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ABSTRACT
Immune checkpoint inhibitors (ICIs) have transformed 
cancer treatment, improving outcomes for many patients. 
However, toxicities termed immune-related adverse events 
(irAEs) are limitations of these revolutionary treatments. 
These irAEs may resolve with treatment or ICI cessation 
(acute) or persist many months beyond therapy cessation 
(chronic). Acute irAEs were the first to be recognized and 
are thus more well studied. However, chronic irAEs have 
been highlighted in recent years and are becoming a 
topic of more intensive investigation. These chronic irAEs 
have been noted to affect many different organ systems, 
including endocrine, rheumatologic, gastrointestinal, 
dermatologic, neurologic, and cardiovascular systems. In 
this review, we discuss current knowledge surrounding the 
frequency, time course, and risk factors associated with 
chronic irAEs affecting various organ systems, treatment 
approaches, and future directions.

INTRODUCTION
Immune checkpoint inhibitors (ICIs) are 
now approved for at least 17 different cancer 
types, and have resulted in increased patient 
survival.1 As of March 2020, an estimated 
38.5% of patients are eligible to receive 
ICIs and more than 230,000 patients had 
been treated at that time.2 The recent Food 
and Drug Administration (FDA) approval 
of relatlimab brings to the total of FDA-
approved agents to 10, and a number of 
eligible patients for ICI therapy continues to 
rise.3 4 With improved survival due to durable 
responses, and the use of therapy in earlier 
stages of disease, the importance of studying 
long-term outcomes has increased.

There are three main targets of currently 
approved ICIs: cytotoxic T-lymphocyte asso-
ciated protein 4 (CTLA-4), programmed cell 
death protein-1 (PD-1)/programmed death-
ligand 1 (PD-L1), and lymphocyte activating 
gene 3 (LAG3), all negative regulators of T-cell 
function. Cancer cells can hijack these mech-
anisms to evade immune recognition and 
clearance. CTLA-4 is an inhibitory receptor 
constitutively found on T cells that decreases 
T-cell function.1 Blockade of this inhibitor 

allows for antigen co-stimulation and broad 
T-cell activation.5 The CTLA-4 inhibitor ipili-
mumab was the first ICI approved, although 
it has limited single-agent activity in most 
cancers and is largely used in combination 
PD-1/PD-L1 blockade. PD-1 is also an inhib-
itory receptor found on T cells, and causes 
T-cell exhaustion when bound to its ligand, 
PD-L1 (expressed on tumor cells or various 
immune cell subsets, particularly at sites of 
inflammation).1 Blockade of this interaction 
produces potent antineoplastic immune 
responses, particularly in tumors already infil-
trated by tumor-specific T cells.5 LAG-3 is also 
a cell surface molecule that negatively regu-
lates T-cell proliferation.6 7 The LAG3 inhib-
itor relatlimab is FDA approved for melanoma 
in combination with PD-1 blockade, and 
clinical trials are underway in other malig-
nancies.4 ICI may be used alone or in combi-
nation with other therapies, such as other ICI 
agents, chemotherapy, or targeted therapy in 
various settings, and are being used in (neo)
adjuvant or metastatic contexts.

Although these agents lack the toxicities of 
conventional, cytotoxic chemotherapy agents, 
they are not without their side effects, termed 
immune-related adverse events (irAEs). In 
murine models, CTLA-4 inhibition results 
in almost immediate postnatal death due to 
overwhelming autoimmunity.8–10 In contrast, 
loss of PD-1 or PD-L1 function results in less 
severe toxicities, including a spectrum of 
model-specific effects, ranging from arthritis 
to cardiomyopathy.11 12 LAG3 deletion or 
blockade worsens type I diabetes in mice,13 
and dual deficiency of PD-1 and LAG3 cause 
lethal autoimmune myocarditis.6 However, 
LAG3 deficiency alone does not seem to cause 
autoimmunity in some models.14 Notably, one 
mouse model has minimal toxicities with dele-
tion of the gene encoding PD-1, or heterozy-
gous deletion of the CTLA-4 encoding gene; 
however, if these are deleted concurrently, 
>50% develop fulminant myocarditis.15
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The toxicity profiles of these agents have somewhat 
similar patterns in patients, with greater, dose-dependent 
toxicity resulting from CTLA-4 inhibitors, and increased 
toxicity observed when ICI are used concurrently (eg, 
high-grade toxicities in 16%, 27%, and 55% of patients 
treated with nivolumab, ipilimumab, and the combina-
tion, respectively).16–19 PD-1/PD-L1 blockade produces 
high-grade toxicities in 10–20% of treated patients, and 
these do not appear dose-dependent at clinically relevant 
doses.20 LAG-3/PD-1 blockade in combination produces 
modestly increased toxicities; high-grade adverse events 
were observed in 18.9% of patients (compared with 9.7% 
for nivolumab alone).4

Most early studies primarily focused on acute toxicities, 
which tend to improve or resolve with corticosteroids. 
However, it was quite apparent even from early studies 
that the endocrine system was prone to developing 
chronic toxicities. With thyroid, pituitary, adrenal, or 
beta-islet cell inflammation, the hormone-producing cells 
usually do not recover from the T cell-induced inflam-
mation, resulting in long-term hormone deficiency. 
However, it has become increasingly clear that long-term 
toxicities occur with a broader range beyond endocr-
inopathies. While chronic toxicities are less common and 
clinically obvious than acute toxicities in many cases, they 
remain an important source of morbidity. One definition 
proposed by our group defined chronic toxicities as those 
lasting >3 months after ICI discontinuation. A study by 
our group suggested that chronic irAEs may occur in as 
many as 43.2% of patients treated with anti-PD-1 in the 
adjuvant setting.21

Herein, we will explore the pathophysiology of chronic 
irAEs, their relevance to different organ systems, treat-
ment approaches, and briefly discuss other long-term 
complications of ICI.

PATHOPHYSIOLOGY
Previous studies have demonstrated the possibility of 
long-lasting responses to ICI.22 23 However, predicting 
which patients will benefit, and for how long remains chal-
lenging. Interestingly, patients who experience this long-
term benefit have expanded T and B cells that cultivate 
memory.24 25 Additionally, studies have demonstrated a 
correlation between toxicity and patient survival/benefit, 
generally showing improved survival for patients with 
some degree of toxicities.26–28 Although these data could 
be suggestive of an interlinked relationship between 
antitumor activity and toxicity, the existence of such a 
relationship, or the mechanistic basis thereof, remains 
uncertain.

The mechanisms of chronic irAEs are not well under-
stood.29 At an organ-specific level, there are two different 
hypothetical causes of irAE sequelae: burnout or smol-
dering inflammation. Burnout refers to irreversible 
damage caused by inflammation, resulting in organ injury 
and/or dysfunction. One example of this includes endo-
crinopathies: the hormone-producing cells are destroyed 

with ensuing and persistent hypofunction. Neuropathy 
may be another example, with T-cell mediated damage to 
peripheral nerves causing persistent pain or numbness. 
In contrast, smoldering inflammatory toxicities appear 
caused by persistent inflammation that may or may not 
resolve with time. ICI-induced arthritis may represent 
such a phenotype, with persistent, ongoing joint inflam-
mation; the initial synovial damage could also contribute 
to persistent pain and other symptoms.

Other mechanistic considerations are only beginning 
to be elucidated. It remains poorly understood why some 
patients experience chronic (or even acute) toxicities 
whereas others are unaffected. This may be related to 
cross-reactivity between tumor and self-antigens,30 envi-
ronmental exposures,31 microbiome composition,32 smol-
dering autoimmunity,33 tissue-resident immune cells,34 
genetic predisposition,35 or some combination of these 
factors.36 Similarly, understanding why some toxicities 
evolve into a chronic phenotype while others resolve 
remains challenging.

Additionally, it appears that the type of ICI blockade 
does not obviously impact likelihood of chronicity. At 
6.5 years follow-up for the CheckMate 067 trial, time to 
onset and resolution for treatment-related adverse events 
were reported for ipilimumab versus nivolumab versus 
ipilimumab/nivolumab.37 There did not appear to be an 
obvious difference for median time to resolution, range 
of resolution time, or per cent resolved between these 
three groups. Given the recent approval of LAG3 inhibi-
tors, long-term data is not available. In RELATIVITY-047 
trial, median follow-up was 13.2 months, and per cent of 
patients with persistence was not reported.4

ORGAN SYSTEMS
The incidence of chronic irAEs is difficult to quantify, 
given the complex course of many patients with meta-
static cancer. Many patients either die of their disease in 
a short time frame after treatment, or transition to addi-
tional systemic or regional therapies (eg, surgery or radia-
tion) with their own toxicities, thus limiting the ability to 
reliably follow symptoms over extended periods or attri-
bute them to a specific therapy.

One retrospective study attempted to circumvent these 
limitations by focusing on patients who received adjuvant 
therapy, who have lower incidence of cancer deaths or 
subsequent therapies.21 This study reported a demon-
strated a chronic irAE incidence of 43.2%; only 14.4% of 
these had resolved with a median follow-up of 529 days. 
Most chronic irAEs in this study were mild (96.4% grade 
1–2).21 However, this study did not identify an association 
between age, gender, nor time of onset and development 
of chronic irAE.21 Extended follow-up from this study 
showed an increase in resolution rate after a minimum 
follow-up of 18 months (35.4%), including 50% resolu-
tion of non-endocrine toxicities.38 Conversely, this means 
up to 27% of patients experience irAEs which persist more 
than 18 months beyond treatment cessation (including 
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half with endocrine and half with non-endocrine toxici-
ties), thus highlighting the long-term impact of chronic 
irAEs.

An additional systematic review assessed 323 patients 
with chronic non-endocrine irAEs from 228 studies, 
largely case reports (n=184) but also including retrospec-
tive and prospective cohorts. This study found that 52% 
of the chronic irAEs persisted more than 6 months, with 
median symptom duration of 180 days.39 Approximately 
equal numbers were grade 1–2 (44.3%) versus grade 3–4 
(55.7%), and the most common systems impacted were 
rheumatologic (20%), neurologic (19%), gastrointestinal 
(16%), dermatologic (14%), and hematologic (12%). 

Approximately 16% of patients were on steroids at last 
follow-up, with a median steroid duration of 120 days. Of 
note, the preponderance of case reports in this system-
atic review suggests that these chronic irAEs may be more 
severe than chronic irAEs in an unselected population.

Different organ systems appeared to have distinct risk 
of transformation to chronicity (table  1). In our retro-
spective series, organs with low environmental exposure 
had lower rates of development (eg, liver, brain, kidneys, 
heart) while endocrine organs and organs with high envi-
ronmental exposure (skin, lungs, colon) had higher rates 
of development.21 Organs with exposure to environmental 
antigens could potentially contribute to ongoing antigen 

Table 1  Rates of transformation from acute to chronic immune-related adverse event

Toxicity type

Acute and delayed 
incidence (% of total 
patients)

Chronic incidence (% 
of patients with acute/
delayed toxicity)

Persistent at 1.5 years 
follow-up (% of patients 
with chronic toxicity)

Cutaneous 110 (34.6) 30 (27.3) 13 (43.3)

Dermatitis/pruritus 95 (29.9) 21 (22.1) 9 (40.9)

Psoriasis 4 (1.3) 1 (25) None

Vitiligo 8 (2.5) 6 (75) 4 (66.7)

Other 3 (0.9) 2 (66.7) None

Endocrine 77 (24.2) 64 (83.1) 54 (84.4)

Adrenal insufficiency 10 (3.1) 8 (80) 8 (100)

Diabetic ketoacidosis 1 (0.3) 0 None

Hypophysitis 8 (2.5) 8 (100) 8 (100)

Other 1 (0.3) 0 None

Thyroiditis/hypothyrodism 56 (17.6) 48 (85.7) 38 (79.2)

Gastrointestinal 79 (24.8) 13 (16.5) 3 (23.1)

Colitis/diarrhea 40 (12.6) 5 (12.5) 3 (60)

Esophagitis/gastritis/enteritis 7 (2.2) 3 (42.8) None

Hepatitis 22 (6.9) 4 (18.2) None

Mucositis 5 (1.6) 2 (40) None

Other 5 (1.5) 1 (20) None

Neurological 16 (5.0) 12 (75) 7 (58.3)

Neuropathy 7 (2.2) 6 (85.7) 4 (66.7)

Other neurotoxicity 9 (2.8) 6 (66.7) 3 (50)

Pulmonary 20 (6.3) 10 (50)  �

Cough 2 (0.6) 2 (100) None

Pneumonitis 18 (5.6) 8 (44.4) 3 (37.5)

Rheumatologic 80 (25.2) 37 (46.3) 24 (64.9)

Arthritis/arthralgias 53 (16.7) 26 (49.1) 18

Myalgias 6 (1.9) 0 None

Other 3 (0.9) 1 (33) None

Xerostomia 18 (5.6) 10 (55.6) 6 (60)

Other  �   �   �

Hematologic toxic effects 3 (0.9) 0 Not noted

Nephritis/nephrotic syndrome 5 (1.6) 4 (80) 2 (50)

Ocular toxic effects 7 (2.2) 4 (57.1) 2 (50)
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exposure and inflammation, while endocrine organs have 
unique susceptibility to total destruction of hormone-
producing cells. Meanwhile, organs with less exposure to 
the outside world therefore have less immune reactivity, 
as well as (in some cases) more functional redundancy. 
Additionally, organs that are truly immune privileged 
(testicles, brain) may experience irAEs, but appear to 
occur at much lower rates. Documented chronic irAE 
types may be viewed in figure 1. Importantly, it is not yet 
determined if the development of chronic irAEs correlate 
with ICI response.

Table  1 is adapted from Goodman et al.38 Because 
different cancers have different long-term survival and 
different regimens used, it is very difficult to untangle 
whether different cancers confer different risks of 
chronic irAEs, and whether tumor biology affects the 
likelihood of chronicity; this is an underexplored area of 
research. In fact, it has been difficult to even make this 
association for acute toxicities, other than for a few excep-
tions (eg, vitiligo and melanoma, pneumonitis and lung 
cancer).40 41 The field is even less developed in the realm 
of chronic toxicities.

Endocrine
Endocrine irAEs are known to have the highest rates of 
chronicity, with 83% of acute endocrinopathies devel-
oping into a chronic phenotype (in one series, 73 of 88 
cases).21 Endocrinopathies arise at a median of 6 weeks 
into treatment, although may arise at any point during, 
or up to 1 year after treatment.

Within the endocrine system, hypothyroidism is the 
most common irAE (10.6% of patients treated with anti-
PD-1 monotherapy), and is preceded by a transient thyro-
toxicosis in approximately half of cases.42 The presence 
of anti-thyroid antibodies predicts the onset of hypothy-
roidism, although are not routinely ordered clinically.33 
In published literature and in our experience, hypo-
thyroidism resolves only in extraordinarily rare cases; 
steroids do not appear effective in preventing the onset 
of hypothyroidism.40 41 In contrast, subclinical thyrotox-
icosis and, less often, overt thyrotoxicosis may resolve 
and not develop into overt hypothyroidism.43 Treatment 
is similar to non-ICI-related hypothyroid, and involves 
levothyroxine supplementation with regular monitoring 
of thyroid function levels.

Hypopituitarism (with or without hypophysitis) occurs 
most often with combination ipilimumab and nivolumab 
(with up to 10% incidence),19 44 and initially appeared to 
be much more rare with anti-PD-1 monotherapy (<1%). 
Subsequent studies in the adjuvant setting, however, have 
suggested that chronic hypopituitarism and/or adrenal 
insufficiency occur in approximately 2–3% in patients 
treated with anti-PD-1 monotherapy.21 45 Although most 
cases of hypophysitis result in secondary adrenal dysfunc-
tion, up to 20% of cases do not impact adrenal function, 
and another 20–25% do not cause secondary thyroid 
dysfunction. Approximately half of the cases also involve 
gonadal dysfunction, which is likely underdiagnosed 
clinically.43 44 Insulin-dependent diabetes has been docu-
mented almost exclusively in patients receiving anti-PD-1 

Figure 1  Documented chronic irAEs in each organ system (blue) and possible complications (green). Asterisk denotes the 
most common chronic irAE in each organ system. ICI, immune checkpoint inhibitor; irAE, immune-related adverse event.
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containing regimens.46 Diabetes and hypopituitarism are 
extremely important to recognize as they can be highly 
morbid or fatal if not properly recognized and treated. 
Both conditions usually do not resolve and are treated 
with appropriate hormone replacement. Endocrine 
referral is generally indicated in both conditions.

Rheumatological
Following endocrinopathies, rheumatological irAEs have 
been recognized as the next most common chronic irAE, 
with chronicity developing in 20% of affected patients.39 
Rheumatological irAEs have a heterogeneous presenta-
tion including inflammatory arthritis, arthralgia, xero-
stomia, polymyalgia rheumatica, myositis, sarcoidosis, 
vasculitis, and systemic sclerosis.47 48

Arthritis was noted as the most common, comprising 
55% of rheumatologic chronic events. In one study, 53.3% 
of patients with inflammatory arthritis (IA) had persistent 
symptoms at last follow-up (median follow-up 9 months) 
without resolution. Interestingly, this persistence was 
correlated with better treatment response, although time-
dependent follow-up may confound these types of associ-
ations.49 Length of ICI treatment was also correlated with 
persistence of IA. Additionally, in one case presentation, 
a nivolumab-treated patient with grade 3 chronic poly-
arthritis demonstrated blockage of the PD-1 receptor in 
synovial tissue even 200 days past treatment cessation.50 
This may hint at a possible pathophysiology for persistent 
ICI-induced arthritis. Xerostomia was noted in one study 
to have a prevalence of 2.3%; in our experience this 
toxicity often slowly improves over a period of months to 
years.

Management of chronic arthritis is not well defined, 
but generally mirrors treatment of other IA syndromes, 
including non-steroidal anti-inflammatories, low-dose 
steroids, and disease modifying anti-rheumatic drugs 
(DMARDs). Although not meeting the definition of a 
“chronic toxicity”, some patients who have ongoing IA 
and need for continued ICI treatment may be managed 
with concurrent low-dose prednisone or other agents (eg, 
hydroxychloroquine or methotrexate). Rheumatology 
co-management is often indicated in such cases.

Of note, patients with existing rheumatological autoim-
mune diseases are at increased risk of developing toxici-
ties related to their underlying rheumatological illness.51 
However, the risk factors for the development of chronic 
rheumatological irAE are not known.

Gastrointestinal
Documented chronic gastrointestinal (GI) irAEs include 
colitis, ICI-induced celiac disease, hepatitis, and pancre-
atic insufficiency.52 Colitis is the most common GI toxicity, 
but overall has low rates of becoming a chronic process (6 
out of 44 acute cases in our series).21 53 In our experience, 
patients with chronic colitis tend to ultimately resolve, 
although some patients do have symptoms that last for 
multiple months after therapy discontinuation, and/or 
require prolonged steroids or other biologics. Similarly, 

hepatitis, which may also flare on or after steroid taper, 
tends to ultimately resolve with steroids or mycopheno-
late, and has a very low rate of long-term persistence.54 
Among patients with chronic diarrhea with concern for 
colitis (particularly if non-responsive to steroids), patients 
should have a workup to rule out other entities, including 
pancreatic insufficiency, celiac disease, or microscopic 
colitis. It is known that ulcerative colitis and Crohn’s 
disease increase the risk of colon cancer; however, it is not 
known if ICI-induced colitis will have a similar effect. One 
study did show an association between ICI-induced colitis 
and increased polyp incidence.55 Acute pancreatitis, 
which may be subclinical, may trigger pancreatic insuf-
ficiency; one series suggested that pancreatic atrophy 
occurs in up to 8% of patients treated with anti-PD-1 (the 
vast majority of which did not have overt pancreatitis), 
although the clinical significance of this finding is not 
clear.56

Cardiovascular
Myocarditis, although rare, may present in fulminant 
fashion and has the highest fatality rate among irAEs, 
largely due to progressive arrhythmias or concurrent skel-
etal/diaphragmatic muscle involvement.57 58 Surviving 
patients may have significant sequelae of critical illness, 
although the risk of a persistent inflammatory cardiomy-
ositis is not clear; similarly the incidence of subsequent 
cardiomyopathy is not well defined. Pericarditis and vascu-
litis have also been associated with ICI therapy. Chronic 
cardiac toxicities are rare overall, constituting only 2% of 
non-endocrine chronic irAEs.39 Of note, thymic size has 
been suggested as a biomarker of (cardio)myotoxicity, 
though will need additional validation.59

ICI use has been correlated with increased risk of 
myocardial infarction, ischemic stroke, and coronary 
intervention in some studies.60 Preclinical studies have 
suggested that PD-1/L-1 blockade accelerates atheroscle-
rosis via T-cell activation, which could explain the mecha-
nism of this finding.61 Accordingly, at least one study noted 
an expansion in atherosclerotic plaque volume, although 
another study showed stable to decreased calcified plaque 
volume.54 56 62 Another study suggested that combination 
PD-1/CTLA-4 blockade (but not monotherapy) was asso-
ciated with increased systolic blood pressure.63 The long-
term effects of ICI therapy on cardiovascular function 
and outcomes remain an important clinical question.

Pulmonary
Potential chronic pulmonary irAEs include pneumonitis, 
pulmonary fibrosis, and wheezing or cough.52 Although 
the large majority of pneumonitis cases improve with 
steroids, steroid-refractory disease has a high fatality 
rate (up to 2/3 in one series).64 Chronic sequelae may 
be related to scarring caused by the initial inflamma-
tion; progressive fibrosis similar to idiopathic pulmonary 
fibrosis, however, appears extremely rare. However, in one 
study, 4 of 23 patients with pneumonitis had persistent 
symptoms at >1 year; with the majority of patients 
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retaining persistent imaging abnormality ranging from 
ground glass to fibrotic appearing changes.65 However, 
it is uncertain what, if any effects the persistent imaging 
findings may have. Potentially, these patients could have a 
subtler but still important decrease in exercise capacity.65 
Sarcoidosis may occur, but generally resolves on its own 
or with steroids.

Cutaneous
Chronic cutaneous toxicities may include pruritus, derma-
titis, vitiligo, and bullous pemphigoid, and comprise 
15–20% of chronic toxicities.38 66 While dermatitis and 
pruritus generally resolve with treatment discontinuation 
and/or immunomodulation, the specifics of treatment 
and resolution time have not been documented. Addi-
tionally, the prevalence and resolution time of other types 
of chronic cutaneous toxicities have not been studied as 
well. Importantly, one study showed that dermatology 
examination of the patient was associated with increased 
survival.67 Dermatology co-management may allow for 
effective management of the irAE with ICI continuation.

One study detailed the presentations of chronic irAEs, 
with 11% of cutaneous patients diagnosed with derma-
titis, 11% with vitiligo, and 20% with bullous pemphi-
goid.39 Interestingly, one small case series showed that 
ICI-induced bullous pemphigoid often persisted for 
months despite discontinuation, while bullous pemphi-
goid caused by other agents typically resolved after discon-
tinuation.68 This longer lasting symptomatology may also 
signal a more persistent pharmacodynamic effect of ICI 
treatment. To support this, all three patients in the case 
series had either continued response or stable disease.

Vitiligo, which is nearly always chronic, is more 
common in patients with melanoma treated with ICI 
than in other cancer types.52 Importantly, development of 
vitiligo is associated with improved antitumor response.69 
Other reactions (morbilliform, lichenoid, eczematous, 
immunobullous) may also have an improved prognosis, 
although these associations appear less robust.61 63 64 
Studies have suggested that chronic cutaneous irAEs are 
also associated with improved survival, although again 
time-dependent bias may confound these types of anal-
yses.70 71 Finally, Steven Johnson syndrome, while gener-
ally acute in presentation, is potentially life threatening 
and requires prompt treatment discontinuation.72

The treatment of cutaneous toxicities depends on the 
underlying diagnosis, and dermatology referral or biopsy 
can be instrumental. For example, dermatitis may be 
treated with topical or less often oral steroids; bullous 
pemphigoid may necessitate biologic therapy. Overall, 
though, treatment of chronic skin-related irAEs is largely 
similar to that of their classical autoimmune counterparts.

Neurologic
Neurologic irAEs are broadly classified as meningitis/
encephalitis, demyelinating syndromes, vasculitis, neurop-
athy, neuromuscular junction disorders, and myopathy.73 
They tend to occur within 6 months of treatment initiation, 

but can develop at any point during treatment, and are 
more common in ipilimumab-containing regimens.66 67 
Neurotoxicities were some of the most common irAEs 
to have chronic sequelae (11 out of 15 in one series),21 
and may also have a higher fatality rate than many other 
irAEs, particularly encephalitis, Guillain Barre, and myas-
thenia gravis.73

Chronic complications from neurologic irAEs may 
relate more to the initial damage incurred rather than 
persistent inflammation. Neuropathy appears to be the 
most common chronic neurologic irAE, likely reflecting 
T-cell mediated damage to peripheral nerves, although 
some cases completely resolve. Other neurotoxicities 
became chronic in small numbers: 2 Guillain-Barré 
syndrome (18%), 1 Bell palsy (9%), 1 parkinsonian gait 
(9%), 1 myasthenia gravis (9%), 1 autonomic neuropathy 
(9%), 1 tremors (9%), and 1 transverse myelitis (9%).21 A 
systematic review also reported chronic neurologic irAEs, 
including myasthenia gravis (25% of chronic neurologic 
irAEs) and encephalitis (13%), peripheral neuropathy 
(12%), polyradiculoneuropathy (5%) and polyneurop-
athy (3%).39 Myenteric neuropathy resulting in ileus or 
gastrointestinal dysfunction may also occur rarely, and 
may not be reversible in some cases.68 69 74 75 While menin-
goencephalitis typically does not evolve into a long-term 
inflammatory condition, myasthenia gravis can progress 
into a chronic process analogous to non-ICI-associated 
myasthenia.76 Guillain-Barre, if not fatal, often causes 
residual weakness.77 Pre-existing neurological disorders 
are also a consideration when starting ICI; ICI may fatally 
worsen the existing condition, although the frequency 
and severity of these flares is not well defined. If these 
patients are treated with ICI therapy, neurology co-man-
agement is highly encouraged.73

Other systems
Ocular irAEs, primarily uveitis, may become chronic 
in about some cases; four out of seven ocular toxici-
ties became chronic (57.1%) in one series.21 Nephritis 
tends to be steroid-responsive,78 but frequently produces 
chronic kidney disease with partial renal recovery (in 
up to half of cases) and rarely end-stage renal disease 
requiring hemodialysis.79 Hematologic toxicities may 
cause acute morbidity, but may also produce a more 
chronic phenotype analogous to their non-ICI-induced 
counterparts (eg, hemolytic anemia, aplastic anemia, or 
immune thrombocytopenic purpura).80–82

TREATMENT APPROACHES
A number of guidelines exist for the management of 
irAEs, though these largely focus on the management of 
acute irAEs.83 84 Thus, standardized management of non-
endocrine chronic irAEs remains poorly defined.

Although treatment is often specific to the organ 
involved, there are several general principles that can 
be considered. Reduction of steroid use to the lowest 
possible dose in patients with non-resolving, symptomatic 
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toxicities should be done. Steroid-sparing agents, particu-
larly agents without substantial effects on T-cell function 
should be considered when appropriate. Other adjunc-
tive agents for supportive care and symptom control 
should also be optimized. Referral to appropriate special-
ists with organ-specific expertize may also help improve 
patient outcomes. Consideration of weaning steroids or 
other adjunctive therapies may also be considered peri-
odically, as in our experience many toxicities do improve 
over a period of months to years. For example, a patient 
with arthritis may ultimately be able to be weaned off 
steroids over time.

The treatment of endocrine toxicities generally 
comprises a separate category, as they nearly always 
evolve into a chronic phenotype, and do not require high 
doses of steroids. Rather, the standard of care is hormone 
replacement and continuation of ICI. However, a system-
atic study has not been performed to wean patents off 
replacement therapy and gage for persistence of endo-
crinopathy. Additionally, whether there is ongoing 
inflammation in the gland is not certain. For example, 
for hypophysitis, pain tends to get improve with steroid 
administration, and patients achieve long-term stability 
with hormone replacement. Yet, in one case report, 
hypophysitis flared with ICI rechallenge.85 As noted, 
endocrine co-management is generally recommended, 
particularly for oncology providers that do not have 
extensive experience with ICI toxicity management.

For other systemic chronic irAEs, systemic steroids are 
often the mainstay of treatment. Excluding endocrine 
irAEs, 76% of patients required systemic steroids for 
treatment, with a median treatment time of 120 days.39 
Patrinely et al suggested that 32.9% of patients required 
systemic glucocorticoids. However, for rheumatological 
irAEs, approximately 2/3 of patients required DMARDS 
for at least some duration.86

While systemic steroids offer clear benefit to irAE treat-
ment, there is concern about the impact of long-term 
steroid use or immunosuppression on cancer outcomes. 
The toxicities of ICIs may be intricately linked with their 
efficacy; patients with irAEs generally have improved 
outcomes compared with those without.87–89 Given 
this data, it is possible that either (1) steroids partially 
blunt antitumor immunity in a dose/timing dependent 
manner, or (2) steroids have minimal effects on anti-
tumor immunity. The currently available data regarding 
the topic, however, is not definitive.

Two studies demonstrated worsened outcomes in 
patients treated with steroids within 2 months of starting 
ICI treatment,90 91 while another small study suggested 
that patients with hypophysitis had better outcomes 
when treated with low-dose versus high dose steroids.92 
For patients treated for irAEs at any time in their course, 
another study showed worse outcomes for those with 
high-dose steroid usage rather than low dose for cancer 
symptoms, but no obvious association with steroid dose 
used for irAEs or autoimmune disease.93 94 However, 
a different study showed comparable outcomes when 

comparing patients who did and did not use systemic 
steroids for irAEs.95 That data is more scant regarding 
long-term steroid use. In our experience, patients treated 
for adrenal insufficiency with steroids, or patients with 
arthritis treated with low-dose prednisone appear to do 
well, though larger studies should confirm this. Another 
study that supports that chronic judicious immunomod-
ulation may not adversely impact antitumor efficacy; 
a retrospective study assessed patients with colitis that 
either had ongoing infliximab or vedolizumab along 
with ICI retreatment, or retreatment alone. This study 
showed decreased colitis flares and equivalent antitumor 
outcomes.96

Another consideration is rechallenge. Some patients 
with either acute or chronic irAEs may have indications 
to consider retreatment with ICI therapy (eg, prolonged 
initial benefit from therapy with subsequent progression) 
or escalation to a different class (eg, progression on PD-1 
blockade with consideration to escalate to PD-1/CTLA-4 
blockade). There are no contraindications to retreatment 
of patients with endocrinopathies, though in our experi-
ence hypophysitis may flare with compressive symptoms 
(eg, headaches).85 In one series, 32.4% of patients flared 
with rechallenge.38 In our experience, active chronic irAEs 
may also be managed with ongoing low-dose steroids in 
the context of rechallenge. Other immunomodulating 
agents (eg, tumor necrosis factor (TNF)-alpha inhibi-
tion or tocilizumab) given concurrently with rechallenge 
might be an option for more severe irAEs.

Prophylaxis of chronic irAEs is another area of interest. 
In theory, preventing acute irAEs should in turn prevent 
chronic irAEs. Recent studies have demonstrated promise 
for infliximab and vedolizumab as preventative treatment 
for specific irAEs.96 Unfortunately, prophylaxis of irAEs 
has otherwise not been well studied. However, biomarkers 
to predict irAEs is an area of new study. For example, colo-
nization of the gut microbiome may enhance antitumor 
response, and certain human leukocyte antigen (HLA) 
genotypes have been connected to greater risk of irAE 
development97; microbiome modulation is thus a poten-
tial method for irAE prevention.

OTHER LONG-TERM COMPLICATIONS
As noted, irAEs may result in fatalities, particularly severe 
events include myocarditis, pneumonitis, Steven Johnson 
syndrome, diabetes, colitis, myasthenia gravis, and 
myositis. These most often occur early in treatment. Fatal 
events depend on the regimen received, with CTLA-4 
deaths most often from colitis and anti PD-1 deaths most 
often from pneumonitis.98 Rates of fatalities were approx-
imately 0.4% from single-agent PD-1/PD-L1 blockade, 
and up to 1.2% for combination PD-1/CTLA-4 inhibition.

Aberrant immune cell activation contributes to many 
pathologic processes. Notably, preclinical data has 
raised the concern that ICI may worsen atherosclerosis. 
In mice, removal of PD-1/PD-L1 led to increased T cell 
and macrophage infiltration into atherosclerotic plaques 
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and increased atherosclerotic burden.99 100 In obesity, T 
cells play an important function, and the T-cell activation 
by ICI may theoretically worsen obesity.101 102 Currently, 
evidence for the long-term impact of ICI on these 
processes remain mixed. Several cohort studies have not 
shown obvious increases in weight or other unfavorable 
metabolic changes.42 However, others have suggested 
increased cardiovascular events.103 Other impacts, such 
as long-term microbiome changes, impact on aging, and 
neurologic impacts have not been quantified.

CONCLUSIONS AND FUTURE DIRECTIONS
Chronic irAEs can affect many different organ systems, 
including endocrine, gastrointestinal, dermatologic, rheu-
matologic, and neurologic. While they have been increas-
ingly highlighted in recent years, more studies are needed 
to better understand their pathogenesis, outcomes, risk 
factors, and treatment options. These complications have 
grown in relevance given the improved outcomes for 
patients treated with ICI therapy.

Chronic irAEs and other events with long-term impli-
cations (eg, fatal toxicities) should be considered by 
clinicians when making treatment decisions. While in the 
context of metastatic disease (and many patients receiving 
treatment in the adjuvant setting), the possibility of 
transformative benefit from ICI therapy likely outweighs 
the risks. However, for a subset of patients with low-risk 
disease (eg, patients with resected IIIA melanoma), or 
patients treated with combination regimens where the 
ICI addition may only benefit a subset of patients (eg, 
neoadjuvant therapy in triple-negative breast cancer), the 
modest improvement in outcomes could be outweighed 
by toxicity concerns, particularly those with lifelong 
implications.

Future directions include addressing many important 
unmet needs. First, definitions of chronic irAEs should 
be established. The definition of symptoms persisting at 
least 3 months after discontinuation is useful, but may be 
further refined to include whether patients are requiring 
steroids, and whether symptoms resolve in other relevant 
time frames (eg, 6 or 12 months). Second, establishing 
frequency with different regimens, particularly those 
used in the (neo)adjuvant setting remains important 
to counsel patients who are candidates for these thera-
pies. Third, identifying the pathophysiology and poten-
tial treatments for persistent events is needed. Fourth, 
characterizing patients with multisystem involvement, 
or patients with symptoms not classical for irAEs (eg, 
fatigue) remains important and understudied. Lastly, 
identifying biomarkers to determine which patients are 
at risk for long-term irAEs could inform therapy selection 
and potentially early intervention.
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