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Abstract

Background: Paraneoplastic syndromes that affect both the optic disc and the
brain parenchyma typically harbor antibodies directed toward CV2/collapsin re-
sponse-mediator protein 5 (anti-CRMP5), amphiphysin, Ma antigen 2 (Ma2/Ta),
and Yo. The most common cancers linked to anti-CRMP5 antibodies include
small-cell lung carcinoma (SCLC), followed by thymoma, renal cell carcinoma,
and thyroid papillary carcinoma. A long-held belief explains papilledema as
related to increased pressure within the subarachnoid space or the microvas-
cular capillaries, but intracranial pressures within the normal standard range
may exist in a person with a paraneoplastic syndrome and papilledema. The
glymphatic system, a central waste-clearance conduit, may play a crucial role
in the development of papilledema in paraneoplastic syndromes. Case Report:
This case illustrates a patient with extra-pulmonary small cell carcinoma and
24 months of progressive papilledema and recurrent encephalopathy in the
setting of hyponatremia and generalized seizures. Two separate lumbar punc-
tures showed lymphocytosis with normal opening pressures. Magnetic reso-
nance imaging sequences demonstrated an empty sella and prominent tubular
Virchow-Robin perivascular spaces that fan circumferentially, coined as the
“Comb sign,” which may be an indirect indicator of bilateral papilledema. A
mass in the right adrenal gland was biopsied, which yielded small-cell carci-
noma immunostaining phenotype. The patient’s lumbar puncture demon-
strated lymphocytosis with polyclonality, CRMP5-IgG reactivity, but negative
immunoblotting. Conclusion: Patients presenting with insidious progressive
neuro-ophthalmological symptoms should raise suspicion for paraneoplastic
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syndrome, in particular, anti-CRMP5 immunoreactivity. Although intracra-
nial pressures by lumbar puncture are within the normal limits in this case,
magnetic resonance imaging sequences may elucidate distinct comb-like pat-
terns within the Virchow-Robin spaces, indicative of elevated tone within the
interstitium. The implications of negative immunoblotting with positive reac-
tivity are discussed.

Keywords

Paraneoplastic Syndrome, Papilledema, Seizures, Encephalopathy, SIADH,
Small-Cell Lung Cancer

1. Background

Optic disc edema or papilledema is believed to be caused by axoplasmic flow stasis
due to intracranial pressure elevation, imposing on the subarachnoid space or on
the surrounding microvascular system, which produces intraneuronal ischemia.
Bilateral optic disc edema may occur due to elevated cerebrospinal fluid pressure.
This elevation results from either outflow obstruction (e.g., impairment of cere-
bral sinus drainage) or, more rarely, from overproduction (e.g., idiopathic intra-
cranial hypertension). The addition of encephalopathy guides the differential di-
agnosis to a more global etiology, such as meningoencephalitis, space-occupying
lesions, dural sinus thrombosis, or Wernicke encephalopathy [1]-[3].

Papilledema occurs in 30% - 80% of patients with brain tumors, especially those
located in the posterior fossa, but they typically have preserved visual acuity at
onset that worsens over the course of months [3] [4]. Indirect or paraneoplastic
syndromes associated with papilledema and CNS manifestations are extremely
rare, perhaps on the order of 0.01% to 0.1% of all cancer patients [5] [6]. Antibod-
ies that are most commonly discovered show affinity towards CV2/collapsin re-
sponse-mediator protein 5 (anti-CRMP5), amphiphysin, Ma antigen 2 (Ma2/Ta),
and Yo, often seen in patients with lung cancer and thymoma, followed by renal
and thyroid papillary carcinoma [7]-[11]. Other anti-cytoplasmic antigen anti-
bodies, such as anti-Hu (ANNA-1), anti-Ri, and anti-SOX1 antibodies, may coex-
ist with CRMP5 antibodies in cases of small cell carcinoma, which suggests a sim-
ilarity in their epitopes [12]-[14].

Limited-stage small-cell neuroendocrine carcinoma confers a poor prognosis
due to its rapid cellular proliferation and a 60% - 70% metastasis rate at diagnosis.
Atypical presentations include paraneoplastic syndromes such as the syndrome of
inappropriate antidiuretic hormone secretion (SIADH), Lambert-Eaton myas-
thenic syndrome, and Cushing’s syndrome.

A case of extra-pulmonary small cell carcinoma with progressive symptoms of
papilledema, SIADH, encephalopathy, and seizures is presented. It carries special
features of absent pulmonary findings, lymphocytosis in the CSF with polyclonal-
ity, CRMP5-IgG reactivity but negative immunoblotting, and prominent and
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atypical Virchow-Robin spaces in the anterior frontal lobes on magnetic reso-

nance imaging of the brain that are hereby designated as “Comb sign”.

2. Case Report

October 2022:

Chief Complaint: Acute painless blind spots in vision

Exam: October and November - bilateral papilledema

Brain MRI negative

Lumbar punctures:

LP1 (10/27/2022): opening pressure 9 cmH.0O

CSEF: glu 60, protein 67, RBC 3, WBC 68 (96% lymph)

LP2 (12/2/2022): opening pressure 14.5 cmH.O

CSEF: glu 63, protein 58, RBC 2, WBC 25 (89% lymph), flow cytology with
atypical B cells suspicious for kappa light chain-restriction

2023:

Worsening vision with brief periodic right temporal headaches.
Persistent papilledema, January and February 2023.

CT chest/abdomen/pelvis 1/13/2023 negative.

Pulse high-intensity methylprednisolone without improvement in vision.

2024:
Hospitalization for acute metabolic encephalopathy due to SIADH.
CT chest/abdomen/pelvis 2/13/24 demonstrated new bilateral adrenal masses.
SARS-CoV-2 proved positive.
Readmitted 3/2024 months later for tonic-clonic seizures
Brain MRI report 3/12/2024:
1. No evidence of acute intracranial abnormality. No acute ischemia.
2. Age-related generalized cerebral and cerebellar atrophy.
3. Age-related white matter changes.
Closer inspection showed a prominent empty sella and tubular Virchow-
Robin spaces.
Biopsy of the right adrenal mass was consistent with small-cell carcinoma.
The patient opted for no further treatment and requested hospice care.

NH is a patient in her 70s who smokes half a pack a day and is on prednisone
therapy at 10 mg daily for COPD exacerbation. Two years earlier, she woke up
with blind spots in her vision, which worsened over the course of hours to weeks
in both eyes at distance and up close and were uncorrectable with glasses. Vision
appeared as if seeing “through fog.” The ophthalmology visit revealed bilateral
papilledema, which prompted magnetic resonance sequences of the orbits and
brain that revealed no clear structural abnormality. This was followed by two
sequential lumbar punctures 2 months apart, showing normal opening pressures
but lymphocytosis. An atypical B-cell pattern suspicious for kappa light chain
restriction was noted on the second lumbar puncture test (Table 1). Chronic lym-
phocytic pleocytosis (>5 cells/mm?®) in the cerebrospinal fluid over repeated analyses

signifies ongoing long-term inflammation, infection, or immune-mediated
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Table 1. Pertinent ancillary testing.

Antinuclear Ab, HEp-2 Substrate, S
Angiotensin-Converting Enzyme, S
Syphilis IgG Antibody
Sed Rate (ESR)
CRP
Cortisol
Osmolality, Serum
Osmolality, Urine
First LP
Opening Pressure
Glucose:Protein
RBC:WBC
Second LP (2 months apart)
Opening Pressure
Glucose:Protein
RBC:WBC
Flow Cytology
NMO/AQP4 FACS, S
MOG FACS, S

Paraneoplastic Autoantibody
Evaluation, Serum

Amphiphysin ab

Anti-glial nuclear antibody type 1

<1:80 (Negative)

28 (N116 - 85 U/L)
Nonreactive

35 (0 - 30 mm/hr)

3.9 (0.0 - 8.0 mg/L)

20.1 (3.0 - 22.4 pg/dL)
267 (273 - 304 mOsm/kg)

205.0 (300.0 - 800.0 mOsm/kg)

9 cmH;0
60:67
3:68 (97% Lymph)

14.5 cmH,0O
63:58

2:25 (86% Lymph)

atypical B cells with kappa light chain restriction

Negative

Negative

Mayo Clinic Lab, Rochester, Minnesota

Negative

Negative

Antineuronal nuclear antibody type 1 Negative
Antineuronal nuclear antibody type 2 Negative
Antineuronal nuclear antibody type 3 Negative
Reactive Abnormal

CRMP-5-IgG

Neuronal (V-G) K+ Channel Ab,S  0.00

P/Q-Type Calcium Channel Ab 0.00

PCA-1,S Negative
PCA-2,S Negative
PCA-Tr, S Negative
Western Blot CRMP5 Negative

processes within the central nervous system. The patient’s primary symptoms of

acute visual disturbances without other chronic B-symptoms such as cough,
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weight loss, fever, or meningeal signs speak against mycobacterium and fungal
infections, as well as HaNDL syndrome (Headaches, Neurologic Deficits and CSF
Lymphocytosis), or slow-acting viral infections (meningitis > 4 weeks), such as
seen with HSV, HIV, LCM, and enteroviruses. The possibility of Primary CNS lym-
phoma was discounted secondary to absent cranial magnetic resonance studies. Alt-
hough coronavirus can be classified as chronic meningitis, the patient had no obvi-
ous respiratory findings, including two negative CTs of the chest. Noninfectious
causes include autoimmune disease, Behget disease, malignancy, mucocutaneous
lymph node syndrome (Kawasaki disease), and Vogt-Koyanagi-Harada disease (tar-
geting melanin-producing cells in the eyes, ears, skin, and meninges). Although the
last condition would produce an acute visual deficit, it also exhibits prodromal flu-
like illness, meningismus, dizziness, tinnitus, poliosis, panuveitis, and exudative
retinal detachments, but not papilledema. While strongly associated with multiple
sclerosis, elevated Kappa free light chain (k-FLC) can also be found in other in-
flammatory or infectious neurological conditions, requiring interpretation in the
context of symptoms. Because of the patient’s chronic tobacco dependency, a para-
neoplastic condition was favored as the leading differential diagnosis.

Over the ensuing year, the patient’s vision worsened. She also developed occa-
sional upper right temple headaches lasting ~5 minutes each. A trial of high-in-
tensity methylprednisolone produced no noticeable improvement in her vision.

Ophthalmology Findings

Upon examination, her vision was 20/70 OD and 20/70 OS BCDVA, and she
had prominent bilateral optic disc edema, OD 214 pm and OS 238 um. Macular
OCT revealed inner segment/outer segment mottling in both eyes with RPE thin-
ning and mottling without macular edema. Fundus autofluorescence revealed
minimal hyperautofluorescence along the parafoveal area (Figure 1). CT Head
revealed no acute intracranial findings except moderate global cerebral volume
loss and extensive deep white matter changes consistent with chronic microvas-
cular ischemia. Lumbar puncture revealed lymphocytic pleocytosis with an open-
ing pressure of 9 cmH,0, and a repeat lumbar puncture was performed to analyze
flow cytometry and cytological evaluation of CSF. Flow cytometry showed atypi-
cal CD10-positive B-cells. Serological workup, including a Bartonella Antibody
Panel, QuantiFERON TB, NMO IgG autoantibodies, Lyme total antibody, RPR,
ESR, and CRP, was negative. The patient’s vision continued to worsen to 20/250
OD and 20/150 OS BCDVA, and her optic disc edema remained persistent
throughout examinations. The patient was diagnosed with extrapulmonary small
cell carcinoma and was lost to ophthalmological follow-up. Hence, the case was
diagnosed as paraneoplastic optic neuropathy with retinitis secondary to small-
cell carcinoma.

Two months before her hospitalization, the patient presented with acute meta-
bolic encephalopathy in the setting of euvolemic hyponatremia ([Na*] 122 nmol/L)
and low serum osmolality, requiring DDAVP and 3% hypertonic saline, which

corrected the sodium to 127 nmol/L. Criteria for STADH diagnosis include a se-
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rum sodium less than 135 nmol/L and the correction of hyponatremia by fluid
restriction. Her encephalopathy significantly improved during hospitalization.
Computed tomography of the chest, abdomen, and pelvis demonstrated bilateral
adrenal nodules measuring up to 3.9 cm on the left and 3.5 cm on the right (Figure
2). Assay for SARS-CoV-2 proved positive. Steroid therapy for 5 days improved
the hypoxemia, and she returned to a nursing home. She required readmission for
a witnessed tonic-clonic seizure. Her systolic blood pressure was 210 mmHg. Due
to an obtunded state and a Glasgow Coma Scale score of 6, the patient required
emergent mechanical ventilator support. A brain MRI with contrast material
again demonstrated no overt pathology except for subtle features of empty sella
and prominent, diffuse tubular Virchow-Robin spaces (Figure 3). A CT-guided
biopsy of the right adrenal gland was performed, consistent with small-cell carci-

noma (Figure 4).

High Definition Images: HD 5 Line Raster 0D ® | O 0s High ition Images: HD 5 Line Raster oD ® 0s

Scan Angle: 0 Spacing:  0.25mm Length:  &mm Scan Angle: 0° Spacing:  0.25mm Length: 6 mm

Figure 1. Ophthalmological examination of the patient. SD-OCT shows thinning of the
photoreceptor layer and decreased central macular thickness (A). Disc margin obliteration
is consistent with grade 3 bilateral papilledema (B). The hyper-autofluorescent parafoveal
ring (bottom black-and-white panel) is more prominent in the left eye than in the right eye
(©.
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Figure 2. Computed tomography of the chest, abdomen, and pelvis. The lungs reveal no obvious pathology (A). Large bilateral
adrenal nodules measure up to 3.9 cm on the left and 3.5 cm on the right. There is also an intermediate-density lesion in the lower
pole of the left kidney (B).

Figure 3. Axial FLAIR, T2-w, and T1-w Magnetic Resonance Images of the patient. Magnetic images using a 3-Tesla scanner, which

is more sensitive to brain water content, show periventricular white matter disease on FLAIR (A), and a “Comb sign” on T2-(B) and
T1-weighted (C) images, representing prominent tubular Virchow-Robin perivascular spaces of various diameters that are more
anterior than posterior. One of the T1-weighted images is magnified (D) for better viewing of the tubular perivascular spaces, which
disproportionately affect the anterior subcortical region. The T2-weighted sequences also reveal an empty sella (yellow arrow),
which can at times be associated with pseudotumor cerebri. This patient, however, had normal CSF pressures.
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Figure 4. Pathological slides of the right adrenal mass. Biopsy of the adrenal mass is mor-
phologically consistent with small cell carcinoma, demonstrating an increased nuclear-to-
cytoplasmic ratio, nuclear molding, and finely dispersed chromatin with smudging. By im-
munohistochemistry, these cells are strongly positive for TTF-1, Synaptophysin, and AE1/AE3
in a dot-like pattern. TTF-1 is commonly positive in both lung and extrapulmonary small
cell carcinoma. Tumor cells are negative for CK7, CK20, and CD45.

A comprehensive approach, including neurology and radiology specialties, was
included in the care of this patient. The patient opted for hospice care instead of

aggressive medical management and chemotherapy.

3. Methods

Hospital registration and standard protocols were applied upon admission. No
experiment was conducted; therefore, a statement of approval by the Hospital Eth-
ics Committee and Institutional Review Board was deemed not warranted. In-
stead, written informed patient consent via the patient’s power of attorney (in this
case, the patient’s son) was obtained.

4. Discussion

The eye and the central nervous system consist of neurons derived from the same
neural tube, with both organs possessing a barrier composed of non-fenestrated
endothelial cells [15]. The traditional circulation theory of cerebrospinal fluid
(CSF) homeostasis accounts for 75% of its production by the choroid plexus,

which loops from the ventricles into the subarachnoid spaces. CSF, however, can
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be produced and absorbed throughout the brain, and the pericapillary Virchow-
Robin space exerts a bidirectional movement of the CSF between the parenchymal
extracellular space and the subarachnoid space, helping to remove waste products
and maintain homeostasis [16]. The Virchow-Robin space also facilitates CSF
flow from the basal cisterns into the interstitial fluid [17].

The dilation of Virchow-Robin spaces (VRS) can thus be viewed as a dysregu-
lation in the bidirectional inflow and outflow within the perivascular region.
Changes occur in disease states such as increased permeability via the tight junc-
tions of endothelial cells in vasculitis, reduced subarachnoid drainage due to struc-
tural, inflammatory, or chemical obstruction, and changes in cerebral perfusion
pressure that increase intraventricular pressure [18]-[21].

Although the presence of prominent Virchow-Robin spaces alone is not path-
ognomonic for a specific condition, it can be a clue when combined with other
clinical findings. In fact, enlarged VRS are increasingly recognized as potential im-
aging biomarkers of neurological conditions that disrupt cerebral homeostasis.
These include vascular diseases such as hypertension, neurodegenerative disor-
ders including Parkinson’s disease, frontotemporal dementia, and cerebral amy-
loid angiopathy, by virtue of their causing leptomeningeal obstruction. Enlarged
VRS have also been observed in immune-mediated disorders such as multiple
sclerosis and neuromyelitis optica spectrum, due to their immune response at the
level of the blood-brain barrier and astrocyte foot processes, and in infectious and
inflammatory conditions such as sarcoidosis [22]-[29].

In the normal axial MRI plane, VRS in the periventricular region are uniform
in size, with a diameter of 2-3 mm, and tubular in shape, becoming round or oval
superiorly. Virchow-Robin spaces are evenly distributed in the white matter but
are more numerous posteriorly [30].

In this patient, the tubular perivascular spaces illustrate disparate calibers and
occupy the anterior portion of the frontal lobe, with the appearance of a comb, a
subtle but perhaps significant detail given the optic disc swelling.

The expression of CRMP5 in the developing brain is restricted to the brain re-
gions with regenerative capacity and in neuronal migration [31]. Photoreceptor
cells, retinal ganglion cells, and nerve fibers show distinctive CRMP-5-specific im-
munoreactivity [32].

Paraneoplastic optic neuropathy (PON) is a rare disease that presents with bi-
lateral, subacute, progressive, and painless loss of visual acuity. Abnormal ERG,
VEP, and visual field defects are common. Anti-Hu and anti-CV2/CRMP5 anti-
bodies are associated with PON [33].

Paraneoplastic syndromes commonly associated with CRMP5 antibodies in-
clude encephalomyelitis, uveo/retinal syndromes, myasthenia gravis/Lambert-
Eaton myasthenic syndrome, cerebellar ataxic syndrome, and peripheral neurop-
athy, the last two being the most common maladies [7] [32] [34] [35].

Patients with paraneoplastic optic neuropathy and anti-CRMPS5 antibodies pre-

sent with painless visual deficits over the course of a few days to weeks. In time,
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other symptoms manifest that include encephalopathy, seizures, sicca syndrome,
various hyper- and hypokinetic movement disorders, ataxia, and failure to thrive
[32] [36]. An underlying cancer can be identified in approximately three-quarters
of cases with CRMP5 antibody-associated peripheral neuropathy [8], and CRMP5
antibodies often coexist with other paraneoplastic antibodies, most commonly
anti-Hu [7] [34]. The majority of patients with anti-CRMP5 antibodies have small
cell lung carcinoma (SCLC), and less commonly renal cell carcinoma, thyroid pa-
pillary carcinoma, cervical carcinoma, testicular seminoma, thymoma, and co-
lonic carcinoma [37]. Mortality reaches 60% within 5 years in individuals with
SCLC, and visual acuity improves in half of the treated cases with any immuno-
modulatory therapy [38].

In the case presented, the patient continued to smoke cigarettes. No overt lung
cancer was discovered on imaging studies, although mediastinoscopy was not per-
formed for a more direct visualization. The pathological sample from the adrenal
gland was, however, consistent with metastasis from SCLC.

Lastly, the patient’s immunoblot also proved negative despite the CRM5-IgG
reactivity in the serum. Commercially available tissue-based Western blot assays
can yield false negatives [39], with up to 7.5% of known CRM5-IgG positives by
immunohistochemistry testing negative on Western blot [40]. Line blotting is a
more sensitive test for CRMP5 but is diagnostically insignificant without im-
munohistochemistry and produces false positives [41]. If the concern for parane-
oplastic syndrome remains high, other methods should be utilized. Full-length
CRMPS5 protein analysis in the retina, vitreous, or CSF could have been performed,
but its utility was questioned as the amount of the protein may have been too
infinitesimal for assay detection.

The revised Paraneoplastic Syndrome-Care Score in 2021 combines clinical
phenotype, antibody type, the presence of cancer, and patient follow-up [42]. This
patient falls into the high-risk category secondary to the presence of encephalo-
myelitis, lymphocytic leukocytosis in the CSF, and the positivity of the CV2/CRMP5
antibody, with a PNS-Care score of 10, whereby a definite diagnostic level is de-

fined by a score of 8 and above.

5. Conclusion

This case further expands the known clinical spectrum of anti-CRMP5 parane-
oplastic syndromes in the setting of small cell carcinoma. The combination of
progressive painless optic neuropathy with encephalitis and seizures raises the
index of suspicion for an immune-mediated disorder. A thorough systemic in-
vestigation for occult cancer, particularly neuroendocrine carcinoma, should be
undertaken, as early detection and treatment improve morbidity and mortality

rates.
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