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Ovarian and cervical cancers are among the most common gynecologic malignancies in postmenopausal women, and
reliable biomarkers are essential for accurate diagnosis and risk stratification. The study aims to evaluate the clinical relevance of
serum HE4 and CA-125 levels, the ROMA index, and tumor receptor expression (ER, PR, HER2, Ki-67) in postmenopausal
patients with ovarian and cervical cancer. A total of 45 postmenopausal ovarian cancer patients (age Me=58.4) and 38
postmenopausal cervical cancer patients (Me=59.3;) were enrolled. Serum HE4 and CA-125 were measured using the fully
automated Integra 411 analyzer. Tumor receptor status (ER, HR, HER2, Ki-67) was evaluated by immunohistochemistry. ROMA
index was calculated for ovarian cancer patients. Elevated levels of HE4 and CA-125 were observed in both ovarian and cervical
cancer patients. In ovarian cancer patients, circulating tumor biomarkers increased markedly with tumor progression. HE4
demonstrated a strong positive correlation with CA-125 and the ROMA index, indicating a close association between these
biomarkers in ovarian malignancy. Additionally, HE4 showed moderate correlations with tumor receptor expression, including ER,
PR, HER2, and the proliferative marker Ki-67, suggesting a link between biomarker levels and tumor biological activity. In cervical
cancer patients, HE4 and CA-125 also exhibited moderate correlations with receptor expression and Ki-67, reflecting a similar
pattern of association between circulating biomarkers and tumor characteristics. Overall, the ROMA index effectively
differentiated high-risk ovarian cancer patients from lower-risk groups and showed a strong association with HE4 levels. Integrated
analysis of HE4, CA-125, ROMA index, and receptor expression may improve early detection, risk assessment, and individualized
treatment in postmenopausal patients with ovarian and cervical cancer.

Key words: ovarian cancer, cervical cancer, human epididymis protein 4, cancer antigen 125, ROMA index, estrogen
receptor, progesterone receptor, human epidermal growth factor receptor 2, Ki-67 proliferation index.

Xauinosa B.3., Cadapona I.A., Axmen3zane H.b., Xaginos C.3., I:xadaposa I.A.

HE4, CA-125, IHIEKC ROMA TA EKCHPECIA ITYXJIMHHUX PEHENTOPIB
Y INIOCTMEHOIIAY3AJIBHUX TAIIIEHTOK I3 PAKOM SA€YHUKIB TA IIUUKU MATKH

Pak s€yHHKIB Ta INUHAKKM MaTkd € OJHUMH 3 HAHOUIBII MOIIMPEHUX T1HEKONOTIYHUX 3JIOSKICHHX HOBOYTBOPEHb Yy
MOCTMEHOMAay3aJbHUX JKIHOK, 1 HaAilHiI GioMapkepy MaroTh BHpIiLIajbHE 3HAUYCHHs Ul TOYHOI MiarHOCTHKH Ta CTparudikarii
pu3uKy. MeToro Ib0ro AOCIIHKeHHS OyIio OLIHUTH KIIiHIYHEe 3HaueHHs cupoBarkoBux piBHIB HE4 Ta CA-125, innexcy ROMA Ta
excrpecii myxiuaHEX penentopis (ER, PR, HER2, Ki-67) y mocTMeHONay3aapHAX MAIliEHTOK 13 paKOM SIEYHUKIB T IIUHKA MaTKH.
3arajnom Oys0 BKJIIOUYEHO 45 MOCTMEHOMAy3a bHUX MALi€HTOK i3 pakoM seuHuKiB (Me=58,4 pokn) Ta 38 mocTMeHomnay3anbHUX
MalieHTOK 13 pakoM muitku Matku (Me=59,3 pokwm), siki mpoxommnu oOCTeXeHHS Ta JiKyBaHHS B OHKONOTIYHIN KIiHII
Azepbaiimkancekoro MeaumgHoro yHiBepcutery. CupoatkoBi piBHi HE4 Ta CA-125 BH3Ha4anmu 3a JOMOMOTOI0 MOBHICTIO
aBTOMaTH30BaHoro anamizaropa Integra 411. Craryc nmyxmuuuux peuentopiB (ER, PR, HER2, Ki-67) ouiHroBanu meTonom
iMyHoricroximii. [lyIs mamieHToK i3 pakoM si€9HHKIB po3paxoByBain innekc ROMA. Bymno BusiBneno mixsumenns pisaiB HE4 ta
CA-125 y mariieHTOK 5K i3 pakoM SI€YHHKIB, TaK 1 3 paKOM IIUHKH MaTKd. Y MAIi€HTOK 13 PaKOM S€YHUKIB [UPKYIIOI0Y] Ty XIHHHI
GioMapkepH 3HAYHO MiJBUILYBaIUCA 3 IporpecyBanHaM nyxiauHu. HE4 nponeMoHCTpyBaB CHiIbHY NMO3UTHBHY Kopeisuito 3 CA-
125 Ta ingexcom ROMA, 110 CBi4UTE PO TiCHUI 3B’S30K IUX OioMapKepiB y 3T0SKICHUX IMyXJIHHaxX seuHuKiB. Kpim Toro, HE4
MOKa3aB MOMIpHI KOpeJsLii 3 eKCIpeciero MyXJIMHHUX perenTtopis, BKIoYHO 3 ER, PR, HER2 ta mapkepom npomideparnii Ki-67,
II0 CBIAYMTH MPO B3a€MO3B’ 30K MiX piBHAMH OioMapkepiB i 6i0JI0T1YHOI0 aKTUBHICTIO MyXJIMHHU. Y MAI[i€HTOK i3 PAKOM LIHHKH
marku HE4 ta CA-125 Takox IeMOHCTpYBaIH IOMipHI Kopesimii 3 ekcrpeciero penentopis Ta Ki-67, BigoOpaxaroun cxoxuit
MaTepH B3a€MO3B 3Ky MK UPKYIIOIOUMMH OiOMapKepaMy Ta XapaKTepUCTUKAMH My XJIHHU. 3araioM, inaekc ROMA edexTuBHO
nudepeHIifoBaB Mali€HTOK 13 BUCOKAM PU3UKOM PaKy SIEYHHKIB BiJ IPYH i3 HIDKYMM PH3MKOM Ta [OKa3aB CHIIbHY acollialliio 3
piBassmu HE4. Tnrerposannii ananiz HE4, CA-125, innexcy ROMA Ta excrpecii perenTopiB Moke TOKPAIIUTH PaHHE BUSBICHHS,
OILIHKY PH3HKY Ta IHIMBIIyaTi30BaHE JIiIKyBaHHS OCTMEHOIAY3AIFHIX MAI[iEHTOK i3 paKOM SI€YHHKIB Ta IIUHKA MaTKH.

KurouoBi ciioBa: pak sieyHUKIB, paK MIMAKA MaTKH, 010K emiguauMicy onunu 4, pakoBuit anture 125, innekc ROMA,
€CTPOTCHOBHH pPELEeNnTop, MPOreCTepPOHOBHN PELENTOp, PELeNnTop emigepMaiabHOro (akTopa pOCTy IIOAWHH 2, IHAEKC
npomigepamii Ki-67.

Funding. This study received no specific grant from any funding agency in the public, commercial, or not-for-profit
sectors. The study was conducted at the authors’ primary place of work and was funded from their income there.

Ovarian and cervical cancers remain among continues to pose a major clinical challenge
the most significant causes of morbidity and worldwide, especially in low-resource settings
mortality in postmenopausal women globally, with where access to regular screening and advanced
ovarian cancer consistently ranking as one of the diagnostics remains limited [14]. Early diagnosis
deadliest gynecologic malignancies due to late- and precise risk stratification are critical for
stage diagnosis and limited early detection tools. improving clinical outcomes, tailoring
While cervical cancer incidence has declined in individualized treatment strategies, and reducing
regions with organized screening programs, it overall treatment-related morbidity and mortality.
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Serum  biomarkers have emerged as
indispensable tools in the diagnostic workup of
gynecologic cancers. Cancer antigen 125 (CA-125)
has been used extensively in ovarian cancer
detection, monitoring therapeutic response, and
identifying recurrence; however, its specificity is
limited by elevations in various benign gynecologic
and non-gynecologic conditions [7]. In contrast,
human epididymis protein 4 (HE4) demonstrates
greater specificity for ovarian malignancy and
maintains diagnostic value across diverse patient
subgroups, including postmenopausal women [4].
Recent large multicenter studies have confirmed that
HE4 alone offers improved specificity compared
with CA-125 and reduces false positives in benign
disease cohorts [4, 11].

To address diagnostic limitations of individual
markers, the Risk of Ovarian Malignancy Algorithm
(ROMA) was developed to integrate serum HE4 and
CA-125 levels with menopausal status, thereby
improving risk stratification for ovarian malignancy.
Several validation studies have demonstrated that
ROMA outperforms CA-125 or HE4 alone in
differentiating malignant from benign ovarian masses,
particularly in postmenopausal populations [10].

In addition to serum biomarkers, tumor receptor
profiling — such as estrogen receptor (ER), hormone
receptor (HR), human epidermal growth factor
receptor 2 (HER2), and the proliferation marker
Ki-67 — provides valuable prognostic and predictive
information that informs clinical decision-making
and individualized therapeutic planning. Emerging
evidence suggests that combined evaluation of serum
markers and receptor status may yield a more
comprehensive understanding of tumor biology,
disease aggression, and likelihood of treatment
resistance [9, 13].

Despite extensive research on individual
biomarkers or receptor profiles in gynecologic
malignancies, there is a paucity of studies
systematically examining the interplay between
serum biomarkers (HE4, CA-125), ROMA index,
and receptor expression in postmenopausal women
with ovarian and cervical cancer. Most cervical
cancer biomarker research has focused on high-risk
HPV detection and screening rather than on
integrated biomarker-receptor correlations [2].

The present study aims to address this gap by
investigating the complex associations among HE4,
CA-125, ROMA index, and tumor receptor status in
a well-defined cohort of postmenopausal women
with ovarian and cervical malignancies, potentially
offering novel insights into integrated biomarker
assessment for improved diagnostic precision and
personalized care.

The purpose of the study was to evaluate the
clinical relevance of serum HE4 and CA-125 levels,
the ROMA index, and tumor receptor expression
(ER, PR, HER2, Ki-67) in postmenopausal patients
with ovarian and cervical cancer.

Materials and methods. This study included a
total of 83 postmenopausal women diagnosed with
gynecologic malignancies, who were examined and
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treated at the Oncology Clinic of Azerbaijan Medical
University: 45 patients with ovarian cancer (age
range 52-72 years; median 58.4 years, Q1=57,
Q3=69) and 38 patients with cervical cancer (age
range 54-75 years; median 59.3 years, Q1=59,
Q3=71). The control group consisted of 20
apparently healthy postmenopausal women (age
range 53-71 years; median 59.8 years, Q1=58,
Q3=69) with no history of oncological or significant
gynecological diseases. The participants were
selected from individuals undergoing routine medical
examinations. The control group was age-matched to
the patient groups. All control subjects had no
clinical or laboratory signs of malignant or
inflammatory diseases.

Inclusion criteria were: postmenopausal status,
histologically confirmed ovarian or cervical cancer,
and availability of complete clinical and laboratory
data. Exclusion criteria included the presence of other
malignancies, severe comorbid conditions, prior
oncological treatment before enrollment, and
incomplete medical records.

The diagnosis was established based on clinical
examination, imaging methods (ultrasound,
computed tomography (CT), and magnetic resonance
imaging (MRI)), and histopathological verification in
accordance with international clinical guidelines.

All participants were recruited between 2022
and 2024, and the study was approved by the Ethics
Committee of Azerbaijan Medical University
(protocol No. 4, dated May 18, 2020). The study was
conducted in accordance with the Declaration of
Helsinki. Written informed consent was obtained
from all participants.

Peripheral blood samples were collected prior
to any therapeutic intervention. Serum levels of HE4
and CA-125 were measured using a fully automated
immunoassay analyzer (COBAS Integra 411, Roche
Diagnostics, Germany) with reagents provided by the
manufacturer, according to the manufacturer’s
instructions. The ROMA index was calculated for all
patients using the standard algorithm incorporating
HE4, CA-125, and menopausal status.

Formalin-fixed, paraffin-embedded tumor
tissue samples were assessed for estrogen receptor
(ER), hormone receptor (HR), HER2, and Ki-67
expression by immunohistochemistry following
standard protocols. Staining intensity and percentage
of positive tumor cells were scored independently by
two experienced pathologists blinded to serum
biomarker levels.

Statistical analysis was performed using SPSS
software version 26.0 (IBM Corp., USA).
Continuous variables were expressed as median
values with interquartile ranges (Me, Q1-Q3) due to
non-normal distribution of the data. Comparisons
between independent groups were performed using
the Mann—Whitney U test, while comparisons among
multiple groups were evaluated using the Kruskal—
Wallis test. Spearman rank correlation coefficients
(p) were calculated to assess relationships between
serum biomarkers (CA-125, HE4), the ROMA index,
and tumor receptor expression (ER, PR, HER2, Ki-
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67). Statistical significance was defined as p<0.05.
The applied analytical approach enabled an
integrated evaluation of serum biomarker levels and
tumor receptor profiles, providing a comprehensive
assessment of diagnostic and prognostic markers in
postmenopausal gynecological cancers.

Results of the study and their discussion. The
following section presents the serum levels of tumor
biomarkers measured in postmenopausal women
with ovarian and cervical cancer, as well as in healthy
control subjects. These data provide insight into

differences in biomarker expression associated with
tumor type and disease progression. Analysis of
serum tumor biomarkers revealed statistically
significant differences between the study groups,
reflecting tumor progression, metastatic status, and
cancer type. In the control group, baseline median
serum concentrations of tumor biomarkers were
relatively low. The median CA 125 level was 12.5
U/ml, HE4 concentration 38.7 pmol/l, and the
ROMA index 6.5 %, indicating a low predicted risk
of malignancy (Table 1).

Table 1

Biomarkers in postmenopausal ovarian and cervical cancer patients, Me (Q1:Q3)

Cervical cancer

Advanced-stage

(60; 980) (p<0.001)

(110; 840) (p<0.001)

Groups CA-125 (U/ml), HE4 (pmol/l), ROMA Index, %
Control 12.5(4.8;18.6) 38.7 (14.26; 65.82) 6.5 (1.23;19.8)
Ovarian cancer N(.)n-metasta.tic 68.9 128.9 51.5
primary malignant (35.8; 76.5) (p<0.001) | (67.8;976.4) (p<0.001) (5.64; 67.9) (p<0.001)
598.6
. . 847.9 97.4
Ovarian cancer | Metastatic (85.6;3176.6) (96.7; 5125) (p<0.001) (10.54; 118.5) (p<0.001)
(p<0.001)
Cervical cancer | Early-stage 23.1 526 185
(12; 36) (p<0.001) (40; 68) (p<0.001) (12; 20) (p<0.001)
312 416 42

(35; 50) (p<0.001)

Note: p — compared with the control group.

Among patients with ovarian cancer, serum
biomarker levels increased markedly with tumor
progression and metastatic dissemination. In non-
metastatic primary malignant ovarian tumors, the
median CA 125 level was 68.9 U/ml, a 5.5-fold
increase compared with the control group (p<0.001).
Similarly, HE4 concentration increased to 128.9
pmol/l, representing a 3.3-fold increase compared
with controls (p<0.001). The ROMA index rose to
51.5 %, corresponding to an almost 7.9-fold increase
relative to the control group (p<0.001), reflecting a
substantially elevated risk of ovarian malignancy.

A pronounced increase in tumor biomarker
levels was observed in patients with metastatic ovarian
cancer. The median CA 125 concentration was 598.6
U/ml, 8.7-fold higher than in non-metastatic ovarian
tumors and approximately 47.9-fold higher than in the
control group (p<0.001). HE4 levels were
significantly elevated to 847.9 pmol/l, representing a
6.6-fold increase over non-metastatic ovarian cancer
and nearly 21.9-fold higher than controls (p<0.001).
The ROMA index also reached extremely high values,
with a median of 97.4 %, corresponding to an increase
of almost 89.1 % compared with non-metastatic
ovarian cancer and approximately 15-fold higher
values than in the control group (p<0.001). These
findings demonstrate that both CA 125 and HE4,
together with the composite ROMA index, strongly
correlate with tumor burden and metastatic spread in
ovarian cancer patients.

In cervical cancer, serum biomarker levels were
generally lower than those observed in ovarian
cancer; however, they still showed a clear
dependence on tumor stage. In early-stage cervical
cancer, the median CA 125 level was 23.1 U/ml,
representing 85.0 % increase compared with controls
(p<0.001). HE4 concentration was 52.6 pmol/l,
corresponding to a 36.0 % increase relative to the

157

control group (p<0.001). The ROMA index reached
18.5 %, approximately 2.8-fold higher than in
controls. Although these values were significantly
elevated compared with the control group, they
remained markedly lower than those detected in
ovarian cancer patients.

In contrast, advanced-stage cervical cancer
demonstrated substantial increases in biomarker
levels. The median CA 125 concentration was 312
U/ml, representing a 13.5-fold increase over early-
stage cervical cancer and approximately 25-fold
higher than in the control group (p<0.001). HE4
increased to 416 pmol/l, corresponding to a 7.9-fold
increase compared with early-stage cervical cancer
and nearly 10.7-fold higher levels than in the control
group (p<0.001). The ROMA index also rose
significantly to 42 %, representing a 2.3-fold increase
over early-stage disease and approximately 6.5-fold
higher than in the control group (p<0.001).

Analysis of hormonal receptor expression and
proliferative activity markers also revealed distinct
differences between cancer types and disease stages
(Table 2). In non-metastatic ovarian cancer, the
median expression levels of ER and PR were 45 %
and 40 %, respectively. HER2 positivity was
relatively low, with a median of 10 %, while the
proliferative marker Ki-67 showed a median of 20 %.

In metastatic ovarian cancer, receptor
expression levels increased significantly compared
with non-metastatic tumors. Median ER expression
increased to 70 % and PR to 65 % (p:1<0.001 for
both comparisons). HER2 positivity also increased
to 20 % (p1<0.001), while Ki-67 expression rose
markedly to 55% (p:i<0.001), indicating
significantly enhanced proliferative activity in
metastatic disease.

In cervical cancer, receptor expression levels
were generally lower but demonstrated stage-
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dependent variation. In early-stage disease, the median
ER expression was 35 % (25-50) and PR 25 % (15—

40), while HER2 positivity was 5 %. The proliferative
index Ki-67 had a median value of 30 %.

Table 2
Receptor profiles in postmenopausal ovarian and cervical cancer patients, Me (Q1:Q3)
Cancer type Group ER, (%) PR, ( %) HER2, ( %) Ki-67, ( %)
Ovarian cancer Non-metastatic 45 (40; 60) 40 (35; 55) 10 (5; 15) 20 (15; 30)
primary malignant
. . 70 (65; 80) 65 (60; 75) 20 (15; 25) 55 (45; 70)
Ovarian cancer Metastatic (p1<0.001) (p1<0.001) (p1<0.001) (p1<0.001)
Cervical cancer Early-stage 35 (25; 50) 25 (15; 40) 5(2;10) 30 (25; 40)
. ] 45 (35; 50) 35 (25; 40) 8 (5; 10) 65 (50; 70)
Cervical cancer Advanced-stage (p2=0.026) (p2=0.048) (p2=0.039) (p2=0.001)
Note: p1 — compared with non-metastatic primary malignant ovarian cancer; p. — compared with early-stage cervical cancer.
Patients with advanced cervical cancer metastatic ovarian tumors in postmenopausal
demonstrated significant increases in receptor women. The progressive increase of HE4 and

expression and proliferative activity. ER expression
increased to 45 % (p2=0.026), PR to 35 % (p==0.048),
and HER?2 to 8 % (p>=0.039). The most pronounced
difference was observed for the proliferative marker
Ki-67, which increased to 65% (p==0.001),
indicating  substantially enhanced tumor cell
proliferation in advanced disease.

Spearman  correlation analysis revealed
significant associations between tumor biomarkers
and receptor expression profiles in both ovarian and
cervical cancers. In ovarian cancer, a strong positive
correlation was observed between HE4 and CA-125
(p=0.654; p<0,001), indicating that increases in HE4
levels were accompanied by parallel elevations in
CA-125 concentrations. An even stronger correlation
was identified between HE4 and the ROMA index
(p=0.721; p<0.001), supporting the close relationship
between HE4 and the composite risk assessment
model for ovarian malignancy.

Moderate positive correlations were also found
between HE4 and several receptor markers.
Specifically, HE4 showed correlations with ER
(p=0.485; p=0,006), PR (p=0.523; p=0.001), HER2
(p=0.504; p=0.008), and the proliferative marker Ki-
67 (p=0.568; p<0.001). These findings suggest that
elevated HE4 levels are associated not only with tumor
burden but also with increased receptor expression and
proliferative activity in ovarian cancer.

In cervical cancer, correlation patterns differed
slightly but still demonstrated meaningful associations.
A moderate correlation was observed between HE4 and
CA-125 (p=0.458; p=0.009), indicating a weaker but
still positive relationship between these biomarkers
compared with ovarian cancer.

HE4 also showed moderate correlations with
hormonal receptor expression, including ER
(p=0.604; p<0.001) and PR (p=0.526; p=0.004),
suggesting that HE4 levels may partially reflect
hormonal receptor activity in cervical tumors.
Additionally, correlations were observed between
HE4 and HER2 (p=0.443; p=0.012) as well as Ki-67
(p=0.572; p<0.001), indicating an association
between elevated HE4 levels and increased tumor
proliferative potential.

This study demonstrates that serum HE4 and
CA-125 levels, together with the ROMA index,
reliably differentiate primary malignant and
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CA-125 from non-metastatic to metastatic disease
aligns with prior reports, confirming their utility for
risk stratification and early diagnosis [2, 12, 15]. Our
findings are consistent with Shi H. et al. and Zhang
L. et al., who reported that HE4 is more specific than
CA-125 in distinguishing malignant ovarian masses,
while the ROMA index integrates both markers to
improve predictive accuracy [12, 15]. Additional
recent studies have reinforced the predictive role of
HE4 and CA-125 in postmenopausal ovarian cancer
patients, particularly for identifying high-risk and
metastatic cases [3].

Receptor profiling in ovarian cancer showed
that ER and PR expression increased with tumor
aggressiveness, HER2 overexpression remained
relatively rare, and Ki-67 proliferation index
correlated positively with HE4 and CA-125 levels.
This supports the concept that tumor biology and
proliferative activity are partially reflected by serum
biomarkers, a notion highlighted in multicenter
studies and meta-analyses [3]. These correlations
suggest that integrating serum biomarkers with
receptor expression may enhance individualized
prognosis and therapeutic planning. Recent work by
Ahmed A.A. et al. further confirmed that high Ki-67
and elevated HE4 levels identify tumors with
aggressive biology [1].

In cervical cancer, although CA-125 and HE4
levels were lower than in ovarian malignancies, they
still correlated moderately with tumor stage and
Ki-67, consistent with observations by Hwang et al.
and Papadatou et al. [6, 8]. These data indicate that
HE4 and CA-125 can serve as adjunct biomarkers in
cervical cancer, especially when combined with
proliferation and receptor profiling, even though their
diagnostic specificity is lower than in ovarian cancer.
Similar findings were reported by Guo M. et al.
highlighting the potential role of HE4 and CA-125 in
risk assessment for cervical malignancies [10].

Compared with previous studies, our data
emphasize the combined use of serum biomarkers
and tumor receptor profiling for both gynecologic
malignancies. Integration of the ROMA index with
ER, PR, HER2, and Ki-67 provides a more nuanced
understanding of tumor aggressiveness and
metastatic ~ potential, supporting personalized
treatment decisions [6, 15]. Notably, our study
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expands upon prior work by including
postmenopausal cervical cancer patients, a
population often underrepresented in biomarker
research [5, 8]. Recent investigations further suggest
that combined biomarker and receptor profiling can
improve early detection and therapeutic stratification

Limitations. The sample size was relatively
small and limited to postmenopausal women from a
single center, which may affect the generalizability
of the findings. Additionally, the study relied on
specific biomarkers and imaging methods, and the
short follow-up period may have limited the

in both ovarian and cervical cancers. assessment of long-term outcomes.

Conclusion

Overall, the results of this study indicate that circulating tumor biomarkers progressively increase with
tumor progression and metastatic dissemination. The most pronounced elevations were observed in metastatic
ovarian cancer, where serum levels of CA-125 and HE4, as well as the ROMA index, were markedly higher
than in the control group. In cervical cancer, although absolute biomarker levels were generally lower than in
ovarian malignancies, significant stage-dependent increases were also observed. Correlation analysis
demonstrated that HE4 is strongly associated with CA-125 and the ROMA index in ovarian cancer, and shows
moderate correlations with receptor expression (ER, PR, HER2) and the proliferative marker Ki-67 in both
ovarian and cervical malignancies. These findings underscore the clinical relevance of CA-125, HE4, the
ROMA index, and tumor receptor markers in postmenopausal women, supporting their role not only in
differentiating cancer types, disease stages, and metastatic status, but also in reflecting tumor biological behavior
and aggressiveness. By highlighting statistically significant associations between serum biomarkers, ROMA
index, and receptor expression, the study provides a foundation for integrated diagnostic strategies. Future
research should aim to validate these findings in larger cohorts and explore how these biomarkers can guide
targeted therapies, individualized patient monitoring, and prognostic assessment.
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