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Abstract

Immunotherapy has an increasing role in the management of cancer, both in metastatic disease and as an

adjuvant therapy. However, sensitization of the immune system with checkpoint inhibitors comes with a

unique side effect profile. Full appreciation of this can take some time to emerge as some adverse events

are rare, or can be subtle and potentially overlooked. Clinician awareness of these side effects can be

particularly important in patients with pre-existing autoimmune conditions. Here we describe common

symptoms and diagnostic strategies for organ-specific side effects of anti-CTLA-4 and anti-PD-1/PD-L1

immunotherapy agents.
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Rheumatology key messages

. The onset of checkpoint inhibitor side effects may follow a predictable temporal pattern.

. Checkpoint inhibitor side effects can be diverse and serious; a multi-disciplinary approach is advised.

Introduction

Checkpoint inhibitors (CPIs) have now become a mainstay

of treatment for a range of cancers, including melanoma,

bladder cancer, non-small cell lung cancer and Hodgkin’s

lymphoma [1].

Currently there are six approved therapies. Ipilimumab

is a cytotoxic T lymphocyte-associated antigen 4 (CTLA-

4) fully human IgG1 antibody, licensed for use in advanced

melanoma [2]. Pembrolizumab and nivolumab are both

IgG4 monoclonal antibodies that block the programmed

cell death (PD-1) protein on T cells. Both are licensed for

use in melanoma, non-small cell lung cancer and mis-

match repair deficient (dMMR) and microsatellite instabil-

ity high colorectal cancers [2]. Three monoclonal

antibodies targeting the protein programmed death-

ligand 1 (PD-L1) have been approved. Atezolizumab and

durvalumab are both licensed for use in non-small cell

lung cancer and urothelial carcinoma. Avelumab is also

used to treat urothelial carcinoma [1, 2]. Durable disease

responses can result from treatment with these drugs, but

potentially come at a cost of wide-ranging side effects.

Immune-related adverse events (irAEs) are caused by ac-

tivation of the immune system with the development of

auto-antibodies and can affect almost any organ

system, as summarized in Fig. 1.

Immune-related adverse events may affect a single

organ system, but some patients can develop multiple

side effects, not necessarily simultaneously. In a small

study of 78 patients receiving either anti-CTLA-4 therapy

(32%) or anti-PD-1 therapy (68%), over half developed

irAEs, with 12 patients (15%) developing more than one

[3]. These are often mild, but a small number can be life-

threatening; in a randomized, multicentre phase 3 trial

(Checkmate 067) involving 296 patients receiving either

combination ipilimumab/nivolumab or monotherapy with

either agent, grade 3 or 4 drug-related adverse events

occurred in 32 (11%) patients, with three (1%) treat-

ment-related deaths [4]. Urgent management may there-

fore be required which is beyond the scope of this review

but has been extensively reviewed elsewhere [6]. Meta-

analysis of CPI-related side effects has shown that these

profiles follow a specific temporal pattern (Fig. 2), which is

consistent across solid tumour types [5].

Adverse effects have been reported more frequently

with CTLA-4 inhibitors compared with PD-1/PD-L1 inhibi-

tors; a meta-analysis suggested all-grade irAEs of 75%

with ipilimumab (24�43% grade 3 or above) [7], compared

with up to 37% of patients receiving anti-PD-1/PD-L1

agents experiencing irAEs of any grade (10�20% grade

3 or above) [4, 5, 8]. Patient and drug factors, including

1Department of Oncology, Churchill Hospital, Oxford University
Hospitals Foundation Trust, Oxford, UK

Correspondence to: Miranda J. Payne, Department of Oncology,
Churchill Hospital, Oxford University Hospitals Foundation Trust,
Oxford OX3 7LJ, UK. E-mail: Miranda.Payne@ouh.nhs.uk

Submitted 24 May 2019; accepted 30 July 2019

! The Author(s) 2019. Published by Oxford University Press on behalf of the British Society for Rheumatology.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use,

distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

RHEUMATOLOGY
Rheumatology 2019;58:vii7�vii16

doi:10.1093/rheumatology/kez418

S
U

P
P

L
E

M
E

N
T

Deleted Text: licensed 
Deleted Text: licenced
Deleted Text: which 
Deleted Text: licensed 
Deleted Text: c
Deleted Text: (MSI-H) 
Deleted Text: licensed 
Deleted Text: c
Deleted Text: summarised 
Deleted Text: ; 
Deleted Text: .
Deleted Text: are 
Deleted Text: -
Deleted Text:  
Deleted Text:  
http://creativecommons.org/licenses/by-nc/4.0/


FIG. 2 Time to onset of grade 3�4 immunotherapy-related adverse events (amended from [6])

FIG. 1 Immune-related adverse events

DRESS: drug rash with eosinophilia and systemic symptoms; SJS: Stevens�Johnson syndrome; TEN: toxic epidermal

necrolysis.
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dose and treatment setting (adjuvant vs metastatic) poten-

tially influence the incidence of irAEs to CPIs [9].

Accurately estimating the incidence of specific side

effects can be difficult, as there may be significant

under-reporting, particularly with the less specific effects

such as fatigue. Distinguishing new irAEs from a flare of

pre-existing co-morbidities may add to the diagnostic

challenge, as patients with pre-existing auto-immune or

inflammatory diseases have often been excluded from

trials involving CPI therapy [10]. The side effects reported

with checkpoint therapy are discussed below, in order of

prevalence, including common symptoms and suggested

diagnostic approaches.

Gastrointestinal

Gastrointestinal irAEs are a significant side effect of CPIs,

and occur in 44% of patients receiving combination

anti-CTLA-4/anti-PD-1, 23�33% of patients receiving

anti-CTLA-4 therapy and <20% of patients receiving

single-agent anti-PD-1 therapy [1]. Symptoms, including

bloody diarrhoea, abdominal pain and sometimes pyrexia,

occur on average after three infusions, although they can

occur earlier in treatment or even months after stopping

checkpoint therapy [2]. In a phase 3 melanoma trial of 511

patients receiving ipilimumab, five (1%) developed intes-

tinal perforation and 26 (5%) were hospitalized for severe

enterocolitis [8]. Although any part of the colon can be

involved, the descending colon has been most commonly

reported to be affected, possibly because the proximal

colon is viewed less frequently by endoscopy [11, 12].

Colonoscopy is useful to visualize the mucosa, which

may show mild erythema or severe inflammation with fri-

ability and ulceration [13, 14]. The presence of ulceration

is associated with steroid-refractory disease so mucosal

appearances can be helpful in guiding treatment [15].

Similar to the endoscopic appearance of colitis from

inflammatory bowel disease, these appearances may be

diffuse or occur segmentally [16]. Although a full mechan-

ism has not yet been elucidated, at least two typical histo-

logical appearances have been reported: neutrophilic

infiltration into micro-abscesses and epithelial cell atrophy

causing crypt atrophy, or lymphocytic infiltration into the

epithelium as a response to epithelial injury [17, 18]. The

small bowel can be affected rarely, and cases of enteritis

have been confirmed with CT after combination therapy

has been given. The upper GI tract can also be affected,

although less commonly so. Most obvious in terms of ap-

pearance, mucositis can present with inflamed lips or

mouth, which if severe, can affect oral intake and may

necessitate nutritional supplementation. Cases of oe-

sophagitis and gastritis can present non-specifically with

nausea and anorexia, with confirmation by endoscopy [6].

General treatment strategies include treatment interrup-

tion, fluid replacement and usually glucocorticoids. In the

phase 3 Checkmate 067 study, this was sufficient for

resolution of three cases of grade 3�4 diarrhoea [4]. A

confirmed diagnosis with a detailed history and endo-

scopic analysis is very important before commencing

treatment, as the management of upper GI pathology

such as gastritis from non-immunotherapy related

causes would not normally include steroids. Rarely, escal-

ation to other immunosuppressive agents or even surgical

intervention is required.

Hepatic

Immune-related hepatitis is the most common hepatic ad-

verse event, affecting �5% of patients receiving anti-PD-1

therapy, 5�15% patients receiving ipilimumab monother-

apy (dose dependent) and a third of patients receiving

combination therapy [2]. In most cases, asymptomatic

elevation of liver enzymes is noted, which occurs with

median onset 6�14 weeks after receiving therapy [19].

Occasionally patients may present with symptoms that

can include fatigue, fever and jaundice and, in very rare

cases, death may occur. The radiological appearance is

similar between checkpoint agents, with ultrasound and

CT findings such as hepatomegaly, oedema and lymph-

adenopathy [20, 21].

Liver biopsy may not change patient management,

unless alternative diagnoses are suspected such as

drug- and infection-related liver injury. Both anti-CTLA-4

and anti-PD-1/PD-L1 agents can cause histopathological

appearances in keeping with either hepatocyte injury with

endothelial inflammation, central hepatic vein damage and

discrete areas of necrosis, or bile duct injury with portal

vein inflammation. Additionally, in cases caused by anti-

CTLA-4 treatment, confluent necrosis and histiocytic ag-

gregates has been reported [16].

General management strategies include withholding

immunotherapy until improvement is seen in hepatic

enzyme blood parameters, with steroid as necessary.

Immunotherapy should usually be stopped permanently

in cases of grade 3 hepatic toxicity (aspartate transamin-

ase or alanine transaminase >5 times upper limit of nor-

mal or total bilirubin >3 times upper limit of normal). These

patients will receive immunosuppressive therapies such

as intravenous methylprednisolone or mycophenolate

mofetil, in discussion with hepatology specialists.

Endocrine

Endocrine-related irAEs are more common with anti-

CTLA-4 antibody treatment than anti-

PD-1/PD-L1 therapy. Side effects include hypophysitis

(13% vs 1%) and hypo-/hyperthyroiditis (�6% vs 4% for

anti-CTLA-4 antibody treatment vs anti-PD-1/PD-L1 ther-

apy, respectively).

Other endocrinopathies such as primary adrenal insuf-

ficiency, type 1 diabetes mellitus (T1DM), hypercalcaemia

and hypoparathyroidism are rare but can present acutely.

They typically occur after three cycles of combination

treatment (Fig. 2), are often a later side effect of CPI

monotherapy and are usually irreversible, requiring life-

long hormone replacement [1].

Pre-treatment blood tests measuring thyroid function by

thyroid-stimulating hormone and free thyroxine (fT4), and

early morning adrenal function by adrenocorticotropic

hormone (ACTH) and cortisol can act as a baseline to
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help identify changes. Many centres choose to monitor

these routinely ahead of treatment to detect early changes

and reduce the risk of an acute presentation. Due to the

delayed nature of onset, there is some evidence to rec-

ommend continued monitoring even after treatment com-

pletion [2].

Hypophysitis

Inflammation of the pituitary gland can cause hypopituit-

arism, leading to central hypothyroidism, central adrenal

insufficiency and hypogonadotropic hypogonadism.

These endocrine abnormalities can be difficult to detect,

especially in early stages as patients can experience

non-specific symptoms such as fatigue, nausea or loss

of appetite. If patients have already been commenced

on steroids for other irAEs, interpretation of blood results

potentially becomes more complex.

Severe cases can cause headache or postural hypoten-

sion, although visual disturbances are rare. Blood tests

may demonstrate hyponatraemia with low thyroid-stimu-

lating hormone, fT4 and ACTH; usually luteinizing hor-

mone, follicle-stimulating hormone and prolactin are

unaffected [22]. By the time clinical and biochemical

changes are noted, changes on MRI are usually seen,

such as enlargement and heterogeneous enhancement

of the pituitary gland. These appearances often resolve

after treatment of hypophysitis [23].

Thyroid dysfunction

Like patients with pituitary dysfunction, patients with thy-

roid dysfunction are often asymptomatic and the diagno-

sis is usually only initially by biochemistry. The

pathophysiology is reported to be dissimilar to autoim-

mune diseases of the thyroid, with CPI-induced cases ap-

pearing to be part of a spectrum induced by T cell

cytotoxicity, starting with acute thyroiditis (with raised

fT4 and low thyroid-stimulating hormone) typically after

1 month of therapy and progressing to hypothyroidism

after a further month [22]. Thyrotoxicosis, secondary to

thyroiditis or Grave’s disease, is a rare complication of

CPI therapy. Testing for antibodies such as anti-thyroid

peroxidase and thyroid-stimulating immunoglobulin can

be useful. Rarely, patients may have symptoms of acute

hyperthyroidism (tachycardia, palpitations, diarrhoea or

tremor) or hypothyroidism (constipation, weight gain, leth-

argy) [23].

Adrenal

Primary adrenal insufficiency is a rare irAE. It can present

with non-specific symptoms such as fatigue, nausea or

weight loss, although occasionally skin hyperpigmentation

from raised

ACTH is noted. Diagnosis is therefore generally made

from biochemistry results, with low cortisol and normal or

high levels of ACTH. Anti-21-hydroxylase and adrenal

cortex antibody levels should be checked to detect

auto-antibodies induced by CPI therapy [23].

Diabetes mellitus type 1

This is a rare but potentially life-threatening immunother-

apy-induced endocrinopathy, such that data for its inci-

dence are scarce. Patients typically present acutely with

weight loss, nausea, fatigue, polyuria and polydipsia. In

addition to new cases, CPIs can cause worsening of

pre-existing T1DM. Where suspected, management is

like that for non-irAE-induced T1DM, including the man-

agement of acute ketoacidotic crises. The pathophysi-

ology has not yet been fully elucidated but there is likely

involvement of CD8+ T cell response to T1DM antigen and

T1DM-specific autoantibodies (GAD65) [24].

Skin

Cutaneous irAEs are common with both anti-CTLA-4

(experienced by up to 50% of patients) and anti-PD-1/PD-

L1 agents (affecting 30�40% of patients) [8]. Symptoms can

occur early on in treatment, especially with anti-CTLA-4

therapy, and range from a mild rash and intermittent pruritus

to life-threatening Stevens�Johnson syndrome. Rash is the

most common irAE with both PD-1 and CTLA-4 inhibitors; a

systematic review suggests up to 20% of patients taking

anti-PD-1 treatments develop a rash. Most of these are

pruritic erythematous macules or papules [25]. Histological

analysis of skin biopsies demonstrates a T cell heavy infil-

trate [26]. Treatment usually consists of topical emollient,

topical steroid, oral anti-histamine creams and occasionally

oral steroids.

Vitiligo affects up to 10% patients receiving PD-1/PD-

L1 therapy for melanoma, although interestingly is not

seen with the same incidence in patients receiving CPIs

for small cell lung cancer. Like the immune-related rashes,

vitiligo lesions are usually symmetrical [27, 28].

Similar to the observation that cetuximab-related skin

rash correlates with better outcomes in patients with colo-

rectal cancer, the presence of vitiligo in patients with mel-

anoma also seems to have a positive correlation [28, 29].

Although most dermatological irAEs are not severe, they

can have psychological impact on patients due to the

effect on appearance. Life-threatening skin manifestations

such as Stevens�Johnson syndrome/toxic epidermal

necrolysis, and drug rash with eosinophilia and systemic

symptoms are very rare even when combination therapy is

used [19, 30]. These high grade side effects require per-

manent cessation of immunotherapy and specialist

dermatology input to help with diagnosis and manage-

ment. In patients with pre-existing skin disorders such

as psoriasis, specialist opinion should be sought prior to

treatment.

Rheumatological

Approximately 15% of patients treated with anti-PD-1/

PD-L1 agents suffer with mild arthralgia and myalgia.

These symptoms often occur later than non-rheumato-

logical irAEs, and do not usually require dose interruption

[31].
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Inflammatory signs such as joint swelling, stiffness, ten-

derness and erythema suggest arthritis. This occurs after

a median of months of treatment and can persist beyond

2 years, even after immunotherapy is stopped [19]. It is an

important adverse effect as it can lead to rapid joint

damage. Inflammatory arthritis is more common in

patients treated with anti-PD-1/PD-L1 agents and com-

bination therapy (up to 10% of patients) compared with

anti-CTLA-4 monotherapy (<1% of patients). It usually

occurs in patients who have already experienced at

least one other organ irAE [31�33]. Symptoms fall broadly

into three classes and reflect the range of the rheumato-

logical spectrum of disease. The ‘reactive’ group mirrors

reactive arthritis, with large joints affected, often with

associated eye inflammation (conjunctivitis and uveitis).

A second class reflects RA, with small joint polyarthritis

of the hands. Like true RA, this group can have erosive

changes on radiographs and may have positive serology

for RF and ACPA. A ‘seronegative’ group present with

synovitis of medium and large joints. An algorithm to aid

the diagnosis of inflammatory arthritis has been published,

as per Table 1 [34].

Other rheumatological syndromes because of immuno-

therapy are less common (<1%). These include

vasculitides such as giant cell arteritis and polymyalgia

rheumatica, Sicca syndrome (presenting with eye and

mouth dryness) and systemic lupus erythematosus [2].

Polymyositis is seen in <1% of patients treated with

anti-PD-1/PD-L1 agents and can present as a spectrum,

from mild myalgia and weakness (with minimal associated

creatinine kinase rise) to life-threatening myasthenia,

rhabdomyolysis and myocarditis. These patients clearly

require specialist input to co-ordinate myositis antibody

panel testing, muscle biopsy and EMG [35].

Neurological (central/peripheral)

Neurological irAEs are uncommon, but are more common

in patients receiving anti-PD-1/PD-L1 therapy (6%) than

with anti-CTLA-4 treatment (4% in EORTC 18071 trial)

[36]. With combination treatment, the incidence of all-

grade neurological adverse events is �12%), and most

symptoms are mild and non-specific, such as headache

and vertigo [2]. Events of grade 3 and above are very rare

(<1%) [2]. It is therefore important to rule out other causes

of symptoms, such as disease progression (brain or lepto-

meningeal metastasis), infection and metabolic disturb-

ance. It is also vital to consider managing patients with

severe neurological irAEs in an intensive care setting, as

patients with Guillain�Barré syndrome, encephalitis or my-

asthenia gravis may require respiratory support.

Peripheral neuropathy is one of the more common irAEs

described in the literature and should be considered if

patients describe sensory changes or paraesthesia.

When accompanied by features such as ascending weak-

ness and eye involvement (diplopia, reduced acuity), de-

myelination such as Guillain�Barré syndrome and

transverse myelitis should be considered. These have a

median onset of 4 weeks from commencing therapy [22].

Diagnostic tests include MRI of the spine, which can show

uptake of contrast by nerve fibres, and EMG, which typ-

ically demonstrate reduced conduction velocity [37].

Lumbar puncture should be performed to test for the

presence of anti-ganglioside antibodies. Rarely, nerve

biopsies may be required; in cases of transverse myelitis

these have shown necrosis and lymphocyte infiltration

[38].

Production of antibodies to the acetylcholine receptor,

which are pathognomonic of myasthenia gravis, can be

enhanced by administration of CPIs. Ipilimumab has

shown worsening of pre-existing myasthenia gravis and

de novo cases have been reported. Patients present

with fatigable weakness, which can affect limbs, as well

as recti muscles to affect vision, and intercostal muscles

to affect respiration. Serum samples can demonstrate the

presence of anti-acetylcholine receptor and anti-muscle-

specific kinase antibodies, to help make the diagnosis

[39].

Central nervous system effects of CPIs are also seen;

encephalitis, meningitis and encephalopathy can present

with confusion, fever, seizures, upper motor neurone

signs such as spasticity and cerebellar signs such as nys-

tagmus [40, 41]. MRI of the brain shows diffuse dural en-

hancement with parenchymal sparing. Lumbar puncture is

used to check for anti-NMDA receptor antibodies and for

cerebrospinal fluid analysis, which would typically show

increased protein and mononuclear white cell count, but

normal glucose [42].

Paraneoplastic syndromes can present with a variety of

central and peripheral neurological symptoms. They occur

due to autoantibodies against tumour antigens, which are

released in response to treatment. In patients with ipilimu-

mab-treated small cell lung cancer, almost half developed

antineuronal antibodies (e.g. anti-Hu and anti-Yo). The

antibody-positive patients were more likely to develop

paraneoplastic syndromes but interestingly also had sig-

nificantly longer median progression-free survival [31, 43].

Imaging of the central nervous system, lumbar puncture

TABLE 1 An algorithm to aid the diagnosis of inflammatory arthritis

Grade Clinical exam Lab testing Imaging

1 Joint examination and functional
assessment

2/3 Joint examination and functional
assessment

ANA, RF, anti-CCP ESR, CRP Consider plain X-ray, MRI and/or ultrasound
of affected joints
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for cerebrospinal fluid analysis and EMG for nerve con-

duction study are helpful for diagnosis [22].

Associations between the development of neurological

irAEs and favourable response rate has also been

observed; a case series of 40 patients with neurological

side effects from CPI therapy has found a 90% overall

response rate [44]. In a phase III trial, overall response

rate was up to 30% (and median OS 11.2 months), com-

pared with overall response rate of 70% (and median OS

45.7 months) in patients with a neurological irAE [44].

Renal

irAEs affecting the kidney occur rarely with anti-PD-1/PD-

L1 therapy, anti-CTLA-4 therapy (2%) and combination

checkpoint therapy (5%) [45]. However, as lower grades

of adverse event are often symptomless, and only

detected on blood tests, the true incidence could be

higher. Patients who present with symptoms may have

oliguria, haematuria or peripheral oedema, and up to

10% patients with immunotherapy-induced nephritis

develop rash and fever [46]. The time of onset appears

to be class-dependent, with onset at around two

months following anti-CTLA-4 treatment, and between

three and ten months with combination CPI [47]. In a

case series of 13 patients who developed renal irAEs

from checkpoint therapy; six had already experienced ef-

fects on other organs, and 12 of the 13 had acute inter-

stitial nephritis, as confirmed by renal biopsy, with

inflammatory infiltrate in the renal cortex and interstitial

oedema [48]. Blood tests in patients with acute interstitial

nephritis usually demonstrate acutely raised creatinine,

eosinophilia and hyponatraemia [49]. Non-tubular renal

irAEs are seen less commonly but cases of nephrotic syn-

drome have been reported, with either focal segmental

sclerosis, membranous nephropathy or minimal change

seen on biopsies [50].

Given the effects of CPIs on the immune system, clin-

icians have been understandably reluctant to use these

treatments for patients with renal transplants, and there-

fore there are few data in this setting. Case reports of six

such patients have had significant tumour response to

CPIs. Four of these patients received anti-PD-1 therapy

and developed acute rejection of the transplanted kidney

[50]. This was not observed in the two transplant patients

who received ipilimumab [51].

Pulmonary

A meta-analysis found the overall incidence of pneumon-

itis in patients receiving anti-PD-1/PD-L1 therapy is <5%

[2]. Similar incidence is seen with anti-CTLA-4 inhibitor

therapy. Although pneumonitis cases of grade 3 and

above are rare (1�2%), it is one of the most common

causes of immunotherapy-related death [2].

Common symptoms include new or increasing breath-

lessness, dry cough, wheeze or chest pain. Patients may

describe reduced exercise tolerance, or even require sup-

plementary oxygen. The onset of these symptoms is de-

pendent on tumour type; patients with lung cancer

experience symptoms earlier [median 2.1 (range

0.2�27.4) months] than patients with melanoma [median

5.2 (0.2�18.1) months] [52]. Monitoring oxygen saturation

at rest and on ambulation may help identify affected pa-

tients. CT imaging of pneumonitis can show cryptogenic

organizing pneumonia, non-specific interstitial pneumon-

itis, hypersensitivity pneumonitis, or usual interstitial pneu-

monitis/pulmonary fibrosis [2].

There have been case reports of CPI therapy causing

pulmonary sarcoidosis; this can be symptom-less or

present with breathlessness and dry cough. CT

imaging demonstrates intrathoracic lymphadenopathy

and irregular densities in keeping with granulomatous

reactions [2].

Cardiology

Less than 1% of CPI-related adverse events are cardiac in

nature [2]. Patients can present with a range of symptoms,

from non-specific fatigue or muscle pain to chest pain,

shortness of breath, palpitations or oedema. Side effects

usually occur early, in the first few weeks of treatment [53].

As cardiac complications of CPI therapy are rare, most

data so far come from pre-clinical models. Dilated cardio-

myopathy has been described in genetically engineered

mice; knocking out PD-1 caused sudden congestive heart

failure, and in mice lacking PD-L1, autoimmune myocar-

ditis was observed [54, 55].

Two cases of myocarditis and myositis occurred in a

clinical trial of patients with melanoma receiving ipilimu-

mab with nivolumab [53]. Literature suggests myocarditis

occurs in <1% of patients receiving combination therapy,

and the first presentation is potentially with isolated

rhythm disturbance. A baseline ECG may make identifica-

tion of subsequent change more straightforward. Serum

troponin and brain natriuretic peptide are usually elevated

[22]. Serial ECGs and cardiac imaging with MRI can be

useful in diagnosis and monitoring. Myocardial biopsy

demonstrates T cell and macrophage infiltration of the

myocardium, cardiac sinus and atrioventricular nodes

[53].

Autoimmune pericarditis is an extremely rare complica-

tion of CPI therapy. It presents similarly to infective peri-

carditis, with fever and chest pain that improves on sitting

forward. A pericardial friction rub may be heard on aus-

cultation. Aspiration of pericardial fluid for analyses typic-

ally demonstrates lymphocyte infiltration, but with no

evidence of malignant cells or infective organisms [22].

Ophthalmological adverse events

The eye is an immune-privileged site, and so immune-

related events are rare (<1% of patients). The most

common ophthalmic irAE is anterior uveitis, for which

there are case reports in patients receiving anti-PD-1/

PD-L1 treatment [8, 56]. This can present with a painful

red eye (conjunctival injection), blurred vision or photo-

phobia, between 3 and 8 weeks after commencing CPI

therapy. Ophthalmic assessment, including fundoscopy,

is warranted and should include both eyes as presentation
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is often asymmetrical [2]. As ophthalmic irAEs are so un-

common, it is unlikely that a non-eye specialist will have

seen many (if any) complications and be able to diagnose

with certainty, so specialist referral is encouraged.

Retinopathy and uveal effusions have been reported

with anti-PD-1/PD-L1 agents. Both of these present with

blurred vision, and uveal effusions can additionally cause

a painful red eye [57, 58]. There have been case reports of

patients who have received nivolumab developing

Vogt�Koyanagi�Harada-like syndrome (uveomeningitis

syndrome) [59]. This has ophthalmic symptoms of blurred

vision and bilateral uveitis, and can cause localized retinal

detachment in addition to extra-ophthalmic symptoms in

the skin and brain.

Haematological

Unlike with chemotherapy treatment, CPI therapy is not

commonly known to cause myelosuppression or cytope-

nia. There are case reports of aplastic anaemia (bone

marrow) and autoimmune haemolytic anaemia (peripheral

blood) and immune thrombocytopenic purpura with anti-

PD-1 agents, which seem to occur within 12 weeks of

starting therapy [60�62]. However, given the rarity of

these cases, patients with cytopenia should be evaluated

for common causes too, such as cancer progression,

gastrointestinal bleeding and drugs.

In cases of nivolumab-induced aplastic anaemia, blood

work should include a Coombs test, reticulocyte count

and haemolysis assays (lactate dehydrogenase, bilirubin

and haptoglobin). Blood smears demonstrate pancyto-

penia with scattered lymphocytes. Bone marrow has a

paucity of haematopoietic elements, with CD8+ T cells

accounting for around 50% of the aspirate on flow cyto-

metry [62].

Autoimmune haemolytic anaemia is investigated in a

similar way, with results showing a positive direct

Coombs test, raised reticulocyte count and haemolysis

assay of raised lactate dehydrogenase and bilirubin, and

reduced haptoglobin. Blood smears show spherocytosis

[61]. The development of immune thrombocytopenic pur-

pura is likely related to raised PD-1 expression on B cells.

Blood results show decreased platelet count, with anti-

platelet antibodies present. Bone marrow biopsy demon-

strates an abundance of megakaryocytes with immature

platelets [63].

Activation of pre-existing autoimmune
diseases

Autoimmune diseases encompass a spectrum of over 80

separate disorders, and can be localized to a specific

organ, or multi-systemic. The prevalence globally is

thought to be between 3 and 8% [64]. However, despite

being relatively common, most patients with autoimmune

diseases were excluded from clinical trials involving CPIs.

Initial evidence for CPI use in these patients is therefore

from case studies.

Anti-CTLA-4 therapy (ipilimumab)

A 56-year-old gentleman with relapsing and remitting mul-

tiple sclerosis (MS) was diagnosed with metastatic melan-

oma 15 years after his MS diagnosis, at which point he

had good control of the neurological disorder with metho-

trexate and glatiramer acetate. These drugs were stopped

on commencement of ipilimumab, and the patient subse-

quently experienced severe clinical relapses of his MS.

The patient, however, responded to ipilimumab and the

authors concluded that ipilimumab can be used with cau-

tion in patients with MS; however, each individual case

requires as assessment or risk vs benefit [65].

In a series of seven patients with RA who developed

metastatic melanoma and were treated with ipilimumab,

four had a partial response, with two of these undergoing

surgical resection for complete response. Of note, three of

these four responders were sero-positive. Four of the

seven patients had a flare of RA; three patients had

grade 1 flares, managed with non-steroidal anti-inflamma-

tory agents) and two patients had grade 3 flares, requiring

prednisolone. New irAEs were also seen in addition to

flares of existing autoimmune disease; four patients had

grade 3 colitis requiring hospitalization [66]. This high re-

sponse rate, coupled with manageable exacerbations of

autoimmune disease is promising for the use of ipilimu-

mab in patients with pre-existing RA. This is supported by

a retrospective review of 30 patients who received ipilimu-

mab for metastatic melanoma who had pre-existing

autoimmune disease, including RA, psoriasis, inflamma-

tory bowel disease, systemic lupus erythematosus, MS

and autoimmune thyroiditis. Thirteen patients (43%)

were receiving immunosuppressive therapy (prednisolone

or hydroxychloroquine) at the time of commencing ipilimu-

mab. Eight patients (27%) had an exacerbation of their

autoimmune disease, managed with corticosteroids. In

addition, 10 patients (33%) had new irAEs of grade 3 or

above [67]. Notably, 15 patients (50%) had neither a flare

of existing autoimmune disease nor new irAEs, and six

patients (20%) had an objective response [64].

Anti PD-1 therapy

A German study of patients with melanoma receiving anti-

PD-1 therapy included 19 patients with pre-existing

autoimmunity, including psoriasis, RA, vasculitis, poly-

myalgia rheumatica, sarcoidosis, inflammatory bowel dis-

ease, Guillain�Barré syndrome, MS and autoimmune

thyroiditis. Before anti-PD-1 therapy commenced, all pa-

tients had well-controlled autoimmune disease; six pa-

tients (32%) were taking anti-inflammatory therapies, six

patients (32%) were receiving hormone replacement for

autoimmune disease and seven patients (37%) were not

on treatment. However, within 20 weeks of treatment,

eight patients (42%) had suffered a flare of their autoim-

mune disease, the majority being in those with pre-exist-

ing rheumatological disorders (five of nine patients, 55%).

These flares did not correlate with response; eight pa-

tients (42%) had a response but only three of these had
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experienced a flare of pre-existing autoimmune disease

[68].

Similar results were seen in a larger, multicentre trial

involving 52 patients with autoimmune disease who

received anti-PD-1 treatment for advanced melanoma.

Twenty patients (38%) experienced a flare of autoimmune

disease, particularly those with RA, polymyalgia rheuma-

tica and Sjögren’s syndrome. Interestingly, in this study,

no patients with gastrointestinal or neurological autoim-

mune disorders experienced a flare (n = 6 and 5, respect-

ively). Fifteen patients (29%) experienced other irAEs

unrelated to their autoimmune disease, for which four

(8%) stopped treatment, compared with two patients

(4%) who stopped due to flare of pre-existing autoimmune

disease. The overall response rate was 33% and was

similar in those that did and did not have a flare of auto-

immune disease (7/20, 35% vs 10/32, 31%) [69].

It seems, therefore, that anti-PD-1 agents may cause

particular flare of existing rheumatological autoimmune

disease, but anti-melanoma activity is also evident. Such

patients should not be denied such treatments, but re-

quire an individual assessment and discussion of risks

vs benefits.

Conclusions

Immunotherapy has heralded a new frontier in the adju-

vant and metastatic treatment of some cancers. Clinicians

must be alert to the range of adverse effects that have

been seen with these drugs and vigilant for novel side

effects. Overlapping symptoms in multiple organs can

add to the challenge, as can the flare of autoimmune dis-

ease that was well controlled prior to CPI therapy. The

timing of onset may follow a predictable pattern and this

can assist in diagnosis. As we gain more experience,

longer-term data will emerge that may help predict at-

risk patients. In the meantime, a collaborative approach

between specialties is advised.
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