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Paraneoplastic neurological syndromes (PNS) include any symptomatic and non-metastatic neurological
manifestations associated with a neoplasm. PNS associated with antibodies against intracellular antigens, known
as “high-risk” antibodies, show frequent association with underlying cancer. PNS associated with antibodies

against neural surface antigens, known as “intermediate- or low-risk” antibodies, are less frequently associated

with cancer.
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| 1. Introduction

Paraneoplastic neurological syndromes (PNS) of the central nervous system (CNS) consist of neurological
manifestations associated with a neoplasm unrelated to the direct invasion/metastasis in the CNS 12, pNS
complicates approximately 1-15% of cancers, varying with the associated cancer type LEI4 PNS may precede
the diagnosis of cancer by 1 to 5 years in up to 70% of patients B¢, PNS are thought to arise from an immune
response directed against common antigens/epitopes shared by tumor cells and normal healthy cells within the
CNS W, Conversely, in non-neurological paraneoplastic syndromes and in PNS of the peripheral nervous system,
the target antigen is located outside the CNS. When PNS involve the peripheral nervous system, they cause
myopathies and/or myasthenia-gravis-like syndromes. Details regarding the PNS of the peripheral nervous system
have been further explored in another article in this issue. PNS of the CNS, despite being relatively rare, have been
increasingly recognized and detected over time, with a constantly growing body of newly discovered antibodies and
expanded interest among clinicians over the last few years [Bl. Hence, PNS of the CNS are often considered in the
differential diagnoses in patients presenting with acute or subacute encephalopathy once the more common
causes (e.g., infections, toxic and metabolic conditions, and even functional neurologic disorders or psychiatric

disorders) are excluded 2119,

At the cellular level, PNS-associated cancers may harbor gene variants coding for onconeural proteins, particularly
highly immunogenic antigens that are also expressed by CNS cells and which activate the immune system 111,
Antibodies directed against intracellular (e.g., cytoplasmic, nuclear, or synaptic) neuronal antigens are traditionally
named “onconeural” antibodies and are associated with cytotoxic T cells (which are thought to exert a pathogenic

role) (12l Indeed, despite their relevant role as biomarkers, these antibodies do not have a direct pathogenic role.
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Conversely, antibodies against neuronal surface antigens (NSA-Abs) have a direct pathogenic role but they are
less likely to be associated with cancer (they are the expression of immune system activation within the context of
a systemic immune condition or disease). NSA-Abs are directed against ion channels, receptors, or other
components of neural membranes W. The distinction between onconeural and NSA-Abs has therapeutic
implications: immune treatments can be highly effective for PNS associated with NSA-Abs, while they are less

effective in PNS associated with onconeural antibodies (See Figure 1).

Intracellular antibodies Neuronal surface antibodies
(cytoplasmic or nuclear) “Intermediate/low-risk"
"High-risk"
Ho GABAGR
Yu CASPR2
Ri GAD65
Ma1 DPPX
Ma2 LGI1
T-cell mediated B-cell mediated
High association with cancer Low association with cancer
Poor response to immune- Good response to immune-
therapies therapies

Figure 1. Main classes of antibodies, their associated cancer risk, and response to therapies. The figure

schematizes the two main classes of antibodies found in paraneoplastic syndromes.

| 2. Rapidly Progressive Cerebellar Syndrome

Rapidly progressive cerebellar syndrome, previously known as subacute cerebellar degeneration, results from
inflammation-mediated degeneration of cerebellar Purkinje cells leading to ataxia becoming severely disabling
under three months I8Nl Hyperacute and delayed presentations have also been described 2. Ataxia typically
manifests with gait abnormalities followed by truncal and appendicular ataxia [28l. Additional brainstem involvement
includes dysarthria and oculomotor abnormalities L8171 |maging is often unremarkable early in disease course as

radiographic evidence of cerebellar atrophy appears in late stages [,

While rapidly progressive cerebellar syndrome has been linked to “high-risk” antibodies, “intermediate- and low-
risk” antibodies are being increasingly implicated. One of the best described antibodies is Anti-Yo (also known as
Purkinje cell antibody (PCA)—1). Anti Yo/PCAL is considered a “high-risk” antibody because it is highly associated

(>90%) with cancer, typically ovarian or breast. It presents with a cerebellar syndrome, often preceded by a
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prodromal period of vertigo 1819201 Tr/delta/notch-like epidermal growth factor-related receptor (DNER) is
another “high-risk” antibody with >90% association with cancer, typically Hodgkin lymphoma [6l21]22]  Antj-
RiI/ANNA-2 is a ‘high-risk’ antibody (>80% association with cancer, primarily breast) that is classically linked to
OMS (See also Section 3), but the current literature suggests it is likely more commonly associated with rapidly
progressive cerebellar syndrome 23, Less frequently, anti-Ri/ANNA-2 antibodies may present as Bickerstaff
brainstem encephalitis and with oculomotor abnormalities suggestive of progressive supranuclear palsy (PSP);
however, with sudden onset or stepwise or rapid progression (to differentiate it from the classic form of PSP). [23],
More recently, KLHL11 ab has been identified as an additional “high-risk” antibody (>80% association with
testicular seminoma) that causes an overlapping progressive cerebellar and brainstem syndrome, typically
accompanied by sensorineural hearing loss 24231 This constellation of symptoms is captured with the MATCH
criteria where points are allocated for male sex (1 point), ataxia (1 point), testicular cancer (2 points), other type of
cancer (1 point), and hearing disturbances (1 point). This validated scoring system has high sensitivity and

specificity (78% and 99%, respectively) with scores of >4 [26],

Beyond the above, two antibodies which have been classically associated with Lambert—Eaton myasthenic
syndrome (LEMS, not a focus of this research), SOX-1 and P/Q voltage gated calcium channel (VGCC), have also
been implicated in progressive cerebellar ataxia 2. LEMS and cerebellar ataxia may co-occur in patients affected
by these antibodies and the presence of ataxia portends a much higher likelihood or paraneoplastic origin than
LEMS alone 28, Finally, a few additional antibodies have been reported in paraneoplastic cerebellar syndromes.
These include PCA2, mGIuR1, antibodies to the intracellular 65-kD glutamic acid decarboxylase (GAD65) enzyme,
anti-collapsin-response-mediated protein 5 (CRMP-5), anti-amphiphysin, anti-ANNA-3, dipeptidyl-peptidase-like
protein 6 (DPPX), IgLON5, and contactin-associated protein-like 2 (CASPR2) W8l |t is quite possible that
progressive cerebellar syndromes can be explained by the presence of these antibodies, though their descriptions

are not as classic as those listed above and alternative diagnoses or false-positive results should be considered.

Recognition of alternative causes of subacute ataxia is vital as many are reversible if identified early in course.
Important diseases on the differential include autoimmune processes related to thyroid disease, diabetes, gluten
intolerance (celiac disease), Sjogren’s syndrome, toxic/metabolic syndromes such as vitamin deficiencies (B and
E) or metronidazole toxicity, infectious processes such as varicella cerebellitis, and prionopathies [22130311[32][33][34]
Depending on presentation, a thorough evaluation of the aforementioned entities should be considered in patients

with subacute ataxia.

Recently, Manto and colleagues have proposed the new concept of latent autoimmune cerebellar ataxia (LACA) in
analogy with the latent autoimmune diabetes in adults (LADA) to underline the subtle disease course of immune-
mediated ataxias, including PCD B3], LADA is a form of type Il diabetes mellitus with autoimmune features, the
serum biomarker (anti-GAD antibody) is not always present or can fluctuate and tends to progress with a slow
pattern 351, The disease inevitably progresses until complete pancreatic beta-cell failure within a few years. Due to
the unclear autoimmune profile, it is difficult to achieve the diagnosis in the early phase before insulin production is
altered 33, LACA has some analogies with LADA, it has a slow progression, paucity of clear-cut autoimmune

features, with significant difficulty for the neurologist to achieve the diagnosis in absence of positive and
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significantly elevated antibody titers (33, There are some subtle neurological features which could help clinicians
towards the autoimmune and paraneoplastic nature of the cerebellar syndrome, in the early phase, before PCD
overtly manifests (22l These features, namely the cognitive fluctuation within the same day (personal observation of
the authors), the presence of dizziness/vertigo, vomiting, nausea, and subtle imbalance sensations may present
months before the onset of the overt PCD, and clinicians should be aware of these clinical features to warrant an

early diagnosis and treatment 32,

| 3. Opsoclonus-Myoclonus Syndrome

OMS is a rare syndrome for which a diagnosis of definite PNS can be made without the presence of an antibody
(16I(361[371[38]  Clinically, OMS is described by opsoclonus (conjugate fast and multidirectional saccades without
intersaccadic pauses), non-epileptic myoclonus and, variably, ataxia. With the latter, it is referred to as the triad of
“opsoclonus—myoclonus—ataxia” B2, The proposed diagnostic criteria include at least three of the following four
findings: (1) opsoclonus, (2) myoclonus and/or ataxia, (3) behavioral change and/or sleep disturbance, and (4)
neoplastic conditions and/or presence of antineuronal antibodies B2, These criteria allow for flexibility in atypical

presentations of OMS which can have delayed onset of opsoclonus or myoclonus and markedly asymmetric ataxia
(49],

OMS is more commonly seen in the pediatric population where the syndrome is associated with neuroblastoma
(41 Neuroblastoma is detected in over 50% of pediatric OMS cases 42143 Despite this well described association
between OMS and neuroblastoma, a specific associated antibody has yet to be elucidated. However, a
neuroinflammatory process is suspected, given the cytokine and lymphocyte alterations in the cerebrospinal fluid
(CSF) of these patients and the presence of CD20+ B lymphocytes and CD3+ T lymphocytes in the tumor
microenvironment of OMS-associated neuroblastomas 24!, Additional suspected causes of pediatric OMS include
para-infectious (e.g., varicella, influenza, human herpesvirus 6, SARS-CoV-2) inflammatory syndromes as well as
familial/genetic neuro-inflammatory syndromes such as Aicardi-Goutiéres syndrome 4451481471 A distinguishing
feature of adult-onset OMS, as compared to the pediatric population, is that it is more commonly idiopathic (~61%)
than paraneoplastic (~39%) 37, Unlike the pediatric population, in which the paraneoplastic OMS is associated
mostly with neuroblastoma, the adult-onset OMS, when paraneoplastic, is associated with breast cancer, ovarian
cancer, and small-cell lung cancer (SCLC). In young women, cases have also been linked to ovarian teratoma 18
(391 Additional OMS-associated antibodies reported in the literature include anti-Hu/antineuronal nuclear antigen
type 1 (ANNA-1), anti Yo/PCA1, anti-Ma2, and anti-NMDAR 2. Similar to the pediatric population, para-infectious

etiologies are considered the most likely cause of non-paraneoplastic OMS.

| 4. Paraneoplastic Encephalitides

Brainstem encephalitis is characterized by prominent brainstem involvement followed or not by multisystem
neurologic dysfunction (e.g., in association with more widespread encephalitis or rapidly progressive cerebellar

degeneration, as discussed above in Section 1) [26l48] paraneoplastic brainstem encephalitis can present with a
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wide array of oculomotor abnormalities, including but not limited to vertical gaze paresis, internuclear
ophthalmoplegia, nystagmus, as well as bulbar weakness and dystonias 42, In the absence of other classical signs
of PNS, it can be confused with other brainstem-localizing neurological syndromes, or with PSP-cerebellar subtype
(although, in this latter case, the disease progression is slower, over years) [23/5A511[52](53]

Anti-Ri/antineuronal nuclear autoantibody type 2 (ANNA-2) and anti-Ma2 encephalitis are the “high risk” onconeural
antibodies most frequently associated with brainstem encephalitis; anti-KLHL11 can be also found but less
frequently 28541 Anti-Ri/ANNA-2 commonly presents with ataxia but also with oculomotor dysfunction including
OMS and vertical gaze paresis. Abnormal movements include myoclonus in about a third of patients, parkinsonism,
and cervical and jaw dystonias 2389, Parkinsonism with accompanying supranuclear gaze palsy and cognitive
impairment has been described in several cases [23I55I36157I58]  Taken together, Anti-Ri associated-brainstem
encephalitis can mimic neurodegenerative disorders in the spectrum of parkinsonism and/or dementia with
prominent brainstem and cerebellar involvement 32,

The clinical presentation of anti-Ma2 encephalitis can be highly variable. In contrast to anti-Ri/ANNA-2 antibodies,
which are more common in females and highly associated with breast cancer, Ma2 reactivity is found
predominantly in men and frequently linked to testicular cancer (2315616061 Ajong with similar oculomotor
abnormalities (opsoclonus, gaze palsies), many patients develop concomitant cerebellar ataxia or diencephalic
symptoms, such as excessive daytime sleepiness, cataplexy, and endocrine dysfunction BYE263] More recently,
cases of anti-Ma2 encephalitis have been described with a motor syndrome characterized by proximal muscle
weakness, head drop, and bulbar symptoms. Rarely, patients may develop atrophy or fasciculations in the upper
extremities mimicking motor neuron disease. T2/FLAIR hyperintensities may be seen on brain MRI in the
corticospinal tract 89, Concomitant Mal antibodies are associated with worse outcome, with more frequent

brainstem involvement and ataxia; they are more common in women and in those with non-germ cell tumors 28,

Limbic encephalitis classically presents with the subacute onset of neuropsychiatric symptoms, including memory
deficits, mood dysregulation, and behavioral changes, and is frequently associated with seizures 4. Brain MRIs
often show T2/FLAIR hyperintensity in the temporal lobes with corresponding EEG findings of localized epileptiform
activity 1EIB6I6S] Of the “high-risk” antibodies associated with limbic encephalitis, anti-Hu/ANNA-1 is the most
notable. Anti-HU/ANNA-1 antibodies are also robustly linked to SCLC in the vast majority of cases, and the
associated encephalomyelitis syndrome can cause both central and peripheral nervous system dysfunction. Of
note, encephalomyelitis usually occurs with clinical impairment at various sites of the central and peripheral
nervous system, also including the dorsal root ganglia, the peripheral nerve, and/or the nerve roots [ |t is
commonly associated with sensory neuropathy/neuronopathy, dysautonomia, intestinal pseudo-obstruction, as well
as brainstem, cerebellar, and limbic/cortical encephalitis 86768l Documented non-SCLC malignancies have
included neuroendocrine tumors, adenocarcinomas, squamous cell carcinomas, germinomas, and large-cell
tumors, although these represent a minority 18169701 |nterestingly, a small series of eight children with anti-
Hu/ANNA-1 antibodies described six cases of limbic encephalitis with negative malignancy workup, and another

two cases of opsoclonus-myoclonus with underlying neuroblastoma 24,
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Anti-NMDA receptor encephalitis is the most well-described of the autoimmune encephalitides, classically
associated with teratoma (usually ovarian). Indeed, Dalmau and colleagues first described serum and CSF
antibodies to the NR2B and NR2A subunits of the NMDAR in this population 2. As observed in the larger cohort
studies, the median age of onset is in the third decade of life with a strong female predominance of around eighty
percent, unsurprising given the teratoma association 374, Of 577 patients treated internationally who had CSF
samples analyzed at the University of Pennsylvania or the University of Barcelona, 38% had an associated
neoplasm (including nearly half of all females), and ovarian teratoma comprised 94% of these tumors. Extraovarian

teratomas accounted for an additional 2% of the total [Z3],

Various malignancies have also been associated with anti-NMDAR encephalitis, most frequently in middle-aged or
elderly patients, and more rarely in children. There have been reports of lung, breast, uterine, and testicular
cancers as well as Merkel cell carcinoma, papillary thyroid carcinoma, renal cell carcinoma, and neuroblastoma [Z3]
[AI75I76I77] |nterestingly, Bost and colleagues were able to detect expression of the NR1 subunit of the NMDAR in
five of eight tested tumor samples, including two immature teratomas, a pineal germ cell tumor with a mature
teratoma component, pancreatic neuroendocrine tumor, and prostatic adenocarcinoma, suggesting an underlying
mechanism for CNS autoimmunity 4. Importantly, herpes simplex virus type 1 (HSV-1) is a known non-
paraneoplastic trigger of anti-NMDAR autoimmunity, particularly after HSV encephalitis, and should be considered
in the appropriate clinical context Z8I7ABABL  The underlying mechanism of this is beyond the scope of this

research.

In adults, anti-NMDAR encephalitis begins with a prodrome of mood changes and positive psychotic features, such
as hallucinations and delusions. In the acute phase, more severe psychiatric symptoms and memory changes
become evident as well as seizures and movement disorders. Dysautonomia and central hypoventilation can be
seen later in the course W3], Seizures are present in about eighty percent of patients, both generalized and focal,
with about half of patients developing status epilepticus. Half of these cases may be refractory or super-refractory
[B2I83] The EEG in around a quarter of these patients shows extreme delta brush, characterized by diffuse,
continuous rhythmic delta activity with superimposed fast activity 3. Highly specific for anti-NMDAR encephalitis,
this finding may be a poor prognostic marker, associated with prolonged hospitalization, increased disability, and

higher risk of mortality. However, its prognostic value has not been consistent across all studies 4],

Movement phenomenology is frequently hyperkinetic in earlier stages, including classic orofacial and limb
dyskinesias, chorea, opisthotonos. Other symptoms may follow, especially rigidity, slowness, or catatonia .
Children are more likely to have movement abnormalities earlier in the clinical course, which may be of unexpected
phenomenology in comparison to the adult phenotype (e.g., ataxia) 382, Clinical presentation does not appear to
vary significantly between paraneoplastic and non-paraneoplastic anti-NMDAR encephalitis; patients with
malignancy exhibit worse survival due to the cancer itself /3], Patients without an underlying tumor to treat may be

more likely to relapse 2],

In general, “intermediate-" and “low-risk” antibodies predominate among limbic encephalitides 8., One of the most

common, after anti-NMDAR, is anti-leucine-rich glioma-inactivated 1 (LGI1) encephalitis, which along with CASPR2
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is part of the voltage-gated potassium channel complex (VGKCC). These antibodies may be seen alone or in
combination, typically in males in the sixth or seventh decade of life B8I[E7I88] Distinctive facio-brachial dystonic
seizures, which are very brief in duration and occur up to 100 times per day (usually alternating from one side to
the other of the body), can occur in nearly half of those with anti-LGI1 encephalitis, and usually precede cognitive
symptoms, of which memory deficits are most common BB Sejzures occur in the majority of patients with

LGI1 antibodies, and radiologic evidence of mesial temporal sclerosis can be found late in the disease course 82,

Antibodies to CASPR2, and to a lesser extent, LGI1, are associated with peripheral nerve hyperexcitability
(manifesting as neuropathic pain and neuromyotonia), as well as Morvan syndrome, which also features prominent
neuropsychiatric symptoms, dysautonomia (especially hyperhidrosis and hemodynamic instability), and disordered
sleep leading to a state once classically described as “agrypnia excitata” [B8IB7I92I931194] Those with reactivity to
CASPR2 frequently present with limbic symptoms at onset, more often seizures than cognitive dysfunction, and
most have limbic involvement at some point during their clinical course. Cerebellar ataxia is also common in this
population B8 Onset of symptoms can be chronic and progressive, and the presence of MRI abnormalities can be
unreliable, thus patients often do not meet criteria for autoimmune limbic encephalitis [B8IB8I95I96]  The most
common neoplastic association with VGKCC antibodies is thymoma, particularly with  CASPR2 antibodies

compared to LGI1, and an association with acetylcholine-receptor-antibody-positive myasthenia gravis is well-
documented [BEIE7IS7I[98][99]

Other “intermediate-risk” antibodies found in limbic encephalitis are gamma-amino butyric acid receptor, type B

receptor (GABAgR) and a-amino-3-hydroxy-5- methyl-4-isoxazolepropionic acid receptor (AMPAR).

Anti-GABAgR encephalitis most frequently presents as a limbic encephalitis characterized by marked seizure
activity compared to other encephalitides [12[101102] - Sejzyres in anti-GABAgR encephalitis are more likely to be
tonic—clonic in comparison to other encephalitides and more likely to cause status epilepticus and refractory status
epilepticus 22, Half or more of these cases are found to have SCLC 16I[100101] These patients tend to be older
than those with non-paraneoplastic anti-GABAgR encephalitis, and may be more likely to present with a “classic
limbic syndrome” rather than with OMS or other atypical symptoms. Anti-AMPAR encephalitis presents similarly,
with most developing limbic encephalitis and some with clinical or radiological evidence of more widespread
cerebral involvement 1931 ke anti-GABAgR encephalitis, the majority of cases are paraneoplastic, and most
cases are associated with SCLC. However, anti-AMPAR encephalitis is more prevalent in female patients, and
other tumor types can be observed, such as thymoma, breast cancer, and teratoma (0194 Of note, both
GABAgR and AMPAR antibodies have been documented with other SCLC-associated antibodies, such as SOX-1
and amphiphysin [201I105]

| 5. Stiff-Person Spectrum Disorders

SPSD include stiff-person syndrome (SPS) as well as the single-limb (arm or leg) variant, termed stiff-limb
syndrome (SLS), and progressive encephalomyelitis with rigidity and myoclonus (PERM). SPSD are most

commonly associated with systemic autoimmunity rather than a specific malignancy. Classic SPS, characterized by
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progressive, lower-extremity- and truncal-predominant muscle stiffness and stimulus-sensitive muscle spasms, is
most frequently associated with the “low-risk”anti-GAD65 antibodies [10811071 GAD65 antibodies may also be
associated with cerebellar ataxia, seizure, and/or limbic encephalitis; these syndromes may co-occur with SPSD
(2081 Anti-GAD65 antibodies are closely linked to type 1 diabetes mellitus, autoimmune thyroid disease, celiac
disease, and other autoimmune conditions, although rare malignancies have been reported in the literature (108
(2091 However, other antibodies associated with SPSD can be paraneoplastic in origin, most notably amphiphysin
antibodies. Underlying breast cancer is frequent in this population, which tends to be older and mostly female.
Cases typically lack the lower limb predominance of classic SPS and instead have more diffuse involvement,
including cervical 119, Amphiphysin antibodies can also be associated with SCLC; in these cases, other SCLC-
associated antibodies such as CRMP5, Hu/ANNA-1, or others may coexist. Interestingly, patients with SCLC may

be less likely to develop SPS than those with breast cancer 24,

Patients with antibodies associated with PERM, namely glycine receptor (GlyR) and DPPX antibodies, have a
lower risk for an underlying malignancy €. PERM varies from other forms of SPSD given the presence of
myoclonus and, in many cases, hyperekplexia (exaggerated startle reaction to auditory and tactile stimuli),
brainstem dysfunction, and dysautonomia, which may include thermoregulatory abnormalities and diarrhea. The
latter is a feature of myoclonus or hyperekplexia associated with DPPX [112l[113][114] |n severe cases, PERM may
even lead to respiratory failure requiring mechanical ventilation [11211131114] '\while the majority of these cases are
idiopathic, multiple cases of newly diagnosed or previously treated thymomas and B-cell lymphomas have been

reported with anti-GlyR-associated PERM [112I115] pDppX antibodies have also been linked to B-cell lymphomas
114

6. Inmune-Checkpoint Inhibitors, CAR T-Cell Therapies, and
Related Syndromes

ICIs have completely transformed cancer treatments, thus allowing increased survival and better prognosis of
numerous solid malignancies (118, The rationale of ICls is to boost the immune system against cancer cells (e.g.,
blocking the immune-checkpoint receptors PD-1 and PDL-1 on the surface of immune cells or tumor cells,
respectively) (Figure 2) at the expense of immune-related adverse events (irAEs). IrAEs are generated by the
inhibition of negative regulators of the immune system to primarily enhance the antitumor immunity. Hence, ICls
cause adverse effects which resemble autoimmune conditions affecting several organs and systems, including the
CNS. IrAEs may involve the cardiac, integumentary, endocrine, gastrointestinal, hematological, pulmonary, renal,
and musculo-skeletal systems 17, The prevalence of neurological irAEs (n-irAESs) is highly variable and may
range from 1 to 12% according to different reports; they may involve both the central and peripheral nervous
systems, although the latter is more frequently implicated (central: peripheral = 1:3) [L7IL18I[119] The challenge for
clinicians is that the syndromes associated with ICIs meet diagnostic criteria for PNS, and all alternative etiologies
(e.g., carcinomatous meningitis) must be excluded (18], Recently, consensus guidelines have been developed to
appropriately classify n-irAEs 17, Seven main syndromes have been described, four of which involve the CNS.

CNS-irAEs include immune-related (ir) encephalitis, ir meningitis, ir vasculitis, and ir demyelinating diseases 117,
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In some cases, n-irAEs may satisfy the clinical diagnostic criteria for PNS associated with “high-risk” antibodies 18]
(1201 A retrospective study has detected a significant increase of Ma2-associated PNS after the introduction of ICIs
in France 121, There has been substantial interest in discovering biomarkers of disease progression in n-irAEs. For
example, patients with ir-encephalitis can show associated antiphosphodiesterase 10A-Abs 1221 or an increased
absolute eosinophil count 231, However, these biomarkers and the associated autoantibodies remain of limited
clinical applicability. Furthermore, a significant proportion of cases are seronegative despite extensive screening
(117111201 Accordingly, the detection of antibodies is not required for the diagnosis of irAEs. Moreover, although PNS
usually precede the discovery of cancer, n-irAEs triggered by ICIs only develop when the cancer is already

established and treated, in general, within a short time frame after ICIs have been started.

PD1 / PD-L1 interaction and Immune-
checkpoint inhibitors

TCR MHC
Q = Absence of immune-
- checkpoint inhibitors:
pp1 ¥PpLr T-cell exhaustion and
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T T Presence of immune-
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@ T-cell activation and

cancer cell death
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Figure 2. PD1/PD-L1 interaction and immune-checkpoint inhibitors for cancer treatment. In the absence of
immune-checkpoint inhibitors, the binding between PD1 and PD-L1 on T-cells and cancer cells, respectively,
prevents the activation of T-cells. In presence of anti-PD1 antibodies (ICls), the T-cell is activated against cancer
cells and promotes their death through different immune-mediated pathways. These may generate immune-

mediated adverse events.
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Therapies based on genetically modified T cells harboring chimeric antigen receptors, also known as CAR T-cell
therapies, represent a powerful therapeutic strategy for several hematological cancers and have been associated
with significant neurotoxicity 28, The most aggressive and life-threatening neurotoxicity related to CAR T-cell
therapies is the CAR T-cell encephalopathy (124125 Forty percent of patients affected by CAR T-cell
encephalopathy may have severe or fatal clinical courses 1281, The pathophysiology is thought to arise from the
disruption of the blood-brain barrier and the subsequent edema induced by the cytokine release stimulated by
CAR T-cell therapies (Figure 3) 1241271 Symptoms usually follow a stereotyped progression beginning with
somnolence, disorientation, confusion, followed by aphasia, hallucinations, and myoclonus. Severe cases progress
to generalized seizures and encephalopathy possibly leading to coma and death if not promptly recognized and
treated. While not considered part of the PNS, CAR T-cell encephalopathy should be distinguished from other

paraneoplastic encephalitides (see Section 4).

CAR T-cell therapy

CAR T-cell Cancer cell Cancer cell's
antigen
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Figure 3. CAR T-cell therapies for cancer treatment. CAR T interacts with cancer cell’s antigen (1); it then activates

a co-stimulatory signal which stimulates the synthesis, transcription, and translation of perforins and granzymes (2,

3) that ultimately kill the cancer cell (4).
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