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Background: Identifying reliable prognostic indicators can aid in improving patient care. The aim of this 
study was to establish the association of 18F-fluorodeoxyglucose positron emission tomography-computed 
tomography (18F-FDG PET/CT) whole-body metabolic parameters, serum carbohydrate antigen 125 
(CA125), and human epididymis protein 4 (HE4) with overall survival (OS) in patients with epithelial ovarian 
cancer (EOC) after surgery combined with platinum-based chemotherapy. 
Methods: From May 2014 to May 2019, a total of 79 patients with EOC who underwent posttreatment 
18F-FDG PET/CT in the First Affiliated Hospital of Chongqing Medical University were included. 
Clinical data and laboratory indicators were obtained. The whole-body maximum standardized uptake value 
(WBSUVmax), whole-body metabolic tumor volume (WBMTV), and whole-body total lesion glycolysis 
(WBTLG) were measured and calculated on 18F-FDG PET/CT. The follow-up was conducted until 
February 2023, and the endpoint was death from any cause. Pearson correlation analysis, Kaplan-Meier, and 
Cox proportional regression were used in this study.
Results: The PET-positive (PET-P) patients had significantly decreased OS based on either Kaplan-Meier 
survival analysis (P<0.001) or univariate Cox regression analysis [hazard ratio (HR) =40.177, 95% confidence 
interval (CI): 2.690–600.134; P=0.007]. “Ln” is a logarithmic transformation with a base of “e” (natural 
logarithm). LnWBMTV, lnWBTLG, and therapy after PET were independent predictors of OS in a cohort 
of 63 PET-P patients. The difference in OS between groups sorted by the median WBMTV (4.16; P<0.001) 
and WBTLG (14.71; P<0.001) was statistically significant. There were statistically significant differences 
in CA125 and HE4 levels between patients in the PET-P and PET-negative (PET-N) groups (P<0.001). In 
the PET-P patient cohort, serum HE4 levels were substantially correlated with WBMTV and WBTLG. 
Kaplan-Meier survival analysis suggested a reduction in OS after treatment in patients with EOC positive for 
CA125, HE4, and PET (P<0.001). 
Conclusions: Post-PET/CT treatment strategy, WBMTV, and WBTLG demonstrated significant 
prognostic utility in predicting posttreatment OS in patients with EOC. Patients who tested positive for both 
tumor markers CA125 and HE4 and had a positive PET scan demonstrated a significantly poorer prognosis 
in terms of posttreatment OS.
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Introduction

Among gynecological malignancies, ovarian cancer (OC) 
has the third highest incidence and is the leading cause 
of death (1,2), with approximately 314,000 new cases and 
207,123 mortalities worldwide in 2020 and a 5-year relative 
survival rate estimated at 48.6% (3). Epithelial OC (EOC) 
is the most prevalent type of ovarian malignancy, and 
its histologic subtypes include plasmacytoma, mucinous 
carcinoma, endometrioid carcinoma, and clear cell 
carcinoma (4). Although most patients with EOC reach a 
state of maximum clinical remission through surgery (either 
staged or cytoreductive) combined with platinum-based 
chemotherapy, the prognosis remains poor (5). This is 
because approximately 70% of patients with OC experience 
recurrence or metastasis within 5 years, highlighting the 
persistent challenge faced by these patients. The prognosis 
of patients with OC is a crucial factor in guiding their 
treatment strategy. Consequently, optimal surveillance 
in the monitoring of disease progression in patients with 
OC is essential. However, there is no consensus regarding 
the optimal method and timing for follow-up. The chief 
goal in the early detection of recurrent metastases and 
proactive intervention in clinical practice is to improve 
patient survival, and this requires an optimized approach in 
monitoring disease response and in obtaining prognostic 
information for guiding the treatment of patients with OC.

The role of various tumor markers in OC management 
is significant, with changes in their levels serving as 
indicators of disease progression and status. Carbohydrate 
antigen 125 (CA125) is a prevalent biomarker extensively 
utilized as an early diagnostic tool and for identifying 
recurrent metastases of OC (6-9). However, the specificity 
and sensitivity of CA125, when tested individually, have 
been reportedly to be fairly suboptimal (10). After CA125, 
another notable biomarker, human epididymis protein 4 
(HE4), a serine protease inhibitor, received US Food and 
Drug Administration (FDA) approval as a diagnostic and 
disease recurrence monitoring tool (11-13). Studies indicate 
that HE4 may have superior specificity and sensitivity 
compared to CA125 (10). Nonetheless, traditional serum 

tumor marker assays, despite their in vitro diagnostic 
capability, are limited in accurately localizing tumor 
recurrence and metastasis, rendering them less informative 
for secondary surgery indications.

18F-fluorodeoxyglucose positron emission tomography-
computed  tomography  ( 18F-FDG PET/CT)  has 
significantly benefited the management of patients 
with cancer, offering functional metabolic information, 
quantifiable data, and morphological insights (14,15). 
Metrics such as maximum standardized uptake value 
(SUVmax), metabolic tumor volume (MTV), and total 
lesion glycolysis (TLG) are included in the PET/CT 
assessment. Notably, MTV and TLG, as volume-based 
parameters, represent the metabolic activity across the 
tumor. Furthermore, whole-body MTV (WBMTV) and 
whole-body TLG (WBTLG) account for the metabolic 
burden of all lesions, offering a comprehensive view of the 
tumor’s functional activity (16,17). Lee et al. reported TLG 
to be an independent predictor of progression-free survival 
(PFS) (18), but this observation was based on baseline PET/
CT before treatment. It should be noted that pretreatment 
baseline PET/CT is not available for a substantial number 
of clinical cases due to various reasons.

The aim of this study was to determine the correlation 
between posttreatment quantitative 18F-FDG PET/
CT parameters and serum markers and to clarify their 
potential prognostic implications for overall survival 
(OS) in patients diagnosed with EOC. We present 
this article in accordance with the STROBE reporting 
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-23-859/rc).

Methods

Patients

This retrospective cohort study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013) and was approved by the Ethics Committee of the 
First Affiliated Hospital of Chongqing Medical University 
(No. K 2023-140). The requirement for informed consent 
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was waived due to the retrospective nature of the study. 
From May 2014 to May 2019, 215 patients with OC 
underwent their first posttreatment 18F-FDG PET/CT 
examination at the PET/CT Examination Center of the 
First Hospital of Chongqing Medical University. The 
selection criteria for patients in this study included the 
following: (I) histopathologically verified diagnosis of 
EOC; (II) completed initial treatment regimen of surgery 
and chemotherapy; (III) no history of dual primary cancers 
within 5 years preceding participation in the study; and (IV) 
comprehensive clinical and imaging data as well as serum 
CA125 and HE4 levels assessed within 2 weeks following 
PET/CT. Meanwhile, the exclusion criteria were as follows: 
(I) a primary treatment approach other than surgery with 
chemotherapy; (II) administration of radiotherapy or 
chemotherapy at the time of PET/CT; and (III) a lack of 
adequate follow-up data. After these criteria were applied, 
79 patients were enrolled into the study (Figure 1). A 
thorough review of the medical records of all included 
patients was performed to extract relevant data, including 
age, International Federation of Gynecology and Obstetrics 
(FIGO) stage, histopathology, post-PET/CT treatment, 

serum CA125 and HE4 levels posttreatment, and whole-
body metabolic parameters derived from PET/CT. Post-
PET scan follow-ups were scheduled every 3–6 months and 
comprised medical history evaluation, physical assessment, 
serological examinations, and radiological imaging. The 
study’s primary endpoint was OS, defined as the time 
elapsed from the first posttreatment PET/CT examination 
until death or the follow-up termination in February 2023.

Tumor markers

All patients’ serum CA125 and HE4 levels were measured 
within 2 weeks after the PET/CT examination. Venous blood 
(3–5 m) was collected from patients on an empty stomach 
and sent to the laboratory for specimen pretreatment, with 
the procedure being carried out in strict accordance with 
the instrumentation manual. Our hospital uses the Architect 
i2000 fully automated microparticle chemiluminescence 
immunoassay analyzer (Abbot, Chicago, USA) and ancillary 
test kits, standards, and quality control products for testing. 
The reference values for serum CA125 and HE4 in our 
hospital’s laboratory department were chosen as grouping 
boundaries. Serum CA125 <35 U/mL was defined as negative 
and ≥35 U/mL as positive; serum HE4 <140 pmol/L was 
defined as negative and ≥140 pmol/L as positive.

18F-FDG PET/CT scanning and image analysis 
18F-FDG PET/CT was conducted by the Medical 
Cyclotron of the Department of Nuclear Medicine, the 
First Hospital of Chongqing Medical University, with 
a Gemini TF 64 PET/CT detection system (Philips 
Medical Systems, Amsterdam, the Netherlands) and a 
radiochemical purity of >95%. 18F-FDG (3.70–5.55 MBq/
kg) was administered intravenously to all patients who 
had fasted for at least 6 hours before the examination and 
who had a fasting blood glucose level below 6.1 mmol/L. 
Patients underwent PET/CT imaging from the apex of the 
head to the base of the thigh, during which time they were 
instructed be still and silent for an hour, with provisions to 
hydrate and urinate as needed. The PET scan parameters 
were as follows: 4D acquisition, layer thickness 4.0 mm,  
5 min/bed for parts below the head and neck, 3 min/bed for 
the head and neck. Meanwhile, the CT scan specifications 
were as follows: 120 kV voltage, 100 mA current, and 4.0 
mm layer thickness; scan data were corrected for attenuation; 
reconstruction images were iterated to obtain maximum 
intensity projection and fusion images; and the acquired 

Patients with OC undergoing the first 
posttreatment 18F-FDG PET/CT in our 
department between May 2014 and 

May 2019 (n=215)

Assessed clinical data and laboratory 
parameters (n=147)

Follow-up (n=96)

Patients included in the study (n=79)

Patients excluded due to a lack of adequate 
follow-up data (n=17)

Patients excluded because clinical and 
laboratory indicators were missing (n=51)

• Patients excluded because initial 
treatment (surgery combined with 
chemotherapy) was not completed (n=56)

• Patients excluded because they had overt 
double primary malignancy (n=12)

Figure 1 Flowchart of patient enrollment in the study. OC, 
ovarian cancer; 18F-FDG PET/CT, 18F-fluorodeoxyglucose 
positron emission tomography-computed tomography.
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sagittal, coronal, and axial images were transmitted to the 
Extended Brilliance Workstation (EBW) workstation (Philips).

All 18F-FDG PET/CT images were analyzed via a 
combination of visual interpretation and semiquantitative 
techniques by two senior nuclear medicine physicians with 
more than 10 years of experience in FDG PET/CT analysis 
who were blind to the clinical data but were familiar with 
the fundamentals of the patient and the rationale for the 
18F-FDG PET/CT examination. Any disagreement between 
the two physicians was resolved via discussion. PET-positive 
(PET-P) status was defined as increased FDG uptake 
beyond that observed in the adjacent background that was 
consistent with a recurrent metastatic route linked to EOC. 
In higher physiologic FDG uptake areas, asymmetrically 
increased uptake was evaluated as positive. PET-negative 
(PET-N) status was characterized by no substantial increase 
in FDG uptake outside the physiological uptake region. 
The region of interest was automatically delineated on 
the PET/CT fusion image using 40% of the SUVmax as 
the threshold, and then the layers were manually modified 
layer by layer according to the contour of the lesion. The 
SUVmax, mean standardized uptake value (SUVmean), and 
MTV of the region of interest were automatically measured 
and then recorded, and the TLG was calculated (TLG = 
MTV × SUVmean). Additionally, WBSUVmax was selected 
as the maximum of all lesions in the patient, and WBMTV 
and WBTLG were the sum of all lesions. If patients with 
EOC had several posttreatment PET/CT examinations, the 
first scan was used for analysis, and the median time from 
completion of initial treatment to PET/CT scan was 11 
months (range, 1–87 months).

Statistical analysis

Statistical analysis for this study was conducted using SPSS 
26.0 software (IBM Corp., New York, USA). Statistical 
significance was defined as a P value of less than 0.05 
based on a two-sided statistical test. Clinicopathological 
characteristics, serological markers, and 18F-FDG PET/
CT parameters were expressed using descriptive statistics. 
Continuous variables were reported as medians and ranges, 
while categorical data were reported as percentages. 
Normality tests were conducted on the continuous 
variables, with the natural logarithm transformation 
applied to CA125, HE4, WBSUVmax, WBMTV, and 
WBTLG values. Differences in tumor markers between 
the PET-P and PET-N groups were assessed using the 
Mann-Whitney test. Pearson correlation coefficient was 

employed to evaluate linearity between serum CA125 and 
HE4 levels and PET/CT parameters. Survival analysis 
was performed using Kaplan-Meier, log-rank, and Cox 
proportional hazards regression analyses. These analyses 
were conducted separately for all patient groups and PET-P 
patient groups, with variables with a P value of <0.1 being 
included in a multivariate Cox regression analysis model. 
The model’s performance was evaluated using the Harrell-C 
concordance statistic. Survival curves were plotted for the 
entire patient cohort based on the presence or absence of 
18F-FDG uptake, with additional curves drawn for variables 
included in the multivariate analysis. PET parameters were 
used to delineate two groups based on the median values.

Results

Patient characteristics

The patient characteristics are shown in Table 1. All patients 
underwent surgery (staged or tumor cytoreductive) combined 
with platinum-based chemotherapy and achieved maximum 
clinical remission. A total of 79 patients with EOC with 
a median age of 51 (range, 29–73) years were enrolled. 
The distribution of FIGO stage among patients was as 
follows: 3 cases were FIGO stage I, 24 were FIGO stage II,  
42 were FIGO stage III, and 10 were FIGO stage IV. As 
for the histological type, 64 cases were plasmacytoma,  
3 were mucinous carcinoma, 7 were endometrioid carcinoma, 
and 5 were clear cell carcinoma. Moreover, 63 patients 
showed FDG uptake on 18F-FDG PET/CT images, and  
16 patients showed no FDG uptake. The post-PET/CT 
tumor-specific treatment across all participants was as follows:  
22 patients (27.85%) underwent secondary surgery combined 
with chemotherapy, 41 patients (51.90%) received a single 
treatment, and 16 patients (20.25%) declined any tumor-
specific treatment. When the PET-P and PET-N groups 
were compared, a larger proportion of patients in the PET-P 
group were at advanced disease stages, whereas most of the 
PET-N group were at the early stages. The OS rate for 
the PET-P group was considerably lower than that of the 
PET-N group, in which no deaths were recorded. Across 
the entire patient cohort, the median follow-up duration was  
43 months, with a range of 2 to 99 months.

18F-FDG PET/CT results and OS

Based on posttreatment PET imaging, the log-rank test 
revealed a significant difference in OS between the PET-P 
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Table 1 Patient characteristics

Characteristic All patients (n=79)
PET findings

Positive (n=63) Negative (n=16)

Age (year) 51.00 [29–73] 53.00 [39–73] 48.50 [29–62]

Status

Alive 34 (43.04) 18 (28.57) 16 (100.00)

Dead 45 (56.96) 45 (71.43) 0 

FIGO stage

Stage I–II 27 (34.18) 15 (23.81) 12 (75.00)

Stage III–IV 52 (65.82) 48 (76.19) 4 (25.00)

Histopathology

Serous 64 (81.01) 50 (79.37) 14 (87.50)

Not serous 15 (18.99) 13 (20.63) 2 (12.50)

Therapy after PET

Reoperation + chemo 22 (27.85) 19 (30.16) 3 (18.75)

Another 57 (72.15) 44 (69.84) 13 (81.25)

CA125 (U/mL) 58.60 [4.20–1,746.60] 83.80 [6.30–1,746.60] 11.65 [4.20–363.20]

Negative (<35) 28 (35.44) 15 (23.81) 13 (81.25)

Positive (≥35) 51 (64.56) 48 (76.19) 3 (18.75)

HE4 (pmol/L) 73.00 [18.00–644.00] 91.00 [24.00–644.00] 44.50 [18.00–130.00]

Negative (<140) 50 (63.29) 43 (68.25) 7 (43.75)

Positive (≥140) 29 (36.71) 20 (31.75) 9 (56.25)

PET parameters

WBSUVmax (g/mL) 6.49 [0.00–27.91] 8.24 [1.57–27.91] –

WBMTV (mL) 4.16 [0.00–194.75] 6.72 [0.13–194.75] –

WBTLG (g) 14.71 [0.00–1,889.09] 27.75 [0.20–1,889.09] –

Median OS (month) 43.00 [2–99] 33.00 [2–99] 76.00 [49–94]

Data are presented as n (%) or median [range] of corresponding variables. PET, positron emission tomography; FIGO, The International 
Federation of Gynecology and Obstetrics; chemo, chemotherapy; CA125, carbohydrate antigen 125; HE4, human epididymis protein 4; 
WBSUVmax, whole-body maximum standardized uptake value; WBMTV, whole-body metabolic tumor volume; WBTLG, whole-body total 
lesion glycolysis; OS, overall survival.

and PET-N patient groups (P<0.001; Figure 2). According 
to univariate Cox regression analysis, PET-P patients had a 
significantly shorter OS, [hazard ratio (HR) =40.177, 95% 
confidence interval (CI): 2.690–600.134; P=0.007] (Table 2). 
The mean OS of the PET-P group was 33 months, while 
that of the PET-N group was 76 months (Table 1).

Univariate Cox regression analysis comprising clinical 
variables revealed that other characteristics significantly 

related to OS included FIGO stage (HR =0.321, 95% CI: 
0.153–0.675; P=0.003), CA125 level (HR =2.932, 95% CI: 
1.405–6.116; P=0.004), and HE4 level (HR =2.801, 95% 
CI: 1.520–5.163; P=0.001). The age and histological type of 
the patients had no significant correlation with OS (Table 2). 
The 1- and 3-year survival rates were 92.6% and 77.8% for 
patients with early-stage FIGO grade and 80.8% and 44.2% 
for those with advanced-stage FIGO grade , respectively; 
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the 1- and 3-year survival rates for CA125-negative 
(CA125-N) patients were 89.3% and 71.4%, respectively, 
while those for CA125-positive (CA125-P) patients, were 
82.4% and 47.1%, respectively; the 1- and 3-year survival 
rates for HE4-negative (HE4-N) patients were 93.2% and 
68.2%, respectively, while those for HE4-positive (HE4-P) 
patients were 74.3% and 40.0%, respectively.

FDG-positive uptake group and recurrence site

In the PET-P group, 205 recurrent metastatic lesions were 
identified in 63 patients. The most common site of disease 
was lymph node metastasis (n=83, 40.49%), followed by 
peritoneal carcinomatosis (n=61, 29.76%) and pelvic tumors 
(n=34, 16.59%). There were five vaginal cuff recurrences. 
Parenchymal solid organ metastases were observed in the 
liver (n=10, 4.88%), spleen (n=3, 1.46%), lung (n=2, 0.10%), 
pancreas (n=1, 0.05%), and adrenal gland (n=1, 0.05%). In 
addition to this, two patients (0.98%) had pleural lesions, 
and one patient (0.49%) had abdominal wall lesions; 
moreover, two patients had lesions on the vertebrae.

FDG-positive uptake group and OS

In the univariate analysis, OS was found to be substantially 
correlated with lnWBMTV (HR =1.424, 95% CI: 

1.115–1.819; P=0.005), lnWBTLG (HR =1.362, 95% CI: 
1.099–1.688; P=0.005), and therapy after PET (HR =0.340, 
95% CI: 0.162–0.715; P=0.004), (Table 3). LnWBMTV, 
lnWBTLG, therapy after PET, and HE4 levels were 
included in the multivariate Cox regression analysis for 
variables with P<0.1. Since TLG was calculated as the 
product of MTV and SUVmean, the multicollinearity 
between lnWBMTV and lnWBTLG was evaluated before 
multivariate analysis. Pearson correlation coefficient 
analysis indicated a highly positive relationship (r=0.970; 
P<0.001); therefore, lnWBMTV and lnWBTLG were 
separately analyzed with other variables. Model 1 refers to 
the analysis using lnWBMTV, and Model 2 refers to the 
analysis using lnWBTLG. Multivariate analysis showed that 
lnWBMTV (HR =1.309, 95% CI: 1.037–1.651; P=0.023) 
and lnWBTLG (HR =1.312, 95% CI: 1.070–1.609; 
P=0.009) were significantly associated with patient OS 
(Table 4). Therapy after PET was a significant OS-related 
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Figure 2 Overall survival Kaplan-Meier curves of PET/CT in  
79 patients with ovarian cancer after treatment grouped according 
to PET imaging results. Log-rank test: P<0.001. PET/CT, 
positron emission tomography-computed tomography; PET-P, 
PET positive; PET-N, PET negative.

Table 2 Univariate cox regression analysis for clinicopathologic risk 
factors associated with OS in 79 patients

Variable HR 95% CI P value

PET findings

Positive 40.177 2.690, 600.134 0.007*

Negative† 1.000 – –

Histopathology

Serous 0.696 0.343, 1.411 0.314

Not serous† 1.000 – –

FIGO stage

Stage I–II 0.321 0.153, 0.675 0.003*

Stage III–IV† 1.000 – –

CA125 (U/mL)

Positive (≥35) 2.932 1.405, 6.116 0.004*

Negative (<35)† 1.000 – –

HE4 (pmol/L)

Positive (≥140) 2.801 1.520, 5.163 0.001*

Negative (<140)† 1.000 – –

Age (year) 1.028 0.994, 1.064 0.112

*, a significance of P<0.05. †, reference group. OS, overall 
survival; HR, hazard ratio; CI, confidence interval; PET, positron 
emission tomography; FIGO, The International Federation of 
Gynecology and Obstetrics; CA125, carbohydrate antigen 125; 
HE4, human epididymis protein 4.
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variable in both Model 1 (HR =0.393, 95% CI: 0.180–0.857, 
P=0.019) and Model 2 (HR =0.367, 95% CI: 0.168–0.800, 
P=0.012) (Table 4). The C-statistic indexes for Models 1 and 
2 were 0.723 and 0.727, respectively.

Survival curves using the Kaplan-Meier method were 
generated for the WBMTV, WBTLG, and post-PET 
treatment groups, which were determined according to 
median values (4.16 for WBMTV and 14.71 for WBTLG). 

The statistical evaluation indicated significant differences 
in OS among the subgroups (WBMTV and WBTLG: 
P<0.001; post-PET treatment: P=0.003) (Figure 3A-3C).

Differences in tumor markers between the PET-P and 
PET-N groups

In the PET-P group, the median serum CA125 and HE4 
levels were 83.80 U/mL and 91.00 pmol/L, respectively, 
while in the PET-N group, they were 11.65 U/mL and 
44.50 pmol/L, respectively. Between the PET-P and 
PET-N groups, there were statistically significant variations 
in the levels of serum CA125 and HE4 (P<0.001). The box 
plot in Figure 4A,4B shows the serum CA125 and HE4 
distribution in the PET-P and PET-N groups.

Correlations between CA125, HE4, and 18F-FDG PET/
CT parameters

Correlation analysis in the PET-P patient cohort revealed 
a weakly positive but statistically significant relationship 
between WBMTV, WBTLG, and serum HE4. Specifically, 
WBMTV correlated slightly more strongly with serum 
HE4 (r=0.337; P=0.007) (Figure 5A) than WBTLG did 
with HE4 (r=0.296; P=0.018) (Figure 5B). No statistically 
significant correlation was observed between CA125 
and PET/CT parameters or between SUVmax and 
HE4 (P>0.05). In addition, the two tumor markers were 
significantly correlated (r=0.320; P=0.011) (Figure 5C).

The combined association of CA125, HE4, and PET 
findings on the survival of patients with EOC

The HE4-P group had a PET positivity rate of 100%, 
while the CA125-P group had one of 94.1%. Patients 
were categorized into four groups based on the PET/CT, 
HE4, and CA125 test results. Given its 100% survival 
rate, the PET-N group was considered separately. The 
remaining three groups included PET-P, CA125-P 
and HE4-P; PET-P and HE4-P only or PET-P and 
CA125-P only; PET-P, HE4-N and CA125-N. The 
median survival time, 1-year survival rate, and 3-year 
survival rate for these four groups are presented in 
Table 5. The Kaplan-Meier OS curves, which combined 
posttreatment CA125, HE4, and PET/CT results (Figure 6),  
showed significant differences in the OS between these 
groups (P<0.001). Among the groups, patients testing 
positive on PET, CA125, and HE4 tests had the poorest 

Table 3 Univariate Cox regression analysis for OS in PET-P 
patients

Variable
Univariable

HR 95% CI P value

PET measure

lnWBSUVmax 1.470 0.913, 2.378 0.113

lnWBMTV 1.424 1.115, 1.819 0.005*

lnWBTLG 1.362 1.099, 1.688 0.005*

Therapy after PET

Reoperation+ chemo 0.340 0.162, 0.715 0.004*

Another† 1.000

Histopathology

Serous 0.890 0.423, 1.871 0.758

Not serous† 1.000

FIGO stage

Stage I–II 0.581 0.276, 1.227 0.155

Stage III–IV† 1.000

CA125 (U/mL)

Positive (≥35) 1.250 0.600, 2.604 0.552

Negative (<35)† 1.000

HE4 (pmol/L)

Positive (≥140) 1.770 0.963, 3.251 0.066

Negative (<140)† 1.000

Age (year) 1.004 0.969, 1.041 0.811

*, a significance of P<0.05. †, reference group. OS, overall 
survival; PET, positron emission tomography; PET-P, PET 
positive; HR, hazard ratio; CI, confidence interval; ln, 
natural logarithm; WBSUVmax, whole-body maximum 
standardized uptake value; WBMTV, whole-body metabolic 
tumor volume; WBTLG, whole-body total lesion glycolysis; 
chemo, chemotherapy; FIGO, The International Federation of 
Gynecology and Obstetrics; CA125, carbohydrate antigen 125; 
HE4, human epididymis protein 4. 
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Table 4 Multivariate Cox regression analysis for OS in PET-P patients

Variable
Multivariable (Model 1) Multivariable (Model 2)

HR (95% CI) P value HR (95% CI) P value

lnWBMTV 1.309 (1.037, 1.651) 0.023* – –

lnWBTLG – – 1.312 (1.070, 1.609) 0.009*

Therapy after PET

Reoperation + chemo 0.393 (0.180, 0.857) 0.019* 0.367 (0.168, 0.800) 0.012*

Another† 1.000 –

HE4 (pmol/L) 1.186 (0.620, 2.267) 0.606 1.210 (0.634, 2.309) 0.564

C-index 0.723 0.727

*, a significance of P<0.05. †, reference group. OS, overall survival; PET, positron emission tomography; PET-P, PET positive; HR, hazard 
ratio; CI, confidence interval; ln, natural logarithm; WBMTV, whole-body metabolic tumor volume; WBTLG, whole-body total lesion 
glycolysis; chemo, chemotherapy; HE4, human epididymis protein 4; C-index, concordance index. 

Figure 3 Kaplan-Meier curves of OS in patients with positive FDG uptake (n=63). Patients were grouped according to the median of values 
of the PET measurements for (A) WBMTV (P<0.001) and (B) WBTLG (P<0.001) and grouped by (C) therapy after PET (P=0.003). PET, 
positron emission tomography; Chemo, chemotherapy; OS, overall survival; FDG, fluorodeoxyglucose; WBMTV, whole-body metabolic 
tumor volume; WBTLG, whole-body total lesion glycolysis.
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Figure 4 Box plot graphs illustrating the distribution of CA125 and HE4 in the PET-P and PET-N groups. (A) There was statistically 
significant difference in serum CA125 levels between the PET-N and PET-P groups (P<0.001). (B) There was a statistically significant 
difference in serum HE4 levels between the PET-N and PET-P groups (P<0.001). The natural logarithm transformation applied to serum 
CA125 and HE4. In the graph, the circle “○”and the asterisk “*” stand for mild and extreme outliers, respectively. PET, positron emission 
tomography; PET-P, PET positive; PET N, PET negative; CA125, carbohydrate antigen 125; HE4, human epididymis protein 4; ln, natural 
logarithm.

Figure 5 Scatter plots. (A) Scatter plots showing the Pearson correlation between serum HE4 and WBMTV. (B) Scatter plots showing the 
Pearson correlation between serum HE4 and WBTLG. (C) Scatter plots showing the Pearson correlation between serum HE4 and serum 
CA125. WBMTV, whole-body metabolic tumor volume; WBTLG, whole-body total lesion glycolysis; CA125, carbohydrate antigen 125; 
HE4, human epididymis protein 4; Ln, natural logarithm.
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OS prognosis, with 1- and 3-year survival rates of 68.8% 
and 37.5%, respectively. Representative 18F-FDG PET/CT 
images of one patient are shown in Figure 7.

Discussion

Studies have previously demonstrated the value of both 
posttreatment PET/CT and serum tumor markers, CA125 
and HE4, in assessing survival prognosis in patients with 
OC (19-23); however, few studies have explored their 

interrelationships. Specifically, HE4, a tumor marker that 
has not yet been universally adopted in clinical practice, 
has substantial potential for further given its correlation 
with 18F-FDG PET/CT whole-body metabolic parameters. 
This study examined the relationships between these 
whole-body metabolic parameters, serum CA125 and HE4 
concentrations, and OS in patients with EOC treated with 
surgery and chemotherapy. Furthermore, the prognostic 
value of the combined use of serum CA125, HE4, and 
PET/CT was ascertained.

The univariate analysis indicated there to be a significant 
difference in OS between the PET-N and PET-P groups 
on the first posttreatment PET/CT examination (HR 
=40.177, 95% CI: 2.690–600.134; P=0.007). It should be 
mentioned that the wider 95% CIs can be partly attributed 
to the case restrictions and the significant data differences 
between the PET-N and PET-P groups. These findings 
align with the prognostic investigation conducted by Han 
et al. (19) on ovarian malignancies. However, our research 
further clarifies the prognostic value of 18F-FDG PET/
CT whole-body metabolic parameters. The univariate and 
multivariate analyses of the 63 patients cohort exhibiting 
abnormal 18F-FDG uptake indicated that volume-
based metabolic parameters (lnWBMTV, lnWBTLG) 
as assessed on 18F-FDG PET/CT imaging can serve as 
independent risk factors for OS in patients with EOC. The 
WBSUVmax employed in this study merely represented 
the peak metabolic activity across all body lesions but not 
the extent of these lesions, which may explain its lack of 
significant association with OS. Conversely, WBMTV and 
WBTLG include volumetric attributes, with WBTLG also 
integrating both the volume of metabolically active lesions 
and the extent of glucose utilization within these lesions.

Regarding EOC, two prior studies explored the 
predictive significance of volumetric characteristics derived 
from postoperative 18F-FDG PET/CT. Liao et al. (24) 

Table 5 Combined information of CA125, HE4, and PET in 79 patients

Variable 1-year survival rate (%) 3-year survival rate (%) Median survival (months)

PET-N 100.0 100.0 76

PET-P, HE4-P, CA125-P 68.8 37.5 20

PET-P, HE4-P, CA125-N; PET-P, 
HE4-N, CA125-P

82.9 51.4 36

PET-P, HE4-N, CA125-N 91.7 50.0 40

CA125, carbohydrate antigen 125; HE4, human epididymis protein 4; PET, positron emission tomography; PET-N, PET negative; PET-P, 
PET positive; HE4-P, HE4 positive; CA125-P, CA125 positive; CA125-N, CA125 negative; HE4-N, HE4 negative.

Figure 6 Kaplan-Meier survival curves of patients who were 
divided into groups according to a combined evaluation of 
CA125, HE4, and PET findings. CA125, carbohydrate antigen 
125; HE4, human epididymis protein 4; PET, positron emission 
tomography; PET-P, PET positive; HE4 P, HE4 positive; CA125 
P, CA125 positive; PET-N, PET negative; HE4-N, HE4 negative; 
CA125-N, CA125 negative.
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B

C

D

E

A

Figure 7 18F-FDG PET/CT in a 48-year-old woman with primary advanced high-grade serous ovarian carcinoma (FIGO stage IIIC) who 
had completed the initial treatment regimen of surgery and chemotherapy and had an increased HE4 serum concentration (411 pmol/L) but 
normal CA125 (21 U/mL). (A) MIP showing recurrent ovarian cancer lesions (black arrows). (B,D) Axial CT images and (C,E) axial fusion 
images of the same lesions (white arrows). The WBTLG for this patient was 245.374. 18F-FDG PET/CT, 18F-fluorodeoxyglucose positron 
emission tomography-computed tomography; FIGO, The International Federation of Gynecology and Obstetrics; HE4, human epididymis 
protein 4; CA125, carbohydrate antigen 125; MIP, maximal intensity projection; CT, computed tomography; WBTLG, whole-body total 
lesion glycolysis.

analyzed 47 postoperative 18F-FDG PET/CT findings in 
patients with EOC. Their results showed that the higher 
the value of WBTLG is, the worse the clinical outcome 
and the shorter the survival time of the patients. WBTLG 
is a predictor of survival with statistical significance. 
Additionally, Liao et al. reported that WBMTV was not 
significantly associated with survival time after operation in 
patients with EOC. However, Gallicchio et al. (25) revealed 
that MTV was a better predictor of OS than was TLG 
in patients with EOC and peritoneal carcinoma, and the 
Cox proportional risk analysis showed that only MTV was 
correlated with OS. Our study demonstrated that WBMTV 
and WBTLG were remarkably associated with OS after 
treatment. 

The discrepancies between the Liao et al. and Gallicchio 
et al. studies and our own seem to be chiefly related to the 
MTV and TLG measurement methods. The study by Liao 
et al. used a background method to segment systemic lesions 
to derive volume-based quantitative parameters, while 
Gallicchio et al. used a threshold of 42% of the SUVmax 
to segment peritoneal cancer lesions. Our study, on the 
other hand, used a threshold of 40% of the SUVmax. 
Furthermore, patients in our study received surgery 
combined with platinum-based chemotherapy before PET/
CT examination, whereas in the studies by Liao et al. and 

Gallicchio et al., the prognostic value of postoperative, 
prechemotherapy PET/CT parameters was explored.

Post-PET therapy emerged as the sole independent 
prognostic indicator among the clinical variables evaluated 
in our study. In Model 1, which included lnWBMTV, 
patients who underwent secondary surgery combined with 
chemotherapy had a 0.393-fold higher mortality risk than 
did those who received no treatment or other forms of 
therapy. This risk was slightly lower at 0.367-fold in Model 
2, which incorporated lnWBTLG. This suggests that a 
subsequent treatment strategy emphasizing the combination 
of surgery and chemotherapy could be the most effective 
approach for enhancing survival outcomes in patients 
diagnosed with EOC. 

Based on the univariate analysis of all patients, we found 
a statistically significant difference in OS between the 
serum CA125 and HE4 positive and negative groups. In the 
PET-P patient cohort, these differences were insignificant, 
which may be partly due to the selection of subgroup 
thresholds and the overall poorer prognosis of PET-P 
patients.

This study compared CA125 and HE4 values between 
PET-P and PET-N patients, and the differences were 
found to be statistically significant (P<0.001), with CA125 
and HE4 being significantly elevated in the PET-P group, 
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which supports the clinical significance of performing PET/
CT in patients with elevated CA125 and HE4.

Both tumor markers and 18F-FDG PET/CT can provide 
information about tumor burden, and the assessment of 
tumor burden is crucial for optimal patient management 
in clinical practice. However, there is little information in 
the literature regarding whether increases in serum tumor 
markers are connected to the spread of specific types of 
tumors (26). Our study showed a weak but statistically 
significant correlation between serum HE4 levels and 
systemic disease as assessed by WBMTV and WBTLG 
in the posttreatment PET-P patient cohort. Interestingly, 
serum CA125 failed to detect this correlation, which 
differed from the studies of Ye et al. (27). This discrepancy 
might be attributed to the differences in patient cohorts, 
as Ye et al.’s study only included patients diagnosed with 
the histological subtype of ovarian clear cell carcinoma. In 
conclusion, HE4 outperforms the traditional CA125 marker 
in predicting tumor burden. However, these findings should 
be verified through larger, multicenter studies.

There is little research examining the combination of 
serum CA125, HE4, and PET/CT. Sun et al. (28) analyzed 
69 patients with OC suspected of tumor recurrence 
and metastasis after standard treatment, and the results 
indicated a sensitivity and specificity of the combined 
diagnosis of PET/CT and serum CA125 and HE4 of 100%. 
These results represent firm support for the clinical value 
of combining posttreatment serum CA125, HE4, and PET/
CT for the diagnosis of recurrence and metastasis of OC. 
Our study showed that both the HE4-P and CA125-P 
groups had a high PET-P rate, and patients who were 
positive for CA125, HE4, and PET had a significantly lower 
OS and a markedly increased mortality risk after treatment. 
This suggests that the capacity of this combination to 
predict prognosis may help identify those patients with a 
poor prognosis, allowing for more aggressive treatment and 
attentive monitoring of these patients throughout clinical 
workups.

Our research does have some limitations that should be 
addressed. Primarily, given the retrospective study design, 
prospectively designed studies our needed to validate our 
findings. Additionally, the smaller sample sizes used in the 
subgroup analyses could have potentially underrepresented 
the value of FIGO staging and histological typing, as these 
were divided into only two subgroups. Finally, our threshold 
selection was fairly homogeneous, and the volume-based 
parameters did not differentiate between recurrence and 
metastasis locations. Given that the prognostic implications 

for patients can vary depending on the site of metastasis, 
the prognostic values of MTV and TLG may need to be 
further stratified based on their anatomical locations. Future 
research can explore the utility of combining more novel 
biomarkers with anatomical site-based volume metrics from 
PET/CT.

Conclusions

Posttreatment 18F-FDG PET/CT demonstrated significant 
prognostic value in predicting OS in patients with EOC. 
Posttreatment volume-based PET/CT parameters, 
WBMTV, and WBTLG were found to be independent risk 
factors for patients with EOC. Among clinical variables, 
therapy after PET was the only independent prognostic 
factor. Patients with positive indicators of CA125, HE4, and 
PET had significantly lower OS after treatment.
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