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Abstract

Background: Ovarian cancer relapse can be diagnosed by serum tumor markers measurements and '®F-fluorodoxyglucose pos-
itron emission tomography/computed tomography (['®F]FDG PET/CT) findings. The aim of our study was to analyze the potential
relationship between cancer antigen 125 (CA-125) and PET/CT results in patients affected by ovarian cancer.

Material and methods: Ninety-two ['®F]FDG PET/CT scans in sixty-one patients with diagnosis of ovarian cancer were analyzed
and compared to CA-125 values. PET/CT results were compared to other imaging modalities, histology or follow-up data in order
to define its diagnostic accuracy. PET/CT studies were analyzed qualitatively and semiquantitatively by measuring the maximum
and mean standardized uptake value body weight max (SUVbw max, SUVbw mean), maximum SUV lean body mass (SUVIbm),
maximum SUV body surface area (SUVbsa), metabolic tumor volume (MTV) and total lesion glycolysis (TLG) of hypermetabolic
lesions. All measurements were compared with CA-125 values.

Results: Twenty PET/CT studies were true negative, sixty-three true positive, five false positive and four false negative with sensi-
tivity of 94%, specificity of 80%, negative predictive value of 83%, positive predictive value of 93% and accuracy of 90%. CA-125
levels were significantly correlated with PET/CT results and all PET/CT semiquantitative parameters. CA-125 cutoff values of 17
Ul/mL is the best compromise between sensitivity and specificity in discriminating between positive and negative PET/CT result.
Conclusions: ['®F]FDG PET/CT has good accuracy in evaluating patients with relapse or persistance of ovarian cancer. CA-125
levels were significantly correlated with metabolic PET/CT parameters.
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Introduction

Ovarian cancer is the leading cause of death among all gyneco-
logical cancers in developed countries. Because of its silent nature,
most of the patients are diagnosed at advanced stages, defined
as the spread of the tumor outside the pelvis [1, 2]. The staging
system used worldwide for ovarian cancer is the International
Federation for Gynecology and Obstetrics (FIGO) staging classifi-
cation [3]. Staging of the disease is usually performed by multiple
imaging modalities such as ultrasonography (US), particularly use-
ful for the assessment of ovarian masses, computed tomography
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(CT), and magnetic resonance (MR). "®F-fluodeoxyglucose positron
emission tomography/computed tomography (['®F]FDG PET/CT)
is not usually performed for staging purposes, but its utility for the
assessment of retroperitoneal lymph nodes is proved [4].

Cancer antigen 125 (CA-125) is a high-molecular-weight gly-
coprotein expressed on the surface of epithelial cells and is also
a tumor marker that can play an important role in staging and re-
staging of ovarian cancer [1, 5]. Standard treatment of the disease
includes aggressive cytoreductive surgery followed by platinum-/
taxane-based chemotherapy [6].

Recurrence of this tumor is extremely frequent and in particular,
75% to 80% of all patients and 90% to 95% of patients with ad-
vanced disease (FIGO stage Ill/IV) will relapse within 2 years after
primary treatment [7]. According to this, early identification of tumor
recurrence is crucial to defining subsequent therapeutic approach.

Cancer antigen 125 (CA-125) is a sensitive and reliable tumor
marker to investigate possible relapse or persistence of ovarian
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cancer: in particular in literature, it is reported an accuracy of 79% to
95%, and its values increase from 3 to 6 months before the clinical
presentation of recurrence [8-9]. A progressive low-level increase
of this marker is strongly predictive of disease relapse among
patients who are in complete clinical remission [10].

Conventional imaging (Cl), such as CT and MR, is also used
in the evaluation of recurrence or persistence of disease with high
variability in terms of sensitivity and specificity [1]. Furthermore,
['®F]FDG PET/CT is frequently performed in the work-up of possible
recurrence, given its ability to identify relapse of the disease in both
asymptomatic and symptomatic patients [11].

The purpose of our study was to assess the accuracy of ['®F]
FDG PET/CT in detecting tumor relapse or persistence in pa-
tients previously treated for ovarian cancer. Furthermore, a possible
a possible correlation between PET/CT parameters and CA-125
values was also investigated.

Material and methods

A total of 92 ["®F]FDG PET/CT scans were retrospectively
included in the study. The scans came from 61 patients with
a previous diagnosis of ovarian cancer and were performed in our
center from July 2007 to October 2019. Patients with a history of
multiple tumors expressing CA-125 (i.e. breast) were excluded from
the study. All PET/CT scans were performed at least 1 month after
the end of chemotherapy and 3 months after the end of surgery
or radiotherapy.

A dose of 3-3.5 MBqg/kg of ["®F]FDG was administered in-
travenously to the patient 60 minutes before image acquisition.
Patients were instructed to void before acquisition and no contrast
agents were administrated; written consent was also obtained
before studies. PET/CT scans were performed from the skull base
to the midthigh on a Discovery ST or Discovery 690 PET/CT tomo-
graph (General Electric Company, GE, Milwaukee, Wisconsin) with
standard parameters (CT: 80 mA, 120 kV; PET: 2.5-4 min per bed
position, PET step of 15 cm). Reconstruction of images was per-
formed in a 256 x 256 matrix and 60 cm field of view.

All PET/CT scans were visually and semiquantitatively analyzed
by two experienced nuclear medicine physicians by consensus. In
this setting, readers were aware of the clinical history of the patient
but not about CA-125 levels. Focal tracer uptakes diverging from
physiological distribution of radiotracer and background were
regarded as suggestive of disease recurrence or persistence. For
semiquantitative analysis the measure of the maximum and mean
standardized uptake value bodyweight max (SUVbw max, SUVbw
mean), maximum SUV lean body mass (SUVIbm), maximum SUV
body surface area (SUVbsa), metabolic tumor volume (MTV),
and total lesion glycolysis (TLG) of hypermetabolic lesions were
performed. In this setting, MTV was extracted from ["®F]FDG PET
images corrected for attenuation, with an SUV-based automated
contouring program (Advantage Workstation 4.6, GE HealthCare).
This operation was performed with an isocontour threshold method
based on 41% of the SUVmax, as previously recommended by the
European Association of Nuclear Medicine, because of its high
interobserver reproducibility [12]. Furthermore, TLG was calculated
by summing the product of MTV of each lesion for its SUVmean.

Cancer antigen 125 (CA-125) values were collected in a range
of times within 2 months from the PET/CT scan. In particular, CA-125

was considered positive when higher or equal to 35 Ul/mL, accord-
ing to the reference values of our institution. In order to evaluate
PET/CT diagnostic accuracy, the reference standard was a com-
bination of clinical and imaging follow-up data collected for at
least 12 months. When available, also histopathologic information
was taken into account.

Statistical analysis

Statistical analyses were carried out using MedCalc Software
version 17.1 for Windows (Ostend, Belgium). Categorical variable
were presented with the calculation of simple and relative fre-
quencies while the numeric variables were described with mean,
standard deviation, minimum and maximum values. Furthermore,
using final diagnosis as a reference, sensitivity (SE), specificity (SP),
positive predictive value (PPV), negative predictive value (NPV),
and accuracy (AC) were calculated based on Bayes's law, with
95% confidence intervals (Cls).

To assess the possible correlation between qualitative PET/CT
results in tumor markers positivity or negativity, age (considering
a threshold of 75 years), and stage (I/Il vs. lll/IV FIGO stage), Chi-
Square test was performed. Furthermore, the Kruskall-Wallis test
was performed to evaluate a possible correlation between PET/CT
results and tumor markers considered as absolute values and with
a cutoff of 35 Ul/mL (positivity or negativity) and PET/CT semiquan-
titative parameters (SUVmax, SUVmean, SUVbsa, SUViom, MTV
and TLG). P-value was considered statistically significant if < 0.05.

In order to identify the best CA-125 values able to discriminate
between positive and negative PET/CT, receiver operating char-
acteristic (ROC) curve analysis was then performed. Area Under
Curve (AUC), SE, and SP were then obtained from this analysis.

Results

Mean age of patients was 64 (range 45-85) years; 2 of them
had stage | disease according to FIGO staging system, 4 had
stage Il disease, 36 had stage Ill while stage IV was present in 19
patients. All patients had a PET/CT scan after surgical removal of
the primary tumor. Of these patients, 2 didn’t perform any therapy
after surgery, 56 had chemotherapy after surgery, 1 performed
radiotherapy after surgery while 2 patients performed a mix of
radio- and chemotherapy after surgery.

Seventeen patients performed more than a single [*®F]FDG
PET/CT scan, resulting in 32 scans carried out for re-staging or
follow-up purposes. In particular, 10 patients performed 2 scans,
3 patients performed 3 scans, one performed 4 scans, 2 performed
5 scans and only one patient performed 6 PET/CT scans. Further-
more, of the 32 scans performed after a prior one, 8 were carried
out to evaluate relapse of disease after a negative ['®F]FDG PET/CT
exam, 3 were performed as a part of the follow-up of the patients,
while 21 scans were performed for the evaluation of disease dur-
ing or after treatment (in particular in one case the patients had
radiotherapy before the scan while 20 patients had chemotherapy
before PET/CT evaluation). The mean imaging follow-up time of
patients with CT or MR scans was 22.7 months.

Serous carcinoma was the most frequent histotype with
53 cases; endometrioid carcinoma was present in 3 patients, car-
cinosarcoma in 2 while one patient had a mixed carcinoma, one
an undifferentiated, and one a clear cell carcinoma respectively
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Table 1. The main features of our 61 patients

Age [years] (mean, range) 64 (45-85)
FIGO stage
| 2 (3%)
Il 4 (7%)
Il 36 (59%)
2 19 (31%)
Therapy
Surgery 2 (3%)
Surgery + chemotherapy 56 (92%)
Surgery + radiotherapy 1(2%)
Surgery + chemotherapy 2 (3%)
+ radiotherapy
Histology
Carcinosarcoma 2 (3%)
Clear cell 1(2%)
Endometrioid 3 (5%)
Mixed 1(2%)
Serous 53 (86%)
Undifferentiated 1(2%)

FIGO — International Federation for Gynecology and Obstetrics
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Figure 1. (A) Maximum intensity projection (MIP) of a negative
['®F]FDG PET/CT scan performed in a patient with negative CA-125;
(B) MIP of a positive ['®F]FDG PET/CT scan performed in a patient
with negative CA-125 showing peritoneal, thoracic, and abdominal
localization of the disease

(Tab. 1). Cancer antigen 125 (CA-125) values were available in
conjunction with PET/CT for all studies: 42 of them were under the
normal limit while 50 were above.

Of the 92 PET/CT scans performed, 68 (74%) demonstrated the
presence of recurrence of the disease while 24 (26%) were negative
(Fig. 1). In the group of positive PET/CT, 43 (63%) demonstrated
peritoneal localization of disease, 13 (19%) had a local relapse,
30 (44%) had abdominal nodal metastasis, 15 (22%) had thoracic

Nuclear Medicine Review 2022, Vol. 25, No. 2

nodal metastasis, 9 (13%) had hepatic metastasis, 3 (4%) had lung
metastasis and 3 (4%) had spleen metastasis. One (2%) patient
also had adrenal localization of the disease.

Among 68 positive PET/CT scans, 63 were confirmed as true
positive while on subsequent follow-up 5 were classified as false
positive. Histopathological diagnosis was possible for 41 (65%) of
these studies. In one case we found a diffuse uptake in the left iliac
wing that on a subsequent MR scan was classified as not patho-
logical. Three false-positive scans were characterized by peritoneal
focal uptakes interpreted as localization of disease that were not
confirmed on subsequent radiological follow-up. Interestingly, in
one patient we found a focal peritoneal uptake suggestive of lo-
calization of ovarian cancer but when removed this was diagnosed
as a neuroendocrine tumor (Fig. 2).

Among 24 negative scans, 20 were confirmed as true negative
while 4 resulted as false negative on subsequent follow-up (imaging
follow-up with CT or MR scans for at least 12 months, in particular
with a mean follow-up of 26.3 months): 2 of them had peritoneal or
nodal metastasis of disease with dimension under 5 mm while in
2 cases PET/CT wasn'’t able to recognize lung localization for the
same reason. Sensitivity (SE), specificity (SP), positive predictive
value (PPV), negative predictive value (NPV) and accuracy (AC)
of ["®F]FDG-PET/CT were 94% (85-98%), 80% (61-93%), 93%
(85-96%), 83% (67-93%) and 90% (82-95%), respectively. Positive
and negative likelihood ratios were 4.70 and 0.07, respectively.

Of the total of 92 PET/CT scans, 80 were performed by
patients with a diagnosis of serous ovarian carcinoma while 12
patients were present with other histotypes. In the first group of
patients, there were 4 false-negative scans, 5 false positives, 18
true negatives and 53 true positives; CA-125 was above the limit
of 35 Ul/mL in 42 cases while under this limit in 38. In the group
of patients without serous carcinoma, 2 scans turned out to be
true negative while 10 were true positive; CA-125 was positive in 8
cases and negative in 4.

A significant correlation was found between PET/CT results and
CA-125 findings dichotomized as positive and negative (p < 0.01).
No significant correlation was found between PET/CT results and
stage or age (Tab. 2); the same happened when evaluating CA-
125 results and stage or age.

A significant correlation between PET/CT results and CA-125
absolute values was found (p < 0.01) and as well as comparing
CA-125 positivity or negativity and PET semiquantitative parame-
ters (p < 0.01). A significant association was also found between
CA-125 absolute values and semiquantitative PET parame-
ters (p < 0.01) (Tab. 3).

In order to evaluate the possible influence of histotype on the
correlation between PET/CT and CA-125, we decided to perform the
aforementioned statistics by dividing the group of patients with se-
rous carcinoma from other ones. In the group of the 80 patients with
serous carcinoma, the significant correlation between PET/CT and
CA-125 exposed before was confirmed. Otherwise, in the group of
the 12 patients without serous carcinoma, the significant correlation
wasn't confirmed.

Applying ROC curves analysis to all the 92 PET/CT scans,
a value of 17 Ul/mL for CA-125 (AUC 0.732, SE 84%, SP 62%)
was extracted (Fig. 3). Furthermore, when comparing serum marker
values using the aforementioned cutoff with PET/CT results, a sig-
nificant association was observed (p < 0.01) (Tab. 4).
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Figure 2. (A) Axial CT; (B) axial PET; (C) axial fused PET/CT; (D) and maximum intensity projection (MIP) images of an ['®F]FDG PET/CT scan
demonstrating a focal peritoneal uptake in a patient with negative CA-125; subsequent removal of the lesion demonstrated the presence of

a neuroendocrine tumor

Table 2. Correlation between PET/CT results and the main clinical

features

Age [years]

<75

>75

FIGO stage

|

Il

1l

I\

Therapy

Surgery

Surgery + chemotherapy
Surgery + radiotherapy

Surgery + chemotherapy
+ radiotherapy

CA-125
Positive

Negative

CA-125 as continuos values

PET/CT

Positive (%)
n. 68

53 (78%)
15 (22%)

1 (1%)
6%)
54%)
(39%)

4
37 (
26

44 (65%)
24 (35%)
68 (100%)

Negative (%)
n. 24

22 (92%)
2 (8%)

1 (4%)
0 (0%)
17 (71%)
6 (25%)

6 (25%)
18 (75%)
24 (100%)

FIGO — International Federation for Gynecology and Obstetrics

0.237

0.357

0.002

< 0.001

Discussion

Relapse of ovarian cancer is extremely frequent affecting ap-
proximately 75% to 80% of all patients; 90% to 95% of patients with
advanced disease (FIGO stage lll/IV) will relapse within 2 years after
primary treatment [7]. Furthermore, the role of ["®F]FDG PET/CT
for the evaluation of relapse or persistence of disease and for the
follow-up of patients has been underlined [11]. In a previous me-
ta-analysis, Limei et al. [13] pointed out the fact that PET/CT may be
the most accurate test for diagnosis of suspected recurrent ovarian
cancer with high sensitivity and specificity and also a useful tool
to evaluate the deextent of disease. In this context, the greatest
value of ['®F]FDG PET/CT in ovarian cancer is represented by the
high accuracy in detecting residual disease after primary treatment
and in identifying recurrent disease in both symptomatic and
asymptomatic patients [11]. PET/CT has also a role in optimizing
the management plan in patients with recurrent ovarian cancer
as was established previously (Ebina et al. [14] and Soussan et
al. [15]).

Likewise, CA-125 is a sensitive and reliable tumor marker to
investigate possible relapse of disease, with a reported accuracy
of 79% to 95%, and its values increase from 3 to 6 months before
the clinical presentation of recurrence [8-9]; it is also the simplest
tool to trigger imaging and is a better approach than regular routine
imaging for the diagnosis of recurrent ovarian cancer, as mentioned
by the guidelines [2].
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Table 3. Correlation between mean semiquantitative parameters and CA-125 values

SUV- p-value p-value SUVIbm p-value SUVbsa p-value MTV p-value TLG p-value
max
CA-125 absolute values 9.52 < 0.001 5.09 < 0.001 6.67 < 0.001 2.49 < 0.001 21.94 < 0.001 184.71 < 0.001
CA-125 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
positive 9.66 5.09 6.69 2.53 23.01 194.45
negative 3.61 3.91 2.83 1.02 8.20 67.92

MTV — metabolic tumor volume; TLG — total lesion glycolysis

Table 4. Receiver operating characteristic (ROC) curves analysis for CA-125

Standard error

95% ClI Significance

level

Sensitivity

Specificity

CA-125 17 0.732 0.055
AUC — area under curve; Cl — confidence interval
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Figure 3. Receiver operating characteristic (ROC) curve was obtained
when searching for the best tumor marker value for CA-125 to
discriminate between positive PET/CT or negative one: a value of

17 Ul/mL was obtained (AUC 0.732, SE 84%, SP 63%)

A meta-analysis by Gu et al. [5] reported that [*®F]FDG PET/CT
could be a useful tool for current surveillance techniques, in particu-
lar for those patients with increasing CA-125 levels and negative CT
or MR imaging. In this context, rising CA-125 levels in patients who
were radically treated for ovarian cancer but show no evidence of
relapse is the most frequent indication for PET/CT and high overall
sensitivity (97%) has been obtained using PET/CT in asympto-
matic patients with high serum CA-125 levels and non-conclusive
results at CT [16-18]. A correlation between PET/CT and CA-125
could be therefore very useful since it can provide metabolic infor-
mation allowing for differentiation between tumor recurrence and
post-therapy scarring/fibrosis [1].

Our analysis confirmed the diagnostic value of ['®F]FDG PET/CT
for the restaging of ovarian cancer after primary therapy. In par-
ticular, most of the exams resulted true positives and just a small
amount of scans turned out to be false positives: in one case we
found a diffuse uptake in the left iliac wing that on a subsequent
MR scan was classified as not pathological, 3 were characterized
by peritoneal focal uptakes interpreted as localization of disease

0.629-0.819 0.0001 83.8 62.5

that weren't confirmed and in 1 scan we found a focal peritoneal
uptake suggestive of localization that was then diagnosed as a neu-
roendocrine tumor. Most of negative scans were confirmed as true
negative and in the small amount of false negative, PET/CT was not
able to identify pulmonary, peritoneal, or nodal lesions under its res-
olution power (5 mm).

The ranges of SE, SP, PPV, NPV and AC reported in literature
for ["®F]FDG PET/CT in the restaging of ovarian cancer from some
meta-analysis are 88% to 98%, 71% to 100%, 85% to 100%, 67%
to 100% and 71% to 100% [5, 19]. Our results confirmed these
evidences.

We find a significant correlation between PET scan positivity
or negativity and CA-125 one. In the past Menzel et al. pointed out
the correlation between CA-125 and PET/CT by demonstrating that
serum marker levels were higher in patients whit positive PET/CT
compared with patients with negative one and this finding was con-
firmed by other studies [1, 17].

Most of our patients had a diagnosis of serous carcinoma (87%)
and this fact is really important to underline because it's known that
this is the ovarian carcinoma histotype that expresses CA-125 the
most; in other histotypes such as mucinous, endometrioid, and
clear cell, the prognostic value of CA-125 is less known according
to European guidelines [2]. In detail, 80% of serous ovarian cancer
can express CA-125, while fewer than 30% of mucinous-, clear-cell-,
and endometrioid cancer are positive for this surface antigen [20].
In this context, when applying statistical analysis between the two
different groups of serous vs. non-serious carcinomas we reported
a significant correlation between PET/CT and CA-125 just in the
first group, underlying this different expression of tumor marker
between different histotypes.

A significant correlation was also found between CA-125
absolute values and all PET semiquantitative parameters,
CA-125 absolute values and PET/CT scan positivity or negativity,
and PET semiquantitative parameters with CA-125 positivity or neg-
ativity. In the past, Kim et al. [21] pointed out a correlation between
MTV and TLG with serum CA-125 levels at relapse in a patient with
recurrence of ovarian epithelial cancer but they did not find any
correlation between SUVmax and CA-125. These findings agree
only in parts with ours, where also SUVmax is strongly correlated
with CA-125 serum levels.

82 www.journals.viamedica.pl/nuclear_medicine_review



Francesco Dondi et al., PET/CT and Ca-125 in ovarian cancer

In the past, Kim et al. [6] reported a significant correlation of
changes in ['8F]FDG PET/CT SUVmax, with recurrence in advanced
epithelial ovarian cancer. Moreover, other papers noticed that the
doubling time of CA-125 strongly correlates with recurrence and
outcomes of ovarian cancer [22-23]. Evangelista et al. [24], ob-
served that overall survival (OS) is significantly higher in patients with
negative CA-125 values at the time of PET/CT, with negative PET/CT
scan, and with no evidence of peritoneum recurrence and distant
metastases. Moreover, Kim et al. [21] pointed out a significant cor-
relation between MTV, TLG, and SUVmax with post-relapse survival.
By underlying the significant correlation of PET/CT parameters and
CA-125, we think that our study can confirm these findings.

A discriminating value of 17 Ul/mL for CA-125 (AUC 0.732,
SE 84%, SP 63%) for PET/CT positivity or negativity was underlined
when applying ROC curve analysis. This value is very similar to
the one found by Palomar et al. [16] in the past (18 Ul/mL) when
evaluating the role of ["®F]FDG PET/CT in 175 patients treated for
ovarian cancer and with raised CA-125 levels. Similar results were
also obtained by Fularz et al. [25] (17.6 Ul/mL) in a study with
68 patients with suspicion of ovarian cancer relapse. Furthermore,
when comparing serum marker values using the aforementioned
cutoff with PET/CT results, a statistically significant association
was observed.

Our work is not without limitations. First of all, its retrospective
nature with heterogeneous clinical features of the population. More-
over, all 92 ['®F]FDG PET/CT came from a relatively low sample of
patients. Lastly, a definitive histopathological diagnosis was not
available for all PET/CT scans.

Conclusions

In conclusion, [®F]FDG PET/CT is an accurate diagnostic tool
to evaluate possible relapse or persistence of ovarian cancer after
primary therapy. A strong correlation between PET qualitative and
semiquantitative parameters and CA-125 values was underlined.
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