061-6.
21. Esfahani K, Miller WH Jr. Reversal of 
autoimmune toxicity and loss of tumor re-
sponse by interleukin-17 blockade. N Engl 
J Med 2017; 376: 1989-91.
22. Langley RG, Elewski BE, Lebwohl M, 
et al. Secukinumab in plaque psoriasis — 
results of two phase 3 trials. N Engl J Med 
2014; 371: 326-38.
23. Weber JS, Yang JC, Atkins MB, Disis 
ML. Toxicities of immunotherapy for the 
practitioner. J Clin Oncol 2015; 33: 2092-9.
24. Friedman CF, Proverbs-Singh TA, 
Postow MA. Treatment of the immune-
related adverse effects of immune check-
point inhibitors: a review. JAMA Oncol 
2016; 2: 1346-53.
25. Boutros C, Tarhini A, Routier E, et al. 
Safety profiles of anti-CTLA-4 and anti-
PD-1 antibodies alone and in combina-
tion. Nat Rev Clin Oncol 2016; 13: 473-86.
26. Haanen JBAG, Carbonnel F, Robert C, 
et al. Management of toxicities from immu-
notherapy: ESMO Clinical Practice Guide-
lines for diagnosis, treatment and follow-
up. Ann Oncol 2017; 28: Suppl 4: iv119-iv142.
27. Yanai S, Nakamura S, Matsumoto T. 
Nivolumab-induced colitis treated by inf-
liximab. Clin Gastroenterol Hepatol 2017; 
15(4): e80-e81.

The New England Journal of Medicine 
Downloaded from nejm.org at UNIVERSITAETSBIBLIOTHEK WUERZBURG on September 2, 2018. For personal use only. No other uses without permission. 

 Copyright © 2018 Massachusetts Medical Society. All rights reserved. 



n engl j med 378;2 nejm.org January 11, 2018 167

Adverse Events with Immune Checkpoint Block ade

28. Bergqvist V, Hertervig E, Gedeon P,  
et al. Vedolizumab treatment for immune 
checkpoint inhibitor-induced enterocolitis. 
Cancer Immunol Immunother 2017; 66: 
581-92.
29. Weber JS, Kähler KC, Hauschild A. 
Management of immune-related adverse 
events and kinetics of response with ipili-
mumab. J Clin Oncol 2012; 30: 2691-7.
30. Topalian SL, Sznol M, McDermott DF, 
et al. Survival, durable tumor remission, 
and long-term safety in patients with ad-
vanced melanoma receiving nivolumab.  
J Clin Oncol 2014; 32: 1020-30.
31. Renton AE, Pliner HA, Provenzano C, 
et al. A genome-wide association study of 
myasthenia gravis. JAMA Neurol 2015; 72: 
396-404.
32. Dittmar M, Kahaly GJ. Immunoregu-
latory and susceptibility genes in thyroid 
and polyglandular autoimmunity. Thyroid 
2005; 15: 239-50.
33. Yanagawa T, Hidaka Y, Guimaraes V, 
Soliman M, DeGroot LJ. CTLA-4 gene 
polymorphism associated with Graves’ 
disease in a Caucasian population. J Clin 
Endocrinol Metab 1995; 80: 41-5.
34. Brewerton DA, Caffrey M, Nicholls A, 
Walters D, Oates JK, James DC. Reiter’s 
disease and HL-A 27. Lancet 1973; 302: 
996-8.
35. Wolchok JD, Weber JS, Hamid O, et al. 
Ipilimumab efficacy and safety in patients 
with advanced melanoma: a retrospective 
analysis of HLA subtype from four trials. 
Cancer Immun 2010; 10: 9.
36. Vétizou M, Pitt JM, Daillère R, et al. 
Anticancer immunotherapy by CTLA-4 
blockade relies on the gut microbiota. Sci-
ence 2015; 350: 1079-84.
37. Sivan A, Corrales L, Hubert N, et al. 
Commensal Bifidobacterium promotes 
antitumor immunity and facilitates anti-
PD-L1 efficacy. Science 2015; 350: 1084-9.
38. Chaput N, Lepage P, Coutzac C, et al. 
Baseline gut microbiota predicts clinical 
response and colitis in metastatic mela-
noma patients treated with ipilimumab. 
Ann Oncol 2017; 28: 1368-79.
39. Dubin K, Callahan MK, Ren B, et al. 
Intestinal microbiome analyses identify 
melanoma patients at risk for checkpoint-
blockade-induced colitis. Nat Commun 
2016; 7: 10391.
40. Attia P, Phan GQ, Maker AV, et al. 
Autoimmunity correlates with tumor re-
gression in patients with metastatic mela-
noma treated with anti-cytotoxic T-lym-
phocyte antigen-4. J Clin Oncol 2005; 23: 
6043-53.
41. Downey SG, Klapper JA, Smith FO,  
et al. Prognostic factors related to clinical 
response in patients with metastatic mela-
noma treated by CTL-associated antigen-4 
blockade. Clin Cancer Res 2007; 13: 6681-8.
42. Horvat TZ, Adel NG, Dang TO, et al. 
Immune-related adverse events, need for 
systemic immunosuppression, and effects 
on survival and time to treatment failure 

in patients with melanoma treated with 
ipilimumab at Memorial Sloan Kettering 
Cancer Center. J Clin Oncol 2015; 33: 3193-8.
43. Hua C, Boussemart L, Mateus C, et al. 
Association of vitiligo with tumor re-
sponse in patients with metastatic mela-
noma treated with pembrolizumab. JAMA 
Dermatol 2016; 152: 45-51.
44. Teulings HE, Limpens J, Jansen SN,  
et al. Vitiligo-like depigmentation in pa-
tients with stage III-IV melanoma receiv-
ing immunotherapy and its association 
with survival: a systematic review and meta-
analysis. J Clin Oncol 2015; 33: 773-81.
45. Burdick KH, Hawk WA. Vitiligo in a 
case of vaccinia virus-treated melanoma. 
Cancer 1964; 17: 708-12.
46. Carli L, Tani C, Querci F, et al. Analy-
sis of the prevalence of cataracts and 
glaucoma in systemic lupus erythemato-
sus and evaluation of the rheumatolo-
gists’ practice for the monitoring of glu-
cocorticoid eye toxicity. Clin Rheumatol 
2013; 32: 1071-3.
47. Huscher D, Thiele K, Gromnica-Ihle 
E, et al. Dose-related patterns of gluco-
corticoid-induced side effects. Ann Rheum 
Dis 2009; 68: 1119-24.
48. Kyi C, Hellmann MD, Wolchok JD, 
Chapman PB, Postow MA. Opportunistic 
infections in patients treated with immu-
notherapy for cancer. J Immunother Can-
cer 2014; 2: 19.
49. Arriola E, Wheater M, Krishnan R, 
Smart J, Foria V, Ottensmeier C. Immuno-
suppression for ipilimumab-related toxic-
ity can cause pneumocystis pneumonia 
but spare antitumor immune control. Onco-
immunology 2015; 4(10): e1040218.
50. Uslu U, Agaimy A, Hundorfean G, 
Harrer T, Schuler G, Heinzerling L. Auto-
immune colitis and subsequent CMV- 
induced hepatitis after treatment with 
ipilimumab. J Immunother 2015; 38: 212-5.
51. Del Castillo M, Romero FA, Argüello E, 
Kyi C, Postow MA, Redelman-Sidi G. The 
spectrum of serious infections among pa-
tients receiving immune checkpoint block-
ade for the treatment of melanoma. Clin 
Infect Dis 2016; 63: 1490-3.
52. National Comprehensive Cancer Net-
work. Prevention and treatment of cancer-
related infections, version 1.2018, De-
cember 1, 2017 (http://www .nccn .org/ 
professionals/ physician_gls/ pdf/ infections 
.pdf).
53. Menzies AM, Johnson DB, Ramanu-
jam S, et al. Anti-PD-1 therapy in patients 
with advanced melanoma and preexisting 
autoimmune disorders or major toxicity 
with ipilimumab. Ann Oncol 2017; 28: 368-
76.
54. Santini F, Rizvi H, Wilkins O, van 
Voorthuysen M, Panora E, Halpenny D, 
et al. Safety of retreatment with immuno-
therapy after immune-related toxicity in 
patients with lung cancers treated with 
anti-PD(L)-1 therapy. J Clin Oncol 2017; 35: 
Suppl: 2012. abstract.

55. Schadendorf D, Wolchok JD, Hodi FS, 
et al. Efficacy and safety outcomes in pa-
tients with advanced melanoma who dis-
continued treatment with nivolumab and 
ipilimumab because of adverse events:  
a pooled analysis of randomized phase II 
and III trials. J Clin Oncol 2017; 35: 3807-14.
56. Johnson DB, Sullivan RJ, Menzies AM. 
Immune checkpoint inhibitors in challeng-
ing populations. Cancer 2017; 123: 1904-11.
57. Johnson DB, Sullivan RJ, Ott PA, et al. 
Ipilimumab therapy in patients with ad-
vanced melanoma and preexisting auto-
immune disorders. JAMA Oncol 2016; 2: 
234-40.
58. Spain L, Higgins R, Gopalakrishnan K, 
Turajlic S, Gore M, Larkin J. Acute renal 
allograft rejection after immune check-
point inhibitor therapy for metastatic 
melanoma. Ann Oncol 2016; 27: 1135-7.
59. Morales RE, Shoushtari AN, Walsh 
MM, Grewal P, Lipson EJ, Carvajal RD. 
Safety and efficacy of ipilimumab to treat 
advanced melanoma in the setting of liver 
transplantation. J Immunother Cancer 
2015; 3: 22.
60. Lipson EJ, Bagnasco SM, Moore J Jr,  
et al. Tumor regression and allograft re-
jection after administration of anti–PD-1. 
N Engl J Med 2016; 374: 896-8.
61. Owonikoko TK, Kumar M, Yang S, et al. 
Cardiac allograft rejection as a complica-
tion of PD-1 checkpoint blockade for can-
cer immunotherapy: a case report. Cancer 
Immunol Immunother 2017; 66: 45-50.
62. Bashey A, Medina B, Corringham S,  
et al. CTLA4 blockade with ipilimumab to 
treat relapse of malignancy after alloge-
neic hematopoietic cell transplantation. 
Blood 2009; 113: 1581-8.
63. Ding W, LaPlant BR, Call TG, et al. 
Pembrolizumab in patients with CLL and 
Richter transformation or with relapsed 
CLL. Blood 2017; 129: 3419-27. 
64. Lesokhin AM, Ansell SM, Armand P, 
et al. Nivolumab in patients with relapsed 
or refractory hematologic malignancy: pre-
liminary results of a phase Ib study. J Clin 
Oncol 2016; 34: 2698-704.
65. Younes A, Santoro A, Shipp M, et al. 
Nivolumab for classical Hodgkin’s lym-
phoma after failure of both autologous 
stem-cell transplantation and brentux-
imab vedotin: a multicentre, multicohort, 
single-arm phase 2 trial. Lancet Oncol 
2016; 17: 1283-94.
66. El-Khoueiry AB, Sangro B, Yau T, et al. 
Nivolumab in patients with advanced he-
patocellular carcinoma (CheckMate 040): 
an open-label, non-comparative, phase 1/2 
dose escalation and expansion trial. Lan-
cet 2017; 389: 2492-502.
67. Davar D, Wilson M, Pruckner C, Kirk-
wood JM. PD-1 blockade in advanced mela-
noma in patients with hepatitis C and/or 
HIV. Case Rep Oncol Med 2015; 2015: 
737389.
68. Wightman F, Solomon A, Kumar SS, 
et al. Effect of ipilimumab on the HIV reser-

The New England Journal of Medicine 
Downloaded from nejm.org at UNIVERSITAETSBIBLIOTHEK WUERZBURG on September 2, 2018. For personal use only. No other uses without permission. 

 Copyright © 2018 Massachusetts Medical Society. All rights reserved. 



n engl j med 378;2 nejm.org January 11, 2018168

Adverse Events with Immune Checkpoint Block ade

voir in an HIV-infected individual with 
metastatic melanoma. AIDS 2015; 29: 504-6.
69. Burke MM, Kluger HM, Golden M, 
Heller KN, Hoos A, Sznol M. Case report: 
response to ipilimumab in a patient with 
HIV with metastatic melanoma. J Clin 
Oncol 2011; 29(32): e792-e794.
70. Balar AV, Galsky MD, Rosenberg JE, 
et al. Atezolizumab as first-line treatment 
in cisplatin-ineligible patients with local-
ly advanced and metastatic urothelial car-
cinoma: a single-arm, multicentre, phase 
2 trial. Lancet 2017; 389: 67-76.
71. Kanz BA, Pollack MH, Johnpulle R,  

et al. Safety and efficacy of anti-PD-1 in 
patients with baseline cardiac, renal, or 
hepatic dysfunction. J Immunother Cancer 
2016; 4: 60.
72. Betof AS, Nipp RD, Giobbie-Hurder A, 
et al. Impact of age on outcomes with im-
munotherapy for patients with melanoma. 
Oncologist 2017; 22: 963-71.
73. Nishijima TF, Muss HB, Shachar SS, 
Moschos SJ. Comparison of efficacy of 
immune checkpoint inhibitors (ICIs) be-
tween younger and older patients: a sys-
tematic review and meta-analysis. Cancer 
Treat Rev 2016; 45: 30-7.

74. Johnpulle RA, Conry RM, Sosman JA, 
Puzanov I, Johnson DB. Responses to 
immune checkpoint inhibitors in non-
agenarians. Oncoimmunology 2016; 5(11): 
e1234572.
75. Reck M, Rodríguez-Abreu D, Robinson 
AG, et al. Pembrolizumab versus chemo-
therapy for PD-L1–positive non–small-cell 
lung cancer. N Engl J Med 2016; 375: 1823-33.
76. Robert C, Long GV, Brady B, et al. 
Nivolumab in previously untreated mela-
noma without BRAF mutation. N Engl J 
Med 2015; 372: 320-30.
Copyright © 2018 Massachusetts Medical Society.

journal archive at nejm.org

Every article published by the Journal is now available at NEJM.org, beginning  
with the first article published in January 1812. The entire archive is fully searchable,  

and browsing of titles and tables of contents is easy and available to all.  
Individual subscribers are entitled to free 24-hour access to 50 archive articles per year. 

Access to content in the archive is available on a per-article basis and is also  
being provided through many institutional subscriptions.

The New England Journal of Medicine 
Downloaded from nejm.org at UNIVERSITAETSBIBLIOTHEK WUERZBURG on September 2, 2018. For personal use only. No other uses without permission. 

 Copyright © 2018 Massachusetts Medical Society. All rights reserved. 


