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Objectives The aim of this study was to investigate the
value of [18FIfluoro-2-deoxy-D-glucose (‘*F-FDG) PET/
computed tomography (CT) to detect recurrent cervical
neuroendocrine carcinoma and its subsequent impact on
patient management.

Methods A total of 25 patients who had undergone 30
'8F.FDG PET/CT studies for suspected recurrent cervical
neuroendocrine carcinoma (18 small cells, 2 large cells, 1
atypical carcinoid, and 4 unclassified) were retrospectively
analyzed. The findings of the PET/CT images were
compared with the histopathologic results in 8 scans and
with clinical follow-up in 22 scans.

Results Of the 30 PET/CT studies, 63.3% (19/30)
were positive for recurrence while 36.7% (11/30) were
negative. The sensitivity, specificity, positive predictive
value, negative predictive value, and accuracy of '®F-
FDG PET/CT for detecting recurrent disease of cervical
neuroendocrine carcinomas were 90.0, 90.0, 94.7, 81.8,
and 90.0%, respectively. Metastasis to distant organs
was the most common (89.4%), followed by lymph node
recurrence (52.6%). Lungs were the most frequent site of
distant metastasis (63.1%). '®F-FDG PET/CT findings led

Introduction

Neuroendocrine neoplasias (NENs) derive from neu-
roendocrine cells of the endocrine and nervous systems.
NENSs are mainly located in the pancreas, the gastroin-
testinal tract, and the lungs [1]. Rarely, NENs may also
occur in the female genital tract [2]. Cervical neuroendo-
crine carcinoma is a rare and aggressive histological var-
iant of cervical cancer, representing about 1-1.5% of all
cervical cancer [3]. Similar to its counterpart in the lung,
cervical neuroendocrine carcinomas have been classified
into four distinct histological subtypes: small cell, large
cell, typical carcinoid, and atypical carcinoid [4]. Small
cell neuroendocrine carcinoma is the most common his-
tological subtype.
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to the change of the management in 10 out of 25 patients
(40%) by introducing the use of previously unplanned
therapeutic procedures.

Conclusions '®F-FDG PET/CT is an efficient
technique for detecting recurrent cervical neuroendocrine
carcinoma, and may thus contribute to improving

patient management. Nuc/ Med Commun 42: 1151-1156
Copyright © 2021 The Author(s). Published by Wolters
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Cervical neuroendocrine carcinomas exhibit aggres-
sive behavior with early hematogenous and lymphatic
metastases [5]. Approximately 40-70% of cervical neu-
roendocrine carcinoma patients developed pelvic lymph
node metastasis at the time of diagnosis [6,7]. Distant
metastases to lung, liver, brain, and bone are frequently
observed in patients [8,9]. Computed tomography (CT)
or MRI is based on anatomical modifications, such as
the detection of a new lesion or changes in the size of
a known lesion. However, in the post-therapy setting,
these conventional imaging techniques are of lim-
ited value in identifying recurrent lesions. Therefore,
despite the widespread use of C'T and MRI, a more
sensitive imaging modality for the detection of local or
distant recurrence is needed.

Many studies have demonstrated that [18F]fluoro-2-
deoxy-D-glucose (F-FDG) PET/CT is valuable in
the primary staging and restaging of cervical cancer and
is significantly superior to C'T/MRI in the detection of
metastatic lesions [10-13]. "*F-FDG PET/CT has also
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been applied in small cell lung cancer [14-16]. However,
data on the use of ""F-FDG PET/CT in cervical neu-
roendocrine carcinomas are still limited. One case series
of five patients with cervical neuroendocrine carcinomas
have initially indicated a preliminary value of "*F-FDG
PET/CT in this entity [17]. A recent study by Chen ¢z a/.
further reported the usefulness of ""F-FDG PET/CT in
25 patients with untreated primary small cell neuroen-
docrine carcinoma of the cervix [18]. However, a study
investigating the role of "*F-FDG PET/CT for the diag-
nosis of tumor recurrence in patients with previously
treated cervical neuroendocrine carcinoma is lacking.
Therefore, the objective of this study was to evaluate
the accuracy of "*F-FDG PET/CT for the detection of
suspected recurrence in patients with cervical neuroen-
docrine carcinoma and its subsequent impact on patient
management.

Patients and methods

Patients

This retrospective study included 25 patients (all
women; mean age, 44.1+9.2years; range, 30-66years)
with suspected cervical neuroendocrine carcinoma
recurrence who had previously been treated for primary
tumor between January 2015 and April 2020. This study
was approved by the institutional review board. Due to
the retrospective design of the study, written informed
consent was waived. ""F-FDG PET/CT scans were per-
formed in all patients for a variety of indications, including
clinical symptoms that were suspicious of a recurrence,
suspicious lesions identified on surveillance conventional
imaging studies, surveillance PET/CT scan for evalua-
tion of treatment response. The International Federation
of Gynecology and Obstetrics (FIGO) classification was
used for tumor staging [19]. Clinical information includ-
ing age, tumor stage at initial diagnosis, histopathologic
type, primary treatment strategy at the time of PET/CT
scans were recorded via reviewing the medical records.

'8F.FDG PET/computed tomography study

Prior to "F-FDG injection, all patients fasted for at least
4-6h. Each patient received an intravenous administra-
tion of ®F-FDG (5.5 MBq/kg) when blood glucose level
was less than 120mg/dL. PET/CT scans started 60 min
after injection were acquired supine from the skull base
to the mid-thigh using a combined PET/CT biograph
(Siemens Company, Germany). A low-dose CT scan
was obtained for attenuation correction and anatomical
localization. PE'T scans were acquired in a 3D model for
2-3min per bed position.

Image analysis

PET/CT images were retrospectively reviewed by two
experienced nuclear medicine physicians. PET/C'T was
rated positive if the metabolic activity in the lesion was
moderately or markedly increased relative to comparable

normal structures or surrounding soft tissues. A lesion with
no or faint FDG uptake (less or equal to the surrounding
soft tissues) was defined as negative. For both ethical and
practical reasons, not every suspected recurrent lesion
was seen on PET/CT could be evaluated by histology.
Therefore, a combination of histopathology (when availa-
ble) or clinical follow-up of at least 6 months was taken as
the reference standard. Lesions showing progression in
number or size on clinical examination or C'T or MRI, or
showing a response to anticancer therapy during the fol-
low-up were defines as recurrence. Recurrences seen on
PET/CT were divided into three groups: distant organ
metastasis, lymph nodal metastasis, and local recurrence
(e.g. local vaginal recurrence).

Statistical analysis

All the statistical analyses were performed using SPSS
(IBM SPSS Statistics for Windows, Version 21.0. Armonk,
New York, USA). Continuous data were expressed as
mean+SD. Sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), and accu-
racy of ""F-FDG PET/CT for the detection of recurrent
disease were calculated on a per-study basis.

Results

Patient characteristics

A total of 30 restaging ""F-FDG PET/CT scans in 25
patients suspected of recurrent cervical neuroendocrine
carcinomas were analyzed. Clinical characteristics of
the enrolled patients are summarized in Table 1. All the

Table 1 Clinical characteristics of patients with suspected recur-
rent cervical neuroendocrine carcinoma
Characteristics Value
Number of patients 25
Age, median (range) years 43 (30—66)
Scans performed/patient
1 scan/patient 21
2 scans/patient 3
3 scans/patient 1
Histopathology, n (%)
Small cell neuroendocrine carcinoma 18 (72%)
Large cell neuroendocrine carcinoma 2 (8%)
Atypical carcinoid 1 (4%)
Unclassified 4 (16%)
FIGO stage at initial diagnosis, n (%)
| 12 (48%)
1l 7 (28%)
1l 2 (8%)
I\ 4 (16%)
Primary treatment, n (%)
Surgery 2 (8%)
Chemotherapy 2 (8%)
Chemoradiotherapy 5 (20%)
Surgery + chemotherapy 5 (20%)
Surgery + chemoradiotherapy 11 (44%)
Indications for PET/CT scans, n (%)
Abnormal conventional imaging findings 10 (33.3%)
Clinical symptoms 5 (16.7%)
Monitoring treatment response 15 (50%)

CT, computed tomography; FIGO, Federation of Gynecology and Obstetrics.
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patients had previously been treated with surgery or radi-
otherapy or chemotherapy. The majority of patients had
small cell neuroendocrine carcinoma (18, 72%), 2 (8%)
had large cell neuroendocrine carcinoma, 1 (4%) had
atypical carcinoid, the remaining 4 (16%) were unclas-
sified. The indications for PET/CT scans were abnor-
mal conventional imaging findings in 10 scans, clinical
symptoms in 5. And 15 PE'T/CT studies were performed
for evaluation of treatment response. The final diagnosis
was established based on the histopathologic results in 8
of 30 PE'T/CT studies (26.7%) and by clinical follow-up
in the remaining 22 PE'T/CT studies (73.3%).

8F-FDG PET/computed tomography results

Diagnostic accuracy

Of the 30 PET/CT studies, 63.3% (19/30) were posi-
tive for recurrence while 36.7% (11/30) were negative
('Table 2). According to the final reference standard, 18
PET/CT studies were true-positive, 9 studies were
true-negative, 1 study was false-positive, and 2 studies
were false-negative. Thus, the per-study sensitivity, spec-
ificity, PPV, and NPV, and accuracy of "*F-FDG PET/
CT were 90.0, 90.0, 94.7, 81.8, and 90.0%, respectively.
In two patients (one PET/CT scan per patient), the
co-registered C'T scan of the PET/CT revealed multiple
small round nodules (<5mm). PET scan appeared nega-
tive as the small size of the nodules made it difficult to
determine the true FDG metabolism within the nodule.
Follow-up diagnostic chest C'T" scans provided evidence
of pulmonary metastasis by showing an increase in the
number and size of lung nodules. These two PET/CT
scans were considered false-negative. In one patient, "*F-
FDG PET/CT demonstrated enlarged lymph nodes in
the inguinal regions with increased uptake, which was
suspected to be metastatic. This was determined as a
false-positive finding as the left inguinal nodal biopsy
revealed the lesion to be negative for malignancy (lym-
phoid hyperplasia with no tumor involvement).

Comparison with conventional imaging

Comparable conventional imaging data (C'T or MR) were
available for 11 patients. PET/CT scan was true positive
(TP)in 10, true negative (I'N in 1), false positive (FP) in 0,

Table 2 Performance of '®F-FDG PET/computed tomography for
the detection of recurrent cervical neuroendocrine carcinoma

Performance PET/CT
True-positive (n) 18
True-negative (n) 9
False-positive (n) 1
False-negative (n) 2
Sensitivity (%) 90.0%
Specificity (%) 90.0%
PPV (%) 94.7%
NPV (%) 81.8%
Accuracy (%) 90.0%

CT, computed tomography; NPV, negative predictive value; PPV, positive
predictive value.

and false negative (FN) in 0; while conventional imaging
was TP in 9, TN in 1, FP in 0, and FN in 1. Patient-based
sensitivity and specificity of PET/C'T and conventional
imaging were 100 vs. 90% and 100 vs. 100%. We separately
calculated the diagnostic value of PE'T/CT and conven-
tional imaging for distant organ metastases and nodal
disease. The sensitivity was 90 vs. 80% for distant organ
metastases and 100 vs. 80% for nodal disease.

Sites of recurrence

The sites of recurrence observed on *F-FDG PET/CT
are described in Table 3. A total of 19 patients, includ-
ing 17 patients with true-positive PET/CT scans and 2
with false-negative PE'T/CT scans, were found to have
recurrences in this study. Metastasis to distant organs was
the most common and was seen in about 89.4% (17/19)
of patients (Fig. 1). Lungs were the most frequent site
of distant metastasis (63.1%), followed by liver (31.5%),
bone (21.4%), pancreas (10.5%), and brain (5.2%). Lymph
node recurrence was observed in about 52.6% (10/19) of
patients. Also, in two patients (10.5%) PE'T/CT detected
local recurrence. Bone metastasis was observed in 4
patients for a total of 12 detected foci. In 11 (91.7%)
lesions, focal FDG activity was not associated with any
osteo-structural changes at co-registered CT images
(Fig. 2), the remaining one (8.3%) corresponded to the
osteolytic lesion.

Clinical impact of PET/computed tomography

The confirmation of suspected recurrence site by biopsy
was not considered as the change of therapeutic proce-
dure. The findings of the PET/CT scan resulted in the
change of the treatment plan in 10 out of 25 patients
(40%) by identifying previously unsuspected findings,
including nodal disease in 7, bone metastases in 3, liver
metastases in 6, lung metastases in 2, pancreatic metas-
tasis in 1. One patient was treated with radiotherapy
for bone metastases found on PE'T/CT. Two patients
received chemoradiotherapy after PE'T/C'T. One was due
to the liver, pancreas, and lymph node metastases; the
other due to the bone, liver, and lymph node metastases.
The remaining seven patients were treated with chemo-
therapy after PE'T/CT detected multiple metastases.

Discussion

Cervical cancer is a common gynecologic malignancy
with squamous cell type accounting for the majority of
the disease. Rare types of cervical cancer include lym-
phoma, signet cell tumors, and neuroendocrine carcino-
mas. ""F-FDG PET/CT has emerged as a useful imaging
technique for the detection of recurrent cervical cancer.
The reported sensitivity and specificity of "F-FDG
PET/CT were 93-100% and 59-90.9%, respectively
[20,21]. However, the potential of "*F-FDG PET/CT in
recurrent cervical neuroendocrine carcinoma was barely
investigated before. The present study showed that
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Table 3 Sites of recurrence on '®F-FDG PET/computed tomog-
raphy

Sites of recurrence® Frequency (%, n/19)

Distant organs 17 (89.4%)
Lung 12 (63.1%)
Liver 6 (31.5%)
Bone 4 (21.0%)
Pancreas 2 (10.5%)
Brain 1 (5.2%)

Lymph nodes 10 (52.6%)
Abdominopelvic 10 (52.6%)
Supradiaphragmatic 4 (21.0%)

Local recurrence 2 (10.5%)

2Some of the patients had more than one site of recurrence.

CT, computed tomography.
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Representative images of a 41-year-old patient who was treated
primarily with surgery and chemoradiotherapy for stage | small cell
neuroendocrine carcinoma of the cervix. Surgical pathology showed
no evidence of lymph node metastasis. Surveillance chest CT scan

1 year after primary treatment revealed a new nodule at the left lung
base (size, 2.5 x 1.6 cm). Restaging '®F-FDG PET/CT was then rec-
ommended for detecting potential recurrence and revealed increased
FDG uptake to the lung nodule (SUVmax, 3.1; arrows) without
abnormal FDG activity suggesting recurrence at other areas. The lung
nodule was surgically removed and was histopathologically confirmed
as metastasis of cervical neuroendocrine carcinoma. CT, computed
tomography.

BE.FDG PET/CT was also valuable in this entity by
showing high sensitivity of 90% and specificity of 90% for
the detection of recurrent tumors. False-negative PE'T/
CT findings in two cases were both due to lung metas-
tasis, which can be explained by the small size of lung
nodules and low image resolution of PE'T scan. The only
false-positive PET/CT finding was caused by the hyper-
metabolic lymph node in the inguinal region, which was
later pathologically confirmed as a benign disease.

Staging and therapy in patients with cervical cancer
greatly depend on the FIGO staging system. Squamous
cell carcinoma of the cervix at the early stage may have a
favorable prognosis and outcome. The dissemination of
cervical cancer follows an orderly manner. They usually
develop local advance and lymphatic spread initially,
and by hematogenous dissemination in the late stages.
This is supported by the results of several studies inves-
tigating "*F-FDG PET/CT in recurrent cervical cancer,
which reported that the most frequent site of recur-
rence was in lymph nodes [13,21,22]. However, cervi-
cal neuroendocrine carcinoma exhibits more aggressive
behavior and has a different metastatic pattern from
cervical cancer with early distal metastases. Our study
demonstrated a similar finding that, in patients with cer-
vical neuroendocrine carcinoma, distant organs instead
of lymph nodes were the most common site of recur-
rence. Hematogenous dissemination of cervical neu-
roendocrine carcinoma could happen at an early stage
even when no evidence of lymphatic spread is present.
In this study, several cases developed lung metastasis
without any lymph node involvement. Lung nodules
with a small diameter are often affected by the partial
volume effect, making it difficult to measure the true
metabolic status [23]. Those lesions may appear neg-
ative on PE'T images. As demonstrated in our results,
the lungs were the most frequent site for distant organ
metastasis in cervical neuroendocrine carcinoma. Small
lung nodules with suspicious C'T features of metasta-
sis but with negative PE'T appearance should be paid
enough attention and a regular surveillance C'T scan is
necessary for this situation.

Approximately 30% of patients with cervical cancer even-
tually experienced relapse after primary treatment [24].
Cervical neuroendocrine carcinoma has an even higher
recurrence rate [25]. Follow-up protocols, including
ultrasonography, C'T, or MRI, have certain limitations. In
addition to lung, liver, bone, and lymph node were also
common sites for recurrence in cervical neuroendocrine
carcinoma. "*F-FDG PET/CT holds the advantage of the
whole-body survey in a single scan, which may be more
important in the restaging of cervical neuroendocrine car-
cinoma for detecting the possible distant metastases.

To date, few studies have assessed the impact of 'F-
FDG PET/CT on the management of patients with cer-
vical neuroendocrine carcinoma. In a study on 25 patients
with primary cervical neuroendocrine carcinoma, 8
patients additionally underwent restaging "F-FDG
PET/CT for suspected recurrence. Chen ¢z a/. reported
that PET/CT had a clinical impact in 3 out 8 patients
(37.5%) [18]. This was in accordance with our finding
that PE'T/CT resulted in the change of management in
10 out of 25 patients (40%) by the introduction of previ-
ously unplanned therapeutic procedures. Our study also
showed that bone metastases of cervical neuroendocrine
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Fig. 2
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Representative images of a 54-year-old patient who was treated primarily with surgery and chemoradiotherapy for stage | large cell neuroendo-
crine carcinoma of the cervix. During the follow-up, the patient developed back pain. However, diagnostic abdominopelvic CT images did not
reveal any abnormalities. Restaging '°F-FDG PET/CT demonstrated several highly FDG-avid bone metastases (a—c) at T10 vertebrae (SUVmax,
26.6), right eighth rib (SUVmax, 24.2), and right pubis (SUVmax, 9.0), which were not associated with any osteo-structural alterations at the
co-registered CT images (d—f). After PET/CT, the patient was treated with radiotherapy for the bone metastases and the clinical symptoms of bone

pain were relieved. CT, computed tomography.

carcinoma were better evaluated on "*F-FDG PET/CT
than CT, as they were often morphologically unchanged
(91.7%). In these situations, the detection of bone metas-
tases by "*F-FDG PET/CT may lead to the change of
treatment plan. In one patient, radiotherapy was decided
only after ""F-FDG PET/CT revealed thoracic vertebral
and rib metastases, which were previously undetected at
diagnostic C'T scans.

This study had several limitations. First, the retro-
spective design of the study might have introduced a
selection bias. Further prospective studies are required
to confirm the results. Second, the number of patients
with large cell neuroendocrine carcinoma and atypical
carcinoid was too small compared to that of patients
with small cell neuroendocrine carcinoma. Therefore,
we could not investigate the correlation between F-
FDG PET/CT findings and histologic subtypes. Third,
the ideal reference standard of histological confirmation
was not obtained for each lesion seen on PE'T/CT scan
due to ethical and practical reasons. Lastly, no functional
PET/CT studies with somatostatin analog tracers were
performed to compare "*F-FDG uptake.

Conclusion

Our findings suggest that ""F-FDG PET/CT is an effec-
tive imaging modality for detecting the recurrence of
cervical neuroendocrine carcinoma. The use of "*F-FDG
PET/CT during the restaging process may contribute to
patient management.
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