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Immune checkpoint inhibitors (ICIs) have become a cornerstone of treatment for many solid organ malignancies.
Alongside increasing use, the occurrence of immune-related adverse events (irAEs) has also increased and remains a
significant challenge when treating patients with ICI. The underlying pathophysiology of irAE development for many
organ systems is yet to be elucidated, but may involve unmasking of latent autoimmunity, increased T-cell
recognition of shared antigens on cancer and normal tissue and ICI-triggered immune dysregulation with
overactivation of proinflammatory pathways and suppression of immune control pathways. Management strategies
for irAEs have historically been borrowed from paradigms for conventional autoimmune conditions such as
inflammatory bowel disease and autoimmune hepatitis; however, recent translational efforts have clearly
demonstrated key differences in underlying immune signalling pathways. As we begin to understand these
differences, we must adapt a more targeted approach to immunosuppression and exercise a more nuanced
approach with the multiple biologic agents available to mitigate ICI-related toxicity without reversing the
antitumour effect of ICI. In this review, we focus on three key immune-related toxicities where recent clinical and
translational work has provided nuanced insights into pathogenesis and treatment strategies: enterocolitis, hepatitis
and cardiovascular toxicity including myocarditis.
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INTRODUCTION

Over the past two decades, immunotherapy has become a
cornerstone of treatment for multiple solid organ malig-
nancies. Immune checkpoint inhibitors (ICIs) are mono-
clonal antibodies targeting anti-cytotoxic T-lymphocyte
antigen-4 (CTLA4), anti-programmed cell death protein 1
(PD-1)/programmed death-ligand 1 (PD-L1) and anti-
lymphocyte activating-3 (LAG3). ICIs inhibit negative
immune regulation pathways, inducing an augmented
anticancer immune response. However, ICIs may cause
collateral off-target immune-related adverse events (irAEs)
affecting any organ system, which can limit ongoing ICI use
for tumour control, impact quality of life and lead to sig-
nificant morbidity and mortality. The risk of irAEs differs
between ICI regimens, with approximate rates of grade �3
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events of 7%-28% for single-agent anti-PD-1/anti-PD-L1
monotherapy1-3 versus 48%-59% for combination anti-PD-
1/CTLA42-4 and 19% for combination PD-1/anti-LAG3.5

Multiple mechanisms have been proposed for irAE
development, including unmasking of subclinical or latent
autoimmunity, increasing T-cell recognition of antigens co-
expressed on cancer and normal tissue and triggered im-
mune dysregulation with overactivation of proinflammatory
pathways and suppression of immune control pathways.6

Probability of irAE development is influenced by ICI agent,
the organ-specific immune environment and primary
tumour type (likely related to tumour neoantigens).7 irAEs
are customarily graded according to the Common Termi-
nology Criteria for Adverse Events (CTCAE) version 5.0;
however, as we gain experience with irAEs, more nuanced
criteria are needed to guide management. Personalised
treatment for irAEs is currently poorly defined, relying on
untargeted immunosuppression initially with systemic
corticosteroids to dampen immune activation. Several
steroid-sparing agents have additionally been adopted, with
efficacy extrapolated from the management of idiopathic
autoimmune disorders. Importantly, these agents may have
significant effects on immune signalling and may impact the
https://doi.org/10.1016/j.iotech.2024.100704 1
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Table 1. Immunomodulatory agents used in enterocolitis, hepatotoxicity and myocarditis

Agent Mechanism Effect on antitumour response Uses

Corticosteroids Supressed T-cell activation, migration and differentiation Likely negative effect
early in ICI course
or in high doses
Inconclusive effect on
survival outcomes11,16

Most irAEs

Topically acting corticosteroids
Budesonide
Beclomethasone dipropionate

Binds and activates glucocorticoid receptors,
with limited systemic absorption due to
high first-pass metabolism

Less negative impact than
systemic corticosteroids

Microscopic colitis17,18

Hepatitis19

Ursodeoxycholic acid
Supportive alongside steroids

Various choleretic effects No impact Cholangitis20

Mycophenolate mofetil Inhibits proliferation of T and B lymphocytes Inconclusive Colitis
Hepatitis
Myocarditis21

Infliximab
5 mg/kg i.v., repeat 10 mg/kg i.v. if
no response

Anti-TNF-a
Neutralisation of inflammatory macrophage-derived
TNF-a

Likely maintained9,10 Colitis
Hepatitis

Vedolizumab
300 mg i.v. at weeks 0, 2 and 6, and
then every 8 weeks

Anti-a4b7 integrin
Blocks interaction of a4b7 integrin with MadCAM-1,
preventing T-cell gastrointestinal homing

Likely no impact22 Colitis22

Ustekinumab
40 mg, then 45 mg after 4 weeks
and then every 12 weeks

Anti-IL-12/23
Inhibits IL-12/23-mediated proinflammatory Th1
and Th17 expansion

Inconclusive Colitis23,24

Hepatitis25

Tofacitinib
Ruxolitinib
Alongside abatacept

JAK-STAT pathway inhibition
Reversal of CD8þ TRM cell activation and IFN-g signalling

Likely maintained 26,27 Colitis26,28

Myocarditis29

Tocilizumab
4 mg/kg i.v., repeat dose within 48 h
Onset: days

Anti-IL-6
Inhibits IL-6-mediated proinflammatory T-cell expansion

Possible positive effect30 Hepatitis31

Abatacept
Alongside ruxolitinib. 500-1000
mg i.v. weekly
Onset: weeks

CTLA4 agonist
Binds B7 ligands preventing T-cell stimulation

Inconclusive Myocarditis29

Faecal microbiota transplant Favourable microbiota profile increases Treg cells,
decreases proinflammatory T effector cells

Possible positive effect32 Colitis33,34

CTLA4, cytotoxic T-lymphocyte antigen-4; i.v., intravenous; ICI, immune checkpoint inhibitor; IL, interleukin; JAK, Janus kinase; STAT, signal transducer and activator of tran-
scription; Th1, T-helper 1; Th17, T-helper 17; TNF-a, tumour necrosis factor-a; Treg, T-regulatory; TRM, tissue resident memory T cells.
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antitumour effect of ICIs. Some patients with grade 3-4
irAEs still experience profound antitumour responses
despite immunosuppression; however, the role of toxicity as
a surrogate for overall survival benefit remains unclear.8

Some immunomodulatory agents may even positively in-
fluence antitumour response, with recent preclinical and
early-phase evidence suggesting that concurrent anti-
tumour necrosis factor-a (TNF-a) and ICI may enhance
antitumour response through preventing anti-PD-1-induced
tumour-infiltrating lymphocyte cell death.9-11 A validated
clinical impact remains unclear, however. The primary goal
of immunosuppressive therapy should be to mitigate ICI-
related toxicity without reversing the antitumour effect of
immunotherapy. This can only be achieved by better un-
derstanding of the pathophysiology and key inflammatory
pathways involved to inform nuanced, targeted manage-
ment paradigms.

Systemic corticosteroids have been the cornerstone of
management of irAEs; however, as they induce apoptosis of
proliferating T cells, they also have clinically relevant im-
pacts on the therapeutic response to ICI.12 Several more
targeted agents have shown efficacy in irAE management
including anti-TNF-a monoclonal antibodies (infliximab),
agents blocking T-cell DNA base production [mycophenolate
mofetil (MMF)], interleukin (IL)-6 inhibitors (tocilizumab)
2 https://doi.org/10.1016/j.iotech.2024.100704
and Janus kinase (JAK) inhibitors (tofacitinib). In severe re-
fractory cases, untargeted agents that have profound ef-
fects on immune signalling may be employed, such as
intravenous immunoglobulin and plasmapheresis to deplete
antibodies, and anti-thymocyte globulin (ATG) leading to
abrupt T-cell depletion. Evidence for many of these agents
comes from case reports or small case series and may not
report on the subsequent effect on cancer outcomes.
Although escalation pathways are typically borrowed from
treatment paradigms for conventional autoimmune condi-
tions, higher doses of initial steroids and rapid escalation in
steroid-refractory disease are often recommended13-15 as,
unlike chronic autoimmune disease, >85% of non-
endocrine irAEs may resolve with early treatment.3 A
summary of recent immunomodulatory agents is provided
in Table 1.

In this review, we focus on three key immune-related
toxicities where recent clinical and translational work has
provided nuanced insights into pathogenesis and treatment
strategies: enterocolitis, hepatitis and cardiovascular
toxicity including myocarditis. Enterocolitis and colitis are
common toxicities occurring in 32%-37% of patients
receiving doublet anti-PD-1 and anti-CTLA4 and 4%-6% of
patients receiving anti-PD-1 monotherapy.35,36 Manage-
ment of gastrointestinal irAEs contributes significantly to
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inpatient burden as the second most common irAE
requiring hospitalisation (after pneumonitis), accounting for
17% of all irAE-related hospitalisations in one academic
centre.37 Recent work has highlighted differences in path-
ogenesis compared to idiopathic inflammatory bowel dis-
ease (IBD), potentially informing new treatment options.
Hepatic toxicity is common and recognition of clinical dif-
ferences between hepatocellular and cholangitic patterns is
helpful in guiding therapy.38 Myocarditis is much less
common (<1%)39 but has an early onset and high relative
mortality so timely recognition and prompt treatment are
vital.

ENTEROCOLITIS

Gastrointestinal (GI) irAEs can involve any part of the GI
tract, most commonly affecting the colon. Severe colitis
occurs in w10%-20%, causing significant morbidity and
leading to permanent discontinuation of ICI in just over half
of patients impacted.40 Whilst mortality is estimated at 1%,
it is the leading cause of death amongst all irAEs.41

Approximately 25% of patients with ICI colitis present
with concomitant enteritis and 10% of patients may present
with inflammation isolated to the upper GI tract (gastritis,
gastroenteritis or enteritis),42 which can be more chal-
lenging to diagnose in practice.
Pathogenesis of enterocolitis

Recent work suggests that ICI colitis is a distinct entity from
idiopathic IBD, with high levels of activated memory CD8þ
T cells and mucosal-associated invariant T cells, not present
in colitis-free patients treated with ICI or in patients with
ulcerative colitis (UC).43 Activation and proliferation of
mucosal CD8þ T cells stimulated by ICIs may induce
recruitment of peripheral CD8þ and CD4þ T-cell pop-
ulations, further driving ICI colitis.44 Tissue resident memory
T (TRM) cells, usually located in colonic mucosa to respond
rapidly to pathogens, are less pronounced in patients with
IBD28,45 and aberrantly increased following ICI, with very
high levels in patients with ICI colitis.43,44 The proportion of
CD8þ TRM cell activation also positively correlates with
clinical and endoscopic colitis severity.43 Notably, patients
with ICI gastritis also have a high proportion of activated
CD8þ TRM cells in gastric mucosa, reinforcing their role
more broadly in ICI-driven GI inflammation. As a result of
T-cell activation, proinflammatory signalling pathways are
up-regulated in CD4þ and CD8þ T-cell clusters in ICI coli-
tis.43,44,46 Patients with ICI colitis exhibit a lower proportion
of T-regulatory (Treg) cells compared to patients with UC;
however, current data are inconclusive as to whether Treg
cells are consistently suppressed in ICI colitis.43,44 None-
theless, the gene expression of Treg cells may change to a
more T-helper 1 (Th1) proinflammatory profile in response
to interferon-g (IFN-g), with subsequent loss of immune
regulatory functions.44 In the presence of proinflammatory
cytokines, CD4þ cells differentiate into mature, proin-
flammatory T-helper 17 (Th17) cells, responsible in part for
chemokines mediating neutrophil recruitment.47
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It is increasingly evident that the gut microbiome also
plays a crucial role in irAEs. Bacteroides intestinalis has been
found to be enriched in patients with CTCAE grade 3-4 ICI
colitis irrespective of baseline microbiota diversity, up-
regulating proinflammatory IL-1b in the mucosal environ-
ment in a murine model.48 However, conflicting data have
not found an association between Bacteroides and coli-
tis.49,50 The balance of butyrate-producing bacteria
(including Faecalibacterium and Agathobacter genera) ap-
pears important and is associated with a lower incidence of
irAEs, and lower incidence of colonic irAEs compared to
non-colonic irAEs.17,18

The proposed mechanisms for ICI colitis are depicted in
Figure 1. Collectively, these data show that ICI colitis is a
distinct entity from IBD with different underlying patho-
genesis and immune signalling dysregulation.
Approach to management

Despite newer evidence for differing pathophysiological
mechanisms, management paradigms for ICI colitis are still
largely borrowed from IBD, although steroids are used in
higher doses and typically ICI colitis resolves without the
need for ongoing immunosuppression unlike IBD. Guide-
lines for management are stratified based on CTCAE
grading, assessing colitis severity based on diarrhoea fre-
quency alone. This approach might underestimate severity,
lacking consideration for endoscopic findings such as deep
ulceration or colitis extent.51 Other scoring systems, such as
the Mayo Endoscopic Scoring system, take into account
both symptoms and endoscopic findings and are gaining
popularity in clinical practice as a more accurate reflection
of colitis severity.52 In two large retrospective studies,
neither CTCAE diarrhoea grade >1 nor biomarkers predic-
tive of clinical severity in IBD (C-reactive protein, albumin,
haemoglobin) correlated with severity of ICI colitis or clin-
ical course.22,35 Conversely, endoscopic and histologic
evaluation was predictive of treatment outcome, with
severity correlating with steroid duration and need for
immunosuppression escalation.22,35 Endoscopy is addition-
ally useful in adequately assessing histologic subtype of ICI
colitis. ICI-related microscopic colitis has been recognised as
a distinct entity in patients with minimal mucosal inflam-
mation on endoscopy but lymphocyte-predominant infil-
trate histologically and demonstrates responses to oral
topically acting steroids (budesonide, beclomethasone
dipropionate),23,24 questioning the need for systemic ste-
roids in these patients. Early endoscopy may therefore be
more helpful than clinical parameters to characterise dis-
ease severity and guide treatment strategy.

Currently, primary management of ICI colitis involves
high-dose corticosteroids, addition of TNF-a blockade for
steroid-resistant disease (occurring in w50%51) and tem-
porary (if grade 2-3) or permanent (if grade �4) ICI
discontinuation.13 In a case series of 10 patients, dose
escalation of infliximab (10 mg/kg, after failure of at least
one dose at 5 mg/kg) led to clinical response in 50% of
patients,25 and may represent a viable option for refractory
https://doi.org/10.1016/j.iotech.2024.100704 3
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Figure 1. Pathways involved in the pathogenesis of ICI colitis. ICI leads to widespread T-cell activation. Increased CD8þ TRM cells and activated CTLs result in release
of proinflammatory cytokines including IFN-g and, via activation of macrophages, TNF-a. Increased CD4þ Th17 cells secrete IL-17, a potent chemokine promoting
neutrophil migration. CD4þ Treg cells convert to a proinflammatory Th1 profile under the influence of IFN-g, losing immune regulatory properties. Proinflammatory
pathways recruit further peripheral immune cells into the inflammatory microenvironment resulting in intestinal inflammation, cell death and disruption to colon
integrity. The influence of the gut microbiome, particularly enrichment with Bacteroides intestinalis, contributes to the proinflammatory environment. Created with
BioRender.com.
CTLA4, cytotoxic T-lymphocyte antigen-4; CTLs, cytotoxic T-cell lymphocytes; ICI, immune checkpoint inhibitor; IFN-g, interferon-g; IL, interleukin; JAK, Janus kinase;
PD-1, programmed cell death protein 1; PD-L1, programmed death-ligand 1; STAT, signal transducer and activator of transcription; TGF-b, transforming growth factor-
b; Th17, T-helper 17; TNF-a, tumour necrosis factor-a; Treg, T-regulatory; TRM, tissue resident memory T cells.
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cases. Vedolizumab is often used as an alternative biologic
in the initial treatment of steroid-refractory disease and
mechanistically may have advantages as a gut-selective
anti-a4b7 integrin agent with less off-target immunosup-
pressive effects. However, a slightly longer time to response
(17.5 versus 13 days with infliximab, P ¼ 0.012)26 may limit
its utility in severe cases. In this study, overall survival was
favourable with greater use of vedolizumab or infliximab
rather than more steroid exposure. Novel integrin agents
being explored for IBD (e.g. broader anti-b7 agent etroli-
zumab) may also have a role in ICI colitis as their efficacy
becomes clearer. For the w20% of patients who are
4 https://doi.org/10.1016/j.iotech.2024.100704
refractory to both steroids and initial biologic agents,51 the
optimal third-line treatment is unclear.

Ustekinumab is a monoclonal antibody specific for the
p40 subunit of IL-12 and IL-23, which is approved for use in
psoriasis and IBD and has been successfully used in psor-
iasiform cutaneous irAE. Clinical evidence for its efficacy in
ICI colitis has been described in case reports of patients
with refractory colitis despite infliximab and vedolizu-
mab.33,34 Recently, ustekinumab was used as a first-line
biologic in a case of concurrent ICI colitis and ICI hepatitis
to avoid the potential hepatotoxicity associated with
infliximab, with successful resolution of both irAEs.25
Volume 21 - Issue C - 2024
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Exploiting our understanding of the integral role of JAK
and IFN-g signalling in the colonic microenvironment, JAK1/
3 inhibition with tofacitinib has shown promise in
treatment-refractory ICI colitis, resulting in rapid resolution
of recurrent ICI colitis and reversal of CD8þ TRM cell acti-
vation and IFN-g signalling, whilst maintaining the anti-
tumour response.46 Similarly, in a small case series of four
patients, all patients achieved steroid-free remission of ICI
colitis following tofacitinib, including one patient with dis-
ease refractory to steroids, infliximab, vedolizumab and
ustekinumab.53 Of those who achieved cancer remission
before initiation of tofacitinib (3 of 4), all remained cancer-
free at follow-up (range 12-71 weeks), which is notable as
JAK inhibition has potential to similarly deactivate intra-
tumoural CD8þ TRM cells integral to the antitumour
response.

Extracorporeal photophoresis induced remission in a case
of refractory ICI colitis via expansion of natural killer cells
and activation of an immune regulatory phenotype. This
area requires more research but could represent a novel
treatment option for the future.54

Faecal microbiota transplant (FMT) has a unique role in
the management of ICI colitis without the need for systemic
immunosuppression, building on emerging work on the
microbiome. Case series have provided a foundation of
evidence for FMT from healthy donors as salvage therapy
for refractory cases of ICI colitis, with a clinical response
rate of 73% in one series of 15 patients, although only 46%
achieved endoscopic remission.55 Early interim results from
a small series suggest that first-line FMT may be efficacious,
providing symptom relief within days and allowed
resumption of immunotherapy in four of seven patients.56 A
prospective study is currently under way exploring the first-
line use of FMT for ICI colitis, abrogating the need for sys-
temic immunosuppression (NCT04038619). The wider role
of FMT in regulating tumour immunity is an area of signif-
icant research,57 and further clinical evidence is required
before FMT can be adopted into routine clinical practice or
treatment algorithms.
Rechallenge and prophylaxis

Rechallenge may be considered in patients who have ach-
ieved clinical remission of their colitis depending on the
severity of their initial ICI colitis. Despite clinical remission,
persistent endoscopic inflammation is associated with an
increased risk of developing recurrent colitis,58 and repeat
colonoscopy may be warranted to stratify individual risk.
Patients with ICI colitis may be less likely to have recurrent
toxicity compared to other initial irAEs.59

Recurrence of colitis on rechallenge appears in part
related to ICI agent used and sequence, with one series
reporting colitis recurrence in 27% of patients switching
from anti-CTLA4 to anti-PD-(L)1 monotherapies, whilst
those switching from anti-PD-(L)1 to anti-CTLA4 experi-
enced recurrence in 88%.60 Colitis may be particularly un-
likely to reoccur when rechallenged with PD-1 monotherapy
after combination ICI, occurring in only 6% (2 of 33 patients)
Volume 21 - Issue C - 2024
in one series.59 At recurrence, colitis is typically not severe
(grade �2), but the majority require systemic immuno-
suppression.60 ICI colitis may also occur de novo on
rechallenge following a different initial irAE, newly occurring
in 50% of patients (10 of 20) in a small retrospective
series.61

There is a growing body of evidence for various agents for
primary and secondary prophylaxis against GI irAEs. In the
largest multicentre series to date, resumption of ICI with
concurrent immunosuppression (n ¼ 77; 33 infliximab, 44
vedolizumab) was associated with a reduced risk of recur-
rence of severe colitis or diarrhoea compared to controls
(n ¼ 61) rechallenged without immunosuppression (20.8%
versus 34.4%, P ¼ 0.036), with less severe endoscopic
findings at recurrence and no difference in survival out-
comes.62 Interestingly, results favoured the prophylaxis
group despite a larger number of patients in the control
group switching from anti-CTLA4 regimen to anti-PD-(L)1,
typically associated with a lower risk of recurrence. There
were lower rates of immunosuppression-related toxicity in
the vedolizumab group (11.4% versus 18.9%) and numeri-
cally less recurrence in the vedolizumab group, but the
study was not randomised or powered to draw conclusions
between agents and warrants prospective investigation.
Primary prophylaxis with budesonide has been explored in
an early placebo-controlled study in advanced melanoma
treated with ipilimumab, but did not find any significant
difference in rates of diarrhoea.63

HEPATOTOXICITY

ICI-mediated hepatotoxicity generally presents as an
asymptomatic acute transaminitis generally within 3
months of ICI initiation, with higher risk in anti-CTLA4
agents [odds ratio (OR) 5.01 versus 1.94 for anti-PD-1]
and melanoma compared to other tumour types (OR 5.66
versus 2.71).64 Liver biopsy remains useful in patients not
responding to steroid immunosuppression, primarily to rule
out other causes of acute hepatitis [e.g. viral, autoimmune
hepatitis (AIH), drug induced], and to establish the pattern
of inflammation. Non-alcoholic fatty liver disease has
emerged as a potential risk factor for the development of
ICI hepatitis, even in the absence of being overweight ac-
cording to body mass index.65
Pathogenesis of hepatotoxicity

ICI hepatitis represents a distinct pathology to conventional
AIH on histopathological analysis. Interface hepatitis with
piecemeal necrosis, plasma cell infiltration and rosette for-
mation are characteristic of AIH,66 while ICI hepatitis is
characterised by panlobular lymphocytic infiltrate (typically
zone 3) and an absence of plasma cells and rosette for-
mation.67 Hepatotoxicity from anti-CTLA4 agents may
additionally feature granulomatous lesions associated with
central vein endotheliitis and fibrin deposition.19

Proposed mechanisms for ICI hepatitis are shown in
Figure 2. Due to the high antigen load of the portal cir-
culation, the liver has a unique immune environment
https://doi.org/10.1016/j.iotech.2024.100704 5
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Figure 2. Pathways involved in the pathogenesis of ICI hepatitis. ICIs are proposed to cause clonal expansion of CD8þ CTLs and to a lesser extent expansion of Th1
and Th17 CD4þ T cells which may directly cause cytotoxic cell damage. Clonal expansion of CD8þ CTLs is proposed to overcome immune tolerance and indirectly
cause cell death via loss of tolerance and erroneous cytotoxic targeting of self-antigens. The innate immune system may be key in ICI hepatitis via ICI activation of
monocytes and an increased number of MoMs resulting in a proinflammatory environment resulting in hepatocyte apoptosis. Finally, suppression of Treg cells leads to
loss of anti-inflammatory negative feedback. Created with BioRender.com.
CTLA, cytotoxic T-lymphocyte antigen; CTLs, cytotoxic T lymphocytes; ICI, immune checkpoint inhibitor; MoM, monocyte-derived macrophages; PD-1, programmed cell
death protein 1; PD-L1, programmed death-ligand 1; TGF-b, transforming growth factor-b; Th1, T-helper 1; Th17, T-helper 17; Treg, T-regulatory.
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reliant on maintenance of immune tolerance, distinct from
many other organs affected by irAE.68 Phenotypic and
transcriptional profiling of peripheral immune subsets in
patients with ICI hepatitis reveals increased CD8þ cyto-
toxic T lymphocytes (CTLs) in peripheral circulation and
the liver inflammatory microenvironment, with resultant
expression of proinflammatory effector molecules (intra-
cellular granzyme B, perforin) proposed to result in he-
patocyte damage.69 CD4þ T cells are also increased, with
preferential clonal expansion of Th1 and Th17 CD4þ
helper cells which secrete proinflammatory cytokines and
stimulate the innate immune system.20 Loss of immune
tolerance is compounded by suppression of Treg cells.60

Cross-talk between the innate and adaptive immune
systems in ICI hepatitis is suggested by co-localisation of
CD68þCCR2þ (C-C chemokine receptor type 2þ) macro-
phages and CD8þ CTLs in liver biopsies.69 Transcriptional
profiling of patients with ICI hepatitis reveals an increase in
circulating monocytes, with increased cell surface expres-
sion and soluble levels of CD163þ (representing an acti-
vated phenotype) and increased levels of tissue homing
receptor CCR2 compared with healthy controls and
6 https://doi.org/10.1016/j.iotech.2024.100704
hepatitis-free patients exposed to ICI.69 Monocyte-derived
macrophages (MoMs) isolated from these patients in vitro
expressed proinflammatory properties (secreting IFN-g, IL-
1b, IL-6, IL-12p70, TNF-a), suggesting that circulating
monocytes may be recruited to the liver with increased
differentiation into MoM and their proinflammatory effects
may play a key role in ICI hepatitis.69

In contrast to a transaminitis, primary cholestatic
derangement indicates dominant ICI cholangitis distinct to
ICI hepatitis, which may be under-recognised in practice
given its relative rarity.38 Distinct histologic subtypes of ICI
cholangitis have emerged, with large-duct pathology
defined by hypertrophy, dilation and fibrosis of the ductal
wall and more significant elevation in alkaline phosphatase,
while small duct disease exhibits a CD8þ-predominate
infiltrate in the small ducts leading to periductal fibrosis,
retraction and bile duct loss that may not be evident on
imaging.38 Recognising the pattern of liver tox-
icitydhepatocellular, cholestatic or mixed (chol-
angiohepatitis)dis an important step in predicting response
to corticosteroids as ICI cholangiohepatitis is more re-
fractory to steroids.31
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Approach to management

Whilst active surveillance can be considered in a well pa-
tient with transient grade �2 derangement, corticosteroids
remain an effective first-line management of persistent or
severe (grade �3) ICI hepatitis.13 Evidence for the efficacy
of budesonide in ICI hepatitis is growing, extrapolated from
AIH, with a beneficial adverse effect profile compared to
prednisolone.70 Approximately one-quarter of patients will
have steroid-refractory disease71 unrelated to initial steroid
dose, with similar hepatitis outcomes for patients receiving
methylprednisolone 1 mg/kg/day compared to �1.5 mg/
kg/day, although with reduced risk of steroid-related com-
plications.21 ICI cholangitis is particularly refractory to cor-
ticosteroids (response rate 11.5%) but this may be improved
when combined with ursodeoxycholic acid (response rate
28.6%),31 so should be considered early in the course for
these patients. In most cases liver enzymes improve, but
only a minority return to normal (<10%) and recovery is
protracted with 90% of recovery occurring after 3 months.38

In the second line, infliximab is best avoided due to its
own potential for drug-induced liver injury.72 Several man-
agement guidelines suggest MMF as a second-line agent for
hepatotoxicity without robust evidence of superiority over
other agents (e.g. azathioprine, with wider side-effect pro-
file and need for blood test monitoring). There is no clear
consensus regarding the timing of escalationdcurrent Eu-
ropean Society of Medical Oncology (ESMO) and American
Society of Clinical Oncology (ASCO) guidelines suggest
addition of MMF after 48-72 h of no improvement,13,14

supported by a recent meta-analysis showing that time to
return to normal was improved with the early addition of
second-line immunosuppressants (median time to recovery
37.7 days versus 47.6 days for steroid monotherapy).73 In
contrast, current Society for Immunotherapy of Cancer
(SITC) guidelines advocate for initiation of second-line MMF
at 10-14 days if no improvement.15 Third-line treatment is
not defined, with case reports and series describing use of
various agents such as tocilizumab, tacrolimus, cyclo-
sporine, azathioprine and ATG. Cytokine-directed therapy
with anti-IL-6 (tocilizumab) has shown promise in
steroid-refractory ICI cholangiohepatitis, informed by an
underlying immune signature on baseline biopsy high in
proinflammatory cytokines (IFN-g and induced chemokines
including IL-6). In a case series of three patients with this
biomarker profile, all achieved rapid clinical and biological
remission after 1-2 doses.74
Rechallenge and prophylaxis

Evidence for rechallenge indicates a recurrence risk of 17%-
35%59,75,76 with lowest rates reported after PD-(L)1
rechallenge following combination ICI59; however, compar-
ison is limited given the heterogeneity between studies. In
one report, 25% of recurrences were grade 4, and highest in
those with documented bile duct injury,75 although another
series found no association with previous pattern of liver
injury.76 There are currently no prospective data to support
prophylactic immunosuppression on rechallenging patients
Volume 21 - Issue C - 2024
with ICI; however, when low-dose immunosuppression has
been continued, it does not appear to modify the risk of
hepatitis recurrence.75 Interestingly, in a prospective study,
75% of patients who experienced recurrence had an un-
derlying autoimmune disorder or positive antinuclear anti-
body (titre �1/80) (versus 26.7% without, P ¼ 0.037),
which may serve as a biomarker for recurrence risk.71

CARDIOVASCULAR TOXICITY

Cardiac complications are relatively infrequent irAEs,
although their low frequency is offset by high associated
morbidity and mortality, with reported mortality rates up to
50%.77 Although myocarditis is the most well-known, it is
increasingly recognised that cardiovascular complications of
ICI are heterogeneous and include increased rates of acute
coronary syndrome, pericardial disease and arrhyth-
mias.29,78,79 The strongest established risk factor for car-
diovascular complications is combination ICI.77 Prospective
studies are increasingly recognising cardiovascular toxicity,
likely under-identified in previous retrospective analyses.
When studies incorporated regular troponin monitoring,
higher rates of myocarditis have been notedde.g. 1.7% in
combination nivolumab and relatlimab and 0.6% with
nivolumab monotherapy in RELATIVITY-0475 compared to
no reported myocarditis in either combination ipilimumab
and nivolumab, or nivolumab or ipilimumab groups in
CheckMate-067 where routine cardiac monitoring was not
employed.3 Pericardial disease accounts for 0.4% of adverse
events attributed to ICI in pharmacovigilance studies,
occurring fourfold higher in ICI-treated patients than in
controls.29 Case reports of takotsubo cardiomyopathy sec-
ondary to ICI therapy have also been reported.80
Pathogenesis of cardiac toxicity

The underlying pathophysiology of ICI myocarditis is largely
driven by clonal expansion of autoreactive cytotoxic CD8þ T
cells specific for a-myosin in skeletal and cardiac muscle,
leading to an extensive lymphohistiocytic infiltrate and
myocyte necrosis81,82 (Figure 3). Cardiomyocyte PD-L1
expression is up-regulated in response to stress such as
ischaemia or hypertrophy,83 and T-cell infiltration of the
myocardium with detectable PD-1 and PD-L1 has been re-
ported in cynomolgus monkey models following ICI treat-
ment.84 Macrophages have also been implicated and an
expansion of cardiac CCR2þ macrophages, which express
an inflammatory phenotype, has been observed in both
mice and humans with ICI myocarditis.85 The exact mech-
anism remains unclear, but it is proposed that CD8þ T cells
producing IFN-g lead to the differentiation of chemokine (C-
X-C motif) ligand 9 (Cxcl9) and chemokine (C-X-C motif)
ligand 10 (Cxcl10) CCR2þ macrophages from CCR2þ
monocytes. Blocking IFN-g signalling emerges as a pro-
spective target for the treatment of ICI myocarditis in the
future.

Relatively short time to symptom onset (median 31
days)77 and rapid improvement after corticosteroid admin-
istration further suggest that ICI myocarditis may not
https://doi.org/10.1016/j.iotech.2024.100704 7
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Figure 3. Pathways involved in the pathogenesis of ICI myocarditis. In a healthy state, immune checkpoints (CTLA4, PD-1) maintain immune tolerance by preventing
autoreactive T-cell activation in the presence of self-antigens (e.g. a-myosin) and maintain T-cell anergy. ICIs block immune checkpoints (red crosses), which may result
in activation of autoreactive CD8þ T cells that evade central tolerance, clonally proliferate in the peripheral blood and directly attack a-myosin antigens on car-
diomyocytes resulting in myocyte inflammation and cell death. Migration and expansion of CCR2þ macrophages and resulting proinflammatory cytokine release
further contribute to myocyte inflammation. Created with BioRender.com.
APC, antigen presenting cell; CTLA4, cytotoxic T-lymphocyte antigen-4; ICI, immune checkpoint inhibitor; IFN-g, interferon-g; PD-1, programmed cell death protein 1;
PD-L1, programmed death-ligand 1.
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represent an off-target effect but rather a direct complica-
tion of shared immune-protection pathways between can-
cer and cardiomyocyte cells. This underpinning
pathophysiology also explains concomitant myositis in the
vast majority of patients (95% abnormal muscle biopsy),
with a comparably high frequency of respiratory muscle
involvement compared to other causes of myositis.86 The
rare but often fatal overlap syndrome of myasthenia gravis,
myositis and myocarditis is less well understood but is
commonly seropositive for muscle-specific or myasthenia
gravis-specific autoantibodies,14 and patients presenting
with any one of this triad should be assessed for all three.15

Aside from myocarditis, ICI is also associated with four-
fold increased risk of myocardial infarction suggesting that
atherosclerotic complications may be common and
frequently overlooked.78 Autopsy studies have demon-
strated greater T-cell infiltrate within coronary arteries in
ICI-treated patients compared to non-ICI patients,87 while
increased inflammatory cytokines from activated T cells
within atherosclerotic plaque may destabilise plaque,
increasing infarction risk.
Approach to management

Assessment of pre-treatment risk and diagnosis of ICI
myocarditis remain challenging due to heterogeneity in
presentation and absence of accurate and specific tests.
Less than half of patients have reduced left ventricular
ejection fraction (LVEF <50%) on presentation,77 limiting
the value of routine echocardiography. Advanced imaging
techniques for tissue characterisation such as cardiac
8 https://doi.org/10.1016/j.iotech.2024.100704
magnetic resonance imaging (MRI) are impeded by limited
access,88 may be non-diagnostic at presentation or have
non-specific abnormalities (present in one-third of patients
with cancer even before ICI initiation).16,27 Serum bio-
markers such as troponin-I are sensitive for myocarditis but
lack specificity.

Up to half of patients initially suspected of ICI myocarditis
will have an alternative case found, reinforcing the impor-
tance of expedited and thorough diagnostic work-up;
however, this must be balanced with the need for early
immunosuppressive therapy.30 Initial work-up ideally in-
cludes serial biomarkers including troponin, brain natri-
uretic peptide and creatine kinase, serial
electrocardiograms, at least 24 h of telemetry, echocardi-
ography (ideally three-dimensional LVEF and global longi-
tudinal strain measurement) and preferably cardiac MRI.
Invasive or computed tomography (CT) coronary angiog-
raphy, CT pulmonary arteriography or endomyocardial bi-
opsy should also be pursued in patients with risk factors, a
consistent clinical picture for an alternative diagnosis, or
where the diagnosis is unclear.

Management guidelines for ICI myocarditis are largely
based on myocarditis of different aetiology.89 Once ICI
myocarditis appears likely, high-dose intravenous methyl-
prednisolone (500-1000 mg daily) should be commenced.
Early steroid initiation is important, with improved out-
comes in patients treated within 24 h versus >72 h after
symptom onset.90 Despite initial rapid clinical improvement,
up to 67% are steroid refractory91 and guidance on effica-
cious second-line agents is limited.14 Despite recommen-
dation in some guidelines,14 evidence for infliximab in ICI
Volume 21 - Issue C - 2024
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myocarditis is largely taken from case reports and there is
concern around the association between TNF-a agents and
cardiovascular events. Alterative second-line agents include
MMF, tocilizumab or ATG.13-15 A recent and promising
strategy involves combination JAK inhibitor (ruxolitinib) to
rapidly suppress T-cell cytokine sensing and proliferation,
and anti-CD80/86 CTLA4-immunoglobulin (abatacept) with
a delayed yet more durable suppression of T-cell expan-
sion.86 Within this small study of 40 patients, only 1 (3.4%)
died from myocarditis (versus historic rates of 60%).
Importantly, active surveillance for respiratory muscle
involvement was also employed which likely contributed to
improved outcomes. Abatacept is now the subject of a
prospective phase III, placebo-controlled study
(NCT05335928) where it will be compared to placebo in
patients with ICI myocarditis treated with methylpredniso-
lone to assess whether major adverse cardiac events are
reduced. This is a step towards interrogating management
strategies in prospective large multicentre randomised
controlled trials. Further research is required to more
accurately identify high-risk individuals and inform effective
cardiac monitoring strategies.88
Rechallenge and prophylaxis

ICI rechallenge following confirmed ICI myocarditis is a
vexing clinical issue with little in way of prospective studies
for guidance, and should ideally take place in a multidisci-
plinary context89 personalised to each patient depending on
severity, resolution and availability of alternative anticancer
strategies. For patients initially treated with combination
ICI, rechallenge with monotherapy may be reasonable in
selected cases alongside an aggressive cardiac monitoring
regimen.92

CONCLUSION

The incidence and management of irAEs remains a signifi-
cant challenge when treating patients with ICIs and will
become increasingly relevant as the scope of indications for
ICIs broadens. Several mechanisms underpin development
of irAEs, from shared antigenicity in myocarditis, cytokine-
mediated damage in colitis and dysregulation of immune
homeostasis and cytotoxic T-cell activation and infiltration
in hepatitis. As translational evidence is gathered across
multiple irAEs, it is becoming clear that the drivers of ICI-
related toxicity differ from conventional autoimmune con-
ditions and the approach to management needs to move
beyond historic treatment paradigms. The initial approach
with high-dose corticosteroids and rapid escalation of
immunosuppression in the absence of response to steroids
compared to conventional autoimmune conditions is war-
ranted for irAEs as we have the opportunity to resolve
toxicity, unlike in chronic autoimmune illness. A key future
direction in the management of irAEs relies upon person-
alised profiling of the multiple potential tumour and host
variables interacting with the host immune response in the
context of ICI treatment. Development of preclinical
models, whilst challenging in this space, will allow for
Volume 21 - Issue C - 2024
greater mechanistic insights and more nuanced therapeutic
strategies to be tested.93 Further work to support immu-
nomodulation for toxicity without abrogating the anti-
tumour response of ICI is crucial to improving patient
outcomes and rates of cure.
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