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Abstract

Immune checkpoint inhibitors (ICIs) have revolutionised the treatment landscape across many solid organ malignancies and
form part of routine clinical practice in many tumours. As indications for monotherapy, doublet therapy and combination
approaches with chemotherapy and targeted agents expand, clinicians must be aware of the wide range of possible immune-
related adverse events (irAEs). Common toxicities, including rash, colitis, hepatitis and pneumonitis are well described
in the literature, and have established diagnostic and management algorithms. Rarer toxicities, often with an incidence of
less than 1%, are less defined. These syndromes can be poorly recognised, may take on a fulminant course and do not have
established or evidence-based diagnostic and management strategies. As such, patients may experience increased morbidity,
mortality and poorer outcomes, related both to these irAEs as well as how the treatment of these may affect the manage-
ment of their underlying malignancy. In this review, we aim to explore the incidence, potential biomarkers, pathogenesis,
diagnostic work-up and clinical sequelae of a selection of uncommon irAEs, with a focus on myocarditis, neurological and
haematologic syndromes. Further prospective research is required to accurately define the incidence and pathogenesis of
these conditions, with the aim of increasing clinician awareness of rare irAEs and to assist with a more personalised and
mechanism-based approach to these syndromes.

1 Introduction

The advent of immune checkpoint inhibitors (ICIs) has
revolutionised the treatment landscape across a variety of
solid tumours, with high rates of responses and durability
observed. These agents exert their effect by restoring and

With increased use of immune checkpoint inhibitors
(ICIs), a wide spectrum of rare immune-related adverse
events (irAEs) are emerging.

Clinician awareness of rare irAEs is required for timely bolstering the anti-tumour immune response and reversing
investigation and management. Delayed recognition mechanisms of tumour immune evasion via T cell driven
can lead to high morbidity, mortality and poor overall mechanisms [1]. Anti-programmed-cell death 1 (PD-1),
outcomes for these patients. anti-programmed-cell death 1 ligand 1 (PD-L1) and anti-

cytotoxic-T lymphocyte antigen 4 (CTLA-4) are amongst
the most commonly used ICIs, as monotherapy or in com-
bination. In addition, a variety of novel agents have been
studied and are under development in clinical trials. As the
indications for ICI monotherapy, doublet therapy and com-
binations with other targeted and chemotherapeutic agents
expand, and with increased utilisation of these agents in ear-
lier lines of treatment, clinicians are increasingly being faced
with a wide spectrum of immune-related adverse events
(irAEs). These events occur broadly due to loss of self-tol-

Further understanding of the pathophysiology of these
conditions will improve selection of appropriate bio-
markers to help inform targeted approaches to manage-
ment.
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autoimmune conditions are at a higher risk of developing
irAEs and that these toxicities occur more frequently with
combination immunotherapy, there is minimal information
regarding further predisposing factors for these conditions,
which complicates patient selection for treatment [2, 3].
Well-recognised ICI toxicities include colitis, pneumo-
nitis, hepatitis, endocrinopathies and skin toxicity [4]. The
incidence of each toxicity varies across different tumour
types and with different combinations of treatment, as dem-
onstrated in Tables 1 and 2. Furthermore, as ICI use has
become more widespread, rare toxicities have emerged that
may not have manifested or were unrecognised in pivotal
Phase III studies. For clinically significant irAEs, manage-
ment involves withholding the ICI (temporarily or perma-
nently) and administering corticosteroids, the formulation
and dosage of which are guided by the severity of the irAE.
A variety of steroid-sparing immunosuppressive and
immunomodulating agents have been utilised depending
on the organs involved. While the majority of treatment
algorithms and guidelines have been extrapolated from
studies of various autoimmune diseases, emerging data
suggest that the pathogenesis of irAEs differs from these

conditions, and prospective studies evaluating treatments
are infrequent and often limited to single-arm approaches
[5]. Rarer toxicities, as demonstrated in Fig. 1, include
myocarditis, neurologic and haematologic syndromes. In
addition, commonly affected organ systems can also exhibit
an array of inflammatory syndromes with different patho-
genic mechanisms and phenotypic features. For example,
the liver is commonly impacted by hepatitis but only case
reports exist of sinusoidal obstruction syndrome (SOS).
Although it is widely accepted that ICIs may display a wide
range of off-target effects, the scope of which has not been
completely defined, rarer toxicities tend to have a higher
morbidity and mortality, owing both to delayed recogni-
tion and treatment and sometimes more fulminant disease
course. It should be noted however, that while the incidence
of fatal irAEs across a selection of Phase III clinical trials
has been reported between 0.3 and 1.3%, this is lower than
that of platinum doublet chemotherapy and many targeted
therapies [1].

Beyond the immediate sequelae of irAEs, clinicians must
consider the impact of withholding ICIs and the administra-
tion of immunosuppressive treatments on the natural history

Table 1 Incidence of the most common any grade irAEs in pivotal first-line metastatic studies

Study name Immunotherapy and dose  Additional agents Tumour irAEs Incidence (%)
Checkmate 067 [10] Ipilimumab 3 mg/kg Nil Melanoma Skin 62
Nivolumab 1 mg/kg Diarrhoea/colitis 48
Hepatic 33
KEYNOTE 024 [11] Pembrolizumab 200 mg ~ Nil NSCLC Hypothyroidism 9.1
Hyperthyroidism 7.8
Pneumonitis 5.8
Checkmate 214 [12] Ipilimumab 1 mg/kg Nil RCC Fatigue 37
Nivolumab 3 mg/kg Pruritus 28
Diarrhoea 27
KEYNOTE 048 [13] Pembrolizumab 200 mg  Monotherapy, platinum Head and neck SqCC Hypothyroidism 18
and 5-FU based chemo- Pneumonitis 6
therapy arms Hyperthyroidism 3
IMbravel50 [14] Atezolizumab 1200 mg Bevacizumab 15 mg/kg HCC Fatigue 20.4
AST increase 19.5
Pruritus 19.5
TOPAZ-1 [15] Durvalumab 1500 mg Cisplatin Cholangiocarcinoma Hypothyroidism 5.9
Gemcitabine Rash/dermatitis 3.6
Hepatitis 1.2
Checkmate 649 [16] Nivolumab 240 mg or FOLFOX Gastric adenocarcinoma Gastrointestinal 34
360 mg Skin 27
Hepatic 26
JAVELIN Bladder 100 Avelumab 10 mg/kg Cisplatin/carboplatin- Urothelial carcinoma Fatigue 17.7
[17] gemcitabine Pruritus 17.2
Diarrhoea 16.6
Checkmate 743 [18] Ipilimumab 1 mg/kg Nil Mesothelioma Colitis 3.0
Nivolumab 3 mg/kg Infusion reaction 2.0
Hepatitis 1.7

AST aspartate aminotransferase, HCC hepatocellular carcinoma, irAE immune-related adverse event, NSCLC non-small cell lung cancer,
RCC renal cell carcinoma, SgCC squamous cell carcinoma
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Table 2 Incidence of the least common any grade irAEs in pivotal first-line metastatic studies

Study name Immunotherapy and Additional agents Tumour irAEs Incidence (%)
dose
Checkmate 067 [10] Ipilimumab 3 mg/kg Nil Melanoma Hypersensitivity 4
Nivolumab 1 mg/kg Renal 7
Pneumonitis 8
KEYNOTE 024 [11] Pembrolizumab 200 mg  Nil NSCLC T1DM 0.6
Pancreatitis 0.6
Nephritis 0.6
Checkmate 214 [12] Ipilimumab 1 mg/kg Nil RCC Thrombocytopenia <1
Nivolumab 3 mg/kg PPE <1
HTN <1
KEYNOTE 048 [13] Pembrolizumab 200 mg Monotherapy, platinum Head and neck SqCC Uveitis <1
and 5-FU based Hypophysitis <1
chemotherapy arms Encephalitis <1
IMbravel50 [14] Atezolizumab 1200 mg Bevacizumab 15 mg/kg HCC PPE 0.9
Alopecia 1.1
Asthenia 6.7
TOPAZ-1 [15] Durvalumab 1500 mg  Cisplatin Cholangiocarcinoma Thyroiditis 0.3
Gemcitabine Hypophysitis 0.3
Pancreatitis 0.3
Checkmate 649 [16] Nivolumab 240 mg or ~ FOLFOX Gastric adenocarcinoma Renal 3
360 mg Pulmonary 5
Endocrine 14
JAVELIN Bladder 100  Avelumab 10 mg/kg Cisplatin/carboplatin- Urothelial carcinoma Infusion reaction 10.2
[17] gemcitabine Anaemia 11.3
Rash 11.6
Checkmate 743 Ipilimumab 1 mg/kg Nil Mesothelioma Opsoclonus myoclonus 0.3
Nivolumab 3 mg/kg Vasculitis 0.3
AST rise 0.3

HCC hepatocellular carcinoma, HTN hypertension, irAE immune-related adverse event, NSCLC non-small cell lung cancer, PPE palmar-plantar
erythrodysesthesia, RCC renal cell carcinoma, SqCC squamous cell carcinoma, 7/DM type 1 diabetes mellitus

of the underlying malignancy. It has been postulated that the
development of certain irAEs may be associated with prog-
nostic benefit in some tumour types [6-9]. While there is a
growing body of observational data suggesting this, robust
prospective data to validate this metric are lacking and for
low frequency irAEs this is more challenging to infer. In this
review, we aim to explore the incidence, potential biomark-
ers, pathogenesis, diagnostic work-up and clinical sequelae
of a selection of uncommon irAEs, with a focus on myo-
carditis, neurological and haematologic syndromes. While
a wide range of literature was consulted to prepare this nar-
rative review, the authors have not undertaken a systematic
review.

2 Myocarditis

Myocarditis is a rare, but potentially fatal irAE. An inci-
dence of between 0.14 and 1.14% has been reported. Clini-
cal features are varied and can include asymptomatic car-
diac biomarker elevations (e.g., troponin and creatinine
kinase [CK]), electrocardiographic (ECG) abnormalities,

cardiac symptoms such as chest pain, dyspnoea, syncope
and palpitations and symptoms related to a more generalised
myositis including muscle pain and weakness, dysphonia,
dysphagia, ptosis and diplopia. Severe cases can take a ful-
minant course and result in overt cardiovascular collapse
[18, 19]. Given such a wide-ranging spectrum of possible
presentations, recognition and diagnosis is often poor and
the reported frequency likely under-represents the true inci-
dence of this condition. In addition, a mortality rate as high
as 50% has been reported, underscoring the need to define
risk factors, improve diagnostic tools and develop effective
management strategies [19, 20]. While combination immu-
notherapy approaches have been associated with higher rates
of myocarditis, there are minimal data to inform further pre-
disposing factors [2, 3]. Intrinsic factors including genetic
susceptibility and gender may have a role to play, noting
female predominance in ICI-related myocarditis, which is in
contrast to other acute myocarditis syndromes [2]. Further
patient-related cardiovascular risk factors may increase the
risk of myocarditis, including obesity, hypertension, hyper-
cholesterolaemia and smoking [3]. Interestingly, a previous
history of ischaemic heart disease, atrial fibrillation and
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Neurotoxicity

Encephalitis (0.04-1.78%)

Aseptic meningitis (0.1-0.2%)
Cerebral vasculitis (0.0003-0. 00045%)
Myositis (0.09-1.80%)

Myasthenic syndromes (0.20-0.30%)
GBS (0.10-0.30%)

Hepatobiliary toxicit
SOS(case reports)
Cholangitis (0.05-0.7%)

Genitourinary toxicity
Cystitis (case reports)

Fig.1 A selection of rare immune-related adverse events (irAEs) and
associated frequencies. AIHA autoimmune haemolytic anaemia, GBS
Guillain-Barre syndrome, HLH haemophagocytic lymphohistiocy-

chronic kidney disease, although well-established risk fac-
tors for cardiovascular disease, are not noted to increase the
risk of ICI-related myocarditis [3]. The median time to the
development of myocarditis is reported to be 30 days, indi-
cating that it tends to arise early in the treatment course [21].
Tumour-related factors may also influence the development
of toxicity, either through alterations in the tumour micro-
environment or through the presence of a shared antigen to
specific tissues [3, 20]. It is clear from mouse models and
post-mortem analyses that the pathogenesis of ICI-myocar-
ditis is distinct, and involves immune-cell infiltrates rich in
T cells and macrophages, with minimal antibody-mediated
inflammation. Possible mechanisms of immune-related
cardiac toxicity include the failure of peripheral tolerance
and the presence of autoreactive T cells, tumour-antigen
cross-reactivity and cytokine- (particularly IL-17a) medi-
ated damage [2]. It is interesting to note that the most fre-
quently coexisting irAEs alongside myocarditis are myositis
and myasthenia gravis (both discussed below). Syndromes
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Ocular toxicity
Ocular myositis (case reports)

Endocrinopathies
Hypoparathyroidism (0.18-0.28%)

Cardiotoxicity
Myocarditis (0.14-1.14%)

%
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Haematologic toxicity
ITP (0.22%)

Neutropenia (0.22%)

AIHA (0.18%)

HLH (0.03%)

PRCA(case reportg
Haemophilia A (case reports)
TTP (case reports)

Other toxicities
Generalised oedema
syndrome (0.19%)

tosis, ITP idiopathic thrombocytopenia, PRCA pure red cell aplasia,
SOS sinusoidal obstruction syndrome, 77P thrombotic thrombocyto-
penic purpura. Figure created with BioRender.com

involving inflammation of smooth muscle have not been
reported. This adds weight to the theory of a shared antigen
between the tumour and striated muscle [20].

Despite our understanding of some of the mechanisms
responsible for ICI-myocarditis, reliable screening strategies
and biomarkers are lacking. Some clinicians advocate the
use of baseline ECG, troponin and brain natriuretic peptide
(BNP), which may then be repeated for the first few cycles
of treatment, during which the risk of development of myo-
carditis is highest [22]. While these may provide useful com-
parator measurements for those who subsequently develop
myocarditis, there is no consistent evidence to suggest that
patients with baseline conduction abnormalities or eleva-
tions in troponin are at a higher risk of developing myocar-
ditis. Moreover, while troponins are frequently elevated in
cases of ICI-myocarditis, there have been reported cases of
myocarditis with relatively normal troponin levels [3, 22].
Similarly, BNP, a marker of left atrial stretch and usually
indicative of ventricular dysfunction, may be normal in cases
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of myocarditis with preserved ejection fraction, which may
occur in up to 50% of cases [3, 21]. Structural imaging of
cases of ICI-myocarditis has also provided varied results.
There have also been reports of a Takotsubo-like syndrome
of apical ballooning, calling into question the role of ICI
in exacerbating cardiac stress. Cardiac magnetic resonance
imaging (MRI) has often been lauded as an important com-
ponent of the diagnostic workup, but 46% of cases of myo-
carditis may not demonstrate inflammation or abnormalities
in late gadolinium enhancement, adding to the challenge
of establishing a diagnostic criteria for ICI-myocarditis [3,
22]. Endomyocardial biopsy, which demonstrates T-cell and
macrophage-rich infiltrates within the myocardium, is the
gold-standard in diagnosis of ICI-related myocarditis [2].
However, access can be challenging due to lack of exper-
tise and potential complications of the procedure, so is not
always feasible.

Management of irAEs follows the general principles of
ICI interruption, immunosuppression and supportive care.
Current evidence suggests that initiation of high-dose corti-
costeroids or additional immunosuppression within 24 hours
of development of myocarditis yields the best outcomes
[5]. However, due to the rarity and sometimes minimally
or atypically symptomatic nature of ICI-myocarditis, there
can be delays in recognition, diagnosis and subsequent treat-
ment [20]. The optimal duration of corticosteroid treatment
is unknown but guidelines suggest patients are weaned off
these medications slowly, often over a period of 4—6 weeks
[5, 23]. In steroid refractory cases, a variety of alternate
immunosuppressive agents and strategies have been used,
including mycophenolate, tacrolimus, anti-thymocyte glob-
ulin, alemtuzumab, tocilizumab and plasmapheresis [2, 5,
19]. Although prospective data are limited, one study pro-
spectively evaluated the combination of ruxolitinib (JAK
inhibitor) and abatacept (recombinant CTLA4-analogue) in
patients with ICI-induced myocarditis. Although this was
a small single-arm series of 40 patients, results indicated
use of this combination dramatically reduced mortality rates
over time, from 50% to approximately 3% [19]. While early
mouse model studies demonstrated efficacy of abatacept in
the management of ICI-myocarditis, it was noted that time
to onset was slow, with 10 weeks of treatment required
prior to reduction of myocardial immune infiltrate [2, 19].
It was subsequently noted that JAK-STAT signalling was
also upregulated in mouse models with ICI-myocarditis,
leading to the rationale for ruxolitinib use. The addition of
ruxolitinib has been shown to enhance abatacept activity,
shortening the time of onset to hours [19]. While randomised
clinical trials will provide more robust data in this space,
these results are promising for the future of mechanistically
directed therapies for irAEs [2, 19].

The long-term sequalae of ICI-myocarditis are not well
defined. Current data suggest that in those patients who

survive an episode of myocarditis, there is an increased inci-
dence of subsequent major cardiac events and an accelerated
rate of atherosclerosis [3]. Although the exact mechanism
of this phenomenon is incompletely understood, it has been
suggested that a heightened inflammatory state, including
cell- and cytokine-mediated mechanisms, may contribute,
as is the case in many autoimmune and rheumatic condi-
tions that may also pose additional cardiovascular risk to
patients [3].

3 Neurological Toxicity

Neurological irAEs are varied and have been reported at
a frequency of 0.3-6% [24-27]. These may include both
central (encephalitis, meningitis, demyelinating syndromes)
and peripheral (peripheral neuropathies, neuromuscular dis-
orders, myositis) syndromes [25, 28]. Interestingly, develop-
ment of immune-related neurotoxicity has been associated
with improved survival in several series [25, 29, 30].

3.1 Encephalitis

Encephalitis is the most frequent central neurological toxic-
ity reported, comprising approximately 13% of neurologi-
cal irAEs [25]. Mortality rates are high and range from 5
to 32% [31, 32]. Due to clinical similarities with central
nervous system (CNS) malignancy, vascular events, para-
neoplastic, autoimmune and infectious syndromes, it can be
difficult to identify [24, 32]. Onset tends to be early, with a
median onset of 8§ weeks from treatment initiation. How-
ever, this is variable and cases have been reported after 6
months of treatment and even after treatment completion
[1, 24]. Immune checkpoint inhibitor-encephalitis appears
to be more common with the use of anti-PD-1/PD-L1 agents,
and less so with anti-CTLA-4 or combination regimes [25].
Clinical features are diverse, but there is a tendency towards
cortical symptoms, with impaired consciousness, disorien-
tation, confusion and aphasia amongst the most commonly
reported [32]. Paraneoplastic and autoimmune antibody
presence is variable, with one study reporting only 6% of
ICI-induced encephalitis syndromes being antibody posi-
tive while other reports suggest a higher presence, ranging
from 37 to 58% [25, 32]. In studies that reported a higher
prevalence of paraneoplastic and autoimmune antibodies,
anti-Ma2 and anti-Hu antibodies were the most frequent
[25]. Cerebrospinal fluid (CSF) analysis was amongst the
most valuable diagnostic tests, demonstrating inflammation,
with high protein levels and lymphocytic pleocytosis, as well
as ruling out infectious differentials [25, 32]. While some
patients demonstrate abnormal MRI findings corresponding
to their clinical syndrome, this was not a reliable finding
and many patients had normal imaging [24]. However, MRI
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is an important diagnostic tool to rule out structural and
vascular aetiologies of neurological symptoms [32]. Inter-
estingly, despite ICI interruption, and withdrawal in some
cases, oncological response was maintained in patients who
experienced encephalitis. As compared to paraneoplastic
and autoimmune encephalitis, patients who experienced
ICI-induced encephalitis tended to respond better to treat-
ment and had better long-term outcomes, with higher rates
of complete neurological recovery reported [24, 25, 32].
This finding, in addition to the varied presentations amongst
ICI-induced encephalitis syndromes, suggests mechanistic
differences between each inflammatory condition resulting
in distinct patterns of CNS inflammation [32].

3.2 Aseptic Meningitis

Aseptic meningitis is a rare neurological irAE, which,
at times, may display overlapping clinical features with
encephalitis. Incidence is reported between 0.1 and 0.2%,
with typical onset between 6 to 9 weeks from initiation of
ICIs [31, 33]. Incidence is higher with anti-CTLA-4 agents
and combination regimens [33]. Little is known about addi-
tional risk factors or pathogenesis, although pre-existing
onco-neuronal antibody presence has been postulated as
a possible predisposing factor [31]. Clinical features are
often non-specific and include headache, fever, cognitive
changes and gait disturbance, but can display a fulminant
course [33]. Diagnostic work-up includes lumbar puncture,
which typically demonstrates a sterile lymphocytic pleocy-
tosis and MRI brain, which demonstrates diffuse leptome-
ningeal enhancement in 42% of cases [33]. At present, no
biochemical- or imaging-based biomarkers to predict risk of
development or clinical course of ICI-induced aseptic men-
ingitis have been identified. As the main differentials for ICI-
induced aseptic meningitis are infectious meningitis or para-
neoplastic syndromes, the work-up of which usually takes
time to yield results, management of these patients usually
involves a combination of corticosteroids, antibiotics and
antivirals to address all possibilities. In immune-mediated
cases, response is typically observed within 24-48 h, but
slow corticosteroid taper over 4—6 weeks may be employed
to mitigate the risk of relapse [33]. Most patients experience
clinical resolution without major neurological sequelae [33].

3.3 Cerebral Vasculitis

Large-vessel vasculitis and vasculitis syndromes of the nerv-
ous system have been reported with ICI use, with a prepon-
derance for anti-PD-1 agents [34, 35]. This may be classified
further into primary and secondary angiitis of the CNS [35].
Clinical syndromes may vary according to the predominant
vessels involved, and range from focal syndromes (e.g., focal
seizures, specific movement disorders, cerebellar signs) to
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more generalised neurological manifestations, with features
of non-specific meningoencephalitis [27]. Onset is variable,
but usually occurs within 3 months of ICI commencement
[27, 34]. There are no specific autoantibodies associated
with ICI-induced CNS vasculitis syndromes [27]. Due to
the vague nature of presentations, differentials are wide and
investigation is similar to previously described neurologic
irAEs, including CSF examination and MRI brain. Cerebro-
spinal fluid typically demonstrates lymphocytic pleocytosis.
The MRI brain may demonstrate multiple bilateral hyper-
intense foci of restricted diffusion. This can be associated
with microhaemorrhages, leptomeningeal and cranial nerve
enhancement [27]. Treatment paradigms are not defined, but
once again include initiation of high-dose corticosteroids.
Alternate immunosuppressive agents have been used for
refractory cases, including cyclophosphamide, azathioprine
and mycophenolate [27].

3.4 Neuromuscular Conditions and Myositis

Myositis is amongst the more common neurological irAEs,
comprising approximately 30% of cases, acknowledging
their rare occurrence [25]. Reported myositis symptoms
have varied, ranging from isolated CK rises to severe myo-
pathy. Limb-girdle weakness was most commonly reported,
but neck and facial muscle involvement was seen in 29% of
cases [5, 25]. When investigated, 36% of patients were found
to have positive myositis-specific antibodies [25]. Electro-
myography (EMG) revealed a classical myopathic pattern in
the majority of patients, and muscle MRI consistently dem-
onstrated muscle oedema. Muscle biopsies often confirmed
necrotising and inflammatory changes [25, 36]. Management
includes corticosteroids as well as consideration of concur-
rent intravenous immunoglobulin (IVIg), or plasmapheresis
[25, 36]. Clinical symptoms and CK can be used to track
response to treatment [36]. Although most patients respond
to treatment, mortality was still reported at 17%, with most
patients dying due to respiratory failure or sudden cardiac
events [25].

As an immunological privileged site, ophthalmic irAEs
are rare, with an incidence of 1-3% [37, 38]. Ocular myosi-
tis is a rare subtype of myositis syndrome in which there is
isolated involvement of extraocular muscles. There is sig-
nificant clinical overlap with ocular myasthenic syndromes
(discussed below), with symptoms including diplopia, ptosis
and complex ophthalmoplegias, and as such, diagnosis can
be challenging [36]. Pain on eye movements, absence of
fatiguability and a myopathic EMG pattern are important
differentiators between the conditions. Presence or absence
of antibodies, either myositis-specific or acetylcholine-
receptor (AChR) antibodies, are less reliable in differentiat-
ing these conditions, as both may be seronegative, or display
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overlapping syndromes [36]. Management is similar to other
myositis syndromes (discussed above).

Myasthenic syndromes are often severe, with bulbar
and respiratory involvement seen in a majority of patients,
and infrequent isolated ocular myasthenia [25]. These were
observed more commonly with anti-PD-1/PD-L1 agents than
anti-CTLA-4 or combination therapy. Co-existing myopathy
is common [20]. Interestingly, 58% of patients demonstrated
positive AChR antibodies but anti-muscle—specific kinase
(MusK) was not demonstrated [25]. Although most patients
responded well to corticosteroid treatment without signifi-
cant relapse issues, mortality remained high (28%) and was
mostly in the setting of respiratory failure [25].

It should be noted that myositis, myasthenia gravis and
myocarditis are three frequently co-occurring irAEs. This
has raised the possibility of a common antigenic trigger,
which potentially shares a similar structure to tumour anti-
gen [3, 4, 20, 25]. Moreover, similarities between myositis
and myasthenic syndromes, including clinical symptoms,
antibody positivity and mechanism of mortality, have led to
suggestions that these toxicities represent a spectrum of the
same condition [25].

While T cells are typically thought of as being the main
drivers of irAEs, autoantibody positivity is relatively fre-
quent in neurologic irAEs, sometimes existing even prior
to ICI treatment [39]. While the pathogenic significance of
these antibodies is unclear, it does raise the question about
whether antibodies can be used to identify those who may
be more prone to developing neurologic irAEs, and could
perhaps be used as a biomarker [25]. Small numbers and
retrospective analyses limit definitive statements regarding
this question, and further prospective work is required in this
space. Moreover, in patients with antibody positivity prior to
treatment, the question of whether ICI is in fact unmasking
a paraneoplastic phenomenon should be considered. Clini-
cal differences between paraneoplastic syndromes and irAEs
suggest alternate mechanisms, but the potential interaction
between these two factors warrants further examination [25].

3.5 Guillain-Barre Peripheral Neuropathy

Immune checkpoint inhibitor-induced Guillain—Barre syn-
drome (GBS) is a rare peripheral neurological irAE with a
reported incidence of 0.1-0.3% [26, 40]. Cases are observed
with both single-agent and combination ICI use with no pre-
dilection for either therapeutic approach. Mortality rates are
high (11-27%), with 10% of patients dying from respiratory
muscle paralysis [25, 26]. The pathogenesis of ICI-mediated
GBS is unclear, but there have been suggestions of shared
antigens between gangliosides found in melanoma cells and
Schwann cells. Interestingly, both melanocytes and Schwann
cells originate from the neural crest, supporting a common
epitope theory [26]. Clinical features include progressive

weakness, hyporeflexia/areflexia and paraesthesia [26].
While typical GBS syndromes are often associated with an
infectious trigger leading to immune-mediated demyelina-
tion of peripheral nerves, ICI-induced GBS exhibits some
key clinical and diagnostic differences. While there is a male
predominance in both syndromes, this appears more pro-
nounced in ICI-related GBS, with 79% of ICI-induced GBS
cases occurring in men in one study [26]. Median onset in
one study was 8.2 weeks from ICI onset, which is later than
infectious cases [26]. Cerebrospinal fluid examination is
inflammatory and reveals elevated protein levels, with typi-
cal albumin-cytological differentiation observed in 63.9%
of patients [26]. Electromyography has revealed different
subtypes of GBS syndromes in association with ICIs, acute
inflammatory demyelinating polyneuropathy, acute motor
axonal neuropathy and Miller-Fisher syndrome [25, 26].
Treatment paradigms are undefined but involve a combi-
nation of corticosteroids, IVIg and plasmapheresis. Inter-
estingly, corticosteroids are not routinely used in cases of
idiopathic GBS, but are sometimes effective in ICI-induced
cases [25]. Approximately 70% of patients demonstrated
partial or complete recovery of symptoms after treatment
with these strategies [25, 26].

4 Haematological Toxicity

Haematological irAEs are rare, with an incidence under 5%
[41-45]. They remain poorly defined in the literature and
recognition can be challenging, in part due to the increasing
frequency of combining ICIs with myelosuppressive chemo-
therapy. Haematological irAEs predominantly affect single
haematopoietic lineages, less commonly involving multi-
ple lineages; however, a wide range of conditions has been
reported. These include red cell syndromes (haemolysis and
pure red cell aplasia [PRCA]), neutropenia, haemophago-
cytic lymphohistocytosis (HLH), acquired thrombotic or
bleeding disorders such as haemophilia A and thrombotic
thrombocytopenic purpura (TTP) [43, 46—49]. Onset of hae-
matological irAEs tends to be early in the treatment course
(median 6 to 8 weeks), but varies widely [43, 46, 50-52].
Prompt recognition of haematological irAEs and involve-
ment of a haematologist in the diagnostic work-up and man-
agement is important due to the high proportion of patients
developing life threatening toxicity with reported mortality
rates of up to 14% [41].

4.1 Cytopenias
Idiopathic thrombocytopenic purpura (ITP), autoimmune

haemolytic anaemia (AIHA), and neutropenia are the
most commonly observed ICI-related cytopenias with an
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incidence of around 0.2% [41, 43]. Pure red cell aplasia and
aplastic anaemia, which results in pancytopenia, have also
been reported although are considered very rare [53-56].
Mechanisms underlying the risk of ICI-induced cytopenias
are unclear and likely to be multifactorial, but are believed
to commonly involve the production of autoantibodies.
Underlying haematological malignancies and autoimmune
conditions of any type may increase the risk of developing
immune-related cytopenias, particularly AIHA, but no other
pre-disposing factors have been clearly identified to date [42,
50, 57-60]. The diagnostic work-up of ICI-induced cytope-
nias should include a thorough screen for alternative causes
including history, examination and reviewing concurrent
medications. Investigations will depend upon the affected
cell lineage(s) but include evaluation of the peripheral blood
smear, direct anti-globulin test (DAT), haemolysis markers,
viral serology and low threshold for bone-marrow examina-
tion. It is noteworthy that the incidence of DAT positivity
amongst cases of ICI-associated AIHA may be lower than
in primary AIHA and diagnosis should not be excluded
on this basis [58]. Management of these conditions mir-
rors that of their non-iatrogenic counterparts. In addition
to withholding the ICI, supportive measures such as growth
factors and transfusion, are commonly required. High-dose
corticosteroids are usually recommended, with between 50
to 70% of cases being steroid responsive [43, 61]. Hence,
many patients will require additional immunosuppression
for steroid-refractory events and will typically respond to
similar therapies given for non-ICI-driven cytopenias, with
agents such as IVIg, rituximab, mycophenolate mofetil,
azathioprine and cyclosporine A. A significant portion of
ICI-induced cytopenias are life-threatening with 44-89% of
affected patients developing grade 4 events and up to 5%
mortality [42, 46, 50]. One series demonstrated the inci-
dence of grade 4 neutropenia to be 0.14% [46]. While reso-
lution occurs for the majority of patients, recovery is often
protracted (months) with the exception of aplastic anaemia,
which tends to be permanent [42, 46, 58].

4.2 Haemophagocytic Lymphohistiocytosis

Immune checkpoint inhibitor-associated HLH is a rare and
potentially fatal toxicity characterised by T cell and mac-
rophage hyper-activation, subsequent uncontrolled release
of pro-inflammatory cytokines resulting in tissue injury
and multi-organ dysfunction. In some series, HLH is more
commonly associated with PD-1 than CTLA-4 inhibi-
tors, although this is not universal and its incidence has
been reported with both therapeutic classes [48, 51, 59]. It
appears to affect men more than women. Timing of onset
from ICI initiation is widely variable with reported aver-
ages across case series ranging from 6 to 18 weeks. Patients
typically present with fever, organomegaly, pancytopenia,
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significantly elevated ferritin and low fibrinogen. Features
of haemophagocytosis may be evident on bone marrow aspi-
ration, but not universally [62, 63]. The diagnosis of HLH
is often delayed due to lack of clinician awareness of the
condition as well as overlapping differential diagnoses with
similar symptoms and laboratory abnormalities. In addition,
HLH may be driven by co-existing confounding factors such
as malignancy or infection, which may be challenging to
distinguish. Pre-defined criteria may be used to establish the
diagnosis (HLH-2004 and HScore) [64]. Treatment begins
with cessation of the ICI and management algorithms align
with the treatment of non-ICI-related HLH with prompt
initiation of high-dose corticosteroids. One unique thera-
peutic advance is that early addition of the IL-6 antagonist
tocilizumab has proven useful in the management of ICI-
associated HLH [65, 66]. As such, international guidelines
for the management of drug-induced HLH (including ICI)
recommend tocilizumab in addition to corticosteroids and
consideration of etoposide if no response [64]. Early recog-
nition and aggressive management of ICI-associated HLH
is critical, due to associated mortality of up to one-fourth of
patients [48, 51, 52].

4.3 Acquired Bleeding Disorders

Acquired haemophilia A due to ICI therapy has been
reported with PD-1, PD-L1 and CTLA-4 inhibitors [49,
67-69]. This is a rare bleeding disorder associated with auto-
antibodies to factor VIII. Onset tends to be early and has
been reported between 8 to 14 weeks after commencing ICIs
[68, 69]. Patients generally present with bleeding, which can
be severe and life-threatening. Bleeding manifestations tend
to be into skin, muscle, mucous membranes, gastrointesti-
nal and urinary tract. Laboratory analyses demonstrate pro-
longed APTT, not correcting with mixing of normal plasma
and evidence of an acquired factor VIII inhibitor [49, 68].
Patients have been successfully treated with corticosteroids,
recombinant factor VII, rituximab and cyclophosphamide
[69—71]. Thrombotic thrombocytopenic purpura (TTP) is a
rare blood disorder associated with high mortality charac-
terised by microangiopathic haemolytic anaemia (MAHA),
thrombocytopenia and microvascular occlusion [72]. The
phenotype is derived from deficiency of ADAMTS-13, a
metalloprotease, which cleaves large von Willebrand factor
(vWF) multimers. Thrombotic thrombocytopenic purpura
may be acquired due to inhibitory autoantibodies, which can
develop in the context of infection, malignancy, pregnancy
or medication and has been reported with ICI [73]. The his-
torical clinical pentad includes thrombocytopenia, MAHA,
neurological dysfunction and fever; however, in practice this
presentation is rare [72]. The diagnosis of acquired TTP is
made by confirming absence of ADAMTS-13 function and
the presence of autoantibodies [74]. Despite a very high



Rare irAEs: Diagnosis and Management

33

mortality and many patients dying due to TTP, it has been
successfully treated with plasmapheresis, corticosteroids,
rituximab and caplacizumab [47, 73, 75-77].

Although the risk of serious or life-threatening AEs is high,
haematological irAEs will commonly resolve with immu-
nosuppression and withholding ICIs. Cessation of ICIs has
significant implications for the underlying malignancy hence
the question of whether patients can be safely re-challenged
is important. There is a relatively high rate of recurrence of
haematological irAEs upon re-exposure, between 14 to 43%,
therefore careful consideration is warranted when deciding to
recommence ICI therapy [42, 43, 50, 58, 61]. If recommenc-
ing ICI therapy, vigilance for recurrence of haematological
irAEs is important and warrants close monitoring.

5 Other Rare Toxicities

5.1 Hepatobiliary: Sinusoidal Obstruction
Syndrome

Sinusoidal obstruction syndrome (SOS) is an obliterative
venulitis characterised by fibrotic damage of small hepatic
vessels [78]. It is typically associated with allogenic haema-
topoietic stem cell transplants, but cases have been reported
in patients with colorectal cancer with liver metastases post-
cytoreductive surgery as well as with the drug gemtuzumab
ozogamicin [79]. Five cases of SOS have been reported
in patients with metastatic melanoma who received ICIs
without additional recognised risk factors for this condi-
tion [78—80]. Predisposing factors and pathogenesis have
not been elucidated. Clinical features include painful hepa-
tomegaly, fluid overload and deranged liver function tests
with raised bilirubin. Imaging may demonstrate a pattern of
heterogenous enhancement in the portal phase and MRI can
be helpful in assessment [79]. Invasively measured portal
pressures may be elevated [78, 79]. Histological examina-
tion reveals non-fibrous portal areas with sinusoidal dilation
and perisinusoidal fibrosis with lobular veins occluded with
fibrous tissue [78]. Cases have been managed with a combi-
nation of ICI cessation, corticosteroids and mycophenolate
mofetil. In addition, supportive medications, mainly for the
symptoms of fluid overload, have been used [78, 79]. The
role of defibrotide in ICI-induced SOS is unclear [79]. These
strategies resulted in clinical and biochemical improvements.
However, one patient died due to disease progression 6
months after cessation of ICI [78].

5.2 Hepatobiliary: Cholangitis

Immune checkpoint inhibitor-induced cholangitis is a rare
irAE with a reported incidence of 0.05-0.7% [81]. Onset

is variable, with cases being reported from 1 week to 18
months post-treatment initiation [81-83]. Clinical features
are similar to other cholangitis-type syndromes, including
right upper quadrant pain, fever and jaundice. Patients are
usually symptomatic, although rare cases of asymptomatic
bilirubin and cholestatic liver enzyme elevations have been
described [82]. Important differential diagnoses to rule out
include other autoimmune conditions such as primary scle-
rosing cholangitis, primary biliary cirrhosis and IgG4 dis-
ease, as well as infectious and malignant aetiologies [81].
Diagnostic work-up involves a thorough autoimmune panel,
including anti-nuclear antibodies, anti-mitochondrial anti-
bodies and anti-nuclear cytoplasmic antibodies, as well as
IgG4 levels. Diagnostic imaging using CT or MRI to visual-
ise the liver and biliary tree is also useful [81, 82]. In cases
involving large, extrahepatic bile ducts, imaging findings can
include segmental or diffuse non-obstructive dilation and
stenosis of the biliary duct lumen. There may be enhance-
ment, hypertrophy and irregularity of bile duct walls. Adja-
cent structures such as the gallbladder, can also be affected
demonstrating wall thickening and oedema [81]. Histopatho-
logical findings obtained via endoscopic retrograde chol-
angiopancreatography vary according to the proportion of
small and large duct involvement, but features may include
CD8 lymphocyte-rich periportal inflammation, damage to
small bile ducts, ductular reactions and loss of bile ducts. If
extra-hepatic bile duct involvement predominates, additional
features may include intraepithelial lymphocytic infiltration
and diffuse non-ventricular fibrosis of ducts [81]. Manage-
ment involves corticosteroids, immunosuppressive agents
and immunomodulatory agents titrated to effect. It should
be noted that infliximab is avoided as an immunosuppressive
agent in ICI-induced cholangitis due to the risk of precipi-
tating liver failure [84]. Ursodeoxycholic acid is also used
as a supportive medication [82]. When compared to irAE
hepatitis, it has been noted that ICI-induced cholangitis and
biliary syndromes tend to be less corticosteroid responsive,
complicating rechallenge and subsequent therapies [81, 83].

5.3 Endocrinopathies: Hypoparathyroidism

Immune checkpoint inhibitor-induced endocrinopathies
are common, affecting 10% of patients managed with
ICIs, with thyroiditis and hypophysitis being amongst the
most commonly reported syndromes [85, 86]. Immune
checkpoint inhibitor-related hypoparathyroidism, is a
rare entity with a reported incidence of 0.18-0.28% of
all endocrinopathies, with most data available from case
reports [86]. Time to onset is variable, with cases being
reported from 6 weeks post-ICI initiation to 18 months
following cessation [82, 86, 87]. Clinical features range
from asymptomatic biochemical abnormalities to severe
symptomatic hypocalcaemia requiring hospitalisation.
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Symptoms of hypocalcaemia include perioral paraesthe-
sia and numbness, neuromuscular irritability with positive
Chvostek’s and Trousseau’s signs and ECG abnormali-
ties including prolonged QTc [82]. Biochemical features
include hypocalcaemia with a low parathyroid hormone
(PTH) level. Normal magnesium levels are required to
exclude a diagnosis of pseudohypoparathyroidism. Fur-
thermore, it is important to explore a past history of neck
surgery or irradiation and familial cases of hypocalcae-
mia to exclude more commonly recognised aetiologies
of hypoparathyroidism [86]. In addition, investigation
of other glandular involvement is important to rule out
autoimmune polyglandular syndrome 1, of which hypopar-
athyroidism is the most common manifestation [82, 86].
While the pathophysiology is incompletely understood,
potential mechanisms include antibody-mediated activa-
tion of the calcium-sensing receptor (CaSR) resulting in
reduced PTH secretion or T cell-mediated damage directly
to the parathyroid gland [86]. Due to its rare occurrence,
predictive biomarkers have not been established for this
syndrome [85]. Management is focussed on long-term
calcium and vitamin D replacement, and as is the case
with most ICI-induced endocrinopathies, corticosteroid
and immunosuppressive therapy is not usually required
[82, 86]. Recombinant PTH use is not recommended [86].
Immune checkpoint inhibitor therapy can be continued
alongside supportive therapy [82].

5.4 Genitourinary: Non-Infectious Cystitis

Immune checkpoint inhibitor-related non-infectious cysti-
tis is a rare irAE described in case reports [88, 89]. Cases
appear more common with anti-PD-1/PD-L1 use and this
has been postulated to be related to PD-L1 expression in
normal urothelium [82, 89]. Clinical symptoms include
dysuria, frequency, urgency and haematuria. Symptoms do
not respond to empiric antibiotic courses. Urine micros-
copy and culture reveals sterile urine, leucocytosis and
erythrocytosis. Cytology is negative for malignant cells
[82, 88, 89]. In some cases, renal tract imaging has dem-
onstrated hydronephrosis without an obstructing lesion.
Cystoscopy demonstrates macroscopic inflammation [89].
Biopsies demonstrate non-specific inflammation with
interstitial oedema and epithelial abscission. Immunohis-
tochemistry reveals CD8-positive T cell restricted intracel-
lular antigen (TIA)-positive cytotoxic T cells, which are
key differentiators between immune-mediated and other
types of inflammation [82, 88, 89]. The presence of these
cells has led to hypotheses that ICI-induced cystitis occurs
as a result of TIA cells targeting an unknown urothelial
antigenic trigger [82]. Symptoms respond quickly to cor-
ticosteroids, but can relapse if weaned quickly. Urinary
parameters normalise within 1 to 4 weeks [89]. There are
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no data on the use of additional immunosuppressive agents
[82, 88, 89].

5.5 Generalised Oedema Syndromes

Immune checkpoint inhibitor-induced generalised oedema
syndromes are a recently reported rare irAE with an inci-
dence of 0.19% in a single retrospective study of 20 patients
[80]. Despite its low incidence, symptoms are severe (50%
grade 4 toxicity) and mortality rate is high (20%). Median
onset from ICI initiation was 14.5 weeks [80]. Serositis
and endothelial dysfunction are potential pathophysiologic
mechanisms, which initiate these syndromes. Weight gain
due to fluid retention is the most common symptom, and
other clinical features are related to the serosal surface
involved. This may include pleural and pericardial effu-
sions, ascites and peripheral oedema [80]. There was con-
siderable phenotypic variation within this small study, with
9 (45%) patients demonstrating other associated syndromes,
including 3 (15%) patients with SOS, 4 (20%) patients with
capillary leak syndrome and 2 (10%) patients with subcuta-
neous autoimmune syndrome [80]. Patients were managed
with varying doses and formulations of corticosteroids,
with 67% of patients improving and only 2 (10%) patients
requiring additional immunosuppression [80]. Additional
supportive management, including diuretics, drainage and
syndrome-directed therapy (e.g., ursodeoxycholic acid and
defibrotide for SOS) have also been used to manage these
syndromes. Data are lacking regarding this rare irAE and it
is unclear whether the varied oedema syndromes within this
small group of patients represent distinct pathophysiological
mechanisms or a spectrum of the same condition.

6 Conclusions

Immune checkpoint inhibitors used as monotherapy, doublet
therapy and in combination with other oncological agents,
are established within the treatment paradigms of various
solid organ malignancies. Ever-expanding use of these
agents has drawn attention to a wide spectrum of possible
toxicities mediated by an unregulated immune system. While
common toxicities, including rash, colitis, pneumonitis and
hepatitis, are frequently reported in the literature, rarer tox-
icities, including myocarditis, neurological and haematologi-
cal toxicities are less well understood, and tend to have a
high morbidity and mortality [4]. Sequalae of these events
can be prolonged and have a significant impact on patients’
quality of life and may impact choice of therapies and overall
oncological outcomes [4]. The decision regarding whether
to rechallenge ICI following a toxicity is nuanced, balancing
risk of irAE relapse with disease progression, and greater
understanding of the pathophysiology and likely clinical
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consequences of this requires further elucidation. Our review
of rare irAEs demonstrates key differences between ICI-
induced conditions and their idiopathic autoimmune coun-
terparts. We have also noted a paucity of high-quality pro-
spective data necessary to establish the true incidence, risk
factors and potential biomarkers of these conditions and
whether they predict outcomes. Given the practical difficul-
ties in conducting large-scale clinical trials with a focus on
irAEs, further study of real-world registry data, such as is
collected in the Side Effect Registry in Immuno-Oncology
(SERIO) database may be helpful [90]. A greater awareness
of the wide-ranging clinical effects of ICIs as well as an
understanding of the underlying pathogenesis and mecha-
nisms of immune dysfunction will allow more personalised
assessment of risks and benefits in selection of therapy as
well as inform a more tailored treatment approach. This has
the potential to mitigate the requirement for long courses of
corticosteroids and lower the risk of relapse, thus improv-
ing the quality of life of patients whose longevity has been
significantly improved with ICIs.
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