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ABSTRACT

Objective Paraneoplastic neurologic syndrome (pNs) is a rare condition indirectly caused by an underlying
malignancy. In many cases, the malignancy is occult at the time of the pns diagnosis, and the optimal diagnostic
modality to detect the underlying tumour is unclear. In the present study, we aimed to assess the utility of
I8E-fluorodeoxyglucose positron-emission tomography (FDG-PET) or PET integrated with computed tomography
(PET/CT) in the investigation of these patients.

Methods Weretrospectively analyzed data from the PET Access Program (pap) database in the province of Ontario
to identify patients who underwent FDG-PET/cT imaging as part of a workup for pns. In all patients, prior conventional
imaging was negative or indeterminate. To determine the diagnostic accuracy of FDG-PET/cT, data about demographics,
presenting symptoms, and biochemical and radiologic workup, including FpG-pET/CT imaging results, were compared
with data collected by the Ontario Cancer Registry (OCR). A systematic review of the literature and meta-analysis
using our study inclusion criteria were performed for studies of FDG-PET accuracy.

Results Of 29 patients identified in the pap database, 9 had FpG-PET/CT results suspicious for malignancy. When
correlated with data from the ocr, 5 FpDG-PET/CT results were informative, resulting in a detection rate of 17%. Local
sensitivity and specificity were 0.83 and 0.83 respectively. Two studies meeting our criteria were identified in the
literature. The pooled sensitivity and specificity from the literature and local data were 0.88 and 0.90 respectively.

Conclusions When investigating for underlying malignancy in patients with suspected pns and negative
conventional imaging, PET has high sensitivity and specificity.
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INTRODUCTION

Paraneoplastic neurologic syndrome (pns) is the term for
a group of rare nervous system disorders that are associ-
ated with the presence of a malignancy, but that are not a
direct effect of the primary tumour or its metastases'. Most
of these disorders are likely immune-mediated, either by
antibody-related or T cell-related mechanisms?. Antibodies
called “paraneoplastic antibodies” can be generated in
response to a tumour antigen and can then also cross-
react with a target in the nervous system. Paraneoplastic
neurologic syndrome can affect various components of
the central and peripheral nervous systems, including the
neuromuscular junction. Certain antibodies are associated
with particular types of pns and also with specific underly-
ing malignancies®. In many cases, the presentation of PNs
precedes clinical manifestation of the malignancy itself.
Treatment of pNs varies depending on the syndrome and
can include immunosuppression, treatment of the under-
lying tumour, or both*. Early diagnosis of the underlying
malignancy is therefore vital to achieving optimal treat-
ment and better outcomes for patients.

Given the rarity of the condition, a diagnosis of pns
requires a high degree of clinical suspicion. Initial inves-
tigations include testing for paraneoplastic antibodies
in serum and cerebrospinal fluid and, depending on the
clinical presentation, brain magnetic resonance imaging
(MR1) and electrophysiology. If well-characterized para-
neoplastic antibodies are detected or if PNs is suspected
based on clinical presentation, image-based screening for
an underlying tumour can be performed®. Conventional
imaging such as computed tomography (ct), ultrasonog-
raphy, and mammography are commonly used modalities;
however, those techniques have limitations in detecting
occult malignancies because they are based on structural
changes and usually focus on limited parts of the body.
18E-Fluorodeoxyglucose positron-emission tomography
(FDG-PET) provides nuclear tomographic information re-
lated to the metabolic activity of cells based on uptake and
use of glucose, and integration with ct (PET/CT) provides
greater anatomic localization®. Tumours associated with
pNs that are otherwise missed by conventional imaging
might be detectable with PET/cCT.

In Ontario, PET is not currently routinely funded for
the evaluation of patients suspected to have pNs. Access
is obtained through a PET Access Program (pap) in which
cases are adjudicated by a panel of experts. The current
standard for patients suspected to have pns is initially to
evaluate with conventional imaging (cT, MR1) and to pursue
FDG-PET only when results are negative or inconclusive.
The purpose of the present study was to review the Ontario
experience in combination with a systematic review of the
literature to determine the diagnostic utility of FDG-PET
imaging in the workup of patients with suspected pns and
negative conventional imaging.

METHODS

Study Design
This is a retrospective population-based study with a sys-
tematicreview of the literature and meta-analysis. All cases

reviewed through the pap are recorded in a database. To
identify patients referred for FDG-PET imaging as a part ofa
workup for suspected pns, the pap database was searched
from its inception in 2011 to 2015 using the keywords
“paraneoplastic” and “pns” as a part of the indication data.
To identify additional patients who might not have been
captured in the database search, a search of the e-mail cor-
respondence between the pap expertreview panel members
was performed using the keywords “paraneoplastic” and
“pns.” All data were anonymized, with patient identifiers,
service providers, and institution names censored. Each
casewasthenindividually reviewed to determine eligibility
andto extractrelevant data. To be eligible, all patients had to
have been more than 18 years of age, to have been referred
for suspected pns, and to have undergone ct imaging whose
results for a primary tumour were negative or indeterminate.
Imaging was considered indeterminate if an abnormality
was present, but was not highly suspicious for malignancy.
Positive paraneoplastic antibodies were not arequirement.

Imaging by FDG-PET was performed in 1 of 13 locations
across the province of Ontario. Scanner protocols are likely
tovary slightly between institutions, and detailed informa-
tion about each protocol was not collected. The procedure
standards for FpG-PET/CT disseminated by the Society of
Nuclear Medicine and Molecular Imaging are adhered to in
Ontario’. Integrated FpG-PET/CcT was performed in all cases.

Each FDG-PET/CT imaging examination was reviewed
and classified as either highly suspicious for malignancy,
indeterminate, or negative. Indeterminate imaging was
defined as areas of abnormal hypermetabolic activity that
were not consistent with malignancy. The Ontario Cancer
Registry (ocr), a provincial database that compiles all in-
formation about newly diagnosed cancer in the province
of Ontario was then searched to determine if a patient had
a record of malignancy. If a suspicious or indeterminate
FDG-PET/CT imaging examination could be clinically and
temporally correlated with a diagnosis of cancer in the
OCR, then that examination was deemed to be informative.

Systematic Review

Literature Search Strategy

Asearch for existing systematic reviews was conducted. If no
eligible systematic reviews were identified, a primarysearch
of the literature was conducted. The Ovid search of the pri-
mary literature used the MEDLINE (1946 to September 2016)
and EMBASE (1974 to 2016 week 39) databases. In addition,
referencelists fromrelevant systematic reviews and primary
literature were scanned for potentially useful studies.

Study Selection Criteria and Process
Publications were included if they met these criteria:

Published as a full article in a peer-reviewed journal
Evaluated the use of PET or PET/CT with FDG
Post-biopsy or postmortem histology, or clinical or
radiologic follow-up, used as the reference standard
for final diagnosis

Previous investigation with conventional imaging (cr,
ultrasonography, Mmr1, mammography, as appropriate)
failed to identify an underlying malignancy
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Publications were excluded if they met these criteria:

Were case reports, conference abstracts, literature or
narrative reviews, letters, editorials, historical articles,
or commentaries

Provided insufficient information to calculate the
number of true-positive, false-positive, false-negative,
and true-negative results

Were reported in alanguage other than English

The foregoing criteria were selected to best reflect
the current practices of FDG-PET/cCT selection for patients
with suspected pNs in Ontario, which requires negative cT
imaging and does not select for antibody status. A review
of the titles and abstracts that resulted from the search
was conducted independently by 1 reviewer. Items that
warranted full-text review were evaluated by 2 reviewers
independently, after which a consensus was reached.

Data Extraction and Assessment of Study Quality
and Potential for Bias

Datawere extracted from theincluded studies by 1 reviewer.
For each article, the principal author, country of origin,
publication year, study design, number of patients, patient
age and sex, the types of PET and conventional imaging
performed, and the numeric data for diagnostic perfor-
mance were recorded. All extracted data and information
were audited by an independent auditor. The Quality
Assessment of Diagnostic Accuracy Studies tool® was used
to evaluate the risk of bias and applicability concerns for
each eligible study.

Statistical Analysis

Data were summarized in evidence tables and are de-
scribed in the text. When clinically homogenous results
from two or more studies and sufficient data were available
to reassess the sensitivity and specificity of FDG-PET or
FDG-PET/CT, a random-effects model was used to produce
summary estimates with 95% confidence intervals (c1s).
The I? percentage was calculated as a measure of hetero-
geneity. Statistical analyses were performed using the
Meta-DiSc software application (version 1.4: Unit of Clin-
ical Biostatistics, Ramon y Cajal Hospital, Madrid, Spain)
which uses a generalization of the Littenberg and Moses
linear model to implement meta-regression®19.

RESULTS

Patient Demographics and Initial Investigations
From the rap database, we identified 29 patients (12 men, 17
women) with suspected pNs who met the inclusion criteria
for the study (Table 1). One patient had 2 pap entries be-
cause ofundergoing 2 separate FDG-PET/CT exams. Median
age in this group was 55.5 years (range: 19-80 years). The
most common presentations of PNs were encephalitis and
cerebellar degeneration (Table 1). Positivity for paraneo-
plastic antibodies was found in 12 patients (41%, Table 1).
The most common antibodies were anti-Hu (n = 3) and
anti-NMDA [N-methyl-p-aspartate (n=3)]. Antibody status
was negative in 8 patients, and 9 patients had no reported
antibody status.

TABLE I Characteristics of the 29 study patients

Characteristic Value
Age (years)
Median 55.5
Range 19-80
Sex [n (%)]
Women 17 (59)
Men 12 (41)

Reason to suspect PNS [n (%)]

Encephalitis, other? 8 (28)
Cerebellar degeneration 7 (24)
Limbic encephalitis 4 (14)
Encephalitis with peripheral neuropathy 3(10)
Axonal polyneuropathy 2(7)
Sensory neuropathy 2(7)
Autonomic Neuropathy 2(7)
POEMS 1)

Paraneoplastic antibodies [n (%)]

Anti-Hu 3 (10)
Anti-NMDA 3 (10)
Anti-Ma2, Anti-Yo 1(3)
Anti-Yo 13)
Anti-GAD 1)
Anti-amphiphysin 103)
Anti-recoverin 1)
Anti-Ma2 1)
Negative 8 (28)
Not reported 9(31)

2 Anti-NMDA (n = 3), progressive encephalomyelitis with rigidity and
myoclonus (n = 1), anti-Ma2 (n = 1), nonspecific (n = 3).

PNS = paraneoplastic neurologic syndrome; POEMS = polyneuropathy,

organomegaly, endocrinopathy, monoclonal plasma-proliferative

disorder, skin changes; NMDA = N-methyl-D-aspartate; GAD = glutamic

acid decarboxylase.

All patients had undergone ct imaging of chest and
abdomen with or without pelvis before their FpG-pPET/
cT imaging. Imaging by cT was negative in 18 patients
(62%) and indeterminate in 11 (38%). The most common
finding in indeterminate ct imaging was suspicious hilar
or mediastinal lymph nodes, seen in 6 patients. Of the 29
patients, 24 (83%) also underwent MR1 of brain or spine
(or both), with findings in 11 of those patients being re-
ported as abnormal. Abnormalities included cortical or
cerebellar atrophy, changes observed during T2-weighted
fluid-attenuated inversion recovery (most commonlyin the
temporal lobes), spinal nerve root enhancement, and in 1
case, suspected myelomatous involvement of the spine.
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FDG-PET/CT Imaging Results

Of 30 FDG-PET/CT examinations, 19 (63%) were abnormal.
After expert review, 9 of those examinations were deter-
mined to be highly suspicious, and 10 were indeterminate.

Highly Suspicious FDG-PET/CT Imaging
Of the 9 patients with highly suspicious FpDG-PET/cT imag-
ing, 7 had a record of malignancy in the ocr (Table 11). In
those cases, the FDG-PET/CT examination was determined
to have been informative in the workup of the paraneo-
plastic condition in 5 cases. In 3 of those 5 cases, patients
had no prior history of malignancy recorded in the ocr.
Subsequently, 1 patient was diagnosed with cancer of un-
known primary, 1 with lung cancer, and 1 with myelody-
splastic syndrome. In the 5 patients with informative
FDG-PET/CT imaging, paraneoplastic antibody testing was
positive for anti-Hu antibodies in 2 patients, negative for
antibodies in 1 patient, and not reported in 2 patients.

Of the patients with informative FDG-PET/CT imaging,
2 had a record of malignancy before the imaging exam-
ination. One patient had a cerebellar mass that had been
resected and had demonstrated small-cell carcinoma.
Imaging by ct of chest, abdomen, and pelvis was negative,
butimaging by FpDG-PET/CcT revealed disseminated disease.
The other patient had a previous diagnosis of limited-stage

small-cell lung cancer. Imaging by ctr demonstrated radia-
tion changes and consolidation in the lung, but no definite
evidence of disease recurrence. Imaging by FpDG-PET/CT
was suggestive of recurrence in thelung and demonstrated
lymph node and bone metastases.

Of the highly suspicious FDG-PET/CT examinations, 4
were ultimately deemed to be non-informative. In 2 cases,
no malignancy was diagnosed. One examination demon-
strated a hypermetabolic paratracheal lymph node with a
standardized uptake value of 3.4; the other demonstrated
several hypermetabolic pulmonarynodules, aright thyroid
nodule, and hypermetabolism in the nasopharynx with
no ct correlate. In another case, a biopsy had confirmed
squamous cell carcinoma in a mediastinal lymph node
before the FpG PET/CT examination. In the final case, the
FDG-PET/CT imaging demonstrated findings consistent with
ahematologic malignancy, but a plasma-cell neoplasm had
already been diagnosed on a bone marrow biopsy.

Indeterminate FDG-PET/CT Imaging

Ofthe 10 indeterminate FDG-PET/CT examinations, none
was deemed to be informative. A diagnosis of cancer
pre-dated the FpG-PET/CT imaging in 3 patients; however,
the FDG-PET/CT imaging did not demonstrate findings
consistent with disease recurrence. As mentioned, 1

TABLE Il  Characteristics of 9 patients with highly suspicious integrated '8F-fluorodeoxyglucose positron-emission tomography (PET) and computed

tomography imaging

Pt  Age Sex Paraneoplastic Antibody Area of abnormality Malignancy Informative
(years) neurologic syndrome on imaging in OCR (yes or no)
1 60 Female Cerebellar ataxia Anti-Hu Mediastinal node, Lung malignancy, Yes
left hilar node polycythemia vera
2 76 Female Encephalitis, Anti-Hu Mediastinal node Not present No
sensory neuropathy (no identified
malignancy)
3 62 Male Sensory neuropathy Not Supraclavicular node, Brain NOS, Yes
tested gastrohepatic node lung malignancy
4 76 Female Cerebellar ataxia Not Nasopharynx, thyroid lobe, Not present No
tested LUL nodule, LLL nodule (no identified
malignancy)
5 44 Male Limbic encephalitis ~ Negative Global increased uptake Myelodysplastic Yes
in axial skeleton syndrome
6 53 Female  Limbic encephalitis, ~ Anti-Hu Bilateral hilar nodes, Cancer of Yes
sensory neuropathy mediastinal nodes, unknown primary
low level uptake in atelectasis,
LLL subpleural node
7 80 Male Limbic encephalitis Not Paratracheal node Cancer of No
reported unknown primary (biopsy preceded
PET imaging)
8 62 Female Peripheral neuropathy, Not LUL consolidation, Lung cancer Yes
encephalitis tested peripancreatic node,
external iliac node,
pubic bone, sacrum
9 52 Female Ataxia, tremor Negative  Diffuse activity in liver, spleen; Previous diagnosis No
focal activity in hepatic hilum, of kidney, (biopsy preceded
para-aortic node; thyroid cancer PET imaging)
increased marrow activity
Pt = patient; OCR = Ontario Cancer Registry; NOS = not otherwise specified; LUL = left upper lobe, LLL = left lower lobe
Current Oncology, Vol. 26, No. 4, August 2019 © 2019 Multimed Inc. e461
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patientunderwent 2 separate FDG-PET/CT examinations,
thefirstbeingindeterminate, and the second beinghighly
suspicious, leading a diagnosis of cancer of unknown
primary. That patient initially presented with positive
anti-Hu antibodies and a sensory neuropathy, but no
malignancy was detected in the initial FDG-PET/CT im-
aging. The patient’s symptoms progressed, and the de-
velopment of a limbic encephalopathy led to the repeat,
highly suspicious, FDG-PET/CT imaging approximately
2 years later. In 3 patients with indeterminate imaging,
antibody positivity had been found. A patient with anti-
NMDA antibodies and a patient with both anti-Yo and
anti-Ma2 antibodies had no subsequent diagnosis of a
malignancy recorded in the ocr.

Negative FDG-PET/CT Imaging

Imaging by FDG-PET/CT was negative in 11 patients. Of those
11 patients, 6 tested positive for paraneoplastic antibodies,
with 2 being positive for anti-NnmDpA antibodies. Antibodies
were well characterized in 3 patients (anti-Ma2, anti-
amphiphysin, anti-Yo, anti-recoverin); the remaining
patients had anti-cap (glutamic acid decarboxylase) anti-
bodies. Of the patients with negative FDG-PET/CT imaging,
only2had adiagnosis of cancer in the ocr. In both patients,
the diagnosis of cancer pre-dated the FDG-PET/CT imaging.
No patient with a negative FDG-PET/CT examination was
later diagnosed with a malignancy.

Sensitivity and Specificity Testing

Overall, of the 30 FDG-PET/CT imaging examinations in
29 patients, 5 (17%) were determined to be informative.
Sensitivity and specificity were determined under 2 sep-
arate conditions:

Abnormal but indeterminate FDG-PET/CT imaging
considered to be negative
Abnormal but indeterminate FDG-PET/CT imaging
considered to be positive

When indeterminate FDG-PET/CT imaging was consid-
ered negative, the sensitivity of FDG-PET/CT examinations
in patients with suspected pNs and indeterminate con-
ventional imaging was 0.83, and the specificity was 0.83.
When indeterminate FDG-PET/CT imaging was considered
positive, then the sensitivity increased to 1.00 and the
specificity declined to 0.44.

Literature Search Results

Search for Existing Systematic Reviews

Asearch for systematic reviews did not yield an appropriate
source document on which to build an evidence base. Thus,
the AMSTAR tool was not used.

Search for Primary Literature

The electronic search for primary literature identified 139
unique citations, of which 126 were excluded after areview
of titles and abstracts (Figure 1). Thirteen citations were
considered candidates, but upon full-text review, eleven did
not meet the inclusion criteria. The remaining two studies
were included in the systematic review.

Records identified through Additional records identified
MEDLINE and EMBASE databases through other sources
(n=172) (n=0)

Records after duplicates removed
(n=139)

Records screened Records excluded
(n=139) i (n=126)

l

Full-text articles Full-text articles
assessed for eligibility excluded, with reasons
(n=13) (n=11%)

*Not population of
l interest

Studies included in
quantitative synthesis
(meta-analysis)
(n=2)

FIGURE1 Modified PRISMA flow diagram outlining the search results
of the systematic literature review.

Study Design and Quality: Both studies were observa-
tional in nature: one study used a prospective design'};
the other retrospectively reviewed the case records of
patients!?. Hadjivassiliou et al.!! performed PET imaging
using a modified gamma camera equipped with a low-
dose ct system for anatomic localization and attenuation
correction. Rees et al.'? used a standalone FDG-PET scanner.
The duration of follow-up was noted in Rees et al.'? and
ranged from 2 months to 44 months (mean: 18.1 months;
median: 16 months). Hadjivassiliou et al.! did not specify
the timing or length of follow-up. The risk of bias for each
study was assessed according to the 4 Quality Assessment
of Diagnostic Accuracy Studies domains. No concerns
about applicability arose; however, both studies were as-
sessed as having a high risk of bias for flow and timing. In
particular, adefinite diagnosis of malignancy was not made
in all cases because some patients died without histology
confirmation, which could have been a study limitation,
given that obtaining a histology diagnosis in all patientsis
impractical. Furthermore, both studies lacked information
about whether interpretation of the pathology results and
extended follow-up were blinded to the FpG-PET findings.
According to the GRADE (Grading of Recommendations
Assessment, Development and Evaluation) criteria, the
results were consistent in both studies, but suffered from
imprecision because of low patient numbers. Taken as a
whole, the quality of the evidence was judged to be moderate.

Paraneoplastic Antibodies: Serologytestingfor paraneo-
plastic antibodies was performed in 91.9% of the patients
in the two studies (113 of 123)!112, Tests showed that 1 pa-
tient had anti-Yo antibodies, 2 patients had voltage-gated
calcium antibodies, 10 patients had anti-Hu antibodies,
38 patients were antibody-negative, and 62 patients had
an unspecified antibody status. Of the 34 patients with a
positive PET or PET/CT examination, 10 were positive for
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paraneoplasticantibodies, and 22 were negative (2 patients
were not tested).

Diagnostic Accuracy: Our meta-analysis examining the
diagnosis of malignancy in patients clinically suspected of
having pns excluded 9 patients because their findings on
FDG-PET could not be confirmed, leaving 114 patients from
the combined cohort for the analysis'"!2. The prevalence
of malignancy was 12.0% (9 of 75) in the Hadjivassiliou et
al.'' study and 25.6% (10 of 39) in the Rees et al.'? study. Of
the 19 patients overall with a proven malignancy, FDG-PET
was positive in 17 (7 with small-cell lung cancer, 4 with
colon cancer, 2 with non-small-cell lung cancer, 1 with
non-Hodgkin lymphoma, 1 with thymoma, 1 with endo-
metrial cancer, 1 with an unknown primary) and negative
in 2 patients (1 with small-cell lung cancer, 1 with breast
cancer).

Combined Analysis with Literature: In a per-patient
analysis, with inclusion of the data from thelocal analysis,
the pooled sensitivity and specificity were 0.88 (95% cr1: 0.69
t0 0.97) and 0.90 (95% cr1: 0.83 to 0.95) respectively. Forest
plots (Figures 2 and 3) showed no significant heterogeneity
between the studies (1> = 0%).

DISCUSSION

Identification of an underlying malignancy is a crucial
component in the management of pNs. The optimal ap-
proach to diagnosis is unclear. Our study attempted to
determine whether the use of FDG-PET imaging in the
workup of PNs is a justifiable use of alimited resource. Our
analysis oflocal dataidentified 29 patients with a suspicion
of pNs and negative conventional imaging. The detection
rate in our study was 17.2%. That result is consistent with
the 12.0% reported in the Hadjivassiliou et al.'! study and
the 25.3% reported in the Rees et al.'? study. Considering
the importance of detecting an underlying malignancy,
our result can be interpreted as clinically significant. Two
separate analyses for sensitivity and specificity were con-
ducted, the first considering only FDG-PET/CT imaging with
a high degree of suspicion for malignancy to be positive,
and the second considering abnormal but indeterminate
FDG-PET/cTimaging also to be positive. In the first analysis,
the sensitivity and specificity were moderately high at 0.83
and 0.83 respectively. In the second analysis, the sensitivity
remained high at 1.00, but the specificity dropped to 0.44.
Given that the indeterminate FpG-PET/CT imaging had a
low suspicion of malignancy, the first analysis is likely

g

Sensitivity (95% CI)
Hadjivassiliou et al. 2009 0.89 (0.52-1.00)
Rees et al. 2001 0.90 (0.55-1.00)
Current study 0.83 (0.36-1.00)

Pooled Sensitivity = 0.88 (0.69 to 0.97)
Chi-square = 0.16; di = 2 (p = 0.9236)

0 0.2 0.4 06 0.8 1 Inconsistency (l-square) = 0.0 %
Sensitivity
FIGURE 2 Forest plot demonstrating the pooled sensitivity from the studies identified in the systematic review and the local data. Cl = confidence
interval.
Specificity (95% CI)
Hadjivassiliou et al. 2009 0.92 (0.83-0.97)
Rees et al. 2001 090 (0.73-0.98)
@ Current study 0.83 (0.63-0.95)
Pooled Specificity = 0.90 (0.83 to 0.95)
Chi-square = 1.48; df = 2 (p=0.4777)
0 0.2 0.4 0.6 08 Inconsistency (l-square) = 0.0 %

Specificity

FIGURE 3 Forest plot demonstrating the pooled specificity from the studies identified in the systematic review and the local data. Cl = confidence

interval.
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more accurate and was therefore used in the subsequent
calculation of pooled sensitivity and specificity.

The literature review located two studies meeting our
inclusion criteria. There were several underlying differences
in the methods used in the two studies and in our local
analysis. Although both published studies were observa-
tional, Hadjivassiliou ef al.l! was prospective and Rees et
al.'>was retrospective. Hadjivassiliou et al. performed FpG-
PET imaging using a modified gamma camera equipped
with a low-dose cr system for anatomic localization and
attenuation correction. Rees et al. used a standalone FDG-
PET scanner. We used a combined FDG-PET/CT scanner.
Differences in FDG-PET imaging methods is a limitation
of our analysis. But despite those differences, the results
were similar across the studies. When data from the two
published studies were combined with the results from our
analysis, the final pooled sensitivity and specificity were
0.88 and 0.90 respectively. No significant heterogeneity
between the studies was noted. Those results suggest that
FDG-PET represents a reliable and useful diagnostic tech-
nique in the workup of paraneoplastic syndromes.

Since the completion of our analysis, two meta-analyses
examining the role of FDG-PET in the diagnosis of malig-
nancyin patients with suspected pns have been published.
The first, authored by Garcia Vicente et al.'3, focused only
on patients with pns. The other, authored by Sheikhbahaei
et al.'*, included studies of both pNs and non-neurologic
paraneoplastic syndromes, although a subset analysis
of patients with pNs was performed. Garcia Vicente et al.
included sixteen studies in their analysis and reported a
pooled sensitivity of 0.91 (95% c1: 0.82 to 0.97), a pooled
specificity of0.87 (95% c1: 0.80 t0 0.92), and a detection rate
0f 14.9% (95% cr: 11.5% to 18.7%)'3. Subset analyses of FDG-
PET performed as a part of the initial investigation and, as
in our study, after negative conventional imaging were also
performed. The sensitivity, specificity, and detection rates
were similar in both analyses'3. In the subset analysis of Pns
in Sheikhbahaei et al., the pooled sensitivity and specificity
of FpG-PET were 0.89 (95% cr1: 0.81 to 0.94) and 0.83 (95% cr:
0.79 to 0.87; I? = 76.9%) respectively'4.

Our study differs from the recently published meta-
analysesinseveral ways. First, our study focused only on pns,
whereas Sheikhbahaei et al. included studies focusing on
other paraneoplastic syndromes. Second, our study focused
on a specific scenario of patients with pre-existing negative
imaging and non-specified antibody status, in keeping with
current practice in Ontario. Finally, our study provides new
data concerning patients with suspected pns. The two studies
included in our analysis were also included in the recently
published meta-analyses; however, despite selecting studies
for a specific clinical scenario and adding new data, the re-
sults emerging from all the analyses remain congruent. That
observation adds validity to the current practice in Ontario.

A detailed analysis of the role of paraneoplastic
antibodies was limited. Although 13 patients (43%) were
antibody-positive, 9 patients (31%) had no reported anti-
body status. In our pooled analysis of Hadjivassiliou et al.
and Rees et al., 68 patients had an unspecified antibody sta-
tus. In addition, neither study performed a comprehensive
panel for known paraneoplastic antibodies. Hadjivassiliou
et al.l tested for anti-Hu, anti-Yo, and anti-Ri; Rees et al.}?

tested only for anti-Hu and anti-Yo. The limited testing
curtailed our ability to perform a subgroup analysis based
on antibody status. Other studies examining the utility of
PET imaging in the workup of pNs used positive paraneo-
plastic antibodies as an inclusion criterion'>6, The latter
trials demonstrated higher detection rates of 70% and
90%—findings that are supported by Garcia Vicente et al.'®,
who found that the subgroup with positive paraneoplastic
antibodies showed the highest prevalence and peT de-
tection rate, although the sensitivity and specificity were
similar in the antibody-positive and antibody-negative
subgroups. In our local analysis, 1 patient with an infor-
mative FDG-PET/CT imaging examination and confirmed
malignancy had negative antibody testing, and another 2
patients were untested. In the pooled analysis of Hadjivas-
siliou et al.'! and Rees et al.'?, only 10 of 34 patients with
a positive FDG-PET imaging examination were positive for
paraneoplastic antibodies. In the diagnostic criteria pro-
posed by Graus et al.3, positive paraneoplastic antibodies
are not required for a possible or definite pns. Despite a
potential increase in the detection rate, we therefore do
not recommend limiting PET imaging to patients positive
for paraneoplastic antibodies because there is then a risk
of missing patients with an underlying malignancy.

Our study has several limitations. The sample size of
ourlocal analysis was small, with only 29 patients meeting
the inclusion criteria. Because of the nature of our data
source, we could not access pathology results to confirm the
histology diagnosis of malignancy. As a surrogate, we used
linked data from the ocr, which captures information from
all patients diagnosed with cancer in Ontario. Given the
reliability of the ocr, we donot feel that usinglinked data sig-
nificantly affected ourresults. The pap database was started
in 2011, and we do not have access to long-term follow-
up data. A proportion of the patients positive for para-
neoplastic antibodies had negative FbDG-PET/CT imaging,
and it remains unclear whether long-term follow-up with
serial imaging—as suggested in 2011 by a Task Force of the
European Federation of Neurological Societies® (dissolved
in 2014)—would have yielded additional malignancies.

Several questions remain unanswered. It is unclear
whether FpG-PET should be performed as part of the ini-
tial pns workup or after negative conventional imaging.
Garcia Vicente et al.'> demonstrated a minimal difference
in the sensitivity, specificity, and detection rates when
FDG-PET was part of the initial workup or after negative
imaging; either approach might therefore be reasonable,
with the choice depending more on resource availability.
In the setting of negative FDG-PET, but ongoing suspicion
of pns, the optimal frequency, duration, and modality of
repeat screening is unclear. The European Federation of
Neurological Societies Task Force recommended repeating
investigations every 6 months for up to 4 years; however,
the evidence to support that recommendation is poor, and
the necessity of ongoing FDG-PET imaging is uncertain.

CONCLUSIONS

When investigating for underlying malignancy in patients
with suspected pNs and negative conventional imaging,
FDG-PET has reasonably high sensitivity and specificity.
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Our results are congruent with recently published meta-
analyses examining a broader patient population. In
patients with suspected pNs, FDG-PET is a useful tool and
should play arolein the investigation of occult malignancy.
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