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Abstract

Objective—Ovarian low-grade serous carcinoma (LGSC) is a rare and indolent tumor. The
utility of 18F-FDG PET/CT in monitoring patients with LGSC has not been established. We
assessed the accuracy and clinical impact of 18F-FDG PET/CT in patients with ovarian LGSC
after initial treatment.

Methods—A retrospective analysis was performed on patients with ovarian LGSC who had
undergone 18F-FDG PET/CT scans during follow-up after primary treatment. The impact of 18F-
FDG PET/CT on the management plan was assessed. The sensitivity, specificity, and accuracy
of 18F-FDG PET/CT findings in the detection of recurrence were calculated. Total lesion
glycolysis (TLG) was determined to assess metabolic activity of tumors. Potential prognostic
factors for disease-free and overall survival after recurrence were assessed.

Results—Forty-eight patients were included in the analysis, 39 with recurrent disease and 9
without recurrence. A total of 91 18F-FDG PET/CT scans were performed, and 30% of these
(27/91) had an impact on the management plan. Sensitivity, specificity, and accuracy in the
detection of LGSC recurrence were 94%, 100%, and 97%, respectively, for 18F-FDG PET/CT;
89%, 95%, and 93%, respectively, for CT; and 68%, 89%, and 73%, respectively, for serum
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CA-125. There was no significant difference in sensitivity between PET/CT and CT. Survival
after recurrence was poorer in patients with a TLG value greater than 67.7 g.

Conclusions—1!8F-FDG PET/CT may provide useful information during the follow-up of
patients with LGSC after initial treatment. TLG may be a predictor of survival after recurrence.
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Introduction

Ovarian carcinoma is the second most common gynecological malignancy in the United
States and the most lethal; it accounted for nearly 15,500 deaths in the United States in 2012
[1]. Ovarian carcinoma is a heterogeneous disease including several distinct tumor subtypes.
The serous subtype accounts for approximately 60% to 80% of ovarian cancer cases [2]. A
two-tier grading system low-grade and high-grade for invasive ovarian serous carcinoma has
been described [3]. Low-grade serous carcinoma (LGSC) accounts for fewer than 10% of
ovarian serous carcinomas [4]. LGSC has different clinical behavior from high-grade serous
carcinoma and is characterized by young age at diagnosis and prolonged overall survival [5].

Computed tomography (CT) and measurement of serum tumor marker antigen 125
(CA-125) are currently standard surveillance modalities in patients with ovarian cancer [6].
However, CA-125 poorly correlates with objective response and radiographic imaging, such
as CT scans, often does not provide accurate information due to desmoplasia, calcification
and fibrosis frequently associated with LGSC tumor nodules [7]. Since metabolic function
may better discriminate active from treated tumor, we hypothesized that nuclear imaging,
including 18F-fluorodeoxyglucose (FDG) positron emission tomography (PET), would be a
useful surveillance tool in patients diagnosed and treated for LGSC.

Materials and methods

This study was approved by the Institutional Review Board of The University of Texas MD
Anderson Cancer Center and was performed in compliance with the Health Insurance
Portability and Accountability Act. The Institutional Review Board waived the requirement
for informed consent. We retrospectively reviewed the database of the Department of
Gynecologic Oncology and Reproductive Medicine at MD Anderson and identified 71
consecutive patients with ovarian LGSC who were referred to our institution for treatment or
follow-up between January 2002 and December 2011. Twenty-three patients were excluded
because they had not undergone PET/CT during follow-up (n=10); had another active
malignancy (n=2); or had visited our institution only once to obtain a second opinion

(n=11). The remaining 48 patients were included in this study. Tumor specimens from all
the patients were obtained from referring institutions, and diagnosis was confirmed as LGSC
by an expert gynecologic pathologist at MD Anderson. PET/CT scans were performed at the
primary physician’s discretion during follow-up after initial treatment.
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18F-FDG PET/CT

For PET/CT imaging, patients were required to fast for 6 hours before 18F-FDG
administration to achieve a blood glucose level of less than 120 mg/dL. 18F-FDG (185-370
MBg/injection; 5-10 mCi/injection) was administered intravenously, and then patients
rested in a quiet room. Sixty minutes after 18F-FDG administration, imaging was performed.
Integrated PET/CT systems were used to acquire imaging data (Discovery ST, STe, or RX;
GE Healthcare). PET/CT was performed in accordance with guidelines published by the
National Cancer Institute [8].

PET/CT datasets for eligible patients were reviewed for this study. Two reviewers (S.T.,
H.A.M.) experienced in PET/CT interpretation measured the highest metabolic activity
within the tumor (maximum standard uptake value; SUV,x) and total lesion glycolysis
(TLG), using an Advantage workstation (GE Healthcare). While SUV 5« reflects only the
highest point of metabolic activity within the tumor, it is hypothesized that TLG could better
reflect tumor metabolic activity by taking into account the activity in the entire tumor. The
SUV was defined as measured activity concentration (Bg/mL) multiplied by lean body mass
(kg) divided by injected activity (Bq). TLG was defined as the average metabolic activity
within the tumor multiplied by the tumor volume, with a threshold of 45% SUV 5« in the
volume of interest [9]. In the case of multiple recurrent lesions, the highest TLG was used
for the analysis. For the patients who had PET/CT performed at an outside institution,
available raw imaging data were obtained and input into an Advantage workstation, and
SUVax and TLG were defined by radiologists at our institution.

Evaluation of recurrence

On PET/CT, a positive finding was defined as a lesion diameter of more than 10 mm or a
lesion diameter of 10 mm or less with FDG uptake. An SUV 5« Value of 2.0 g/mL was used
as a cut-off between positive and negative findings. FDG activity only in areas of the
physiologic tracer distribution and absence of sites of increased uptake were considered
negative findings. On conventional CT, a positive finding was defined as a lesion more than
10 mm in diameter or with other signs of malignancy, such as central necrosis, characteristic
shape (e.qg., spherical lymph nodes), or abnormal contrast enhancement. Both PET/CT and
conventional CT were performed within one month at the diagnosis of recurrence and were
performed at physician’s discretion during follow-up. For CA-125 measurement, a CA-125
value greater than 35 U/mL was considered a positive finding. Serum CA-125 values had to
have been obtained within 1 month of the confirmation of recurrence.

All PET/CT scans from follow-up of patients were correlated with histopathologic findings
and/or subsequent imaging findings. PET/CT findings of recurrence were considered true-
positive if they corresponded with histopathologically detected recurrence or with
subsequent imaging findings positive for recurrence performed within 6 months after
PET/CT. PET/CT findings were considered true-negative if they indicated no recurrence and
subsequent imaging studies also showed no evidence of disease for at least 6 months after
the initial PET/CT scan. The same parameters were used for CT scan.
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The sensitivity, specificity, and accuracy of PET/CT, conventional CT, and CA-125 in the
detection of recurrent disease were calculated using region-by-region comparison. For each
imaging report, recurrences were divided into three regions: abdomen, pelvis, and distant
site. For example, in the case of recurrent lesions in pelvis and mediastinum, a patient was
considered to have two regions positive. If a patient had no recurrence, a patient was
considered to have all three regions negative.

Impact of PET/CT on management plans

The impact of PET/CT on management plans was assessed. If the results of PET/CT
prompted a change from one modality to another (e.g., from chemotherapy to surgery) or
prompted changes in chemotherapy (e.g., regimen changes, dose changes, cessation, or a
switch from chemotherapy to hormonal therapy), PET/CT was considered to have had an
impact on management plans. For example, if CT revealed a suspicious lesion and
subsequent PET/CT performed within one month confirmed a positive lesion and prompted
a change in treatment then the PET/CT was considered to have had an impact on the
management plan.

Statistical analysis

Results

Statistical analyses were performed with S-PLUS 7.0 for Windows (Insightful Corp.,
Seattle, WA). Difference in performance between PET/CT and CT were compared with the
McNemar test. Progression-free survival (PFS) and overall survival (OS) from the date of
the first recurrence were calculated. Recurrence was defined as confirmation of recurrence
by pathological or radiological diagnosis. For PFS, progressive disease and death were
considered events. Patients who were alive at last follow-up were recorded as censored. The
Kaplan-Meier method and a log-rank test were used to compare OS and PFS after
recurrence stratified by various potential prognostic factors. The optimal cutpoint of TLG
for PFS was determined using the methods described by Williams et al [10]. P < 0.05 was
considered statistically significant.

Patient characteristics

Patient characteristics are shown in Table 1. Of the 48 patients in the study, 47 had primary
surgery and 1 had neoadjuvant chemotherapy as initial treatment. Thirty-nine patients had
recurrence. As the diagnosis of recurrence, 22 patients (56%) were detected by PET/CT
and/or CT, nine patients (23%) had an increasing CA-125 level, seven patients (18%) were
symptomatic, one patient (3%) had abnormality detected by a pelvic examination. The
median interval from initial treatment to disease recurrence was 29.2 months (range, 5.3
311.0). Thirty-four patients had recurrence in the abdomen, pelvis, or both. Five patients had
recurrence at a distant site; in three of these, the distant recurrence was located in the
mediastinum.

Impact of PET/CT on management plans

A total of 91 PET/CT scans and 218 conventional CT scans were performed in the 48
patients after initial therapy, respectively. Of those scans, 30% (27/91) of PET/CT had an
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impact on management plans. Details of the impact of PET/CT on management plans are
presented in Table 2. Nineteen PET/CT scans were performed at outside institutions. Of
those, 15 PET/CT scans did not have an impact on the management plan (13 scans indicated
that current therapy should be continued; 2 scans showed no recurrence). The remaining 4
PET/CT scans prompted initiation of therapy: chemotherapy (n=2), hormonal therapy (n=1),
or surgery (n=1).

Sensitivity, specificity, and accuracy

In the 39 patients with recurrence, recurrence was confirmed by biopsy in 14 patients and
cytology of malignant pleural effusion in 1 patient. The remaining 24 patients had
recurrence confirmed by an imaging study, demonstrating a new lesion or significant
increase in existing lesions. A total of 144 regions (3 regions in each of the 48 patients) were
evaluated with PET/CT and conventional CT. CA-125 data were available for 40 of the 48
patients. The median SUV y,x value was 6.8 g/ml (range, 2.1-27.0).

The performance of PET/CT, conventional CT, and CA-125 in the detection of recurrence in
patients with LGSC is summarized in Table 3. Sensitivity, specificity, and accuracy were
94% (95% confidence interval [CI]: 84-98%), 100% (95% CI: 94-100%), and 97% (95%
Cl: 93-99%), respectively, for PET/CT; 89% (95% Cl: 78-96%), 95% (95% CI: 88-99%),
and 93% (95% CI: 88-97 %), respectively, for CT; and 68% (95% ClI: 49-83%), 89% (95%
Cl: 51-99%), and 73% (95% CI: 56-85%), respectively, for serum CA-125. There was no
significant difference in sensitivity between PET/CT and CT (P = 0.13). There was no false-
positive detected by PET/CT. Four patients had false-negative findings in one region each
on PET/CT. In two patients, surgery revealed a metastasis of LGSC in the colon (1 patient)
or in pelvis (1 patient) that was not detected by PET/CT. Another patient had a biopsy-
proven metastasis in the vaginal cuff that was not detected by PET/CT. In the remaining
patient, laparoscopy revealed liver implants that were not detected by PET/CT. The false-
negative lesion in the vaginal cuff was 1 cm in diameter. Other three lesions were smaller
than 1 cm.

Predictive factors

The results of univariate analysis of predictive factors for PFS and OS after the first
recurrence are summarized in Table 4. Median follow-up time for all patients was 26.4
months (range, 1-315 months). As of this writing, 9 patients have died with progressive
disease, 2 patients have died without progressive disease, 19 patients are alive with
progressive disease, and 9 patients are alive without progressive disease. Optimal resection
of recurrent tumor was associated with better PFS and OS. Multiple-lesion recurrence was
associated with poorer PFS than single-lesion recurrence. CA-125 was not a significant
predictor for PFS or OS. Of the 39 patients with recurrent disease, 19 had SUV % values
and 16 had TLG values at the first recurrence available in an Advantage workstation at MD
Anderson. SUVax Was not a significant predictor of PFS or OS. On the other hand, TLG
values greater than 67.7 g (the optimal cutoff value determined by our analysis) were
significantly associated with poorer OS. Median survival was not met in patients with TLG
values less than or equal to 67.7 g and was 14.4 months in patients with TLG values greater
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than 67.7 g (Figure 1). However, multivariate analysis could not be performed because of
the small number of events.

Discussion

In this study, we found that PET/CT performed during follow-up after initial treatment had
an impact on the management plan in 30% of patients with LGSC. We also found that
sensitivity, specificity, and accuracy in the detection of LGSC recurrence were 94%, 100%,
and 97%, respectively, for PET/CT. Furthermore, we showed that TLG at the time of
diagnosis of recurrence may be a predictor of outcome.

Our findings regarding the impact of PET/CT on patient management agree with those of
previous studies. The National Oncologic PET Registry (NOPR) was opened in 2006 to
collect data on the clinical utility of PET and to assess how 18F-FDG PET affects decision-
making. Using the NOPR system, Hillner et al found that the impact of PET on the
management of known cancer cases was consistent across cancer types [11, 12]. According
to these authors, 37.7% of 1971 PET scans had an impact on the management of ovarian
cancer. However, the proportion of patients with ovarian cancer who had LGSC was
unknown because NOPR does not include information on histopathologic subtypes.

CT and CA-125 are routinely used for monitoring recurrence and response to chemotherapy
in patients with epithelial ovarian cancer. Previous studies showed that the sensitivity and
specificity of CA-125 in the detection of recurrent ovarian cancer were 75% and 100%,
respectively, and that the sensitivity and specificity of conventional CT in the detection of
recurrent ovarian cancer were 55-66.6% and 93.3-100%, respectively [13, 14]. However,
those studies did not include patients with LGSC. Gu et al published a systematic review of
CA-125 and imaging modalities for diagnosing recurrent ovarian cancer [15]. According to
their report, CA-125 had the highest pooled specificity, 93%, and PET/CT had the highest
pooled sensitivity, 91%. However, like the aforementioned reports by Hillner et al, this
report did not include information about histopathologic subtypes of ovarian cancer.
Havrilesky et al reported that PET is a good modality in the detection of recurrence when
the CA-125 level is elevated and findings on conventional imaging are negative or equivocal
[16]. However, normal CA-125 values cannot exclude the presence of active disease
because of CA-125’s low sensitivity. In our study, of the 31 patients with recurrent disease
with available CA-125 data, 10 patients (32%) had normal CA-125 values.

SUVnax and TLG are measures of the metabolic activity of tumors determined on the basis
of PET/CT images [17]. These parameters can have clinical value in evaluating tumor
aggressiveness, proliferation, and outcome [9, 18]. A standard SUV 5« threshold has not
been established for evaluation of ovarian carcinoma; however, SUV o« values of 2.0-3.0
g/ml are commonly used thresholds in solid tumors. Because our study was conducted in
patients with low-grade carcinoma, we chose a relatively low threshold. While SUV pax
reflects only the point of greatest metabolic activity within the tumor, TLG is thought to
more accurately reflect metabolic activity than SUV,x by taking into account the activity
of the entire tumor. Recently, Chung et al. reported that the TLG value before initial
treatment was significantly associated with a high rate of recurrence and shorter PFS in
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patients with epithelial ovarian cancer [19]. However, they did not mention how many
patients with LGSC were included in their study. They used a TLG value of 563 as a cutoff
value on the basis of the receiver operating characteristic analysis, whereas in this study we
determined a TLG value of 67.7 as the cutoff for predicting survival at the time of
recurrence. Our TLG values were derived from recurrent tumor volume, whereas the TLG
values in the study by Chung et al were obtained before initial therapy and were much
greater than those in our study. A change in TLG (ATLG) is also a predictor of survival in
several types of malignancies because it corresponds to the change in the cell mass of the
target lesion and reflects the global response of the entire tumor to treatment [9, 20, 21]. In
our study, TLG data were available for only 16 patients with recurrent LGSC. Additionally,
our OS data included many censored patients. ATLG could not be calculated as PET/CT was
not always performed at the same interval after completion of treatment for recurrence.
Hence, further study is necessary to verify whether TLG and ATLG are true predictors of
survival in patients with LGSC.

Previous studies in women with LGSC have demonstrated that despite a significant decrease
in CA-125, there is often minimal or no response by radiographic imaging [7]. We speculate
that this may be due to the desmoplasia, calcification and fibrosis that our pathologists have
observed associated with LGSC. In 8 cases in the current study, PET/CT noted lesions
concerning for recurrence following an equivocal CT. Additional study is warranted to
further investigate the use of PET/CT in distinguishing this fibrotic reaction from active
tumor.

Our study had several potential limitations. First, since the prevalence of LGSC is less than
10% in patients with epithelial ovarian cancer, limited data were available. Second, TLG
values could not be calculated for some patients who had PET/CT performed at an outside
institution because raw imaging data were not available. Third, and the most important
limitation, is that PET/CT scans were not performed at every recurrence. Most PET/CT
scans were performed when the primary physician wanted more information about
something that came up: a new lesion on CT, an increasing CA-125 level, or symptoms or
findings on physical examination. The application of PET/CT to selected cases might have
caused bias and influenced the study results. However, the strengths of our study lie in the
number of patients included and the fact that this is the first study to show the accuracy of
PET/CT in the detection of recurrence and the impact of PET/CT on management plans in
follow-up of patients with ovarian LGSC.

In conclusion, PET/CT may provide useful information during the follow-up of patients with
LGSC after initial treatment. TLG at the time of recurrence may be a predictor of survival.
However, further prospective studies are necessary to confirm the utility of TLG as a
prognostic factor.
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Kaplan-Meier curve of overall survival after recurrence by TLG value.
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Patient characteristics

Characteristic Value

Number of patients 48

Age at initial diagnosis, years

Median 48.0
SD 14.1
Range 13-70
Race/ethnicity, no. (%)
White 43 (90)
Latino 3(6)
African American 2(4)
Initial stage, no. (%)
lic 2(4)
Ila 4(8)
11lb 10 (21)
llc 25 (52)
Unknown 7 (15)
Type of primary resection, no. (%)
Optimal 35 (73)
Suboptimal 4(8)
Unknown 9(19)
Adjuvant therapy, no. (%)
Platinum-based 36 (75)
Other regimen 2(4)
No treatment 9 (19)
Unknown 1(2)

Recurrence, no. (%) 39 (81)

. *
Region of recurrence, no. (%)

Abdomen 25 (52)
Pelvis 24 (50)
Distant site 5 (10)

SD, standard deviation.

*
Some patients had recurrence in more than 1 region.
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TABLE 2

Description of impact for the 27 PET/CT scans that had an impact on management plans
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Description of Impact

No. of Scans (%0)

PET/CT identified a recurrence not identified on CT

PET/CT identified a recurrence in a patient in whom CT identified a lesion with an
intermediate probability of being malignant

PET/CT ruled out a recurrence in a patient in whom CT identified a lesion with an
intermediate probability of being malignant

PET/CT prompted a change in therapy Change in chemotherapy regimen

Change from chemotherapy to
hormonal therapy

Change from hormonal therapy to
chemotherapy

Change from chemotherapy to
surgery

2(7)
8 (30)

14

10 (37)
3(11)
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TABLE 3

Performance of PET/CT, conventional CT, and CA-125 in the detection of recurrence

Modality Result

) *
Confirmed Recurrence

Confirmed Lack of Recurrence”

peT/cTT  Positive for recurrence
Negative for recurrence

ctt Positive for recurrence
Negative for recurrence

CA-125 Positive for recurrence

Negative for recurrence

59
4
51
6
21
10

0
81
4
83
1
8

*
Confirmed by findings on histopathologic analysis or subsequent imaging.
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TFor each of the 48 patients, PET/CT and CT findings were evaluated for each of three regions: abdomen, pelvis, and distant site. Thus, the total
number of results for PET/CT and CT is 48 x 3 = 144.
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