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OBJECTIVE
This study aims are to investigate the role of 18F labeled fluoro-2-deoxy-D-glucose positron emission 
computed tomography/computed tomography (18F FDG PET/CT) in the initial staging and recurrence 
detection of ovarian cancer and to compare it with the cancer antigen-125 (CA-125) value.

METHODS
A total of 93 patients with a primary ovarian cancer diagnosis (Group 1 n=41) or suspicion of recurrent 
ovarian cancer (Group 2 n=52) were included in this study from January 2007 to January 2013.

RESULTS
The ages of the patients were between 15 and 82 years. In cases with PET positive lesions (n=84); Ovar-
ian lesion (n=34), infradiaphragmatic lymph node metastasis (n=46), supradiaphragmatic lymph node 
metastasis (n=14), peritoneal implant (n=67), and distant metastasis (n=14) were detected. Histopatho-
logical examination of 4 PET positive ovarian lesions was not compatible with cancer. In 14 cases with 
low CA-125 value, 18F FDG PET/CT was able to detect primary/recurrent lesions accurately. In the 
evaluation of primary/recurrent ovarian cancer, 18F FDG PET/CT had 93% sensitivity, 42.8% specific-
ity, 89.2% accuracy, whereas CA-125 had 79.1% sensitivity, 42.8% specificity, and 76.3% accuracy.

CONCLUSION
In conclusion; even in low CA-125 values, 18F FDG PET/CT is a prominent method that can detect 
especially extra-abdominal distant metastatic foci in the initial staging of primary ovarian cancer and 
diagnosis and follow-up of recurrent ovarian cancer.
Keywords: 18F labeled fluoro-2-deoxy-D-glucose; cancer antigen-125; ovarian cancer; positron emission tomog-
raphy/computed tomography; SUVmax.
Copyright © 2022, Turkish Society for Radiation Oncology

Introduction

Ovarian cancer is the second most common gynecolog-
ical malignancy after endometrial cancer, with an inci-

dence of 25%. About 1 in 100 women will develop the 
disease and two-thirds will die from their malignancy. 
It is more common in the post-menopausal period and 
80% of the patients are over the age of 50 years.[1]
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18F-FDG PET/CT Imaging
PET/CT imaging of all cases was performed with a 
high-resolution PET scanner integrated with 6-slice CT 
(Siemens Biograph LSO HI-REZ PET/CT Illinois, USA). 
444-629 MBq (12-17 mCi) F-18 FDG was injected intra-
venously, with a minimum of 4 h of fasting and blood glu-
cose level below 160 mg/dl. After FDG injection, the pa-
tients were rested in a quiet room for 1-1.5 h to complete 
the biodistribution of the radiopharmaceutical. After the 
bladder emptied, the patients were placed in the supine 
position on the PET/CT scanner. After the topogram, 
non-contrast low-dose CT and PET images (3 min/bed) 
from the vertex to the mid of the thigh were obtained. 
PET images were reconstructed with iterative configura-
tion and CT images were used for attenuation correction.

Interpretation of 18F-FDG PET/CT Data
PET, CT, and PET/CT fusion images were analyzed 
simultaneously. In visual evaluation, the main crite-
rion for accepting it as a lesion was the detection of in-
creased focal FDG uptake compared to background ac-
tivity. Lesion equivalent of each focal FDG uptake was 
investigated on corresponding CT images. Focal FDG 
involvements corresponding to salivary gland, muscle, 
adipose tissue, and reactive lymph node on CT scans 
were considered as physiological involvements. Any 
focal FDG uptake detected in ascites, abnormal soft tis-
sue mass, or pathological lymph node was considered 
as a lesion. Mild FDG involvement with signs of infec-
tion/inflammation on CT images was not considered 
as recurrence/metastasis. Semi-quantitative SUVmax 
was calculated from the Region of Interest drawn over 
the focus considered as a lesion in both PET and CT.

Statistical Analysis
Number Cruncher Statistical System 2007 and Power 
Analysis and Sample Size 2008 Statistical Software 
(Utah, USA) program was used for statistical analysis. 
Student’s t-test and Mann Whitney U test were used 
according to the distribution pattern of the data. While 
Fisher’s exact test and Yates Continuity Correction 
test were used to compare qualitative data, ROC curve 
analysis was used to determine the cutoff value. Statis-
tical significance was accepted as p<0.05.

Results

The mean age at the time of diagnosis was 54.4 years 
(max: 83, min: 15). 45% (n=42) of the cases were in 
the premenopausal period, and 55% (n=51) were in 

The most important prognostic factor is the disease 
stage at the time of diagnosis. Although the grade and 
histology of the tumor are not important in general, 
small cell and clear cell subtypes affect the prognosis 
negatively.

Due to their rapid growth and early asymptomatic 
nature; at the time of diagnosis, 15% of the cases were 
at the local stages, 18% were at the regional stages, and 
61% were at the advanced stages.[2] It is a gynecologi-
cal cancer with the highest mortality rate.[3]

When all stages are evaluated, the 5-year survival 
rate is 44.2%; 93% for Stage I, 70% for Stage II, 37% for 
Stage III, and 25% for Stage IV.[4] In recurrent disease, 
the mortality rate is up to 80%.

Although 80% of patients respond to surgery and 
adjuvant chemotherapy, recurrence is detected in 80% 
of patients at an advanced stage. Small residual tumor 
volume (1-2 cm3) after primary cytoreductive surgery 
is an important prognostic parameter in ovarian can-
cer surgery.[5]

18F labeled fluoro-2-deoxy-D-glucose positron 
emission computed tomography (CT)/CT (18F-FDG-
Positron Emission Tomography [PET]/CT), is a func-
tional imaging method that provides information 
about both anatomy and metabolism and is used to 
determine restaging and treatment response in ovarian 
cancer. Our study aims are to investigate the impor-
tance of 18F-FDG PET/CT in the initial staging and in 
detecting the recurrence of ovarian cancer and com-
pare it with Cancer antigen-125 (CA-125) levels.

Materials and Methods

Study Population
A total of 93 patients, with full clinical follow-up, who 
underwent F18-FDG PET/CT scans for ovarian cancer 
research between 2007 and 2013 were included in this 
study. The patients were divided into two groups as pri-
mary staging (Group 1, n=41) and recurrence (Group 
2, n=52).

Patients who had 18F-FDG PET/CT scan at short 
intervals for control purpose and had no clinical, labo-
ratory, and radiological suspicion of the disease or re-
ceived chemotherapy 3 weeks before the PET scan and 
radiotherapy within 3 months before PET scan have 
not been included in this study.

The patients’ age, primary ovarian cancer subtype, 
grade, stage, CA-125 value in the last month, and max-
imum standard uptake values (SUVmax) of lesions ac-
cepted as PET-positive, were noted.
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the postmenopausal period. The time between the last 
treatment and PET scan of patients being investigated 
for recurrence or metastasis; ranged from 3 weeks to 
70 months. Group 2 developed recurrence after thera-
pies (chemotherapy/cytoreductive surgery/both) at an 
average of 16 months.

The verification of the lesions considered as suspi-
cious in PET/CT was performed histopathologically in 
28 patients in Group 1 and 17 patients in Group 2 (48.4% 
of all cases). In the remaining, verification was performed 
with clinical follow-up, CA-125 levels, conventional im-
aging methods, and control PET/CT images.

According to the clinical follow-up, CA-125 values, 
control imaging, and histopathologic examination; 
primary/recurrent ovarian cancer was detected in 86 
patients (92.5%), benign lesions were detected in 4 pa-
tients (4.3%). Three patients (3.2%) had no malignant 
lesions (Table 1).

When four false-positive cases in Group 1 were 
evaluated histopathologically, tuberculosis in two pa-
tients, amyloidosis in one patient, and serous cystad-
enoma in one patient were found (Fig. 1).

According to PET images, total of six false-negative 
cases were detected. PET could not detect lesions in 2% 

Table 1 Histopathological diagnosis of cases with 
malignancy

Histopathological diagnosis n %

Serous papillary carcinoma 61 71
Mix type epithelial carcinoma 8 9.3
Clear cell carcinoma 2 2.3
Germ cell carcinoma 7 8.1
Musinous carcinoma 3 3.5
Malign mix mullerian tumor 2 2.3
Low differentiated carcinoma 2 2.3
Endometrioid type adenocarcinoma 1 1.2

Fig. 1. Maximum intensity projection (MIP) image of Positron emission tomography (PET) images of the patient (arrow 
and arrowheads in a), who underwent scan for high CA-125 level shows the disease spread. Axial images of PET 
(arrows in b and c) and axial fused PET/CT (Positron emission tomography/Computed tomography) (arrows in 
e and f) show peritoneal spread of disease. Bilateral supraclavicular hypermetabolic lymph nodes in PET (arrow-
heads in d) and PET/CT fusion images (arrowheads in g). The locations of FDG avid tissues can be clearly deter-
mined anatomically via CT images (h-j).

 *Maximum intensitiy projection (MIP). Positron emission tomography/Computed tomography (PET/CT); CA: Cancer antigen.

MIP* Axial fusion Axial CTAxial PETa b e h

c f ı

d g j
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first-line therapy since tumor burden is an important 
parameter in treatment, and then the disease is tried to 
be controlled with systemic chemotherapy.[3]

Although ovarian cancer predominantly metastases 
to the peritoneal cavity and pelvic lymph nodes, recent 
evidence suggests the possibility of hematogenous me-
tastasis of ovarian cancer. Implants are mostly localized 
in the pelvis, right hemidiaphragm, liver capsular sur-
face, right paracolic area, intestines, and omentum.[6] It 
has been reported in the literature that 10-25% of patients 
have pelvic recurrences, and the incidence of recurrence 
in lymph nodes is 26%.[7] In our study, 75% (n=39) of 
patients in Group 2 had peritoneal implants, 52% (n=27) 
of patients had pelvic-paraaortic lymph nodes metas-

of postmenopausal patients and 4% of premenopaus-
al patients as false-negative. Two of these six patients 
had a history of neoadjuvant chemotherapy. In four of 
them, it has been noted that the lesions did not cause a 
mass effect in the ovary and there was quite a low FDG 
uptake in normal-sized ovaries.

The accuracy rate reached 92% in Group 1. When 
all cases were evaluated, the sensitivity, specificity, pos-
itive predictive value (PPV), negative predictive value 
(NPV), and accuracy rates of FDG-PET/CT were 93%, 
42.8%, 95.2%, 33.3%, and 89.2%, respectively.

Lesion localizations on FDG-PET/CT images of 84 
patients were as follows: primary ovarian cancer in 37 
patients, infradiaphragmatic lymph node metastasis in 
46 patients, supradiaphragmatic lymph node metasta-
sis in 14 patients, peritoneal implant in 67 patients, and 
distant organ metastasis in 14 patients. Implants were 
located mostly in ovarian neighborhoods, large intes-
tine serosa, and liver-spleen capsular surfaces. PET was 
able to detect the lesion in 82.5% of patients with pri-
mary malignancy. The presence of nodal disease in pri-
mary and recurrent lesions was 65% and 70%, respec-
tively. Serous and endometrioid histology were found 
to be independent predictors of nodal metastases, but 
other advanced ovarian cancer patients who did not 
belong to these pathologies also had nodal metastases.

In Group 1, the mean ovarian lesion SUVmax is 15.4 
(serous papillary CA SUVmax: 15.5, endometrioid CA 
SUVmax: 12, clear cell CA SUVmax: 4.5, mucinous ovary 
CA SUVmax: 5.8, Germ cell CA SUVmax: 2.4). The mean 
SUVmax was 13.8 for peritoneal implants, 13.9 for lymph 
node metastases, and 2.3 for peritoneal acid. As the 
SUVmax value of the primary lesion increased, the SUV-
max value of the implant also increased (r=0.64, Fig. 2).

CA-125 value was below normal in 21 cases (<35 U/
ml) and above normal in 72 cases (mean: 1460 U/ml, 
max: 18000 U/ml). Of the 21 patients with low CA-125 
levels, 18 of them had proven malignancy. Four of 72 
cases with elevated CA-125 value were negative for ma-
lignancy with radiologic imaging and clinical follow-
up. The sensitivity, specificity, PPV, NPV, and accuracy 
rates of CA-125 were 79.1%, 42.8%, 94.4%, 14.3%, and 
76.3%, respectively. PET/CT could not detect lesions in 
6% of patients with elevated CA-125.

Discussion

Despite clinical developments and advanced surgical 
techniques, ovarian cancer is the most mortal gyne-
cological cancer, due to its nonspecific symptoms and 
advanced-stage diagnosis. Surgery is considered in the 

Fig. 3. Brain metastasis was detected in an axial PET im-
age of the patient who was screened for the initial 
staging of ovarian cancer (arrow in a). Axial fused 
Positron emission tomography/computed tomog-
raphy (PET/CT) image of the patient shows the 
metastasis more clearly (arrow in b). According 
to the brain Magnetic resonance imaging findings 
and brain biopsy histopathologic examination, this 
lesion was confirmed as ovarian cancer metastasis. 

 PET: Positron emission tomography.

Axial PET Axial Fusion

a b

Fig. 2. Primary lesion and implant’s SUVmax value rela-
tionship. SUVmax, Maximum standart uptake value.

 SUV: Standard uptake values.
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supradiaphragmatic lymph node metastases develop 
more frequent ascites. That confirms the information 
that tumor cells cross the diaphragm mainly by cardio-
phrenic lymph nodes and parasternal lymphatics.[8] In 
our series, the supradiaphragmatic lymph node metas-
tasis rate was found to be 11.5% in the group whose 
recurrence was investigated.

Due to the high incidence of recurrence in ovarian 
cancers, clinical follow-up is very important; there-

tasis, 11.5% (n=6) of patients had supradiaphragmatic 
lymph node metastases, 9% (n=6) of patients had distant 
metastasis (two brain, one lung, one liver, and one bone 
metastasis) (Figs. 3-5). The difference with the literature 
can be explained by the fact that our results are only for 
the patient group investigated for recurrence.

FDG-PET/CT is superior to other imaging methods 
in detecting distant organ or lymph node metastasis in 
primary ovarian cancer. It has shown that patients with 

Fig. 4. Axial PET (arrow in a), sagittal PET (arrow in c) and Positron emission computed tomography/Computed tomog-
raphy fused images (arrows in d and f) of the patient, who was investigated for ovarian malignancy due to high 
CA-125 level (230 U/ml) and pelvic mass, revealed a peripheral hypermetabolic cystic lesion that filled the pelvis, 
compatible with primary ovarian malignancy. Hypermetabolic lesions compatible with sacral bone metastases (ar-
rowheads in b and e). These lesions were confirmed as primary ovarian cancer and its bone metastasis histopatho-
logically. CT images (g, h and i) help in anatomical localization.

 PET: Positron emission tomography; CT: Computed tomography; CA: Cancer antigen.

Axial PET Axial fusion Axial CT
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fore, CA-125 is a very useful parameter. Von Georgi 
et al.,[7] detected high CA-125 levels in 80% of ovar-
ian cancer patients. In the study of Chang et al.,[9] 
although recurrence was detected in 95-100% of cases 
with high CA-125 level, low CA-125 level was found 
in approximately 50% of the cases with recurrence. 
The literature revealed that 46% of patients with nor-
mal CA-125 values had the disease in second-look 
surgery.[10] While the specificity of CA-125 value 
in our study was calculated as 42.8%, similar to the 
literature, the sensitivity was slightly lower than the 
literature with 79.1%. In our study, high CA-125 lev-
els were found in 68 (79%) patients whose primary/
recurrent disease was clinically or histopathologically 
proven. However, the CA-125 value of 18 patients was 
lower than 35 U/ml. In addition, CA-125 values were 
found to be high in 4 cases with FDG positive ovar-
ian lesions and histopathological findings were found 
to be consistent with cystadenoma, tuberculosis, and 

amyloidosis. This finding suggests that CA-125 is not 
a cancer-specific marker.

PET/CT can detect early recurrences even with low 
CA-125 value (<35 U/ml). Palomar et al.,[11] showed 
that decreasing the CA-125 cut-off value to 18 U/ml 
achieves a high recurrence detection rate. In our study, 
although CA-125 values were low, FDG-PET/CT clear-
ly showed the location of the lesions in 14 patients with 
primary / recurrent tumor. The sensitivity, specificity, 
PPV, NPV, and accuracy of FDG PET/CT for detection 
of ovarian cancer was 93%, 42.8%, 95.2%, 33.3%, and 
89.2%, respectively; compared to 79.1%, 42.8%, 94.4%, 
14.3%, and 76.9% for CA-125. Therefore, in necessary 
cases, PET/CT imaging can be used even with low tu-
mor markers.

CT is the first imaging method used in the follow-up 
of patients and evaluation of relapse. In the literature, the 
sensitivity of CT in detecting relapses has been reported 
as 40-93%.[12,13] In patients with a complete clinical 

Fig. 5. FDG avid lesion adjacent to the spleen was detected in MIP image (arrow in a), axial image of positron emission to-
mography (arrow in b) and axial fused image (arow in c) in a patient with a history of total abdominal hysterectomy/
bilateral salpingo-oophorectomy for ovarian cancer. According to magnetic resonance imaging findings (arrowheads 
in d and e), this lesion was accepted as accessory spleen. However, the lesion whose size increased in the follow-up was 
accepted as metastasis and the patient was given chemotherapy. After treatment, the lesion disappeared.

 *PET Maximum Intensitiy Projection; PET: Positron emission tomography.

Axial PETMIP* T1

c

d

eAxial fusion T2
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response to primary therapy and an increase in CA-125 
levels in their follow-up, lesions may not be detected by 
CT. Morphological features of lesions such as shape, size, 
and contrast enhancement are important in detecting 
recurrent disease in CT. CT alone may not be sufficient 
to detect local recurrence, pelvic lymph node metasta-
sis (especially those located very close to the intestinal 
structures), or postoperative scar tissue.[14] The most 
common form of recurrent disease is peritoneal spread.

Diagnosis of peritoneal implants by radiological 
methods has been a problem due to their small size and 
location. In the study of De Rosa et al.,[15] compar-
ing the results of CT with second-look laparotomy, the 
sensitivity and specificity of CT were found to be 47% 
and 87%, respectively. In another study by Makhija et 
al.,[16] while PET/CT was positive in 5 of 8 patients 
(62%) with histopathologically proven recurrent dis-
ease, CT was negative. When we compared conven-
tional imaging methods with PET/CT images, while 
CT could not detect recurrent foci in 11 of 15 patients 
(73%), FDG-PET/CT showed all these recurrences. 
FDG-PET/CT is a whole-body functional imaging that 
can provide valuable information in staging and diag-
nosis of ovarian cancers. It was also revealed that FDG-
PET/CT detects more lesions than CT.[17,18] Accu-
rate and complete pre-operative detection of lesions in 
patients scheduled for surgical treatment, contributes 
greatly to patient management.

In the study by Chung et al.,[19] involving 77 
patients with suspected recurrent ovarian cancer, 
the sensitivity of PET/CT was 93.3%, specificity was 
96.9% and accuracy was 94.8%, respectively. The rea-
son for the low specificity is attributed to the preva-
lence of diseases with high FDG affinity in our coun-
try, such as amyloidosis and sarcoidosis.

It has been shown that FDG PET/CT can give 
false-negative results in the early period of the disease 
and in the detection of recurrences in mucinous sub-
types of ovarian cancer.[20] In the study of Yuko et 
al.,[21] increased FDG accumulation was observed in 
6 of 11 (54.5%) clear cell subtype ovarian cancers and 
in 4 of 6 (66.7%) mucinous subtype ovarian cancers. 
In the same study, the mean SUVmax value was found 
to be 6.9 in the serous subtype, 3.5 in the clear cell 
subtype, and 3.4 in the mucinous cell subtype. SUV-
max values of serous ovarian cancer were found to be 
significantly higher than clear cell (p<0.01) and mu-
cinous cell subtypes (p<0.03). In our series, the mean 
SUVmax value of the primary ovarian lesion was 15.4 
and the mean value of serous and endometrioid types 
were significantly higher than other histological sub-

types (p<0.05). The lowest FDG avidity was found in 
the germ cell type.

Our study is valuable in terms of including a large 
number of patients and only cases with suspected disease.

Conclusion

FDG PET is a non-invasive imaging method with high 
sensitivity and accuracy in the detection and staging of 
primary/recurrent ovarian cancer, useful in post-treat-
ment follow-up, and allowing metabolic and anatomi-
cal imaging in a single session.
Although peritoneal implants and metastatic paraaor-
tic lymph nodes were detected in most cases in our 
study, mediastinal, supraclavicular, and cervical meta-
static lymph nodes and distant organ metastases were 
also detected in some cases and very important infor-
mation was given to the clinicians about the current 
status of the disease.
FDG-PET/CT, which can detect extra-abdominal dis-
tant metastatic lesions, in particular, was found to be 
more sensitive and important in the follow-up and 
treatment of the disease than CA-125.
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