
Neurological complications induced by
immune checkpoint inhibitors: a
comprehensive descriptive case-series
unravelling high risk of long-term sequelae
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Neurological immune-related adverse events are complications of programmed-cell death 1 or programmed-cell death 1 ligand

immunotherapies that can be life threatening and often lead to anticancer immunotherapy withdrawal. Scant clinical data are avail-

able that integrate the clinical presentation, therapeutic management and long-term outcome. All consecutive adult patients treated

by programmed-cell death 1 or programmed-cell death 1 ligand immunotherapies, given alone or in combination with other treat-

ment, who experienced a neurological immune-related adverse event with a severity grade �2 in Paris Saclay-University hospitals

were investigated from June 2014 to February 2019. The frequency of neurological immune-related adverse events was calculated

from the prospective Registre des Effets Indésirables Sévères des Anticorps Monoclonaux Immunomodulateurs en Cancérologie co-

hort. Forty patients presenting with 51 distinct neurological immune-related adverse events were included. The prevalence of grade

�2 neurological immune-related adverse events was estimated to be 1.22% in the Registre des Effets Indésirables Sévères des

Anticorps Monoclonaux Immunomodulateurs en Cancérologie cohort. Among 40 patients with neurological immune-related ad-

verse events, 65% received programmed-cell death 1 or programmed-cell death 1 ligand monotherapy and 35% received a combin-

ation of programmed-cell death 1 plus anti-CTLA4 (Common Terminology Criteria for Adverse Events). Clinical neurological pre-

sentations were peripheral (48%), central (35%), or mixed (18%). The severity of neurological immune-related adverse events was

grade 2 for 14 (35%) and �grade 3 for 26 patients (65%). The mortality rate related to neurological immune-related adverse

events was 8%. Corticosteroid treatment led to neurological recovery in 74%. Long-term follow-up highlighted that 53% of

patients experienced long-term neurological sequelae. Five patients were rechallenged by programmed-cell death 1 monotherapy

without recurrence of their neurological immune-related adverse event(s). Neurological immune-related adverse events induced by

programmed-cell death 1 or programmed-cell death 1 ligand are rare but are severe with a mortality rate of 8% and long-term

sequelae for 53% of patients. Corticosteroids should be started when neurological immunological complications are identified to

avoid long-term sequelae.
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Introduction
Anti-programmed cell death 1 (PD-1) and anti-pro-

grammed cell death ligand 1 (PD-L1) antibodies are the

most highly prescribed immune-checkpoint inhibitors

(ICIs) to treat cancer.1 Since the first trial involving anti-

PD-1 agents to treat metastatic melanoma in 2006, their

indications have broadened and now include many types

of solid tumours and haematological malignancies.2

Immune checkpoint inhibitors act on anti-cancer im-

munity by blocking the PD-1/PD-L1 axis, reversing the

lymphocyte exhaustion found in the tumour microenvir-

onment. As the anti-PD-1/PD-L1 axis is a physiological

pathway involved in immunological tolerance, healthy tis-

sue can be affected when patients are treated with ICIs.2

Anti-PD-1 and anti-PD-L1 agents are associated with

various immune-related adverse events (irAEs), mainly

involving the skin, endocrine glands, gastro-intestinal

tract, lungs and joints.3 Theoretically, every organ in the

body can be affected by such irAEs and the neurological

system is not spared.4,5 The most severe—and fortunately

rare—irAEs can involve the heart, haematopoietic tissue

and neurological system.6

A review of 59 clinical trials estimated the frequency of

neurological immune-related adverse events (n-irAEs) in

patients treated with PD-1 inhibitors to be 6.1%.7 Such

n-irAEs can be life-threatening,8 as they can represent up

to 15% of the lethality related to the use of anti-PD-1

agents.9 The most severe n-irAEs are encephalitis, meningo-

radiculopathies, acute inflammatory demyelinating poly-

neuropathy and myasthenia gravis.10–13 The management

of patients with a n-irAE requires halting immunotherapy,

even if it is of grade 1 severity, and treating them with

systemic corticosteroid therapy, with the eventual addition

of immunosuppressive drugs in corticosteroid-refractory

patients.14

Given the rarity of n-irAEs, no comprehensive studies

are available, including clinical data efficacy of steroid

therapy and long-term outcome. We aimed to investigate

in this study neurological complications related to anti-

PD-1 or PD-L1 immunotherapy, reporting the frequency,

clinical presentation, including central or peripheral

involvement, efficacy of corticosteroid therapy, and long-

term outcome.

Patients and methods

Study design and participants

This is a retrospective, non-interventional study based on

a descriptive case-series. All patients gave their oral

informed consent for the study. The study was approved

by the Institutional Review Board of the Institute Gustave

Roussy and the REISAMIC registry was declared at the

Commission Nationale de l’Informatique et des Libertés

(N�2098694v0). All consecutive adult patients (18 years

and older) who experienced n-irAEs related to anti-PD-1

or anti-PD-L1 immunotherapy and registered in the data-

bases of Paris-Saclay Hospitals were included in this study.

Patients could have received anti-PD-1 or anti-PD-L1

monotherapy, or a combination of anti-PD-1 and anti-

CTLA-4 immunotherapies. Patient sources included the

three following databases of Paris-Saclay Hospitals: pro-

spective REISAMIC pharmacovigilance registry,15 the

ImmunoTOX assessment board of the Institute Gustave

Roussy, Villejuif France14 and the Paris-Saclay University

Hospital Neurology Department of Kremlin-Bicêtre

(Fig. 1). The study period for all patients was June 2014

to February 2019. The n-irAEs were registered in the

pharmacovigilance database of Paris-Saclay Hospitals by

the REISAMIC registry if they were of severity 2 or

higher.15 For this study, all patients were included if they

had neurological irAEs of grade 2 severity or higher. The

severity of n-irAEs was assessed according to the

Common Terminology Criteria for Adverse Events

(CTCAE) version v4.03.13 The cut-off date for analysis

was 1 April 2019.

Procedures

All cases of patients with n-irAEs induced by anti-PD-1 or

PD-L1 were centrally reviewed by an expert board of

physicians that included neurologists and internal medicine

practitioners (CC, JMM, OL, NN and LP). The causality

relationship of n-irAEs with the immunotherapy was

assessed according to the World Health Organization rec-

ommendations using the Uppsala Monitoring Center

causality scale.16 Patients were retained for analysis in

the study if their n-irAEs were of certain, likely, or

possible causality. Patients with an unlikely, unclassified,

or unclassifiable causality link were excluded from the

analysis (Fig. 1).

Outcomes

Outcomes included the frequency of n-irAEs among

patients treated with anti-PD-1 or anti-PD-L1, clinical

presentation of patients with n-irAEs, treatment given for

the management of the n-irAEs, and long-term outcome.

Clinical characteristics, treatment and outcome were

investigated at the time of the n-irAE, three months later,

and at the last news available. Clinical characteristics

included age, demographics, tumour characteristics, im-

munotherapy regimen, neurological clinical examination,

severity of the n-irAE, according to the CTCAE, and the

resulting disability according to the modified-Rankin scale

(mRS).17

The prevalence of the n-irAEs was calculated solely

from the prospective data of the REISAMIC registry to

avoid selection bias.15

The responses to n-irAE treatment were evaluated three

months following the occurrence of the n-irAE(s).

Patients were classified as favourable responders to
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treatment if they achieved neurological recovery following

treatment. Neurological recovery was defined as a de-

crease in grade of �1 point on the CTCAE severity scale

and a decrease of mRS of �1 point relative to that at

baseline (beginning of treatment). Neurological recovery

without sequelae was defined as a decrease of both the

mRS and CTCAE back to their value before the occur-

rence of the n-irAE(s).

Long-term outcome

Long-term outcome was assessed based on the last news

available. Patients were evaluated to have sequelae or not

resulting from their n-irAE(s) at this timepoint. Neurological

recovery without sequelae was defined by full resolution of

the n-irAE symptoms. The follow-up of patients was

defined as the time elapsed from the first occurrence of

n-irAE symptoms to the last clinical evaluation.

Neurological immune-related
definitions

n-irAEs were defined as a neurological clinical symptom,

confirmed or not by a laboratory, imaging, or other exam-

ination, and considered to be linked to the immunotherapy

by the treating physician and after central review. One pa-

tient could have several different n-irAEs at the same time

or any time during the follow-up. All n-irAEs were

recorded and separately investigated in the study. The

n-irAEs were classified into central nervous system or

peripheral nervous system n-irAEs based on their neuro-

logical topography. Patients were distributed into three clin-

ical presentation groups depending on their n-irAE(s):

central nervous system, peripheral nervous system or both

(mixed involvement). Differential diagnosis such as infec-

tions or tumoural infiltration were thoroughly ruled out.

Patients diagnosed with pre-existing paraneoplastic neuro-

logical syndrome (PNS) were excluded from the study.

Statistical analysis

The time to n-irAE onset was defined as the time elapsed

from the first infusion of anti-PD-1 or anti-PD-L1 and the

beginning of the first n-irAE symptoms. Clinical characteris-

tics, immunotherapy regimens and n-irAE characteristics

were compared between patients belonging to the periph-

eral, central, and mixed neurological presentation groups

and the treatment received (anti PD-1 or PD-L1 monother-

apy or anti-PD-1 plus anti-CTLA4). Qualitative data are

presented as n (%) and quantitative data as the median

with interquartile range (IQR), unless otherwise stated.

Data were compared using the non-parametric Kruskal–

Wallis test or Mann–Whitney–Wilcoxon test. The threshold

for statistical significance was set to P< 0.05. All statistical

tests were performed using R Studio software v3.6.2.

Data availability statement

Detailed informations are provided in the Supplementary

Table 1. Further data can be shared upon request by the

authors.

Figure 1 Flow chart of the study. CTLA-4 ¼ cytotoxic T-lymphocyte associated protein 4; IrAE ¼ immune-related adverse event; n-irAE ¼
neurological immune-related adverse event; PD-1¼ programmed cell death 1; PD-L1 ¼ programmed cell death ligand 1; REISAMIC ¼ Registre

des Effets Indésirables Sévères des Anticorps Monoclonaux Immunomodulateurs en Cancérologie.
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Results

Selection of patients with n-irAEs

During the study period, 50 patients with suspected

n-irAEs were screened in the study: 11 from the

REISAMIC registry, 22 from the ImmunoTOX assessment

board and 17 from the Kremlin-Bicêtre Paris-Saclay

Hospital Neurology Department (Fig. 1). After a central-

ized review of the causality relationship of all cases, 10

patients were excluded from the analysis, as they had

neurological symptoms not related to immunotherapy.

Prevalence and distribution of
n-irAEs

Between 27 June 2014 and 1 February 2019, 899

patients treated with anti-PD-1 or anti-PD-L1 were pro-

spectively included in the REISAMIC registry. Among

them, 11 had confirmed n-irAEs, leading to a prevalence

of 1.22% for n-irAEs � grade 2 in patients receiving

anti-PD-1 or anti-PD-L1.

Overall, the study retained 40 patients for the analysis.

Altogether, they experienced 51 n-irAEs, corresponding to

a mean of 1.3 n-irAEs per patient (range: 1–3). The most

frequent n-irAEs were encephalitis (n¼ 12, 24%), inflam-

matory demyelinating polyneuropathy (n¼ 11, 22%),

meningitis (n¼ 8, 16%), cranial nerve palsy (n¼ 5, 10%)

and myelitis (n¼ 4.8%) (Fig. 2A). Four patients experi-

mented neuromuscular junction disorders: 3 developed

myasthenia-like symptoms, of whom 1 had a flare of a

previously-known seronegative myasthenia gravis and the

latter developed Lambert-Eaton syndrome with diaphrag-

matic palsy. A detailed narrative patient description

including clinical, biological and radiological features

of n-irAEs in all 40 patients, is presented in the

Supplementary Table 1.

Patient characteristics

Among the 40 patients with n-irAEs, the median age was

66 years [52–73] and the male/female ratio was 1.5.

Twenty-six patients (65%) were treated with anti-PD-1

or anti-PD-L1 agents as monotherapy, and the other 14

(35%) received a combination of anti-PD-1 and anti-

CTLA4 antibodies. Overall, patients were treated for mel-

anoma (n¼ 18, 45%), lung cancer (n¼ 6, 15%), Merkel

cell carcinoma (n¼ 3, 8%), renal cancer (n¼ 3, 8%) or

other tumour types (n¼ 10, 25%). The clinical neuro-

logical presentation was peripheral for 19 (48%) patients,

central for 14 (35%), and mixed for seven (18%). The

median time to n-irAE onset was 74 days [26–167] and

did not differ significantly between patients with mixed

(36 days), peripheral (67 days), or central presentation

(170 days) (P¼ 0.063) (Table 1). There was no signifi-

cant difference in the distribution of the clinical central,

peripheral or mixed presentation of n-irAEs depending on

the immunotherapy regimen administered (Fig. 2B,

Table 2). Twenty-one patients were tested for serum

autoantibodies (onco-neuronal antibodies and/or anti-gan-

glioside antibodies), of whom 7 patients were positive

and these patients have PNS unmasked or triggered by

ICIs (Supplementary Table 2).

Severity of n-irAEs

Among the 40 patients who experienced n-irAEs, the

overall maximum CTCAE grade of severity of the

n-irAEs was grade 2 for 14 (35%) patients and grade �
3 for 26 (65%). Three patients (8%) had a grade 5

n-irAE and subsequently died. The n-irAEs for these

three patients were encephalitis for patient #1, neuro-

muscular junction disorder type Lambert Eaton syn-

drome for patient #10, and encephalitis for patient #40.

A detailed narrative patient description is presented in

the Supplementary Table 1.

Therapeutic management of
patients with neurological irAEs and
outcome corticosteroids

Among the 40 patients, the n-irAEs of 31 were treated

with corticosteroids and those of nine with non-corticoster-

oid therapies. Among the 31 patients treated with cortico-

steroids, seven required the addition of immunosuppressive

or immunomodulatory therapy (Supplementary Table 3).

Treatment with systemic corticosteroids led to efficient

neurological recovery for 23 (74%) patients after three

months across all n-irAE clinical subtypes (Fig. 3). At the

three-month evaluation, 16 (52%) of the 31 patients

treated with corticosteroids achieved neurological recovery

without sequelae (Supplementary Table 3). Corticosteroid

treatment significantly reduced the score on the mRS be-

tween the baseline and three-month evaluation (P< 0.001,

Fig. 4). The mean baseline level on the mRS was higher

for patients treated with corticosteroids than those not

treated with corticosteroids (Supplementary Table 3). The

main reasons for not treating the patients with corticoste-

roids were the mild severity of the n-irAE(s) or spontan-

eous resolution for some patients (Supplementary Table

1). Patients not treated with corticosteroids did not signifi-

cantly reduce their score on the mRS at the three-month

evaluation relative to baseline, with a mean baseline mRS

score of 2.00 (SD 1.01) versus 1.65 (SD 1.58) (P¼ 0.063)

(Fig. 4). The probability of achieving neurological recov-

ery was higher in patients treated with corticosteroids

(P¼ 0.043). We did not find any association between the

time from symptoms onset to the initiation of corticoster-

oid therapy and the neurological recovery rate, nor with

the recovery without sequelae rate (P¼ 0.325 and

P¼ 0.468, respectively).
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Figure 2 Clinical distribution of the 51 n-irAEs that occurred in the 40 patients included in the study. aPD1 ¼ anti-programmed

cell death 1 antibodies; aPD-L1 ¼ anti-programmed cell death ligand 1 antibodies; aCTLA-4 ¼ anti-cytotoxic T-lymphocyte associated protein

4 antibodies; CTCAE ¼ Common Terminology Criteria for Adverse Events; IDP ¼ inflammatory demyelinating neuropathies; NMJ ¼
neuromuscular junction disorders.
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Immunosuppressive or
immunomodulatory therapy

Among the 31 patients treated with corticosteroids, seven

(23%) required the addition of immunosuppressive or

immunomodulatory therapy. The additional immunosuppres-

sive or immunomodulatory therapy consisted of intravenous

immunoglobulins (given to 5 patients), anti-TNF-alpha anti-

bodies (intravenous infliximab, given to 2 patients) and

anti-CD20 antibody (intravenous rituximab, given to 1 pa-

tient). The mean baseline mRS score was 3.71 (SD 1.25)

for patients treated with immunosuppressive or immuno-

modulatory therapy 3.43 (SD 2.44) at the three-month

evaluation, with the reduction not being significantly differ-

ent (P¼ 0.224) (Supplementary Table 3, Fig. 4).

Discontinuation of immunotherapy

Immunotherapy was withdrawn for all 40 patients at

the time of n-irAE diagnosis. Overall, the n-irAE led to

the permanent discontinuation of immunotherapy for

35 patients (88%) and temporary discontinuation for

five (22%), who were subsequently re-challenged with

immunotherapy.

Re-challenge with immunotherapy
after temporary discontinuation due
to neurological irAEs

Immunotherapy was temporarily discontinued for five

patients (patients #14, #21, #24, #27 and #39) due to

the occurrence of n-irAEs. After resolution of the

n-irAE(s), these five patients were re-challenged with im-

munotherapy. The decision to rechallenge was taken by

the referent oncologist after a thorough evaluation of the

individual risk/benefit imbalance and pluridisciplinary

concentration in the setting of the assessment board

iTOX.18 Importantly, all patients had initial CTCAE

grade II-III n-irAEs which improved either spontaneously

Table 1 Clinical characteristics of patients with n-irAEs according to their clinical presentation (peripheral, central

or mixed)

All patients Peripheral clinical

presentation

Central clinical

presentation

Mixed clinical

presentation

Pa

(n 5 40) (n 5 19) (n 5 14) (n 5 7)

Age-year (median, IQR) 66 [52–73] 66 [54–70] 69 [57–75] 66 [43–75] 0.713

Sex ratio (male/female) 1.5 2.8 1 0.75 0.014

Tumour type n (%)

Melanoma N¼ 18 (45%) N¼ 10 (53%) N¼ 7 (50%) N¼ 1 (14%) 0.242

Lung cancer N¼ 6 (15%) N¼ 2 (11%) N¼ 3 (21%) N¼ 1 (14%) 0.523

Merkel cell carcinoma N¼ 3 (8%) N¼ 1 (5%) N¼ 0 N¼ 2 (29%) NA

Renal cancer N¼ 3 (8%) N¼ 2 (11%) N¼ 1 (7%) N¼ 0 NA

Other N¼ 10 (25%) N¼ 4 (21%) N¼ 3 (21%) N¼ 3 (43%) NA

History of neurotoxic chemotherapy

Platinum agents N¼ 8 (20%) N¼ 4 (21%) N¼ 4 (29%) N¼ 0 NA

Immunotherapy regimen n (%)

Monotherapy anti-PD1 or PD-L1 N¼ 26 (65%) N¼ 12 (63%) N¼ 10 (71%) N¼ 4 (57%) 0.865

Combination therapy anti-PD1

plus anti-CTLA4

N¼ 14 (35%) N¼ 7 (37%) N¼ 4 (29%) N¼ 3 (43%)

Time between D1C1 and first n-irAE,

in days (median, IQR)

74 [26–167] 67 [32–118] 170 [74–210] 36 [20–55] 0.063

Severity of n-irAE (max grade of severity according to CTCAE) n (%)

Grade 2 N¼ 14 (35%) N¼ 9 (47%) N¼ 4 (29%) N¼ 1 (14%) 0.249

Grade 3 N¼ 19 (48%) N¼ 8 (42%) N¼ 6 (43%) N¼ 5 (71%) 0.387

Grade 4 N¼ 4 (10%) N¼ 1 (5%) N¼ 2 (14%) N¼ 1 (14%) 0.644

Grade 5 (death) N¼ 3 (8%) N¼ 1 (5%) N¼ 2 (14%) N¼ 0 0.451

Treatment of n-irAE

Corticosteroid n (%) N¼ 31 (78%) N¼ 14 (74%) N¼ 10 (71%) N¼ 7 (100%) 0.297

Immunosuppressive or immunomodulatory

therapy n (%)

N¼ 7 (18%) N¼ 3 (16%) N¼ 2 (14%) N¼ 2 (29%) 0.699

Outcome at last evaluation n (%)

Deaths N¼ 18 (45%) N¼ 10 (53%) N¼ 6 (43%) N¼ 2 (29%) 0.629

Related to n-irAE N¼ 14 (35%) N¼ 8 (42%) N¼ 4 (29%) N¼ 2 (29%) 0.676

Related to cancer N¼ 3 (8%) N¼ 1 (5%) N¼ 2 (14%) N¼ 0 0.451

Other causes of deaths N¼ 1 (3%) N¼ 1 (5%) N¼ 0 N¼ 0 0.395

Sequelae of n-irAEs n (%)

Yes N¼ 21 (53%) N¼ 10 (53%) N¼ 6 (43%) N¼ 5 (71%) NA

No N¼ 19 (47%) N¼ 9 (47%) N¼ 8 (57%) N¼ 2 (29%) 0.475

Time to follow-up (median, IQR) 234 [92–1062] 381 [125–754] 109 [75–971] 527 [175–1062] NA

aKruskal–Wallis test.

D1C1 ¼ Day 1 of cycle 1 of immunotherapy.
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Table 2 Characteristics of the 40 patients included in the study depending of their regimen of immunotherapy

All patients

(n 5 40)

Monotherapy

PD-1 or PD-L1

(n 5 26)

Combination

immunotherapy

anti-PD-1 plus

anti-CTLA4 (n 5 14)

Pb

Age (median, IQR) 66 [52–73] 66 [58–76] 63 [42–68] 0.074

Sex ratio (M/W) 1.5 1.16 1.8 0.844

Type of ICI n (%) NA

Pembrolizumab N¼ 12 (30%) N¼ 12 (46%) N¼ 0

Nivolumab N¼ 9 (23%) N¼ 9 (35%) N¼ 0

Avelumab N¼ 3 (8%) N¼ 3 (12%) N¼ 0

Atezolizumab N¼ 1 (3%) N¼ 1 (4%) N¼ 0

Nivolumab þ anti-LAG3 exp. Therapy N¼ 1 (3%) N¼ 1 (4%) N¼ 0

Ipilimumab þ Nivolumab N¼ 13 (33%) N¼ 0 N¼ 13 (93%)

Tremelimumab þ Durvalumab N¼ 1 (3%) N¼ 0 N¼ 1 (7%)

Neoplasm n (%) NA

Melanoma N¼ 18 (45%) N¼ 10 (39%) N¼ 8 (57%)

NSCLC N¼ 6 (15%) N¼ 6 (23%) N¼ 0

Merkel cell carcinoma N¼ 3 (8%) N¼ 3 (12%) N¼ 0

Renal cancer N¼ 3 (8%) N¼ 2 (8%) N¼ 1 (7%)

Head and neck cancer N¼ 2 (5%) N¼ 0 N¼ 2 (14%)

Pleural mesothelioma N¼ 2 (5%) N¼ 0 N¼ 2 (14%)

Others N¼ 6 (15%) N¼ 5 (19%) N¼ 1 (7%)

Maximal CTCAEv4.03 grade 0.207

Median (IQR) 3 [2–3] 3 [2–3] 3 [2–3]

Grade 2 N¼ 14 (35%) N¼ 11 (42%) N¼ 3 (21%)

Grade 3 N¼ 19 (48%) N¼ 11 (42%) N¼ 8 (57%)

Grade 4 N¼ 4 (10%) N¼ 3 (12%) N¼ 1 (7%)

Grade 5 N¼ 3 (8%) N¼ 1 (4%) N¼ 2 (14%)

Time to onset of n-irAEs from first infusion of immunotherapy

(days: median, IQR)

80 [28–170] 74 [34–167] 99 [26–163] 0.486

Clinical neurological presentation n (%)

Central nervous system 21 (35%) 9 (35%) 5 (36%) 0.945

Peripheral nervous system 26 (48%) 13 (50%) 6 (43%) 0.670

Mixed 7 (18%) 4 (15%) 3 (21%) 0.635

N-irAEs management, n (%)

Corticosteroids only N¼ 24 (78%) N¼ 15 (58%) N¼ 9 (64%) 0.367

Corticosteroids plus IgIV N¼ 4 (10%) N¼ 3 (12%) N¼ 1 (7%)

Corticosteroids plus TNF-a inhibitors N¼ 1 (2.5%) N¼ 0 N¼ 1 (7%)

Corticosteroids plus IgIV plus TNF-a inhibitors N¼ 1 (2.5%) N¼ 1 (4%) N¼ 0

Corticosteroids plus anti-CD20 abs N¼ 1 (3%) N¼ 0 N¼ 1 (7%)

Untreated N¼ 9 (23%) N¼ 7 (27%) N¼ 2 (14%)

Rechallenge with immunotherapy n N¼ 5 (13%) N¼ 3 (8%) N¼ 2 (5%) NA

History of AI disease n (%) 6 (15%) 2 (15%) 4 (29%) 0.562

Thyroiditis N¼ 3 (8%) N¼ 1 (4%) N¼ 2 (14%)

Psoriasis N¼ 1 (3%) N¼ 0 N¼ 1 (7%)

Myasthenia gravis N¼ 1 (3%) N¼ 1 (4%) N¼ 0

Rhizomelic pseudopolyarthritis N¼ 1 (3%) N¼ 0 N¼ 1 (7%)

BOR according to RECISTa NA

Complete response N¼ 6 (16%) N¼ 5 (19%) N¼ 1 (8%)

Partial response N¼ 19 (50%) N¼ 12 (46%) N¼ 7 (58%)

Stability N¼ 7 (18%) N¼ 4 (15%) N¼ 3 (25%)

Progression N¼ 6 (16%) N¼ 5 (19%) N¼ 1 (8%)

Progression and time to progression (n¼ 38, 2 adjuvants)

(days; median, IQR)

N¼ 22 (55%) N¼ 17 (65%) N¼ 5 (36%) NA

178 [135–250] 172 [131–209] 261 [188–345]

Outcome at last evaluation n (%)

Deaths

Related to n-irAE N¼ 3 (8%) N¼ 1 (4%) N¼ 2 (14%)

Related to cancer N¼ 14 (35%) N¼ 11 (42%) N¼ 3 (21%)

Other causes of deaths N¼ 1 (3%) N¼ 1 (4%) N¼ 0

Overall survival (days; median, IQR) OS ¼ 312 [170–649] OS ¼ 312 [206–698] OS ¼ 198 [54–531] 0.292

Sequelae of n-irAEs at last evaluation n (%)

Yes N¼ 21 (52%) N¼ 14 (54%) N¼ 7 (50%) 0.529

No N¼ 19 (48%) N¼ 12 (46%) N¼ 7 (50%) 0.818

aData available for 38/40 patients. Abs ¼ antibodies.
bKruskal–Wallis non-parametric test, TNF-a inhibitors: Infliximab, anti-CD20 abs: Rituximab.
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(patients #14 and patient # 39) or after corticosteroid

therapy (patients #21, #24 and #27), and with only mild

sequelae at the time of rechallenge for 3/5 (patients #14,

#27 and #39). Four of the five patients resumed their ini-

tial immunotherapy (i.e. Pembrolizumab), and patient

#27 treatment was changed from Ipilimumab þ
Nivolumab to Pembrolizumab. The median time from

halting immunotherapy to re-challenge was 60 days (IQR

[30–150]). With a median of 510 days (IQR [450–870])

of follow-up after resuming immunotherapy, none of the

five patients who were re-challenged had a recurrence of

their n-irAEs. The clinical details of the patients re-chal-

lenged with immunotherapy are presented in the

Supplementary Table 1.

Outcome of n-irAEs associated with
auto-antibodies

Seven over 21 patients tested had positive onconeuronal

or anti-ganglioside auto-antibodies in their serum con-

comitantly of their n-irAEs. Importantly, none of these

patients had neurological symptoms before treatment by

ICI. Immunotherapy was withdrawn for all the 7 patients

tested auto-antibodies positive and none was rechal-

lenged. When compared to the 14 patients who tested

negative for auto-antibodies, patients with PNS-irAEs

were all treated by corticosteroids (100% versus 79%),

seemed to frequently require additional immunomodula-

tive or immunosuppressive therapy (57% versus 21%), to

have high rates of long-term sequelae (71% versus 43%)

and mortality due to n-irAEs (29% versus 3%)

(Supplementary Table 2). However, none of these differ-

ences reached statistical significance.

Neurological sequelae

The median follow-up of patients after the occurrence of

their n-irAE(s) was 234 days [92–1062]. At the last evalu-

ation timepoint, 21 of the 40 patients (53%) retained

neurological sequelae from their n-irAE(s). Neurological

sequelae at last evaluation were less frequent among

patients treated by steroids (45% versus 78%). Patients

with encephalitis and IDP recovered respectively without

sequelae only in 44% and 33% (Fig. 3). The mean score

on the mRS scale for these patients at the three-month

evaluation was 2 (SD 1.79). There was no significant

difference between the number of patients with sequelae

depending on whether they had a central, peripheral, or

mixed neurological clinical presentation (Table 1,

P¼ 0.475).

Figure 3 Neurological recovery after corticosteroid treatment according to the type of n-irAE. IDP, inflammatory demyelinating

polyneuropathy; NMJ, neuromuscular junction; Others: meningitis, cranial nerve palsy, myelitis, radiculopathy. Neurological recovery was defined

as a decrease in grade of �1 point on the CTCAE severity scale and a decrease of mRS of �1 point relative to that at baseline (beginning of

treatment). Neurological recovery without sequelae was defined as a decrease of both the mRS and CTCAE back to their value before the

occurrence of the n-irAE(s). The percentage of neurological recovery after corticosteroid treatment was calculated based on the number of

patients showing neurological recovery after corticosteroid therapy relative to the number of patients with n-irAEs evaluable for the efficacy of

corticosteroid therapy.
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Discussion
Here, we report an observational clinical study assessing

the long-term outcome of patients with n-irAEs induced

by anti-PD-1 or PD-L1. The neurological clinical manifes-

tations were diverse (central, peripheral or mixed), severe

and potentially life-threatening, with a mortality rate of

8%. Long-term-follow-up showed 53% of patients to ex-

perience sequelae of their n-irAEs.

Our study estimates the prevalence of patients treated

by anti-PD-1 or PD-L1 with �grade 2 n-iRAEs to be

1.22%, based on the prospective register REISAMIC,

which has consecutively included and prospectively fol-

lowed nearly 1000 patients since 2016.14 This frequency

of grade � 2 n-iRAEs is close to that found by Mancone

et al.19 with 0.95%. Of note, the frequency of n-irAEs

for all grades of severity induced by anti-PD-1 or PD-L1

ranges from 2.8%20 to 7.7%.11

Our study pointed that 53% of patients experience

long-term sequelae of their n-irAE. We believe that this

high rate of long-term sequelae is significant and should

require better understanding of n-irAEs and probably im-

prove therapeutic strategies. A more intensive approach

in the n-irAEs treatment management of patients, for ex-

ample with earlier treatment or higher doses of cortico-

steroids, could possibly reduce the rate of long-term

neurological sequelae.

In our study, the most frequent n-irAEs were encephal-

itis (24%) and inflammatory demyelinating polyneuropathy

(22%), followed by meningitis (16%). This distribution is

in line with those reported by Cuzzubo et al.7 and Dubey

et al.12 We also report in our study, for the first time to

the best of our knowledge, radiculopathies as n-irAEs, pre-

senting with features of root inflammation (hypertrophy

and gadolinium intake). The median time to onset of all

n-irAEs in our study was 74 days, which is consistent with

Johnson et al.21 series, who reported a median time to

onset of within 90 days. We did not find any significant

differences in the time to onset of any clinical presentation

of n-irAE, neither among patients receiving anti-PD-1 or

PD-L1 monotherapy nor in combination treatment with

anti-CTLA4.

Figure 4 Outcome of n-irAEs among patients treated with corticosteroids, corticosteroids plus immunosuppressants, or

immunomodulatory drugs and patients with n-irAEs that were not treated. mRS, modified Rankin-Scale. A non-parametric paired

Wilcoxon test compared the values at baseline (red points and bar) versus those at 6 months (blue points and bar) for the mRS (Sum of signed

ranks: �276). Results are shown as the medians and 95% confidence interval. mRS: modified Rankin scale, Immunosuppressive or

immunomodulatory therapies: four patients received intravenous immunoglobulin, two received anti-TNF-a antibodies (Infliximab), and one

received anti-CD20 antibody (Rituximab). ****: P< 0.0001. Ns ¼ non-significant (P¼ 0.063).
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International guidelines recommend treating patients

with �grade 2 n-irAEs with systemic corticosteroids.22,23

Guidelines also recommend intravenous corticosteroid

bolus rather than oral treatment for high-severity grades.22

In our study, corticosteroids were associated with a 74%

rate of neurological recovery. Importantly, all types of

n-irAEs were improved with corticosteroid therapy, includ-

ing inflammatory demyelinating neuropathies (IDPs), which

are—outside the context of immunotherapy—generally

deemed not to be very sensitive to corticosteroid therapy.24

These results should encourage physicians to treat systemic

corticosteroid therapy promptly and as soon as patients

are diagnosed with a n-irAE.

In our study, corticosteroid therapy was effective in

74% patients and not sufficiently effective for 26% of

patients with a n-irAE. Patients who do not respond fa-

vourably to corticosteroid therapy may require additional

immunosuppressive or immunomodulatory treatments.22

There is currently no consensus for the use of one im-

munosuppressive or immunomodulatory treatment over an-

other for n-irAEs refractory to corticosteroids. Of note,

two patients in our study received anti-TNF-a drugs

(infliximab), without favourable effect. Despite limited data

in our study, and even though anti-TNF-a antibodies may

be useful for managing gastrointestinal irAE, such as col-

itis,25 our results do not support efficacy of anti-TNF-a
drugs for the treatment of n-irAEs.

None of the 40 patients included were diagnosed with

or had clinical symptoms of paraneoplastic neurological

syndrome (PNS) prior to immunotherapy. However, 7 of

the 21 (33%) patients tested had detectable PNS-associ-

ated autoantibodies at the n-irAE(s) onset. We cannot ex-

clude that these patients had pre-existing auto-antibodies

without related clinical symptoms. Indeed, treatment with

immunotherapy can either reveal or exacerbate PNS,

sometimes despite antitumoural response.26 Further studies

are required to determine whether asymptomatic patients

with detectable antibodies associated with PNS are at risk

of n-irAEs, and whether screening for such antibodies be-

fore immunotherapy in patients with cancers associated

with PNS, such as small-cell lung cancer and breast can-

cer, should be proposed. In our study, patients with PNS-

associated auto-antibodies seemed to have high rates of

long-term sequelae and mortality despite corticosteroid

therapy. Others have suggested PNS with antibodies tar-

geting intracellular onconeuronal antigens could benefit

from immunomodulative therapies such as anti-CD20 anti-

bodies (Rituximab) and/or anti-integrin antibodies

(Natalizumab),27 yet one patient with anti-Ma2 antibodies

(patient #1) received Rituximab without significant effi-

cacy. However, other studies have reported encouraging

results with anti-CD20 as treatment for paraneoplastic syn-

drome with antineuronal antibodies.28,29 Anti-CD20 could

be a potential candidate treatment for n-irAEs in patients

seropositive for autoantibodies and further studies are

needed to investigate this therapeutic approach.

Finally, long-term follow-up of the patients showed

that the five patients with CTCAE grades 2–3 n-irAEs

who were re-challenged by immunotherapy after the reso-

lution of their n-irAE had no further recurrence of

n-irAEs, with a median post-resumption surveillance

period of 18 months. Although guidelines generally rec-

ommend against resuming immunotherapy for patients

with n-irAEs,22 our data suggest that the door to re-chal-

lenging patients with immunotherapy should not be per-

manently and systematically closed. In their recent report,

Dubey et al.12 shared a similar experience concerning the

feasibility of re-challenge. Dolladille et al.30 reported only

a low rate of recurrence after re-challenge (6%, 1 case

for 17 re-challenged patients) in a large study to examine

immunotherapy re-challenge and n-irAEs. On the other

hand, rechallenge should be considered with caution, as

recently pointed out in Simonaggio et al.31 study in

which 55% of 40 rechallenged patients experimented an

irAE (similar to the initial one for 42.5% of them) (and

even if only 4 patients with peripheral n-irAEs were

included).Overall, these data suggest that a case-by-case

approach should be considered in selected patients. The

management of functionally-limiting or potential life-

threatening neurological irAEs should be discussed on a

collaborative basis to decide whether or not the ICI can

be rechallenged, in line with the individual risk/benefit

ratio towards the cancer evolution.18 We believe that if

both the patient and physicians are willing to take an ac-

ceptable risk and the oncological situation requires it,

resuming immunotherapy should be worth considering,

albeit with caution.

Our study had several limitations. The monocentric na-

ture of our study may explain some of the differences in

the clinical presentation of n-irAEs from those of other

studies. Because our study was retrospective, bias in the

analysis and interpretation may limit the strength of evi-

dence of the results. It was also monocentric, which may

not allow the conclusions to be generalized. Finally, the

size of the patient group was small, limiting the power

of the analysis and the ability to search for significant

differences. Larger studies, with bigger patient popula-

tions, are needed and ideally, specific prospective studies

for diagnostic and therapeutic management should be set

up to better detect and treat patients with n-irAEs.

Conclusion
n-irAEs of grade � 2 are rare but can be life threatening,

with a mortality rate we estimate to be 8%. The response

rate for corticosteroids was 74% and long-term monitor-

ing of patients found neurological sequelae in 53% of

patients. Earlier recognition and prompt introduction of

corticosteroids could lead to reduced neurological seque-

lae. A subset of patients with positive onconeuronal or

anti-ganglioside auto-antibodies seemed to have high rates
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of sequelae despite treatment by corticosteroids, and

should be further studied.

Supplementary material
Supplementary material is available at Brain
Communications online.
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