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Objective: To evaluate the cancer detection rate of whole-
body positron emission tomography—computed tomogra-
phy (PET-CT) in a paraneoplastic neurologic context.

Design: Retrospective medical record review.

Setting: Mayo Clinic, Rochester, Minnesota.

3 lung carcinomas (1 adenocarcinoma, 1 small cell, and 1
squamous cell), and 1 colon adenocarcinoma. Detection
of a well-characterized neuronal nuclear or cytoplasmic
paraneoplastic autoantibody was associated with a suc-
cessful PET-CT—directed cancer search (P<<.001). Detec-
tion of limited-stage cancer facilitated early initiation of on-
cologic treatments and immunotherapy; cancer remission


http://archneur.ama-assn.org/
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Site: Mayo Clinic, Rochester, Minnesota.

Study period: 2005 T 2008.

Sample Size: 56 consecutive patients.

Design: Retrospective medical record review.
Main Outcome Measure: Rate of cancer detection.

Some places PNDI' Paraneoplastic Neurological Disorders, term has been
used.
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Study In nut shell

3 They took Mayo clinic nuclear
medicine/radiology database I search term
N'par:aneodi-ansatldl-o/0o st udi
hospital records who were suspected to
have paraneoplastic neurological disorder.
Tried to decide usefulness of PET/CT in
detecting primary tumaor:in paraneoplastic
neurologic disorders.
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Paraneoplastic Neurologic Disorders

Probably, best known paraneoplastic syndrome ist

Definition: A paraneoplastic syndrome isthe consequence of the

presence of cancerin the body, butis not due-to-the local presence or
metastasis of cancer cells. These phenomena are mediated byan

Immune response againstthet u mo-r- ced 1's ... :nONncone

Limitations of this definition.
Typical work up of'suspected paranoplastic syndrome to look for
primary |
physical examination;
computed tomography (CT) of the chest, abdomen, and pelvis;
mammography in women;
testicular ultrasonography,
prostate-specific antigen testing in men and
autopsy.



Paraneoplastic Frequency | Main associated Main frequent
neurological of tumors associated
syndromes paraneopl paraneoplastic
-astic antibodies
origin
LEMS 60% SCLC VGCCADb*
Subacute cerebellar 50% Ovary, breast Yo-Ab (PCALXADb**)
ataxia SCLC Hu-Ab (ANNAZLADb**)
Hodgkin's disease CV2Ab (CRMP5Ab**)
Others Tr-Ab
Ma-Ab (Ta-Ab**)
Opsomyoclonus 20% Neuroblastoma Hu-Ab (ANNAZLADb**)
Breast, lung RirAb (ANNAZ2ADb**)
Sensory neuronopathy 20% SCLC Hu-Ab (ANNALADb**)
CV2Ab (CRMP5Ab**)
Limbic encephalitis 20% SCLC Hu-Ab (ANNAZLADb**)
Testicular CV2Ab (CRMP5AbL**)
SCLC Ma2-Ab (Ta-Ab**)
Amphiphysin-Ab
Encephalomyelitis 10% SCLC Others Hu-Ab (ANNALADb**)

CV2Ab (CRMP5Ab**)
Amphiphysin-Ab
Ma2-Ab (Ta-Ab**)

Orphanet J Rare Dis. 2007; 2: 22.




Antibodies

Main associated neurological syndromes

Cancer

Hu-Ab (ANNALAD*)

Sensory neuronopathy

Encephalomyelitis

Chronic gastrointestinal pseudoobstruction
Cerebellar ataxia

Limbic encephalitis

SCLC

Yo-Ab (PCALAD*)

Subacute cerebellar ataxia

Ovary, breast, uterus

CV2Ab (CRMP5AbL*¥)

Cerebellar ataxia
Sensorymotor neuropathy
Uveitis, retinopathy
Encephalomyelitis

SCLC, thymoma

RiFAD (ANNA2AD**)

Opsomyoclonus
Cerebellar ataxia

Breast, SCLC

Amphiphysin-Ab Stiff-person syndrome Breast, SCLC
Sensory neuronopathy
Encephalomyelitis

Tr-Ab Cerebellar ataxia Hodgkin's disease

Ma2-Ab (Ta-Ab**)

Limbic encephalitis

Testicular

CARAD

Retinopathy

Breast, SCLC

Orphanet J Rare Dis. 2007; 2: 22.




Methods - Patients

3 Mayo Clinic Rochester medical records linkage
systemi s-e.ar-ch -t-e:rmi-nparanocf
e f:r elnp 015 -31@ 0B 2

3. Cross referenced with Department of Radiology's
nuclear medicine imaging databasei found 112
PIS (Crtique’ . sampling BIAas I WhHAtICIFCAR
jouna.prmary)

3 56 1| for cancer staging, 56 I for PND



Methods - ParaneoplasticSerological
& CSF Evaluation

2 56/56 sera and 28/56 CSF were available

3 Jests:

Common test: IgG neuroenal nuclear and
cytoplasmic markers of PND (Critigue: 1s glia
Sspecific Ab are next noly grall?)

Rare neuralspecific antibodies were looked for

Neuronal voltage-gated cation channel
antibodies

striational antibodies & CRMR5 1gG.



Methods i Statistical Methods

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

3. Categorical variables- Fisher exact test &
Continuous variables- Wilcoxon rank sum test

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

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



Methods I Review of the literature

3 Pub-Me d:. s-e apositton anmessiom N
romography + p-ar-afn-eopl asiti c

3 They Included all studies (excluding single
case reports) that assessed PET inthe
oncologic evaluation of suspected PND -and
similar data. (Crtiguer.search telin PELECT)



Results - Clinical Characteristics of
patients undergoing PET-CT

3 Median age of symptom onset 61 (range 22-
80)

3. 23/56 (50%) were-male
3. 22/56 (39%) were-current Smokers

3 10/56 (18%) had h/o:cancer I median cancer
free period before neurolgical sympmtoms 9
years (2-33 years) Critigue. hilgher aignostic
Viela auenoimore # 01 PISWIth /0. Cancel-7

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



Results - Clinical Characteristics of
patients undergoing PET-CT

3 Neuraxis level affected:
cerebral cortex, 36%;
cerebellum, 33%:;
peripheral nerve, 25%;
spinal cord, 22%;
prainstem, 18%;
nerve root, 14%:;
basal ganglia, 11%;
autonomic nervous system, 7%;
cranial nerve, 6%;
anterior horn cell, 5%; and
muscle, 5%.

21/56 (38%) had multifocal manifestations



Resultsi Laboratory Findings
Serum and CSF Evaluation for Paraneoplastic

Antibodies

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

38/39 at-Mayo and 1/39 at:/Athena
13/56 (23%) neuronal nuclear or cytoplasmic
paraneoplastic autoantibodies

7/13 serum only, 1/13 CSF only, 5/13 serum+CSF
/13 (54%) were-found-to -have cancer with PET -CT

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

3/26 (12%) were-found-to-have cancer with PET-CTT Note
2 of these pts were positive for VGKC. Critigue. How they
come up with aenominaroror 2672,



ResultsT Laboratory Findings
Other CSF Finaings

3.16/43 (37%) pt.-had:1 or more
Inflammatoery markers

elevated leukocyte count,

supernumerary oligoclonal bands,
elevated IgG Iindex

Critiguesnoimention ofgncreasea proléinz



ResultsT Radiological Evaluations
Before PEFCT

3 Pt. underwent median of: 3 investigations (1-6)

3 Investigations included

Chest CT (54 patients; 52 had negative and 2 had
Indeterminate findings),

Abdomen and pelvis CT (49 patients),

Mammography (15 patients),

Upper gastrointestinal endoscopy (14 patients),
Colonoscopy or colonography (14 patients),

Abdominal ultrasound (6 patients),

Neck ultrasonography (3 patients), and

Transvaginal ultrasonography of the pelvis (2 patients).



Resultt Findings & Outcomes
PEFCT Findings
3. 22156 (39%) Whole--body PET-CT was

suggestive of cancer.
3. 20/22 underwent:target evaluation



Tahle 1. Demographic, Neurologic, Serologic, Radiologic, and Histologic Findings for 22 Patients With Abnormalities Suggestive
of Cancer Detected Using PET-CT

|
Patlent No./Sex/

Age al Neurologic Paraneop lastic Reglon of Abnormal

Symptom Onsel, y Neurologic Syndrome Antibodies Detected FDG Uptake on PET-CT Blopsy Findings

1/F/61 Whole-body tremulousness i Left thyroid lobe Hurthle cell adenoma of the
(myoclonus) thyrold
2MV27 Limbic and rhombic encephalitis Mai Left hyold bone ENT examination negative
358 Dementia Ganglionic AChR, 0.10 nmol/L®  Superior right thyroid lobe Papillary carcinoma of the
thyrold
4/Mb1 Cognitive decline, spealls VGKC, 0.27 nmol/L2 Right thyroid lobe Papillary carcinoma of the
thyrold

o/M/58 Limbic encephaltls ANNA-1, 3840° Right lung hilum and right Non-small cell lung carcinoma
anterior lower lung
6/M/69 Myelopathy Unclassified neuronal nuclear  Left palatine tonsil Squamous cell carcinoma of the
antibody tonsil
T/F/59 Cerebellar ataxia Unclassified neuronal nuclear  Left lower lung subpleural Adenocarcinoma of the lung
antibody nodule

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 tomographyi computed
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).




Patient No./Sex/
Age at Neurologic
Symptom Onset, y

8/F/80

Neurologic Syndrome

Myelopathy

AN/56 Limbic encephalitis
10/F/51
11/M/59
12/F/52

Multiple cranial neuropathies
Autonomic neuropathy

Lower extremity stiff-limb
phenomena

Muscle cramps, limbic
encephalitls

Myeloneuropathy

13/M/70

14/M/65

Paraneoplastic
Antibodies Detected

Nil

ANNA-1, 122 8800

ANNA-1, 76800
Striational, 7680°
Amphiphysin, 3840"

VGKC, 4.34 nmol/L% o3 AChR,

0.10 nmol/L®
CRMP-5 IgG, 30720P

Reglon of Abnormal
FDG Uptake on PET-CT

Right thoraclc hilar lymph
nodes
Retroperitoneal lymph nodes

Left cervical lymph node
Hepatic flexure of the colon
Left axillary lymph node

slgmold colon

Right thoracic hilar lymph
nodes

Biopsy Findings

Normal

Metastatic adenocarcinoma of
the prostate

Small cell lung carcinoma

Tubulovillous adenoma

Adenocarcinoma of the breast

Adenocarcinoma of the colon

small cell lung carcinoma

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 tomographyi computed

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).



Patient No./Sex/
Age at Neurologic Paraneoplastic Reglon of Abnormal
Symptom Onset, y Neurologlc Syndrome Antibodies Detected FDG Uptake on PET-CT Blopsy Findings

15/F/79 Peripheral neuropathy il Left upper lobe of the lung Mormal

16/M/E0 Cerebellar ataxia Striational, 61 440° Lower esophagus Mormal

17/F/74 Chorea, dementia, il Cecum Mormal
dysautonomia

18/F/66 Peripheral neuropathy ANNA-1, 122 8aob Right upper lobe nodule Mormal
19/F/71 Myopathy il Right paratracheal lymph nodes Noncaseating granulomas
20/M/54 Cerebellar ataxia NIl Right axillary lymph node Normal
21/F/79 Ataxia, demenfia, peripheral ANNA-1, 3840 b Left fung hilum Mot performed
neuropathy
22/F/56 Myelopathy il Multiple foci of Mot performed
hypermetabolism

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 tomographyi computed
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).






