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Cancer immunotherapy toxicities

“It is through experience that men acquire science and art.”

Aristotle (384-322 B.C.E.), Metaphysics, book 1 [1.981a]

“C'est par l'expérience que la science et I'art font leur progres chez les hommes.”

Aristote (384-322 av. J.-C.), Métaphysique, livre 1 [1.981a]
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Summary

Introduction: Immunotherapy using checkpoint inhibitors has revolutionized the treatment
of cancer, including melanoma by significantly increasing survival rates and disease control.
However, despite their specific mechanism of action, checkpoint inhibitors can have specific

immune-related adverse events, including rare but severe neurological toxicity.

Aim and methods: The objective of this work was to publish as 1st author a case report on
an extraordinary clinical case presenting with specific immune checkpoint inhibitor related
adverse events. | first perform a concise literature review on cancer immunotherapy and its
toxicities, with special emphasis on immune checkpoint inhibitors. After careful review of the
literature | collected, analyzed and interpreted all clinical data relevant for the publication and

then wrote and revised the manuscript.

Results: We report a 44-year-old man diagnosed with stage 111B melanoma who developed
metastatic disease (pulmonary and brain metastases) and was treated with stereotactic
radiosurgery and nivolumab immunotherapy. He developed asymptomatic multifocal diffuse
white matter lesions consistent with active central nervous system demyelination seen on
brain MRI. One month after cessation of the immunotherapy, spontaneous regression of the
demyelinating lesions was observed, suggesting a nivolumab-related toxicity.

Discussion and conclusion: We report the first case of a melanoma patient with an
asymptomatic and spontaneously reversible central nervous system demyelination following
nivolumab immunotherapy. This case highlights the need for better recognition of such
atypical and rare neurological toxicities which could be mistaken for progressive brain
metastases. Early recognition and appropriate management are crucial to reduce severity and
duration of these toxicities, especially for patients with less favorable evolution. This case
report has been recently published in the Journal of ImmunoTherapy of Cancer (Pillonel et al.
J Immunother Cancer. 2019 Dec 2;7(1):336).

Keywords: cancer immunotherapy, immune checkpoint inhibitors, immune related adverse

events, nivolumab, neurological toxicities, CNS demyelination, metastatic melanoma
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Traduction du résumé

Introduction: L'immunothérapie anticancéreuse avec les inhibiteurs de point de contréle immunitaire
(Immune checkpoint inhibitors) a révolutionné le traitement du cancer, dont le mélanome, en
améliorant considérablement la survie des patients et le contréle de la maladie. Cependant, malgré
leur mécanisme d'action spécifique, les inhibiteurs de point de contrdle peuvent étre a 1’origine
d’effets secondaires dysimmunitaires pouvant notamment entrainer dans de rares cas une toxicité

neurologique grave.

Objectif et méthodologie: L'objectif de ce travail était de publier en tant que ler auteur une étude
d’un cas clinique extraordinaire présentant des effets indésirables spécifiques liés aux inhibiteurs de
point de contrble immunitaire. J’ai d’abord effectué une analyse bibliographique concise sur
I'immunothérapie anticancéreuse basé sur les inhibiteurs de point de controle et des toxicités qui en
résultent. Aprés un examen minutieux de la littérature, j’ai collecté, analysé et interprété toutes les

données cliniques pertinentes pour la publication du cas et ensuite rédigé et révisé le manuscrit.

Résultats : Nous rapportons le cas d'un homme de 44 ans diagnostiqué avec un mélanome de stade
I11B qui a développé une maladie métastatique (métastases pulmonaires et cérébrales) et a été traité
par radiochirurgie stéréotaxique et immunothérapie avec nivolumab. Il a développé des lésions
asymptomatiques multifocales diffuses de la substance blanche correspondant a une démyélinisation
active du systeme nerveux central observée a I''RM du cerveau. Un mois aprés l'arrét de
I'immunothérapie, une régression spontanée des Iésions démyélinisantes a été observée, suggérant une

toxicité liée au nivolumab.

Discussion et conclusion: Nous rapportons le premier cas d'un patient atteint d'un mélanome avec
une démyélinisation du systéme nerveux central asymptomatique et spontanément réversible suite a
I'immunothérapie avec nivolumab. Ce cas souligne la nécessité de mieux reconnaitre ces toxicités
neurologiques atypiques et rares qui pourraient étre confondues avec une progression des métastases
cérébrales. Une reconnaissance précoce ainsi qu’une prise en charge appropriée sont cruciales pour
réduire la gravité et la durée de ces toxicités, en particulier pour les patients dont I'évolution est moins
favorable. Ce cas clinique a été récemment publié dans le Journal of ImmunoTherapy of Cancer
(Pillonel et al. J Immunother Cancer. 2019 Dec 2;7(1):336).

Mots-clés: immunothérapie anticancéreuse, inhibiteurs de point de contréle immunitaire, effets
secondaires dysimmunitaires, nivolumab, toxicité neurologique, démyélinisation du SNC, mélanome

métastatique
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2. Abbreviations

CAR

CHUV

CNS

CSF

CT

CTLA-4

FDA

FDG

ICPis

irAEs

MRI

PD-1

PD-L1

PET

SRS

TCR

Chimeric antigen receptor

Centre hospitalier universitaire vaudois
Central nervous system

Cerebrospinal fluid

Computed tomography

Cytotoxic T-lymphocyte-associated protein 4
US Food and drug administration
18F-fluorodeoxyglucose

Immune checkpoint inhibitors
Immune-related adverse events
Magnetic resonance imaging
Programmed death protein 1
Programmed death-ligand 1

Positron emission tomography
Stereotactic radiosurgery

T cell receptor
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3. Introduction

3.1. Cancer immunotherapy

Immunotherapy is an approach to antineoplastic therapy that manipulate the immune response against
cancer. A series of ground-breaking discoveries since the middle of the last century in immunity and
cancer research contributed to the breakthrough of cancer immunotherapy (1). In 2018, James P.
Allison and Tasuku Honjo were awarded with the Nobel prize for physiology or medicine for the
discovery of cancer therapy by inhibition of negative immune regulation (checkpoint inhibitors) (2).
The field of cancer immunotherapy continues to rapidly evolve and has established itself as “fifth
pillar” of cancer therapy, alongside surgery, chemotherapy, radiotherapy, and other targeted therapies.
Cancer immunotherapy approaches include immune checkpoint inhibitors (ICPis) (3), adoptive cell
therapy (4,5), as well as cancer vaccines, cytokine therapy, oncolytic viruses, agonists of innate
immune receptors and many more (6-8). These therapies demonstrated durable clinical responses in
many cancer types and have revolutionized the treatment of cancer (9). For the purpose of this work,

this review will mainly focus on ICPis.

3.1.1. Checkpoint inhibitors
Immune checkpoint inhibitors (ICPis) are therapeutic monoclonal antibodies that target several
regulatory molecules on T cells, such as cytotoxic T-lymphocyte-associated protein 4 (CTLA-4),
programmed death protein 1 (PD-1) and its ligand, programmed death-ligand 1 (PD-L1) (10). CTLA-
4 downregulates IL-2 production and T-cell proliferation in the early phase of the immune response,
predominantly in lymph nodes, whereas PD-1 signaling inhibits previously activated T cells in
peripheral tissues (11). CTLA-4 and PD-1 signaling pathways are tightly controlled to maintain self-
tolerance; however, cancer cells can take advantage of these immune checkpoint molecules which
inhibit T cell activation and thereby evade the immune system (10,12-14). Thus, ICPis activate the

immune system by inhibiting these molecules and thereby boost T cell activation against cancer.
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The most used checkpoint inhibitor agents in clinic are ipilimumab and tremelimumab (anti-CTLA-4),
nivolumab, pembrolizumab and cemiplimab (anti-PD-1) as well as atezolizumab, durvalumab and
avelumab (PD-L1). These ICPis demonstrated clinical efficacy and were shown to induce durable
remission in different cancer types, which lead to their approvals by the Food and Drug
Administration (FDA) for multiple oncological indications (9,15). Currently, ICPis have FDA
approvals for different cancer types: melanoma (16-19), lung cancer (small cell and non—small cell)
(20-22), renal cell carcinoma (23), urothelial carcinoma (24), Hodgkin’s lymphoma (25),
hepatocellular carcinoma (26), advanced gastric cancer (27), head and neck squamous cell carcinoma
(28), tumors with microsatellite instability or mismatch repair defects (29,30) and others (10).
Response rates range from 15-60%, being higher in melanoma and microsatellite instability-high
tumors (31). Comprehensive reviews on immune checkpoint blockade with their mechanisms and

implications have been published (3,11,32-35).

3.1.2. Cellular immunotherapy

An alternative and prominent approach for immunotherapy based cancer treatment is adoptive cell
therapy (5). This therapy based on autologous tumor reactive T cells takes advantage of tumor-
infiltrating lymphocytes (TILs), which are isolated and then expanded ex vivo before reinfusion into
the patient. Adoptive T cell therapy is often combined with chemotherapy, high-dose I1L-2, and ICPIs
and was shown to induce durable and complete tumor regressions in some melanoma patients (5,8).
Another type of adoptive cellular therapy is T cell therapy with T cell receptors (TCR) that may be
affinity-enhanced. This therapy is based on T cells that have been modified to express TCRs that
recognize antigen presented on tumor cells. Encouraging clinical responses were observed in patients
with advanced myeloma treated with TCR—engineered T cells (36). Chimeric antigen receptor (CAR)
T cell therapy has further extended the successful application of adoptive cell therapy for cancer
treatment (37). CAR T cells are autologous T cells that have been genetically engineered to express a
cell surface receptor that may bind tumor cells directly, independent of MHC presentation. When

reinfused, these CAR T cells are directly cytotoxic to tumor cells bearing the tumor specific antigen.
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CD19-specific CAR T cells are designed and currently used to treat B cell leukemias and lymphomas
with striking success. However, CD19 CAR T cells were shown to cause specific and potentially life-
threatening toxicities in hematologic malignancies, including cytokine release syndrome and

neurologic events (9,38,39) and their application in solid tumors has been limited thus far (40-43).

3.2. Cancer immunotherapy toxicities

Although cancer immunotherapies have revolutionized cancer treatment by delivering durable clinical
responses in some patients, it has also resulted in the rise of new treatment-specific toxicities (10),
which are distinct from toxicities observed with other cancer treatments. Adverse events vary
depending on the type of immunotherapy, based on their distinct mechanism of action (44). For the
purpose of this work, this review will focus exclusively on the immune-related adverse events (irAES)

of checkpoint inhibitors.

3.2.1. Immune-related adverse events
Immune modulation resulting from checkpoint inhibition leads to a reduction of self-tolerance,
causing a range of inflammatory side effects (irAEs) that resemble autoimmunity (35). The overall
incidence of all-grade irAEs has been reported in up to 72% of patients receiving anti-CTLA-4
(ipilimumab) (45). Severe irAEs (grade >3) have been reported with an overall incidence of 15-42%
with anti-CTLA-4 agents and less frequently with anti-PD-1 (5-10%) or anti-PD-L1 (1-7%) agents
(46). Higher frequencies were observed in case of combination therapy with different ICPis (47,48).
Onset of irAEs usually occurs early after treatment initiation within the first few weeks to months, but

can also occur much later, even after discontinuation of the treatment (10).

10
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3.2.2. Toxicities of immune checkpoint inhibitors
Immune-related toxicities of ICPis can in principle involve almost any organ system, with most
common sites being skin, gastrointestinal tract, endocrine system, lung, musculoskeletal and nervous
system. Commonly encountered adverse events are reviewed by organ system in the following

section.

Cutaneous toxicities are often the first irAEs to appear and are the most frequently reported side
effects in patients treated with ICPis, occurring in up to 50% of cases (49). The most commonly
reported dermatologic toxicities are rash, pruritis and vitiligo (50,51). However, severe and life-
threatening skin toxicities have been reported such as toxic epidermal necrolysis, which are more
common with combinations of ICPis (52,53).

Gastrointestinal toxicities, such as diarrhea or colitis, are the second most common complications of
ICPis therapy after dermatologic side effects. Similar to skin toxicities, colitis occurs more frequently
with anti-CTLA-4 compared to anti-PD-1 therapy and most frequently with the combination of both
ICPis treatments (54) (55). Inflammation can occur in any part of the gastrointestinal tract, with
symptoms ranging from mild to severe, including intestinal perforation or death (56). Gastrointestinal
toxicities typically occur 6 to 7 weeks after treatment initiation (57).

Endocrine toxicities are commonly encountered adverse events affecting patients with ICPis
treatment. The most common endocrinological irAEs reported were thyroiditis and hypophysitis (58).
Thyroid dysfunction (hypothyroidism or hyperthyroidism), primary adrenal insufficiency and insulin-
dependent diabetes mellitus have also been widely reported with ICPis (59-61). Although severe
symptoms may occur, patients can be easily treated with exogenous administration of the missing
hormone (62).

Pulmonary irAEs from ICPis have been described, including pneumonitis, the most frequently
reported pulmonary toxicity (52) and rarely sarcoidosis or pleural effusions (63,64). Pneumonitis
occurs much more frequently with anti-PD-1 compared to anti-CTLA-4 treatment (63) and is more
frequent under dual therapy (65). While rare, ICPis-related pneumonitis is potentially life-threatening,

with an associated mortality of 1%-2% (63). The onset of pneumonitis is variable and may occur
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several weeks after initiating therapy (52,65). Exclusion of common differential diagnoses of non-
ICPis causes of pneumonitis is essential (53).

Rheumatological irAEs have been reported at a low prevalence of approximately 5%, which however
is thought to be underestimated due to erratic reporting and the lack of defined characterization (66).
The most common rheumatologic irAEs are inflammatory arthrititis and myopathy. Other rare
rheumatologic irAEs have been reported, including myositis, vasculitis, polymyalgia rheumatica,
connective tissue diseases, or flare-up of a pre-existing rheumatic disease (52,67). Myopathy is the
most severe rheumatological adverse event, which often requires permanent discontinuation of ICPis

therapy and can be potentially life threatening in those who develop myocarditis (66).

Neurological toxicities are rare, with an overall incidence of less than 1% of patients treated with
ICPis (68). Neurologic irAEs can vary depending on the class of immunotherapy used (69). They are
mostly low grade toxicities, with a higher incidence of severe adverse events associated with anti—
CTLA-4 compared to anti-PD-1 inhibitors (68,70). Patients may present with a variety of
neurological disorders that can potentially affect any aspect of the central or peripheral nervous
system. Diagnoses may include peripheral neuropathies, Guillain-Barré syndrome, myositis,
myasthenia gravis and rare central nervous system toxicities such as immune-mediated encephalitis,
vasculitis, aseptic meningitis or multiple sclerosis (52,68,69,71-73). Neurologic irAEs require ruling
out other differential diagnoses, including progressive oncologic disease or infectious causes, as well

as prompt disease-specific management (74).

Several other ICPis induced irAEs, although not extensively covered in this review, are of clinical
importance and require diagnostic awareness and vigilance from the treating oncologists. For
instance, liver toxicity occurs frequently in patients treated with ICPis (75) and may present as
hepatitis with hepatocellular injury and elevation of liver enzymes (61). Renal toxicity may also rarely
occur in patients treated with ICPis. The most commonly reported renal irAE is acute interstitial
nephritis, but other pathologies such as minimal change disease or lupus-like nephritis have been
reported (76,77). Cardiac toxicity is another possible rare irAE resulting from checkpoint blockade

and may present in the form of myocarditis, pericarditis, or cardiomyopathy (52,78,79).
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Cardiovascular toxicity of ICPis are associated with a considerable morbidity and mortality and need
permanent treatment discontinuation at all grades (53). Ophthalmologic toxicity is another rare irAE
of ICPis, which have been described in few case reports (80). Furthermore, rare haematological irAEs
have also been reported, including immune thrombocytopenic purpura, hemolytic anemia, aplastic

anaemia and acquired haemophilia (81-84).

3.2.3. Proposed mechanisms of checkpoint inhibitor toxicities
The precise pathophysiological mechanisms for immune-related toxicity have not been fully
uncovered and are still under investigation. However, various mechanisms have been proposed to
explain the development of irAEs. ICPis-related toxicity is thought to represent bystander effects from
the immune system activation against cancer — which is the basis of their mode of action (61) —
resulting in auto-inflammatory reactions against host-cells, mediated by T-cell, antibody and cytokine
responses (10,31,85). Studies suggest that irAEs may be induced by disinhibited T cells which target
antigens that are shared by tumor and normal tissue, inducing both toxicity and response (31). In
addition to antigenic resemblance, other mechanisms underlying ICPis-induced autoimmunity have
been proposed, including exacerbation of pre-existing inflammation, genetic predisposition or other
host-related factors such as for instance the composition of the host microbiome (35,86). Incidence
and severity of irAEs depends on the distinct mechanism of action of ICPis, treatment dose and
certain combinations of ICPis agents (10,86). For example, anti-CTLA-4 agents were found to trigger
regulatory T cell dysfunction and affect T cell priming in draining lymph nodes, whereas anti-PD-1
antibodies were found to trigger regulatory T cell dysfunction and production of pathological auto-
antibodies (61). Interestingly, the irAEs from anti-CTLA-4 therapy (ipilimumab), when compared to
anti-PD-1/PD-L-1 agents, are generally more common, more severe, and are dose related. In addition,
as exemplified above, combination of CTLA-4 and PD-1 blockade have been shown to increases

toxicity, but was also shown to improve treatment efficacity (10,35,86).

Several predictive clinical and molecular biomarkers have been described to identify patients who will

respond to ICPis. These biomarkers include PD-L1 expression levels in the tumor microenvironment,
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tumor mutational burden, microsatellite instability (87-91), or irAEs onset (31). Several studies
investigated the potential link between irAEs and ICPis treatment efficacy, but conflicting data exist
on whether the occurrence of toxicity may be associated with improved response rates (9,10). But,
some specific adverse events, like rash and vitiligo were shown to be associated with a better overall
survival benefit in patients with metastatic melanoma treated with ICPis (86,92). However, the

occurrence of irAEs is not required to obtain a treatment benefit (10).

3.2.4. Guidelines for management of immune-related adverse events
To date, no prospective studies are available to guide clinical management of irAEs of cancer
immunotherapies. Multi-disciplinary consensus management guidelines from the American Society of
Clinical Oncology (ASCO), the European Society of Medical Oncology (ESMO), the National
Comprehensive Cancer Network (NCCN), and the Society for Immunotherapy of Cancer (SITC) have
been published and provide up-to-date recommendations for monitoring, diagnosis, and treatment of
iIrAEs (52,53,93-95). Management of irAEs depends on the severity of the toxicity and is based on
treatment discontinuation, steroids or further immune-modulating agents, with additional symptomatic
measures (96,97). The National Cancer Institute’s Common Terminology Criteria for Adverse Events
(CTCAE, version 5) are used to grade severity of toxicity (98). The criteria categorize toxicities into
following groups: asymptomatic/mild (grade 1), moderate (grade 2), severe (grade 3), and life-
threatening (grade 4). In general, guidelines recommend to temporarily suspend ICPis treatment if
grade 2 (but not grade 1) toxicity occurs, to suspend treatment and initiate high-dose systemic
corticosteroids upon grade 3 toxicity, and in case of grade 4 toxicity to permanently discontinue the

treatment and/or hospitalize the patient.

14
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4. Aim and Methods

The objective of this master thesis in medicine was to study a clinical case of unexpected ICPis-
related toxicity and to publish this case report as 1st author in a peer reviewed journal. | was expected
to work in an independent manner and had access to the clinical data necessary for my case report. |
was directly supervised by Dr Veronica Aedo Lopez (Cheffe de clinique) and under the direction of
my tutor Prof Peters Solange (Cheffe de service) at the department of Medical Oncology of the
CHUV. | first performed, using the PubMed database, a careful literature review on ICPis toxicities,
including physio-pathological mechanisms and broad spectrum of applications (see Introduction
chapter), to put this clinical case in the context of the current knowledge in the field of cancer
immunotherapy. | then reviewed the literature specific to neurological toxicities of ICPis relevant for
the case report. Subsequently, | extracted the patient data from the electronic patient record systems of
the CHUV (Soarian, Archimed, PACS-web) and studied all clinical data relevant for the publication. |
worked with a specialist in neuroradiology, Dr Vincent Dunet (Médecin associé), who performed
radiological data analysis of the case (CT, MRI and PET data). | interacted with several other
distinguished experts at the CHUV in the field of Oncology (Prof Olivier Michielin, Médecin chef
and Dr Gregoire Berthod, Médecin agréé), Neuro-oncology (Dr Andreas Hottinger, Médecin associé),
and Radiation Oncology (Dr Luis Schiappacasse, Médecin associé) to benefit from their respective
expertise. | then analyzed and interpreted the patient case and wrote the manuscript. | used Adobe
Ilustrator® to generate the figures and Mendeley® reference manager to edit citations. After review of
the manuscript by all co-authors, | took care of the submission, revised the manuscript and followed

the editorial process until acceptance.
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5. Results / Case Report

Pillonel et al. Journal for InmunoTherapy of Cancer (2019) 7:336

httpsz//doi.org/10.1186/540425-019-0818-3 Journal for ImmunoTherapy

of Cancer

Multiple nivolumab-induced CNS ®

demyelination with spontaneous resolution
in an asymptomatic metastatic melanoma

patient

Vincent Pillonel'?, Vincent Dunet?, Andreas F. Hottinger'*, Gregoire Berthod'”, Luis Schiappacasse®,

Solange Peters', Olivier Michielin'” and Veronica Aedo-Lopez' ®

Abstract

Background: Immune checkpoint inhibitors (ICPis) have revolutionised the treatment of melanoma by significantly
increasing survival rates and disease control. However, ICPis can have specific immune-related adverse events,
including rare but severe neurological toxicity.

Case presentation: We report a 44-year-old man diagnosed with stage IlIB melanoma who developed metastatic
disease (pulmonary and brain metastases) and was treated with stereotactic radiosurgery and nivolumab

immunotherapy. He developed asymptomatic multifocal diffuse white matter lesions consistent with active central
nervous system demyelination seen on brain MRI. One month after cessation of the immunotherapy, spontaneous

demyelination, Metastatic melanoma
(.

regression of the demyelinating lesions was observed, suggesting a nivolumab-related toxicity.

Conclusion: We report the first case of a melanoma patient with an asymptomatic and spontaneously reversible
central nervous system demyelination following nivolumab immunotherapy. This case highlights the need for
better recognition of such atypical and rare neurological toxicities which could be mistaken for progressive brain
metastases. Early recognition and appropriate management are crucial to reduce severity and duration of these
toxicities, especially for patients with less favourable evolution.

Keywords: Immune checkpoint inhibitors, Nivolumab, Immune related adverse events, Neurological toxicities, CNS

Background

Immune checkpoint inhibitors (ICPis), ipilimumab and
nivolumab, are recombinant human monoclonal anti-
bodies which target cytotoxic T-lymphocyte-associated
antigen-4 (CTLA-4) and programmed death-1 (PD-1)
receptor, respectively. By blocking these key immune
suppressive molecules on T cell surface, they elicit a po-
tent immune response against cancer cells that managed
to hijack these natural inhibitory signals [1]. Ipilimumab
and nivolumab provide significant clinical benefits in pa-
tients with advanced melanoma [2—9] and multiple other

* Correspondence: veronica.aedo-lopez@chuv.ch

'Department of Medical Oncology, Lausanne University Hospital (CHUV) and
University of Lausanne (UNIL), Lausanne, Switzerland

Full list of author information is available at the end of the article
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tumor types, leading to FDA-approval of ipilimumab in
2011 and nivolumab in 2014 [1]. However, immunother-
apies may elicit imbalances in immunologic tolerance
which can result in excessive unregulated immune re-
sponse with inflammatory or autoimmune side effects
[10]. Hence, despite significant clinical benefit, the use
of ICPis is frequently associated with a large spectrum of
immune-related adverse events (irAEs) [2-9, 11], includ-
ing rare but severe (grade 3-4) neurological toxicities
[12-14]. Patients may develop a variety of neurological
disorders including transient peripheral neuropathies,
Guillain-Barré syndrome, myositis, myasthenia gravis, or
less frequently central nervous system (CNS) toxicity
such as hypophysitis, immune encephalitis, vasculitis,
aseptic meningitis and multiple sclerosis. These

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http//creativecommons.org/licenses/by/4.
reproduction in any medium, provided you give appropriate credi

which permits unrestricted use, distribution, and
to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http//creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
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neurological irAEs are yet extensively reviewed [12-15].
However, there has been only few scarce reports of CNS
demyelination in association with ICPIs. One case was
reported after nivolumab [16] and one after ipilimumab
[17], which were both severe and eventually fatal. One
more case of CNS demyelination resulting in neuro-
logical symptoms was reported after pembrolizumab, an-
other PD-1 inhibitor [18]. Here, we present the first case
of a melanoma patient with asymptomatic and spontan-
eously reversible CNS demyelination following nivolu-
mab immunotherapy.

Case presentation

A 44-year-old Caucasian man was diagnosed in March
2017 with a stage IIIB cutaneous nodular melanoma on
the right forearm, with a tumor Breslow thickness of
3.43 mm, without ulceration (pT3a), one clinically de-
tected tumor-involved axillary lymph node (pN1b), and
no evidence of distant metastasis (cM0). He was treated
with wide local excision, axillary lymph node dissection,
and then with high-dose adjuvant ipilimumab monother-
apy at 10 mg/kg i.v., according to EORTC 18071 proto-
col [7, 19]. Two days after the first ipilimumab infusion,
he developed a persistent grade 2 colitis, which was
corticosteroid-resistant, treated with infliximab, and that
imposed termination of the treatment.

In September 2017, a follow-up computed tomography
(CT) scan revealed pulmonary progression (one unique
lesion) and wedge resection of segment 10 of the left in-
ferior lobe was performed. The pathology confirmed
metastatic melanoma, programmed death-ligand 1 (PD-
L1) positive (60%) and wild-type BRAF. Three months
later, subsequent imaging by CT scan and brain mag-
netic resonance imaging (MRI) revealed metastatic pro-
gression in lung with multiple lesions in the left superior
and inferior lobe, hilar lymph nodes, and brain with one
cerebellar and 4 millimetric contrast enhancing lesions
in the frontal white matter. A CyberKnife (Accuray In-
corporated, Sunnyvale, California) stereotactic radiosur-
gery (SRS) was administered 2weeks later to the 5
cerebral lesions in one single fraction of 24 Gy and an
immunotherapy anti-PD1 with nivolumab (3 mg/kg as
monotherapy) was initiated. The decision to administer
nivolumab as monotherapy was based on the very high
PD-L1 positivity (60% of tumor cells), but also to
minimize the risk of new irAEs, given his previous
ipilimumab-induced corticosteroid-resistant colitis, and
knowing that combination of ipilimumab and nivolumab
result in more complications [3, 12, 13].

Two weeks after the first nivolumab infusion the pa-
tient presented with asthenia, headache, and apraxia of
the upper right limb with impaired coordination of the
right hand, and later developed a grade 1 erythematous
maculopapular rash. A brain MRI showed multiple new
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metastatic brain lesions in the cerebellum, the left fron-
toparietal cortex, and the brain stem. The lesions were
all complicated by perilesional oedema, for which he was
administered dexamethasone (1 mg id. for 7 days and
5.25 mg tapered over 14 days). There was no evidence of
infection and thyroid function studies were normal.
Within 1 week, he presented at the hospital after a gen-
eralized epileptic seizure with clonic movements of the
right-hand side of his body. Electroencephalogram
(EEG) recording, performed after the seizure, was con-
sidered normal despite the presence of a discreet left
temporal slowing. MRI revealed no changes in the
known brain metastases and no evidence of ischemic or
haemorrhagic events. He was hospitalized and an anti-
epileptic treatment was introduced (Levetiracetam 500
mg bid) which prevented a recurrence of the seizures. In
January 2018, CyberKnife SRS was administered to treat
7 new small metastasis (24 Gy in one fraction) and 3
large ones (35 Gy in five fractions) (Fig. 1a).

In February 2018, the immunotherapy with nivolumab
was resumed (3 mg/kg, every 2 weeks). Follow-up brain
MRI in April 2018 showed early evidence of good re-
sponse with decrease in size or disappearance of the
multiple pre-existing lesions without any new metastasis
(Fig. 2a). In June 2018, after 11 cycles of nivolumab, a
routine follow-up brain MRI showed multiple new dif-
fuse white matter lesions, consistent with active CNS de-
myelination with a patient that was completely
asymptomatic (Fig. 2b). These lesions consisted of mul-
tiple, well-defined, ovoid, T2-hyperintense lesions with
incomplete ring enhancement (i.e. open ring sign) after
iv contrast administration and hypovascularization on
perfusion weighted imaging (Fig. 1b). In addition, there
was no abnormal diffusion restriction on diffusion-
weighted imaging (DWI) in these lesions. They were
mainly located in the juxtacortical and periventricular
white matter of the fronto-parietal lobes, respecting
Dawson fingers distribution, classical of demyelinating
lesions (Fig. 2b). In contrast, previously treated brain
metastases were T2-hypointense with central necrosis
and large perilesional oedema, had complete ring en-
hancement on post-contrast T1-weighted imaging and
hypervascularization on perfusion weighted imaging
(Fig. 1a). Hence, demyelinating lesions could radiologic-
ally clearly be distinguished from brain metastases. The
patient was asymptomatic and there were no findings in-
dicating an infection or progression of his melanoma.
Systematic neurological examination did not reveal any
cranial or peripheral nerve abnormalities and he showed
no cognitive function impairment. The EEG was re-
peated and was found unchanged from previous exams.
Cerebrospinal fluid (CSF) analysis showed clear appear-
ance with normal glucose and lactate levels. Elevated
white blood cells (14 x 10%/1) and lymphocytes (13 x 10%/
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| .
' nrCBF=1.0
5

Fig. 1 Comparison of the appearance of metastasis and demyelinating lesion in this patient. a The patient was treated by stereotaxic
radiotherapy in January 2018 for several brain metastases, the largest being located at the cortico-subcortical junction of the left precentral gyrus.
The lesion appeared hypointense with central necrosis and large perilesional oedema on T2-weighted images, had complete ring enhancement
on post-contrast T1-weighted images, and increased normalized cerebral blood volume (nrCBV = 1.2) and cerebral blood flow (nrCBF = 1.7) ratios
on perfusion weighted images. b In June 2018, he developed several demyelinating lesions, the largest being located in the left superior frontal
gyrus. Contrary to the brain metastasis, the lesion was juxtacortical, had little perilesional oedema, partial ring enhancement (i.e. open ring sign),
and low nrCBV and nrCBF

April 2018 June 2018 September 2018 December 2018

Fig. 2 Display of demyelinating lesions evolution over 6 months. Successive brain MRI are displayed on axial T2-weighted images (top row), axial
(middle row) and sagittal (bottom row) T1-weighted images after i.v. infusion of gadolinium contrast media. a Baseline in April 2018 before CNS
demyelination. b Demyelinating lesions were diagnosed in June 2018. The largest lesion was located in the juxtacortical white matter of the left
superior frontal gyrus (arrows) while numerous small ovoid lesions (arrows’ head) were located deep in the periventricular fronto-parietal white
matter with a long axis perpendicular to the ventricle, corresponding to the typical “Dawson fingers” pattern. ¢ After nivolumab discontinuation,
lesions enhancement progressively decreased in September 2018. d The lesions disappeared in December 2018, leading to the characteristic
“black hole” pattern on T1-weighted images
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1) counts were found. Elevated protein level (594 mg/l,
normal range: 150-450) and elevated albumin level (316
mg/l, normal range: 80-300) were observed. The CSF
thus revealed a disrupted blood-brain barrier. Oligoclo-
nal bands were absent, Immunoglobulins gamma (IgG)
pattern and total IgG levels were normal in the CSF.
Protein electrophoresis was normal, and serum autoanti-
body testing (anti-CNS, anti-LGT1, anti-CASPR2, anti-
NMDA-R, anti-GluR1-2 AMPA) was negative. No
tumor cell could be identified. Nivolumab immunother-
apy was discontinued due to these demyelinating lesions.
Since the patient was asymptomatic, it was decided not
to give him any immunosuppressive treatment.
Strikingly, 1 month after cessation of nivolumab, the
multiple demyelinating lesions spontaneously regressed
(Fig. 2c), strongly suggesting an IrAEs of the immuno-
therapy, which was permanently discontinued. The pa-
tient has been followed by close monitoring for
neurological symptoms and remained asymptomatic.
Follow-up brain MRI every 3 months revealed complete
resolution of these demyelinating lesions 6 months after
initiation of nivolumab treatment (Fig. 2d and Fig. 3)
along with stability in size and appearance of the prior
identified cerebral metastases without new lesions.
Tumor  evaluation every 3months by 18F-
fluorodeoxyglucose (FDG) positron emission tomog-
raphy (PET)/CT scan did not reveal any hypermetabolic
lesions and confirmed a complete systemic and cerebral
response over 12 months after occurrence of his irAE.

Discussion and conclusions
Neurological complications of ICPis are rare, but often
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management challenging. This case study provides the
first description of asymptomatic CNS demyelination
after anti-PD1 blockade with nivolumab for metastatic
melanoma with a spontaneous reversible course.

The patient reported here underwent an immunother-
apy with nivolumab subsequent to adjuvant ipilimumab,
which had to be discontinued after one dose of 10 mg/
kg due to autoimmune colitis. Overall, the patient had
been tolerating well the 11 cycles of nivolumab and was
fully asymptomatic at the time of detection of lesions,
radiologically compatible with CNS demyelinating le-
sions. Multiple juxta-cortical and periventricular white
matter lesions with Dawson fingers distribution, open
ring sign on post-contrast T1-weighted imaging and
hypovascularization on perfusion weighted imaging were
typical for demyelinating lesions.

Neurological adverse events of ICPis remain a complex
diagnosis of exclusion [13]. In our case, all other differ-
ential diagnoses have been ruled out, including brain
metastasis and leptomeningeal carcinomatosis for pro-
gressive oncologic disease, but also other demyelinating
diseases of the CNS like multiple sclerosis as well as vas-
cular, and infectious causes. The long interval of 12
months between the unique dose of ipilimumab and the
occurrence of CNS demyelination argues against a role
of this antibody. In previous case reports, the median
time to onset of neurological irAEs following ICPis
(mainly ipilimumab) was approximately 6 weeks (range:
1 to 74 weeks) and mostly occurs during the induction
phase [20]. However, spontaneous regression of the
radiological CNS lesions after nivolumab cessation
strongly suggests a direct relationship between the two.

severe and may be life threatening, making its Indeed, the onset and improvement of radiological
Nivolumab Nivolumab
Ipilimumab pulmonary (3 mgrkg, C1) (3 mg/kg every 2 weeks)
(10 mg/kg, C1) wedge (Day +40 to +155,C2-11) Number of days from onset
resection SRS m of nivolumab treatment
280 120 l 35 +15 ””| +160 +190 +340
§ : X X LETT 20
200 100 10 0 +25
Wide local Autoimmune CT:one brain MRI: brain brain MRI: PD, new I brain MRI: PR I brain MRI:
excision and collitis (grade 2) | | pulmonary | | metastases. brain metastases complete
LN dissection (TT: prednisone, metastase CT: lung & hilar with perilesional brain MRI: CNS resolution
Dx: stage llIB | | infliximab*) LN metastases oedema (TT: DEX**) demyelination of demyeli-
& epileptic seizure nating
lesions
brain MRI: spontaneous 6 months
regression of demyelination after onset
Fig. 3 Timeline of the patient's clinical, therapeutic, and radiological course. The 11 cycles of nivolumab administration and its related onset and
resolution of CNS demyelinating lesions are highlighted in red. A time reference has been included, with Day 0 referring to the day of onset of
nivolumab treatment. Abbreviations: LN: lymph node; C: cycle; SRS: stereotactic radiosurgery; Dx: diagnosis; TT: treatment; DEX: dexamethasone;
PD: progressive disease; PR: partial response; MRI: magnetic resonance imaging; CT: computed tomography; CNS: central nervous system. *5 mg/
kg; **1 mg i.d. for 7 days, and 5.25 mg tapered over 14 days
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lesions correlates with the administration and discon-
tinuation of nivolumab, respectively. This, along with
the absence of any other possible etiology, indicates that
CNS toxicity is most likely nivolumab-related. Consider-
ing the asymptomatic course, nivolumab immunother-
apy was discontinued without administration of
immunosuppression to avoid dampening of the anti-
tumor activity. Remarkably, even without treatment all
demyelinating lesions completely resolved 6 months after
nivolumab discontinuation.

So far, CNS demyelination in association with ICPis treat-
ment have not been reported in large cohorts of patients
[21, 22], but only in few isolated cases [16—18]. Unlike in
the case reported here, they were all severe, symptomatic
and not spontaneously reversible. In addition, in two of
these case reports, patients had either clinical or radio-
graphic evidence of preexisting multiple sclerosis flares.
Interestingly, PD1-blockade was previously shown to
worsen demyelinating disease in animal models of multiple
sclerosis [23, 24]. Moreover, a PD-1 gene polymorphism
was found to be associated with disease progression in mul-
tiple sclerosis patients [25]. Taken together, these pre-
clinical studies and the CNS demyelinating toxicity of PD-1
inhibitors observed in 3 case reports including this case [16,
18], suggest that the PD-1 pathway may play a regulatory
role in the development of CNS demyelination.

This case report highlights the need for better recogni-
tion of atypical and rare neurological toxicities such as
CNS demyelination under anti-PD1 treatment. It is essen-
tial to recognize such lesions as they may be mistaken for
progressive brain metastases. Early recognition and appro-
priate management are crucial to reduce severity and dur-
ation of these toxicities, especially for patients with less
favourable evolution [13, 15]. Atypical neurological irAEs
like CNS demyelination may be more prevalent than ex-
pected and their real incidence has been possibly underes-
timated due to lack of recognition and/or underreporting,
as these irAEs could be transient [12] and possibly asymp-
tomatic like reported in this case. Of note, patients with
active brain metastases were excluded from most pivotal
clinical trials and hence, such rare asymptomatic CNS ad-
verse events may have been missed in this particular set-
ting. It is important, that oncologists, neurologists and
radiologists are aware of such atypical and rare neuro-
logical toxicities, which are anticipated to rise given the in-
creased use of ICPIs to treat melanoma and other
malignancies. Further clinical trials are needed to evaluate
the exact neurological safety profile and clarify the risk-
benefit ratio of these ICPis in order to determine optimal
management guidelines.

Abbreviations

CNS: Central nervous system; CSF: Cerebrospinal fluid; CT: Computed
tomography; CTLA-4: Cytotoxic T-lymphocyte-associated antigen-4;
FDA: Food and Drug Administration; FDG: 18F-fluorodeoxyglucose;

Results / Case Report

Page 5 of 6

ICPis: Immune checkpaint inhibitors; irAEs: Immune-related adverse events;
MRI: Magnetic resonance imaging; PD-1: Programmed death-1; PET: Positron
emission tomography; SRS: Stereotactic radiosurgery

Acknowledgements
The author would like to thank the patient and his family for entrusting us
with his care.

Authors’ contributions

VP: analyzed and interpreted the patient case, wrote and edited the
manuscript. VD: performed radiclogical data analysis and interpretation,
provided the imaging figures and reviewed the manuscript, AFH: treated the
patient, interpreted the case and reviewed the manuscript. BG: treated the
patient, and reviewed the manuscript. LS: treated the patient, reviewed and
confirmed the accuracy of the radiotherapy history. SP: interpreted the case
and reviewed the manuscript. OM: treated the patient, interpreted the case
and reviewed the manuscript. VLA: was the main treating physician,
collected and interpreted the patient’s data, and supervised this case report.
All authors read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
Available upon request.

Ethics approval and consent to participate
Not Applicable.

Consent for publication
The patient provided full consent for participation and publication.

Competing interests

Solange Peters has received education grants, provided consultation,
attended advisory boards, and/or provided lectures for: Abbvie, Amgen,
AstraZeneca, Bayer, Biocartis, Bioinvent, Blueprint Medicines, Boehringer-
Ingelheim, Bristol-Myers Squibb, Clovis, Daiichi Sankyo, Debiopharm, Eli Lilly,
F. Hoffmann-La Roche, Foundation Medicine, Illumina, Incyte, Janssen, Merck
Sharp and Dohme, Merck Serono, Merrimack, Novartis, Pharma Mar, Pfizer,
Regeneron, Sancfi, Seattle Genetics and Takeda, from whom she has re-
ceived honoraria (fees to institution). The remaining authors declare that they
have no competing interests.

Author details

'Department of Medical Oncology, Lausanne University Hospital (CHUY) and
University of Lausanne (UNIL), Lausanne, Switzerland. “Institute of Pathology
and Medical Genetics, University Hospital Basel, Basel, Switzerland.
“Department of Diagnostic and Interventional Radiology, Lausanne University
Hospital (CHUV) and University of Lausanne (UNIL), Lausanne, Switzerland.
“‘Department of Clinical Neurosciences, Lausanne University Hospital (CHUV)
and University of Lausanne (UNIL), Lausanne, Switzerland. *Department of
Oncology, Hopital du Valais, Sion, Switzerland. “Department of Radiation
Oncology, Lausanne University Hospital (CHUV) and University of Lausanne
(UNIL), Lausanne, Switzerland. "Swiss Institute of Bioinformatics, University of
Lausanne, Lausanne, Switzerland.

Received: 22 June 2019 Accepted: 12 November 2019
Published online: 02 December 2019

References

1. Wei SC, Duffy CR, Allison JP. Fundamental mechanisms of immune
checkpoint blockade therapy. Cancer Discov. 2018;8(9):1069-86.

2. Hodi FS, O'Day SJ, McDermott DF, Weber RW, Sosman JA, Haanen JB, et al.
Improved survival with ipilimumab in patients with metastatic melanoma. N
Engl J Med. 2010;363(8):711-23.

3. Larkin J, Chiarion-Sileni V, Gonzalez R, Grob J, Cowey C, Lao C, et al.
Combined Nivolumab and Ipilimumab or monotherapy in untreated
melanema. N Engl J Med. 2015;373(1):23-34.

4. Robert C, Long GV, Brady B, Dutriaux C, Maio M, Mortier L, et al. Nivolumab
in previously untreated melanoma without BRAF mutation. N Engl J Med.
2015;372(4):320-30.

20

Mémoire de Maitrise en médicine. Pillonel Vincent. May 2020



Cancer immunotherapy toxicities

Pillonel et al. Journal for ImmunoTherapy of Cancer (2019) 7:336

20.

21.

22.

23

24,

Weber JS, D'Angelo SP, Minor D, Hodi FS, Gutzmer R, Neyns B, et al.
Nivolumab versus chemotherapy in patients with advanced melanoma who
progressed after anti-CTLA-4 treatment (CheckMate 037): a randomised,
controlled, open-label, phase 3 trial. Lancet Oncol. 2015;16(4):375-84.
Topalian SL, Sznol M, McDermott DF, Kluger HM, Carvajal RD, Sharfman WH,
et al. Survival, durable tumor remission, and long-term safety in patients
with advanced melanema receiving nivolumab. J Clin Oncol. 2014;32(10):
1020-30.

Eggermont AMM, Chiarion-Sileni V, Grob J-J, Dummer R, Wolchok JD,
Schmidt H, et al. Adjuvant ipilimumab versus placebo after complete
resection of high-risk stage /Il melanoma (EORTC 18071): a randomised,
double-blind, phase 3 trial. Lancet Oncol. 2015;16(5):522-30.

Lebbe C, Weber JS, Maio M, Neyns B, Harmankaya K, Hamid O, et al. Survival
follow-up and ipilimumab retreatment of patients with advanced
melanoma who received ipilimumab in prior phase Il studies. Ann Oncol
Off J Eur Soc Med Oncol. 2014;25(11):2277-84.

Wolchok JD, Kluger H, Callahan MK, Postow MA, Rizvi NA, Lesokhin AM,

et al. Nivolumab plus ipilimumab in advanced melanoma. N Engl J Med.
2013;369(2):122-33,

Pastow MA, Sidlow R, Hellmann MD. Immune-related adverse events
assaciated with immune checkpoint blockade. N Engl J Med. 2018;378(2):
158-68.

Haanen JBAG, Carbonnel F, Robert C, Kerr KM, Peters S, Larkin J, et al.
Management of toxicities from immunotherapy: ESMO clinical practice
qguidelines for diagnosis, treatment and follow-up. Ann Oncol. 2017;
28(suppl_4)iv119-42,

Liao B, Shroff 5, Kamiya-Matsuoka C, Tummala 5. Atypical neurclogical
complications of ipilimumab therapy in patients with metastatic melanoma.
Neuro-Oncology. 2014;16(4):589-93.

Perrinjaquet C, Desbaillets N, Hottinger AF. Neurotoxicity associated with
cancer immunotherapy: immune checkpoint inhibitors and chimeric
antigen receptor T-cell therapy. Curr Opin Neurol. 2019;32:500-10.

Larkin J, Chmielowski B, Lao CD, Hodi FS, Sharfman W, Weber J, et al.
Neurologic serious adverse events associated with Nivolumab plus
Ipilimumab or Nivolumab alone in advanced melanoma, including a case
series of encephalitis. Oncologist, 2017;22(6):709-18.

Hottinger AF. Neurologic complications of immune checkpoint inhibitors.
Curr Opin Neurol. 2016;29(6):806-12.

Maurice C, Schneider R, Kiehl T-R, Bavi P, Roehrl MHA, Mason WP, et al.
Subacute CNS demyelination after treatment with Nivolumab for
melanoma. Cancer Immunol Res. 2015;3(12):1299-302.

Cao Y, Nylander A, Ramanan S, Goods BA, Ponath G, Zabad R, et al. CNS
demyelination and enhanced myelin-reactive responses after ipilimumab
treatment. Neurology. 2016;86(16):1553-6.

Duraes J, Coutinho |, Mariano A, Geraldo A, Macario MC. Demyelinating
disease of the central nervous system associated with Pembrolizumab
treatment for metastatic melanoma. Mult Scler. 2019;25(7):1005-8.
Eggermont AMM, Chiarion-Sileni V, Grob J-J, Dummer R, Wolchok JD,
Schmidt H, et al. Prolonged survival in stage Il melanoma with Ipilimumab
adjuvant therapy. N Engl J Med. 2016;375(19):1845-55.

Cuzzubbo S, Javeri F, Tissier M, Roumi A, Barlog C, Doridam J, et al.
Neurological adverse events associated with immune checkpoint inhibitors:
review of the literature, Eur J Cancer. 2017,73:1-8.

Johnson DB, Manouchehri A, Haugh AM, Quach HT, Balko JM, Lebrun-
Vignes B, et al. Neurologic toxicity associated with immune checkpoint
inhibitors: a pharmacovigilance study. J Immunother Cancer, 2019,7(1):134,
Malani R, Haggiagi A, Holder J, Shames Y, Briggs S, Callahan M, et al.
Neurologic immune related adverse events (irAEs) in patients with
metastatic solid tumors treated with immune checkpoint inhibitors: a single
institution retrospective analysis (N6.001). Neurology. 2018,20(15
Supplement):N6.001.

Takizawa S, Kaneyama T, Tsugane S, Takeichi N, Yanagisawa S, Ichikawa M,
et al. Role of the programmed Death-1 (PD-1) pathway in regulation of
Theiler's murine encephalomyelitis virus-induced demyelinating disease. J
Neuroimmunol, 2014;274(1-2):78-85.

Salama AD, Chitnis T, Imitola J, Ansari MJI, Akiba H, Tushima F, et al. Critical
role of the programmed death-1 (PD-1) pathway in regulation of
experimental autoimmune encephalomyelitis. J Exp Med. 2003;198(1):71-8.

Results / Case Report

Page 6 of 6

25. Kroner A, Mehling M, Hemmer B, Rieckmann P, Toyka KV, Maurer M, et al. A
PD-1 polymorphism is associated with disease progression in multiple
sclerosis. Ann Neurol. 2005;58(1):50-7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

® fast, convenient online submission

= thorough peer review by experienced researchers in your field

® rapid publication on acceptance

® support for research data, including large and complex data types

« gold Open Access which fosters wider collaboration and increased citations
* maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC

21

Mémoire de Maitrise en médicine. Pillonel Vincent. May 2020



Cancer immunotherapy toxicities Discussion and Conclusion

6. Discussion and Conclusion

6.1. Clinical case

This master thesis gave me the opportunity to explore the exciting field of checkpoint inhibitor-based
cancer immunotherapy and its toxicities as well as to publish an unexpected clinical case of irAEs in a
top oncology and immunology peer-reviewed journal. The case report presented here deserves to be
published, since it provides the first description of asymptomatic CNS demyelination after anti-PD1
blockade with nivolumab for metastatic melanoma with a spontaneously reversible course. Thereby,
this case study extends the few previous reports on immune-related neurological toxicity in the CNS
upon immunotherapy with checkpoint inhibitors. So far, CNS demyelination in association with ICPis
treatment have not been reported in large cohorts of patients (69,99), but only in few isolated cases
(100-102), which were all severe, symptomatic and not spontaneously reversible as in the case
described here. Furthermore, this work highlights the need for improved capture of atypical and rare
neurological toxicities such as CNS demyelination under anti-PD1 treatment. It is important to
recognize such lesions as they may be mistaken for progressive brain metastases. Atypical
neurological irAEs like CNS demyelination may be more prevalent than expected and their real
incidence has possibly been underestimated due to both lack of recognition and/or underreporting, as
these irAEs can be transient (71) and possibly asymptomatic as in this case. Further studies will be
required to evaluate the exact neurological safety profile and clarify the risk-benefit ratio of these

ICPis in order to determine optimal management guidelines for such rare side-effects.

6.2. Future directions in onco-immunology
The field of cancer immunotherapy has rapidly evolved during the last decade and led to
clinical benefit for patients with many different malignancies. The rapidly increasing number
of indications for immunotherapy and the resulting increase in incidence of irAEs highlights
the importance of early recognition and treatment of these unique toxicities, which is
essential to minimize patient morbidity and mortality. Despite rapid advancements, the
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precise pathophysiological mechanisms of immune-related toxicities have not been fully
uncovered and are still under investigation. Numerous studies are ongoing to refine
management, identify potential biomarkers of severity and susceptibility, and impact on anti-
cancer efficacy. Furthermore, the identification of novel compounds targeting new immune
pathways with increased potency and tumor selective distribution, as well as the increasing
use of combination immunotherapy, will likely impact on the incidence and severity of irAEs

(15).
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