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“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 l'art font leur progrès 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. I 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 I 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 IIIB 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  

Summary 
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Traduction du résumé 

Introduction: L'immunothérapie anticancéreuse avec les inhibiteurs de point de contrôle immunitaire 

(Immune checkpoint inhibitors) a révolutionné le traitement du cancer, dont le mélanome, en 

améliorant considérablement la survie des patients et le contrôle de la maladie. Cependant, malgré 

leur mécanisme d'action spécifique, les inhibiteurs de point de contrôle peuvent être à l’origine 

d’effets secondaires dysimmunitaires pouvant notamment entraîner dans de rares cas une toxicité 

neurologique grave.  

Objectif et méthodologie: L'objectif de ce travail était de publier en tant que 1er auteur une étude 

d’un cas clinique extraordinaire présentant des effets indésirables spécifiques liés aux inhibiteurs de 

point de contrôle immunitaire. J’ai d’abord effectué une analyse bibliographique concise sur 

l'immunothérapie anticancéreuse basé sur les inhibiteurs de point de contrôle et des toxicités qui en 

résultent. Après 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 

IIIB 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 à une démyélinisation 

active du système nerveux central observée à l'IRM du cerveau. Un mois après l'arrêt de 

l'immunothérapie, une régression spontanée des lésions 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 système nerveux central asymptomatique et spontanément réversible suite à 

l'immunothérapie avec nivolumab. Ce cas souligne la nécessité de mieux reconnaître ces toxicités 

neurologiques atypiques et rares qui pourraient être 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 l'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 contrôle immunitaire, effets 

secondaires dysimmunitaires, nivolumab, toxicité neurologique, démyélinisation du SNC, mélanome 

métastatique   

Résumé 
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2. Abbreviations 

CAR Chimeric antigen receptor 

CHUV Centre hospitalier universitaire vaudois 

CNS Central nervous system 

CSF Cerebrospinal fluid 

CT Computed tomography 

CTLA-4 Cytotoxic T-lymphocyte-associated protein 4 

FDA US Food and drug administration 

FDG 18F-fluorodeoxyglucose 

ICPis Immune checkpoint inhibitors 

irAEs Immune-related adverse events 

MRI Magnetic resonance imaging 

PD-1 Programmed death protein 1 

PD-L1 Programmed death-ligand 1 

PET Positron emission tomography 

SRS Stereotactic radiosurgery 

TCR 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.  

Introduction 
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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 IL-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. 

Introduction 
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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).  

 

 

Introduction 
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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 

Introduction 
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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). 

Introduction 
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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, 

Introduction 
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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 

irAEs (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.  
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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. I was expected 

to work in an independent manner and had access to the clinical data necessary for my case report. I 

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. I 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. I then reviewed the literature specific to neurological toxicities of ICPis relevant for 

the case report. Subsequently, I 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. I 

worked with a specialist in neuroradiology, Dr Vincent Dunet (Médecin associé), who performed 

radiological data analysis of the case (CT, MRI and PET data). I 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. I then analyzed and interpreted the patient case and wrote the manuscript. I used Adobe 

Illustrator® to generate the figures and Mendeley® reference manager to edit citations. After review of 

the manuscript by all co-authors, I took care of the submission, revised the manuscript and followed 

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

 

Results / Case Report 
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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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