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Abstract: Immune checkpoint inhibitors (ICIs) are a class of drug that produces durable and sus-
tained anti-tumour responses in a wide variety of malignancies. The exponential rise in their use
has been mirrored by a rise in immune-related adverse events (irAEs). Knowledge of such toxicities,
as well as effective management algorithms for these toxicities, is essential to optimize clinical effi-
cacy and safety. Currently, the guidelines for management of the irAEs are based largely on retro-
spective studies and case series. In this article, we review the current landscape of clinical trials
investigating the management of irAEs with an aim to develop standardized, randomized con-
trolled trial-based management algorithms for ICI-related toxicities.
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1. Introduction

Cancer immunotherapy is based on the principle that a patient’s own immune sys-
tem can be harnessed to reject a malignant tumour. The concept of immunoediting, which
holds that many early cancers are eliminated by immune surveillance, is supported by
experiments with immunodeficient mice and epidemiologic studies of immunocompro-
mised individuals [1]. Cancer cells must become less immunogenic or disable immuno-
logic components in order to survive and spread throughout the body. There are numer-
ous cancer immunotherapy techniques that are currently being used in the clinic or under
development, such as cytokines, cellular therapies, viral vectors for gene transfer and an-
tibody-based therapies [2]. Collectively, these therapeutic modalities represent a para-
digm shift in cancer treatment by targeting key pathways and cell types within the host
immune response, rather than the cancer cell, and have been successful in improving clin-
ical outcomes for patients with both solid tumour and haematologic malignancies [3-6].

The antigen-specific T-cell receptor and accessory receptors are required for the
transmission of signals that activate T-cells [7]. These accessory receptors serve to enhance
or inhibit TCR-mediated signals. The accessory receptors CTLA-4 and PD-1, which are
expressed on activated T-cells, function as negative regulators to suppress T-cell re-
sponses [8]. In general, the term "immune checkpoint blockade" refers to a therapeutic
strategy that facilitates T-cell immunity by using antagonistic monoclonal antibodies [9].

Immune checkpoint inhibitors modulate the immune system and in doing so can
precipitate a unique set of side effects known as immune related adverse events (IRAEs).
These differ from toxicities observed with traditional chemotherapeutic agents owing to
their immunologic mechanisms [10-12]. Immune-related adverse events (IrAEs) can affect
the skin (for example, vitiligo and autoimmune dermatitis)[12], gastrointestinal (GI) tract
(colitis)[13], lungs (pneumonitis)[14-16], endocrine organs (thyroiditis, hypo- or hyperthy-
roidism, primary adrenal insufficiency, diabetes mellitus, or hypophysitis) [17, 18], mus-
culoskeletal system (arthritis,

myositis)[19], kidneys (nephritis)[20], liver (hepatitis)[21], central or peripheral nerv-
ous system (neuropathy, encephalitis)[22], and eyes (uveitis/iritis)[23], however any organ
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system can be involved. IrAEs across organ system or within an organ system may have
different a different natural history with respect to time of onset, clinical course, outcome
and response to treatment. More specifically, most IrAEs appear to be acute and can be
managed effectively with anti-inflammatory therapies. Other IrAEs may become chronic,
with the presence of antibodies, or may have a prolonged inflammatory phase resulting
in chronic inflammatory disease [24]. The management of high grade IrAEs often requires
guidance from multidisciplinary specialists [25-27]. Systemic corticosteroid administra-
tion is the main method of treatment for IrAEs, however there are other strategies that can
be used, such as supportive care, additional immunosuppression, and treatment interrup-
tion or delay.

2. Mechanisms of Immune-related Toxicity

Immune-related adverse events may be mediated by different mechanisms through
T-cells, autoantibodies, cytokines, HLA-predisposition and the microbiome [28]. Different
checkpoint inhibitors also affect tissues in different manners, to different degrees, for ex-
ample, patients treated with anti-CTLA-4 therapy or anti-PD-1 therapy experience differ-
ences in organ-specific toxicities. CTLA-4 therapy is associated more commonly with co-
litis and hypophysitis, while thyroiditis and pneumonitis are more commonly observed
in patients treated with anti-PD-1 therapy [15, 29]. IrAEs are common, with toxicity of any
grade occurring in up to 90% of patients treated with anti-CTLA-4 antibody and up to
70% of patients treated with PD-1 or PD-L1 antibodies [30]. There is, however, a wide
variety of tumour types with vary immune microenvironments resulting in different pat-
terns of incidence, type and grade of IrAE. A a meta-analysis of patients with cancer that
received therapy with nivolumab, pembrolizumab, atezolizumab, durvalumab and
avelumab revealed an incidence of IrAEs of any grade of 26.8% and high / severe grade of
6.1% globally. This analysis represented over 12,000 patients in 46 studies. Additionally,
the organ specific toxicities were variable for each agent, for example, skin involvement
was the most prevalent site of irAEs of all grades induced by nivolumab, followed by
gastrointestinal tract, endocrine system, liver, lung, and kidney. Of note, severe grade
events induced by nivolumab were observed most commonly in the gastrointestinal tract
and liver [30]. The spectrum is also different for combination treatment with multiple ICIs,
with chemotherapy and/or tyrosine kinase inhibitors. When immune checkpoint blockage
is combined, they are both more prevalent and more severe. Why IrAEs arise in some
people but not others is not entirely understood. The potential risk factors for IrAEs have
been examined in several studies, including autoimmune disease history, age, ethnicity,
elevated body mass index, genetic variables, and differences in the microbiologic makeup
of patients' gut flora [31-33].

3. Management of IrAEs

Immune-related adverse events result from host immune response directed against
normal organs. As a result, the mainstay of treatment in the acute setting is immunosup-
pression with oral corticosteroids, high dose steroid therapy, or additional immunosup-
pressants in more severe or refractory cases [34]. For steroid-refractory cases, early initia-
tion of additional immunosuppressants or plasmapheresis can be considered. This is often
with the close guidance of disease specific subspecialists [34]. Examples of immunomod-
ulatory agents that may be used for IrAE management include infliximab, tumour necro-
sis factor inhibitors (TNFi), mycophenolate mofetil, anti-thymocyte globulin (ATG), cal-
cineurin inhibitors, methotrexate, or intravenous gammaglobulin (IVIG)[34]. The man-
agement of immunotherapy toxicities is guided by Common Terminology Criteria for Ad-
verse Events (CTCAE - Version 5.0) grade of severity [35], type, and number of adverse
events [25-27].

In general, immunotherapy treatment can be continued with close monitoring for
grade 1 IrAEs [36]. For grade 2 IrAEs, corticosteroid treatment with 0.5-1 mg/kg predni-
sone/equivalent is recommended. In such cases, immunotherapy should be withheld until
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resolution of the toxicity to severity less than or equal to grade 1. For Grade 3 IrAEs, im-
munotherapy should be discontinued. However, in selected circumstances or the case of
endocrine toxicities not treated with steroids, retreatment with ICIs may be considered
when IrAEs improve to Grade < 1. In severe grade cases treatment with high dose steroids
(oral prednisolone 1-2 mg/kg/day or IV equivalent) should be commenced with a slow
taper over 4-6 weeks. Longer steroid tapers (6-8 weeks or more) may be required, espe-
cially in the case of pneumonitis and hepatitis [14, 34, 37].

4. Clinical trials in IrAEs

In addition to their use in comparing novel immunotherapy treatments to the current
standard of care, clinical trials have been developed and initiated to understand aspects
of safety of ICIs including the natural history of irAEs and the safety and efficacy of ICIs
in high-risk populations, including those with pre-existing autoimmune disease and solid
organ transplant [38-40].

Patients with autoimmune disease often experience symptoms of local or systemic
inflammation, and if these symptoms are in the same organ, may constitue a ‘flare” phe-
nomenon. The use of immunotherapeutic agents in patients with both malignancy and
autoimmune disease may result in a greater incidence or severity of irAEs or may induce
exacerbations of the underlying autoimmune disease itself [10, 19, 24]. As a result, co-
existence of autoimmune disease is a common exclusion criterion in clinical trials [33].
Resultantly, there is lack of evidence on the safety of immunotherapeutic agents in this
setting and there is no framework for the management of such patients. A Phase Ib obser-
vational trial is ongoing, exploring the use of nivolumab in patients with autoimmune
disorders and advanced, metastatic or unresectable cancer to assess safety This includes
the incidence of dose-limiting toxicity (DLT), and other toxicities associated with the use
of nivolumab in patients with varying severity of common autoimmune disorders
[NCT03816345].

Patients with solid organ transplants such as renal transplant represent another high-
risk group for ICI treatment for cancer [40]. It is well-established that patients with kidney
transplants are at a higher risk of developing cancer than the general population, primar-
ily due to long-term immune suppression to prevent immune mediated transplant rejec-
tion [41]. Renal transplantation is generally an exclusion criterion and case study evidence
suggest that 20-50% of patients experience transplant rejection from immunotherapy me-
diated by T-cell targeting of the graft [17]. A Phase I clinical trial (NCI-2019-00239] was
developed in 2019 to explore the anti-tumor efficacy and safety of the combination of tac-
rolimus, nivolumab, and ipilimumab patients with kidney transplants and unresectable
or metastatic cancer suitable for ICI therapy. The primary objective of this ongoing trial is
to estimate the proportion of patients with kidney transplants and advanced cancers suit-
able for ICI as a standard therapy would derive clinical benefit from prednisone, tacroli-
mus, and nivolumab, without allograft loss. Results of this trial would, therefore, inform
clinicians on the safety of nivolumab on graft rejection and provide data on the efficacy of
treatment in this high-risk population.

5. Trials to Optimize Treatment of irAEs
5.1. Colitis

Gastrointestinal tract (GI) irAEs, such as diarrhoea/colitis, can be common, for exam-
ple 27-31% of patients treated with ipilimumab monotherapy will experience gastrointes-
tinal tract symptoms of any grade, rising to 45% for those on combination therapy [13, 21,
42, 43]. Life-threatening diarrhoea/colitis (i.e., grade 3-4) can occur in about 3% of patients
receiving anti-PD-1 monotherapy, 6% of patients receiving anti-CTLA-4 monotherapy,
and 9% of patients receiving dual therapy with ipilimumab and nivolumab [13, 21]. Hold-
ing immune checkpoint inhibitor medication, initiating high-dose steroids (1-2 mg/kg/d),
and adding infliximab or vedolizumab if symptoms in cases that are steroid-refractory are
the conventional treatments for severe immune-related diarrhoea/colitis. Although not all
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patients require treatment beyond steroids to achieve colitis remission, the early inclusion
of secondary immunosuppression may lower hospitalizations and increase the likelihood
of a successful steroid taper for the immune-related side effects of diarrhoea/colitis. In
2009, Weber et al. published a randomized, double-blind, placebo-controlled, phase II
study comparing the tolerability and efficacy of ipilimumab with or without budesonide
for unresectable stage III or IV melanoma in which they demonstrated that ipilimumab
shows activity in advanced melanoma, with encouraging survival and manageable ad-
verse events. They also concluded that budesonide should not be used prophylactically
for grade >or=2 diarrhea associated with ipilimumab therapy as it was proven to be effec-
tive in this study population [44].

There are several ongoing trials aiming to explore more specific methods to treat im-
mune-related diarrhoea/colitis beyond corticosteroids. For example, a phase I/II clinical
trial [NCI-2019-04986] is testing the use of either Infliximab or Vedolizumab in patients
who develop immune-related colitis after immunotherapy for either genitourinary can-
cers or melanoma, after failure of corticosteroids.

Additionally, in 2021, a phase 2 interventional, open label, randomized trial (Eu-
duraCT 2020-005793-10) to assess the efficacy and treatment duration of vedolizumab for
immune-mediated colitis was initiated and enrolled 84 patients. The underlying hypoth-
eses are that in the setting of immune-related colitis, vedolizumab induces the remission
of colitis, reduces progression from grade 2 to more severe colitis, decreases the need for
corticosteroids, is not associated with severe adverse events or increased risk of tumour
progression and allows reintroduction/continuation of immunotherapy. This prospective
trial will inform on the benefit of vedolizumab in the management of immune-related
colitis and as a corticosteroid sparing therapy.

Lastly, Tofacitinib, a JAK kinase inhibitor, is an established therapy for ulcerative
colitis refractory to corticosteroid based on the OCTAVE studies (EuduraCT 2011-004581-
14) [45-48]. Subsequently, it was reported in a single case to effectively treat immune re-
lated colitis secondary to pembrolizumab treatment that was refractory to corticosteroids,
infliximab and vedolizumab [49]. A single arm, phase 2 pilot study (CR2108KE) was thus
developed to evaluate the efficacy and safety of tofacitinib in patients with immune-re-
lated colitis from ICI therapy that have failed corticosteroid and at least one biologic ther-
apy. The primary objective of this study is to determine the efficacy of tofacitinib in in-
ducing clinical remission of immune-related colitis, as measured by the proportion of pa-
tients who experience diarrhoea resolution to grade <1 by CTCAE v5.0, without the re-
quirement for additional immunosuppression (e.g., corticosteroids, biologics, or other im-
munosuppressors targeted for colitis) 8 weeks post-first dose of tofacitinib. The data from
these trials will refine the management of ICI-colitis and allow a more tailored, structured
and evidence-based approach.

5.2. Pneumonitis

Pneumonitis is defined as inflammation of the lung parenchyma. It is the most com-
mon pulmonary toxicity associated with immunotherapy and has variable clinical presen-
tation, severity and radiological findings [14]. Inmunotherapy-related pneumonitis, also
called checkpoint inhibitor pneumonitis (CIP) is most common in patients with non-small
cell lung cancer (NSCLC) and renal cell carcinoma (RCC). It is also more frequently ob-
served with PD-1/PD-L1 therapy than with CTLA-4 inhibitors, although the highest rates
are observed with dual therapy [50]. The severity of CIP ranges from asymptomatic to
respiratory compromise and has a mortality rate of more than 10% of cases [37]. Thus, an
essential part of monitoring patients taking ICIs is identifying CIP and starting the appro-
priate treatment in a timely manner. CIP can, however, be difficult to diagnose as radio-
logical appearances can mimic disease progression, infection, and chemoradiation-related
pneumonitis [51]. Therefore, patients with new respiratory symptoms, new oxygen re-
quirement or reduction in functional status should be assessed with an urgent CT thorax.
Acute interstitial pneumonitis/diffuse alveolar damage syndrome is the most acute life-
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threatening event and patients commonly experience pneumonitis several months after
treatment, which is later than other IRAEs [51].

The management of pneumonitis is similar to other IrAEs, in that mild cases are man-
aged by withholding therapy, and more severe cases are managed with corticosteroids.
Other forms of immunosuppression may be used in severe or refractory cases and typical
ages include infliximab, cyclophosphamide, or mycophenolate mofetil [52]. Additionally
for more severe grades of pneumonitis, consultations from infectious disease and pulmo-
nary physicians may be appropriate to out-rule infectious causes and for investigations
including pulmonary function testing and bronchoscopy.

The Optimizing Immunosuppression for Steroid-Refractory Anti-PD-1/PD-L1 Pneu-
monitis trial (NCI-2018-02825) is a phase 1I, open label, randomised, interventional trial to
optimise immunosuppression for steroid-refractory anti-PD-1/PD-L1 pneumonitis by
studying the comparative effects of infliximab and intravenous immunoglobulin. This
trial examines infliximab and intravenous immunoglobulin treatment of steroid refractory
pneumonitis. It is currently unknown if infliximab and intravenous immunoglobulin ther-
apy improves pneumonitis. Given the severity and high mortality rates of ICI-related
pneumonitis, early intervention with the most effective agent is essential for favourable
clinical outcomes. This trial will therefore inform the best strategy to manage steroid re-
fractory ICI-pneumonitis, an area in which little is known.

5.3. Myocarditis

Traditional cytotoxic chemotherapy and novel cancer therapies may result in a vari-
ety of cardiotoxicities, ranging from heart failure to arrhythmias. In contrast to more com-
mon IrAEs that which have a low associated mortality between 2-5%, myocarditis has a
high rate of mortality of 20-50% [53-56]. ICI-related myocarditis has a reported incidence
of 0.04% to 1.14%. Indeed, combination therapy almost doubles the incidence of and mor-
tality from myocarditis [37]. The time to onset of immunotherapy induced myocarditis is
also highly variable with Mahmood et al. describing a median onset of 34 days and 81%
of cases presenting in the first three months, with reports of presentations as delayed as
450 days [54]. A second study published by Escudier et al. described a time to onset range
of 2 to 454 days, with a median of 65 days [57]. There was an average of 3 infusions ad-
ministered before cardiotoxicity diagnosis [57]. These data, therefore, suggest that the ma-
jority of cases will present within the first 2 months, although the diagnosis should still be
considered for all patients on immunotherapy with relevant and significant symptoms.

The exact mechanism of ICI-related myocarditis is unclear. Suggested mechanisms
include a shared antigen between the tumour and myocardium, T-cell receptor targeting
a different but homologous muscle antigen as the tumour antigen, or certain T-cell recep-
tors targeting dissimilar antigens [53]. It is possible that the mechanism may be analogous
to proposed mechanisms of viral-mediated myocarditis i.e. the tumour and myocardium
have similar antigens that are targeted in a mechanism of molecular mimicry [58]. This
mechanism would support the finding that that the myocardium displays histological in-
filtration by T lymphocytes [53]. There have also been reports that PD-L1 is expressed on
the myocardium of patients with immune-related myocarditis, supporting this hypothesis
[53].

Similar to other IrAEs, myocarditis is managed primarily with corticosteroid, tailored
to grade severity [60-62]. Steroid refractory or severe immune-related myocarditis has
been treated successfully with additional immunosuppressants including intravenous im-
munoglobulin, mycophenolate, infliximab, anti-thymocyte globulin, plasmapheresis,
alemtuzumab, and abatacept [60, 61, 63-65]. Indeed, the American Heart Foundation
(AHA) recommend the use of additional immunosuppressants in such cases. Addition-
ally, a multi-disciplinary team approach to managing higher grade cases of ICI related
myocarditis is advised, to include early consultation of cardiac specialists.

The AbatacepT foR ImmUne Checkpoint Inhibitor Associated Myocarditis
(ATRIUM) trial [2021P003690] is a phase 3, investigator-initiated, randomized, double-
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blind, placebo-controlled study to assess the efficacy and safety of abatacept in immune-
relaated myocarditis. The investigator’s objective is to examine if abatacept reduces major
adverse cardiac events (MACE) in cases of immune-related myocarditis. Abatacept func-
tions to suppress T lymphocyte activation by binding CD80 and CD86, blocking its inter-
action with CD20 [60]. In animal models of myocarditis, abatacept reduced cardiac auto-
immunity and an increase in survival. However, the evidence for abatacept for patients
with immune-related myocarditis is lacking. Therefore, the ATRIUM study aims to assess
the effect of abatacept concurrently administered with corticosteroid in MACE in patients
with recently diagnosed immune-related myocarditis. The authors estimate enrolment of
390 patients and the trail will continue for 5 years. The results of this trial will provide
evidence on the use of abatacept in the management of ICI myocarditis. Additionally, in
2023, Salem et al. published on a strategy for identification of individuals with severe ICI-
myocarditis by also screening for and managing concomitant respiratory muscle involve-
ment, as well as treatment with CTLA4-fusion protein abatacept and the Janus-kinase in-
hibitor ruxolitinib. Forty cases with ICI-myocarditis were included with concomitant my-
ositis in most patients. In the first 10 patients, using recommended guidelines, myotoxi-
city-related fatality occurred in 60% of patients. In the subsequent 30 cases, active ventila-
tion and treatment using ruxolitinib and abatacept reduced mortality to 3.4% [1/30]
vs.60% in 1st quartile (p<0.0001) [66].

6. Discussion

The discovery of immune checkpoint proteins represents a significant breakthrough
in the field of cancer immunotherapy. However, not all patients respond favourably to
these drugs, and many develop IrAEs. IrAEs range in severity from mild to severe and
can often be life threating resulting in death. In cases of moderate to severe toxicity, the
ICI, which may be providing measurable clinical benefit, is often withheld. The standard
treatment of such IrAEs is with corticosteroids, either orally or intravenously, with limited
evidence for alternative immunosuppressive agents including infliximab, cyclophospha-
mide, mycophenolate and intravenous immunoglobulin. The evidence for the use of these
agents comes primarily from case study series, retrospective studies and personal experi-
ence of the treating physician. The gold standard test to examine the safety and efficacy
of these agents is the prospective double-blind, randomised, interventional clinical trial
and a number of these have been initiated over recent years for various agents and various
IrAEs.

In this narrative review we provide a comprehensive overview of prospective trials
that aim to improve our understanding of how to manage irAEs. For IrAEs, numerous
interventional trials have been recently initiated including those for myositis, colitis and
pneumonitis, as previously discussed. Without such prospective trials the field would
continue to rely heavily on case study series and retrospective data and guidelines which
are based primarily on same.

The role and need for well-designed randomised, interventional clinical trials are
well known, however, the field has been slow to develop these for a number of reasons.
The management of IrAEs requires multidisciplinary teams which are largely not set up.
As aresult, organ specialists and oncologists may conduct trials independently. Addition-
ally, difficult to treat, corticosteroid refractory irAEs are more challenging to conduct, re-
sulting in longer accrual periods. This results in clinicians are often treating patients in the
absence of guidelines that are driven by the highest level of evidence. In progressing the
field, it is essential that prospective interventional studies are developed to study the com-
parative safety and efficacy of agents to treat irAEs and to update guidelines to ensure
best practice is standardised for the benefit of all patients receiving ICI treatment. Addi-
tionally, where possible, observational studies will compliment these, and may assist us
to better understand the effects of ICIs in at-risk populations.

ICI treatment has completely transformed cancer immunotherapy. The discovery of
immune checkpoints such as CTLA-4 and PD-1 has unquestionably aided the
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advancement of cancer immunotherapy. They provide a marked, and often sustained, re-
sponse in patients with metastatic disease. Given the high rates of irAEs and the current
lack of clinical trial data to support their management, it is imperative that more clinical
trials are initiated to help significant morbidity and mortality secondary to these agents.
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