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Summary

Immune checkpoint inhibition with monoclonal antibodies is becoming

increasingly commonplace in cancer medicine, having contributed to a

widening of therapeutic options across oncological indications. Disruption

of immune tolerance is the key mechanism of action of checkpoint inhibi-

tors and although immune-related adverse events are a typical class effect

of these compounds, the relationship between toxicity and response is not

fully understood. Awareness and vigilance are paramount in recognizing

potentially life-threatening toxicities and managing them in a timely man-

ner. In this review article, we provide an overview of the clinical features,

pathological findings and management principles of common immune-re-

lated toxicities, attempting to provide mechanistic insight into an increas-

ingly common complication of cancer therapy.

Keywords: immune checkpoint inhibitors; immunotherapy; toxicity.

Introduction

Anti-cancer immunotherapy has become an established

therapeutic modality for a widening range of malignan-

cies including non-small-cell lung cancer (NSCLC), mela-

noma, urothelial cancer, head and neck and renal cell

cancers (RCC). Currently, the most widely used approach

is the administration of monoclonal antibodies (mAb)

against regulatory immune checkpoint molecules that

inhibit T-cell activation. The use of immune checkpoint

inhibitors (ICI) is expected to become more prevalent as

new indications for treatment are explored in trials.

Immune checkpoint inhibitors are characterized by an

overlapping series of immune-related adverse events

(irAEs), induced by the deregulation of the immune sys-

tem, which is the basis of their mode of action. Signifi-

cant attention is required for management, as patterns of

toxicity differ from those caused by cytotoxic chemother-

apy or molecularly targeted agents. Awareness and early

recognition of irAEs is crucial to avert the unnecessary

morbidity and mortality associated with the more severe

forms of toxicity.

Unlike toxicity from other systemic anti-cancer treat-

ments, adverse reactions from immunotherapy may occur

Abbreviations: AIH, autoimmune hepatitis; CD4, CD8, CD28, cluster of differentiation 4, 8, and 28; CT, computed tomography;
CTLA-4, cytotoxic T-lymphocyte-associated protein 4; DILI, drug-induced liver injury; GI, gastrointestinal; IBD, inflammatory
bowel disease; ICI, immune checkpoint inhibitor; IL-1, interleukin 1; iRAE, immune-related adverse event; KC, Kupffer cell;
LSEC, liver sinusoidal endothelial cell; mAb, monoclonal antibody; NSCLC, non-small-cell lung cancer; PD-1, programmed cell
death protein 1; PD-L1 and PD-L2, programmed cell death protein ligands 1 and 2; RCC, renal cell cancer; RGMb, repulsive
guidance molecule b; SCLC, small-cell lung cancer
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months to years after the last dose,1,2 a finding that has

prompted the continuation of patient monitoring beyond

therapy discontinuation.

In this review, we provide an overview of the toxicities

affected by ICI on key systems, their clinical features and

their management principles, and also provide insight

into the pathogenesis of these events. Our focus here is

the more common or clinically significant toxicities

affecting the lung, gut, liver and endocrine system.

Detailed clinical guidance on toxicities affecting other sys-

tems can be found in published guidelines.3–6

Pulmonary toxicity

Pulmonary toxicity from ICI involves most typically dif-

fuse inflammation of the lung parenchyma (pneumoni-

tis), whereas other clinicopathological entities such as

sarcoid-like reactions and pleural effusions are rarer.1

Pneumonitis has been described in 2%–5% of patients

receiving anti-programmed cell death protein 1 (PD-1)

monotherapy in clinical trials;2,7 however, real-world

prevalence might potentially be higher (19%).8 It is the

most clinically significant ICI-associated toxicity, causing

death in 1%–2% of cases.1

Association of pneumonitis with PD-1 axis inhibition

is stronger than with that of cytotoxic T-lymphocyte anti-

gen 4 (CTLA-4),1 and can be enhanced by combined

therapy,2 although this may be explained by the greater

number of PD-1/ programmed cell death protein ligand 1

(PD-L1) inhibitors in NSCLC trials.9 Rates of pneumoni-

tis with PD-L1 inhibitors have been found to be lower

than with inhibition of PD-1 in some studies.10,11 Pneu-

monitis occurs more frequently in NSCLC and RCC than

in melanoma: with precocious onset (2 months) and

greater severity in NSCLC,12 where previous radiotherapy

and pulmonary co-morbidities may increase risk.13–15

Recognition is challenging. Median onset time is

approximately 3 months, ranging from a month to

2 years.1,2,16 The initial features of dry cough, dyspnoea

and hypoxia are non-specific, being shared with other

possible diagnoses, such as disease progression or pseudo-

progression, infection, pulmonary embolus and exacerba-

tion of co-existing lung disease.2

The key investigation with pneumonitis is high-resolu-

tion computed tomography. Radiographic findings

include non-specific interstitial pneumonia, organizing

pneumonia and hypersensitivity pneumonitis, commonly

involving the lower lobes.15,17,18 Bronchoalveolar lavage

aids diagnosis, especially if there is clinical suspicion of

infection, or lack of response to immunosuppression.19

Histological findings in pneumonitis include organizing

pneumonia, diffuse alveolar damage, and granulomatous

inflammation, with a CD4+-predominant lymphocyte

population.2,15,20 Although some of these findings are

shared with the early stages of lung fibrosis, pneumonitis

tends to be reversible. This may be explained, at least in

the anti-PD-1 setting, by findings pointing to a correla-

tion between lung fibrosis and PD-1 axis activation. In

idiopathic pulmonary fibrosis, anti-PD-1 antibody admin-

istration in mice leads to reduced fibrosis,21 whereas

injection of PD-L1-overexpressing fibroblasts into mice

promotes fibrosis.22

Understanding of the pathogenesis of ICI pneumonitis

is limited and often extrapolated from extrapulmonary

findings or inflammatory lung conditions that are idio-

pathic or related to other aetiologies. Mechanisms proba-

bly differ between CTLA-4 and PD-1-targeted therapies:

blockade of CTLA-4 leads to regulatory T-cell dysfunction

and impacts T-cell priming in draining lymph nodes,

whereas PD-1 blockade has been found to cause regula-

tory T-cell dysfunction as well as production of patholog-

ical autoantibodies, both in knockout mice and

patients.23–25 Mechanistic insight into anti-PD-1-related

pneumonitis is provided by the finding that PD-L2,

found on lung dendritic cells, binds repulsive guidance

molecule b (RGMb), found on interstitial macrophages

and alveolar epithelium.26 The PD-L2–RGMb interaction

promotes the initial T-cell expansion required for respira-

tory immune tolerance in mice.26 Prevention of the inter-

action of PD-L2 with PD-1 is likely to increase the

frequency of the PD-L2–RGMb interaction, so promoting

initial T-cell expansion. However, PD-1 inhibition may

then prevent this T-cell clone from developing tolerance

and lead to immune-mediated toxicity.26,27

Treatment of pneumotoxicity is informed by disease

severity28 (Table 1) and involves ICI interruption, sup-

portive measures and corticosteroids.4,29–31 Subclinical

radiographic changes are classified as grade 1 pneumonitis

(one-third of cases) and are treated with treatment cessa-

tion until spontaneous resolution. Grade 2 pneumonitis

is characterized by mild dyspnoea and cough and can be

managed with oral corticosteroids, tapered on symptom

resolution for at least 1 month. Grades 3 and 4 (20%–
40% of cases) indicate hospitalization. They are defined

by severe and life-threatening symptoms, respectively, and

benefit from high-dose intravenous corticosteroids. Non-

responders may benefit from infliximab, mycophenolate,

cyclophosphamide, tocilizumab and interleukin-1-targeted

agents. Cautious rechallenge with ICI after Grade 1 or 2

pneumonitis is possible, with reported pneumonitis

recurrence rates of 25%–33%.2,32

Questions remain about the relationship of ICI with

radiotherapy in NSCLC. So far, the KEYNOTE-001 and

PACIFIC trials demonstrate that radiotherapy before ICI

leads to significantly higher pulmonary toxicity rates than

radiotherapy alone. However, the incidence of severe

pneumonitis, of Grade 3 or above, remains the same.33

Both trials involved administration of ICI after radiother-

apy: prospective data on concomitant immunoradiother-

apy will be needed to properly untangle the relationship.
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Table 1. Indications for immune checkpoint therapy

Drug Target Combinations Indication

Ipilimumab

(YervoyTM)

CTLA-4 Monotherapy Advanced (unresectable or metastatic) melanoma in adults, and adolescents 12 years of

age and older

+ Nivolumab Advanced (unresectable or metastatic) melanoma in adults.

First-line treatment of adult patients with intermediate/poor-risk advanced renal cell

carcinoma (RCC)

Nivolumab

(OpdivoTM)

PD-1 Monotherapy Advanced (unresectable or metastatic) melanoma in adults.

Adjuvant treatment of adults with melanoma with involvement of lymph nodes or

metastatic disease who have undergone complete resection

+ Ipilimumab Advanced (unresectable or metastatic) melanoma in adults.

Monotherapy Treatment of advanced renal cell carcinoma after prior therapy in adults.

+ Ipilimumab First-line treatment of adult patients with intermediate/poor-risk advanced renal RCC

Monotherapy Locally advanced or metastatic non-small cell lung cancer (NSCLC) after prior

chemotherapy in adults.

Adult patients with relapsed or refractory classical Hodgkin lymphoma after

autologous stem cell transplant (ASCT) and treatment with brentuximab vedotin

Recurrent or metastatic squamous cell cancer of the head and neck in adults

progressing on or after platinum-based therapy

Locally advanced unresectable or metastatic urothelial carcinoma in adults after failure

of prior platinum-containing therapy

Pembrolizumab

(KeytrudaTM)

PD-1 Monotherapy Advanced (unresectable or metastatic) melanoma in adults

Adjuvant treatment of adults with Stage III melanoma and lymph node involvement

who have undergone complete resection

+ Axitinib First-line treatment of advanced RCC in adults

Monotherapy First-line treatment of metastatic NSCLC in adults whose tumours express PD-L1 with

a ≥50% TPS with no EGFR or ALK positive tumour mutations.

+ Pemetrexed and

platinum

First-line treatment of metastatic non-squamous NSCLC in adults whose tumours have

no EGFR or ALK positive mutations.

+ Carboplatin and

paclitaxel or nab-

paclitaxel

First-line treatment of metastatic squamous NSCLC in adults

Monotherapy Treatment of locally advanced or metastatic NSCLC in adults whose tumours express

PD-L1 with a ≥1% TPS and who have received at least one prior chemotherapy

regimen (EGFR mutant/ALK positive patients should also have received targeted

therapy)

Adult patients with relapsed or refractory classical Hodgkin lymphoma who have failed

ASCT and brentuximab vedotin, or who are transplant-ineligible and have failed

brentuximab vedontin.

Locally advanced or metastatic urothelial carcinoma in adults who have received prior

platinum-containing chemotherapy

Locally advanced or metastatic urothelial carcinoma in adults who are not eligible for

cisplatin-containing chemotherapy and whose tumours express PD-L1 with a CPS

≥10
Recurrent or metastatic head and neck squamous cell carcinoma (HNSCC) in adults

whose tumours express PD-L1 with a ≥ 50% TPS and progressing on or after

platinum-containing chemotherapy

Cemiplimab

(LibtayoTM)

PD-1 Monotherapy Adults with metastatic or locally advanced cutaneous squamous cell carcinoma who

are not candidates for curative surgery or curative radiation

Atezolizumab

(TecentriqTM)

PD-L1 Monotherapy Treatment of adult patients with locally advanced or metastatic urothelial carcinoma:

• after prior platinum-containing chemotherapy, or

• who are considered cisplatin ineligible, and whose tumours have a PD-L1 expres-

sion ≥ 5%

+ Bevacizumab,

paclitaxel and

carboplatin

First-line treatment of adult patients with metastatic non-squamous NSCLC (Excluding

EGFR mutant/ALK positive patients)
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Gastrointestinal toxicity

Gastrointestinal (GI) toxicities are among the most com-

mon irAEs. These can be severe, with approximately one-

third of ICI toxicity deaths related to gastrointestinal

complications,34 and a 1�1% mortality rate described

from ipilimumab-related colitis.35

The time-scale of such GI complications is variable:

typical onset is at approximately 6–7 weeks after treat-

ment initiation, with onset often later for anti-PD-1 than

anti-CTLA-4;36 however, there are rare reports of GI toxi-

city occurring as late as 1 year after discontinuation of

therapy. Diarrhoea is the most common manifestation of

GI toxicity, although the more feared complication is

clinically significant colitis. Colitis may present with

abdominal pain, haematochezia, fever, or other GI or

constitutional symptoms. The risk of GI toxicity is higher

for anti-CTLA-4 compared with anti-PD-1 therapy; recent

data have described an incidence of diarrhoea of 12�1%–
13�7% after anti-PD-1, and 30�2%–35�4% after anti-

CTLA-4, and incidence of colitis of 0�7%–1�6% after anti-

PD-1, and 5�7%–9�1% after anti-CTLA-4.36 GI toxicity

(among other irAEs) is higher with combination ICI ther-

apy,37 with reported rates of all-grades diarrhoea of 44%

and grade 3–4 diarrhoea and colitis of 9% in the initial

phase III study in unresectable melanoma. Rates also

appear dose-dependent, with severe diarrhoea and colitis

occurring in up to 10% of those treated with ipilimumab

10 mg/kg versus 6% with ipilimumab 3 mg/kg.38

ICI-related colitis is histologically characterized by

mucosal oedema, with infiltration by either neutrophils

(including cryptitis and crypt microabscesses), lympho-

cytes (particularly infiltrating the lamina propria) or

both.39 Inflammation may only be microscopic, and

collagenous colitis has also been described in association

with the use of pembrolizumab.40

The mechanisms underlying GI toxicity in ICI therapy

are not well understood. It has been observed that heredi-

tary mutations in the CTLA-4 gene locus lead to gastroin-

testinal perturbations (diarrhoea, enteropathy) in the

majority of patients.41 Loss of CTLA-4 expression in reg-

ulatory T cells impairs physiological immunosuppression

in the periphery, possibly accounting for this effect. Ani-

mal models of inflammatory bowel disease (IBD) point

to the importance of regulatory T cells in disease patho-

genesis, and the essential role of CTLA-4 therein.42 More-

over, genetic studies in humans have shown that

polymorphisms in genes encoding CTLA-4 and PD-1 are

associated with IBD.43 Given the clinical and pathological

similarities, it is unsurprising that several IBD therapies

are being used in ICI colitis.

In parallel with there being an increasing recognition of

the influence of the gut microbiota upon the efficacy of

ICI therapy, there are also data demonstrating that base-

line gut microbiota may be a key risk factor for whether

ICI-related GI toxicities occur or not. In particular, stool

microbiota profiling (via 16S rRNA gene sequencing) of

26 patients demonstrated that higher stool relative abun-

dance of the phylum Firmicutes (particularly members of

the genus Faecalibacterium) was associated not only with

more frequent occurrence of ipilimumab-induced colitis,

but also with longer overall survival.44 In contrast,

patients with higher stool relative abundance of the other

major bacterial phylum, Bacteroidetes, had lower rates of

colitis,44 a finding supported by a further study of 34

patients.45 Bacteroidetes are established as being able to

limit inflammation by stimulation of regulatory T-cell

differentiation,46 providing a possible mechanistic link

Table 1. (Continued)

Drug Target Combinations Indication

Monotherapy Adult patients with locally advanced or metastatic NSCLC after prior chemotherapy

(EGFR mutant/ALK positive patients should also have received targeted therapy)

+ Nab-paclitaxel and

carboplatin

First-line treatment of adult patients with metastatic non-squamous NSCLC who do

not have EGFR mutant or ALK-positive NSCLC

+ Carboplatin and

etoposide

first-line treatment of adult patients with extensive-stage small cell lung cancer

Durvalumab

(ImfinziTM)

PD-L1 Monotherapy Locally advanced, unresectable NSCLC in adults whose tumours express PD-L1 on ≥
1% of tumour cells and whose disease has not progressed following platinum-based

chemoradiation therapy

Avelumab

(BavencioTM)

PD-L1 Monotherapy Adults patients with metastatic Merkel cell carcinoma

Abbreviations: ALK, Anaplastic lymphoma kinase; CPS, Combined positive score; EGFR, Epidermal growth factor receptor; TPS, Tumour propor-

tion score.

The table summarises the indications for which immune checkpoint inhibitory antibodies are approved for by the European Medicines Agency,

either as monotherapy or as part of a combination of agents.

Unless otherwise stated, treatment continues until progression or unacceptable levels of toxicity. All data here is from the electronic medicines

compendium Summary of Product characteristics, and are therefore EMA approved. All FDA indications are not listed here.
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between certain bacterial taxa within the gut microbiota

and future immune-related toxicity.

Regarding treatment of GI toxicity, European Society

of Medical Oncology and American Society of Clinical

Oncology guidelines recommend that mild cases be trea-

ted symptomatically, including measures such as a low-fi-

bre diet, oral rehydration and loperamide.4,47 However, if

severe symptoms occur from presentation, or if there is

no improvement despite symptomatic measures, then

flexible sigmoidoscopy or ileocolonoscopy are appropri-

ate,47 as ulceration on colonoscopy makes subsequent

steroid-refractory disease requiring escalation of therapy

more likely.4 Abdominal computed tomography is mer-

ited because there is a recognized risk of toxic megacolon,

intra-abdominal abscess or colonic perforation after ipili-

mumab.48

Although it is important to consider other causes of

colitis (including cytomegalovirus colitis, Clostridium

difficile infection, IBD), investigations should not delay

treatment if there is high suspicion of ICI-induced

diarrhoea and colitis. Oral prednisolone or budesonide

are suitable for milder cases, but intravenous methyl-

prednisolone is preferred for more severe/non-resolving

cases.4,47 ICI usage should be postponed until symp-

tomatic resolution. Where there is no significant resolu-

tion with corticosteroids, it is generally recommended

to use infliximab,4,47 with case series suggesting that

early introduction is associated with better outcomes.49

There is no clinical evidence for the use of prophylactic

corticosteroids to prevent GI toxicity, with a trial evalu-

ating prophylactic budesonide in patients receiving ipili-

mumab demonstrating no benefit.35 Vedolizumab (a

mAb blocking the a4b7 integrin) was given to six

patients with steroid-refractory colitis after ipilimumab,

and one patient with prior nivolumab;50 although reso-

lution of colitis was observed, the time to steroid-free

remission was 56 days, similar to that observed in

spontaneous remission. In addition, clinical improve-

ment was also reported in two patients with steroid-re-

fractory ICI colitis treated with faecal microbiota

transplant,51 further supporting microbiota–immune

crosstalk as a contributory factor to the development of

GI toxicities.

Liver toxicity

Hepatotoxicity is one of the commonest forms of irAEs

from ICI.52 Hepatotoxicity is frequently asymptomatic

and identified by elevations in either aspartate or alanine

transaminase.47 Markers of synthetic dysfunction, such as

bilirubin and clotting indices, can be useful in risk-strati-

fying patients in the most severe categories. In patients

treated with single-agent immunotherapy, 5%–10% will

develop any hepatitis, and 1%–2% exhibit grade 3–4
injury.4,47 In dual therapy, hepatitis is more frequently

seen, with 25%–30% developing any grade and up to

15% developing grade 3–4 hepatitis.47

In most cases, the hepatocyte is the cellular target of

immune-mediated damage, with lobular hepatitis being

the main pattern of injury.53–55 This is in keeping with

the observation that most patients have a hepatocellular

pattern of liver function tests, with alanine transaminase/

aspartate transaminase being most significantly

deranged.55 Less commonly, ductular injury can be seen,

with patients presenting with jaundice and cholestatic

liver function tests, and demonstrating poor response to

corticosteroids.56

Hepatocyte injury by both necrosis and apoptosis is

observed in biopsies of patients with ICI-related hepato-

toxicity. In many patients, lobular inflammation is

accompanied by spotty or confluent hepatocyte necrosis

and, in a subset of patients, zone 3 necrosis is observed.54

Evidence of multifocal hepatocyte apoptosis and balloon-

ing degeneration can also commonly be seen. Interest-

ingly, anti-CTLA-4-related and anti-PD-1-related

hepatotoxicities have been reported to show slightly dif-

ferent histology, though both involve lobular hepatitis.55

In anti-PD-1 treatment, granulomatous hepatitis may be

observed, with some reports of well-formed fibrin ring

granulomas.57,58 These are formed of aggregated histio-

cytes and T cells and are located within the liver lobule.

Prominent perivenular injury and endotheliitis have also

been reported as a feature of hepatotoxicity in anti-

CTLA-4-treated patients.55,59 Endotheliitis is frequently

seen in acute cellular rejection of liver allografts, and sug-

gests an active recruitment of lymphocytes from the sinu-

soids and venules with endothelial damage.60 The

lymphocyte population recruited to the liver may also dif-

fer, with one study reporting that the lymphocytic infil-

trate in anti-CTLA-4-treated patient was predominantly

composed of CD8 T cells, contrasting a more even ratio

of CD8 : CD4 cells in anti-PD-1 therapy.55 These subtle

differences are instructive, hinting at mechanistic distinc-

tions in how liver tolerance is broken and hepatic inflam-

mation is triggered with inhibition of different

checkpoint pathways.

Similarly, comparative histological studies between

immunotherapy-related hepatotoxicity and other forms of

immune-mediated liver injury can be valuable. In a direct

histopathological comparison between autoimmune hep-

atitis (AIH), ICI-related hepatitis and idiosyncratic drug-

induced liver injury (DILI), distinct pathological patterns

of injury were demonstrated.53 Patients with ICI-related

hepatitis showed fewer plasma cells and a much lower

CD4 : CD8 ratio than AIH. They also demonstrated

fewer eosinophils than in cases of idiosyncratic DILI.

None of the biopsies from immunotherapy patients

demonstrated emperipolesis, the finding of a lymphocyte

within the cytoplasm of a hepatocyte, or hepatocyte roset-

ting, which are hallmarks of AIH. These observations
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suggest a central role for cytotoxic T cells in the patho-

genesis of immunotherapy-related hepatitis. Neither B-cell

activation with hypergammaglobulinaemia and autoanti-

body production, nor eosinophilic infiltration and hyper-

sensitivity elements, which are important in AIH and

idiosyncratic DILI, respectively, appear to have a signifi-

cant role.

In the liver, Kupffer cells (KC) and liver sinusoidal

endothelial cells (LSEC) function as antigen-presenting

cells, and are important in the induction of antigen-

specific immune tolerance to soluble and particle-associ-

ated antigen during homeostasis.61 Steady-state antigen

presentation within hepatic sinusoids by LSEC and KC

induces T-cell tolerance and expansion of regulatory T-

cell populations.61 This effect is thought to be mediated

by the relatively high expression of PD-L1 on KC and

LSEC. An LSEC PD-L1Hi phenotype has been shown to

be essential for induction of local CD8 T-cell toler-

ance.62

Genetic deletion of PD-L1 in experimental models leads

to accumulation of activated CD8+ T cells within the

liver, as the pathway is essential for effective deletion of

activated cytotoxic T cells by the liver.63 In PD-L1-knock-

out mice, experimentally induced T-cell-mediated hepati-

tis using the Concanavalin A model progressed more

rapidly and was more severe than in wild-type control

mice.63 PD-L1 expression by hepatic stellate cells has also

been shown to permit potent T-cell suppression by these

liver-resident cells and be essential in mediating the T-cell

inhibition that mediates local tolerance in an islet cell

transplantation model.64,65

In murine models of AIH, neonatal thymectomy can

deplete the regulatory T-cell population.66 However, this

does not give rise to liver inflammation without genetic

deletion of PD-1 to overcome local T-cell inhibition.66

This suggests that the combination of functional regula-

tory T cells with local tolerance maintained by the PD-1/

PD-L1 checkpoint blockade is necessary for the mainte-

nance of liver tolerance.

The evidence suggests that the PD-L1/PD-1 pathway is

important for immune regulation within the hepatic envi-

ronment, contributing to maintenance of tolerance

through the regulation of CD8 T-cell activation and

apoptosis. In anti-PD-1/PD-L1 therapy, it can be seen

how the threshold for hepatic inflammation may be low-

ered, permitting local T-cell activation and unchecked

cytotoxicity.

There is also evidence to link CTLA-4 function with

maintenance of tolerance within the hepatic environment.

A number of studies have shown associations between

CTLA-4 polymorphisms and spontaneous liver autoim-

mune conditions, such as primary biliary cholangitis and

AIH.67,68 In animal models of genetic CTLA-4 deficiency

and human studies of dominant CTLA-4 haplodeficiency,

an immune dysregulation syndrome arises with

multisystem involvement, including liver infiltration.41

Autoimmune liver diseases have been linked with quanti-

tative and qualitative defects in regulatory T cells,69 a T-

cell subtype that CTLA-4 is essential in maintaining.26 It

is therefore plausible that impairments in regulatory T-

cell function could contribute to hepatic inflammation in

the context of CTLA-4 ICI.

Both pathways have been implicated in the mainte-

nance of hepatic tolerance. Much more research is

required to fully understand why only some patients

develop liver inflammation in this context.

Treatment of immunotherapy-related hepatotoxicity

involves cessation of checkpoint inhibitors and com-

mencement of high-dose corticosteroid therapy, some-

times supplemented by a second-line immunomodulatory

agent such as mycophenolate mofetil and/or tacrolimus.70

The spectrum of disease can range from mild grade 1

transaminitis to fulminant liver failure. In severe cases,

anti-thymocyte globulin has been used,71 though this

should only be undertaken with advice from an experi-

enced hepatologist. Notably, the recommended first-line

treatment for induction of remission in AIH is azathio-

prine in addition to corticosteroids,72 as opposed to ICI-

related toxicity.

Endocrine toxicity

Hypophysitis, thyroid disorders, diabetes mellitus and

adrenal insufficiency have been widely reported with both

PD-1/PD-L1 and CTLA-4 blockade. Endocrine toxicity

can be difficult to diagnose due to the non-specific fea-

tures of hormone deficiencies.

Thyroid disorders are most common and manifest as

hypothyroidism or thyroiditis, presenting initially as thy-

rotoxicosis, and/or later as hypothyroidism due to inflam-

matory damage to the gland.73 Primary thyroid

dysfunction can occur after both CTLA-4 and PD-1/PD-

L1 blockade, unlike other endocrinopathies that are speci-

fic for different antibodies. Specifically, after PD-1 block-

ade, the rates of hypothyroidism are approximately 5%–
8% and of hyperthyroidism they are 3%.74 Rates of

hypothyroidism from ipilimumab have been reported as

5�9%.75 In combination therapy, rates of thyroid dysfunc-

tion could be up to 50%.76 Fifty per cent of cases of thy-

rotoxicosis may be self-limiting; however, if

hypothyroidism occurs after PD-1 blockade, it is more

likely to require lifelong thyroxine replacement.77

The underlying molecular mechanism of thyroid toxic-

ity remains unclear. As mentioned above, CTLA-4 axis

targeting is accompanied by regulatory T-cell dysfunction,

as highlighted in a mouse study examining autoimmune

thyroiditis.78 Additional to this, PD-1/PD-L1 pathway

blockade also leads to autoantibody formation: in KEY-

NOTE-001, 80% of patients experiencing thyroid dys-

function had positive autoantibodies.73 Finally, PD-1 axis
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blockade has also been hypothesized to cause thyroid dys-

function by direct binding of mAb to thyroid cells, which

reduces immune tolerance, leading to autoimmune thy-

roiditis.79

Monitoring involves thyroid function tests, with the

addition of thyroid autoantibodies in thyrotoxicosis.

Deranged thyroid function tests should prompt a pitu-

itary screen to exclude hypophysitis. If symptomatic,

hypothyroidism can be treated with levothyroxine with-

out ICI cessation. Symptomatic hyperthyroidism may

require treatment cessation, beta-blockers and carbima-

zole.3 ICI may be recommenced once symptoms have

resolved, with specialist endocrine input.

Hypophysitis is a rare but significant complication of

ICI. The incidence in patients treated with ipilimumab in

initial clinical trials was up to 17%, compared with <1%
with anti-PD1 therapy.80–82 Pituitary enlargement usually

causes headache, but visual disturbance, cranial palsies

and cavernous sinus involvement have also been

reported.83 In 70% of patients there will be hormone

insufficiencies, including thyrotrophin, gonadotrophin

and corticotrophin insufficiencies, which manifest as fati-

gue, nausea, anorexia and temperature intolerance.

Adrenocorticotrophic hormone insufficiency associated

with hypophysitis is unlikely to recover long term.84

The underlying mechanism is unknown but has been

hypothesized. CTLA-4 protein has been identified in

healthy murine pituitary tissue. Infiltrating pituitary gland

T cells, activated by inhibiting CTLA-4, proliferate and

secrete inflammatory cytokines, further aggravating the

immune response.85 In addition, antibody-dependent

complement activation due to the presence of CTLA-4

protein in pituitary tissue may result in a mixed type II/

IV hypersensitivity reaction.86 This is supported by the

lower incidence of hypophysitis with tremelimumab, an

IgG4 mAb known to trigger less complement activation.

Anti-PD-1 therapies are IgG4-based, potentially explain-

ing the rarity of hypophysitis in this group of patients.86

A visual field assessment and biochemical pituitary

screen are advised, whereas brain magnetic resonance

imaging will exclude differentials such as cerebral metas-

tases and infection and determine the presence of pitu-

itary enlargement. Using Common Terminology Criteria

for Adverse Events, Grade 2 toxicity or above should

prompt ICI cessation and consideration of corticos-

teroids, ideally intravenous if mass effect symptoms or

severe hypoadrenalism are present. Options also include

hormone replacement if deficient, and endocrinology

referral. The majority of patients can recommence ICI

once stable, but will probably require long-term hormone

replacement and endocrine input.3

Type 1 diabetes mellitus can be a life-threatening irAE

of anti-PD-1/PD-L1 therapy, with patients requiring per-

manent insulin replacement.87 The incidence is estimated

at around 1%, with half of cases having detectable

autoantibodies, most commonly anti-glutamic acid decar-

boxylase.88 Detectable antibodies are associated with

higher incidence of diabetic ketoacidosis.87 Additionally,

PD-1/PD-L1 inhibition can lead to worsening of pre-ex-

isting type 2 diabetes.89

This complication is specific to PD-1/PD-L1 inhibition,

with no reported cases in anti-CTLA-4 therapy. Animal

models have demonstrated that genetic or pharmacologi-

cal interruption of the PD-1/PD-L1 axis can stimulate the

development of diabetes.90 Pancreatic islet cells have been

found to express PD-L1,91 and the interaction of CD80

(an additional PD-L1 binding site and ligand for CD28)

with PD-1/PD-L1 could provide an immunoinhibitory

effect against self-reactive effector T cells. Disrupting this

interaction may lead to down-regulation of inhibitory sig-

nals from cytotoxic T cells and therefore autoimmune

disruption of islet cells.92

Patients should be screened with regular blood glucose

testing during therapy. The role of corticosteroid treat-

ment in preventing occurrence is unknown, and steroids

are likely to adversely affect outcomes by impacting on

glycaemic control. Rechallenge of therapy can be consid-

ered once the patient is well and established on insulin.3

Primary adrenal insufficiency or adrenalitis is the rarest

endocrine complication, with only a few reported cases.

In patients previously treated for ICI toxicity with corti-

costeroids, secondary adrenal insufficiency should be con-

sidered excluded. Other differentials include secondary

adrenal insufficiency resulting from adrenocorticotrophic

hormone insufficiency from hypophysitis, and bilateral

adrenal metastases. Therefore, adrenal and pituitary imag-

ing should be performed in addition to full pituitary axis

screening.93

Other toxicities

There are several other irAEs that patients may encounter

with ICI treatment that, although not covered extensively

in this review, are clinically significant and require diag-

nostic awareness from the treating clinician. Skin toxicity

is the most common irAE, with incidence more common

with anti-CTLA4 compared with PD-1 therapy, with inci-

dence rates ranging between 34% and 45%.28 Severe cuta-

neous toxicity is rare, with most cases being managed in

the outpatient setting with topical steroids and antihis-

tamines, with continued ICI treatment. A dermatology

opinion should be sought in severe or refractory cases.

Nephritis is another clinically significant toxicity that

necessitates regular monitoring of renal function, and

there should be a low index of clinical suspicion for

patients with unexplained rises in urea and creatinine.

Haematological toxicity has also been reported, which can

range from relatively mild blood dyscrasias to aplastic

anaemia94 and acquired haemophilia.95 Further informa-

tion and detailed guidance on management of these
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toxicities are available from published guidelines.4,28 It is

also noteworthy that life-threatening and indeed fatal tox-

icities have been observed with ICI treatment, principally

in the setting of myocarditis or neurotoxicity.96,97 This

has clinical implications in terms of both diagnosis and

treatment, but also necessitates thorough, informed con-

sent before commencement of ICI treatment. Such cases

should be managed in centres experienced in treating

irAEs with early specialist input advised.

The influence of irAEs on efficacy outcomes

The level of immune activation and therefore the anti-tu-

mour activity achieved by ICI has been hypothesized to

be reflected by the intensity of irAEs that occur in each

patient. The association of irAEs with outcome of ICI has

therefore been an area of debate.9 With ipilimumab, stud-

ies looking at irAE occurrence and response have demon-

strated both positive correlation in melanoma and

RCC,98–100 and negative correlation in small-cell lung

cancer – although here ICI was given in combination

with cytotoxic therapy.101 Larger studies have not shown

correlation in melanoma.102,103 With anti-PD-1-axis ther-

apy, correlation between outcome and cutaneous irAEs

has been observed in some studies,104–106 although the

over-representation of melanoma patients in these cohorts

has invited suggestions that toxicities represent lineage-

specific action of therapy and that correlation may not

extend to non-melanoma cases.107 Again, evidence of this

correlation has not been consistent, with other series

showing no correlation.108 Any positive correlation is

hard to disentangle from lead-time bias, as patients who

respond tend to be treated for longer, and so have more

time to develop irAEs.107 Another layer of complexity is

added by corticosteroids, which are thought to reduce

anti-cancer activity of ICI and have been an exclusion cri-

terion for trials when used to treat premorbid conditions.

However, evidence so far has not shown any effect on

outcome when these are used to treat irAEs.100,102

Conclusion

Review of the clinical features, investigation findings, and

treatment principles of the major ICI-related toxicities, as

well as of their immunopathology, reveals common pat-

terns. Clinical features can be non-specific and consistent

with a wide range of differentials, with the picture usually

complicated by possible progression of primary disease.

Some tissues are preferentially affected by anti-PD-1 ICI,

such as the lung and endocrine pancreas, whereas others

are affected more by CTLA-4 axis inhibition, such as the

gut and pituitary gland. Histopathology findings have

been varied, and comparisons have been drawn between

ICI-associated toxicity and other autoimmune patholo-

gies, with an ICI-specific picture emerging in the liver,

but not the lung. A common theme across the tissues

reviewed has of course been that of regulatory T-cell dys-

function. In addition to that, PD-1 axis inhibition is often

accompanied by autoantibody generation. A notable

mechanism is that of possible anti-CTLA-4 antibody-me-

diated complement activation in the pituitary. A number

of scientific societies have developed guidelines for the

management of irAEs,3,4 which is influenced by toxicity

grading, and is based on treatment discontinuation, ster-

oids and further immunosuppression, with additional

symptomatic measures. Given that immunotherapy is

already widely used across several tumour types and is

currently being trialled in more, recognition and prompt

treatment of irAEs are essential to minimize patient mor-

bidity. Translational studies aimed at providing a more

in-depth clinical and biological phenotyping of ICI recipi-

ents are warranted to increase our understanding of the

complex pathophysiology underlying toxicity and

response to ICI in patients with cancer.
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