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Structure of JC

ƷBackground ïwho and where study was 
done

ƷBrief synopsis of study ïhow they did it and 
what they concluded from it

ƷMethods, Results with critique

ƷDiscussion

ƷThings which can been done differently

ƷApplicability to our practice of medicine.



Basic infoé
Ʒ Journal:

Arch Neurol. 2010, January 11, 2010 (Published online)
ARCH NEUROL/VOL 67 (NO. 3), MAR 2010 (Published hard copy)

Ʒ Authors: 
- Departments of Neurology (Drs McKeon, Lachance, Lennon (Vanda A. 
Lennon, M.D., Ph.D.), Boeve, Mokri, Britton, Drubach, and Pittock),
- Laboratory Medicine and Pathology (Drs McKeon, Apiwattanakul, 
Lachance,Lennon, and Pittock),
- Immunology (Dr Lennon),
- Biostatistics (Dr Mandrekar),
- Radiology (Dr Mullan).

Ʒ Site: Mayo Clinic, Rochester, Minnesota.
Ʒ Study period: 2005 ï2008.
Ʒ Sample Size: 56 consecutive patients.
Ʒ Design: Retrospective medical record review.
Ʒ Main Outcome Measure: Rate of cancer detection.
Ʒ Some places PND ïParaneoplastic Neurological Disorders, term has been 

used.



Study in nut shell

ƷThey took Mayo clinic nuclear 
medicine/radiology database ïsearch term 
ñparaneoplasticò ïfinally studied 56 ptôs 
hospital records who were suspected to 
have paraneoplastic neurological disorder. 
Tried to decide usefulness of PET/CT in 
detecting primary tumor in paraneoplastic 
neurologic disorders.



Paraneoplastic Neurologic Disorders

Ʒ Probably, best known paraneoplastic syndrome is ï

Ʒ Definition: A paraneoplastic syndrome is the consequence of the 
presence of cancer in the body, but is not due to the local presence or 
metastasis of cancer cells. These phenomena are mediated byan 
immune response against the tumor cells. ñOnconeuro antigensò

Ʒ Limitations of this definition.
Ʒ Typical work up of suspected paranoplastic syndrome to look for 

primary ï
Á physical examination; 
Á computed tomography (CT) of the chest, abdomen, and pelvis;
Á mammography in women;
Á testicular ultrasonography, 
Á prostate-specific antigen testing in men and 
Á autopsy.



Paraneoplastic 
neurological 
syndromes

Frequency 
of 
paraneopl 
-astic 
origin

Main associated 
tumors

Main frequent 
associated 
paraneoplastic 
antibodies

LEMS 60% SCLC VGCC-Ab*

Subacute cerebellar 
ataxia

50% Ovary, breast
SCLC
Hodgkin's disease
Others

Yo-Ab (PCA1-Ab**)
Hu-Ab (ANNA1-Ab**)
CV2-Ab (CRMP5-Ab**)
Tr-Ab
Ma-Ab (Ta-Ab**)

Opsomyoclonus 20% Neuroblastoma
Breast, lung

Hu-Ab (ANNA1-Ab**)
Ri-Ab (ANNA2-Ab**)

Sensory neuronopathy 20% SCLC Hu-Ab (ANNA1-Ab**)
CV2-Ab (CRMP5-Ab**)

Limbic encephalitis 20% SCLC
Testicular
SCLC

Hu-Ab (ANNA1-Ab**)
CV2-Ab (CRMP5-Ab**)
Ma2-Ab (Ta-Ab**)
Amphiphysin-Ab

Encephalomyelitis 10% SCLC Others Hu-Ab (ANNA1-Ab**)
CV2-Ab (CRMP5-Ab**)
Amphiphysin-Ab
Ma2-Ab (Ta-Ab**)

Orphanet J Rare Dis. 2007; 2: 22.



Antibodies Main associated neurological syndromes Cancer

Hu-Ab (ANNA1-Ab**) Sensory neuronopathy
Encephalomyelitis
Chronic gastrointestinal pseudoobstruction
Cerebellar ataxia
Limbic encephalitis

SCLC

Yo-Ab (PCA1-Ab**) Subacute cerebellar ataxia Ovary, breast, uterus

CV2-Ab (CRMP5-Ab**) Cerebellar ataxia
Sensory-motor neuropathy
Uveitis, retinopathy
Encephalomyelitis

SCLC, thymoma

Ri-Ab (ANNA2-Ab**) Opsomyoclonus
Cerebellar ataxia

Breast, SCLC

Amphiphysin-Ab Stiff-person syndrome
Sensory neuronopathy
Encephalomyelitis

Breast, SCLC

Tr-Ab Cerebellar ataxia Hodgkin's disease

Ma2-Ab (Ta-Ab**) Limbic encephalitis Testicular

CAR-Ab Retinopathy Breast, SCLC

Orphanet J Rare Dis. 2007; 2: 22.



Methods - Patients

ƷMayo Clinic Rochester medical records linkage 
system ïsearch term ñparanoplasticò looking for 
é from 1-1ô05 to 12-31-ô08

Ʒ Cross referenced with Department of Radiology's 
nuclear medicine imaging database ïfound 112 
pts (Critique ïsampling bias ïwhat if CT CAP 
found primary)

Ʒ56 ïfor cancer staging, 56 ïfor PND



Methods - Paraneoplastic Serological 
& CSF Evaluation

Ʒ 56/56 sera and 28/56 CSF were available

Ʒ Tests: 

ÁCommon test: IgG neuronal nuclear and 
cytoplasmic markers of PND (Critique: is glia 
specific Ab are next holy grail?)

ÁRare neural-specific antibodies were looked for

ÁNeuronal voltage-gated cation channel 
antibodies

Ástriational antibodies & CRMP-5 IgG.



Methods ïStatistical Methods

ƷAssociations between PET/CT to potential 
predictors: e.g. age, sex, smoking status, history 
of cancer, neurologic presentation, and CSF and 
serologic findings 

ƷCategorical variables - Fisher exact test &    
Continuous variables - Wilcoxon rank sum test

ƷStatistical software used: JMP 7.0 software; SAS 
Institute Inc, Cary, North Carolina. 

ƷAll the tests were 2-sided, and P < .05 was 
considered statistically significant. 



Methods ïReview of the literature

ƷPubMed search term ñpositron emission 
tomography + paraneoplastic.ò

Ʒ They included all studies (excluding single 
case reports) that assessed PET in the 
oncologic evaluation of suspected PND and 
similar data. (Critique: search term PET-CT)



Results - Clinical Characteristics of 

patients undergoing PET-CT

ƷMedian age of symptom onset 61 (range 22-
80)

Ʒ23/56 (50%) were male

Ʒ22/56 (39%) were current smokers

Ʒ10/56 (18%) had h/o cancer ïmedian cancer 
free period before neurolgical sympmtoms 9 
years (2-33 years) Critique: higher dignostic 
yield due to more # of pts with h/o cancer?

ƷPET-CT discovered recurrence of cancer in 
2/10 (20%) patients



Results - Clinical Characteristics of 

patients undergoing PET-CT 

ƷNeuraxis level affected:
Ácerebral cortex, 36%; 
Ácerebellum, 33%; 
Áperipheral nerve, 25%; 
Áspinal cord, 22%; 
Ábrainstem, 18%; 
Ánerve root, 14%; 
Ábasal ganglia, 11%; 
Áautonomic nervous system, 7%; 
Ácranial nerve, 6%; 
Áanterior horn cell, 5%; and 
Ámuscle, 5%. 
Á21/56 (38%) had multifocal manifestations



Results ïLaboratory Findings
Serum and CSF Evaluation for Paraneoplastic 

Antibodies

Ʒ 39/56 (70%) pt. had paraneoplastic Ab with known 
significance

Ʒ 38/39 at Mayo and 1/39 at Athena

Ʒ 13/56 (23%) neuronal nuclear or cytoplasmic 
paraneoplastic autoantibodies
Á7/13 serum only, 1/13 CSF only, 5/13 serum+CSF

Á7/13 (54%) were found to have cancer with PET -CT

Ʒ 22/56 (39%) neuronal or muscle autoantibodies

Ʒ 3/26 (12%) were found to have cancer with PET -CT ïNote 
2 of these pts were positive for VGKC. Critique: How they 
come up with denominator of 26?



Results ïLaboratory Findings
Other CSF Findings

Ʒ16/43 (37%) pt. had 1 or more 
inflammatory markers 

Áelevated leukocyte count, 

Ásupernumerary oligoclonal bands, 

Áelevated IgG index

ÁCritique: no mention of increased protein?



Results ïRadiological Evaluations 
Before PET-CT

ƷPt. underwent median of 3 investigations (1 -6)

Ʒ Investigations included

ÁChest CT (54 patients; 52 had negative and 2 had 
indeterminate findings), 

ÁAbdomen and pelvis CT (49 patients), 

ÁMammography (15 patients), 

ÁUpper gastrointestinal endoscopy (14 patients),

ÁColonoscopy or colonography (14 patients), 

ÁAbdominal ultrasound (6 patients), 

ÁNeck ultrasonography (3 patients), and 

ÁTransvaginal ultrasonography of the pelvis (2 patients). 



Result ïFindings & Outcomes
PET-CT Findings 

Ʒ 22/56 (39%) Whole -body PET-CT was 
suggestive of cancer.

Ʒ 20/22 underwent target evaluation



Abbreviations: AChR, acetylcholine receptor; ANNA-1, antineuronal nuclear autoantibody type 1; 

CRMP-5, collapsin response-mediator protein 5; ENT, ears,

nose, throat; FDG, fludeoxyglucose; PET-CT, positron emission tomographyïcomputed 

tomography; VGKC, voltage-gated potassium channel.

aReference range, 0.03 nmol/L or less (serum).

bReference range, end-point dilution less than 240 (serum).

cReference range, end-point dilution less than 60 (serum).
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