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Abstract Immunotherapy has recently led to a paradigm shift in cancer therapy, in which immune checkpoint
inhibitors (ICIs) are the most successful agents approved for multiple advanced malignancies. However, given the
nature of the non-specific activation of effector T cells, ICIs are remarkably associated with a substantial risk of
immune-related adverse events (irAEs) in almost all organs or systems. Up to 90% of patients who received ICIs
combination therapy experienced irAEs, of which majority were low-grade toxicity. Cytotoxic lymphocyte
antigen-4 and programmed cell death protein-1/programmed cell death ligand 1 inhibitors usually display distinct
features of irAEs. In this review, the mechanisms of action of ICIs and how they may cause irAEs are described.
Some unsolved challenges, however really engrossing issues, such as the association between irAEs and cancer
treatment response, tumor response to irAEs therapy, and ICIs in challenging populations, are comprehensively
summarized.
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Introduction tic viruses, and most notably certain monoclonal anti-
bodies identified as immune checkpoint inhibitors (ICIs).
With increasing incidence and mortality, cancer has beena  Given the interest generated by their recent and tremen-
major public health problem and one of the leading causes  dous success, this article focuses on IClIs.
of death worldwide [1,2]. In the past decades, the paradigm
of cancer therapy has a dramatic revolution. Immunother-
apy is rapidly advancing and can be currently considered
as the “fifth pillar” of cancer therapy, joining the ranks of
surgery, cytotoxic chemotherapy, radiation, and targeted
therapy [3]. In 2013, cancer immunotherapy was cited by
Science as top 1 breakthrough in medicine. The American
Society of Clinical Oncology named immunotherapy as its
Breakthrough of the Year for three years in a row (2016—
2018 annual report). Immunotherapy, also referred to as
biologic therapy or biotherapy, is an area of cancer
treatment that uses the ability of an individual’s immune
system to fight cancer. It comes in various forms, including
cytokines, cancer vaccines, adoptive cell transfer, oncoly-

ICls and their mechanisms for cancer
therapy

Immunotherapy with ICls is one of the most exciting areas
of new discoveries and treatments for cancer [4]. Immune
checkpoints have succeeded in attracting great attention of
people worldwide when the Nobel Prize in Physiology or
Medicine 2018 was awarded jointly to James Allison and
Tasuku Honjo for their discovery of cancer therapy by
inhibition of negative immune regulation. In general, the
immune system relies on T cells to fight cancer. These
specialized cells are extremely powerful and have the
potential to damage cancer cells and healthy cells. Normal
T cell activation requires two signals to become fully
activated. The primary signal (signal 1) occurs when the
Received April 6, 2019; accepted October 31, 2019 antigen-major histocompatibility complex (MHC) that is
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T cell receptor (TCR). However, signal 1 by itself is
insufficient to enable T cell activation. A second signal
(signal 2) occurs when a costimulator called CD28 binds to
B7 (CD80 and CD86) on the surface of the APC.
Following this interaction, T cells are activated and
perform various effector functions (e.g., killing of tumor
cells). Several inhibitory molecules in T cells, named
immune checkpoints, function to maintain a balance of
immunity. Cytotoxic lymphocyte antigen-4 (CTLA-4) was
the first described immune checkpoint that was expressed
on T cell surface only after T cell activation. However,
CTLA-4 has high homology to CD28 and binds to B7
molecules with much higher affinity than CD28, inhibiting
T cell activation. Programmed cell death protein-1 (PD-1)
is another negative regulatory receptor expressed on the T
cell surface that generally binds to either programmed cell
death ligand 1 (PD-L1; expressed widely in multiple
tissues and tumor cells) or PD-L2 (restricted to profes-
sional APCs). Tumors co-opt certain immune-checkpoint
pathways as a major mechanism of immune resistance. In
the tumor microenvironment, immune-checkpoint mole-
cules, such as CTLA-4, PD-1, and its ligand PD-L1, are
remarkably overexpressed [5], which suppress the activa-
tion of T cells and result in the exhaustion of immune
response (Fig. 1). Therefore, these immune checkpoints are
important immunotherapeutic targets, with checkpoint
blockades releasing this immune suppression and reacti-
vating cytotoxic T cells that can destroy tumor cells [6].
Other immune-checkpoint targets, such as lymphocyte
activation gene 3, T cell immunoglobulin-3, B and T
lymphocyte attenuator, and V-domain Ig suppressor of T
cell activation, have also been studied extensively.

Currently, the US Food and Drug Administration has
approved seven ICIs for the treatment of various solid
tumors and hematological malignancies, including anti-
CTLA-4 antibody (ipilimumab), anti-PD-1 antibody
(pembrolizumab, nivolumab, cemiplimab), and anti-PD-
L1 antibody (atezolizumab, durvalumab, avelumab)
(Table 1). ICIs have brought revolutionary changes in the
treatment of multiple advanced cancers, and the list of
treatment indications has been likely extended as the years
go by, even as a first-line therapy [7,8]. Despite the
impressive therapeutic benefits, ICIs may induce profound
immune toxicities called immune-related adverse events
(irAEs). irAEs are side effects that can develop during or
after treatment with ICIs. They are called “immune-
related” because they develop as a result of a highly active
immune response, which can damage healthy tissue or
cause autoimmune or inflammatory disorders. The Com-
mon Terminology Criteria for Adverse Events is one of the
most useful tools that is helping researchers to recognize
and grade irAEs. Given the increasing prescription of IClIs,
knowledge of irAEs is important for physicians in multiple
clinical disciplines [9].

irAEs: characteristics and potential
mechanisms

Given that ICIs block inhibitory signaling pathways
mainly in T cells, the enhancement of immune response
induced by “artificial” mediators can also directly attack
normal host tissues, thereby potentially facilitating auto-
immune activity against any organ [10]. Compared with
toxicities resulting from traditional chemotherapy, irAEs
tend to have a relatively delayed onset and be inflamma-
tory or autoimmune in nature [11,12]. Notably, irAEs can
develop at any time during treatment, even after the
cessation of ICIs. In summary, irAEs are broken down into
two major categories: frequently reported (dermatologic,
gastroenterological, hepatic, endocrine, respiratory, and
rheumatologic/musculoskeletal) and uncommon (cardio-
vascular, hematologic, renal, neurologic, and ophthalmo-
logic) types based on the frequency of occurrence in
clinical practice [13—15]. Most irAEs are reversible, except
for the effects on the endocrine system, which may be
permanent [16]. A recent systematic analysis of AE
frequencies with the use of ICIs in RCTs revealed that
the overall AEs occurred in 74% of cancer patients treated
with PD-1/PD-L1 inhibitors, 89% in the CTLA-4 inhibitor
group, 90% in the ICI combination group, and 89% in the
ICI plus chemotherapy group. Furthermore, AEs with
grade = 3 were reported in 14% of patients treated with
PD-1/PD-L1 inhibitors, 34% of patients treated with
CTLA-4 inhibitor, 55% of patients treated with ICI
combinations, and 46% of patients treated with combina-
tions of ICIs and chemotherapy. The rates of AEs leading
to treatment withdrawal were 6% for PD-1/PD-L1
inhibitors, 21% for CTLA-4 inhibitor, 38% for ICI
combinations, and 13% for combinations of ICIs and
chemotherapy. Of note, different frequencies of irAEs
across ICIs may be due to their different mechanisms of
action. In general, CTLA-4 controls the amplitude of
immunologic response at early stages of T cell activation,
whereas PD-1/PD-L1 pathways act at later stages, limiting
T cell activity in the peripheral tissues [17]. Therefore, anti-
CTLA-4 agents usually take effect by enhancing T cell
priming, whereas the blockade of PD-1 or PD-LI is
thought to act by reinvigorating pre-existing CD8 T cell
responses [18]. These differences can partly explain the
increased frequency and severity of irAEs associated with
anti-CTLA-4 agents. Although these irAEs are potentially
fatal, deaths are uncommon, occurring in < 1.5% of cases
with irAEs [19]. However, fatal ICI-associated irAEs,
especially for cardiovascular toxicities, need to be alert and
urgently investigated [20].

Interestingly, CTLA-4 and PD-1/PD-L1 inhibitors
usually display distinct patterns of tissue-specific irAEs
[21,22]. Ipilimumab, an anti-CTLA-4 antibody, is often
associated with colitis (25%—30%), dermatitis (25%), and
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Fig. 1 Schematic of ICIs in cancer therapy. (A) Normal T cell activation requires two signals to become fully activated. The primary
signal (signal 1) occurs when the MHC that is presented by the APC binds to the TCR. However, signal 1 by itself is insufficient to enable
T cell activation. A second signal (signal 2) occurs when a costimulator called CD28 binds to B7 (CD80 and CD86) on the surface of the
APC. Following this interaction, T cells are activated and perform various effector functions (e.g., killing of tumor cells). (B) Several
inhibitory molecules in T cells, named immune checkpoints, function to maintain a balance of immunity. CTLA-4 was the first described
immune checkpoint that was expressed on T cell surface only after T cell activation. However, CTLA-4 has high homology to CD28 and
binds to B7 molecules with much higher affinity than CD28, inhibiting T cell activation. PD-1 is another negative regulatory receptor
expressed on the T cell surface that generally binds to either PD-L1 (expressed widely in multiple tissues and tumor cells) or PD-L2
(restricted to professional APCs). Under pathological conditions, the over-activation of both CTLA-4 and PD-1/PD-L1 pathways can
suppress the activation of T cells and result in the exhaustion of immune response. (C) Blocking CTLA-4 and PD-1/PD-L1 inhibitory
signal pathways by using specific antibodies (known as ICIs) diminishes the threshold for T cell activation and boosts anti-tumor activity
by re-invigorated T cells but may also cause immune-related adverse events.

hypophysitis (5%—15%), whereas dermatitis (10%—20%),
thyroiditis (10%—15%), and pneumonitis (3%—5%) are the
most common AEs reported in patients treated with PD-1/
PD-L1 inhibitors [9,19,23]. The primary cancer may also
determine the type of irAEs. Colitis and skin irAEs are
more often associated with melanoma [24], whereas

pneumonitis occurs more frequently in patients with
hematologic malignancies and lung cancer [25]. In
addition, the irAE risk of anti-CTLA-4 appears to be
dose dependent [26], whereas cumulative toxicities with
prolonged exposure to anti-PD-1 antibodies are not
observed [21,27]. Overall, the frequency and severity of
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Table 1 Overview of ICIs approved by the FDA (until April 2019)

Drug name Targeted Year of FDA Trademark Company name Indications

approval
Ipilimumab Anti-CTLA-4 2011 Yervoy Bristol-Myers Melanoma, renal cell carcinoma, colorectal cancer
antibody Squibb

Pembrolizumab Anti-PD-1 antibody 2014 Keytruda Merck Sharp & Dohme Melanoma, non-small cell lung cancer, head and
neck squamous cell cancer, classical Hodgkin
lymphoma, primary mediastinal large B cell
lymphoma, urothelial carcinoma, microsatellite
instability-high cancer, gastric cancer, cervical
cancer, hepatocellular carcinoma, Merkel cell
carcinoma

Nivolumab Anti-PD-1 antibody 2014 Opdivo Bristol-Myers Melanoma, non-small cell lung cancer, small cell

Squibb lung cancer, renal cell carcinoma, classical

Hodgkin lymphoma, squamous cell carcinoma of
the head and neck, urothelial carcinoma, colorectal
cancer, hepatocellular carcinoma

Cemiplimab Anti-PD-1 antibody 2018 Libtayo Regeneron Cutaneous squamous cell carcinoma

Pharmaceuticals

Atezolizumab Anti-PD-L1 antibody 2016 Tecentriq Genentech Urothelial carcinoma, non-small cell lung cancer,
triple-negative breast cancer, small cell lung cancer

Durvalumab Anti-PD-L1 antibody 2017 Imfinzi AstraZeneca Urothelial carcinoma, non-small cell lung cancer

Avelumab Anti-PD-L1 antibody 2017 Bavencio EMD Serono Merkel cell carcinoma, urothelial carcinoma

irAEs of anti-CTLA-4 are greater than those of anti-PD-1/
PD-L1 treatment, and their combination even exacerbates
the frequency of irAEs.

The precise pathophysiology of irAEs remains uncer-
tain, although preclinical, translational, and clinical studies
have provided insights into their potential mechanisms. Of
note, immune cells play vital roles in the anti-tumor
features of ICIs. The early increased diversity of T cell
repertoire after ipilimumab therapy is closely correlated
with the development of irAEs [28]. In four cases of
pneumonitis in patients treated with ICIs, the T cell
repertoire in inflamed lung lesions and tumors overlapped
significantly [29], suggesting that cross-reactive T cells
against a tumor and a related antigen in normal tissue
might be involved in irAE pathogenesis. After ICI
combination therapy, a dramatic decline of circulating B
cells and an increase in CD21°" B cells and plasmablasts
were observed. The early change of B cell subsets is a
strong predictor of irAEs, suggesting that B cells might
also be important contributors to autoimmunity following
ICI therapy [30]. Using whole-blood gene-expression
profiling in melanoma patients treated with ipilimumab,
researchers noted that the neutrophil-activation markers
CD177 and CEACAMI1 were associated with gastrointest-
inal irAE [31]. Apart from immune cells, cytokines are also
important regulators of host immune activity. Lim and
colleagues analyzed the expressions of 65 cytokines in
longitudinal plasma samples collected prior to therapy and
during treatment in melanoma patients treated with ICIs
alone or combination. Eleven cytokines were significantly
upregulated in patients with severe irAEs, and the

integration of these 11 cytokines into a single toxicity
score (CYTOX) effectively predicted irAEs associated
with ICIs [32]. Furthermore, serum levels of IL-6, IL-17,
and sCD163 are significantly associated with irAEs in
cancer patients treated with ICIs [33-35]. Hasan et al.
recently demonstrated that human leukocyte antigen
(HLA) genes are strongly associated with the development
of pruritus (HLA-DRB1*11:01) or colitis (HLA-
DQB1*03:01) during ICI therapy, suggesting a genetic
etiology of irAEs [36]. Various bacterial species in the
stool (specifically for colitis), preexisting autoantibodies,
and polymorphisms in immune genes (such as CTLA-4,
PD-1) may also predict toxicity, although their predictive
capacities and underlying mechanisms require further
investigation. Despite the tremendous long-lasting efficacy
of ICIs in cancer treatment, irAEs remain considerable
problems, as they may be fatal unexpectedly [37]. The
potential mechanisms of irAEs are still poorly elucidated
and may be related to a combination of genetic predis-
position, environmental insults, and preexisting smolder-
ing inflammation [38]. Whether irAEs are representative of
de novo events or rather indicative of underlying immune-
mediated diseases is unclear. Early recognition and
intervention are critical for severe irAEs, and many
patients require treatment interruption, discontinuation,
and/or immunosuppressive agents, such as glucocorti-
coids, immunosuppressants, tumor necrosis factor inhibi-
tors, or other biologics (e.g., IL-6 and IL-17 blockades).
ICI therapy using antibodies targeting CTLA-4 and PD-
1/PD-L1 has demonstrated profound clinical efficacy for
multiple malignancies. Nevertheless, an increasing number
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of issues are of great interest to both clinicians and
scientists.

Are irAEs associated with the treatment response of
ICIs?

Although the precise pathophysiology of irAEs remains
unclear, the occurrence of irAEs may represent the
reinvigoration of immune system to some extent. Whether
irAEs can predict the anti-tumor response to ICIs remains
controversial and worthy of further investigations. The
association between irAEs and efficacy of ICIs was first
described in metastatic melanoma in 2007 [39]. The
majority (62%, 86 of 139) of metastatic melanoma patients
treated with CTLA-4 blockade developed irAEs, which
were associated with an increased probability of objective
antitumor response (P = 0.0004). Furthermore, patients
with complete anti-tumor responses had more severe
irAEs. However, in another study, irAEs were observed in
254 out of 298 patients (85%) treated with a standard dose
of ipilimumab. When comparing the outcomes of patients
without irAEs and with irAEs of any grade, no differences
in time to treatment failure and overall survival were
observed [40]. In addition, a phase /Il study of ipilimumab
revealed no significant association between irAEs and
clinical response (P = 0.45) [41]. A landmark analysis of
patients after 3 months of ipilimumab treatment also
revealed no difference in overall survival between patients
with and without irAEs [42]. Nevertheless, a very recent
publication suggested that patients with irAEs respond
better than those without irAEs. To evaluate the impact of
irAEs on clinical outcomes, Cortellini ef al. conducted a
multi-center retrospective study based on a large cohort of
patients with advanced non-small cell lung cancer and
treated with PD-1 inhibitors. They found that irAEs were
concordantly related to higher overall response rate, longer
overall response rate and longer overall survival compared
with those without irAEs [43]. Subsequently, increasing
number of studies demonstrated that the occurrence of
irAEs could predict clinical benefit of ICIs in non-small
cell lung cancer and melanoma [44-46]. Furthermore,
Kaplan—Meier and multivariate Cox regression analysis
showed that irAEs are associated with improved progres-
sion-free survival (hazard ratio of 0.33, P < 0.001). This
association did not appear to be altered by the use of
systemic corticosteroids [47]. Kostine ef al. reported that
patients with rheumatic irAEs had a higher anti-tumor
response rate than those without irAEs (85.7% vs. 35.3%;
OR= 8.8 (95% CI 3.2 to 29.8), P < 0.0001) and a trend
toward a higher response rate than those with non-
theumatic irAEs (85.7% vs. 75.1%, P = 0.18) [48].
Moreover, a recent study revealed not only a strong
relationship between overall irAEs and good oncological
response to PD-1 inhibitors but also a stronger association
of rheumatic irAEs with good oncological response (OR =

11.16, 95% CI 2.65-46.98) than non-cutaneous irAEs (RR
=2.03, 95% CI 1.27-3.22) [49].

Intriguingly, some specific AEs (e.g., skin irAEs) may
be definitely associated with treatment efficacy. Several
studies involving patients with melanoma have shown an
association between vitiligo and beneficial clinical out-
comes [50,51]. In 67 melanoma patients treated with
pembrolizumab, 17 patients (25%) developed vitiligo. The
objective response rates were 71% and 28% in patients
with and without vitiligo (P = 0.002), respectively [51].
Other studies evaluated the association of skin irAEs and
outcomes. Time to progression was significantly better in
patients who experienced skin irAEs than those who did
not. Similarly, cutaneous irAEs (rash and vitiligo) were
found to be correlated with statistically significant overall
survival benefit in melanoma patients treated with
nivolumab (P = 0.004 and P = 0.028, respectively) [52].
These findings suggested a predictive role of skin irAE
occurrence in patients receiving PD-1 inhibitors. Of note,
most of these aforementioned studies were retrospective
and vulnerable to several forms of appraisal bias. To
determine whether irAEs are beneficial, more well-
designed and long-term studies are needed. The general
consensus at the moment is that irAEs are not required for
ICI treatment benefit [53], but irAEs might be “the cream
on the top of the cake.”

Does corticosteroid use decrease the efficacy of ICIs?

Considering the biological hypothesis that immunosup-
pressive therapy may compromise the antitumor response,
clinicians have wondered whether corticosteroids and
immunosuppressive agents used to treat irAEs may
decrease the efficacy of ICIs. Unfortunately, there has
been no high-quality, prospective study to answer this
question so far. In vitro, PD-1 expression is upregulated by
high-dose corticosteroids in both mouse and human
activated T cells [54]. Even low doses of corticosteroids
markedly impair the antitumor activity of tumor-infiltrating
lymphocytes [55]. Steroids do not entirely eliminate the
possibility of response to ICIs; however, the apparent low
rate of benefit is observed in the corticosteroid group [56].
Among 98 melanoma patients with ipilimumab-induced
hypophysitis, those who received high doses of glucocor-
ticoids had reduced survival, suggesting a potential
negative effect of high-dose glucocorticoid on the efficacy
of ICIs after the occurrence of an irAE [57]. A case report
published in the New England Journal of Medicine also
demonstrated that interleukin-17 blockade dramatically
decreased the antitumor efficacy of pembrolizumab in a
patient with metastatic colon cancer [58]. However, an
increasing number of retrospective studies have shown that
systemic use of steroids for irAEs does not appear to lessen
the antitumor effects. A pooled retrospective analysis
including 576 melanoma patients treated with nivolumab
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monotherapy showed that 71% experienced any-grade
irAEs, and approximately 24% received systemic immune-
modulating agents to manage these irAEs. The objective
response rates were similar in patients who received
systemic immune-modulating agents with those who did
not [59]. Data from a large cancer center in the USA
revealed that systemic corticosteroid therapy for an irAE is
necessary for 35% (103 in 298) of patients, and more
importantly the overall survival and time to treatment
failure were not affected by the use of systemic
corticosteroids [40]. Moreover, a study also showed no
worse outcomes in patients with ipilimumab-related
diarrhea who were treated with infliximab compared with
other medications [60]. Recently, a comprehensive meta-
analysis including 27 articles suggested that the concomi-
tant administration of corticosteroids and ICIs may not
necessarily lead to poor clinical outcomes [61]. Interest-
ingly, Hinrichs et al. indicated that glucocorticoids did not
interfere with the antitumor response of immunotherapy in
a melanoma mouse model in vivo [62]. Currently, most of
these irAEs can be managed by counteracting lymphocyte
activation with steroids. All guidelines from the American
Society of Clinical Oncology, the European Society for
Medical Oncology, and the Society for Immunotherapy of
Cancer recommend corticosteroids as the first choice in the
management of irAEs [15,63,64]. The beneficial response
of ICIs can persist despite the use of immunosuppressive
agents to treat irAEs seems to have reached consensus at
present. Whether the use of corticosteroids, especially
high-dosage, long-term therapy, will negate the anti-tumor
response of ICI therapy still lacks high-quality evidence
and remains unclear. Further investigations in this field
must be carried out.

Can cancer patients with preexisting autoimmune
disorders (ADs) be treated with ICIs?

Patients with a history of ADs have been excluded from all
clinical trials with ICI therapy and therefore have lost
potential opportunities to fight with advanced malignancy.
Immune-mediated inflammatory diseases are at high risk to
develop cancer. Up to 13.5% of patients with lung cancer
have concurrent AD, suggesting the urgency of exploring
ICIs in this population [65]. By antagonizing immune
inhibitory pathways, ICI treatments were thought to
potentially worsen AD. Indeed, evidence shows that
cancer patients with preexisting or underlying AD would
experience increased flares of AD and irAEs. Johnson and
colleagues enrolled 30 advanced melanoma patients with
AD who received anti-CTLA4 therapy. Half of them
experienced no toxicity, whereas 10 (33%) patients
experienced = grade 3 irAEs. Eight (27%) patients who
experienced exacerbations of their autoimmune condition
were managed with corticosteroids [66]. Similar results
were observed in patients with advanced melanoma and

preexisting AD receiving anti-PD1 therapy. Twenty (38%)
patients had flares of AD requiring immunosuppression
therapy, and only two (4%) patients discontinued treatment
due to flares [67]. A systematic review showed that the
exacerbation of prior AD occurred in half of the reported
patients, and one third of patients with AD experienced
de novo irAEs, indicating that the frequency of de novo
irAEs may be similar in patients with and without AD.
Most irAEs are easily managed with corticosteroids, with
some (16%) requiring more aggressive immunosuppres-
sive agent therapy. More than half of the patients did not
require discontinuation of ICI therapy [68]. Very recently, a
large multicenter “real-world” observational study demon-
strated that the incidence of irAEs of any grade was
significantly higher in anti-PD-1-treated patients with pre-
existing AD compared with patients without (65.9% vs.
39.9%, P < 0.0001); however, no significant differences
in grade 3/4 irAEs were observed between these two
subgroups (9.4% vs. 8.8%, P = 0.8663) [69]. Danlos
et al. also revealed a significantly increased risk of irAEs in
patients with pre-existing AD receiving anti-PD1 therapy;
however, the effectiveness of ICIs was the same as those
patients without AD [70]. Available information derived
mainly from case series and retrospective studies with
cancer and preexisting AD suggest the feasible use of ICIs
when cancer is life-threating [53]. Although these patients
are at increased risk for exacerbations of AD and
occurrence of irAEs, these events are generally not
harmful. A careful balance between toxicity and efficacy
and close monitoring are necessary; however, preexisting
AD is not an absolute contraindication to ICI therapy [71].

Is it safe to restart ICI therapy in patients who ever
developed irAEs?

In the clinic, physicians may easily be confused about
whether it is safe to restart ICI therapy in patients who ever
developed irAEs. Unfortunately, no prospective data from
clinical trials can answer this question. A retrospective
study involving patients with melanoma showed that anti-
PD-1 could be safely restarted after a serious ipilimumab-
related irAE requiring immunosuppression treatment. The
overall response rate was 40%. Among 67 patients, 2 (3%)
had a recurrence of the same ipilimumab irAEs, and 23
(34%) developed new irAEs (14 with grade 3—4 irAEs);
however, no treatment-related death occurred [67]. In
another retrospective study, 38 patients with non-small cell
lung cancer who had serious anti-PD-(L)1-related irAEs
were rechallenged with PD-1/PD-L1 blockades. Half of
them had no further irAEs, 26% had recurrence of the
initial irAE, and 26% had a new irAE. Most recurrent/new
irAEs were mild (58% grade 1-2) and manageable (84%
resolved or improved to grade 1); however, two treatment-
related deaths occurred [72]. Furthermore, Simonaggio
et al. focused on ICI rechallenge in 40 patients with a broad
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spectrum of cancers treated with anti-PD-1 or anti-PD-L1
agents. A total of 17 patients (42.5%) experienced a
recurrence of the same type of irAE, and five patients
(12.5%) experienced a different type of irAE. The severity
distribution for the second irAE was 38% for grade 2, 48%
for grade 3, and 14% for grade 4, which were not more
severe than the initial event [73]. Thus, the effect and
safety of ICI rechallenge seem to be acceptable.

Combined ICI therapy (CTLA-4 plus PD-1/PD-L1)
induces high rate of irAEs. Interestingly, Pollack et al.
demonstrated that anti-PD-1 rechallenge after severe irAEs
during combined CTLA-4/PD-1 therapy for metastatic
melanoma caused relatively low rate of initial irAE (in
18% of patients) or new different irAE (21%) [74], which
indicated that anti-PD-(L)1 rechallenge appears to be
feasible and safe (with close monitoring). Nevertheless, the
question of whether to rechallenge remains crucial and has
not been discussed in practical guidelines. Associated
factors or biomarkers that can predict ICI rechallenge had
not been fully evaluated. From the perspective of some
experts, rechallenge is considered possible only after the
grade of the irAE is reverted to 0 or 1 [73]. Eventually, a
decision to restart treatment with ICIs (mainly PD-(L)1
blockades) should likely depend on the severity of the prior
irAE, the availability of alternative treatment options, and
the overall status of the cancer. An absolute contra-
indication to restart treatment with ICIs is life-threatening
toxicity, particularly cardiac, pulmonary, or neurologic
toxicity. Of note, safety should be one of the most
important considerations when reinitiating ICI therapy
after an irAE. The rechallenge should be first assessed with
regard to each patient’s individual risk—benefit ratio.
Further investigations are needed to define the detailed
criteria for ICI rechallenge.

Conclusions

ICI therapy by targeting CTLA-4 and PD-1/PD-L1 has
revolutionized the treatment of many types of advanced
cancer. Nevertheless, given the nature of non-specific
activation of T cells, ICIs are associated with a substantial
risk of irAEs. IrAEs are usually tolerable with low-grade
toxicity but can be fatal. Further understanding of the
pathophysiology of ICIs and identifying reliable biomar-
kers to predict the treatment efficacy and toxicity are
important. In daily practice, clinicians should consider
these available data when making treatment decisions in
challenging patients (e.g., cancer patients with pre-existing
autoimmune diseases and irAEs) and balancing the risks of
toxicity with potential benefits. Close collaborations
among oncologists, organ specialists, and clinical immu-
nologists are vital for properly managing irAEs and
improving the long-term survival of cancer patients.
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