CA-125 Correlates with Metastatic Status at [18F]FDG PET/CT in
Patients with Relapsed Ovarian Cancer
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Abstract: Background: ovarian cancer (OC) relapse can be diagnosed with the evaluation of tumor markers and 18F-
fluorodoxyglucose positron emission tomography/computed tomography ([18F]FDG PET/CT) findings. The aim of our study
was to assess the correlation between CA-125 and [18F]FDG PET/CT findings in terms of metastatic disease in patients with
OC relapse. Material and Methods: 68 PET/CT scans positive for OC relapse were analyzed qualitatively and
semiquantitatively by measuring the maximum and mean standardized uptake value body weight max (SUVmax, SUVmean),
SUV lean body mass (SUVIbm), SUV body surface area (SUVbsa), metabolic tumor volume (MTV) and total lesion glycolysis
(TLG) of hypermetabolic lesions. These parameters and CA-125 were correlated with the metastatic status of patients.
Results: correlation of presence of distant metastases with MTV (p value <0.001), TLG (p value <0.001) and CA-125 (p value
0.010) were reported; no correlation with SUVmax, SUVmean, SUVIbm and SUVbsa were underlined. Moreover, correlation
between the type of distant metastases (nodal or extranodal) with MTV (p value 0.021), TLG (p value 0.044) and CA-125 (p
value 0.037) were underlined; no correlation with SUVmax, SUVmean, SUVIbm and SUVbsa were reported. Receiving
operating characteristic (ROC) curve analysis revealed acceptable performances in both cases. Conclusions: Correlation
between volumetric [18F]FDG PET/CT parameters and CA-125 with the metastatic status was reported.
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INTRODUCTION

Ovarian cancer (OC) is characterized by high
mortality and is on of the leading cause of death among
all gynecological cancers. Typically symptomatic only in
advanced stages, most of the patients are diagnosed
when the disease has become metastatic [1-2]. The
staging of this neoplasm is usually performed by
multiple conventional imaging (Cl) modalities such as
ultrasonography (US), particularly useful for the
assessment of ovarian masses, computed tomography
(CT) and magnetic resonance (MR). 18F-
fluodeoxyglucose positron emission
tomography/computed tomography ([18F]FDG PET/CT)
is an imaging modality that has proven its usefulness in
many different gynecological malignancies [3]. In this
setting, it is not usually performed for staging purposes
in OC, but its role for the assessment of retroperitoneal
lymph nodes has been proved [4].

Cancer antigen 125 (CA-125) is a high-molecular-
weight glycoprotein expressed on the surface of the
epithelial cells and has a particular role as a tumor
marker in staging and restaging of different
malignancies included OC [1,5]. Standard treatment of
the disease includes aggressive cytoreductive surgery
followed by chemotherapy [6]. In this setting, prognosis
of the patients is strictly related to recurrence that, in the
case of OC, is extremely frequent: 75-80% of all patients
and 90-95% of subjects with advanced disease (FIGO
stage II/IV) will relapse within 2 years after primary
treatment [7]. As a consequence and according to these
evidences, early identification of tumor recurrence is
crucial to defining subsequent therapeutic approach.

CA-125 is a particularly sensitive to investigate the
possible presence of relapse or persistence of OC:
accuracy of 79-95% has been reported in literature
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[8-9]. Its low and progressive increase is strongly
predictive of disease relapse among patients who are in
apparent complete clinical remission [10]. Moreover,
also ClI has a pivotal role for the evaluation of recurrence
or persistence of disease, with high variability in terms
of sensitivity and specificity reported in literature [1].
[18F]FDG PET/CT is frequently performed in the work-
up of possible recurrence, given its ability to identify
relapse of OC in both asymptomatic and symptomatic
patients [11].

The purpose of our study was to assess the
correlation between CA-125 and [18F]FDG PET/CT
findings in terms of metastatic disease in patients with
OC relapse.

MATERIAL AND METHODS

This study was carried out including a subgroup of
patients that were part of the cohort of a previously
published work [12]. A total of 68 [18F]FDG PET/CT
scans were retrospectively included. Such scans were
performed in our center in patients with a previous
diagnosis of OC 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 were performed at least 1 month after the end
of chemotherapy and 3 months after surgery or the end
of radiotherapy.

A dose of 3-3.5 MBg/kg of [18F]FDG was
intravenously injected to the patient 60 minutes before
image acquisition. Patients were instructed to void
before acquisition; 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 tomograph (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 performed in a 256x256 matrix and 60 cm
field of view. All PET/CT scans were visually and



semiquantitatively analyzed by two experienced nuclear
medicine physicians by consensus. For
semiquantitative analysis the measure of the maximum
and mean standardized uptake value body weight max
(SUVbw max, SUVbw mean), SUV lean body mass
(SUVIbm), 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 [18F]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
SUVmayx, as previously recommended by the European
Association of Nuclear Medicine (EANM), because of its
high interobserver reproducibility [13]. Furthermore,
TLG was calculated by summing the product of MTV of
each lesion with its SUVmean.

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

Statistical analyses were performed using MedCalc
Software version 17.1 for Windows (Ostend, Belgium).
Categorical variable were presented with the calculation
of simple and relative frequencies while the numeric
variables were described with mean, standard
deviation, minimum and maximum values. To assess
the possible correlation between PET/CT results in
terms of presence or absence of nodal metastases with
CA-125 values and PET semiquantitative parameters,
T-test was used. The same test was also applied when
searching for correlation between the presence of
distant metastases at PET/CT scan with CA-125 values
and the aforementioned semiquantitative parameters.
Moreover, the same analyses were also performed in
order to assess a possible relationship between PET/CT
semiguantitative parameters and CA-125 with the status
of distant metastases (nodal or extranodal). P-value was
considered statistically significant if < 0.05.

In order to identify the best CA-125 value able to
discriminate between the aforementioned classification
of PET/CT scans, receiver operating characteristic
(ROC) curve analysis was performed. Area Under
Curve (AUC), sensitivity and specificity were then
obtained from this analysis.

RESULTS

Mean age of patients was 65 (range 45-85) years.
FIGO stage | disease was present in 1 patients, stage Il
in of 4 subjects, stage Ill in 47 patients while 16 subjects
had a stage IV disease. All PET/CT were performed
after surgical removal of the primary tumor and
subsequent adjuvant therapy. In particular 66 were
performed after the completion of chemotherapy while 2
after radiotherapy. Speaking about histology, 59 hybrid
imaging scans were performed in patients affected by
serous carcinoma, endometrioid carcinoma was present
in 5 patients, carcinosarcoma in 2, 1 patient had clear
cell carcinoma and 1 subject had undifferentiated
carcinoma (Table 1).

All the PET/CT scans included in the study were
positive for relapse of OC. In particular 11 scans had
nodal localization of disease, 6 had both nodal and
distant metastases, 5 had the presence of local relapse
of disease and distant metastases, 9 had the presence
of local relapse and both nodal and distant metastases,
4 scans demonstrated both local relapse and nodal
metastases while 33 had only the presence of local
relapse.

When evaluating the correlation between the
presence of nodal metastasis at [18F]FDG PET/CT with
CA-125 values and PET semiquantitative parameters,
we did not reported any significant results. When the
same analysis was performed in order to assess a
correlation with the presence of distant metastases,
statistical significant correlation with MTV (p value
<0.001), TLG (p value <0.001) and CA-125 (p value
0.010) values were reported; the others PET/CT
semiquantitative parameters did not reveal any
significant difference. Moreover, when analyzing these
relationship in the group of patients with distant
metastases in order to discriminate between the
presence of nodal or extranodal localization of disease,
the correlations between MTV (p value 0.021), TLG (p
value 0.044) and CA-125 (p value 0.037) were
confirmed, while other semiquantitative parameters
confirmed the absence of correlation (Table 2) (Figure
1).

ROC analyses were performed to find the best CA-
125 value able to discriminate between the presence or
the absence of distant metastases and between the
presence or the absence of nodal and extranodal
localization of disease. In the first case a value of 315
Ul/mL for CA-125 had the best discriminating accuracy
(AUC 0.669, sensitivity 43%, specificity 95% and p value
0.011) while in the second analysis a value of 596 Ul/mL
revealed the best performances (AUC 0.729, sensitivity
54%, specificity 89% and p value 0.017) (Figure 2).

Figure 1: Maximum intensity projection (MIP) of a
[18F]FDG PET/CT scan, performed in a patient with
relapse of OC, demonstrating multiple localization of
disease on cervical, mediastinal and abdominal nodes
(arrows). MTV, TLG and CA-125 values were 34.7, 368.1
and 948 Ul/mL respectively.
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Figure 2: ROC curve analyses for CA-125 values when classifying between PET/CT scans with or without the presence of
distant metastases (A) and between the presence of nodal or extranodal distant localization of disease (B).
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Table 1: The main features of our cohort.
n (%)
Age, years (mean, range) 65 (45-85)
FIGO stage
| 1 (1%)
I 4 (6%)
1] 47 (69%)
Y] 16 (24%)
Therapy
Surgery + chemotherapy 66 (97%)
Surgery + radiotherapy 2 (3%)
Histology
Carcinosarcoma 2 (3%)
Clear cell 1 (1%)
Endometrioid 5 (7%)
Serous 59 (87%)
Undifferentiated 1 (1%)
PET/CT results
T+N-M- 33 (49%)
T+N+M- 4 (6%)
T+N+M+ 9 (13%)
T-N+M+ 6 (9%)
T-N+M- 11 (16%)
T+N-M 5 (7%)

T+/-: positive or negative T status; N+/-: positive or negative N status; M+/-: positive or negative M status.



Table 2: Correlation between metastatic status with PET/CT parameters and CA-125 values.

SUVmax vaTue SUVmean va|l)ue SUVIbm vaTue SUVbsa vaTue MTV va[I’ue TLG va'l)ue CA-125 va[I’ue
N status 0.68 0.70 0.59 0.67 0.05 0.13 0.8
Positive | g g 4,93 6,93 2,61 29,74 243,02 458,68
Negative 9,2 5,23 6,46 2,39 15,4 135,86 530,86
M status 0.46 0.23 0.35 0.31 <0.01 <0.01 0.01
Positive | 1021 5,62 7,25 2,73 36,67 327,56 944,83
Negative | g g7 4,68 6,21 2,3 10,3 71,94 145,16
M status 0.33 0.89 0.22 0.20 0.02 0.04 0.03
Nodal 11,01 5,57 8 3,03 51,83 455,97 1578,85
Extranodal | g g 5,66 6,67 2,5 25,08 229,36 460
DISCUSSION information allowing for differentiation between tumor

Relapse of OC is extremely frequent and presents in
approximately 75-80% of all patients, with 90-95% of
patients with advanced disease (FIGO stage IIl/IV)
experiencing relapse within 2 years after primary
treatment [7]. Furthermore, the role of [18F]FDG
PET/CT for the evaluation of relapse or persistence of
this disease and in the follow-up of patients has been
underlined in the past with great results [11]. In this
setting it has been proposed that this imaging modality
may be the most accurate to diagnose suspected
recurrence of OC and to assess the disease extension,
with high sensitivity and specificity [14]. In fact, the
greatest values of [18F]FDG PET/CT in OC is its high
accuracy in detecting residual disease after primary
treatment and its capability to identifiy recurrent disease
in both symptomatic and asymptomatic patients [11].
Moreover, PET/CT has also demonstrated a role in
guiding the therapy of patients, since it has the ability to
optimize the management plan in subjects with
recurrence of disease [15-16].

Speaking about serum tumor markers, CA-125 has
proven to be a sensitive and reliable marker when
investigating the possible relapse of OC, with a reported
accuracy of 79-95%. Furthermore, its values increase 3-
6 months before the clinical presentation of recurrence,
making it a pivotal tool to determine the presence of
relapse of disease and for the follow-up of these patients
[8-9].

It has been reported that [18F]FDG PET/CT could be
useful for current surveillance of OC patients, in
particular for those with increasing CA-125 levels and
negative CT or MR imaging. In fact, evaluation of
neoplasm status in patients radically treated for OC with
rising CA-125 levels but without evidence of disease at
Cl is the most frequent indication to perform a PET/CT
scan; sensitivity of 97% has been reported when using
PET/CT in asymptomatic patients with high serum CA-
125 levels and non-conclusive results at CT [5,17-19].
In this setting, the correlation between PET/CT and CA-
125 is very useful since it can provide metabolic

recurrence and post-therapy scarring/fibrosis [1].

The correlation between CA-125 and
[LBF]JFDGPET/CT results has been reported in the past
by demonstrating that serum marker levels were higher
in patients whit positive PET/CT compared with patients
with negative one. Moreover, the degree of tracer
uptake has been reported as significantly correlated with
the serum marker levels [1,12,18]. As previously
underlined, the prognostic impact of recurrence of OC is
evident and therefore these information are particularly
important in the management of these patients. It has
been reported that overall survival 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 [20]. In this setting, we reported a significant
difference in terms of CA-125 values between patients
with and without the presence of distant metastases.
Furthermore, such insights were also confirmed when
analyzing MTV and TLG, a finding that confirms the
reflection of these parameters of the metabolic
extension of the disease. ROC analysis revealed a
value of 315 Ul/mL of CA-125 as the one with the best
discriminating accuracy. Similar results were also
confirmed when discriminating between distant nodal
and distant extranodal metastases, since both of them
define a positive M stage in the tumor nodes metastasis
(TNM) system. The correlation for PET/CT results with
MTV and TLG were confirmed also in this case and the
same append when considering CA-125, with a value of
596 UI/mL that revealed the best performances (AUC
0.729, sensitivity 54%, specificity 89% and p value
0.017). Lastly, no correlation between the presence of
nodal metastases and [18F]FDG PET/CT parameters or
CA-125 have been reported. These findings were not
previously underlined in literature.

Our work is not without limitations. First of all, its
retrospective nature with heterogeneous clinical
features of the population. Moreover the fact that the
aforementioned analyses were in some case performed
in limited cohorts of patients is another important issue
of our study.



CONCLUSION

In conclusion, we reported a significant correlation
between volumetric [18F]FDG PET/CT parameters and
CA-125 with the M status in patients with relapsed OC.
Furthermore, the same insight were also confirmed
when considering the different localization of such
metastases (nodal or extranodal).
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