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A B S T R A C T

In recent years, immune checkpoint inhibitors (ICIs) were successfully introduced to cancer therapy and these
drugs have already become essential for the treatment of various non-curable tumors. Compared to conventional
chemotherapy or tyrosine kinase inhibitors, ICIs generally exhibit a favorable side effect profile further pro-
moting their increasing prescription rate.

However, increasing use of these substance made clear that ICI induced activation of the immune system may
also lead to immune-related adverse events (irAEs). Common irAEs are dermatological, gastrointestinal, or
endocrine side effects but further tissue types and organ systems may also be affected. A detailed knowledge of
these potential side effects is important as early recognition is the key to successful treatment, reversibility of
organ dysfunction and in some cases even prevention of fatal outcome. In more severe irAEs, im-
munosuppression may be necessary to cope with these side effects.

To increase awareness of irAEs and support immediate and successful management, we provide a compre-
hensive review on most common irAEs of ICIs, their diagnosis, and treatment.

1. Background

Since FDA approval of ipilimumab, an anti-CTLA-4 antibody, im-
mune checkpoint inhibitors (ICIs) have emerged as highly effective
treatment option in various cancer entities [1]. Thus, ICIs are now es-
sential to the first-line treatment of melanoma and metastatic non-small
cell lung cancer (NSCLC), and are emerging treatment options for many
other solid tumors [1–5]. Furthermore, prembrolizumab, an anti-PD-1
antibody, was approved for treatment of any adult or pediatric, un-
resectable or metastatic solid tumor that is classified asa microsatellite
instability-high (MSI-H) or with a deficient DNA mismatch repair
system (dMMR). Several molecular mechanisms were found to promote
high efficacy in these MSI-H/dMMR tumors, among them tumor in-
filtrating lymphocytes, elevated tumor mutational burden, and upre-
gulated PD-L1 expression [6–8]. As the first tumor “type-agnostic”
therapeutic option, immune therapy will become treatment of choice
for many of these entities [9]. However, some tumors, including pan-
creatic cancer [10], hepatocellular carcinoma (HCC) [11] or head and
neck squamous cell cancer [12] display resistance against ICIs, and
patients do not benefit from these agents. Combination therapy using

ICIs with tyrosine kinase inhibitors (TKIs) or other drugs may be an
effective solution to overcome the current difficulties in treating ICI
resistant cancers such as HCC and bring treatment and the related
outcome to the next level [13,14]. Overall, ICIs will be a substantial
part of clinical decision algorithms in cancer therapy for the upcoming
decades. (see Table 1, Figs. 1 and 2)

However, with a broad application of these drugs, specific ICI re-
lated adverse effects (irAEs) are increasingly recognized. These irAEs
may be different from major side effects observed under conventional
chemotherapy or TKI treatment, as they are mostly due to an over-
activated immune system and comparable to autoimmune diseases. To
increase awareness of these very diverse side effects and foster early
and adequate treatment, we summarize the most common irAEs and
provide an overview on established, effective treatment options.

2. Mechanisms of immune checkpoint inhibition

Immune checkpoints protect tissues from an activated immune
system, e.g. in response to pathogens. Primary mechanism is a down-
regulation of T-cell activation or effector functions.
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Blocking immune checkpoints, e.g. through antibodies directed
against specific receptors such as CTLA-4 or PD-1, has proven to be an
effective strategy to increase activity of the immune system and en-
hance immune surveillance, cytotoxic action, and, ultimately, patients'
survival.

CTLA-4 is expressed on activated T-cells, and primarily engaged in
down-regulating the degree of T-cell activation. Generally, the CTLA-4
signal is balanced with a co-stimulatory signal delivered by CD28.
However, CTLA-4 shows a higher affinity than CD28 to their mutual
ligands CD80 and CD86 hence surpassing the CD28 signal and limiting

the T-cell response [15,16].
Binding of PD-1 by a ligand transmits an inhibitory signal on T cell

activity. The PD-1 receptor clusters with T-cell receptors (TCRs) and
recruits phosphatase SHP2. The latter induces dephosphorylation of the
proximal TCR signaling molecules, ultimately leading to a suppression
of T-cell activation [17].

Thus, blockade of the inhibitory CTLA-4 or PD-1 receptor was
identified as effective therapeutic strategy through enhancement of the
activity of the immune system [16].

3. Immune related adverse events (irAE)

Stimulation of the PD-1/PD-L1 axis modulates the immune response
towards an increased tumor cell clearance, thereby providing a highly
effective treatment option for solid cancers. However, induction of the
PD-1/PD-L1 and CTLA-4 axes were also demonstrated to be involved in
autoimmunity [18–21]. Autoimmune diseases like inflammatory bowel
diseases, rheumatoid arthritis, autoimmune hepatitis, or systemic lupus
erythematosus were previously linked to an alteration in PD-1/PD-L1
signaling [22,23]. Thus, side effects of ICIs, targeting the PD-1/PD-L1 or
CTLA-4 axis, may obviously include inflammatory conditions not ob-
served in conventional chemotherapy or thyrosine kinase inhibition.

Overall, occurrence of all grade irAE may be as high as 75% in
patients treated with ipilimumab [24]. In patients treated with anti-PD-
1/PD-L1 agents, up to 30% of all grade irAEs were observed [25–27].
High grade irAEs (grade 3 or 4) occur much less often but may still be
observed in up to 43% of patients taking ipilimumab [28]. High grade
irAE induced by PD-1/PD-L1 targeting agents may occur in up to 20%
of patients [25,29]. Combined treatment with CTLA-4 and PD-1 or PD-
L1 inhibitors led to irAE rates of 95%, with 55% being grade 3 or 4
[30]. For most ICIs, the overall irAE profile was independent of the
administered dose [31]. Only for ipilimumab, a large meta-analysis
demonstrated an association of increased irAE occurrence with higher
dosage [31].

Among all irAEs associated with checkpoint inhibitors, the most
common side effects include dermatological, gastrointestinal, and en-
docrine irAEs [31–34]. In addition to these, many other irAEs have
been reported involving various tissue types and/or organ systems,
including pulmonary, cardiovascular, renal, or neurological irAEs. Al-
though the majority of irAEs are mild or moderate in severity, fatal
outcomes of irAEs were reported repeatedly. Large retrospective ana-
lyses of patients treated with ICIs observed fatal outcome due to irAEs
in 0.36% (anti–PD-1) and 1.23% (PD-1/PD-L1 plus CTLA-4) of patients
[35]. The irAE related mortality differed significantly between patients
treated with anti–CTLA-4 agents, in whom 70% of all fatal irAEs were
due to colitis, and anti–PD-1/PD-L1 treated patients in whom pneu-
monitis was the leading cause of irAE related death, accounting for 35%
of all fatal irAEs [35]. Although irAEs may occur at any time during
treatment or even after discontinuation of ICI treatment [36,37], most
fatal irAEs occurred early after treatment initiation. Among all irAEs,
myocarditis shows the highest mortality of approximately 40% [35]. In
contrast and despite being the most common cause for fatal outcome in
anti–CTLA-4 treated patients, colitis was only fatal in 2%–5% of pa-
tients [35].

4. Organ specific toxicity

4.1. Dermatological irAEs

Dermatological irAEs are common and are often observed early
after treatment initiation [38]. Overall occurrence of all grade skin
irAEs was estimated to be as high as 30% in patients treated with ICIs.
These adverse effects can be very diverse and range from a mild non-
specific rash, lichenoid reactions, vitiligo, and pruritus [39] to severe
dermatological reactions such as extensive exfoliative dermatitis, Ste-
vens-Johnson syndrome, or toxic epidermal necrolysis [40–42]. More

Fig. 1. A 79 year-old male suffering from HCC and accompanying liver cirrhosis
(Child Pugh score A) was started on nivolumab (3mg/kg body weight every
other week). After three doses of nivolumab, he developed severe hypergly-
cemia and ketoacidosis, requiring intensive care treatment. After full recovery
he received intensified insulin therapy. Restaging showed regression of a vas-
cular tumor thrombus and a significant drop of AFP levels from 2799 to 41 μg/l.
Therapy with nivolumab was therefore continued and well tolerated. Despite
increasing AFP levels consecutive MRI scans showed disease stabilization.

Fig. 2. A 70 year-old female was diagnosed with squamous cell carcinoma of
the distal esophagus and multiple liver metastases. She received three cycles of
nivolumab (240mg iv every other week), followed by a combination of nivo-
lumab (every other week) and ipilimumab (1mg/kg body weight, every sixth
week). Two weeks after initiation of combination ICI treatment, the patient
developed hyperthyroidism. Ultrasound of the thyroid gland revealed no spe-
cific findings apart from a struma multinodosa. Serum autoimmune antibodies
were not detected. Thyreostatic therapy with carbimazol was initiated. After 4
months, the condition changed to hypothyroidism requiring hormone sub-
stitution. Despite thyroid irAE, dual ICI treatment was continued resulting in
disease control and recovery of quality of life. Overall, due to early and rigorous
irAE treatment, checkpoint inhibition was well tolerated.
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severe skin toxicity was defined as a rash covering more than 30% of
the body surface area (BSA, grade 3) or as a combination of a less severe
rash (grade 2) with substantial additional symptoms. Grade 4 toxicity
was defined as skin sloughing of more than 30% BSA with associated
symptoms (e.g. erythema, purpura, epidermal detachment) [38]. These
more severe skin irAEs were observed in only up to 3% of patients
treated with ICIs [30,43–45].

Initial treatment of mild dermatological side effects (grade 1 or 2)
can be managed using antihistamines to treat pruritus, and topical
steroids, e.g. hydrocortisone. High grade skin irAEs require dis-
continuation of ICI treatment and high-dose immunosuppressive
treatment, usually applying systemic steroids (e.g. prednisolone 1mg/
kg to be tapered upon clinical improvement of the irAE). After ameli-
oration of skin symptoms and downstaging to grade 1 or grade 2 side
effects, re-initiation of ICI treatment may be considered after detailed
discussion between patient and physician and depending on efficacy
and availability of alternative treatment options [46].

4.2. Colitis

Gastrointestinal side effects, particularly watery diarrhea and en-
terocolitis are also among the most common complications of ICI
treatment. The documented incidence of diarrhea varies but was re-
ported to be between 30 and 40% of patients treated with ipilimumab
[47]. However, in patients treated with anti–PD-1/PD-L1, diarrhea
occurred at significantly lower rates, in approximately 16% of patients
[43]. Colitis was reported only in up to 7–9% of patients treated with
ipilimumab [47] and 1–3% of patients treated with nivolumab
[27,45,48,49]. Furthermore, the severity of irAEs induced by treatment
with ipilimumab was associated with the dose administered [50]. A
recent randomized, controlled trial reported colitis in 5% of patients
with 10mg/kg of ipilimumab as compared to 2% among those treated
with 3mg/kg, respectively [51]. Apart from hydro-electrolytic com-
plications or renal failure, severe intestinal inflammation may rarely
lead to reflex ileus or intestinal perforation, complications that could be
life threatening. Thus, high grade gastrointestinal irAE require early
treatment that should not be delayed by endoscopic evaluation. Colo-
noscopy may reveal erythema (45–79%), erosion or ulceration
(57–79%), and/or luminal bleeding.

irAE specific treatment is indicated in high grade colitis, defined by
severe abdominal pain, change in bowel habits, fever, ileus, peritoneal
signs, urgent need for intervention (e.g. in case of perforation, bleeding,
ischaemia, or toxic megacolon), diarrhea with more than 7 bowel
motions per day, or hemodynamic problems. Treatment of choice
broadly relies on corticosteroids, e.g. prednisolone 1mg/kg/day, to
which most patients respond well. Immunosuppressant therapy should
be accompanied by early microbiological diagnostics for gastro-
intestinal infections, particularly for faecal enteropathogens and clos-
tridium difficile toxin [38]. Depending on the results, additional anti-
biotic treatment may be considered. In severe and steroid-refractory
cases the successful use of infliximab (5mg/kg) was reported [52,53].
In contrast, mild to moderate gastrointestinal irAE do usually not re-
quire corticosteroids but only clinical observation [54]. Again, routine
stool diagnostics should be performed to exclude infectious enteritis or
opportunistic infections. Endoscopy is necessary to confirm colitis
which may be a reason to apply corticosteroids even in gastrointestinal
grade 2 irAEs [53,55].

4.3. Immune mediated hepatitis

Immune mediated hepatitis as a side effect of ICIs most often occurs
between 8 and 12 weeks after treatment initiation. Thus, liver specific
side effects usually occur later than skin or luminal GI specific side
effects. However, as for any other irAE, immune mediated hepatitis may
occur even after a longer period of treatment with occurrence being
documented for up to one year after initial application [56]. Reviews

summarizing hepatic adverse events demonstrate an overall low rate of
high-grade adverse events (grade 3/4), mostly between 1 and 5% of all
patients, with two studies reporting these complications in 10% and
14% under treatment with ipilimumab [30,57].

Treatment of hepatic irAE is generally recommended for grade 3/4
side effects defined as AST (aspartate aminotransferase)/ALT (alanine
aminotransferase) > 5× ULN (upper limit of normal) or total bilir-
ubin> 3× ULN. Common recommendations include immune-sup-
pressvie treatment after discontinuation of the ICI. In most cases, he-
patic irAE respond well to corticosteroids which can usually be rapidly
tapered and discontinued. In rare cases, however, alternative im-
munosuppressants such as mycophenolate mofetil (MMF, 2×500 mg/
day) are required [58].

More recent data revealed interesting observations on 16 patients
suffering from hepatic irAE, who did not receive immunosuppressant
treatment after histological stratification. These patients showed
spontaneous improvement of their liver function, and it was concluded
that hepatic irAE do not necessarily require systemic corticosteroid
administration. Even more, in three out of these 16 patients, im-
munotherapy was successfully reintroduced without recurrence of liver
function impairment [59]. Obviously, these data warrant further eva-
luation to enable effective patient stratification according to the se-
verity of the irAE. Morphological and molecular predictors of the
“natural” course of hepatic irAEs are required to determine the risk of
fulminant hepatitis and liver failure. This would allow patient-oriented
management with the potential to avoid unnecessary systemic im-
munosuppressive treatment in the future.

4.4. Endocrine irAEs

Endocrine irAEs are also common among patients treated with ICIs.
Overall, endocrine events were observed in up to 14% of patients
treated with nivolumab and even up to 30% in patients treated with a
combination of nivolumab and ipilimumab [60]. Among all endocrine
disorders, pituitary and thyroid irAEs were most commonly observed
[60].

Thyroid function disturbance due to ICI treatment was observed in
approximately 25% of patients receiving a combination of ipilimumab
and nivolumab. The incidence was lower in case of single agent treat-
ment but still considerable, with comparable incidence rates (approxi-
mately 13%) for nivolumab and pembrolizumab [60,61]. These pa-
tients may exhibit the full range of thyroid disease from painless
thyroiditis to (rarely) severe forms of thyroid disease, e.g. thyrotoxic
crisis. Patients experiencing hypothyroidism may suffer from fatigue,
weakness, asthenia, constipation, intolerance to cold temperatures, dry
skin, or weight gain. In contrast, hyperthyroidism can manifest itself as
diarrhea, heat intolerance, sweating, weight loss, or new-onset of atrial
fibrillation [60,62].

In ipilimumab and ipilimumab/nivolumab treated patients hypo-
physitis was also observed in up to 10% of patients [60]. In contrast,
hypophysitis was rarely present in patients treated with other ICIs.
Common symptoms of this condition include nausea, vomiting, weak-
ness, fatigue, mild cognitive dysfunction, hypotension, and fever. In
addition, persistent headaches may be a symptom. Low serum levels of
sodium may also be associated with hypophysitis [63], but diabetes
insipidus in CTLA-4-inhibitor induced hypophysitis is extremely rare
[64]. Although rather unspecific, these symptoms were observed in up
to 89% of patients with hypophysitis [65] and require advanced diag-
nostics. The diagnosis of hypophysitis is generally based on laboratory
investigations, including test for serum levels of TSH (thyroid stimu-
lating hormone), fT3 (freeT3), fT4 (freeT4), ACTH (adrenocorticotropic
hormone), cortisol, LH (luteinizing hormone), FSH (follicle stimulating
hormone), prolactin, estradiol in females, and testosterone in men. In
addition, an MRI of the brain/pituitary should be performed [66], but
pituitary changes may be discrete. If present, MRI findings linked to
hypopituitarism might precede clinical signs of pituitary irAE [67,68].
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If necessary, transient thyroiditis can be treated with β-blockers in
most cases. Thyroid blockers are rarely needed. In severe cases, further
diagnostics including ultrasonography or thyroid scintigraphy should
be performed to rule out differential diagnoses such as Graves’ disease.
Patients should be monitored regularly in order to detect signs of per-
manent hypothyroidism early [69].

A watch-and-wait strategy is appropriate for asymptomatic patients
with mild hypothyroidism. In more severe hypothyroidism, thyroid
hormone replacement (levothyroxine) therapy should be initiated
under TSH monitoring [66].

Symptomatic hypophysitis requires corticosteroids and thyroid
hormone replacement. The most dreaded complication is adrenal crisis,
which is why steroid replacement should precede levothyroxine. If
suspected, patients should immediately be treated with i.v. hydro-
cortisone (e.g. 100mg every 8 h) and aggressive fluid replacement
(1–3 l within the first 24 h) [66]. Otherwise, patients should receive
high dose corticosteroids (e.g. methylprednisolone 1mg/kg) in case of
severe clinical symptoms or clinical signs of pressure on the optic
chiasma. This can be tapered under close endocrine monitoring over
4–8 weeks. Since high dose steroids seem not to improve the course of
hormonal recovery [70] treatment may be restricted to hormone re-
placement in patients with mild symptoms (e.g. hydrocortisone
(20–30mg/day) [60,66,69–71]. The likelihood of potential recovery is
still uncertain and in some patients hypopituitarism may persist. Par-
ticularly, recovery of the adrenal axis is rare [72].

Since endocrine irAEs are common in patients treated with ICI,
regular monitoring of serum TSH, fT4, and ACTH and cortisol levels for
patients treated with anti-CTLA-4 agents, is advisable [71].

4.5. Miscellaneous, rare irAEs

4.5.1. Nephritis
Early on in the use of ICIs, several cases of ICI associated renal

complications were reported [73]. The overall occurrence was initially
estimated to be low. A large meta-analysis incorporating 3,695 patients
estimated ICI related acute renal injury to occur in approximately 2.2%
of patients [74]. However, these numbers were recently challenged by
studies reporting a much higher incidence between 13 and 29%
[75,76]. A detailed analysis of 13 patients who underwent renal biopsy
for the suspicion of acute kidney injury related to ICI treatment de-
monstrated diverse histological features. In most patients, tubulointer-
stitial nephritis was identified, but three patients demonstrated granu-
lomatous features, and one thrombotic microangiopathy [74]. Patients
with tubulointerstitial nephritis clearly benefit from discontinuation of
the checkpoint inhibitor and subsequent corticosteroid treatment (e.g.
prednisolone 1mg/kg, tapered over 4–8 weeks) [74]. Treatment should
be given under close monitoring of serum creatinine. In most patients,
partial improvement can be achieved, in some even full reconstitution
of renal function [74].

4.5.2. Neurological side effects, encephalitis, meningitis
Recent data from a systematic meta-analysis of ICI induced neuro-

logical side effects revealed encephalitis and myopathies being the most
common neurological irAEs. These were also associated with the
highest morbidity and mortality [77].

Both ICI mediated encephalitis and meningitis were estimated to
occur in 0.1–0.2% of patients [78–81]. Symptoms may vary and include
seizures, confusion, ataxia, and alteration of consciousness. Cere-
brospinal fluid exhibits lymphocytic pleiocytosis leading to the diag-
nosis of ICI induced meningitis or encephalitis. An MRI of the brain can
reveal meningeal enhancement in meningitis, whereas the procedure
adds information only in a minority of patients with encephalitis [78].
Both ICI induced encephalitis and meningitis respond well to treatment
with corticosteroids [78,82].

The incidence of ICI induced myasthenia gravis was also estimated
between 0.1 and 0.2% of patients. The clinical presentation may vary

from ocular to generalized myasthenia gravis or even myasthenic crisis.
In addition, pre-existing myasthenia gravis can exacerbate on ICI
treatment. In patients developing myasthenia gravis upon ICI treatment
elevated creatine kinase levels in the serum were commonly observed.
ICI induced myasthenia gravis usually responds well to corticoid-based
treatment. More advanced treatment options such as plasmapheresis
were only rarely needed [82–85].

4.5.3. Pancreatitis
Immune mediated pancreatitis was reported in several case reports

and recorded in large studies on ICI treatment of several tumor entities
[86]. A small retrospective analysis of patients treated with the com-
bination immunotherapy with nivolumab and ipilimumab reported
pancreatitis to be rare despite 20% of patients with at least grade 3
changes of serum amylase and 6.3% of patients with at least grade 3
changes of serum lipase, as well as 20% of patients with at least grade 3
changes of both enzymes [87]. This observation was further sub-
stantiated by a recent meta-analysis demonstrating that not only the
combination immune therapy but also CTLA-4 inhibitors alone can
increase the risk of amylase or lipase elevation. However, the meta-
analysis did also not confirm a significantly increased risk of pancrea-
titis compared with controls [88]. Due to the very sparse clinical lit-
erature on the management of immune related pancreatitis, general
recommendations are lacking. However, i.v. fluids were demonstrated
to be important and most patients receive steroids [89].

4.5.4. Pneumonitis
The incidence of all grade pneumonitis ranged between 0 and 2% of

ICI treated non-NSCLC patients. The incidence of pneumonitis can vary
depending on the tumor type. A higher incidence was observed in non
small cell lung cancer (NSCLC) and renal cell cancer (RCC) patients
compared to melanoma patients [90]. Lately, even higher rates of up to
19% of ICI related pneumonitis were suggested [91]. Patients with ICI
related pneumonitis usually present with non-resolving dyspnea and
cough [92]. The diagnosis of pneumonitis is based on CT imaging where
signs of ICI induced pneumonitis can appear prior to clinical manifes-
tation of symptoms [93].

The recommended treatment for ICI related pneumonitis also relies
on corticosteroids, e.g. methylprednisolone 1mg/kg. In grade 4 pneu-
monitis higher doses of 2–4mg/kg can be considered. Steroids should
be tapered over 4–8 weeks. In any case, close monitoring by means of
CT imaging is recommended. In patients with persistent or even wor-
sening pneumonitis on corticosteroids, intensified immunotherapy uti-
lizing infliximab, cyclophosphamide, or mycophenolate mofetil may be
considered [94,95].

4.5.5. Myocarditis
Myocarditis has the highest mortality among all irAEs (39.7% [35]).

Overall, cardiotoxic irAEs are rare. Among patients treated with nivo-
lumab (some oft them in combination with ipilimumab) 0.09% suffered
from myocarditis [96]. Up to 2.4% was reported for patients receiving
anti-PD-1/anti-CTLA-4 combination therapy in an idependent multi-
center registry [97].However, as these adverse events may be life-
threatening they need to be considered in any patient complaining
about side effects of ICIs. Patients suffering from irAE cardiotoxicity
present with dyspnea, palpitation, and signs of congestive heart failure
[98]. Due to its rare occurrence there is general lack of experience in
the management of immune related mycarditis with most patient re-
ceiving steroids [96,97,99].

4.5.6. Re-induction of ICI after successful irAE treatment
Recent data on the re-induction of anti-PD-1 therapy after toxicity of

ipilimumab suggested that these irAE are likely to be substance specific
and the use of a different ICI can be considered if there is a lack of
alternative treatment options [100]. This view was furthermore sub-
stantiated by a report on re-induction of anti–PD-1 or anti–PD-L1
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treatment after irAEs, without further irAE in 50% of these patients
[101]. For some irAEs such as hypophysitis continued treatment can be
considered in mild cases, since full reconstitution is rare and many
patients require permanent hormone replacement even in case of im-
provement of inflammation [69]. Since prospective data from clinical
trials are lacking, re-induction of ICI treatment after mild irAEs can be
considered depending on the severity of the prior irAE and in view of (a
lack of) alternative treatment options. However, high grade irAEs with
potentially life-threatening toxicity must be regarded an absolute con-
traindication for further ICI treatment.

5. Summary

Immunotherapy related adverse events are common and may affect
nearly all tissue types and organ systems. Among the most common
irAEs are dermatological, endocrine, and gastrointestinal irAEs. A de-
tailed knowledge of these potential side effects is important as early
recognition is the key to successful treatment, reversibility of organ
dysfunction and, in some cases, prevention of fatal outcome. If neces-
sary, treatment is mostly based on corticosteroids to which most irAEs
respond well. After successful treatment, ICIs may be continued under
close monitoring in most patients with mild to moderate irAEs.
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