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General aspects of immune checkpoints
blockade

Incidence and epidemiology

Immunotherapy with monoclonal antibodies (MoAbs) targeting
cytotoxic T lymphocyte-associated antigen 4 (CTLA4) and the
programmed death-1 receptor (PD-1) and its ligand PD-L1 has
become standard of care for an increasing number of indications
(Table 1). Therefore, an increasing number of patients will be
exposed to these drugs with a chance of developing toxicities
from these treatments. Depending on the immune checkpoint
that is targeted, the incidence of toxicity varies. Toxicities from
immune checkpoint inhibitors (ICPis) can be divided into infu-
sion reactions and immune-related adverse events (irAEs) or ad-
verse events of special interest (AEoSI). The latter will be the
subject of these Clinical Practice Guidelines. Any organ or tissue
can be involved, although some irAEs occur much more com-
monly than others. The most frequently occurring irAEs affect
skin, colon, endocrine organs, liver and lungs. Others are very in-
frequent, but may be very serious, even lethal, such as neuro-
logical disorders and myocarditis.

Ipilimumab-associated immune-related toxicities

irAEs from ipilimumab, anti-CTLA4, at a dose of 3 mg/kg, have
been documented to occur in 60%—85% of patients [1, 2], mostly
grades 1 and 2, but between 10% and 27% of patients develop

grade 3 to 4 toxicities, and 2.1% ipilimumab-related deaths have
been reported in the first phase III trial [1]. The onset of these
toxicities varies but usually starts within the first 8 to 12 weeks
of initiation of treatment [an example of onset of adverse events
(AEs) upon ipilimumab treatment is depicted in Figure 1], with
skin toxicities often being the first to develop. These toxicities are
dose-dependent as no grade 3 to 4 AEs were observed at a dose of
0.3 mg/kg ipilimumab, whereas these toxicities increased to 30%
with a dose of 10 mg/kg [3]. In the adjuvant setting with ipilimu-
mab 10 mg/kg followed by a maintenance dose, the recorded
grade 3 to 4 irAE rate was 41.6%, and the grade 5 irAE rate
1.1% [4].

PD-1/PD-L1 blockade immune-related toxicities

The most frequently reported AE with anti-PD-1/PD-L1 is
fatigue. Incidence of fatigue, of which the pathogenesis is poorly
understood, across single drug studies, is 16%-37% for anti-PD-1
and 12%-24% for anti-PD-L1 [5]. Only in a minority of patients
fatigue can be attributed to hypothyroidism. High-grade toxic-
ities from anti-PD-1 (either nivolumab or pembrolizumab) are
less common than for the CTLA4 blocking agent ipilimumab.
For nivolumab, any treatment-related AE was documented
in 74%-85% of patients, with 12%-20% being grade 3 and 4
[2, 6, 7] for metastatic melanoma patients, 58% and 7%, respect-
ively, for advanced cisplatin refractory squamous non-small-cell
lung cancer (NSCLC) [8], 69% and 10%, respectively, for meta-
static cisplatin refractory non-squamous NSCLC [9] and 79% and
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Table 1. Approved indications for ICPis

Drug Indications EMA/FDA approval
Ipilimumab Metastatic melanoma EMA + FDA
Adjuvant therapy stage Ill melanoma FDA
Nivolumab Metastatic melanoma EMA + FDA
2" line metastatic NSCLC EMA + FDA
2" line metastatic RCC EMA + FDA
Classical Hodgkin's disease® EMA + FDA
Recurrent or metastatic SCCHN® EMA + FDA
Locally advanced or metastatic UCC" EMA + FDA
Pembrolizumab Metastatic melanoma EMA + FDA
2" line metastatic NSCLC (PD-L1 > 19%) EMA + FDA
1°' line metastatic NSCLC (PD-L1 > 50%) EMA + FDA
1" line metastatic NSCLC in combination with pemetrexed + carboplatin FDA
Classical Hodgkin's disease EMA? + FDA?
Locally advanced or metastatic UCC® FDA
MSI-H or MMR deficient metastatic malignancies® FDA
Atezolizumab Locally advanced or metastatic UCC® FDA
2" line metastatic NSCLC FDA
Avelumab Locally advanced or metastatic UCC FDA
Metastatic Merkel cell carcinoma FDA
Durvalumab Locally advanced or metastatic UCC® FDA
Ipilimumab + nivolumab Metastatic melanoma EMA + FDA

“For the treatment of patients with cHL who have relapsed or progressed after auto-HSCT and post-transplantation brentuximab vedotin. BFor the treat-
ment of patients with recurrent or metastatic SCCHN with disease progression on or after platinum-based therapy. “For patients with locally advanced or
metastatic UCC who have disease progression during or following platinum-containing chemotherapy or within 12 months of neoadjuvant or adjuvant
treatment with platinum-containing chemotherapy. “For the treatment of adult and pediatric patients with cHL who are refractory or have relapsed after
3 or more lines of therapy. *For adult and paediatric patients with unresectable or metastatic, MSI-H or dMMR that have progressed following prior treat-
ment and who have no satisfactory alternative treatment options or with MSI-H or dMMR CRC that has progressed following treatment with a fluoropyri-
midine, oxaliplatin, and irinotecan.

Auto-HSCT, autologous hematopoietic stem cell transplantation; cHL, classic Hodgkin's lymphoma; CRC, colorectal cancer; dMMR, deficient MMR; EMA,
European Medicines Agency; FDA, Food and Drug Administration; ICPi, immune checkpoint inhibitor; MMR, DNA mismatch repair; MSI-H; microsatellite
instability-high; NSCLC, non-small-cell lung cancer; PD-L1, programmed death ligand 1; RCC, renal cell carcinoma; SCCHN, squamous cell carcinoma of
the head and neck; UCC, urothelial carcinoma.

19%, respectively, for tyrosine kinase inhibitor refractory meta-
static renal cell carcinoma [10].

1 —Rash, pruritis For pembrolizumab, the Keynote-002 study, comparing pem-
Liver toxicity brolizumab at doses of 2 and 10 mg/kg to chemotherapy in ipili-
— Diarrhoea, colitis . 1 howed erad

8 | —Hypophysitis mumab pre-treated metastatic melanoma, showed grade 1 to 2
g irAEs in 57%—60% and grade 3 to 4 toxicity in 14% of patients
= [11]. In the Keynote-006 study comparing pembrolizumab, given
'% at 10 mg/kg either every 3 or 2 weeks, to ipilimumab, treatment-
= related toxicity was observed in 73%-80% of patients, with 10%—
13.5% having grade 3 or higher AEs [12]. In a similar design to
: . : : . . —> the Keynote-002, the Keynote-010 study in cisplatin refractory
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NSCLC patients compared pembrolizumab (2 mg/kg) and pem-
brolizumab (10 mg/kg) with docetaxel. The reported treatment-
related AEs for the pembrolizumab-treated groups were 63% and

Time (weeks)

Figure 1. Timing of occurence of immune-related adverse events

following ipilimumab treatment.
Reprinted from [86] with permission. © 2012 American Society of
Clinical Oncology. All rights reserved.

66% for any AE, and 13% and 16% for grade 3 to 4 toxicities, re-
spectively [13]. In the Keynote-024 study pembrolizumab given
at 200 mg flat dose every 3 weeks was compared with cisplatin-
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Figure 2. Time to onset of grade 3-4 treatment-related select AEs.
AE, adverse event; IPI, ipilimumalb; NIVO, nivolumab.
Reprinted from [87] with permission.

based chemotherapy as first-line treatment in metastatic NSCLC
patients (tumour PD-L1 expression > 50%). Treatment-related
toxicity was reported in 73.4% (any AE) and 26.6% of patients
with a grade 3 or higher AE [14].

Combination of CTLA4 and PD-1/PD-L1 blockade
immune-related toxicities

Combination immunotherapy has only been approved for pa-
tients with metastatic melanoma. Treatment-related AEs were
observed in 95% of patients. In 55% of patients these AEs were of
grade 3 or higher [2]. The onset of grade 3 to 4 toxicities for either
monotherapy with nivolumab or combination immunotherapy
differs, as irAEs not only may develop earlier in combination
therapy but also may start over a prolonged period of time
(Figure 2).

General aspects of irAEs

In general, irAEs occur quite early, mostly within weeks to
3months after initiation of immune checkpoint blockers.
However, the first onset of irAEs has been documented as long as
1 year after discontinuation of treatment.

The role of tissue biopsy in the diagnosis of immune-therapy
related toxicity is not established. Some recommendations sug-
gest tissue biopsy in higher grade (3 and 4) toxicity [skin, gastro-
instestinal (GI), liver, kidney, lung] where there is diagnostic
doubt about the aetiology of the complication and management
would be altered by the outcome of the biopsy procedure [15]. In

general, when biopsy is carried out in such circumstances, the re-
porting pathologist must be apprised of the specific reasons for
the biopsy procedure.

Patient selection and baseline assessments

Before starting treatment, patients should be assessed in terms of
susceptibility to develop irAEs. This includes a work-up consist-
ing of patient history (and family history), general physical con-
dition, autoimmune diseases, baseline laboratory tests and
radiological exams (Supplementary Table S1, available at Annals
of Oncology online) [mostly computed tomography (CT) scans of
the chest, abdomen/pelvis and often brain magnetic resonance
imaging (MRI)]. Patients with a history of autoimmune disease,
or who are being actively treated for an autoimmune disease, are
at risk for worsening of their autoimmune disease while on im-
mune checkpoint blockade [16]. Similarly, patients that have had
irAEs on ipilimumab are at risk of developing irAEs following
anti-PD-1 treatment and vice versa [16, 17]. Results from these
retrospective series showed a higher rate of grade 3 to 4 toxicity in
patients treated with ipilimumab following anti-PD-1 (up to
35%) and patients with grade 3 to 4 toxicity on ipilimumab fol-
lowed by anti-PD-1 developed grade 3 to 4 irAEs in >20% of
cases. The time between last dose of first drug and initiation of
the second drug, however, may be important, considering the
long half-lives of these MoAbs.

Patients should be informed of the potential AEs of immuno-
therapy before treatment initiation. In all cases, patients should
report directly to the treating physician or team (nurse, nurse
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practitioner, physician). Once irAEs have developed, prompt
work-up is required and action should be taken to prevent fur-
ther aggravation of AEs, In many cases, especially the most severe,
immunotherapy should be discontinued and immunosuppres-
sive or immune modulating drugs including high-dose cortico-
steroids, and sometimes tumour necrosis factor alpha (TNFa)
antagonists, mycophenolate or tacrolimus, are needed to over-
come these toxicities, followed by careful tapering of immuno-
suppression.  Long-term (> 6weeks)  treatment  with
immunosuppressive drugs or use of infliximab increases the
chance of opportunistic infections; therefore, pneumocystis
prophylaxis should be considered according to local guidelines.
Importantly, so far there is no evidence that the clinical outcome
of patients on ICPis is affected by the use of immunosuppressive
agents for the management of immune-related toxicities [7, 18].

Immune-related skin toxicity
Incidence

Skin AEs are among the most frequent AEs observed by patients
treated with MoAbs inhibiting either immune checkpoints
CTLA4 (ipilimumab in 43%-45% of the patients) or PD-1 (nivo-
lumab and pembrolizumab in ~34%) [1, 3, 19, 20] and usually
develop early in the course of treatment (within the first few
weeks after initiation).

However, serious skin AEs are rare and do not usually require
dose reductions or treatment discontinuation.

One immune-related skin AE, vitiligo, seems to be associated
with good clinical responses to anti-PD-1 MoAbs in patients
treated for melanoma [21].

The most frequent skin AEs are rash, pruritus and vitiligo,
but the latter is seen mostly in patients treated for melanoma
[20]. Rash is reported in ~24% of the patients treated with
ipilimumab, in ~15% of those receiving anti-PD-1 MoAbs
and in 40% with the combination of ipilimumab and nivolu-
mab. However, grade 3 or 4 rashes are rare, with an inci-
dence of <3% with monotherapy ipilimumab or anti-PD-1
and < 5% with the combination [2, 22]. Pruritus is reported
in around 25%-35% of the cases with ipilimumab, 13%-
20% with anti-PD-1 and 33% with the combination, but
reaches a grade 3 and 4 in<2.5% [22]. Vitiligo is reported
in about 8% of patients with melanoma treated with anti-
PD-1 MoAbs [20] or with the combination of checkpoint in-
hibitors, but is more rarely reported with ipilimumab alone.
In a small prospective study, vitiligo was found in up to
25% of patients treated with pembrolizumab [21]. It is likely
that the incidence is underreported in clinical trials, due to
the fact that patients are not routinely seen and systematic-
ally subjected to a full-body skin exam by a dermatologist.
In this study, the occurrence of vitiligo was significantly
associated with the clinical response to the drug.
Development of vitiligo is predominantly observed in melan-
oma patients treated with ICPis but not in NSCLC or renal
cancer. More rarely, other skin AEs have been reported with
checkpoint inhibitors: alopecia areata, stomatitis, xerosis cutis
and photosensitivity. Exacerbation of psoriasis has also been
anecdotally reported with these drugs, as well as psoriasiform
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or lichenoid skin reactions in patients without any history of
such skin disease [19, 23].

Histopathologically, skin reactions may be categorised into
four broad groups [24]:

e Inflammatory skin disorders, which comprise a range of
changes reflecting acute, subacute or chronic inflammation
of various patterns, associated with variable epidermal changes,
including psoriasiform or lichenoid reactions. A lichenoid
interface chronic dermatitis is a common finding [25, 26];
Immunobullous skin lesions akin to dermatitis herpetiformis
or bullous pemphigoid;

Keratinocyte alteration—Grover’s disease [27]/acantholytic

dyskeratosis;

* Immune-reaction mediated by alteration of melanocytes (regres-
sion of nevi, prurigo nodularis, tumoural melanosis and vitiligo).

Diagnosis and pathology/molecular biology

When a patient treated with a checkpoint inhibitor presents with
a skin AE, the first requirement is ruling out any other aetiology
of the skin problem, such as an infection, an effect of another
drug or a skin condition linked to another systemic disease. Next,
the severity of the skin AE needs to be evaluated by a careful and
thorough physical examination of the skin including the mucosal
areas, an appreciation of the general patient status (fever,
enlarged lymph nodes etc.), and if needed, a biological checkup
including a blood cell count, liver and kidney tests. This will help
to eliminate the possibility of a dermatological emergency such as
drug rash with eosinophilia and systemic symptoms (DRESS),
acute febrile neutrophilic dermatosis (Sweet syndrome), Stevens-
Johnson syndrome or toxic epidermal necrolysis (TEN). In such
life-threatening cases (fatal cases have already been described),
the treatment with checkpoint inhibitor(s) should be perman-
ently discontinued, the patient should be hospitalised, and symp-
tomatic treatment should be initiated immediately by a
dermatologist or at a specialised dermatology unit.

To gauge the severity of the skin AE, the Common
Terminology Criteria for Adverse Events (CTCAE) classification
is usually used.

Concerning a maculopapular rash, the most frequent event
with checkpoint inhibitors, the fourth version of the CTCAE clas-
sification proposes:

* Grade 1: macules/papules covering < 10% the body surface
area (BSA) with or without symptoms (e.g. pruritus, burning,
tightness);

Grade 2: macules/papules covering 10%-30% BSA with or
without symptoms (e.g. pruritus, burning, tightness); limiting
instrumental activities of daily living (ADL);

Grade 3: macules/papules covering > 30% BSA with or with-
out associated symptoms; limiting selfcare ADL;

Grade 4: papulopustular rash associated with life-threatening
superinfection; Stevens-Johnson syndrome, TEN and bullous
dermatitis covering >30% of BSA and requiring intensive
care unit (ICU) admission.

The relation with impairment in instrumental or selfcare ADL
seems appropriate to evaluate the severity of the AE as well as its
impact on the patient’s life. However, the fact that when > 30%
BSA is involved, the rash is automatically graded 3, is subject to
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Symptom Grade

Management escalation pathway

Assessment and Investigations

Avoid skin irritants,

Grade 1:
skin rash, with or without
symptoms, < 10% BSA

avoid sun exposure,
topical emollients recommended

Topical steroids (mild strength) cream

Physical examination
Exclude other causes, e.g. viral iliness,
infection, other drug rash

(see Figure 4) od +/- oral or topical antihistamines for itch
Proceed with treatment
Supportive management, as above
Gradne z Topical steroids (moderate strength) cream As above
rash covers 10%-30% of BSA od or(potent) cream bd +/- oral or topical Consider dermatology referral and skin biopsy
(see Figure 4) antihistamines for itch
Proceed with ICPi treatment
Withhold ICPi
Topical treatments as above (potent)
Initiate steroids:
Grade 3: if mild to moderate 0.5-1 mg/kg prednisolone As for Grade 1
rash covers > 30% BSA (see Figure 4) od for 3 days then wean over 1-2 weeks; Dermatology review

or grade 2 with substantial symptoms

or if severe i.v. (methyl)prednisolone
0.5 -1 mg/kg and convert to oral steroids
on response, wean over 2-4 weeks

Consider punch biopsy and clinical photography

Recommence ICPi at G1/mild G2 after discussion
with patient and consultant

Grade 4: i.v. (methyl)prednisolone 1-2 mg/kg Deﬁn:;glgg;;dr:\:iew
skin sloughing > 30% BSA (see Figure 4) .
with associated symptoms Seek urgent dermatology review Punch biopsy

(e.g. erythema, purpura, epidermal detachment)

Discontinue ICPi treatment

Clinical photography

Figure 3. ICPi-related toxicity: management of skin rash/toxicity.

Recognised skin AEs include: (i) most common: erythema, maculopapular and pustulopapular rash; (i) rare: toxic epidermal necrolysis,
Steven-Johnson syndrome and DRESS; (iii) vasculitis may also be present with purpuric rash.
AE, adverse event; bd, twice daily; BSA, body surface area; DRESS, drug rash with eosinophilia and systemic symptoms; ICPi, immune check-

point inhibitor; i.v., intravenous; od, once daily.

discussion. Indeed, when the rash is diffuse but light and not
associated with any additional symptoms, a grade 2 would seem
more appropriate than grade 3.

The fifth version of the CTCAE classification will give a more
appropriate classification for skin AEs.

Management of rash

For grade 1 skin AEs such as rash and/or pruritus, treatment with
checkpoint inhibitors can be continued (see Figures 3 and 4).
Symptoms can be treated with topical emollients, oral antihista-
mines and/or mild strength topical corticosteroids. In the case of
grade 2 skin AEs, treatment with checkpoint inhibitors can be
continued but should be checked weekly for improvement. If not
resolved, treatment should be interrupted until the skin AE has
reverted to grade 1. Symptomatic treatment consists of topical
emollients, oral antihistamines and median-to-high strength top-
ical steroids. Grade 3 skin AEs also require immediate interrup-
tion of checkpoint inhibition, until these are back to grade 1.

Treatment includes topical emollients, oral antihistamines and
high strength topical steroids [II, B]. Systemic corticosteroids
0.5-1 mg/kg can be considered, depending on the severity of the
symptoms. In the rare event of grade 4 skin toxicity, treatment
with checkpoint inhibitors should be interrupted, and patients
should be admitted immediately and be placed under supervision
of a dermatologist. Treatment consists of intravenous (i.v.) (me-
thyl)prednisolone 1-2 mg/kg with tapering when the toxicity re-
solves to normal [II, B].

Immune-related endocrinopathies

Thyroid gland disorders

Although thyroid gland disorders have been observed quite fre-
quently in patients treated with immunotherapies such as cytokines
interleukin-2 and type I interferons, their incidence has increased
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Figure 4. Schematic of body surface area (BSA).

considerably since the introduction of ICPis. Both hyper- and
hypothyroidism have been reported, although hypothyroid dis-
orders are more common than hyperthyroidism. The latter is often
transient and may precede hypothyroidism. Still, little is known
about the pathogenesis of thyroid disorders following ICPis. It is
thought to be mediated by T cells and not by B cell autoimmunity.
Recently, a cohort of 51 NSCLC patients treated with pembrolizu-
mab in the Keynote-001 study was prospectively followed by
thyroid-stimulating hormone (TSH), triiodothyronine and thyro-
xine (FT3, FT4) and anti-thyroid antibodies (Abs) measurement
[28]. The incidence of thyroid dysfunction requiring thyroid hor-
mone replacement was 21% (in 80% of these patients, anti-thyroid
Abs were detected), compared with 8% in patients that did not de-
velop thyroid dysfunction. These results suggest that the pathogen-
esis of autoimmune thyroid disease and thyroid gland dysfunction
as irAEs might have a similar pathogenesis.

Thyroid dysfunction is most common upon treatment with
anti-PD-1/PD-L1 or combination of anti-CTLA4 and agents
blocking the PD-1/PD-L1 axis. With ipilimumab (3 mg/kg), the
incidence was reported to be between 1% and 5% [1, 2], but
higher incidence (up to 10%) has been observed with the higher
doses of ipilimumab (10 mg/kg) [4].

With anti-PD-1 (either pembrolizumab or nivolumab) or anti-
PD-LI (atezolizumab) therapy, the reported thyroid dysfunction

Annals of Oncology

rate varies from 5% to 10% (irrespective of tumour type) [6, 10,
12]. With combination immunotherapy (ipilimumab 3 mg/kg
plus nivolumab 1 mg/kg), the frequency of thyroid disorders in-
creases to 20% [2]. These events are rarely higher than grade 2. In
most cases, thyroid dysfunction is found by routine blood tests
(TSH and FT4); they should be carried out before every infusion or
at least once a month (in the case of 2-weekly infusions).

Management

Even with subclinical hypothyroidism, substitution with thyroid
hormone should be considered in the case of fatigue or other
complaints that could be attributed to hypothyroidism [IV-V,
B]. In symptomatic patients, especially in the case of hyperthy-
roidism, treatment with beta-blockers should be started (pro-
pranolol or atenolol) [IV-V, B]. Rarely, carbimazole or steroids
are required. In those cases, treatment with ICPis should be inter-
rupted until recovery from symptoms. Hormone replacement
therapy (HRT) is usually long lasting (see Figure 5).

Hypophysitis

Before introduction of anti-CTLA4 therapy, hypophysitis, an in-
flammation of the anterior lobe of the pituitary gland, was ex-
tremely rare. Now, incidence rates of hypophysitis have been
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reported for ipilimumab 3 mg/kg, ipilimumab 10 mg/kg and the
combination of ipilimumab and nivolumab in 1%, 16% and 8%,
respectively [1, 2, 4].

Hypophysitis is very rare in patients treated with anti-PD-1
and anti-PD-L1 [29].

The aetiology of anti-CTLA4-induced hypophysitis remains
unresolved. Recently, in a murine model, low-level ectopic RNA
and protein expression of CTLA4 on thyrotropin and prolactin
secreting cells of the pituitary gland [30] was demonstrated. So
far, no explanation for this expression was found. Anti-CTLA4
treatment, however, led to mononuclear cell infiltration in the pi-
tuitary gland, anti-pituitary antibodies and activation of the com-
plement cascade in these animals, causing inflammation of the
gland, similar to what has been observed in full-blown hypophy-
sitis in patients. Whether this ectopic CTLA4 expression occurs
in human is unknown.

Patients may present with different complaints. Headache and
visual disturbances require immediate evaluation and differenti-
ation between cerebral metastasis, leptomeningeal disease, cere-
brovascular disease and hypophysitis. On brain MRI, a swollen or
enlarged pituitary gland may be visible. Frequently, simultaneous
low blood levels of TSH, adrenocorticotropic hormone and/or
follicle-stimulating hormone/luteinizing hormone (FSH/LH)
point towards hypophysitis as the most likely diagnosis. Patients
can present with hypothyroidism and/or hypocortisolism and with
complaints relating to low testosterone levels.

Management

Once the diagnosis is confirmed, treatment with ICPis should be
interrupted in any grade 2 or higher hypophysitis and treatment
consisting of HRT should be instigated immediately [V, B]. In
the case of headaches and other neurological problems, high-
dose steroids should be given; however, high-dose steroids appear
not to counteract the hormonal deficiency resulting from anti-
CTLA4 treatment. In most cases, the immune checkpoint inhib-
ition can be continued. Long-term HRT is required in most
patients (see Figure 6).

Type 1 diabetes mellitus

De novo diabetes induced by treatment with ICPis occurs at low
frequency (<1%). Diabetes mellitus (DM) appears to be more
common with PD-1 and PD-L1 blockade (or combination im-
munotherapy) than with ipilimumab [31]. The PD-1 pathway
plays a role in autoimmune DM as blockade of the PD-1/PD-L1
axis triggers the development of type 1 DM mediated by specific
CD8 T cells in murine models. However, incidence of type 1 DM
may rise as a consequence of treatment of larger patient popula-
tions with anti-PD-1 or anti-PD-L1 drugs.

It is recommended that blood glucose levels are regularly
monitored in patients treated with ICPis in order to detect the
emergence of DM. This could be either type 1 or type 2 DM. Even
patients with type 2 DM may develop ketoacidosis, an infrequent
but life-threatening event that should be treated according to
standard local guidelines [I, A]. Whether treatment with high-
dose steroids can prevent total loss of beta cells of the islands of
Langerhans is unclear. Steroids will most likely negatively influ-
ence diabetes control in these patients.

Annals of Oncology

C-peptide and Abs against glutamic acid decarboxylase (GAD)
and islet cell (ICA) should be measured to distinguish between
type 1 and type 2 DM.

Once the patient has been regulated with insulin substitution,
restarting treatment with ICPis may be considered.

Immune-related hepatotoxicity

Incidence

Hepatitis occurs in 5%-10% (of which 1%-2% is grade 3) of
patients during therapy with ipilimumab, nivolumab and
pembrolizumab at the approved doses as single agents and in
~25%-30% (of which ~15% is grade 3) of those treated with the
combination of ipilimumab 3 mg/kg and nivolumab 1 mg/kg [2, 12].

Diagnosis

All patients undergoing ICPi therapy should be assessed for signs
and symptoms of hepatitis with serum transaminases and biliru-
bin measured before every cycle of treatment. Hepatitis is usually
asymptomatic and detected on such routine blood monitoring. If
hepatitis develops, disease-related causes, concomitant drug ad-
ministration (including alcohol) and infectious causes, particu-
larly viral hepatitis, should be ruled out. However, initiation of
therapy, if needed, should not be delayed while awaiting sero-
logical results if there is no other apparent cause.

Liver biopsy may be considered in assisting in the differential
diagnosis of more severe hepatitic reactions [15]. Lobular hepa-
titis indistinguishable from autoimmune hepatitis is most com-
monly reported [32, 33]; most cases are panlobular but
inflammation may be confined to zone 3. Additional sinusoidal
histiocytosis and central vein endothelitis may help identify
ipilimumab-associated inflammation. Rare cases show portal
tract inflammation and cholangitis or changes indistinguishable
from non-alcoholic steatohepatitis (NASH).

Management

In the event of moderate (grade 2) transaminase or total bilirubin
elevation, checkpoint inhibitor therapy should be withheld and
transaminases and bilirubin measured twice weekly. Persistent
grade 2 elevation lasting longer than 1-2 weeks, after having ruled
out other causes, should be treated with corticosteroids at a dose
of 1 mg/kg/day (methyl)prednisolone or equivalent. Upon im-
provement, checkpoint inhibitor therapy may be resumed after
corticosteroid tapering. If worsening or no improvement occurs
despite initiation of corticosteroids, corticosteroid dose should
be increased to 2 mg/kg/day (methyl)prednisolone or equivalent
and checkpoint inhibitor therapy permanently discontinued
[IV-V, B]. For grade 3 or 4 transaminase or total bilirubin eleva-
tion, checkpoint inhibitor therapy should be permanently dis-
continued, and corticosteroids started at 1-2mg/kg/day
(methyl)prednisolone or equivalent. If there is no response to
corticosteroids within 2-3 days, mycophenolate mofetil should
be added at 1000 mg twice daily [IV-V, B] [34]. Consultation
with a hepatologist and consideration of liver biopsy (see above)
is recommended in steroid and mycophenolate-refractory cases
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Symptoms

Management escalation pathway

Further assessment and management

Initiate i.v. (methyl)prednisolone 1 mg/kg after
sending bloods for pituitary axis assessment*
Analgesia as needed for headache
(discuss with neurologist if resistant to
paracetamol and NSAIDs)

Withhold ICPi

Severe mass effect symptoms,
i.e. severe headache, any visual disturbance
or
Severe hypoadrenalism,
i.e. hypotension, severe electrolyte disturbance

Moderate symptoms, i.e. headache
but no visual disturbance

or If no improvement in 48h, treat as severe with
i.v. (methyl)prednisolone as above

Fatigue/mood alteration but haemodynamically
stable, no electrolyte disturbance

-
Patient education (with assistance of a nurse practitioner):
“Sick day rules”, prescription and education for use of IM steroid if required

L Consider alert card or bracelet

Figure 6. ICPi-related toxicity: management of hypophysitis.

Oral prednisolone 0.5-1 mg/kg od after
sending pituitary axis assessment

Withhold ICPi

MRI pituitary protocol
also exclude brain metastases)

Consider formal visual field assessment
(if abnormal patient to inform driver
licensing agency)

Aim convert to prednisolone and wean
as symptoms allow over 4 weeks to 5 mg

Do not stop steroids
Refer to or consult endocrinologist
Monitor TFTs

MRI pituitary protocol
(also exclude brain metastases),
visual field assessment

Wean steroids based on symptoms over
2-4 weeks to 5 mg prednisolone

Do not stop steroids
Refer to or consult endocrinologist
Monitor TFTs

Vague symptoms . .
(e.g. mild fatigue, anorexia), Await pituitary axis to confirm diagnosis but warn Replace coms_(c)ll alrl]dll or thyroxine per
no headache patients to seek urgent review if unwell gulde helow
or Continue ICPi with appropriate HRT** D tay p.rotoc(fl
) Refer to endocrinologist
Asymptomatic

*Pituitary Axis bloods: 9 am cortisol (or random if unwell and treatment cannot be delayed), ACTH, TSH/FT4, LH, FSH, oestradiol if premeno-
pausal, testosterone in men, IGF-1, prolactin. Mineralocorticoids replacement is rarely necessary in hypopituitarism.

*¥nitial replacement advice for cortisol and thyroid hormones:

« If 9 am cortisol < 250 or random cortisol < 150 and vague symptoms:

- Replace with hydrocortisone 20/10/10 mg

- If TFTs normal, 1-2 weekly monitoring initially (always replace cortisol for 1 week prior to thyroxine initiation)

- If falling TSH +/- low FT4

- Consider need for thyroxine replacement (guide is 0.5-1.5 ng/kg) based on symptoms +/— check 9 am weekly cortisol

- See Thyroid Guidelines for further information regarding interpretation of an abnormal TSH/T4
ACTH, adrenocorticotropic hormone; FSH, follicle-stimulating hormone; FT4, free thyroxine; HRT, hormone replacement therapy; ICPi, immune
checkpoint inhibitor; IGF-1, insulin-like growth factor-1; IM, intramuscular; i.v. intravenous; LH, luteinizing hormone; MRI, magnetic resonance
imaging; NSAIDs, nonsteroidal anti-inflammatory drugs; od, once daily; TSH, thyroid-stimulating hormone; TFTs, thyroid function tests.

[IV-V, B]. Third-line immunosuppressive therapy is not well
defined but the successful use of anti-thymocyte globulin (ATG)
has been reported in a case of ipilimumab-induced hepatitis re-
fractory to steroids and mycophenolate. Another third-line im-
munosuppressive therapy option is tacrolimus. Infliximab is not
recommended for the treatment of immune-related hepatitis (see
Figure 7).

Hepatitis usually resolves within 4-6 weeks with appropriate
treatment but in the event that it does not resolve, other contribu-
tory causes should be reconsidered and the initial diagnostic
work repeated as necessary, particularly bearing in mind the con-
comitant administration of other hepatotoxic drugs (including
herbal medications and those purchased over the counter) and
cytomegalovirus (CMV) reactivation.

Gastrointestinal toxicity

GI toxicity from cancer immunotherapy is well described for
anti-CTLA4 Abs. It is less well described for anti-PD-1 and anti-
PDL-1 Abs as well as for combined anti-CTLA4 and anti-PD-1 Abs.

Gastrointestinal toxicity of anti-CTLA4 antibodies

Incidence. Diarrhoea occurs in 27%-54% of cancer patients
treated with anti-CTLA4 Abs [35]. In most series, approximately
one-third of patients have diarrhoea, while the frequency of col-
itis ranges from 8% to 22% [35]. GI toxicity is one of the most fre-
quent and is the most severe (grade 3 or higher) of irAEs
associated with anti-CTLA4 [18]. It is usually the first irAE
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Assessment and Investigations

( a
Grade 1: Continue treatment If > ULN-3x ULN repeat in 1 week
[ ALT or AST > ULN-3x ULN ]—} E ontinu men <+ > X repeat in 1 weel
4 J
( a
Re-check LFTs/INR/albumin every 3 days
Review medications,
Withhold ICPi treatment e.g. statins, antibiotics and alcohol history
Grade 2: ; . i+
ALT or AST 3-5x ULN If rising ALT/AST when re-checked Perform liver screen: Hepatitis A/B/C serology,
start oral prednisolone 1 mg/kg Hepatitis E PCR, anti-ANA/SMA/LKM/SLA/LP/LCI,
iron studies
Consider imaging for metastases/clot
¢ J
Cease treatment )
e ALT/AST < 400 and normal As above; daily LFTs/INR/albumin
Grade 3: bilirubin/INR/albumin: oral prednisolone 1 mg/kg Perform US with Doppler
ALT or AST 5-20x ULN _ - o
\ ALT/AST > 400 or raised bilirubin/INR/low Low threshold to admit if clinical concern
albumin: i.v. (methyl)prednisolone 2 mg/kg )
-
Grade 4: As above; hepatology consult
L ALT or AST > 20x ULN Consider liver biopsy )

Steroid wean:

- G2: once G1, wean over 2 weeks; re-escalate if worsening; treatment may be resumed once prednisolone < 10 mg
- G3/4: once improved to G2, can change to oral prednisolone and wean over 4 weeks; for G3, rechallenge only at

consultant discretion

Worsening despite steroids:

- If on oral change to i.v. (methyl)prednisolone

- If on i.v. add MMF 500-1000 mg bd

- If worse on MMF, consider addition of tacrolimus
- A case report has described the use of anti-thymocyte globulin in steroid + MMF-refractory fulminant hepatitis [31]

Figure 7. ICPi-related toxicity: management of hepatitis.

ALT, alanine transaminase; ANA, antinuclear antibodies; AST, aspartate transaminase; bd, twice daily; ICPi, immune checkpoint inhibitor; INR,
international normalised ratio of prothrombin time; iv. intravenous; LCl, lung clearance index; LFTs, liver function tests; LKM, liver kidney
microsomal; MMF, mycophenolate mofetil; PCR, polymerase chain reaction; SLA/LP, soluble liver antigen/liver-pancreas antibody; SMA,
smooth muscle autoantibody; ULN, upper limit of normal; US, ultrasound.

leading to anti-CTLA4 discontinuation [18]. Colon perforation
occurred in 1%-1.5% of melanoma patients receiving ipilimu-
mab [35-37]; it may reach 6.6% of patients with renal cell carcin-
oma [36], and 1.1% of patients die of complications related to
ipilimumab-induced enterocolitis [4].

In a recent series, non-steroidal anti-inflammatory drug
(NSAID) use was associated with an increased risk of anti-
CTLA4-induced enterocolitis [38]. Very few data are available on
the risk of immune-related colitis in patients with Crohn’s disease
(CD) and ulcerative colitis (UC). Two out of six patients with
CD or UC had ipilimumab-induced colitis or a relapse of UC
or CD [39].

Diagnosis. Onset of GI symptoms may occur at any time during
1-10 infusions of anti-CTLA4 [36]. Enterocolitis may even occur
several months after the last dose of ipilimumab [40]. The half-
life of ipilimumab is 2 weeks; however, the biological effect may
persist long after drug clearance.

The most common symptom of anti-CTLA4-induced entero-
colitis is diarrhoea [1-4]. In a recent series, 92% of patients with
anti-CTLA4-induced enterocolitis had diarrhoea [38]. Other

presenting symptoms are abdominal pain, hematochezia, weight
loss, fever and vomiting [38]. Mouth ulcers, anal lesions (fistulas,
abscesses, fissures) and extra-intestinal manifestations (such as
arthralgia, endocrine disorders, skin disorders, hepatitis, neph-
ritis, pericarditis and pancreatitis) may be associated with anti-
CTLA4-induced enterocolitis [38].

The main biological abnormalities observed in patients with
anti-CTLA4-induced enterocolitis are anaemia, increased serum
C-reactive protein and low serum albumin levels [38]. Faecal level
of calprotectin has been found to be elevated in patients with
ipilimumab-induced enterocolitis in one study [38] but failed to
correlate with GI toxicity in another series [41]. Abs against the
enteric flora and antineutrophil cytoplasmic Abs are found in the
serum of a minority of patients with ipilimumab-induced entero-
colitis [41].

The main differential diagnoses of anti-CTLA4 enterocolitis
are GI infections and tumour-related symptoms. Stool analyses
for bacterial enteropathogens and Clostridium difficile toxin
should be carried out in every patient with significant diarrhoea
treated with anti-CTLA4. In addition, GI metastases are not un-
common in patients with disseminated melanoma and are not
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unknown in lung cancer; these should, therefore, be eliminated.
Anti-CTLA4-induced enterocolitis should be confirmed by flex-
ible sigmoidoscopy or colonoscopy with biopsies. Endoscopic
lesions of anti-CTLA4 colitis are erythema/loss of vascular pat-
tern, erosions and ulcerations. The sigmoid colon and the rec-
tum are involved in most cases; therefore, a flexible
sigmoidoscopy is generally sufficient to make the diagnosis of
anti-CTLA4-induced enterocolitis [38]. However, endoscopic
lesions of the colon are often extensive and may extend prox-
imal to the sigmoid colon in two thirds of cases. Patchy discon-
tinuous endoscopic lesions are observed in half of the patients
[38]. The histological picture generally differs from that
observed in inflammatory bowel disease (IBD). In most cases, it
is that of an acute colitis (infiltration with neutrophils, eosino-
phils), either diffuse or focal with patchy crypt abscesses. In
some cases, features of chronic IBD such as granulomas, basal
plasmocytosis and crypt abnormalities (atrophy, distortion,
branching, budding) have been reported [38].

Upper GI symptoms (dysphagia and epigastric pain) and
endoscopic  lesions  (oesophageal ulcerations,  gastritis,

Symptom Grade

Management escalation pathway

duodenitis) have been reported [35, 38]. About half of the pa-
tients with anti-CTLA4-induced enterocolitis have chronic, mild,
patchy inflammation of the stomach and the duodenum (crypt
distortion, focal and heterogeneous villus shortening, increased
eosinophils and mononuclear inflammatory cells in the lamina
propria) [38].

Staging and risk assessment. Assessment of severity relies upon
the National Cancer Institute’s CTCAE, version 4. Severe diar-
rhoea refers to grade 3 or 4 diarrhoea but also to patients with
grade 1 or 2 diarrhoea with dehydration, fever, tachycardia or
haematochezia. Flexible sigmoidoscopy or colonoscopy is recom-
mended in patients with severe diarrhoea or persistent grade 2
diarrhoea.

Management. Two randomised trials have failed to show any
benefit from oral administration of budesonide, in an attempt to
prevent occurrence of ipilimumab-induced enterocolitis [41, 42].
Patients with diarrhoea on anti-CTLA4 therapy should undergo a
workup including complete blood count, serum electrolyte

Assessment and Investigations

Investigations: FBC, UEC, LFTs, CRP, TFTs

Mild (G1): i.e. < 3 liquid stools per day ]

ic Mx: oral luids, loperamide, Stool microscopy for leucocytes/ova/parasites,

over baseline, feeling well
ICPi can be continued

" avoid high fibre/lactose diet

culture, viral PCR, Clostridium difficile toxin

N

—
v

Moderate (G2): i.e. 4-6 liquid stools per day over
baseline or abdominal pain or blood in stool or
nausea or nocturnal episodes

Outpatient management if appropriate
If unwell, manage as per severe
ICPi to be withheld

Severe (G3/4): i.e. > 6 liquid stools per day over
baseline or if episodes within 1h of eating

Requires hospitalisation and isolation until
infection excluded

ICPi to be withheld

Steroid wean duration:
- Moderate: wean over 2-4 weeks
- Severe: wean over 4-8 weeks

Steroids > 4 weeks:

Consider PJP prophylaxis, regular random blood
glucose, VitD level, start calcium/VitD supplement

Figure 8. ICPi-related toxicity: management of diarrhoea and colitis.

Prednisolone 0.5-1 mg/kg (non-enteric coated)

or consider oral budesonide 9 mg od > Exclude steatorrhea
. |f- no b.loody diarrhoea Book sigmoido/colonoscopy (+/- biopsy)
Do not wait for sigmoidoscopy/colonoscopy to start Contact patient every 72h

sigmoido/colonoscopy
i.v. (methyl)prednisolone 1-2 mg/kg Consider CT abdomen/pelvis, repeat
. Abdominal X-ray as indicated
Gastroenterology input and ensure >

sigmoido/colonoscopy is requested

(if no perforation/sepsis/TB/hepatitis/NYHA lll/IV CHF)
Can repeat 2 weeks later
Must have had flexsigmoido/colonoscopy prior

Other immunosuppressive treatment options:
MMF 500-1000 mg bd or tacrolimus

and cryptosporidia
Culture for drug-resistant organisms
G1 and persists § J
> 14 days or G2 and
persists for > 3 days
or worsens - N

Outpatients: Baseline tests as above
Consider in case of abdominal discomfort:
abdominal X-ray for signs of colitis

Repeat baseline bloods at outpatient review
No improvement in
72h or worsening or
absorption concern

Inpatients: Test as above, including

Daily FBC, UEC, LFTs, CRP
Review diet (e.g. nothing by mouth, clear fluids, TPN)
Early surgical review if bleeding, pain or distension

No improvement
in 72h or worsening

Infliximab 5 mg/kg
Medications:
(Methyl)prednisolone 1-2 mg/kg i.v.
Loperamide 4 mg 1 dose then 2 mg 30min before
each meal and after each loose stool until 12h
without diarrhoea (max 16 mg/day)

bd, twice daily; CHF, congestive heart failure; CRP, C-reactive protein; CT, computed tomography; FBC, full blood count; ICPi, immune check-
point inhibitor; i.v. intravenous; LFTs, liver function tests; MMF, mycophenolate mofetil; Mx, management; NYHA, New York Heart Association;
od, once daily; PCR, polymerase chain reaction; PJP, Pneumocystis jiroveci pneumonia; TB, tuberculosis; TFTs, thyroid function tests; TPN, total

parenteral nutrition; UEC, urea, electrolytes, creatinine; VitD, vitamin D.
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profile, stool analyses for enteropathogens and Clostridium diffi-
ciletoxin (see Figure 8).

Patients with non-severe diarrhoea should be treated with anti-
diarrhoeals, fluid and electrolyte supplementation, if needed
[IV-V, B] [35]. Anti-CTLA4 therapy can be continued. Patients
with persistent grade 2 diarrhoea or severe diarrhoea (grade 3/4
diarrhoea, or grade 1/2 diarrhoea with alarm symptoms, as de-
tailed above) should discontinue anti-CTLA4 therapy and receive
systemic corticosteroids (1-2mg/kg per day, iv.) [IV-V, B].
Patients who have a response to i.v. corticosteroids within 3-5
days should be switched to the oral form and tapered over 8-
12 weeks [35]. Patients who do not respond to corticosteroids
within 3-5 days should be switched to infliximab, unless it is con-
traindicated [IV-V, B] (see Figure 8). Overall, one-third to two-
thirds of patients either do not respond to high-dose i.v. steroids,
or have a relapse requiring an increase in the corticosteroid dos-
age during the course of steroid tapering. These patients require
infliximab and usually have an excellent response. A single dose
of infliximab (5mg/kg) is generally sufficient [18, 35, 36, 38].
Some patients may need a second dose of infliximab 2 weeks after
the first administration.

Vedolizumab is a MoAb directed towards the integrin 0,3, It
inhibits the intestinal homing of T lymphocytes. Vedolizumab is
a gut-specific immunosuppressive agent that is approved for UC
and CD. A recent case series of seven patients with mild to mod-
erate, steroid-dependent or steroid-refractory ipilimumab-
induced enterocolitis has shown that six out of seven patients
treated with vedolizumab went into remission; no AEs were
reported with vedolizumab. This preliminary study suggests that
vedolizumab is an alternative to infliximab [43]. Further studies
are needed to confirm the efficacy and safety of vedolizumab in
patients with ipilimumab-induced enterocolitis.

Recently, a colitis, possibly due to CMV reactivation, has been
reported in a patient with medically refractory anti-CTLA4 colitis
[44]. Further studies are needed to determine whether CMV plays
a significant role in this setting.

Some patients develop a colonic perforation, with or without
intra-abdominal abscess, either initially or during the course of
medical treatment. They should have emergency colectomy. We
recommend subtotal colectomy with ileostomy and sigmoidos-
tomy because colonic lesions are generally extensive and segmental
colonic resection is generally followed by a severe inflammation of
the remaining colon in the postoperative phase [38].

Prediction of ipilimumab-related colitis. No routine biomarker
has been found to predict ipilimumab-related colitis. Baseline
microbiota composition may predict ipilimumab-induced colitis.
More specifically, at baseline, an increased presence of bacteria be-
longing to the Bacteroidetes phylum species was found in patients
who remained free of colitis after ipilimumab treatment [45]. A re-
cent study has shown that distinct baseline gut microbiota com-
position is associated with colitis. Most of the baseline colitis-
associated phylotypes were related to Firmicutes (e.g. relatives of
Faecalibacterium prausnitzii and Gemmiger formicilis), whereas no-
colitis related phylotypes were assigned to Bacteroidetes [46].

Follow-up and long-term implications. Several studies have found
associations between ipilimumab-induced enterocolitis and tumour
regression or overall survival (OS) [36, 47]. However, in a dose
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escalation study, higher serum levels and prolonged administration
of anti-CTLA4 Abs resulted in a trend toward a greater incidence of
grade 3/4 autoimmune toxicity, but did not seem to increase anti-
cancer response rates [48].

Neither corticosteroids nor infliximab appear to affect re-
sponse and OS of patients treated with ipilimumab [18, 47].

A study has shown that some patients have endoscopic or
histological inflammation of the colon (including chronic in-
flammation) several months after the onset of enterocolitis [38].
In this study, three out of nine patients had chronic colitis on
biopsies [38]. More studies are needed to determine whether the
changes in these patients may evolve into chronic IBD.

In a recent study, four out of six patients who had an additional
infusion of ipilimumab after going into enterocolitis remission
relapsed [38]. Among them, three patients required a new steroid
course, including one patient who had a severe steroid-refractory re-
lapse requiring infliximab infusion. Reintroduction of anti-CTLA4
in patients, who had previously experienced enterocolitis, poses a
high risk of relapse and should be discussed on an individual basis.

In a recent randomised trial that compared nivolumab followed
by ipilimumab, or the reverse sequence, in patients with advanced
melanoma, a severe AE with the first agent did not predict toxicity
with the second one [49]. This was confirmed by a recent study,
which showed that, among 47 patients who had an anti-CTLA4-
induced colitis, only one relapsed under anti-PD-1 [49].

Gastrointestinal toxicity of anti-PD-1 antibodies

Very few data are available about GI irAEs associated with anti-PD-
1 MoAbs. Diarrhoea and colitis are more frequent with anti-CTLA4
agents than with either nivolumab or pembrolizumab, with grade 3
to 4 AEs occurring in 1%—2% of cases [2, 50]. A case series of
19 patients with GI toxicity after anti-PD-1 Ab administration has
been published [51]. The median time from drug initiation to symp-
tom onset was 3 months. The most common symptom was diar-
rhoea, followed by nausea/vomiting and abdominal pain.
Endoscopic findings consisted in normal mucosa or inflammation
ranging from mild erythema to severe inflammation (mucosal fri-
ability or ulceration). Histological findings included lamina propria
expansion, villus blunting, intra-epithelial neutrophils and increased
crypt/gland apoptosis. Intra-epithelial lymphocytes were rarely
prominent. A recent pathology study based upon eight cases has
described two patterns: active colitis with neutrophilic crypt micro-
abscesses and atrophy as well as crypt epithelial cell apoptosis
(n=5) or lymphocytic colitis characterised by increased intraepi-
thelial lymphocytes (n=3) [51]. A preliminary report confirmed
and extended this description. It depicted four different patterns of
GI irAEs induced by anti-PD-1 Abs: acute colitis similar to that
induced by anti-CTLA4 Abs, microscopic colitis, upper GI involve-
ment and pseudo-obstruction [52]. In this study, 87.5% of patients
responded to corticosteroids.

Gastrointestinal toxicity of combined anti-CTLA4
and anti-PD-1 antibodies

Diarrhoea and colitis, including severe forms, occur earlier
(Figure 2) and are more frequent with combined anti-CTLA4
and anti-PD-1 agents than with either ipilimumab [2, 53, 54] or
anti-PD-1 [2]. Other GI toxicities may also occur, including
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pancreatitis and small bowel enteritis, which may be visible on
CT scan. These rare toxicities require discontinuation of ICPi
treatment and initiation of immunosuppression treatment.
There is a need for a more detailed description of GI irAEs associ-
ated with combined anti-CTLA4 anti-PD-1 Abs.

Immune-related pneumonitis

Pneumonitis associated with checkpoint blockade is a toxicity of
variable onset and clinical, radiological and pathological appear-
ances, which has been observed with anti-PD-1/PD-L1 MoAbs
and, more rarely, with anti-CTLA4 MoAbs. It is more common
when anti-PD-1/PD-L1 MoAbs are combined with anti-CTLA4
MoAbs. Several cases of distinct life-threatening respiratory
events have been reported under anti-CTLA4 monotherapy.
Acute interstitial pneumonitis/diffuse alveolar damage syndrome
(DADS) is the most acute, life threatening event [55], but
organising inflammatory pneumonia, as well as a sarcoidosis-like
pulmonary granulomatosis have been described and may result
in difficulties in differential diagnosis with progression of disease
[56-58]. Rarely, pneumonitis worsens despite immunosuppres-
sion, and may be fatal due to infection or progressive disease.

Using treatment with anti-PD-1/PD-L1 MoAbs, respiratory
events like cough and dyspnoea have been documented in up to
20%—40% of patients, with grade 3 to 4 cough in 2%-9% and
grade 3 to 4 dyspnoea in 1%—2% of patients, respectively [59—
61]. Documentation of pneumonitis occurs in 2%—-4% of pa-
tients, with 1%—-2% grade > 3 events, frequency of fatal pneu-
monitis in 0.2% and discontinuation due to pneumonitis in
0.2%—4% [6, 7, 62—65]. In the absence of any direct comparison,
to date there is no compelling evidence that this incidence might
significantly differ between anti-PD-1 and anti-PD-L1 com-
pounds [63].

Data documenting pulmonary immune-related toxicities have
been progressively reported from retrospective series, from large
published prospective trials and subsequent expanded access pro-
grams, especially in the treatment of melanoma, NSCLC and
renal carcinoma. To date, however, immune-induced pneumon-
itis remains relatively poorly described.

Whereas pulmonary AEs are most often related to disease pro-
gression, particularly in the context of lung cancer or lung meta-
stases, any new respiratory symptom should prompt a dedicated
evaluation to formally exclude lung toxicity. All patients present-
ing with pulmonary symptoms, such as an upper respiratory in-
fection, new cough, shortness of breath or hypoxia should be
assessed by CT. Any respiratory symptom or sign must be care-
fully monitored, since fatal and life-threatening cases of pneu-
monitis have been reported.

Incidence

The incidence of pneumonitis is higher—possibly 1.5-2 times
more frequent, in patients receiving anti-PD-1 therapy compared
with ipilimumab monotherapy, as reported across several melan-
oma trials [12].

The combination of anti-PD-1/PD-L1 MoAbs with CTLA4 in-
hibition significantly increases the risk of pneumonitis, with up to

3 times more all-grade and grade > 3 events compared with mono-
therapy reported in a 3-arm randomised melanoma trial [2].

Incidence of pneumonitis was recently reported in a multi-
centre large retrospective analysis of patients receiving anti-PD-
1/PD-L1 monotherapy or in combination with anti-CTLA4, as
diagnosed by the treating investigator after exclusion of a tumou-
ral or infectious aetiology [66]. Of 915 patients who received
anti-PD-1/PD-L1 MoAbs, pneumonitis developed in 4.6%. Time
to onset of pneumonitis ranged from 9 days to 19.2 months, with
a median time to onset of 2.8 months, and tended to occur earlier
in patients receiving combination therapy (2.7 versus
4.6 months). The incidence of pneumonitis was higher with com-
bination immunotherapy versus monotherapy (10% versus 3%).
Incidence was similar in patients with melanoma and NSCLC
(5% versus 4%) overall, in monotherapy (3.6 versus 3.3%) and
combination therapy (9.6% versus 7%). Of these, 72% were grade
1 to 2, and 86% improved or resolved with drug withholding and
immunosuppression. Pneumonitis occurred irrespective of the
line of therapy in which immunotherapy was received.

Although it may be observed at any time, pneumonitis tends to
occur later than other irAEs, commonly some months after treat-
ment was initiated. The rate of grade 3 to 4 pneumonitis is similar
across tumour types and irrespective of dosage; however, there
have been more treatment-related deaths due to pneumonitis in
patients with NSCLC [13, 67]. Of note, detection, diagnosis and
management of such symptoms have largely improved over time,
and related mortality has been significantly reduced, making
pooled analysis difficult to be interpreted in this context.

Importantly, radiological features of pneumonitis are not
pathognomonic, and can include ground glass opacities, a
cryptogenic organising pneumonia-like appearance and intersti-
tial pneumonia pattern [55, 66, 68], as well as characteristics of
hypersensitivity pneumonitis.

In general, lung biopsy is not required for subsequent patient
management. However, if there is radiological or clinical doubt
as to the aetiology of pulmonary infiltrates, then biopsy may pro-
vide an answer. It may assist in discriminating acute infection, or
lepidic or lymphangitic spread of NSCLC, from a variety of in-
flammatory changes described above. If not apparent clinically,
identification of DADS may be useful in terms of treatment and
prognostication. Other patterns of lung reaction attributed to
immunotherapy are not specific and reflect a range of chronic in-
flammatory, presumably immune-related processes, giving rise
to changes such as non-specific interstitial pneumonitis, sarcoid-
like [69] or hypersensitivity pneumonitis-like changes and
organising pneumonia pattern of changes. All of these may be
seen in other drug toxicities or in non-drug-related scenarios.
While transbronchial lung biopsy may secure a diagnosis of infec-
tion or malignancy, and perhaps granulomatous disease or
organising pneumonia, a surgical lung biopsy using video-
assisted thoracoscopic surgery is more likely to secure a specific
diagnosis. The decision to proceed with biopsy, and choice of
technique, will depend on the location and distribution of disease
on imaging, the availability of a thoracic surgical intervention
team and any specific risks to the patient. If a biopsy is taken, it is
vital that the reporting pathologist is informed about the back-
ground to, and reason for, the diagnostic procedure.

Alternatively, depending on the radiological pattern on CT
scan, a bronchoscopy with bronchoalveolar lavage will support
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the identification of infections, including potential opportunistic
or atypical agents, and is recommended in any symptomatic
pneumonia.

Management

In the case of documented or high suspicion of immune-related
pneumonitis, immunosuppressive treatment should be started
immediately. Ideally, an infection should be ruled out by bron-
choscopy, especially in the case of grade>2 pneumonitis, in
order to be able to safely introduce the immunosuppressive treat-
ment. If the infectious status cannot be reliably assessed, most

Symptom Grade

Management escalation pathway

Annals of Oncology

algorithms advocate the administration of oral or i.v. broad spec-
trum antibiotics in parallel to the immunosuppressive treatment
in grade > 3 pneumonitis (see Figure 9).

In grade 1 to 2 pneumonitis, treatment consists of oral steroids
with prednisone 1 mg/kg daily or equivalent [IV=V, B]. Patients
should be clinically assessed every 2-3 days initially and, ideally,
also radiologically in grade 2 pneumonitis. Steroids should be
tapered over 4-6 weeks after recovery and reintroduction of the
checkpoint inhibitor should be delayed until the daily dose of ster-
oids equals 10 mg of oral prednisone per day or less.

In grade 3 to 4 moderate to severe cases, the patient should be
hospitalised and treatment should consist of high-dose i.v.

Assessment and Investigations

( N\
Baseline indications:
Grade 1: Consider delay of treatment Chest X-ray
i ic cha Bloods (FBC/UEC/LFTs/TFTs/Ca/ESR/CRP)
Radiographic changes only Monitor symptoms every 2-3 days <—

Ground glass change,
non-specific interstitial pneumonia

If worsens: treat as grade 2 or 3-4

Consider sputum sample and screening for viral,
opportunistic or specific bacterial
(Mycoplasma, Legionella) infections depending

on the clinical context

Grade 2:
Mild/moderate new symptoms

Dyspnoea, cough, chest pain

Pulmonary hypertension/respiratory
disease/connective tissue disease
Influenza/Mycobacterium tuberculosis exposure
Smoking history
Travel history
Allergy history including exposure to
home/occupational aeroallergens

Differential Diagnosis:
Pneumonia (including atypical,
pneumocystis, tuberculosis)
Lymphangitis
Usual interstitial pneumonias
Pulmonary oedema
Pulmonary emboli
Sarcoidosis

& J

( N
Grade 3 or 4:
Severe new symptoms
New/worsening hypoxia —>
Life threatening
Difficulty in breathing, ARDS
\ J
e N
History:

.

Withhold ICPi

Start Ab if suspicion of infection
(fever, CRP, neutrophil counts)

If no evidence of infection or no improvement with Ab

after 48h add in prednisolone 1 mg/kg/day orally

Consider Pneumocystis prophylaxis depending
on the clinical context

High resolution CT +/- bronchoscopy and
BAL pending appearances

Discontinue ICPi

Admit patient, baseline tests as above
(methyl)prednisolone i.v. 2-4 mg/kg/day

High resolution CT and respiratory review

+/- bronchoscopy and BAL pending appearances
Cover with empiric Ab
Discuss escalation and ventilation

If not improving or
worsening after 48h

Add infliximab 5 mg/kg or MMF if concurrent
hepatic toxicity

Continue with i.v. steroids- wean as clinically indicated

Outpatient Monitoring:
Monitor symptoms daily

Baseline indications, as above plus:
Repeat chest X-ray weekly and baseline bloods

Lung function tests including TCLO
If no improvement after 48h of oral

prednisolone, manage as per Grade 3

Once improved to baseline:
Grade 2: wean oral steroids over at least 6 weeks,
titrate to symptoms

Grade 3/4: wean steroids over at least 8 weeks
Steroid considerations:

Calcium & Vitamin D supplementation as
per local guidelines

Pneumocystis prophylaxis - cotrimoxazole 480 mg
bd M/W/F or inhaled pentamidine if cotrim allergy

Figure 9. ICPi-related toxicity: management of pneumonitis.

Ab, antibody; ARDS, acute respiratory distress syndrome; BAL, bronchoalveolar lavage; bd M/W/F, twice daily Monday/Wednesday/Friday; Ca,
calcium; CRP, C-reactive protein; CT, computed tomography; ESR, erythrocyte sedimentation rate; FBC, full blood count; ICPi, immune check-
point inhibitor; i.v, intravenous; LFT, liver function tests; MMF, mycophenolate mofetil; TCLO, transfer factor for carbon monoxide; TFT, thyroid
function tests; UEC, urea, electrolytes, creatinine.
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corticosteroids [ (methyl)prednisolone 2—4 mg/kg/day or equivalent],
and immunotherapy treatment permanently discontinued [IV-
V, B]. Where the patient’s condition does not improve or there is
no imaging improvement after 2 days, additional immunosup-
pressive strategies should be implemented [55, 70, 71]. The add-
ition of infliximab, mycophenolate mofetili (MMF) or
cyclophosphamide are possible options. Tapering of steroids
should be very slow and careful, over 6 weeks or more; relapses of
pneumonitis during steroid tapering have been reported, adding
considerations about recurrence in patients who rechallenge im-
munotherapy [66].

Rare-immune related toxicities

Neurological toxicity

The incidence of neuro-related AEs is reported as 1%. However, a
recent analysis of 59 trials, involving 9208 patients reported a
higher incidence: 3.8% in patients receiving anti-CTLA4, 6.1% in
patients receiving anti-PD-1 agents and 12% in patients receiving
anti-CTLA4 in combination with anti-PD-1 drugs. The time to
onset varied from 6 to 13 weeks. A range of neurological events
have been described, including polyneuropathy, facial nerve
palsy, demyelination, myasthenia gravis, Guillain Barré syn-
drome, posterior reversible leukoencephalopathy, transverse
myelitis, enteric neuropathy, encephalitis and aseptic meningitis.
It is important to rule out progression of the underlying cancer,
seizure activity, infection and metabolic derangement as causes
of neurological impairment. Depending on the clinical presenta-
tion and imaging of the central nervous system, nerve conduction
studies and lumbar puncture may assist in diagnosis. Early con-
sultation with a neurologist is advised.

For all but mild (grade 1) neurological symptoms, checkpoint
inhibitor therapy should be withheld until the nature of the AE is
defined [V, B]. In the case of moderate symptoms prednisolone
0.5-1 mg/kg should be considered. High-dose steroid therapy
with oral prednisolone (1-2 mg/kg) or i.v. equivalent should be
used in the event of significant neurological toxicity [V, BJ.
Additionally, plasmapheresis or i.v. immunoglobulin (Ig) may be
required in the treatment of myasthenia and Guillain Barré syn-
drome [V, B] (see Figures 10-12).

Cardiac toxicity

The incidence of cardiac AEs is <1%, but a wide range of toxic-
ities including myocarditis, pericarditis, arrhythmias, cardiomy-
opathy and impaired ventricular function have been reported
after treatment with ipilimumab, pembrolizumab and nivolumab
[72-75]. However, the incidence of cardiac toxicity is higher with
the combination of ipilimumab and nivolumab (0.27%) com-
pared with nivolumab alone (0.06%). Early consultation with a
cardiologist is reccommended [V, B]. High-dose corticosteroids
have been used successfully to treat cardiac side-effects and
should be instituted rapidly if checkpoint inhibitor induced car-
diac AEs are suspected. Escalation to other immunosuppressive
drugs, such as infliximab, MMF and ATG, may be necessary if
symptoms do not promptly respond to steroids [V, B].

Rheumatological toxicity

Mild or moderate myalgias and arthralgias occur in 2%-12% of
patients and are more common with anti-PD-1 agents [76].
Vasculitis, polymyositis, myositis and temporal arteritis have also
been described [73]. For mild or moderate symptoms, analgesia
with paracetamol and/or NSAIDs is recommended [V, B]. In
addition, moderate symptoms may respond to prednisolone at a
dose of 10-20 mg/day or equivalent. Severe symptoms should
prompt consultation with a rheumatologist and consideration of
the use of high-dose corticosteroids and TNFa-blocking agents
[V, B] (see Figure 13).

Renal toxicity

Renal dysfunction is rare with ipilimumab and with anti-PD-1
therapies, occurring in <1% of treated patients [77]. The inci-
dence is much higher with combination of ipilimumab plus nivo-
lumab, reaching 4.9%, with 1.7% of grade 3 to 4 toxicity.
Similarly, sequential therapy with ipilimumab followed by nivo-
lumab is associated with a high incidence of 5.1%, of which 2.2%
of cases developed grade 3 to 4 nephritis [78]. Serum sodium, po-
tassium, creatinine and urea should be measured before every in-
fusion of checkpoint inhibitor and derangement of renal
function managed initially by stopping nephrotoxic drugs
(including over the counter medications), ruling out infection,
urinary tract obstruction and correcting hypovolaemia.
Checkpoint inhibitor therapy should be withheld in the event of
significant renal dysfunction and consideration given to the use
of systemic corticosteroid therapy [0.5-2 mg (methyl)predniso-
lone or equivalent] [V, B]. In the event of severe renal dysfunc-
tion, a nephrologist should be consulted. Renal biopsy may be
used to clarify a difficult differential diagnosis [V, B]. In one series
of patients who were biopsied after developing acute kidney in-
jury while on ICPis an acute tubulo-interstitial nephritis with
lymphocytic infiltration was the most frequent finding [79].
Recently, a severe case of antineutrophil cytoplasmic antibody-
associated rapid progressive glomerulonephritis was described in
a patient with thymic epithelial carcinoma on pembrolizumab
treatment [80]. In keeping with pathology described in other
organs, granulomatous changes were seen in about a quarter
of patients and one had thrombotic microangiopathy (see
Figure 14).

Ocular toxicities

irAEs of the eye are rare and occur in <1% of patients treated
with ICPis [81]. These AEs can be divided into ocular inflamma-
tion, such as peripheral ulcerative keratitis, uveitis and Vogt—
Koyanagi—-Harada syndrome, orbital inflammation, including
thyroid-associated orbitopathy and idiopathic orbital inflamma-
tion (sceritis, myositis, neuritis, dacryadenitis) and retinal and
choroidal disease (choroidal neovascularisation and melanoma-
associated retinopathy). Treatment of these rare toxicities de-
pends on their severity, with topical corticosteroids in the case of
episcleritis and anterior uveitis, and systemic corticosteroids in
the case of severe ocular inflammation and orbital inflammation.
Intravitreal anti-vascular endothelial growth factor (VEGF) is
indicated for choroidal neovascularisation.
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Haematological toxicities

Immune-related haematological AEs have rarely been described in
patients treated with ICPi and do seem to occur. So far, lethal
aplastic anaemia, autoimmune haemolytic anaemia and immune
thrombocytopenic purpura have been described [82-84]. The op-
timal treatment of these often severe AEs is unknown. Initiation of
high-dose corticosteroids and other immunosuppressive drugs
should be carried out in close collaboration with a haematologist.

Allograft rejection

The limited literature suggests that ipilimumab as a single agent
may be administered without necessarily causing rejection of car-
diac, renal and liver allografts. However, several recent case re-
ports have documented the risk of acute allograft rejection after
anti-PD-1 therapy [85]. As such, this very significant risk must be

Symptom Grade

Mild: no interference with function,
symptoms not concerning to patient
Any mild cranial nerve problem should be
managed as ‘moderate’

Management escalation pathway

Low threshold to withhold ICPi and monitor
symptoms for another week versus continue
ICPi; close monitoring for any progression

Annals of Oncology

considered in discussing systemic therapy options in patients that
might potentially benefit from anti-PD-1 therapy but who have
allografted organs.

Methodology

These Clinical Practice Guidelines were developed in accordance
with the ESMO standard operating procedures for Clinical Practice
Guidelines  development ~ www.esmo.org/Guidelines/ESMO-
Guidelines-Methodology. The relevant literature has been selected
by the expert authors. A summary of recommendations is shown in
Table 2. Levels of evidence and grades of recommendation have
been applied using the system shown in Table 3. Statements with-
out grading were considered justified standard clinical practice by
the experts and the ESMO Faculty. This manuscript has been sub-
jected to an anonymous peer review process.

Assessment and Investigations

4 )

Comprehensive neurological examination

Diabetic screen, B12/folate, HIV, TSH, consider
vasculitic & autoimmune screen, review alcohol
history & other medications
Consider need for MRI/MRA
brain or spine (exclude CVA, structural cause)

Moderate: some interference with
ADL, symptoms concerning to patient

Resume ICPi once returns to grade 1

Withhold ICPi

Initial observation reasonable or
initiate prednisolone 0.5-1 mg/kg
(if progressing, e.g. from mild) and/or
pregabalin or duloxetine for pain

As above
Consider NCS/EMG for lower motor neurone
motor and/or sensory change

Consider pulmonary function/sniff/diaphragmatic
function tests

Consider neurological consult

See Figure 11 for special indications
for specific disorders

If worsening symptoms
manage as per severe

Withhold ICPi and admit patient
Initiate (methyl)prednisolone 2 mg/kg i.v.

Severe: limits self-care and aids warranted,
life threatening, e.g. respiratory problems

Daily neurological review +/- daily vital capacity
See Figure 11 for specific disorder treatments

Involve neurologist in care

MRI brain/spine advised
NCS/EMG
Lumbar puncture
Pulmonary function assessment

See Figure 11 for special indications
for specific disorders

Advice on steroid wean:

Conversion from i.v. to oral steroids at clinician discretion
once improvement noted

Suggested oral prednisolone taper for 4-8 weeks

Consider PJP prophylaxis/Vitamin D if > 4-week duration

Multidisciplinary team involvement:

Physiotherapy, occupational therapy and speech therapy as appropriate,
ophthalmology review for ocular/cranial nerve issues

Orthotic devices, e.g. for foot drop, should be considered

Figure 10. ICPi-related toxicity: management of suspected peripheral neurological toxicity.

ADL, activities of daily living; CVA, cerebrovascular accident; HIV, human immunodeficiency virus; ICPi, immune checkpoint inhibitor; i.v. intra-
venous; MRA, magnetic resonance angiogram; MRI, magnetic resonance imaging; NCS/EMG, nerve conduction studies/electromyography;
PJP, Pneumocystis jiroveci pneumonia; TSH, thyroid-stimulating hormone.
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Table 2. Summary of recommendations for immune-related toxicities

Immune-related skin toxicity

® For grade 1-2 skin AEs, continue (at least 1 week) with ICPis. Start topical emollients, antihistamines in the case of pruritus and/or topical (mild strength)
corticosteroid creams. Reinitiate ICPi when < grade 1.

® For grade 3 skin AEs, interrupt ICPi and start immediate treatment with topical emollients, antihistamines and high strength corticosteroid creams [ll, B].

® For grade 4 skin AEs, discontinue ICPi (permanently), consider admitting patient and always consult dermatologist immediately. Start i.v. corticosteroids
[1-2mg/kg (methyl)prednisone] and taper based on response of AE [ll, B].

Immune-related endocrinopathies

* In symptomatic hyperthyroism patients, usually grade 1 or 2, interrupt ICPi, start beta-blocker therapy (propranolol or atenolol/metoprolol). Restart ICPi

when asymptomatic [IV-V, B].

In the case of hypothyroidism, rarely > grade 2, start HRT depending on the severity (50-100 pg/day). Increase the dose until TSH is normal. In the case of

inflammation of the thyroid gland, start prednisone orally 1 mg/kg. Taper based on recovery of clinical symptoms. Consider interruption of ICPi treatment

when symptomatic [IV-V, B].

In the case of hypophysitis (rarely > grade 2), when headache, diplopia or other neurological symptoms are present, start (methyl)prednisone 1 mg/kg or-

ally and taper over 2—-4 weeks. Start HRT depending on the affected hormonal axis (levothyroxine, hydrocortisol, testosterone) [V, Bl.

In patients with type | DM grade 3 to 4 [ketoacidotic (sub)comal, admit to hospital immediately and start treatment of newly onset type | DM [I, Al. Role

of corticosteroids in preventing complete loss of insulin producing cells is unknown and not recommended.

Immune-related hepatotoxicity

® For grade 2 hepatitis, withhold ICPi and monitor AST/ALT levels closely (1-2 times/week). When no improvement over 1 week, start (methyl)prednisone
(0.5-1 mg/kg). Taper over several weeks under close monitoring of AST/ALT and bilirubin [IV-V, B].

* For grade 3 hepatitis, discontinue ICPi and immediately start with (methyl)prednisone 1-2 mg/kg. When no improvement in 2-3 days, add MMF
(1000 mg 3x daily). Taper immunosuppression over 4-6 weeks under close monitoring of AST/ALT and bilirubin [IV-V, BJ.

* For grade 4 hepatitis, permanently discontinue ICPi, admit patient to the hospital and initiate (methyl)prednisone 2 mg/kg i.v. Add MMF if no improve-
ment is observed within 2-3 days. Consult hepatologist if no improvement under double immunosuppression. Other immunosuppressive drugs to con-
sider are ATG and tacrolimus. Consult or refer patient to an experienced centre. Taper over 6 weeks under close monitoring of liver tests [IV-V, B].

Gastrointestinal hepatotoxicity

® In patients with non-severe diarrhoea (grade 1), ICPi can be continued. Treatment with antidiarrhoeal medication (e.g. loperamide) should be prescribed
[IV=V, BI.

® In grade 2 diarrhoea, ICPi should be interrupted and the patient should start with corticosteroids depending on the severity and other symptoms (either
budesonide or oral corticosteroids 1 mg/kg). In the case of no improvement within 3-5 days, colonoscopy should be carried out and, in the case of colitis,
infliximab 5 mg/kg should be administered [IV-V, B].

* |n patients with severe diarrhoea (grade 3 to 4), permanently discontinue ICPi. Admit patient to the hospital and initiate (methyl)prednisone 2 mg/kg i.v.
Add MMF if improvement is observed within 2-3 days. Consult a hepatologist if no improvement under double immunosuppression. Other immunosup-
pressive drugs to consider are ATG and tacrolimus. Consult or refer patient to an experienced centre. Taper over 6 weeks under close monitoring of liver
tests [IV-V, B].

Immune-related pneumonitis

* In grade 1 and 2 pneumonitis, interrupt ICPi therapy, try to rule out infection and start with prednisone 1-2 mg/kg orally. Taper over 4-6 weeks [IV-V, B].

® |n grade 3 and 4 pneumonitis, discontinue ICPi permanently, admit the patient to the hospital, even ICU if necessary and immediately start high-dose
(methyl)prednisone 2—-4 mg/kg i.v. Add infliximab, MMF or cyclophosphamide in the case of deterioration under steroids. Taper over a period of 4-

6 weeks [IV-V, B].
Neurological toxicity

* In the case of mild neurological AEs, withhold ICPi and perform work-up (MRI scan, lumbar puncture) to define nature of neurotoxicity. In the case of de-
terioration or severe neurological symptoms, admit the patient and start (methyl)prednisone 1-2 mg/kg orally or i.v. In the case of Guillain-Barré or myas-
thenia-like symptoms, consider adding plasmapheresis or i.v. Ig [V, B].

Cardiac toxicity

* When a myocarditis is suspected, admit the patient and immediately start high-dose (methyl)prednisone (1-2 mg/kg). In the case of deterioration, con-

sider adding another immunosuppressive drug (MMF or tacrolimus) [V, B].
Rheumatological toxicity

® For mild arthralgia, start NSAIDs, and in the case of no improvement, consider low dose steroids (10-20 mg prednisone). In the case of severe polyarthritis,
refer patient to or consult a rheumatologist and start prednisone 1 mg/kg. Sometimes infliximab or another anti-TNFa drug is required for improvement
of arthritis [V, B].

Renal toxicity

* In case of nephritis, rule out other causes of renal failure first. Interrupt or permanently discontinue ICPi depending on the severity of the renal insuffi-
ciency. Stop other nephrotoxic drugs. Start (methyl)prednisone 1-2 mg/kg. Consider renal biopsy to confirm diagnosis [V, BI.

AE, adverse event; ALT, alanine transaminase; AST, aspartate transaminase; ATG, anti-thymocyte globulin; DM, diabetes mellitus; HRT, hormone replace-
ment therapy; ICPi, immune checkpoint inhibitor; ICU, intensive care unit; Ig, immunoglobulin; i.v. intravenous; MMF, mycophenolate mofetil; MRI, mag-
netic resonance imaging; NSAIDs, nonsteroidal anti-inflammatory drugs; TNFe, tumour necrosis factor alpha; TSH, thyroid-stimulating hormone.
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