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Background: To prospectively evaluate the value of positron emission tomography (PET) or
integrated computed tomography (CT) and PET (PET/CT) in the management of documented
or suspected recurrent ovarian cancer.
Methods: Patients with ovarian cancer who had completed primary cytoreductive surgery and
standard adjuvant chemotherapy were studied to evaluate the following indications: (1) CA125
elevation after complete remission with negative CT or magnetic resonance imaging (MRI)
result; (2) post-therapy surveillance CT/MRI-detected suspicious lesions that guided biopsy
was not feasible; (3) documented relapse for restaging prior to or after curative salvage
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therapy. The clinical impact of PET, as compared with those of CT/MRI, was determined on a
per scan basis.
Results: From 2002 to 2009, 73 patients were recruited, and 92 PET scans were performed. Up
to June 2015, 53 patients had died of disease, four were alive with disease, and the remaining
16 were alive without disease. Among the 92 scans, PET had positive impacts in 72.8%, no clin-
ical impacts in 21.7%, and negative impacts in 5.4%. For indication 1, the sensitivity and pos-
itive predictive value of PET in detecting recurrence were 80.0% and 92.3%, respectively. For
indication 2, the sensitivity, specificity, positive predictive value, and negative predictive
value of PET were 91.2%, 62.5%, 91.2%, and 62.5%, respectively. For indication 3, PET provided
positive impact in 85.3% and negative impact in 2.9% of the 34 scans.
Conclusion: PET has value in the management of suspected or documented recurrent ovarian
cancer, with positive impacts on confirming recurrent status and offering a better treatment
plan.
Copyright ª 2017, Formosan Medical Association. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

Ovarian cancer is the seventh most common cancer
worldwide for females, with nearly 239,000 new cases
diagnosed in 2012.1 The primary therapy for ovarian cancer
consists of cytoreductive surgery followed by platinum-
based chemotherapy. Although 75% of patients with
ovarian cancer can achieve a complete response after pri-
mary therapy, about half of them will suffer recurrence and
have a poor outcome.2,3

Most patients with recurrent ovarian cancer are not
curable. Salvage treatment depends on the type and sites
of recurrence. The median survival ranges from 12 to 24
months after recurrence and the primary goal of manage-
ment is palliation.2,4 There are many surveillance options
after primary treatment.5 Posttreatment surveillance every
2e4 months for 2 years, then every 4e6 months for 3 years,
and then annually for 5 years is recommended by the Na-
tional Comprehensive Cancer Network (NCCN) Guidelines.
To detect recurrence, CA125 and radiographic surveillance
is usually prescribed.5 Computed tomography (CT) or
magnetic resonance imaging (MRI) is also frequently uti-
lized. CT has a limited sensitivity (SN) of 40e93% and
specificity (SP) of 50e98% for recurrent disease. The SN of
MRI in detecting recurrences is similar to that of CT in le-
sions larger than 2 cm; however, MRI is more useful in the
detection of lesions on peritoneal surfaces and bowel
serosa, the vaginal vault, cul-de-sac, and bladder base, or if
patients cannot have a contrast-enhanced CT.6

Positron emission tomography (PET) using fluoro-2-
deoxy-D-glucose (FDG) performs better than CT and MRI in
the setting of suspected recurrence. In detecting recurrent
ovarian cancer, FDG-PET had an SN of 85e97% and an SP of
90e100%, which were superior to those of CT. However, its
negative predictive value (NPV) is low (42.9%) because of
the high rate of false-negative (FN) findings for microscopic
or cystic lesions.7 Clinical experience shows that PET aids in
planning of salvage surgery by identifying those patients
with unresectable disease and by modifying the treatment
plan.8 PET is classified as Category 2B recommendation
(i.e., NCCN consensus) as the evidence is still based on
retrospective studies.6,9
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Our aim for conducting this prospective study was to
evaluate the value of PET or PET/CT (designated as PET
thereafter) in the management of suspected or docu-
mented recurrent ovarian cancer.
Patients and methods

Patient and study design

This study was approved by the Institutional Review
Board of the Chang Gung Memorial Hospital, Taoyuan,
Taiwan, and informed consent was obtained from each
enrolled patient. Patients with suspected or documented
recurrent epithelial ovarian cancer were eligible if they
met one of the following criteria: (1) CA125 elevation
(doubling of CA125 with at least one of the value >35 U/
mL or two measurements of CA125 values >35 U/mL
checked at least 2 weeks apart10) after complete remis-
sion with negative CT or MRI (CT/MRI); (2) post-therapy
surveillance CT/MRI detected suspicious lesions that
guided biopsy was not feasible; (3) documented relapse
or restaging prior to or after curative salvage therapy
[secondary cytoreductive surgery, radiotherapy (RT),
concurrent chemoradiation, or ablation by
radiofrequency].

The exclusion criteria included: (1) patients who un-
derwent a curative-intended treatment deemed not
appropriate; (2) patients with a concomitant or a history of
malignancy; (3) patients who were not suitable for
receiving a PET study for technical or psychological reasons;
or (4) patients who were judged as noncompliant with
treatment.

Every enrolled patient was discussed at a weekly joint
conference attended by gynecological oncologists, radia-
tion oncologists, radiologists, pathologists, and nuclear
medicine physicians. The patients underwent treatment
according to the decision of the joint conference. Prior to
undergoing PET scanning, each patient completed an
abdominal and pelvic CT/MRI scan, and the eligible patients
received a PET scan within 2 weeks after the CT/MRI. In
addition to a CT/MRI scan, a follow-up PET scan was
on tomography in the management of documented or suspected
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allowed (but not mandatory) 3e6 months after treatment
to monitor the response of treatment (Figure 1).

CT imaging

The CT images were obtained using multislice CT scanners
(Somatom Sensation 4 or 16; Siemens Medical Systems,
Erlangen, Germany), as previously reported.11 The enrolled
patients fasted for at least 4 hours prior to their study, and
scanning was performed in the craniocaudal direction be-
tween the upper neck and the pelvis with special attention to
cover the pelvic region, where contiguous 5-mm transaxial
sliceswereobtained. Iodinatedcontrastmedium(100mL)was
intravenously administered to enhance the tissue contrast.11

MRI

MR imageswereacquiredusing a1.5-Tesla (MagnetomVision;
Siemens Medical Systems, Erlangen, Germany) or a 3.0-Tesla
system (Trio Tim; Siemens Medical Systems, Erlangen, Ger-
many) using phased-array body coils and parameters, as
previously reported.11,12 We applied T1- and T2-weighted
turbo spineecho sequences to scan the pelvis in 5-mm
transaxial and sagittal planes. The abdominal region was
screened with 5-mm transaxial T2-weighted images.

PET and PET/CT imaging

After fasting for at least 6 hours, the patient was inserted
with a Foley catheter and an intravenous lock. A standard
73 enrolled:
12 Indication 1 
37 Indication 2 
24 Indication 3

112 screened:
17 Indication 1
51 Indication 2 
44 Indication 3 

39 excluded:
A curative-intended treatment not appropriate (n = 25)
A concomitant or past history of malignancy (n = 1)
Screened by Indication 2 but guided biopsy could be 
done after tumor board discussion (n = 11)
Judged as non-compliant with treatment (n = 2)

73 CT/MRI and PET

73 treated according 
to the tumour board 
conclusions

19 second PET
4 Indication 1 
5  Indication 2 
10 Indication 3

Figure 1 Study design. w/o Z with or without. CT Z
computed tomography; MRI Z magnetic resonance imaging;
PET Z positron emission tomography.
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dose of 370 MBq (10 mCi) of 18F-FDG (plus/minus 10%) was
given intravenously. Prior to mid 2006, the patients were
imaged using an ECAT EXACT HRþ PET scanner (CTI, Knox-
ville, TN, USA), and subsequently, they were imaged using a
Discovery ST 16 PET/CT scanner (GE Health Systems, Mil-
waukee, WI). The whole-body PET acquisition from the skull
base to the thighs was started 40e50 minutes after the 18F-
FDG injection. Delayed imaging, starting 3 hours after FDG
injection, was performed at the attending physician’s
discretion.11,13 The standardized uptake value (SUV) is
defined as the tissue concentration (MBq/mL) of the tracer
divided by the activity injected per body weight (MBq/g).
The maximum standardized uptake values (SUVmax) of the
lesions were measured. Metabolic tumor volume is the
volume of tumor cells with increased radioactivity uptake.
Total lesion glycolysis (TLG) was calculated as the meta-
bolic tumor volume multiplied by the mean SUV.

Image interpretation and determination of lesion
status

Imaging interpretation was based on the consensus of two
nuclear medicine physicians (with 16 and 10 years of expe-
rience, respectively) and two radiologists (with 27 and 9
years of experience, respectively). Lesions shown on CT/MRI
and PET scans were interpreted visually using a 5-point
grading system (scores 0, 1, 2, 3, 4) as previously re-
ported.11 The 5-point scale was developed to indicate the
level of confidence in the diagnosis: 0, no lesion; 1, definitely
benign; 2, probably benign; 3, probably malignant; 4, defi-
nitely malignant. A score of �2 was considered negative,
whereas a score of �3 was considered positive for malig-
nancy. Verification by surgical exploration or a CT- or
ultrasound-guided biopsy was performed when possible for
suspicious lesions detected by CT/MRI or PET. The patients
with inconsistent findings were followed up with CT/MRI or
PET 3e6 months later. Lesions increasing in size with clinical
evidence of progression were considered recurrent lesions
even if a histological/cytological diagnosis was unavailable.
In short, the determination of lesion status was based on
pathology or follow-up imaging according to RECIST
(ResponseEvaluationCriteria in SolidTumors) criteria.10,11,14

Staging

As the patients were enrolled from 2001 to 2009, the In-
ternational Federation of Gynaecology and Obstetrics
(FIGO) classification of ovarian cancer 1986, the surgico-
pathologic staging of patients was in accordance with the
old version. The TNM (tumor, node, metastasis) stage was in
accordance with the American Joint Committee on Cancer
(AJCC) Cancer Staging Manual, 7th edition.15

Treatment and follow-up

Close observation was recommended for patients with an
increased CA125 and a negative PET study. Systemic
chemotherapy was given to patients in whom the PET study
showed multiple or diffuse lesions. Otherwise, curative
salvage therapy was proactively considered in patients in
whom the PET study suggested a limited relapse.
on tomography in the management of documented or suspected
n (2017), http://dx.doi.org/10.1016/j.jfma.2016.12.007
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The standard surveillance protocol for patients with
ovarian cancer consists of physical examination and eval-
uation of serum CA 125 levels at intervals of 1 to 3 months
for the initial 24 months after completion of primary
therapy and every 4 months thereafter. Abdominal and
chest contrast-enhanced CT scans are performed every 6
months.
Table 1 Characteristics of 73 patients with suspected
recurrent ovarian cancer.

Characteristic n %

Patients 73
Images 92
Age of first entry into study (y)
Clinical impact of PET

The clinical impact of PET was determined on a per scan
basis. The clinical impact of PET was considered positive
if (i) management was modified owing to additional find-
ings of the PET study (upstage); (ii) false-positive (FP) CT/
MRI lesions were ruled out (downstage) and unnecessary
surgery/RT or biopsy procedures were avoided and the
untreated lesions had not progressed; (iii) PET provided
supportive data (metabolic biopsy) for relapse and led to
successful salvage; or (iv) PET showed negative distant
metastasis and led to a curative-intent salvage. The
impact of PET was considered negative when there was (I)
an FN PET finding (alone or discordant findings compared
to CT/MRI) leading to undertreatment; or (II) an FP PET
result leading to unnecessary, additional invasive pro-
cedures. The PET results were defined as being of neutral
clinical impact if (a) the PET findings were the same as
the CT/MRI results [except for positive impact criterion
(iv)]; or (b) the FP or FN PET results did not affect the
management of the disease. The clinical impact was
considered indeterminate if the discordant findings be-
tween PET and CT/MRI had no tissue proof or imaging
follow-up.
Mean � SD 55.7 � 10.4
Median (range) 54.2 (33.5e80.0)

CA125 at the time of PET (U/L)a

Mean � SD 204.2 � 557.4
Median (range) 62.6 � (6.2e4524.1)
<38 U/L 18
�38 U/L 74

FIGOb stage at diagnosis
I 6 8.2
II 7 9.6
III 50 68.5
IV 10 13.7

Histology
Serous 44 60.3
Mucinous 1 1.3
Endometrioid 13 17.8
Clear cell 5 6.8
Undifferentiated 3 4.1
Others 7 9.6

Number of scans
1 54
2 19

CT Z computed tomography; FIGO Z International Federation
of Gynaecology and Obstetrics; PET Z 18F-fluorodeoxyglucose
positron emission tomography, including PET or PET/CT scans;
SD Z standard deviation.

a For those in whom first recurrence was suspected (n Z 69).
b FIGO stage 1986 version.
Statistics

The endpoint was the percentage of patients with improved
clinical impact (as indicated by a change in treatment)
because of PET findings. The time to recurrence (TTR)/
progression was calculated from the date of diagnosis to
the date of disease relapse (or death from disease pro-
gression). Survival after recurrence (SAR) was measured
from the time of confirmed first recurrence to the time of
death or, for the living patients, to the date of last contact.
SAR was calculated using the KaplaneMeier method, and
the differences between the two groups were examined
using a log-rank test. The difference in median CA125 be-
tween the groups with and without solitary/limited recur-
rent/metastatic site was test based on ManneWhitney U
test. A visual score of 3 or 4 was considered positive, and
scores 0, 1, and 2 were considered negative for the calcu-
lations of SN, SP, negative predictive value (PPV), and NPV.
Exact 95% confidence intervals were provided. Kendall tau
correlation significance test was used for the correlation
between continuous parameters and SAR. All statistical
tests were two-sided, and a p value less that 0.05 was
considered statistically significant. The statistical analysis
was performed using SPSS (Version 19.0; SPSS, Inc. IBM,
USA).
Please cite this article in press as: Chou H-H, et al., Positron emissi
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Results

Patients

From January 2002 to October 2009, 73 patients were
eligible and had a total of 92 PET scans (Table 1). The
median age on the date of first entry into study was 54.2
years (33.5e80.0 years). The median CA125 value was 62.6
(6.2e4524.1 U/mL). The median follow-up duration of each
scans was 40.2 months (1.3e145.4 months).
PET scan diagnostic efficacy

The gold standard of evaluating disease status was by pa-
thology in 52 scans and by clinical follow-up in 40. For every
scan enrolled with indications 1 and 2, we analyzed the
results on a scan-by-scan basis and summarized the results
in Table 2. Among the PET scans performed by indication 1,
the SN, SP, PPV, and NPV of detected recurrence were
80.0%, 0%, 92.3%, and 0%, respectively. However, among
the PET scans performed by indication 2, the SN, SP, PPV,
and NPV were 91.2%, 62.5%, 91.2%, and 62.5%, respectively.
on tomography in the management of documented or suspected
n (2017), http://dx.doi.org/10.1016/j.jfma.2016.12.007



Table 2 PET results in detection of recurrent ovarian cancer in relation to patients with indications 1 and 2 (n Z 58).

Indicationa TP TN FP FN SN (%) [95% CI] SP (%) [95% CI] PPV (%) [95% CI] NPV (%) [95% CI]

1 12 0 1 3 80.0 [51.9e95.7] 0.0 [0.0e97.5] 92.3 [64.0e99.8] 0.0 [0.0e70.8]
2 31 5 3 3 91.2 [76.3e98.1] 62.5 [24.5e91.5] 91.2 [76.3e98.1] 62.5 [24.5e91.5]

CI Z confidence interval; CT Z computed tomography; FN Z false negative; FP Z false positive; MRI Z magnetic resonance imaging;
NPV Z negative predictive value; PET Z 18F-fluorodeoxyglucose positron emission tomography, including PET or PET/CT scans; PPV Z
positive predictive value; SN Z sensitivity; SP Z sensitivity; TN Z true negative; TP Z true positive.

a Indication: 1 Z unexplained CA125 elevation after complete remission; 2 Z post-therapy surveillance CT or MRI-detected suspicious
lesions that guided biopsy was not feasible.
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Treatment, outcome, and clinical impact

Up to the last follow-up, 16 patients had no evidence of the
disease (4 were disease-free throughout, 12 were success-
fully salvaged) (Table 3), four patients were alive with
disease, and 53 patients died of the disease. The median
SAR was 40.4 months (range, 1.3e159 months). The SAR was
not significantly longer among those who had confirmed
recurrence (nZ 69) with TTR >12 months (n Z 57) than
those with shorter TTR (n Z 12) (median, 42.1 months vs.
36.6 months; pZ 0.7923) (Supplementary Figure S1).
However, the SAR was significantly longer among those
whose CA125 levels at first recurrence were 38 U/mL or less
(nZ 14) at first recurrence than those with higher CA125
levels (n Z 55) (median, 117.8 months vs. 39.1 months;
pZ 0.0039) (Supplementary Figure S2). The SAR was
significantly longer among those who had solitary/limited
recurrent/metastatic site that can be completely removed
or encompassed by radiotherapy (n Z 31) than those who
had multiple sites (n Z 38) of first recurrence (median,
94.5 months vs. 27.8 months; p < 0.001) (Supplementary
Figure S3). Moreover, those with solitary/limited recur-
rent/metastatic site had a significantly lower median CA125
level at first recurrence ((53 U/mL vs. 110.3 U/mL,
pZ 0.007). TLG can be calculated in 21 PET imaging (me-
dian, 122.0 g; mean, 448.5 g) and TLG was not found to be
associated with SAR (Kendall tau pZ 0.131), and the SAR
for TLG > 53.4 g was not significantly longer than that for
TLG � 53.4 g (Supplementary Figure S4). Overall, the
clinical impact of PETwas positive in 72.8% (67/92), neutral
in 21.7% (20/92), and negative in 5.4% (5/92) (Table 4). In
the following discussion, we describe the treatment mo-
dality and clinical impact according to the indications
separately.

Indication 1: unexplained CA125 elevation after
complete remission
Among the patients enrolled owing to unexplained elevated
serum CA125 (n Z 16), the median CA125 level was 70.7 U/
mL (range 43.3e722.8). Ten out of 16 patients (62.5%) had
positive clinical benefits from PET scans. Seven patients
(43.8%) had positive PET findings resulting in treatment
modification (Figure 2). However, two patients had FP PET
findings over mediastinal lymph node (LN) and lung, but no
intervention was introduced. Overall, all 16 patients
developed recurrence. There were three FN PET imaging
studies in patients with abdominal carcinomatosis, para-
aortic LN (PALN), or supraclavicular LN metastasis (mean
CA125 level of 53.9 U/mL), which was revealed 6, 9, 10
Please cite this article in press as: Chou H-H, et al., Positron emissi
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months later. Three FN scans had concordant FN CT/MRI [no
impact criteria (a)]. However, one scan revealed FP para-
tracheal uptake, and the bronchoscopic biopsy reported
negative for malignancy [negative impact criteria (II)]. This
patient experienced abdominal fullness with carcinoma-
tosis 3 months later with concordant FN CT and PET.

Indication 2: post-therapy surveillance CT or MRI-
detected suspicious lesions that guided biopsy was not
feasible
Forty-two PET scans were performed because of positive CT
findings at locations not feasible for CT-guided biopsy. PET
scans had positive impacts in 28 studies (28/42, 66.7%). The
findings of PET scans were concordant with CT/MRI and
pathological or imaging follow-up in 18 cases (18/42,
42.9%). In three cases, the treatments shifted from
curative-intent to palliative owing to additional PET lesions
identified. Another six cases achieved complete response
after adjusted salvage treatments according to the addi-
tional findings from PET studies (Figure 3). Three cases had
no salvage therapy according to negative PET results (FP
findings by CT/MRI) and remained disease-free (although
one patient had PALN relapse 4 years later). An FN result
(Patient 2, Table 3) did not lead to a delay of brain radia-
tion; thus, the clinical impact was neutral (b), and not a
negative impact. PET scans had negative impacts in three
cases (3/42, 7.1%); two were attributed to FP results and
one was attributed to FN result (CT reported pelvic tumor
recurrence but PET had a negative finding, which led to
delayed treatment). The two FP images reported pararenal
peritoneal and anterior upper abdomen enhancement and
led to unnecessary biopsy. In addition, one FP result in a
patient was confirmed as lung cryptococcal infection after
biopsy [categorized as no impact criteria (a), because the
biopsy did not prove to be a malignancy but led to an ac-
curate infection therapy].

Indication 3: documented relapse prior to or after
curative salvage therapy
Thirty-four cases entered the trial with CT/MRI-detected
recurrences (documented by score 4 CT/MRI lesions) that
were deemed curable, and PET scans were performed to
estimate the extent of disease and feasibility of the
curative-intent salvage therapy. Among these patients, PET
provided positive impact to 29 cases (29/34, 85.3%) and
negative impact to one case (1/34, 2.9%). PET scan found
additional recurrent sites in 15 cases. Among the 15 cases
(15/34, 44.1%), treatment plans were changed from cura-
tive treatment into palliation for five cases (5/34, 14.7%)
on tomography in the management of documented or suspected
n (2017), http://dx.doi.org/10.1016/j.jfma.2016.12.007



Table 3 Patients with recurrence/progression yet successfully salvaged (n Z 12) and alive with disease (n Z 4).

Patient
no.

Indicationa Ageb

(y)
FIGO
stage

Positive CT/MRI
findings/CA125
(U/mL)

Positive PET
findings

Modified

treatmentc/
salvage treatment

Confirm of
discrepa
findings

Outcome PET Impacte/
(criteria)f

1 3 43 IIIc PALN/19.4 PALN RT to PALN and
chemo

PALN NED for 142þ mo P/(iv)

2 2 64 IIIc Brain/13.8 Nil RT to brain and
chemo

Brain NED for 127.7þ
mo

O/(b)

3-1 2 41 IIc Liver/125.8 Liver,
carcinomatosis,
PALN, PLN

RFA to liver and
Chemo

Liver Recurrent at PALN
10 mo later

P/(i)

3-2 3 42 IIc PALN/35.2 Nil RT to PALN and
chemo

PALN NED for 118.5þ
mo

O/(b)

4 2 49 IV MLN/749.1 MLN RT to MLN and
chemo

MLN NED for 157þ mo P/(iv)

5 2 45 IIIc Liver surface
seeding/6.2

Liver surface
seeding

Chemo Liver su
seeding

Recur at spleen 6
mo later
(splenectomy) and
12 mo later at
psoas muscle (RT),
then NED for 84þ
mo after first
relapse

O/(a)

6-1 2 72 IIIc PALN/31.1 PALN Finish 6th chemo
and add-on RT to
PALN

PALN Partial response P/(iii)

6-2 3 73 IIIc PALN/56.5 PALN Chemo PALN NED for 78þ mo P/(iv)
7 3 54 IIb Liver/274.0 Liver RT to liver and

chemo
Liver NED for 79þ mo P/(iv)

8 3 49 Ic Liver and splenic
hilum/117.0

Liver, spleen, HLN RT to liver and
splenic hilum and
chemo

Liver, sp c
hilum

NED for 82þ mo O/(b)

9 3 65 IIIc Pelvic tumor/99.4 Pelvic tumor Surgery and CCRT

to pelvis
Pelvic t NED for 116þ mo P/(iv)

10 3 59 IIIc Pelvic tumor/15.6 Pelvic tumor Surgery and
chemo

Pelvic t NED for 90þ mo P/(iv)

11 3 58 Ic PALN/16.5 PALN Surgery and
chemo

PALN NED for 87þ mo P/(iv)

12 3 44 Ia Pelvic tumor/44.3 Pelvic tumor Surgery and
chemo

Pelvic t NED for 114þ mo P/(iv)
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13 1 57 IIIc Nil/56 PALN,
carcinomatosis

RT to PALN and
vhemo

PALN Recur at spleen 16
mo later
(splenectomy) and
bladder base 53
mo later (CCRT),
and AWD for 6þ
mo after last
relapse

P/(i)

14 3 56 IIIc PALN, bilaterial
PLN/46.3

PALN, bilateral
PLN

RT to abdominal
and PLN and
chemo

PALN 50 mo later
recurred at PALN
and SCLN, AWD
17þ mo after last
relapse

P/(iv)

15 2 52 IIIc Right subphrenic
seeding/20

Nil F/U no evidence
of subphrenic
seeding

Nil 48 mo later
recurred at PALN
and PLN, AWD 3þ
mo after last
relapse

P/(ii)

16 2 68 IIIc PALN, left axillary
LN, perihepatic
mass/37.8

PALN, left axillary
LN, perihepatic
mass

RT to left axillary
mass and
perihepatic mass
and chemo

Axillary LN 80 mo later
recurred at left
PLN, AWD 2þ mo
after last relapse

P/(iv)

AWD Z alive with disease; CCRTZ concurrent chemoradiation; Chemo Z chemotherapy; CT Z computed tomography; FIGO Z International Federation of Gynaecology and Obstetrics in
1986 (old version); F/U Z follow-up; HLN Z hilar lymph nodes; MLN Z mediastinal lymph nodes; MRI Z magnetic resonance imaging; NED Z alive, no evidence of disease; PALN Z para-
aortic lymph nodes; PET Z 18F-fluorodeoxyglucose positron emission tomography, including PET or PET/CT scans; PLN Z pelvic lymph nodes; RFA Z ablation by radiofrequency; RT Z
radiotherapy.

a Indication: 1 Z unexplained CA125 elevation after complete remission; 2 Z post-therapy surveillance CT or MRI-detected suspicious
lesions that guided biopsy was not feasible; 3 Z documented relapse or restaging after curative salvage therapy.

b Age of first entry into the study.
c Modified treatment by PET contribution are shown in bold.
d Proof of findings: histopathology/image or clinical follow-up.
e Impact: P Z positive impact; O Z no change.
f Criteria of positive impact: (i) management was modified because of additional findings of the PET study (upstage); (ii) false-positive

CT/MRI lesions were ruled out (downstage) and unnecessary surgery/RT or biopsy procedures were avoided and the untreated region(s) did
not progress; (iii) PET provided supportive data (metabolic biopsy) in monitoring the treatment response and led to successful salvage; and
(iv) PET showed negative distant metastasis, endorsing a curative intent for cases; criteria of no clinical impact: (a) the PET findings were
the same as the CT/MRI results (except for positive impact criterion (iv)); or (b) the false positive or false negative PET results did not
affect the management.
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Table 4 Clinical impact of PET scanning (n Z 92) for 73 patients with suspected recurrent ovarian cancer.

Clinical impact Indication 1a Indication 2b Indication 3c Total

No. of scans No. of scans No. of scans No. of scans

Positived 10 28 29 67
(i) 7 8 15 30
(ii) 0 3 1 4
(iii) 3 15 5 23
(iv) 0 2 8 10

No changee 5 11 4 20
(a) 0 10 1 11
(b) 5 1 3 9

Negativef 1 3 1 5
(I) 0 1 1 2
(II) 1 2 0 3

Total 16 42 34 92

CT Z computed tomography; MRI Z magnetic resonance imaging; PET Z positron emission tomography.
a Indication 1: unexplained CA125 elevation after complete remission.
b Indication 2: post-therapy surveillance CT or MRI-detected suspicious lesions that guided biopsy was not feasible.
c Indication 3: documented relapse for restaging prior to or after salvage therapy.
d Criteria of positive impact: (i) management was modified owing to additional findings of the PET study (upstage); (ii) false-positive

CT/MRI lesions were ruled out (downstage) and unnecessary surgery/RT or biopsy procedures were avoided and the untreated region(s)
did not progress; (iii) PET provided supportive data (metabolic biopsy) in monitoring the treatment response and led to successful
salvage; and (iv) PET showed negative distant metastasis, endorsing a curative intent for cases.

e Criteria of no clinical impact: (a) the PET findings were the same as the CT/MRI results (except for positive impact criterion (iv)); or
(b) the false positive or false negative PET results did not affect the management.

f Criteria of negative impact: (I) there was a false-negative PET finding (alone or discordant findings compared to CT/MRI) leading to
undertreatment; or (II) a false-positive PET result led to unnecessary, additional invasive procedures.

a
BA

C

Figure 2 A 66-year-old woman underwent computed tomography (CT) and positron emission tomography (PET) for elevated level
of CA125 (71.8 U/mL) 48þ months after completing first-line chemotherapy. No definite foci of tumor relapse were reported by CT
study. However, PET demonstrated a recurrent tumor mass over the left lower pelvis (A, white arrow) and another small presacral
nodule (A, black arrow). By inspecting both CT and PET images, we found the recurrent tumor mass over the left lower pelvis to be
misinterpreted as a bowel loop (B, white arrow) and the small presacral nodule to be ignored (C, white arrow) on the CT study.
Salvage surgery was performed, and the two foci of tumor relapse were confirmed pathologically. The patient received additional
chemotherapy and had progression-free survival of 2 years.

8 H.-H. Chou et al.

+ MODEL
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Figure 3 Patient 6 received CT for interval assessment after five courses of primary chemotherapy (cisplatin and paclitaxel). (A)
PALN recurrence was found. (B, C) PET confirmed strong PALN uptake (SUVmax 6.0e19.6) (Table 2, image 6-1). RT of 50 Gy to PALN
was administered. (D, E) The follow-up PET 8 months later (Table 3, scan 6-2) shows partial regression (SUVmax 8.4e9.3). Addi-
tional chemotherapy with carboplatin and liposomal doxorubicin for six courses were prescribed. The patient remained disease-
free for 78þ months, as shown in scan 6-2. CT Z computed tomography; PALN Z para-aortic lymph node; PET Z positron
emission tomography; RT Z radiotherapy; SUVmax Z maximum standardized uptake values.

PET in recurrent ovarian cancer 9

+ MODEL
and were adjusted to cover the new findings for eight cases
(10/34, 29.4%). PET scans confirmed the findings of CT/MRI
in 13 patients (13/34, 38.2%), who then underwent curative
salvage therapies. However, one PET scan yielded FN result,
and even CT found tumor seeding in the subphrenic area
and led to delayed treatment.
Discussion

Because of the high rate of recurrence, overall survival is
not favorable in cases of advanced ovarian cancer.4 Close
follow-up after primary treatment for early detection of
recurrence is crucial, especially during the first 5 years.
Women in whom recurrence is suspected on the basis of
CA125 and clinical review require imaging to plan their
treatment. However, early and proper detection of recur-
rence is challenging. Some lesions are difficult to detect by
CT/MRI, such as small disseminated implants less than
1 cm.6 PET has emerged as a useful tool in gynecologic
oncology. In ovarian cancer, PET was viewed as a potential
technique in the management of recurrent ovarian cancer
compared to CT/MRI.7 In a recent meta-analysis of 34
studies, the pooled area under the curve of PET/CT for the
detection of recurrent ovarian cancer was significantly
higher than that of CT/MRI.16

Elevated CA125 values are often seen in the absence of
clinical or radiological evidence of disease. The SN of CA125
for recurrence is 62e94% and the SP is 91e100%. There is a
median lag time of several months between the elevation in
CA125 and findings on conventional imaging studies.6
Please cite this article in press as: Chou H-H, et al., Positron emissi
recurrent ovarian cancer, Journal of the Formosan Medical Associatio
Overall, in detecting recurrent ovarian cancer, PET had
higher SN and SP than CT, although the NPV is low because
of the high rate of FN findings for micro or cystic lesions.7

PET could be used in this suspicious recurrent condition
with negative or indeterminate imaging findings. In this
group, PETwas found to have an SN of 95e100% and an SP of
66.7% SP.3,17 In our series of indication 1, 12 of the 16 scans
were true positive (TP), 10 of which had a positive impact.
However, no true negative (TN) case was seen in our series
(Table 2) because TP lesions wound ultimately be revealed
in the future despite being undetectable by PET when
CA125 level had been elevated.

It posed a dilemma when CT/MR showed a negative
finding whereas PET showed a positive result, but guided
biopsy was not feasible for the lesion detected in a PET
scan. In our study design, we needed to hold a discussion in
the tumor board to decide the treatment plan. When the
tumor marker CA125 levels were abnormal and increasing
or the patients were clinically symptomatic, we would go
ahead to treat them and designate it as a positive impact if
the tumor markers decreased with symptoms relieved or it
continued to progress at the site despite treatment. If
otherwise, the lesions found by PET were viewed as a
possible FP finding and the patients were followed up with
CT/MRI or PET 3e6 months later. Lesions increasing in size
with clinical evidence of progression were considered TP
recurrent lesions even if a histological/cytological diagnosis
was unavailable.

For patients with suspicious recurrent lesions with
abnormal CT/MRI findings, pathologic confirmation is
crucial for the treatment plan. When the lesion could not
on tomography in the management of documented or suspected
n (2017), http://dx.doi.org/10.1016/j.jfma.2016.12.007
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be proven by pathology (such as a suspicious lesion near the
great vessel or a negative pathologic report, which would
be indeterminate in case of failed biopsy), metabolic biopsy
by PET could help to make a diagnosis. In indication 2, 31 of
the 42 scans were TP and contributed to 28 positive impacts
(Tables 3 and 4). The major contribution was confirmed
recurrent findings by CT/MRI (18/42). Additionally, PET
endorsed three TN findings and avoided unnecessary
treatment. PET could be a useful tool when pathology is not
available.

We found that SAR was related to CA125 at the time of
first recurrence (found at CA125 < 38 U/mL) and solitary
site of recurrence. Takeuchi et al18 found that SAR was
poorer in patients with TLG value greater than 67.7 g;
however, we did not find TLG to be related to SAR, which
could be attributable to the small sample size. Patient with
recurrent disease detected at lower CA125 level was often
associated with solitary/localized recurrent condition and
could be managed earlier. For selected patients who were
found to have recurrence with localized disease, local
salvage treatment may offer better survival when all
macroscopic disease can be removed. Long-term disease-
free survival after the first relapse could be even achieved
after proper restaging and appropriate salvage treatment,
including surgery, RT, and chemotherapy.19,20 Thus, accu-
rate localization of the recurrent tumor is crucial for a
successful salvage treatment. In our 34 patients enrolled by
indication 3, there were 15 scans (15/34, 44.1%) that led to
altered treatment plans (added additional salvage treat-
ment or shifted to palliation) owing to additional findings.
This clinical benefit was also observed by Ebina et al;8 in
their series, which featured 14 recurrent events with the
pre-PET salvage plan of surgery or RT, five PET scans found
disseminated disease, and they subsequently shifted the
treatment to palliation.

Problems of detection of peritoneal seeding are chal-
lenging. When compared to MRI, PET had greater accuracy
in the detection of <2-cm peritoneal implants.21 In
contrast, Michielsen et al22 found that whole-body diffu-
sion-weighted MRI (91%) showed higher accuracy in peri-
toneal staging compared to CT (75%) and PET/CT (71%).
Schwenzer et al23 showed that peritoneal carcinomatosis
lesions significantly differ in glucose uptake and diffusion
characteristics depending on tumor histology. With greater
accuracy to detect peritoneal seeding and reduced radia-
tion exposure, PET/MRI may serve as a powerful alternative
to PET/CT in the future.24

The major strength of this investigation is that it is (1) a
prospective study with a (2) long-term follow-up. PET may
have greater impacts in the following setting: post-therapy
surveillance CT or MRI detected suspicious lesions that
guided biopsy was not feasible (indication 2) and docu-
mented relapse prior to curative salvage therapy (indica-
tion 3). Despite the negative PET result in the indication of
unexplained CA125 elevation after complete remission,
patients should still be closely monitored because of the
low SP and NPV. In conclusion, our results demonstrate that
PET has positive impacts in confirming recurrent status
when CA125 elevation with negative CT/MRI and post-
therapy surveillance CT/MRI detected suspicious lesions
that guided biopsy was not feasible. In addition, positive
impacts in documented relapse or restaging prior to or after
Please cite this article in press as: Chou H-H, et al., Positron emissi
recurrent ovarian cancer, Journal of the Formosan Medical Associatio
curative salvage therapy offering a better modality in
treatment plan were also observed. Further study to eval-
uate the survival benefit of PET in recurrent ovarian cancer
is warranted.
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