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Abstract  
Paraneoplastic neurological syndrome refers to certain malignant tumors that have affected the 
distant nervous system and caused corresponding dysfunction in the absence of tumor metastasis. 
Patients with this syndrome produce multiple antibodies, each targeting a different antigen and 
causing different symptoms and signs. The CV2/collapsin response mediator protein 5 (CRMP5) 
antibody is a major antibody of this type. It damages the nervous system, which often manifests 
as limbic encephalitis, chorea, ocular manifestation, cerebellar ataxia, myelopathy, and peripheral 
neuropathy. Detecting CV2/CRMP5 antibody is crucial for the clinical diagnosis of paraneoplastic 
neurological syndrome, and anti-tumor and immunological therapies can help to alleviate symptoms 
and improve prognosis. However, because of the low incidence of this disease, few reports and no 
reviews have been published about it so far. This article intends to review the research on CV2/CRMP5 
antibody-associated paraneoplastic neurological syndrome and summarize its clinical features to help 
clinicians comprehensively understand the disease. Additionally, this review discusses the current 
challenges that this disease poses, and the application prospects of new detection and diagnostic 
techniques in the field of paraneoplastic neurological syndrome, including CV2/CRMP5-associated 
paraneoplastic neurological syndrome, in recent years.
Key Words: autoimmunity; CRMP5; CV2; CV2/CRMP5 antibody; paraneoplastic neurological 
syndromes; paraneoplastic syndromes; tumor

Introduction 
CV2/collapsin response mediator protein 5 (CRMP5) antibody-associated 
paraneoplastic neurological syndrome (PNS) is a relatively common type 
of PNS. It is not a direct invasion of tissues or organs by the tumor but a 
distant effect of the tumor. Its pathogenesis is immune-mediated, and 
specific neuronal antibodies can often be detected in patients (Graus et al., 
2021). The CV2/CRMP5 antibody is a kind of neuronal intracellular antigen 
antibody and a well-characterized onconeural antibody (Graus et al., 2004; 
Grativvol et al., 2018). According to the 2004 PNS diagnostic criteria, the 
presence of this antibody can lead to a PNS diagnosis, regardless of the 
presence of a tumor (Graus et al., 2004), and the 2021 update of the PNS 
diagnostic criteria reclassified it as a high-risk antibody (Graus et al., 2021). It 
is currently considered that the CV2/CRMP5 antibody is not pathogenic, and 
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the pathogenic mechanism of CV2/CRMP5 antibody-associated PNS is mainly 
progressive, irreversible neuronal damage or apoptosis mediated by cytotoxic 
T lymphocytes (Grativvol et al., 2018). This disease has diverse clinical 
manifestations and is poorly responsive to immunotherapy. The detection of 
CV2/CRMP5 antibodies in serum and/or cerebrospinal fluid (CSF) is useful for 
the clinical diagnosis of CV2/CRMP5 antibody-associated PNS. This type of PNS 
is rare, and there are few related reports. There has been no review published 
about this disease until now. In this paper, we review the pathogenesis, clinical 
manifestations, auxiliary examination, diagnosis and differential diagnosis, 
treatment, and prognosis of CV2/CRMP5 antibody-associated PNS to provide 
a reference for the clinical treatment of this disease.

Retrieval Strategy
We used “CV2/CRMP5”, “CV2/CRMP-5”, “CV2”, “CRMP5”, “CRMP-5”, 
“antibody”, “paraneoplastic syndromes”, and “paraneoplastic neurological 
syndromes” as MeSH terms or keywords and searched the related literature 
published up to October 2022 through PubMed and Web of Science 
databases. Then, we analyzed and summarized the pathogenesis, clinical 
manifestations, auxiliary examination, diagnosis and differential diagnosis, 
treatment, and prognosis of CV2/CRMP5 antibody-associated PNS from the 
included literature.

Pathogenesis
The CV2 antibody was originally identified in a breast cancer patient 
presenting with cerebellar ataxia, uveitis, and peripheral neuropathy (Antoine 
et al., 1993); it reacted with a subpopulation of oligodendrocytes in the 
adult brain (Honnorat et al., 1996). The antibody was “rediscovered” as the 
CRMP5 antibody in 2001 (Yu et al., 2001). After an initial confrontation with 
the laboratory that characterized CV2 antibodies, everybody now agrees that 
the CV2 and CRMP5 antibodies are the same. One study also found that CV2 
antibodies reacted with at least four of the five known isoforms of the CRMPs, 
with 100% of CV2 antibodies recognizing CRMP5, 40% recognizing CRMP3, 6% 
recognizing CRMP2, and 33% recognizing CRMP1 (Honnorat et al., 2001).

CRMP5 is a protein of 564 amino acids (molecular weight: 62 kDa) encoded 
by the human chromosome 2 (GenBank AC01347.3). It belongs to the CRMP 
family and shares 49–50% amino acid identity with the four other known 
CRMPs (1–4) (Fukada et al., 2000; Yu et al., 2001). In mouse embryos, 
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CRMP5 binds to itself, CRMP2–4 (not CRMP1), and dihydropyrimidinase, 
forming hetero-multimeric structures (Fukada et al., 2000). The N-terminal 
sequences of CRMP isoforms are very similar and carry consensus sequences 
for phosphorylation sites, including tyrosine kinase, protein kinase A, protein 
kinase C, and casein kinase II phosphorylation sites (Fukada et al., 2000). A 
study showed that serum immunoglobulin G (IgG) from CRMP5 antibody-
positive patients bound to the N-terminal epitope of recombinant CRMP5, 
but not to human-derived CRMP2/CRMP3, suggesting that the N-terminal 
epitope of CRMP5 is unique (Yu et al., 2001). The C-terminal region of human-
derived CRMP5 is more conserved than the N-terminal region, suggesting 
that the C-terminal region has a specific role (Fukada et al., 2000). Besides, 
CRMP5 plays an important role in neuronal migration, axon guidance, 
dendrite growth, and synapse formation by interacting with neuronal 
cytoskeleton-associated proteins MAP2 and β III-microtubulin (Jeanne et al., 
2021). CRMP5 is located only in the cytoplasm under physiological conditions; 
it is highly expressed in the nervous system during developmental stages and 
significantly less in adulthood (Bretin et al., 2005). CRMP5 is widely distributed 
in various regions, including the developing cerebral cortex, hippocampus, 
cerebellum, thalamus, retina, optic nerve, olfactory epithelium (Yu et al., 
2001; Cross et al., 2003) as well as the spinal cord (Fukada et al., 2000), 
sensory neurons, axons of peripheral nerves, Schwann cells, and some tumors 
(Camdessanché et al., 2012; Brot et al., 2013). CRMP5 mRNA expression 
can also be detected in neurons of the cortex, amygdala, brainstem, and 
cerebellum (Bretin et al., 2005). The wide distribution of CRMP5 at multiple 
sites may be the anatomical and physiological basis for the diversity of clinical 
manifestations of CV2/CRMP5 antibody-associated PNS.

The CV2/CRMP5 antibody is a neuronal intracellular antigen antibody. Most 
researchers believe that this type of antibody is not directly pathogenic, in 
essence. Rather, they participate in the production of antigen-specific CD8+ 
T lymphocytes which cause neuronal damage and rapid and widespread 
cell death (Berzero and Psimaras, 2018). The pathogenic process may be as 
follows (Figure 1): the tumor cells undergo apoptosis after being attacked by 
the immune system, resulting in antigen exposure; antigen-presenting cells 
present antigens, and then naive lymphocytes are activated into cytotoxic 
CD8+ T cells and CD4+ T helper cells respectively; B lymphocytes differentiate 
into plasma cells and produce antibodies against the exposed antigens; 
plasma cells, CD4+ T helper cells, and cytotoxic CD8+ T cells cross the blood-
brain barrier, and CD8+ T cells attack neurons that express the same antigen 
as the tumor cells, causing a broad immune response (Darnell and Posner, 
2003). This is a hypothetical mechanism for CV2/CRMP5 antibody associated 
PNS, and some studies have also observed T lymphocyte infiltration in 
patients with positive CV2/CRMP5 antibody (Cross et al., 2003; Muehlschlegel 
et al., 2005).

Figure 1 ｜ The pathogenesis of CV2/CRMP5 antibody-associated paraneoplastic 
neurological syndrome.
(1) The immune system attacks tumor cells, inducing apoptosis and resulting in antigen 
exposure; (2) antigen-presenting cells swallow the antigen and travel to local lymph 
nodes, naive lymphocytes are activated into cytotoxic T cells and CD4+ helper T cells, 
respectively, and B lymphocytes differentiate into plasma cells to produce CV2/CRMP5 
antibodies; (3) plasma cells, CD4+ helper T cells and cytotoxic T cells cross the blood-brain 
barrier and cytotoxic T cells attack neurons that express the same antigen as the tumor 
cells. CRMP5: collapsin response mediator protein 5.

Clinical Manifestations 
CV2/CRMP5 antibody-associated PNS is rare. For example, a study identified 
28 PNS patients in Olmsted County (Minnesota, USA) from January 1, 1987, to 
December 31, 2018. The associated incidence rate was 0.6/100000 person-
years, and only 2 of the 28 PNS patients were positive for the CV2/CRMP5 
antibody (Shah et al., 2022). A previous review showed that the age of onset 
was 60–70 years and identified no gender difference (Sechi and Flanagan, 
2021). Another study found that the median age was 69 years (44–88 
years), and 54% of patients were male (Dubey et al., 2018). The clinical 
manifestations are varied and include limbic encephalitis (LE), chorea, ocular 
manifestation, cerebellar ataxia (CA), myelopathy, and peripheral neuropathy 
(Honnorat et al., 2009; Dubey et al., 2018; Sechi and Flanagan, 2021). 

These symptoms can coexist, and CV2/CRMP5 antibody-associated PNS 
commonly causes symptoms involving multiple areas of the nervous system 
(paraneoplastic encephalomyelitis). No CV2/CRMP5 antibody-associated PNS 
cases with isolated neurological syndromes have been reported. Patients with 
CV2/CRMP5 antibody-associated PNS have a longer course of disease, higher 
modified Rankin score, and longer median survival time than patients with 
Hu/ANNA-1 antibody-associated PNS (Honnorat et al., 2009).

Limbic encephalitis 
Autoimmune LE is a group of inflammatory lesions of limbic structures 
that cause medial temporal lobe symptoms. It classically presents with 
the subacute onset of short-term memory deficits, seizures, or psychiatric 
symptoms (Budhram et al., 2019). CV2/CRMP5 antibody-associated LE is 
a relatively rare disease (Ibrahim Ismail et al., 2020) that often manifests 
as dementia, subacute progressive near-memory loss, sleep disturbance 
(insomnia/somnolence), mental and behavioral abnormalities (depression, 
paranoia, irritability, restlessness, upset, attention-deficit/hyperactivity 
disorder) (Li et al., 2018; Ibrahim Ismail et al., 2020; Tolkovsky et al., 2021), 
autonomic dysfunction (dysuria, difficulty defecating, profuse sweating) (Yan 
et al., 2020; Tolkovsky et al., 2021), and atrial tachycardia (Jia et al., 2020). 
Some patients experience seizures (Dubey et al., 2018), and a study described 
a patient without seizures having bitemporal epileptiform discharges 
appearing on an electroencephalogram (Ibrahim Ismail et al., 2020), which 
should be distinguished from other types of autoimmune epilepsy. Compared 
with Hu/ANNA-1 antibody-associated LE, CV2/CRMP5 antibody-associated 
LE is less likely to develop into isolated or typical LE, and its brain magnetic 
resonance imaging (MRI) features are rarely confined to the medial temporal 
lobe (Tüzün and Dalmau, 2007).

Chorea
In some patients with immune-related chorea (a rare form of hyperkinetic 
movement disorder), onconeural antibodies can be detected. Immune-
mediated chorea subtypes associated with cancer are called paraneoplastic 
chorea and are possibly caused by the distal effect of an underlying tumor on 
the basal ganglia (Ha et al., 2019). They account for approximately 1.2% of 
PNS cases, and 64% of patients with paraneoplastic chorea detect CV2/CRMP5 
antibodies (Vigliani et al., 2011). One study found that patients with CV2/
CRMP5 antibody-related chorea had a mean age of onset of 69 years (Vernino 
et al., 2002), and typically had subacute generalized chorea, manifesting as 
involuntary, irregular, and symmetrical choreiform movements of the limbs or 
head and face. This disease can also manifest as orolingual facial dyskinesia, 
dystonia, and stereotyped movements, more obvious in the hands and feet. 
When it involves the neck, face, and perioral area, it leads to hyperkinetic 
dysarthria. Chorea can be bilateral or unilateral, appearing during the day 
and disappearing during sleep (Vigliani et al., 2011; Graus and Dalmau, 
2012; Lim, 2017; Vaswani et al., 2020). However, the cause of extrapyramidal 
symptoms in patients with CV2/CRMP5 antibody-associated PNS is unclear. 
Compared with non-paraneoplastic chorea, paraneoplastic chorea is more 
common in males, has an older age of onset, has more severe chorea-like 
symptoms, may coexist with other central and peripheral nervous system 
symptoms, and may be associated with weight loss, often without oculomotor 
abnormalities (O’Toole et al., 2013; Lim, 2017). The most common antibody in 
paraneoplastic chorea is the CV2/CRMP5 antibody, although the Hu/ANNA-1, 
LGI1, CASPR2, GAD65, and NMDAR antibodies can also be detected. Around 
35% of patients with IgLON5 antibody disease manifested with chorea, and 
the two (CV2/CRMP5 antibody-related chorea and IgLON5 antibody disease) 
need to be differentiated (Kyle et al., 2022; Sturchio et al., 2022).

Ocular manifestations
CV2/CRMP5 antibodies can be detected in some patients with optic neuritis, 
retinitis, and uveitis of unknown origin (Bataller and Dalmau, 2004). One 
study showed that 7% of CV2/CRMP5 antibody-associated PNS cases 
manifested only as ocular manifestations in the initial stages of the disease, 
without other neurological manifestations (Yu et al., 2001). Optic neuritis 
cases present with sudden bilateral visual loss, optic disc edema, and visual 
field defects, usually associated with encephalomyelitis. Retinitis symptoms 
include painless visual loss, photosensitivity, peripheral scotomas, and ring-
like scotomas (Bataller and Dalmau, 2004). Uveitis may manifest as loss of 
vision, blurred vision, and flashing sensation. Scholars found that 69% of 
CV2/CRMP5 antibody-associated optic neuritis cases were associated with 
retinitis and vitreous inflammation, with an age of onset of 52–74 years, and 
often presented with subacute painless vision loss in both eyes, optic disc 
edema, defect of visual field (enlarged blind spots, arcuate and altitudinal 
defects, paracentral scotomata, and constriction of the visual field) (Cross 
et al., 2003), oculomotor disturbances (central nystagmus and diplopia), 
uveitis and iritis (Cohen et al., 2020), and also opsoclonus (Yu et al., 2001). 
MRI examination does not reveal optic nerve enhancement, and optic disc 
edema can be observed by fundoscopy, but rarely alone (Cohen et al., 2020). 
Immunotherapy improves visual function in 50% of patients and a minority 
of patients without immunotherapy developed optic nerve atrophy during 
the follow-up (Cohen et al., 2020). Improvement in visual acuity may be 
associated with the regression of optic disc swelling (Pulido et al., 2008). 
Besides CV2/CRMP5 antibodies, optic neuritis is more commonly associated 
with myelin oligodendrocyte glycoprotein and aquaporin 4 antibodies. 
Therefore, the detection of various autoimmune antibodies such as CV2/
CRMP5 is recommended for unexplained subacute painless vision loss, optic 
disc edema, retinitis, and vitreous inflammation (Cross et al., 2003; Cohen et 
al., 2020).
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Cerebellar ataxia
CV2/CRMP5 antibody-associated CA accounts for 2% of paraneoplastic CA 
cases (Rogemond and Honnorat, 2000), and about 26% of CV2/CRMP5 
antibody-positive patients present with CA (Narayan et al., 2020). CA 
mainly manifests as vertigo, limb and gait ataxia, dysarthria, and nystagmus 
(Saloustros et al., 2010; Aliprandi et al., 2015)—of which 25–50% cases are 
gaze-evoked nystagmus or down beating nystagmus—and rarely presents 
as isolated vertigo (Narayan et al., 2020). In most cases, ataxia precedes the 
underlying tumor, and the brain MRI examination is initially normal or shows 
mild meningeal or cortical enhancement, and may show diffuse cerebellar 
atrophy later, which may indicate a poor response to immunotherapy (Narayan 
et al., 2020) .

Myelopathy
Since the 1980s, onconeural antibodies associated myelopathy has been 
considered to be associated with paraneoplastic disease, also known as 
paraneoplastic myelopathy (Babikian et al., 1985). Note-worthily, CV2/
CRMP5 antibodies are detectable in 16–19% of patients with this disease 
(Yu et al., 2001; Flanagan et al., 2011; Shah et al., 2021). This rare and 
rapidly progressing, disabling disease can exist alone or in conjunction with 
encephalopathy, cranial neuropathy, or CA (Flabeau et al., 2022). It is most 
commonly seen in women, with a median age of 62 years (37–79 years). 
It is associated with breast and lung carcinomas, and usually manifests as 
transverse myelitis (Flanagan and Keegan, 2013), which is characterized 
by subacute/occult progressive weakness and paresthesia, sensory ataxia, 
bladder dysfunction, and orthostatic intolerance, as well as gastrointestinal 
dysfunction (Dubey et al., 2018). Physical examination findings include 
hyporeflexia or hyperreflexia of the distal reflexes, positive pathological 
reflexes, impaired vibration, and proprioception (Shah et al., 2021). 
Additionally, most patients may become wheelchair dependent as the disease 
progresses (Flanagan and Keegan, 2013). Longitudinal extensive damage 
has been reported in 25% of CV2/CRMP5 antibody-associated myelopathies 
(Dericioglu et al., 2018). Several cases of CV2/CRMP5 antibody-related 
symptoms caused by the use of immune checkpoint inhibitors (ICIs) have been 
reported (Gill et al., 2019; Kunchok et al., 2020; Wang et al., 2021). Moreover, 
a patient with small cell lung cancer (SCLC) received programmed cell death 
ligand 1 inhibitors and developed CRMP5-IgG-associated myelopathy, which 
manifested as bilateral lower limb weakness, Lhermitte’s sign, and urinary 
retention (Kunchok et al., 2020). Another patient with extensive-stage SCLC 
developed CV2/CRMP5 antibody-positive acute myelitis after undergoing 
durvalumab plus etoposid-platinum chemotherapy. This manifested as 
numbness of the lower limbs, which gradually developed to the proximal 
thigh root and hands, bladder dysfunction, and even inability to walk unaided 
(Wang et al., 2021). Due to the rarity of the disease and the lack of large-
scale studies, its treatment outcome and prognosis rely on expert experience 
(Flanagan et al., 2011).

Peripheral neuropathy
Approximately one-third of PNS cases present with peripheral neuropathy 
(Giometto et al., 2010). Additionally, CV2/CRMP5, Hu/ANNA-1, and other 
onconeural antibodies can be detected in about one-third of PNS-associated 
peripheral neuropathy cases (Voltz, 2002). Peripheral neuropathies associated 
with CV2/CRMP5 antibodies are mostly mixed axonal and demyelinating 
peripheral neuropathies (Antoine et al., 2001; Honnorat et al., 2009). Besides, 
54% of CV2/CRMP5 antibody-associated neuropathy cases present with 
painful axonal asymmetric polyradiculoneuropathy (Dubey et al., 2018), with 
predominant sensory or sensorimotor involvement (less commonly pure 
motor involvement, which mainly affects the distal extremities), sensory 
disturbance involving all the modalities of sensation, and depressed or absent 
tendon reflexes (Antoine et al., 2001). When pure sensory involvement is 
present, it is subacute and progresses rapidly, commonly in the upper limbs, 
with early loss of nociception followed by moderate to severe pain requiring 
pain relief medication, namely opioid analgesics in 39% of cases (Dubey et al., 
2018). When mixed sensorimotor involvement is present, sensory symptoms 
are predominant, lower limbs are more commonly and severely involved than 
upper limbs, and pain is relatively uncommon (Antoine et al., 2001). The CV2/
CRMP5 antibody can coexist with the VGCC, PCA-2/MAP1B, amphiphysin, and 
SOX1/AGNA antibodies in this group of patients, and the coexisting antibodies 
do not affect the location of peripheral neuropathy or the development of 
pain (Dubey et al., 2018). In addition, peripheral neuropathy associated with 
the CV2/CRMP5 antibody can involve cranial nerves other than the optic 
nerve and manifest as facial numbness (Maramattom, 2013), loss of taste (Wu 
et al., 2019), and loss of olfaction (Maramattom, 2013).

Other symptoms
The other symptoms of CV2/CRMP5 antibody-associated PNS are mostly 
derived from case reports and include: (1) Myasthenic syndrome, such as the 
Lambert-Eaton myasthenic syndrome (LEMS), which may be accompanied by 
other antibodies. It manifests as progressive symmetrical fluctuating proximal 
muscle weakness (Li et al., 2018). In a few patients, CV2/CRMP5 antibodies 
are just an immunological accompaniment reflecting the presence of cancer, 
whereas the LEMS is caused by concurrent pathogenic antibodies. Another 
example is myasthenia gravis, a generalized or oculomotor pattern combined 
with thymoma (Monstad et al., 2009). (2) Opsoclonus-myoclonus ataxia 
syndrome, causing ocular myoclonus, myoclonus, and ataxia (Nakajima et al., 
2018; Popławska-Domaszewicz et al., 2018); (3) Parkinsonism, which often 
manifests as slow movement, festination, masked face, increased muscle 

tone, postural balance disorders, involuntary limb tremors, static tremor (Tada 
et al., 2016; Wu et al., 2019), and lead-pipe rigidity (Vakrakou et al., 2020). 
When combined with rapidly progressive autonomic dysfunction, it can easily 
be misdiagnosed as multiple system atrophy (Song et al., 2021). (4) Brainstem 
encephalitis, which causes salivation, somnolence, dysphagia, bilateral vocal 
cord paralysis (Tolkovsky et al., 2021), dysarthria (Tada et al., 2016; Nakajima 
et al., 2018), non-fluent speech (Wu et al., 2019), and central hypoventilation. 
(5) Motor neuron disease, which provokes signs and symptoms of upper 
and lower motor neuron injury and visible muscle atrophy without sensory 
abnormalities, and is easily misdiagnosed as amyotrophic lateral sclerosis 
(Tolkovsky et al., 2021). (6) Devic syndrome, a myelopathy accompanied by 
optic neuritis (Cross et al., 2003; Ducray et al., 2007). (7) Chronic intestinal 
pseudo-obstruction, which is characterized by symptoms of mechanical 
intestinal obstruction rather than mechanical bowel obstruction and is 
associated with autonomic neuropathy (Yan et al., 2020).

Oncological associations
The CV2/CRMP5 antibody is now known as a high-risk antibody, and its 
presence indicates a potential tumor (Graus et al., 2021). About 90% of CV2/
CRMP5 antibody-associated PNS cases are accompanied by tumors (Yu et 
al., 2001; Budhram et al., 2019), with SCLC and thymoma being the most 
common (Honnorat et al., 2009). A study on Hu/ANNA-1 and CV2/CRMP5 
antibody-associated PNS found that malignant thymoma was only found in 
CV2/CRMP5 antibody-positive patients, and patients with thymoma were 
younger and more likely to develop myasthenia gravis (Honnorat et al., 2009) 
and to have higher antibody titers (Ibrahim Ismail et al., 2020) than those 
with SCLC. CV2/CRMP5 antibody-associated PNS can also accompany breast 
cancer (Antoine et al., 1993; Wu et al., 2019), lymphoma (Jia et al., 2020), 
renal carcinoma (Dubey et al., 2018), colon cancer (Popławska-Domaszewicz 
et al., 2018), testicular tumor, uterine sarcoma (Antoine et al., 2001), prostate 
cancer (Aliprandi et al., 2015), undifferentiated carcinoma (Antoine et al., 
1993), thyroid cancer (Cross et al., 2003), squamous cell carcinoma of tongue 
(Saloustros et al., 2010), and adenocarcinoma of the lung (Yap et al., 2021). 
Some patients have both breast and lung cancer (Jarius et al., 2012). A rare 
case reported that biopsies revealed a solitary lymph node involvement 
associated with SCLC in a patient who was both CV2/CRMP5 antibody-positive 
and Hu/ANNA-1 antibody-positive (Khan and Warriach, 2020). Although some 
studies have also found that 22% of patients with CV2/CRMP5 antibody-
associated PNS do not have tumors (Rogemond and Honnorat, 2000), the 
possibility of occult malignancy cannot be ruled out as the majority of these 
patients have the neurological symptoms before the tumor is detected (Dubey 
et al., 2018). Moreover, some tumors can be eliminated by the immune 
response during the disease, preventing their detection (Graus et al., 2004).

Auxiliary Examinations
CSF and serological tests
Positive detection of CV2/CRMP5 antibodies in the CSF and/or serum is a 
specific indicator for the diagnosis of the disease. Detection methods include 
immunofluorescence, western blotting (Aliprandi et al., 2015; Figure 2), 
immunohistochemistry (Graus et al., 2004; Sabater et al., 2016), and line 
blotting (Ruiz-García et al., 2020). A study on the detection of CV2/CRMP5 
antibodies found that immunoblotting missed 7.5% of the serum samples 
tested positive by immunohistochemistry (Sabater et al., 2016). Line blotting is 
more sensitive to low CV2/CRMP5 antibody levels, but can yield false positives 
(Ruiz-García et al., 2020). A recent study reported a cell-based assay for the 
detection of CRMP5 antibodies (CRMP5-CBA) that was more sensitive than 
immunohistochemistry (Totland et al., 2021). Overall, CV2/CRMP5 antibody 
detection methods still require optimization. Only half of the patients with 
high serum antibody titers had CV2/CRMP5 antibodies in the CSF (Rogemond 
and Honnorat, 2000); 37% of patients had CSF CRMP5 IgG titers significantly 
higher or equal to serum titers (Yu et al., 2001). In general, CSF antibody 
testing has a higher clinical specificity than serum testing. Therefore, for 
patients with suspected PNS and atypical clinical manifestations, simultaneous 
serum and CSF antibody testing are recommended to maximize specificity 
(Berzero and Psimaras, 2018; Graus et al., 2021).

BA

Figure 2 ｜ Patient’s serum antibody reactivity.
(A) A pattern suggesting anti-CV2 positivity (cytoplasmic staining with nuclear sparing) 
obtained by indirect immunofluorescence performed with our patient’s serum on 
primate cerebellum (Inova Diagnostics, San Diego); the estimated titer was 1:500. (B) 
Subsequent immunoblot verification (Ravo Diagnostika) of anti-CV2 isolated presence 
in serum obtained from the proband in two separate occasions (lanes 3 and 4); serum 
dilution 1:2000. Reproduced with permission from Aliprandi et al. (2015).
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A study observed CV2/CRMP5 antibody-positivity in 5% of patients with SCLC, 
12% of patients with myasthenia gravis and thymoma, and 0.6% of healthy 
individuals (Monstad et al., 2008). In another autoimmune antibody test 
in 116 SCLC patients, only 6 patients were CV2/CRMP5 antibody-positive, 
which is a positivity rate of 5.17% (Zekeridou et al., 2019; Totland et al., 
2021). Besides, CV2/CRMP5 was expressed in 98.6% of highly differentiated 
neuroendocrine lung cancer specimens (Dalmau and Rosenfeld, 2008). 
Qvale et al. (2014) tested the sera of 379 smokers with chronic obstructive 
pulmonary disease, and only one (0.3%) was CV2/CRMP5 antibody-positive. 
Meanwhile, 4010 patients with neuropsychiatric symptoms of unknown 
etiology were tested for autoimmune encephalitis (AE) and PNS antibodies, 
and 72 of them were found positive. Among the 44 cases with complete 
clinical data, 13.6% were CV2/CRMP5 antibody-positive (Seluk et al., 2019). 
Although PNS can manifest as polyneuropathies, a study of sera from 283 
patients with polyneuropathies showed no antibody positivity. Therefore, 
routine screening for onconeural antibodies is not necessary for patients with 
unknown etiology and possibly idiopathic polyneuropathies (Guillain-Barré 
syndrome and chronic inflammatory demyelinating polyradiculoneuropathy) 
(Berger et al., 2020).

The majority of patients with CV2/CRMP5 antibody-associated PNS have 
abnormalities in the CSF, often manifesting as pleocytosis and increased 
protein levels (Yu et al., 2001; Cohen et al., 2020). Some have elevated IgG 
index and/or elevated IgG synthesis rates (Yu et al., 2001), and a few have 
positive oligoclonal bands. More than two-third of CV2/CRMP5 antibody-
positive patients were positive to other antibodies (Cross et al., 2003; Cohen 
et al., 2020), including Yo/PCA-1 antibody (Vakrakou et al., 2020), AMPAR 
antibody (Jia et al., 2020), GABAB receptor antibody (Li et al., 2018), VGCC 
antibody (Vernino et al., 2002), NMDAR antibody (Qiao et al., 2022), LGI1 
antibody, CASPR2 antibody, amphiphysin antibody, PCA-2/MAP1B antibody, 
Ri/ANNA-2 antibody (Dubey et al., 2018), Ma2/Ta antibody (Hu et al., 2015), 
ZIC4 antibody (Cross et al., 2003), and acetylcholine receptors (AChR) 
antibody (Monstad et al., 2009), in addition to the most common Hu/ANNA-
1 antibody (Antoine et al., 2001) and SOX1/AGNA antibody (Shibata et al., 
2021). CV2/CRMP5 antibodies can be accompanied by the Hu/ANNA-1 and 
SOX1/AGNA antibodies (Hean et al., 2020), Hu/ANNA-1 and VGCC antibodies 
(Nakajima et al., 2018), Hu/ANNA-1 and amphiphysin antibodies (Carette et 
al., 2021). Besides, a patient with immunomyelopathy was positive to CV2/
CRMP5, SOX1/AGNA, ZIC4, and MOG antibodies after immunosuppressive 
therapy (Wang et al., 2021). Overall, coexisting antibodies have no significant 
impact on the clinical phenotype (Dubey et al., 2018), but patients positive to 
multiple antibodies may have a worse prognosis than patients positive to the 
CV2/CRMP5 antibody alone.

Table 1 displays the combined antibodies classification according to 
the updated PNS diagnostic criteria of 2021. The ZIC4 antibody (neural 
intracellular antigen antibody) is partially characterized as an onconeural 
antibody (Graus et al., 2004). The AChR antibody (neural surface antigen 
antibody) is associated with PNS (Grativvol et al., 2018).

Table 1 ｜ Classification of combined antibodies

Antigen Localization Risk Classification Antibody

Neural intracellular 
antigen antibody

High-risk antibodies CV2/CRMP5 antibody, Hu/ANNA-1 
antibody, SOX1/AGNA antibody, Ma2/Ta 
antibody, Yo/PCA-1 antibody, Ri/ANNA-2 
antibody, amphiphysin antibody, PCA-2/
MAP1B antibody

Neural surface 
antigen antibody

Intermediate-risk 
antibodies

AMPAR antibody, GABAB receptor 
antibody, VGCC antibody, NMDAR 
antibody, CASPR2 antibodya

Low-risk antibodies LGI1 antibody, CASPR2 antibody, MOG 
antibody

CASPR2 antibodya, only in the case of manifested as morvan syndrome CASPR2 antibody 
is considered as intermediate-risk antibody. AGNA: Anti-glial nuclear antibody; AMPAR:α-
amino-3-hydroxy-5-methyl-4-isoxazole-propionic acid receptor; ANNA: antineuronal 
nuclear antibody; CASPR2: contactin-associated protein-like 2; CRMP5: collapsin response 
mediator protein 5; GABAB: gamma-aminobutyric acid B; LGI1: leucine-rich glioma-
inactivated 1; MAP1B: microtubule associated protein 1B; MOG: myelin oligodendrocyte 
glycoprotein; NMDAR: N-methyl-D-aspartate receptor; PCA: Purkinje cell antibody; VGCC: 
voltage -gated calcium channel.

Neuroimaging studies
MRI can find various abnormalities in the brain of patients with CV2/
CRMP5 antibody-associated PNS, providing more valuable information for 
the diagnosis. 18F-fluoro-2-deoxy-d-glucose positron emission tomography 
(18F-FDG PET) is more sensitive to potential abnormalities, which may 
contribute to the early diagnosis of the disease.

MRI
MRI results of patients with CV2/CRMP5 antibody-associated PNS  can be 
normal or show multiple foci, mainly involving the basal ganglia, medial 
temporal lobe (Maramattom, 2013; Figure 3), but also extensive white 
matter (Vigliani et al., 2011), hippocampus (Ibrahim Ismail et al., 2020), the 
cerebellum, insula, optic nerve, thalamus, and frontal lobe. T2-weighted 
image/fluid attenuated inversion recovery (T2WI/FLAIR) sequences will 

often show increased signals in the affected areas (Wu et al., 2019). The 
involvement of the frontostriatal circuit, which connects frontal regions to 
the basal ganglia (striatum), may be associated with personality changes, 
obsessive behavior, and cognitive deficits (Muehlschlegel et al., 2005; Tüzün 
and Dalmau, 2007). Myelopathy usually presents with extensive symmetric 
T2WI high signal and symmetric enhancement involving more than three 
segments confined to the spinal tract (lateral/dorsal) or gray matter (Flanagan 
et al., 2011; Graus and Dalmau, 2012).

PET/computed tomography 
There are case reports of patients with CV2/CRMP5 antibody-related 
chorea that showed bilateral caudate nucleus hyperintensity on T2WI and 
hypometabolism in the corresponding region on 18F-FDG PET/computed 
tomography (CT) (Vernino et al., 2002; Vigliani et al., 2011; Dericioglu et al., 
2018). Another CV2/CRMP5 antibody-positive patient showed autonomic 
dysfunction and Parkinson’s disease without brain stem or cerebellar atrophy 
on brain MRI and symmetrical hypometabolism in the bilateral frontoparietal 
lobes on 18F-FDG PET/CT scans (Song et al., 2021). Overall, in patients with 
PNS, 18F-FDG PET/CT is more sensitive to potential abnormalities and has a 
higher abnormality detection rate than MRI in the early course of the disease 
(Masangkay et al., 2014). Moreover, 18F-FDG PET/CT scans are important for 
the early diagnosis of malignancy and can show hypermetabolism at sites 
where CT or MRI are inefficient (Grativvol et al., 2018; Opalińska et al., 2022). 
In patients with a high suspicion of paraneoplastic neurological disorder, 
occult cancer can be detected before clinical manifestations (McKeon et al., 
2010; Sechi and Flanagan, 2021). If the first examination is negative, it should 
be repeated in the next 3–6 months and then every 6 months for up to 4 
years (Vedeler et al., 2006).

Neuropathological studies
Regarding the pathology of CV2/CRMP5 antibody-associated PNS, 
perivascular and parenchymal T lymphocyte infiltration, neuronal loss, 
gliosis (Muehlschlegel et al., 2005; Figure 4), microglial activation, and rare 
microglial nodules formed by focal microglial hyperplasia (Cross et al., 2003) 
are seen in the brain and spinal cord. Cerebellar cortex atrophy and Purkinje 
cell decrease can be seen in the lesions that are restricted to the cerebellum 
(Vernino et al., 2002). One case study showed that the lymphocytic infiltrate 
within the parenchyma consisted exclusively of CD8+ T lymphocytes, whereas 
the perivascular infiltrate contained both B and T lymphocytes (CD4- and CD8-
reactive; Muehlschlegel et al., 2005).

The pathological findings of the optic nerve are similar to those of the brain 
and spinal cord. The autopsy of a CV2/CRMP5 antibody-associated optic 
neuritis patient showed T lymphocyte infiltration (mainly CD8+ T lymphocytes), 
axonal and myelin loss, and increased pleomorphic cells and reactive 
lymphocytes in the vitreous humor (Cross et al., 2003). Cervical cord biopsies 
of CV2/CRMP5 antibody-positive patients reported by Ducray et al. (2007) 
showed reactive gliosis, edema, and necrosis with massive macrophage and 
perivascular lymphocyte infiltration. The extensive T lymphocyte infiltration 
supports the hypothesis of irreversible neuronal damage caused by cytotoxic 
T lymphocytes (Shah et al., 2021). Additionally, pathological biopsies of the 
peroneal nerve showed fiber loss, Wallerian degeneration, demyelination, 
and onion bulb formation (Antoine et al., 2001).

Other examinations
Fundoscopy, electroencephalography (EEG), and electromyography have 
unique advantages in the diagnosis of CV2/CRMP5 antibody-associated PNS.

Fundoscopy
Cross et al. (2003) found that all but one of 15 patients with documented 
fundoscopy showed optic disc edema, commonly combined with hemorrhage 
of the nerve fiber layer, some with fan-shaped or diffuse atrophy of the 
optic disc. Fluorescence fundus angiography showed enhanced penetration 
and leakage of the optic papilla, and some cases had subretinal fluid and 
dye leakage from vessels distant from the optic disc, suggesting vascular 
insufficiency (Cross et al., 2003; Figure 5). Another study found that all 12 
patients with ocular symptoms had optic disc edema in the fundus (Cohen et 
al., 2020).

EEG
EEG is non-specific and may reveal epileptic waves involving the temporal 
lobe, with focal or global activity (Ibrahim Ismail et al., 2020). Besides, 
persistent spikes and slow waves may occur during sleep (Hu et al., 2015).

Electromyography 
Patients with peripheral neuropathy often have severe axonal damage, mild 
demyelination, and slowed nerve conduction velocity. Attention should be 
paid to the presence of LEMS when the amplitudes of the compound motor 
action potential decrease (Antoine et al., 2001; Honnorat et al., 2009).

Diagnosis and Differential Diagnosis 
The diagnostic criteria for PNS were established in 2004 and updated in 2021. 
Therefore, the diagnosis of PNS is well documented. Antibody detection is of 
great value in the diagnosis of PNS. Moreover, different antibodies correspond 
to different types of PNS, which have different clinical characteristics. 
Summarizing their unique clinical characteristics can help identify and 
diagnose antibody-negative PNS, especially when multiple antibodies 
coexist, and help discern whether one of them is a pathogenic antibody or 
only an immune concomitant antibody reflecting the presence of cancer. In 
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Figure 3 ｜ MRI of a patient with CV2/CRMP5 antibody-associated paraneoplastic 
neurological syndrome.
(A, B) T1-weighted plain and contrast MRI results are normal. (C, D) T2-weighted and 
FLAIR images show bilateral symmetrical basal ganglia hyperintensities. (E) FLAIR image 
shows bilateral mesial temporal hyperintensities. (F) Diffusion weighted image is normal. 
Reproduced with permission from Maramattom (2013). CRPM5: Collapsin response 
mediator protein 5; MRI: magnetic resonance imaging.

Figure 4 ｜ Pathological findings in patients with CV2/CRMP5 antibody-associated 
paraneoplastic neurological syndrome.
(A) Hematoxylin and eosin-stained section from the caudate nucleus showing perivascular 
and parenchymal infiltrates of mature lymphocytes, diffuse neuronal loss, and reactive 
(hypertrophic) gliosis. (B) Glial fibrillary acidic protein-immunostained section showing 
reactive gliosis. (C) CD8-immunostained section showing strong reactivity, consistent 
with cytotoxic/suppressor T lymphocytes. (D) CD4 (T-helper cell)-immunostained section 
showing only rare positivity. Original magnification 500×. Reproduced with permission 
from Muehlschlegel et al. (2005). CRMP5: Collapsin response mediator protein 5.
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Figure 5 ｜ Optic disc photographs, fluorescein images, and vitreous biopsy. 
(A) Right eye shows severe acute optic disc swelling with tortuous vessels, cotton wool 
spots, and nerve fiber layer hemorrhages. (B) Late arterial fluorescein image shows 
dye leakage on disc surface, and (C) late phase shows dye persistence at the disc and 
perivenous fluorescence indicates vascular incompetence. (D, E) Left eye shows chronic 
disc swelling, (D) optic nerve atrophy with dye leakage and (E) vascular incompetence 
remote from the disc. (F) Pleomorphic cellularity consistent with reactive lymphocytosis 
in the vitreous humor of the right eye (hematoxylin and eosin, original magnification 
400×). Reproduced with permission from Cross et al. (2003).

conclusion, documenting the unique clinical characteristics corresponding to 
different types of antibodies is crucial to improving the accuracy of clinical 
diagnosis and precision of treatment. Based on this, we summarized and 
condensed the clinical features of CV2/CRMP5 antibody-associated PNS based 
on the available literature as follows:
1. Clinical manifestations:
(1) Common symptoms
• LE: dementia, memory impairment, sleep abnormalities, mental behavior 
abnormalities, and autonomic dysfunction
• Chorea: involuntary, irregular, and symmetrical choreiform movements of 
the limbs or head and face
• Ocular manifestation: subacute painless vision loss in both eyes, optic disc 
edema, and defect of the visual field
• CA: vertigo, limb and gait ataxia, dysarthria, and nystagmus
• Myelopathy: transverse myelitis
• Peripheral neuropathy: sensory or sensorimotor involvement mainly in the 
distal extremities, sensory loss involving all the modalities of sensation, and 
decreased or absent tendon reflexes
(2) Other symptoms
• Myasthenic syndrome: LEMS: progressive symmetrical fluctuating proximal 
muscle weakness; myasthenia gravis:, muscle weakness and fatigue
• Opsoclonus-myoclonus ataxia syndrome: ocular myoclonus, myoclonus, and 
ataxia
• Parkinsonism: slow movements, increased muscle tone, involuntary limb 
tremors, and static tremor
• Brainstem encephalitis: salivation, somnolence, and dysphagia
• Motor neuron disease: signs and symptoms of upper and lower motor 
neuron injury
• Devic syndrome: myelopathy and optic neuritis
• Chronic intestinal pseudo-obstruction: symptoms of mechanical intestinal 
obstruction
(3) Oncological associations: SCLC, thymoma, breast cancer, and other tumors
2. Auxiliary examination
• Antibody: CV2/CRMP5 antibody-positive serum and/or CSF
• CSF: often manifesting as pleocytosis; increased protein levels, sometimes 
elevated IgG index and/or elevated IgG synthesis rates, and rarely positive 
oligoclonal bands
• MRI: The brain/spinal cord/optic nerve may appear normal or show multiple 
lesions, with hyperintensity on T2WI/FLAIR sequences at lesions
• 18F-FDG PET/CT: hypometabolic changes in the corresponding region
• Fundoscopy: optic disc edema, atrophy, nerve fiber layer hemorrhages, and 
subretinal fluid
• EEG: non-specific changes with epileptic waves
• Electromyography: severe axonal damage, mild demyelination, slow 
conduction velocity, and reduced compound motor action potential amplitude
• Pathology: perivascular and parenchymal T lymphocyte infiltration, 
microglial activation, gliosis, neuronal loss, and rare microglial nodules
• Imaging/pathological findings that indicate or confirm the presence of a 
tumor
The diagnosis of CV2/CRMP5 antibody-associated PNS is based on: (1) the 
presence of a clinical syndrome as described above, (2) the presence of 
CV2/CRMP5 antibodies in the serum or CSF, and (3) reasonable exclusion of 
alternative causes, including those causing CV2/CRPM5 antibody production 
(i.e., LEMS). According to the diagnostic criteria for PNS updated in 2021, CV2/
CRMP5 antibody-positive patients can be diagnosed with definite/probable/
possible PNS based on the PNS-Care score. The diagnostic level of “probable” 
or “possible” may change with the follow-up time (> or < 2 years, found 
tumor/not found) (Graus et al., 2021). Overall, the different manifestations 
of CV2/CRMP5 antibody-associated PNS need to be differentiated from other 
diseases (Table 2).

Treatment 
The treatments of  CV2/CRMP5 antibody-associated PNS include 
immunotherapy, detection and treatment of tumors, and symptomatic 
treatment. Immunotherapy agents include glucocorticoids, intravenous 
immunoglobulin, plasma exchange, cyclophosphamide, and rituximab 
(Grativvol et al., 2018). Patients with myelopathy receiving ICIs should 
stop ICIs and be treated with corticosteroids (Kunchok et al., 2020; Wang 
et al., 2021). Although most available evidence suggests that intracellular 
antibody-associated PNS, including CV2/CRMP5 antibody-associated PNS, 
respond poorly to immunotherapy and that immunotherapy may not 
improve neurological symptoms, early and aggressive immunotherapy is 
still recommended (Rosenfeld and Dalmau, 2013). CV2/CRMP5 antibody-
associated PNS is highly associated with tumors, and early detection and 
removal of the tumor is the best option by far. In some cases, neurological 
deficits improve with anti-tumor therapy (Vernino et al., 2002; Grativvol et 
al., 2018). In addition, symptomatic and supportive treatment can be given 
depending on the symptoms of each patient.

Prognosis
The prognosis of CV2/CRMP5 antibody-associated PNS depends on multiple 
factors, such as the severity of neurological damage at the time of diagnosis, 
whether the tumor is detected, the stage of the tumor, whether the tumor 
treatment is effective, and whether early immunotherapy is administered. 
Overall, intracellular antibody-associated PNS, including CV2/CRMP5 
antibody-associated PNS, poorly responds to immunotherapy and anti-
tumor therapy, leading to a poor prognosis (Dericioglu et al., 2018). The 
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Table 2 ｜ Differential diagnosis of CV2/CRMP5 antibody-associated PNS

Manifestations Differential diagnosis References

LE Gliomas, herpes virus, status epilepticus, anti-
LGI1 LE

–

Chorea Anti-IgLON5 disease, Huntington's disease, 
atypical manifestations of degenerative and 
hereditary neurological disorders, toxic and 
metabolic causes

Kyle et al., 2022; 
Sturchio et al., 2022

Ocular 
manifestations

Ischemic causes, infectious inflammatory 
diseases caused by viruses, bacteria, or 
spirochetes, nodular disease, lymphoma, 
multiple sclerosis, and neuromyelitis optica

Cross et al., 2003

CA Infection encephalopathy, heredity 
encephalopathy, vasculitis encephalopathy, 
poisoning encephalopathy, metabolism 
encephalopathy, cerebellar form of Creutzfeldt-
Jacob disease, multiple system atrophy, and 
GAD antibody-associated CA

Narayan et al., 2020

Myelopathy Neuromyelitis optica, ischemic myelopathy, 
multiple sclerosis, and vitamin B12 deficiency

Keegan et al., 2008; 
Flanagan et al., 2011

Peripheral 
neuropathy

Diabetes, hypothyroidism/hyperthyroidism, 
vitamin B12/folic acid deficiency, rheumatoid 
arthritis, infectious causes, subacute onset 
peripheral neuropathies, chronic inflammatory 
demyelinating polyneuropathy, vasculitis, and 
other PNS affecting peripheral nerves

Castelli et al., 2020; 
Zoccarato et al., 2021

CA: Cerebellar ataxia; GAD: glutamic acid decarboxylase; IgLON5: immunoglobulin-like 
cell adhesion molecule 5; LE: limbic encephalitis; LGI1: leucine-rich glioma-inactivated 1; 
PNS: paraneoplastic neurological syndrome. 

majority (71%) of CV2/CRMP5 antibody-associated PNS patients exhibited 
worsening neuropathy impairment scores during treatment (Dubey et al., 
2018). However, patients with CV2/CRMP5 antibody-associated PNS had a 
longer mean survival time and better prognosis than patients with Hu/ANNA-
1 antibody-associated PNS, independent of tumor type (Honnorat et al., 
2009). In patients with identified malignancies, rapid and aggressive tumor 
treatment may improve outcomes (Narayan et al., 2020). Finally, neurological 
adverse effects resulting from the application of ICIs may lead to irreversible 
or fatal outcomes if not treated in a timely and appropriate manner (Wang et 
al., 2018).

Limitations
Although it has been nearly 30 years since the discovery of the CV2 antibody, 
in clinical practice, it is easy to miss CV2/CRMP5 antibody-associated PNS 
diagnosis because of the low incidence rate and the low awareness of 
clinicians. During the literature search, we found relatively few studies to 
include in our study, which brought some difficulties to the writing of the 
review. Moreover, some strongly relevant articles were not recent, but we 
still cited them for comprehensiveness; this may affect the review to a certain 
extent.

Conclusion
CV2/CRMP5 antibody-associated PNS is closely related to tumors, with a long 
course of disease, diverse clinical manifestations, and poor prognosis. The 
presence of the CV2/CRMP5 antibody in the CSF and/or serum is a specific 
indicator for the diagnosis of this disease. Currently, the CV2/CRMP5 antibody 
is not considered pathogenic, and the most likely underlying mechanism is 
progressive, irreversible neuron damage and apoptosis mediated by cytotoxic 
T lymphocytes.

Existing Challenges and Prospects
During the literature collection and summary, we found that some reported 
cases of CV2/CRMP5 antibody-associated encephalitis actually meet the 
diagnostic criteria for PNS, and similar cases have frequently been diagnosed 
as CV2/CRMP5 antibody-associated PNS cases in other reports. Our long-term 
study also found that the clinical manifestations of antibody-associated PNS 
and antibody-associated AE overlap and intersect, and the intrinsic association 
between them needs to be explored and clarified by further studies.

Due to the low incidence of CV2/CRMP5 antibody-associated PNS, the scarcity 
of case reports, and a lack of long-term systematic research on this disease, 
no summary of its characteristic clinical manifestations exists. The diagnosis 
of these cases highly depends on the positive detection of CV2/CRMP5 
antibodies, which is restricted by various conditions, and current methods can 
yield false negative and false positive results. Summarizing its characteristic 
clinical manifestations will not only help to systematically recognize the 
disease, but also help to identify antibody-negative CV2/CRMP5 antibody-
associated PNS and avoid clinical underdiagnosis or misdiagnosis. When 
multiple antibodies are present, the characteristic clinical manifestations can 
be used to identify CV2/CRMP5 antibodies as pathogenic or as concomitant 
antibodies reflecting the presence of cancer. A comprehensive summary 
and systematic understanding of the disease will help to promote accurate 

diagnosis and early treatment of the disease and ultimately improve the 
prognosis.

Regarding the diagnostic criteria for CV2/CRMP5 antibody-associated PNS, 
besides continuously enriching the understanding of the characteristic clinical 
manifestations of the disease, the rapid development of imaging technology 
and laboratory technology will help to achieve breakthroughs. Note-worthily, 
18F-FDG PET/CT has a higher abnormality dection rate than MRI and other 
techniques in the early stage of the disease. It is also more sensitive to 
potential abnormalities in AE, and its use is recommended for the brain 
examination of patients with suspected AE, especially those with normal or 
non-specific changes on MRI examinations (Probasco et al., 2017; Solnes 
et al., 2017; Bordonne et al., 2021). Applying it to patients with suspected 
CV2/CRMP5 antibody-associated PNS would undoubtedly improve diagnosis 
accuracy. Another method that could improve CV2/CRMP5 antibody-
associated PNS diagnosis is high-field MRI, which has been widely used in the 
study of cerebrovascular diseases and other neurological diseases.

CV2/CRMP5 antibody detection methods include immunofluorescence, 
western blotting, immunohistochemistry, and CRMP5-CBA. The sensitivity 
of these methods varies, which may lead to missed diagnoses. It is 
recommended to use a combination of two methods to increase the positivity 
rate of antibody testing. Theoretically, CSF antibody testing has higher clinical 
specificity than serum antibody testing. Therefore, for patients with suspected 
CV2/CRMP5 antibody-associated PNS and atypical clinical manifestations, 
simultaneous serum and CSF antibody testing are recommended to maximize 
specificity. In recent years, immunoadsorption has been used to treat 
autoimmune diseases. Performing antibody detection in immunoadsorption 
eluent would help diagnose of CV2/CRMP5 antibody-associated PNS. In some 
antibody-associated autoimmune diseases, antibody titers are associated with 
disease severity (Zhang et al., 2018; Fang et al., 2021), poor prognosis (Gresa-
Arribas et al., 2014; Wang et al., 2020), and relapse (Zhong et al., 2022). 
Whether a similar quantitative-effect relationship exists for CV2/CRMP5 
antibody-associated PNS needs to be determined. Quantifying CV2/CRMP5 
antibodies and exploring the relationship between quantity and disease onset, 
progression, treatment efficacy, and prognosis may improve the diagnosis and 
treatment precision of CV2/CRMP5 antibody-associated PNS.

Immune repertoire analysis is an emerging method in immunology research. 
Combining it with single-cell sequencing technology to study CV2/CRMP5 
antibody-associated PNS will help uncover the molecular mechanism of 
immune abnormalities in this disease and find new therapeutic targets.

In conclusion, there is a paucity of detection and diagnosis methods for CV2/
CRMP5 antibody-associated PNS, and effective detection and treatment 
tools are lacking. However, with the introduction of a large number of new 
highly sensitive and specific detection technologies, as well as new research 
methods and technologies, we believe that the diagnosis and treatment of 
CV2/CRMP5 antibody-associated PNS will soon greatly improve, which will 
ultimately help improve the prognosis of the disease and bring good news to 
patients.
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