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ABSTRACT

Objectives: To determine the role of 18-Fluorine Fluoro-deoxy glucose Positron Emission Tomography (18F FDG-PET/CT
scan) in suspected relapsed ovarian cancer patients.

Study Design: Cross-sectional study.

Place and Duration of Study: Shaukat Khanum Memorial Cancer Hospital and Research Centre, Lahore Pakistan, from Jan
2010 to Dec 2017.

Methodology: A total of 964 patients of epithelial ovarian carcinoma who had histologically proven ovarian cancer diagnosed
from January 2010 until December 2017 were reviewed. 70 patients on surveillance who had FDG-PET/CT scan for suspected
relapse were included in our study. Data collected from the digital Hospital Information System after Institutional review
board approval.

Results: Average age for our study group was 48.6 years = 11.4 SD. Serous pathology was predominant in 47/70(67.1%)
patients followed by Endometroid (14.3%). FDG-PET/CT scan changed the stage in 30% patients. Sensitivity, specificity,
positive predictive value, and negative predictive value of FDG-PET/CT were 96%, 72%, 89% and 88% respectively while it is
92%, 76%, 90%, and 80% respectively for conventional CT scan. Average Cancer antigen-125 (CA-125) at suspected relapse is
290. 21 patients (75%) showed FDG avid disease on PET scan in whom CA-125 was normal.

Conclusion: PET scan has better negative predictive value than conventional CT scan to detect relapse in ovarian cancer, its
overall sensitivity is comparable to contrast-enhanced CT scan. CA-125 is not a reliable marker for the detection of relapse in
ovarian cancer patients.
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INTRODUCTION

Ovarian cancer is one of the most common
gynecological malignancies.! It is the most common
cause of death amongst all gynecological cancers. It is
divided into three broad categories; epithelial origin
cancers, germ cell tumors and stromal cancers, among
which epithelial ovarian cancers are commonest ones.?
It is usually asymptomatic in early stages that’s why
most of the patients are diagnosed at advanced stage
leading to high mortality of ovarian cancer. The
standard management for ovarian cancer is radical
surgery with the aim of total macroscopic clearance
followed by platinum-based chemotherapy. De-
bulking surgery leads to improved disease-free
survival (DFS) and overall survival (OS) even in
advanced stage disease. After standard treatment,
these patients require regular follow up with careful
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monitoring, as there is a high risk of disease relapse in
many patients. The 5-years OS is estimated to be 17%
for advanced disease.3

Patients who relapse with ovarian cancer have a
poor prognosis, that is why early detection of relapse
is very crucial in this aspect. The aim of treatment at
relapse is directed to improve the quality of life,
improve symptoms and possibly increase survival.*
According to the current practice, these patients have
regular follow up usually at three monthly intervals.
Targeted history, physical examination including
pelvic exam should be performed at each visit along
with CA-125 levels. Pelvic imaging including trans-
abdominal or trans-vaginal ultrasound performed as
clinically indicated. Whenever there is a high
suspicion of relapse, further radiological imaging is
performed to confirm relapse.®

18-Fluorine Fluorodeoxy glucose (FDG) Positron
Emission Tomography (PET/CT scan) has recently
established its role in many malignancies like lym-
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phomas and gastric cancer.® It is gradually becoming a
common modality to detect relapse even in early
stages with normal or rising tumor markers in various
cancers. 18F FDG-PET/CT scan provides valuable
information, which is based on glucose uptake in
cancer cells and highlights metabolic abnormalities
earlier than the morphologic alterations.” 18F FDG-
PET/CT can be used to monitor response to therapy,
before planning surgical de-bulking, assessment for
response to chemotherapy and to detect relapse in
various studies.

There are several recent studies in last decade
which showed that 18F FDG-PET/CT gives more
accurate information regarding cancer stage and
extent of disease in ovarian cancer patients.® 18F FDG-
PET/CT scan is used to detect recurrence at multiple
sites, which is crucial for further treatment planning. It
also has a better predictive and prognostic value as
compared to conventional CT scan. It is most useful
for the patients with suspected relapse based on
symptoms, CA-125 levels, or radiological findings on
conventional imaging.?

Our study aims to evaluate the role of 18F FDG-
PET/CT scan in suspected relapsed ovarian cancer
patients.

METHODOLOGY

We conducted a cross sectional study at Shaukat
Khanum Memorial Cancer Hospital and research
Centre, Lahore Pakistan. We retrospectively reviewed
all the 964 patients of epithelial ovarian carcinoma
who had histologically proven ovarian cancer
diagnosed at our institute from January 2010 until
December 2017. Institutional review board (IRB)
approved our study and waived off the requirement of
informed consent for this retrospective analysis
(Reference number EX-03-07-19-05).

Inclusion Criteria: Patients of epithelial ovarian
carcinoma who had histologically proven ovarian cancer,
and had a conventional CT scan and PET/CT was
performed within 4 weeks of were included.

Exclusion Criteria: Nil

We identified the patients who had a FDG-
PET/CT scan due to suspicion of relapse in this
period. Relapse was suspected on the basis of clinical
symptoms like abdominal pain or ascites, rising
biochemical markers like CA-125 or on routine
radiological imaging like conventional CT scan (CeCT)
or ultrasound abdomen. Whenever there is clear cut
evidence of relapse, these patients were started on

second line chemotherapy but many patients
underwent a FDG-PET/CT scan on the basis of
Multidisciplinary team (MDT) meeting discussion or
physician’s choice where additional information is
required for planning for second line treatment. CT
scan. A few patients had more than one PET/CT scan
performed but only the first PET/CT scan at suspected
first relapse was included in our study. We identified
70(7.2%) patients fulfilling our criteria to include in the
study.

Data was collected from the digital Hospital
Information System (HIS) at our institute. The pre-
requisite of 6 hours fasting was followed by all before
the FDG administration. The allowed limit for the
blood sugar levels was below 180mg/dl. The scan was
acquired 60 minutes after the intravenous adminis-
tration of FDG on a dedicated PET/CT scanner
(Phillips Gemini TOF) with 8-9 bed positions (3 min
for each position). The parameters for CT scan were; a
voltage of 70-140 kVp and a tube current of 80 mA.
PET-CT images were reviewed visually for the areas of
hyper metabolic activity and quantitatively with
standardized uptake value (SUV) estimation of the
metabolic activity. Maximum SUV values (SUVmax)
were recorded.

The data was analyzed by wusing statistical
package for social sciences (SPSS v 20). MeantSD was
used for the quantitative data while percentages and
frequencies were calculated for the categorical
variables. Overall survival (OS) was defined as the
duration from PET/CT scan till death or last follow
up. The Kaplan-Meier method was generated to
estimate survival as a function of time. The survival
differences were analyzed using the log-rank test.
p-value <0.05 was considered statistically significant.

RESULTS

Overall survival: Out of our total 70 patients,
41(58%) patients were dead at the last follow up
among which 32 were PET positive. Twenty nine
(42%) were alive at last follow up among which 21
were PET positive. Median overall survival for PET
scan positive patients was 25 months while it is 29
months for PET scan negative patients. However, this
4 months difference is not statistically significant (Log
rank p-value 0.383).

Baseline characteristics: The average age of our
study group was 48.6 years + 11.4 SD. Average CA-125
was 1915 at baseline while it was 290 at suspected
relapse. Nine patients (13%) were suspected for
relapse based on clinical symptoms, 37(53%) based on
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increasing CA-125 levels, and 24(34%) based on radio-
logical findings on follow up conventional CT scan.

Table-I: Median Overall Survival of
Negative Patients (n=70)

PET Positive and

Median
Accuracy of 95% Confidence Interval
PET scan Estimate | Std. Error | Lower Upper
Bound Bound
PET positive 25.000 4.269 16.632 33.368
PET negative | 29.000 3.394 22.347 35.653
Overall 28.000 2.145 23.796 32.204
Table-II: Patients” and Disease Characteristics (n=70)
Feature | Value
Age
Mean (range) 48.6(17-72) years
Family history of cancer(N) 18(26%)
Histopathology
Serous 47(67%)
Mucinous 4(5.7%)
Endometroid 10(14.3%)
Clear cell 5(7.1%)
Leiomyosarcoma 3(4.3%)
Adenosarcoma 1(1.4%)
Cancer Stage at diagnosis
I 19(27%)
II 10(14%)
111 34(49%)
vV 7(10%)
CA-125 (mean)
At baseline 1915
At relapse 290
Standard uptake value [SUV Max] (mean) 7.6
Median Follow up after Positron emission 22 5+16.5
tomography(PET) scan (months)

Table-III. Sensitivity, Specificity, Positive Predictive Value,
and Negative Predictive Value of Different Modalities at
Relapse (n=70)

Values (%) CA-125 | CT scan | FDG-PET/CT scan
Sensitivity 63% 92% 96%
Specificity 48% 76% 72%

Positive 74% | 90% 89%
predictive value

Negative 38% | 80% 88%
predictive value

Among histopathological sub-types, serous

pathology was
patients.

18F FDG PET/CT findings: The hypermetabolic sites
were identified on 18F FDG-PET/CT in; pelvis
20(28.6%), abdomen 24(34.3%), chest 3(4.3%) and
distant nodal sites 6(8.6%). The average SUVmax at
the most avid sites on relapse was 7.6£3.2 SD. Of all
patients, 36(51%) had a PET/CT scan for suspected

predominant with 47/70(67.1%)

relapse within 1 year from end of treatment while
23(33%) had a scan within 1-3 years and 11(15.7%)
patients had it after 3 years.

Of 70 patients, 53(75.7%) had an FDG avid
disease on PET/CT scan (47 were true positives). No
FDG avid disease was detected in 17(24.3%) cases; of
which two were false negatives. Sensitivity of FDG-
PET/CT scan was 96%, specificity of 72%, positive
predictive value of 89%, and negative predictive value
of 88%.

CT scan findings: Of all patients, 50(71%) patients had
disease identified on conventional CT scan among
which 45/50(90%) were true positives. In 20/70(29%)
cases, the CT scan was unremarkable, of which
16(80%) were true negatives. Conventional CT scan
has sensitivity of 92%, specificity of 76%, positive
predictive value of 90%, and negative predictive value
of 80%.

18F FDG PET/CT scan versus CT scan: FDG-PET/CT
scan provided additional information in 44/70
patients (63%) as compared to CT alone. FDG-PET/CT
scan upstaged the disease in 14/70 (20%) patients and
down staged in 7/70(10%) patients.

CA-125 levels and FDG PET/CT scan: Of 70 patients,
42(60%) were positive for relapse based on rising CA-
125 levels of which 31/42(74%) were true positives
while 28/70(40%) were negative based on CA-125
levels among which 10(38%) were true negatives.
Sensitivity of CA-125 was 63%, specificity of 48%,
positive predictive value of 74%, and negative
predictive value of 38%. However, among 42 patients
with raised CA-125 levels, 32(76%) were positive on
FDG-PET/CT scan. Among 28 patients with normal
CA-125 levels, 21(75%) showed FDG avid disease
leading to the conclusion of non-specific nature of CA-
125 in relapsed setting.

Survival Functions

Can Survinal

Survival after PET {moenths)

Figure: Comparison of Survival in PET Positive and PET
Negative Patients.
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DISCUSSION

In ovarian cancer, the role of 18F FDG PET/CT
scan is emerging and in clinical practice as well,
however, the current recommendations do not suggest
its routine use.1911 The 18F FDG-PET/CT scan is used
in ovarian cancer patients to assess disease spread
before surgery, response evaluation after chemo-
therapy or surgery, post-treatment surveillance, and
detecting relapse. Many recent studies established the
role of 18F FDG-PET/CT scan in the detection of
relapse in ovarian cancer patients even with normal
tumor markers.? A few studies report changes in ma-
nagement plan based on FDG-PET/CT scan results.!2

CA-125 levels have been thought to rise several
months before actual relapse and many guidelines in
past recommended its routine use!; however, this
hypothesis has been challenged in recent studies in the
last decade. Medical research council (MRC) 05 was
the first landmark trial in this regard which was
published in 2010.14 It showed no survival advantages
with early treatment of ovarian cancer relapse based
only on rising CA-125 levels. In our study, CA-125
levels showed increased mean levels at baseline but 10
times less mean levels at relapse and sensitivity and
specificity of 63% and 48% respectively favoring its
limited role in detecting relapse in patients on follow
up. The current guidelines recommend monitoring
CA-125 levels on an individual basis rather than
routine performing on every patient.1>16

From our data, the FDG-PET/CT scan proved to
be a sensitive imaging modality to detect relapse in
ovarian cancer. Patients usually relapse within the
abdomen or pelvis mainly involving peritoneum, as
shown in our study. It is sometimes difficult to
distinguish disease due to physiologic bowel uptake
and bladder activity and PET scan may give false-
positive results.”” However, the delayed PET/CT scan
acquisition (dual point time imaging) helps to rule out
physiological bowel activity from the disease
involvement.’® Additionally, the smaller lesions can be
missed on PET scan due to its limited resolution below
0.7cmas shown in previous studies. El Hariri et al 1
published their data on the usefulness of PET/CT scan
in relapsed ovarian cancer patients. They observed
PET sensitivity of 100% in detecting local pelvic
lesions and 76% in detecting peritoneal disease.

Abdel-Hafez Y et al 20 performed a prospective
study to evaluate FDG-PET/CT scan in suspected
ovarian cancer recurrence with normal tumor markers.
They evaluated 54 studies in 41 patients among which

26 studies were true positive for relapse. FDG-PET/CT
scan identified 25 true positive studies showing
sensitivity of 92%, specificity of 93%, and accuracy of
93%, while conventional CT scan showed sensitivity of
73%, specificity of 57%, and accuracy of 65%.

In our study, contrast-enhanced CT scan (CeCT)
also proved to be a wuseful modality and had
comparable sensitivity and specificity to the FDG-PET
CT scan in evaluating the suspected relapsed ovarian
cancer patients. Our results are consistent with a
similar study conducted by Takeuchi et al 21 who
evaluated the role of PET scan to detect recurrence in
relapsed ovarian carcinoma. Sensitivity of PET/CT
scan in detecting recurrence was 94%, specificity of
100 % and diagnostic accuracy of 97% while CeCT has
sensitivity of 89%, specificity of 95% and diagnostic
accuracy of 93%. However, the difference in sensitivity
between FDG-PET/CT scan and CT scan was not
statistically significant. Therefore, a conventional CT
scan has an excellent sensitivity in detecting relapse
and can be used if facilities of PET scan are not
available in resource-limited countries like ours.

Several other studies show the non-inferiority of
CeCT over the FDG-PET/CT scan.?2? In our study,
FDG-PET/CT scan provided additional findings in
44/70(63%) patients as compared to CT alone in
establishing the exact extent of the disease. It also
changed the cancer stage at relapse in 21/70(30%)
patients. However, our study was not designed to see
the impact of these additional findings of PET scan
with respect to change in subsequent management.

Hynninen et al?* also conducted a prospective
study to evaluate the role of upfront FDG-PET/CT
scan compared to CT scan in patients with epithelial
ovarian cancer before surgery. They also failed to
establish the superiority of the FDG-PET/CT scan over
CeCT scan. Moreover, they found that the sensitivity
of both FDG-PET/CT and CeCT was poor in certain
areas of the abdomen like small bowel mesentery and
upper abdomen. However, FDG-PET CT was superior
to CT scan in the detection of extra-abdominal
disease.!

EJ Han et al?> conducted a study to assess the role
of FDG-PET/CT scan in patients with ovarian
malignancy. They showed that the mean overall
survival time was significantly higher in PET negative
patients as compared to PET-positive patients.
However, our study failed to show any survival
benefit of PET positivity or negativity in the long term
with respect to overall survival. It might be because of
a small cohort included in our study (7.2%), and most
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of these patients were high risk and subsequently
relapsed in the course of disease.

The limitations of our study include a relatively
smaller number of patients who underwent FDG-PET
CT scan. We also lack a prospective study. FDG-PET
CT was performed in relatively few patients as
compared to all follow-up patients and there was no
random selection and this decision was based upon
primary physician's choice or discussion in MDT
where CT scan results were equivocal and additional
information before surgery was required. We also lack
definitive gold standard for confirmation of relapse
and true relapse was based on follow up imaging,
worsening of clinical symptoms, or persistent rise in
tumor markers. Very few patients had histopatho-
logical confirmation at relapse.

CONCLUSION

FDG PET/CT scan has better negative predictive value
than conventional CT scan to detect relapse in ovarian
cancer, however, its overall sensitivity is comparable to the
contrast-enhanced CT scan. 18F FDG PET scan provides
better information regarding spread of the disease in a single
survey, which might help in devising further management
options. Our study shows that CA-125 alone is not a reliable
marker for the detection of relapse and its use in
collaboration with clinical symptoms and radiological
findings is advisable. Further larger prospective studies are
required to establish the role of 18F FDG-PET/CT scan in
relapsed ovarian cancer.
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