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Abstract 
This study aimed to investigate the relationship between serum levels of estrogen 
(estradiol), progesterone, and serum cancer antigen 125 (CA-125) and the risk of 
developing endometrioid endometrial cancer (EEC) in postmenopausal women, as well 
as to evaluate their prognostic significance. A total of 160 postmenopausal women over 
the age of 50 were included in this retrospective study. Among these, patients with 
histopathologically confirmed endometrioid endometrial cancer were selected. Serum 
estradiol, progesterone, and CA-125 levels, obtained within one week before surgery, 
were analyzed according to disease stage. Correlation analyses between hormone levels 
and cancer stages were conducted using Pearson's correlation test. The findings 
demonstrated a positive association between elevated serum CA-125 levels and advanced 
stages of EEC. Estradiol and progesterone levels were decreased in postmenopausal 
women, and lower serum levels of progesterone and estradiol were inversely associated 
with the risk of EEC. A positive correlation was observed between progesterone and 
estradiol levels, while negative correlations were identified between CA-125 and 
progesterone and estradiol levels. An increase in serum CA-125 levels was positively 
correlated with advanced stages of EEC, whereas decreased levels of progesterone and 
estradiol were inversely related to cancer risk. These findings suggest that further large-
scale prospective studies are warranted to validate the prognostic value of these 
biomarkers. 
Keywords: CA-125 Antigen, Endometrial Carcinoma, Estradiol, Progesterone, 
Prognosis. 

 
Özet  
Bu çalışmada, postmenopozal kadınlarda serum östrojen (estradiol), progesteron ve 
serum kanser antijen 125 (CA-125) düzeyleri ile endometrioid endometrial kanser (EEC) 
riski arasındaki ilişki ve prognostik değerlerinin belirlenmesi amaçlandı. Bu retrospektif 
çalışmaya, 50 yaş üstü postmenopozal hasta olmak üzere 160 kişi dahil edildi. 
Histopatolojik olarak EEC’si doğrulanan hastalardan ameliyattan bir hafta önce 
belirlenen östrojen, progesteron ve CA-125 seviyeleri evrelere göre değerlendirildi ve 
korelasyon analizi evrelere göre Pearson testi kullanılarak yapıldı. Bulgularımız serum 
CA-125 düzeylerindeki yükselmenin ileri evre EEC'lerle pozitif ilişkili olduğu bulundu. 
Östrojen, progesteron seviyelerinin postmenopozal kadınlarda azaldığı ve postmenopozal 
progesteron ve östrojen seviyelerinin EEC riskiyle ters orantılı olduğu gözlendi. 
Progesteron ve östrojen arasında pozitif korelasyon gözlenirken, CA-125 seviyeleri ve 
progesteron, östrojen arasında negatif korelasyon gözlendi. Serum CA-125 
düzeylerindeki yükselmenin ileri evre EEC'lerle pozitif, progesteron ve östrojen 
seviyelerinin ters orantılı olduğu belirlendi. Bu bulguları doğrulamak için daha geniş 
prospektif çalışmalara ihtiyaç vardır.  
Anahtar Kelimeler: CA-125 Antijeni, Endometrial Karsinom, Östrojen, Progesteron, 
Prognoz. 
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Introduction 
 

Endometrial cancer (EC) is recognized as the 
most prevalent malignancy of the female 
reproductive system (1) and represents a well-
documented cause of morbidity and mortality 
among postmenopausal women. However, its 
incidence is increasingly observed in 
premenopausal women. EC is categorized into two 
types: Type I and Type II. Type I tumors are 
classified as stage 1 endometrioid 
adenocarcinomas, according to the International 
Federation of Gynecology and Obstetrics (FIGO), 
and are linked to unopposed estrogen stimulation. 
In contrast, Type II tumors encompass stage 3 
endometrioid, serous, and clear cell carcinomas, 
which are generally considered estrogen-
independent. The incidence of Type I tumors is 
approximately 60-80%, while Type II tumors 
account for about 20% of cases (2). The 
development of EC is influenced by several key 
risk factors, including advanced age, nulliparity, 
late menopause, early menarche, a history of 
infertility, obesity, and exposure to both 
endogenous and exogenous estrogen due to 
specific medications (3). Endometrioid type 
endometrial cancer (EEC) is the most common 
histological subtype with a good prognosis. Older 
age, advanced stage, high grade, and lenfovasculer 
involvement have been associated with poor 
prognosis and worse survival (4).  

Despite advancements in cancer diagnostics in 
recent years, many diagnostic and prognostic 
biomarkers are still not utilized in clinical practice 
to enhance the treatment of EC patients (5). 
Consequently, it is crucial to identify biomarkers 
to predict the risk of developing EC, enable early 
diagnosis, or support prognostic evaluations using 
non-invasive methods (6). Notably, blood-based 
biomarkers hold particular significance because 
they eliminate the need for biopsies, provide 
minimally invasive tools for predicting prognosis 
and planning treatment, and are not associated 
with significant technical challenges in clinical 
applications (5). The role of serum cancer antigen 
125 (CA-125) in diagnosing EC has yielded 
inconsistent findings. Therefore, its reliability as a 
marker for EC remains uncertain and subject to 
debate (3). Identifying additional biomarkers to 
predict EC prognosis and offer new therapeutic 
targets is necessary. Determining risk factors for 
disease recurrence and poor prognosis is critically 
important. Estrogen plays a pivotal role in the 
development of EC, and its metabolites have been 
shown to fluctuate during the disease (6). 

Unopposed estrogen exposure is considered EC's 
most significant risk factor (7). Hormonal 
imbalances induced by estrogen can influence 
gene expression in cell proliferation and apoptosis, 
potentially leading to uncontrolled cellular growth 
and carcinogenesis. Furthermore, estrogen 
metabolites contribute to oxidative stress, 
possessing both carcinogenic and anti-
carcinogenic properties (6). 

The increased use of estrogen-only 
preparations to alleviate postmenopausal and 
perimenopausal symptoms in women has 
coincided with a notable rise in EC incidence. 
Women undergoing unopposed estrogen therapy 
face a 3-6 times higher risk of developing 
endometrial carcinoma (8). Evidence suggests that 
biomarkers derived from estrogen metabolites 
through various pathways could be valuable in 
identifying women at high risk for EC (6). 

Progesterone plays a critical role in supporting 
the secretory proliferation of endometrial tissue. It 
reduces estradiol receptor concentrations within 
the endometrium and enhances the metabolism of 
estradiol into estrone , a less active estrogen, 
thereby decreasing mitotic activity (2). The 
imbalance between estrogen and progesterone is 
known to contribute to the progression of Type 1 
EC. Following menopause, ovarian production of 
estrogen and progesterone ceases, making 
peripheral conversion the primary source of 
circulating estrogen (9). 

Although hormonal factors are implicated in 
the development of EC, few epidemiological 
studies have explored the roles of endogenous 
estrogens, particularly their metabolites or 
progesterone. The existing literature contains 
limited research on the significance of endogenous 
steroid levels beyond estrogen metabolites (10,11), 
and to a lesser extent, androstenedione (A4) and 
testosterone (T) (12-14). These studies have 
primarily focused on disease risk rather than the 
biomarker characteristics of these hormones (5). 
Assessing hormonal levels in premenopausal and 
perimenopausal women poses challenges due to 
cyclical variations. In this study, we focused on 
postmenopausal women, who constitute the 
majority of EC cases. We propose that the findings 
will reflect circulating estrogen and progesterone 
levels and provide additional prognostic insights 
when combined with preoperative histological 
tumor evaluations. 

This study aims to investigate the relationship 
between progesterone, estrogen (estradiol) and 
CA-125 levels with clinicopathological risk 
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factors in EEC, as well as to assess their prognostic 
significance. 
 
Material and Method 
 

This retrospective study included patients 
diagnosed with endometrial cancer at the 
Department of Obstetrics and Gynecology, Sivas 
Cumhuriyet University Hospital, between 
01.01.2011 and 01.01.2021. Patients were 
excluded from the analysis if they had concurrent 
malignancies, incomplete medical records or 
follow-up data, or had received hormone 
replacement therapy. The inclusion criteria 
comprised postmenopausal women with 
histopathologically confirmed endometrial cancer 
and available preoperative measurements taken no 
more than one week prior to surgery of serum CA-
125, progesterone, and estradiol levels. Based on 
these criteria, 160 patients were deemed eligible 
and included in the study.  

CA-125, progesterone, and estradiol levels in 
serum samples were measured on the autoanalyzer 
using original reagents. These parameters were 
examined after daily quality control procedures in 
the Clinical Biochemistry Laboratory of the Sivas 
Cumhuriyet University Faculty of Medicine, 
approved by the Ministry of Health. 

EC histologic types and grades were assessed 
using the International Federation of Obstetricians 
and Gynecologists' disease staging system (I, II, 
III, or IV) based on pathology results. Histologic 
tumor features were summarized from the original 
pathology reports. Only patients with EEC 
histology were included in the study, and patients 
with non-EEC histology were excluded. The 
diagnosis of EEC was made by histopathologic 
examination of hematoxylin-eosin stained 
preparations. 

 
Statistical Analysis 
The data were statistically evaluated in the 

SPSS version 23 software (IBM SPSS Statistics 
23, USA) program. The Kolmogorov-Simirnov 
test was used to determine whether the variables 
were normally distributed. All variables in each 
group were determined to be normally distributed. 
The data were presented using mean and standard 
deviation (mean ± SD) for normally distributed 
variables. More than two normally distributed 
independent variables were compared using the 
One-Way ANOVA test. Post-hoc analysis for 
pairwise comparisons was performed using the 
Tukey test. The "Pearson" test was used for 
comprehending the correlation between variables 

that fit the normal distribution. p<0.05 was 
considered statistically significant. We performed 
a post hoc power analysis to assess the adequacy 
of the sample size and the reliability of our results. 
The statistical power was computed utilizing 
G*Power software (version 3.1) based on the 
observed effect sizes, sample sizes, and 
significance level (α = 0.05). The computed effect 
sizes (f) were substantial for CA-125 (f = 0.57), 
estradiol (f = 0.26), and progesterone (f = 0.43) 
according to Cohen’s criteria. The post hoc power 
attained for identifying group differences was 99% 
for CA-125, 85% for estradiol, and 97% for 
progesterone. 
 
Results 
 

Between 2011 and 2021, a total of 160 cases 
diagnosed with ECC were included in this study. 
The patients were classified into three histological 
grades: minimal (grade 1), mild (grade 2), and 
moderate (grade 3). The mean ages of the patients 
in the minimal, mild, and moderate groups were 
59.8±7.87, 63.2±7.51, and 60.6±7.33 years, 
respectively, with no statistically significant 
differences observed between the groups (p > 
0.05) (Table 1). Serum levels of CA-125, estradiol, 
and progesterone were analyzed and presented 
according to histological grade in Table 1. 
Statistical analysis revealed a significant 
correlation between CA-125 levels and tumor 
grades. The mean CA-125 values were found to be 
28.0±8.91(minimal group), 91.0±19.1 (mild 
group), and 217±40 (moderate group). This 
increasing trend in CA-125 levels across the 
grades was statistically significant (p=0.0001). 
CA-125 levels showed statistically significant 
differences between the moderate group and both 
the minimal and mild groups (p= 0.0001 and 
0.025, respectively), while the increase between 
the minimal and mild groups was not statistically 
significant (p=0.223). Regarding estradiol levels, 
the mean values were 69.7±15.2 for the minimal 
group, 63.8±10.2 for the mild group, and 
42.9±10.4 for the moderate group. A statistically 
significant difference was observed between the 
minimal-moderate and the mild-moderate groups 
(p= 0.004 and 0.012, respectively). Similarly, the 
mean progesterone levels were 71.8±12.6, 
53.8±11.8, and 28.2±9.66 in the minimal, mild, 
and moderate groups, respectively. Progesterone 
levels were significantly decreased in the minimal 
group compared to the mild group (p= 0.004). 
Furthermore, the moderate group showed 
statistically significant decreases compared to both 
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the minimal and mild groups (p= 0.0001 and 
0.001, respectively. 

Furthermore, a strong positive correlation was 
identified between estradiol and progesterone 
levels in postmenopausal patients with ECC 
(r=0.667, p=0.0001), as shown in Figure 1. An 
negative correlation was observed between CA-
125 levels and both estradiol and progesterone 

concentrations in patients with ECC. The 
corresponding correlation coefficients are 
presented in Table 2. 

In addition, Figures 2 and 3 demonstrate 
negative correlations between CA-125 and 
progesterone and CA-125 and estradiol levels in 
these patients. 

Table 1. Biochemical characteristics of patients with ECC. 
Parameters Minimal (n:80) Mild (n:42) Moderate (n:38) F value p 
Age (year) 59.8±7.87 63.2±7.51 60.6±7.33 2.27 0.107 
CA-125 (U/mL) 28.0±8.91 91.0±19.1 217±40.8a,b 11.4 0.0001 
Estradiol (ng/L) 69.7±15.2 63.8±10.2 42.9±10.4a,b 5.24 0.006 
Progesterone (ug/L) 71.8±12.6 53.8±11.8a 28.2±9.66a,b 29.1 0.0001 

P values according to One Way Anova test, post hoc Tukey test. Data were expressed as mean ± standard deviation. A significantly different from 
Minimal, b significantly different from Mild , (P<0.05). 

 
Figure 1. The correlation between Estradiol and 
Progesterone levels in ECC. 

Discussion 

Endometrial cancer is recognized as the most 
common malignancy of the female reproductive 
system and ranks as the fourth most prevalent 
cancer among women, following breast, lung, and 
colorectal cancers (1).Several factors contribute to 
the development of EC, including advanced age, 
nulliparity, late onset of menopause, early 
menarche, a history of infertility, obesity, and 
prolonged exposure to unopposed estrogen (3).The 
most common type of EC is EEC, accounting for 
approximately 75-80% of all cases (15). Due to 
early detection and the predominance of low-grade 
endometrioid histology, the prognosis is generally 
favorable. However, a high-risk disease 
characterized by non-endometrioid tumors and 
grade 3 endometrioid carcinoma is associated with 
a significantly poorer prognosis (5). Early 
diagnosis enables patients to avoid radical 
treatments and allows for considering conservative 

therapeutic options. Identifying biomarkers that 
can predict the risk of EC development, facilitate 
early detection, or support prognostic assessment 
through non-invasive methods is important. By 
establishing biomarkers specific to endometrial 
cancer, including its various subtypes, early 
detection rates can be improved, thereby 
enhancing the potential for personalized treatment 
strategies (6). Several prognostic and diagnostic 
biomarkers have been identified in tumor biopsies; 
however, to date, only a limited number have been 
incorporated into clinical practice to enhance the 
treatment of patients with EC (5).Therefore, 
monitoring the progression of EEC and accurately 
predicting patient survival and prognosis remain 
significant challenges in contemporary medicine 
(16). Identifying biomarkers in minimally invasive 
or non-invasive samples such as blood, urine, or 
saliva that can facilitate and accelerate the 
detection of EC represents a significant 
advancement in diagnosing and managing this 
disease (6).  

Table 2. Correlation coefficients of CA-125 levels 
with Estradiol and Progesterone levels in ECC. 

 CA-125 (U/mL) 
 Pearson correlation 

coefficient 
p 

Estradiol (ng/L) -0.287 0.001 
Progesterone (ug/L) -0.279 0.001 

p value according to Pearson tests. Statistical significance was set at 
p < 0.05. 
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Figure 2. The correlation between CA-125 and 
Progesterone levels in ECC. 

This study aimed to investigate the relationship 
between CA-125, progesterone, and estradiol 
levels in EEC and to assess their prognostic 
significance. These molecular markers may serve 
as valuable indicators for risk stratification and 
patient management in endometrioid endometrial 
carcinoma. Due to cyclical hormonal fluctuations, 
evaluating hormone levels in premenopausal and 
perimenopausal women poses challenges. The 
impact of progesterone and estradiol-related 
metabolites on cancer risk in postmenopausal 
women has been infrequently studied. Therefore, 
our research focused on postmenopausal patients, 
who constitute the majority of endometrial cancer 
cases. 

 
Figure 3. The correlation between CA-125 and 
Estradiol levels in ECC. 

CA-125 is a glycoprotein found at elevated 
concentrations in various cancers, particularly 
ovarian, endometrial, colorectal, breast, and lung 
tumors (17). Although elevated serum CA-125 
levels have been associated with advanced-stage 
EEC, their significance in early-stage EEC 
remains a subject of ongoing debate (4). Elevated 

levels of CA-125 can also be observed in various 
physiological and pathological conditions 
unrelated to cancer, such as menstruation, 
pregnancy, endometriosis, and inflammatory 
diseases of the pleura or peritoneum (17). 
Therefore, it remains unclear whether serum CA-
125 serves as an independent prognostic marker or 
merely reflects specific clinicopathological 
characteristics of patients with EC (18). Studies in 
the literature examining CA-125 and EC have 
reported that CA-125 levels increase significantly 
in the advanced stages of the disease (1,3). 
Another study has reported that preoperative 
serum CA-125 levels may serve as a biomarker 
and an independent prognostic factor in patients 
with early-stage EEC (4). Granberg et al. 
demonstrated that CA-125 levels in 
postmenopausal women are lower than in 
premenopausal women (19). Similarly, Zurawski 
et al. reported that in over 93% of individuals aged 
above 60, CA-125 levels were below 20 U/ml (20). 
The study results indicated that CA-125 levels 
were elevated in advanced stages of EEC and were 
significantly correlated with the disease stage 
(Table 1). Consequently, increased CA-125 levels 
in patients with advanced EEC may predict a poor 
prognosis. These findings are consistent with those 
reported in the literature. 

Although it is well-established that hormonal 
factors have a clear impact on endometrial cancer, 
relatively few studies have investigated the roles 
of endogenous estrogen and progesterone. It has 
been noted that endogenous steroids reflect not 
only circulating estrogen levels or obesity but also 
provide additional prognostic information beyond 
preoperative histological tumor evaluation (5). 
Since estrogens play a crucial role in maintaining 
physiological functions across various organs, the 
decline in estrogen levels following menopause is 
believed to contribute to the development of 
numerous conditions commonly observed in 
postmenopausal and older women (21). Hormonal 
imbalances induced by estrogen influence gene 
expression in cell proliferation and apoptosis, 
potentially leading to uncontrolled cell growth and 
carcinogenesis (6). 

In postmenopausal women, estrone and 
estradiol are the physiologically most significant 
estrogens. Although estrone is the most abundant 
estrogen, research typically focuses on estradiol 
for investigative purposes (21). According to 
studies reported in the literature, circulating 
estrogen levels are elevated in postmenopausal 
women diagnosed with endometrial cancer 
compared to healthy postmenopausal individuals 
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(22,23). A study comparing postmenopausal 
women with endometrial cancer to healthy 
postmenopausal controls found significant 
differences in estrogen levels measured in urine 
samples. The findings suggest that an imbalance in 
estrogen metabolites, particularly elevated levels 
of 4-hydroxy estradiol (4-OHE2), may play a role 
in endometrial carcinogenesis and could serve as a 
potential biomarker for assessing estrogen-related 
EC risk (22). 

A study examining the relationship between 
prediagnostic serum estrogen and estrogen 
metabolites and the risk of endometrial cancer in 
postmenopausal women not receiving hormone 
replacement therapy reported that increased serum 
levels of catechol estrogens and 16-hydroxy 
estrone were associated with a higher incidence of 
endometrial cancer in this population. It reported 
that the highest risk was associated with 
unconjugated estradiol levels (11). Naomi et al. 
reported a positive correlation between estradiol 
levels and endometrial malignancy in 
postmenopausal patients (24). In our study, 
estradiol levels were evaluated about disease 
stages in patients with EEC. It was observed that 
estradiol levels declined as the stage of the disease 
advanced. While some studies have reported 
elevated estradiol levels, these generally address 
endometrial cancer as a broader category rather 
than focusing specifically on EEC. Although 
estradiol is considered the most influential 
estrogen in the development of EC, other forms of 
estrogen and their metabolites may also contribute 
to the overall risk. 

It has been emphasized that maintaining 
endometrial homeostasis requires a tightly 
regulated balance between estrogen and 
progestogen levels. This hormonal equilibrium is 
essential for preserving the structural and 
functional integrity of the endometrium (25). It is 
well established that an imbalance between 
estrogen and progesterone plays a critical role in 
the progression of type 1 endometrial cancer (9). 
Progesterone is a key regulatory hormone in the 
endometrium, counteracting estrogen-induced 
proliferation. Inadequate levels of progesterone 
can result in unopposed estrogenic stimulation, 
which may lead to the development of endometrial 
hyperplasia and, eventually, adenocarcinoma (26). 
Wang et al. demonstrated the potential of 
combining estrogen receptor (ER) and 
progesterone receptor (PR) expression with CA-
125 levels as a biomarker for predicting lymph 
node metastasis in endometrial cancer. Their 
findings suggest that, in addition to CA-125 levels, 

the evaluation of ER/PR expression may aid in 
distinguishing between high- and low-risk patients 
with endometrial cancer about lymph node 
involvement. This combined biomarker approach 
could enhance risk stratification and support 
clinical decision-making in disease management 
(27). Another study investigated the relationship 
between postmenopausal levels of pregnenolone 
and/or progesterone and the risks of endometrial 
and ovarian cancers. The findings provided 
epidemiological evidence suggesting that 
postmenopausal progesterone levels are inversely 
associated with the risk of endometrial cancer 
when compared to estradiol levels. Although 
circulating progesterone concentrations alone 
were not found to be significantly associated with 
the risk of either endometrial or ovarian cancer, an 
elevated progesterone-to-estradiol ratio was 
reported to be inversely correlated with 
endometrial cancer risk. These findings 
underscore the importance of hormonal balance, 
rather than absolute hormone levels, in influencing 
carcinogenic risk in postmenopausal women (28). 
This study observed that progesterone levels 
declined across the stages of EEC, with a 
statistically significant difference between the 
stages. This downward trend may suggest a 
potential association with poorer prognosis in 
EEC. When examined in the context of existing 
research, the findings were consistent with 
previously published data. 

Furthermore, a strong positive correlation was 
identified between estradiol and progesterone 
levels, indicating a closely linked hormonal 
interaction. A deeper understanding of estrogen 
and progesterone metabolism could provide 
valuable insights into the underlying mechanisms 
of endometrioid endometrial cancer. Additionally, 
an inverse correlation was observed between CA-
125 levels and both estradiol and progesterone, 
further highlighting the complexity of these 
biochemical relationships. 

The results demonstrate that our investigation 
possessed adequate statistical power (>80%) to 
identify significant differences across the groups 
for all three investigated biomarkers. The sample 
size of 160 postmenopausal women was adequate 
to produce statistically significant results 
concerning the associations between serum CA-
125, estradiol, and progesterone levels and the risk 
of endometrioid endometrial cancer. Nevertheless, 
despite this adequate statistical power, further 
larger future studies would be beneficial to 
corroborate these findings, especially to 
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investigate minor effects that may necessitate a 
larger sample size for reliable detection. 

This retrospective study, conducted on 
postmenopausal women diagnosed with EEC, has 
several limitations. It is a single-center 
retrospective analysis and lacks a control group 
comprising healthy women. Moreover, certain 
potentially influential variables, such as body mass 
index (BMI), could not be obtained, which may 
have impacted the findings.  
 
Conclusion 
 

In conclusion, it was demonstrated that CA-125 
levels in postmenopausal patients with EEC are 
associated with the stage of the disease and may 
serve as a clinically valuable marker for 
preoperative assessment and postoperative 
surveillance. Additionally, it was observed that 
estradiol and progesterone levels tend to decrease 
in patients with advanced-stage disease, indicating 
a negative correlation. To gain a comprehensive 
understanding of the complex interplay between 
EEC and sex hormone metabolism, particularly 
estradiol and progesterone, further large-scale 
studies are warranted. 
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