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Abstract

Background Ovarian cancer is one of the leading causes of death in females worldwide. Early diagnosis and accurate
staging are mandatory for proper management. Anatomic imaging and serum cancer antigen 125 (CA 125) measure-
ment have been widely used for follow up of treated ovarian cancer patients to detect residual or recurrent neoplasia.
The aim of this study was to assess the value of whole-body positron emission tomography/computed tomography
using '"®F-Fluorodeoxyglucose ('8F-FDG PET/CT) in follow up of ovarian cancer patients presented with elevated CA
125 serum level.

Results The current study was performed over a period of 2 years between March 2019 and March 2022. Seventy-six
patients were included with history of treated ovarian cancer (underwent either surgical resection and/or received
radio/chemotherapy) but were subsequently presented rising tumor marker CA-125 serum level (more than 35 U/ml).
All patients underwent a '®F-FDG PET/CT scanning on whole body. The FDG-PET results were correlated with histo-
logical findings, radiological or tumor marker/clinical follow-up. The patients with inconsistent findings were followed
up with U/S, post contrast pelviabdominal CT, MRI or PET/CT 3-6 months later. The '®FDG PET/CT scan was positive

in 62 patients, and it was negative in 14 patients. Specificity, sensitivity, negative predictive value, as well as posi-

tive predictive value and diagnostic accuracy of integrated PET/CT, were found to be 92.3%, 96.3%, 96.1%, 85.7%

and 98.4%, respectively.

Conclusions '"8F-FDG PET/CT is a valuable imaging tool for assessment of ovarian cancer patients presented with ele-
vated CA-125 tumor marker serum level.
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colorectal, breast and pancreatic cancer. So, early diag-
nosis and accurate staging is mandatory for proper man-
agement and to improve the 5-year survival rate [4]. Also,
anatomic imaging and serum cancer antigen 125 (CA
125) measurement have been widely used for follow up
of ovarian cancer patients [5]. Therefore, improving diag-
nostic methods are needed for better estimation of tumor
load, as well as residual or recurrent disease [6]. Posi-
tron emission tomography using *F-Fluorodeoxyglucose
(*®F-FDG PET) is a diagnostic procedure which assesses
the accumulation of radioactive glucose in cancer cells.
Recently, PET has been widely used for the assessment
of cancer and diagnosis of recurrence [7-9]. Integrated
Positron emission tomography/computed tomography
(PET/CT) is an emerging hybrid modality that has many
advantages as it can differentiate pathologic from physi-
ologic processes, increase lesion detection with accurate
anatomical localization and survey the entire body [10].

Therefore, the goal of this study was to evaluate the
potential role of 8F-FDG PET/CT in follow up of ovar-
ian cancer patients in a random sample of ovarian can-
cer Egyptian patients with rising tumor marker CA 125
serum level.

Methods

Patients

The study is prospective, conducted from March 2019 to
March 2022 and included 76 female patients (> 18 years
old) with history of treated ovarian cancer [histopatho-
logical subtypes: 56 serous papillary adenocarcinoma,
6 granulosa cell tumor, 4 carcinosarcoma, 10 clear cell
adenocarcinoma], who underwent either surgical resec-
tion and/or received radio/chemotherapy), but were sub-
sequently presented rising tumor marker CA125 serum
level (more than 35 U/ml) after complete remission with
negative contrast enhanced computer tomography (CE
CT) or contrast enhanced magnetic resonance imag-
ing (CE MRI). They all referred for combined '*F-FDG
PET/CT scanning [using routine Torso protocol from
the skull base to mid-thighs]. Patients with history of
another gynecological malignancy, bad general condi-
tion, high blood glucose level >150 mg/dl, high serum
creatinine >2 mg/dl and patients known to have severe
allergy to contrast material were excluded. The *F-FDG-
PET results were correlated with histological findings,
radiological or tumor marker/clinical follow-up. The
patients with inconsistent findings were followed up with
CT, MRI or PET/CT 3-6 months later. Lesions increas-
ing in size with clinical evidence of progression were con-
sidered recurrent lesions even if a histological/cytological
diagnosis was unavailable. This study was approved by
the Institutional Review Board and written informed
consent was obtained from each enrolled patient.
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PET/CT acquisition and processing

Combined PET/CT scan using a hybrid PET/CT system
(Philips® Ingenuity TF128 multi slice PET/CT scanner;
USA) was performed for all patients. The rules of patient
preparation were followed strictly. Complete fasting
except for glucose-free hydration for about 6-8 h before
the study and their blood glucose value was kept less than
150 mg/dl at the time of the tracer injection. The scan
was performed 45-60 min after IV injection of 0.1 mCi
of F-FDG/kg adjusted according to patient’s weight.
To avoid physiologic muscle uptake of FDG, the patients
were instructed to remain calm and avoid any intense
exercise prior to the examination (for at least 24 h) and
following the radiotracer administration. A warm envi-
ronment with controlled temperature should be provided
for the patients before the 18F-FDG injection to reduce
brown fat uptake. The patients were advised to have a low
carbohydrate, high fat, protein diet before the examina-
tion. The usual study was done with patient in supine
position on the body from the skull base down to the mid
thighs.

A PET emission scan with several bed positions (5-7
in number) was performed and each with approximately
15 cm axial field of view per bed position with 4 mm in-
plane spatial resolution and was covering the same field
of view of the CT. The time of acquisition emission data
was about 2 min for each bed position and in time range
between 13 and 17 min.

A diagnostic contrast-enhanced CT (CECT) trans-
mission scan immediately after PET scanning covering
the identical transverse field of view using the following
parameters: 350 mA, 120 kV, 0.5 s tube rotation time,
5 mm slice thickness and 8-mm table feed. Incremental
reconstruction about 3 mm. lodinated non-ionic contrast
agent (Omnipaque 350) was administrated IV (100 ml)
using an injector, with an injection flow of 5 ml/s just
before the beginning of the scan.

A Philips advanced workstation [IntelliSpace Portal]
was used to view All CT, PET and PET/CT images and
they were reconstructed in multi-planar reformation and
viewed in different planes for all as well as “3D maximum
intensity projection images (MIP)” PET images in a video
mode.

Data analysis

A team including a nuclear medicine physician and a
radiologist (of 10 and 15 years of experience) reviewed
and interpreted the PET, CT and the fused PET/CT
images and final diagnosis was reached by consensus.
They were aware of the full patient’s history and relevant
clinical data. Reviewing older scans in some cases was
done as well to correlate the recorded lesions. The results
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were confirmed by biopsy or by other follow-up imag-
ing modalities (e.g., post contrast pelviabdominal MRI)
within 1 month of PET/CT study.

All active lesions both visually and with abnormally
high FDG uptake that exceeded the physiological medi-
astinal and hepatic background activity (used as an inter-
nal references), were recorded, and accurately assessed
quantitatively by the measurement of the “maximum
standardized uptake value (SUV max)” using automated
3D VOI technique that was independently measured by
using region of interest (ROI) drawn on the area of maxi-
mal metabolic activity for every lesion in PET images.
Different lesions that were detected in the CT portion
of study were evaluated and recorded, then each of the
lesions in the fused images of PET/CT was evaluated.
Histopathologic examination and imaging data of other
follow up study were the standard of reference. A sus-
pected lesion was considered as a true positive if the
lesions were positive histologically or by other follow up
imaging modality. Lesions were considered false positive
when proved to be negative histologically or not verified
on follow up study. When no abnormality was detected
on FDG-PET/CT the result was considered to be a true-
negative, if no disease was identified by other follow up
imaging modalities, within 1 month of the FDG-PET/
CT examination. A false negative lesion was considered
when it was missed by the PET/CT study [due to small
volume, mucinous or low-grade pathological types] and
was positive histologically or detected on other follow-up
imaging modality, within 1 month of the FDG-PET/CT
examination.

Statistical analysis

All data were collected, tabulated and analyzed using
SPSS 20.0 for windows (SPSS Inc., Chicago, IL, USA).
Quantitative data were expressed as the mean+SD and
median (range). Percent of categorical variables were
compared using ANOVA. All tests were two sided.
P-value <0.05 was considered statistically significant (S),
and P-value>0.05 was considered statistically insignifi-
cant (NS).

Results

The included 76 female patients, were ranging in age
between 38 and 78 years with a mean age of about
55+ 6.8 years. The serum CA-125 levels were ranging
between 10.4 and 510.2 U/ml, with a mean level of about
125.8+117 U/ml (Table 1).

The sites of recurrence were 132 sites (Fig. 1); identi-
fied in the evaluated six regions (pelvic local recurrence,
n=46; peritoneum, n=235; pelvic lymph nodes, n=16;
para-aortic lymph nodes, n=15; distant lymph nodes,
n=11; and metastatic disease, n=9).
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Table 1 Demographic data of the studied patients
Patient number (n) 76
Age range 36-77
Mean age 55+6.8
CA 125 level 104-510.2 U/ml
Mean level 12584117 U/ml

The '8FDG PET/CT scan was positive in 62/76 patients,
and it was negative in 14/76 patients. 13/76 proved to be
disease free during follow-up time (true negative), they
were having normal CA-125 serum levels and there was
no disease recurrence on any further imaging, while
PET/CT missed recurrence in 2/14 patient (false nega-
tive), one of them due to small size of lesion which was
detected in follow up imaging when it became larger
enough to be identifiable and another one confirmed to
be a mucinous histologic subtype. One patient of sixty-
two patients (1/62) was (false positive) as the detected
hypermetabolic nodes were just due to inflammation.
The recurrence was confirmed in the (true positive) 61
cases histologically by biopsy or with second look sur-
gery in 17/61, whereas 44/61 were confirmed on clinical/
radiological follow up (ranging from 3 to 6 months) or by
response to chemotherapy on subsequent imaging.

As regard detection at regional level, six regions were
identified (Table 2, Fig. 2); local recurrence (detected
in 46 patients), pelvic lymphadenopathy (16 patients),
para-aortic lymph nodes (in 15 patients), distant lym-
phadenopathy (in 11 patients), peritoneal implants (in 35
patients) and distant metastasis (in 9 patients) including
4 organs; liver (in 4 patients), lung (in 3 patients), pleura
(in 21 patients) and bone (in 1 patient) (Figs. 3, 4, 5 and
6).

Specificity, sensitivity, negative predictive value, as
well as positive predictive value and diagnostic accuracy
of integrated PET/CT, were found to be 92.3%, 96.3%,
96.1%, 85.7% and 98.4%, respectively.

Discussion

Whole-body "*F-FDG PET/CT has been shown to be an
efficient imaging modality for the detection, staging and
post-treatment follow-up of many malignant tumors
[11-13]. It represents one of the most valuable imaging
modalities used in the management of ovarian cancer
(OC) [14-16]. Detection of recurrence at early stages is
important due to its close relation with prognosis and
the choice of appropriate treatment, and although there
is effective treatment for OC and complete response,
the recurrence rate is 50—80% [17—20]. No different fol-
low up regimen according to the histological subtypes.
Tumor makers are more important than regular imaging.
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Fig. 1 A column chart shows the sites of recurrence per site

Table 2 The recurrence sites in all studied patients

Paraaortic lymph nodes

Recurrence site per patient n
Local 46
Peritoneal 35
Pelvic LNs 16
Para-aortic LNs 15
Distant LNs 1
Distant metastasis 10
Liver 4
Lung 3
Pleura 2
Bone 1

Follow up by gynecological oncologist usually performed
3—4 months for the 1% 2 years then every 6 months for
the subsequent 3-5 years. But follow up schemes may be
individualized according to the prognostic factors and
treatment modalities [21].

Detection of recurrence at early stages is important
due to its close relation with prognosis and the choice

Pelviclymph nodes Distant lymph nodes Metastatic disease

of appropriate treatment, and although there is effective
treatment for OC and complete response, the recurrence
rate is 50—-80% [22].

The CA 125 marker is expressed by epithelial types
of ovarian neoplasia and different other pathological
subtypes, as well as normal tissues of Miillerian origin.
The function of the CA 125 remains unclear. The high-
est serum levels of CA 125 are found in ovarian can-
cer whether in the initial diagnosis or postoperative
recurrence, but elevation of serum CA 125 can also be
associated with other malignancies [like endometrial car-
cinoma] and benign condition [like endometriosis]. CA
125 monitoring may be a prognostic indicator for disease
recurrence [23].

The aim of current study was to assess the value of
whole body 18F-FDG PET/CT using '®F-FDG in follow
up of 76 female patients with history of treated ovarian
cancer (underwent either surgical resection or received
radio/chemotherapy) but were subsequently presented
with rising tumor marker CA-125 serum level (more
than 35 U/ml) after complete remission with negative
pelviabdominal CT or magnetic resonance imaging
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Fig. 2 A column chart shows the sites of recurrence in the studied patients

Fig. 3 A 63-year-old female patient, with history of right ovarian serous cystadenocarcinoma, underwent TAH BSO 3 wks ago. (a) Whole body
PET MIP image revealed two hypermetabolic lesions at right iliac fossa [white arrow] and at right inguinal [yellow arrow] regions. Axial CECT (b)
and fused PET CT (c) images: revealed hypermetabolic metastatic peritoneal soft tissue nodule [white arrow] at the right iliac fossa posterior

to the lower right anterior abdominal wall, achieving 7.9 SUVmax. Axial CECT (d) and fused PET CT (e) images revealed enlarged hypermetabolic
right inguinal metastatic nodal deposit [yellow arrow] achieving 9.2 SUVmax
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Fig.4 A 45-year-old female patient with history of bilateral ovarian cancer, submitted for TAH BSO, followed by CTH 1 year ago, presented

with recently elevated CA 15.3 and CA 125 serum levels. (@) Whole body PET MIP image revealed multiple metabolically active scattered abdominal
and pelvic lesions. CECT (b, ¢, d and e) and corresponding fused PET/CT (f, g, h and i) images revealed newly developed multiple peritoneal
discrete soft tissue nodules unevenly distributed in the peritoneal cavity more appreciated in the paracolic reflections (yellow arrows), achieving
up to 5.5 SUVmax, representing peritoneal deposits. Other de novo left external and right internal iliac FDG avid LNs (green arrows), achieving

up to 9.2 SUVmax, denoting nodal deposits
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Fig.5 A 64-year-old female patient with history of bilateral ovarian cancer, submitted for TAH BSO, followed by CTH and hormonal treatment,
presented with recently elevated CA 15.3 and CA 125 serum levels. (@) Whole body PET MIP image revealed multiple metabolically active
scattered abdominal and pelvic lesions. CECT (b, d and f) and corresponding fused PET/CT (c, e and g) images revealed multiple variable-sized
peritoneal discrete soft tissue nodules unevenly distributed in the peritoneal cavity (orange arrows), the largest and most active is seen at the left
hypochondrial region (achieving 24.9 SUVmax). Other hypermetabolic metastatic hepatic deposit (red arrow) and left external iliac LNs (green

arrows) are noted, achieving up to 9 and 14.1 SUVmax, respectively

(MRI). The PET/CT was found to detect recurrence in
61/76 patients with sensitivity and specificity of 96.3%
and 92.3% while the PPV and accuracy was 85.7% and
98.4% (Fig. 7).

The study results are generally concordant with those
of prior studies in which researchers investigated the
value of PET/CT as a surveillance tool in patients sus-
pected with ovarian cancer recurrence.

Cengiz et al. [22] used non-contrast CT in their PET/
CT report and had a sensitivity of 94% and specificity
of 75% for PET/CT in the detection of ovarian cancer
recurrence.

Other study by ElHariri et al. [24], conducted on thirty-
six patients with suspicion of ovarian cancer recurrence
using CECT in their PET/CT studies, revealed accuracy,
sensitivity and specificity of 95.77%, 85.7% and 97.89%,
respectively.

Also, Wang et al. [25] conducted a systematic review
and Meta analysis to summarize 17 studies and evalu-
ate the accuracy and application value of 18F-FDG PET/
CT in the diagnosis of recurrence of epithelial ovarian
cancer. It was found that the sensitivity, specificity of
18F-FDG PET/CT for the diagnosis of epithelial ovarian
cancer recurrence were 88% and 94% respectively.
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Fig. 6 A 58-year-old female patient, with history of left ovarian invasive mucinous adenocarcinoma grade lll, submitted for TAH BSO, presented
with recently elevated CA 15.3 and CA 125 serum levels. (@) Whole body PET MIP image revealed metabolically active mediastinal lesion. CECT
(b, d and f) and corresponding fused PET/CT (c, e and g) images revealed clear pelvic operative bed and no evidence of local recurrence,

with hypodense FDG starved necrotic right external iliac nodal lesion, yet, with distant hypermetabolic anterior mediastinal nodal deposit

(achieving 7.3 SUVmax)

On the other hand, old studies as Sala et al. [26],
showed low sensitivity (59-75%) but high specificity (88—
94%) due to very small sample size (n=35).

Regarding the recurrence sites, local pelvic recurrence
was the most common site and hepatic was the common-
est distant metastasis as found by Rusu et al. and Ye et al.
[20, 27].

The current study had some limitations: first, the
gold standard (pathological confirmation) could not be

achieved in all areas of FDG uptake as that was not ethi-
cally possible, and the second limitation was the small
study cohort number.

Conclusions

F FDG PET/CT is a valuable imaging tool for follow
up of previously treated ovarian cancer patients pre-
senting with rising tumor marker serum levels [whether
due to postoperative regional pelvic recurrence, nodal,
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Fig. 7 A 62-year-old female patient, with history of left ovarian cancer, underwent TAH BSO 6 months ago. (@) Whole body PET MIP image revealed
tiny active focus at left iliac fossa. Axial CECT (b) and fused PET CT (c) images: revealed small irregular hypermetabolic metastatic peritoneal soft
tissue nodule [yellow arrows] at the left iliac fossa inseparable from the serosal surface of the sigmoid colon, achieving 8.2 SUVmax

peritoneal or distant visceral deposits] that has a great
impact on management. Also, it can be a basal study
for the post treatment further follow up using PERCIST
criteria.
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