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Abstract

Background/Objectives: Differentiating between benign and malignant ovarian adnexal
masses before surgery is a significant diagnostic challenge. This study examined a wide
range of circulating plasma molecules (immune and inflammatory) to identify potential
markers to classify tumors as benign or malignant. The goal was to develop a proof-of-
concept tool for preoperative risk stratification. Methods: Twenty-three plasma molecules
were evaluated in women with benign lesions (1 = 68) and women with malignant ovarian
tumors (n = 25). To evaluate the behavior of each marker in a normal population, women
without adnexal pathology were also included (n = 11). The results were compared using
the Kruskal-Wallis test with Dunn post hoc pairwise comparisons, the Benjamini-Hochberg
correction for multiple comparisons, and ROC analysis. TGF-f3 isoforms and CA125 were
measured in the complete cohort (1 = 104), while the remaining molecules were assessed
in a reduced cohort (n = 51). Two classification approaches were developed using TGF-
33 and IL-13: a sequential two-step algorithm and an ordinal logistic regression model.
Apparent performance was corrected for optimism using Harrell’s bootstrap procedure.
Results: Ten molecules reached statistical significance. Among the significant molecules,
TGEF-33 identified ovarian lesions regardless of malignant status (AUC = 0.983), while
IL-13 showed perfect malignancy-specific separation from benign cases (AUC = 1.000).
Their combination in an ordinal logistic regression model produced three non-overlapping
diagnostic strata across all three groups, significantly outperforming CA125, HE4, and
ROMA at the malignancy-separation boundary (DeLong p < 0.05) in our exploratory cohort.
Conclusions: TGF-33 and IL-13 represent a biologically complementary marker pair
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whose combined ordinal regression model shows promising performance and warrants
prospective validation in larger, multicenter independent cohorts as a preoperative risk-
stratification tool for ovarian adnexal masses.

Keywords: adnexal masses; ovarian cancer; CA125; cytokines; TGF-3; IL-13

1. Introduction

According to the International Agency for Research on Cancer (IARC), ovarian cancer
(OC) was the sixth most common cancer in women worldwide in 2022, with an estimated
324,603 new cases and 206,956 deaths [1]. In Mexico, 5193 new cases were diagnosed in
2022, corresponding to an incidence rate of 6.7 per 100,000 women [2]. OC has a high
mortality rate because it is often diagnosed at an advanced stage [3]. High-grade serous
carcinoma, the most common histological subtype, arises predominantly from the fallopian
tube epithelium [4], accounts for about 70% of cases [5,6], and is associated with a 5-year
cause-specific survival rate of 47% [7]. Because clinical outcomes depend strongly on the
nature of the lesion at the time of surgery, accurate preoperative risk stratification of ovarian
adnexal masses remains a major clinical need. Current assessment relies on CA125, human
epididymal protein 4 (HE4), and menopausal status, which together are used to calculate
the Risk of Ovarian Malignancy Algorithm (ROMA) [8]. Despite its clinical utility, CA125
has limited sensitivity for early-stage disease, detecting only approximately 50-62% of
cases. In addition, elevated CA125 levels are observed in more than 60% of women without
ovarian cancer, including those with benign conditions such as endometriosis or pelvic
inflammatory disease, as well as those with other malignancies [9]. This limited specificity
highlights the need for complementary preoperative biomarkers that better capture the
biological complexity underlying adnexal masses.

The tumor microenvironment of OC is characterized by a systemic immune dysreg-
ulation involving the reciprocal suppression of Thl-mediated cytotoxic responses and
the amplification of Th2-associated immunosuppressive signaling, a pattern that extends
beyond the peritoneal cavity and is detectable in the peripheral circulation [10,11]. This
systemic immune shift provides a biological rationale for measuring circulating cytokines
as candidate markers of the immunological state associated with ovarian pathology in
women with adnexal masses.

Among the circulating molecules with established relevance to OC biology, the TGF-[3
family has been implicated in stromal remodeling, epithelial-to-mesenchymal transition,
and immune suppression in the tumor microenvironment [12,13]. Notably, the three
TGF-p isoforms are overexpressed at different frequencies in malignant ovarian tumors,
TGE-2 and TGF-£33 more frequently than TGF-1 [14], and show distinct prognostic as-
sociations [15], suggesting that individual isoforms may carry non-redundant biological
information. Th2/M2-associated cytokines, including IL-13, IL-5, IL-6, and IL-9, have
been identified in the serum of OC patients and linked to tumor progression and immune
evasion [10,16,17]. Th1 effector cytokines such as IFN-y have also been documented in
the ovarian tumor microenvironment, where they can paradoxically promote immune
evasion [18]. In addition, pleiotropic inflammatory molecules such as TNF-« have been as-
sociated with advanced disease stage and poor prognosis through autocrine and paracrine
signaling loops [19,20].

Given the biological relevance of these molecular groups to OC pathology and their
detectable systemic reflection in the peripheral circulation, the present study evaluated 23
circulating plasma molecules organized into distinct biological groups, including TGF-3
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isoforms, Thl effector cytokines, Th2 /M2-associated mediators, pleiotropic inflammatory
molecules, and CA125 as an established ovarian tumor marker. The latter, with the aim
of identifying candidate markers whose plasma concentrations reflect the immunological
state associated with tumor presence. Molecules identified in the discovery phase were
subsequently used to develop and evaluate two complementary classification approaches, a
sequential two-step diagnostic algorithm and an ordinal logistic regression model, as proof-
of-concept tools for preoperative discrimination between benign lesions and malignant
ovarian adnexal masses.

2. Materials and Methods
2.1. Study Participants

This study was conducted at the Department of Gynecologic Oncology of the Gyneco-
logical Hospital, West Medical Center of the Mexican Institute of Social Security (CMNO,
IMSS) in Guadalajara, Jalisco, Mexico. Samples were obtained during the preoperative
assessment phase from January 2023 to January 2024, prior to definitive histopathological
diagnosis. Ninety-three women with ovarian adnexal masses were recruited alongside
11 control volunteers without known adnexal pathology, whose disease-free status was
confirmed by transvaginal ultrasonography and CA125 measurement. Fifteen milliliters
of venous blood were drawn from all participants. Plasma samples were collected and
stored at —80 °C until use. CA125 concentrations were determined using a two-step chemi-
luminescent microparticle immunoassay (CMIA) performed on an Alinity immunoassay
system with the Alinity i CA 125 II reagent kit (Abbott, Lake Bluff, IL, USA). All data,
including pathology data, were obtained from medical records. The exclusion criteria were
as follows: (a) age < 18 years, (b) prior preoperative medical intervention, (c) presence of
another concurrent malignancy, and (d) missing CA125 tumor marker data. At the time
of blood sample collection, no participant had received hormone therapy, radiotherapy,
chemotherapy, or other medical interventions. No participant included in the study had
evidence of infection, vaginal bleeding, systemic inflammatory disease, or had received
antibiotics in the 4 weeks before recruitment. Analyses were performed after histological
results were available. All participants provided written informed consent before sample
collection, and their data were handled confidentially. No formal sample size calculation
was performed; the study was exploratory in design.

Two analytic cohorts were defined based on available measurements (Figure 1). The
complete cohort (n = 104; 11 controls, 68 benign, 25 malignant) comprised all participants
with TGF-f isoform and CA125 measurements. The reduced cohort (n = 51; 11 controls,
20 benign, 20 malignant) comprised the subset of participants for whom the full panel of
23 plasma cytokines and inflammatory molecules was available; among participants with
adnexal masses, HE4 measurement and ROMA calculation were also available. The remain-
ing 53 participants were excluded from this subset due to insufficient sample volume. The
clinicopathological characteristics of both cohorts are detailed in Table 1 and Supplementary
Table S1, respectively. All other analyses, including the sequential algorithm and the linear
predictor model, were performed exclusively within the reduced cohort to ensure analytical
coherence across combined marker evaluations.
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Table 1. Clinicopathological characteristics of the complete cohort.

Characteristic Control Benign Malignant Test p (Raw)  q (BH-adj)
n 11 68 25
Age, years. Median [IQR] 47.0 [43.0-51.5] 40.0 [33.0-51.2] 51.0 [44.0-56.0] KW 0.002 0.002
Age at menarche, years. Median [IQR] 12.0 [11.0-12.5] 13.0 [11.0-13.0] 12.0 [11.0-13.2] KW 0.409 0.443
Parity. Median [IQR] 2.0 [1.0-2.0] 1.0 [0.0-3.0] 1.5[1.0-3.0] KW 0.870 0.870
Nulliparous, 1 (%) 0(0.0%) 20 (29.4%) 4 (16.0%) X2 0.063 0.081
Postmenopausal, n (%) 8 (72.7%) 16 (23.5%) 15 (60.0%) x2 <0.001 <0.001
Age at menopause, years. Median [IQR] 42.0 [41.0-42.2] 50.0 [48.0-51.2] 48.0 [42.0-49.8] KW <0.001 <0.001
CA125, U/mL. Median [IQR] 9.0 [7.5-10.0] 36.0 [16.1-95.3] 363.0 [112.0-1000.0] KW <0.001 <0.001
HE4, pmol/L. Median [IQR] — 109.5 [81.0-140.9]  198.8 [151.5-226.0] MW <0.001 <0.001
ROMA, %. Median [IQR] — 28.5[20.1-43.1] 73.7 [60.5-88.2] MW <0.001 <0.001
Largest tumor diameter, cm. Median [IQR] — 7.1[5.9-9.9] 11.7 [7.2-16.9] MW 0.001 0.002
Bilateral, 1 (%) — 11 (16.2%) 6 (24.0%) Fisher 0.381 0.443
Histological subtype, 1 (%)

Endometrioma/endometriosis — 28 (41.2%) —

Serous cystadenoma — 13 (19.1%) —

Mucinous cystadenoma — 4 (5.9%) —

Mature teratoma — 11 (16.2%) —

Other benign — 12 (17.6%) —

High-grade serous — — 6 (24.0%)

Low-grade serous — — 1 (4.0%)

Endometrioid — — 6 (24.0%)

Clear cell — — 5 (20.0%)

Mucinous — — 5 (20.0%)

Other malignant — — 2 (8.0%)

FIGO stage (malignant), 1 (%)

Stagel — — 11 (44.0%)
Stage I — — 2 (8.0%)
Stage III — — 10 (40.0%)
Stage IV — — 1 (4.0%)
Unspecified — — 1 (4.0%)

Tumor grade (malignant), n (%)

High grade

11 (44.0%)

Low grade

1 (4.0%)

Grade not specified

13 (52.0%)

Continuous variables are reported as median [interquartile range, IQR]; categorical variables as 1 (%). Intergroup
comparisons were performed using the Kruskal-Wallis test (KW) for continuous variables, the chi-squared test 2
or Fisher’s exact test for categorical variables, and the Mann-Whitney U test (MW) for variables available in two
groups only. p (raw), unadjusted p-value; q (BH-adj), Benjamini-Hochberg adjusted g-value; FIGO, International
Federation of Gynecology and Obstetrics; CA125, cancer antigen 125; HE4, human epididymis protein 4, ROMA,
Risk of Ovarian Malignancy Algorithm. HE4 and ROMA were available only in the reduced cohort and are
therefore reported for benign and malignant groups only. Dashes (—) indicate variables not applicable in that
particular group. Women with adnexal masses were enrolled on the basis of a preoperatively identified adnexal
mass on transvaginal ultrasonography and confirmed histologically at surgery. Control volunteers had no
adnexal pathology confirmed by transvaginal ultrasonography and CA125 measurement. HE4 and ROMA were
available for participants with adnexal masses in the reduced cohort only and are therefore not reported for
control volunteers. Other benign (n = 12) comprises minor epithelial-lined cysts (paratubal, simple, inclusion,
and atrophic cysts; n = 7), non-epithelial and mesenchymal lesions (leiomyoma, fibroma, and ovarian stroma
with cystic degeneration; 1 = 4), and one inflammatory lesion (granulomatous reaction secondary to pelvic
inflammatory disease; n = 1). Other malignant (n = 2) comprises one adenocarcinoma not otherwise specified
(epithelial origin) and one adult granulosa cell tumor (sex-cord/stromal origin).
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Participants enrolled (n = 104)
11 control volunteers + 93 patients
with an ovarian adnexal mass

—— 1

Benign adnexal masses
(n =68)

Complete cohort (n = 104). TGF-B1, TGF-B2, TGF-B3 and CA125
measured in all participants.

I
v v

Reduced cohort: Full immune
cytokine panel and HE4 additionally
measured, as well as ROMA
calculation (n = 51): 11 controls + 20
benign + 20 malignant.

Full panel not performed (n =
53): 48 benign + 5 malignant.

Figure 1. Participant flow diagram. A total of 104 participants were enrolled, comprising 11 con-
trol volunteers and 93 women with ovarian adnexal masses (68 benign, 25 malignant). TGF-$1,
TGEF-f2, TGF-33, and CA125 were measured in all participants (complete cohort, n = 104). The full
panel of 23 plasma cytokines and inflammatory molecules was additionally measured in a subset of
51 participants (reduced cohort: 11 controls, 20 benign, 20 malignant). Among participants with ad-
nexal masses in this subset, HE4 and ROMA were also available. The remaining 53 participants were
excluded for insufficient sample volume. All combined marker analyses, including the sequential
algorithm and the linear predictor model, were performed exclusively within the reduced cohort.

2.2. Acid Activation of Plasma for the Measurement of Total TGF-B1, TGF-B2, and TGF-3

To quantify total TGF-f1, TGF-$2, and TGF-33, plasma samples were acid-activated
to dissociate the latent TGF-f3 complex. Briefly, 75 uL of 1 N HCI was added to 375 pL of
plasma, and the samples were rocked for 10 min at 4 °C. The reaction was then neutralized
with 75 pL of 1.2 N NaOH/0.5 M HEPES to halt the acid activation. The activated samples
were stored on ice and assayed on the same day.

2.3. Enzyme-Linked Immunosorbent Assay (ELISA)

Plasma levels of TGF-31 and TGF-32 were measured using ELISA kits from R&D
Systems (Minneapolis, MN, USA), and TGF-f33 was measured with a kit from Bioss Inc.
(Woburn, MA, USA). Plasma concentrations of HE4 were measured using the Quantikine
ELISA Human HE4/WFDC2 Immunoassay (R&D Systems). All assays were performed in
duplicate according to the manufacturer’s instructions. For the TGF-3 assays, acid-activated
plasma samples were added to the microplate and incubated for 2 h at room temperature.
Following a wash step, an enzyme-conjugated detection antibody was added and incubated
for another 2 h, followed by a 30 min incubation with a chromogenic substrate. For all
assays, reactions were stopped and colorimetrically quantified using a BioTek Synergy
HT microplate reader (Cat. No. 7091000, BioTek Instruments Inc., Winooski, VT, USA).
TGEF- plates were read at 540 nm, while HE4 plates were read at 450 nm with wavelength
correction at 540 nm. Concentrations (expressed as pg/mL for cytokines and pmol/L for
HE4) were calculated by comparing the optical density of the samples to an assay-specific
standard curve generated during the assay
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2.4. BioPlex Plasma Cytokine Measurement

Seven cytokines (IL-1c, IL-15, IL-1RA, IL-31, IL-7, TNF-f3, and IFN-«) were measured in
plasma using the ProcartaPlex™ Human Cytokine Panel 1C 7-Plex (Cat. No. EPX070-10010-
901, Thermo Fisher Scientific, Waltham, MA, USA). The assay was performed according to
the manufacturer’s instructions, including standards, controls, and plasma samples. Briefly,
plasma was incubated with microbeads labeled with antibodies specific to each of the afore-
mentioned cytokines for 120 min. After washing, the beads were incubated with a cocktail of
detection antibodies, each specific to a single cytokine, for 60 min. Following an additional
washing step, the beads were incubated with streptavidin-phycoerythrin for 15 min. Then,
they were washed again and resuspended in an assay buffer for analysis using the Bio-Plex in-
strument (Bio-Rad, Hercules, CA, USA). The final concentration of interleukins was calculated
using Bio-Plex Manager v5.0 software (Bio-Rad). All samples and standards were analyzed in
triplicate. Plasma interleukin concentrations are expressed as pg/mL.

2.5. LEGENDplex Detection of Cytokines in Plasma

Plasma concentrations of IL-5, IL-13, IL-2, IL-6, IL-9, IL-10, IFN-y, TNF-«, IL-17A,
IL-17F, 1L-4, and IL-22 cytokines were determined using the LEGENDplex™ Human
Th Cytokines Panel (12-plex) w/VbP V02 (Cat. No. 741028, BioLegend, San Diego, CA,
USA). The capture beads from the kit were mixed and incubated with participant plasma
samples according to the manufacturer’s instructions. The beads were differentiated by
size and internal fluorescence intensity using a Cytek™ Aurora spectral flow cytometer
(Cytek Biosciences, Fremont, CA, USA). The concentration of each analyte was determined
from a standard curve generated within the same assay. Data were analyzed using the
LEGENDplex™ Data Analysis Software Suite version 2025-05-01 which is available online
(BioLegend; https:/ /legendplex.qognit.com/user/login (accessed on 17 June 2026)). A total
of 300 bead events were acquired for each type of cytokine, according to the manufacturer’s
instructions. Results are expressed as pg/mL.

2.6. Statistical Analysis

All statistical analyses were performed using Python 3.13.3 with NumPy 2.3.4, pandas
2.2.3, matplotlib 3.10.3, seaborn 0.13.2, SciPy 1.16.0, and statsmodels 0.14.6. Intergroup
differences in plasma molecule concentrations were evaluated using the Kruskal-Wallis
test, followed by pairwise Dunn comparisons across all three diagnostic group pairs. Effect
sizes were quantified as rank-based eta-squared (n?), interpreted according to Cohen’s
conventional thresholds: small (n? > 0.01), medium (n? > 0.06), and large (n? > 0.14).
Kruskal-Wallis and Dunn p-values were adjusted for multiple comparisons using the
Benjamini-Hochberg (BH) false discovery rate (FDR) procedure; both raw p-values and
adjusted g-values are reported throughout. Intergroup differences in clinicopathological
characteristics were evaluated using the Kruskal-Wallis test for continuous variables, the
chi-squared test or Fisher’s exact test for categorical variables, and the Mann-Whitney
U test for variables available in two groups only; p-values for these comparisons were
likewise adjusted using the Benjamini-Hochberg procedure. Statistical significance was set
at o = 0.05 for all tests.

For each molecule and each binary comparison, ROC analysis was performed, and the AUC
was calculated using the trapezoidal rule. The Youden index (J = sensitivity + specificity — 1) was
applied to each ROC curve to identify the optimal concentration threshold, designated “t_low” for
the Control vs. Benign boundary and “t_high” for the Benign vs. Malignant boundary. Bootstrap
95% confidence intervals for AUC were estimated using 1000 iterations with random resampling
with replacement.
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Based on the complementary pairwise patterns identified in the screening phase, TGF-33
and IL-13 were selected for the development of two classification approaches within the reduced
cohort. In the sequential algorithm, the Youden-optimized TGF-33 threshold was applied at Step
1 to classify participants as TGF-f33-negative or TGF-f33-positive; TGF-33-positive participants
were routed to Step 2 where the Youden-optimized IL-13 threshold classified them as benign or
malignant. Both thresholds were derived independently within the reduced cohort.

In the linear predictor model (LP), both markers were In-transformed and entered as
predictors into a proportional-odds ordinal logistic regression model fitted by maximum
likelihood estimation via the L-BFGS-B algorithm, yielding a continuous linear predictor
score defined as LP = 31 x In(TGF-33) + 3, x In(IL-13). Two Youden-derived thresholds
applied to the continuous LP score defined three diagnostic strata: LP < t_low (no lesion),
t_low <LP <t_high (benign), and LP > t_high (malignant). Model coefficients are reported
as [3 estimates with odds ratios, 95% confidence intervals, and p-values.

Apparent performance for the linear predictor was corrected for optimism using Harrell’s
bootstrap optimism correction procedure [21]. One thousand bootstrap samples were drawn
with replacement (n = 51) from the development cohort. In each replicate the proportional-
odds model was refitted and both Youden-optimized thresholds (t_low, t_high) were re-
derived de novo; optimism was estimated as the difference between performance in the
bootstrap sample and performance when applied to the original cohort, averaged over all
replicates, and subtracted from the apparent value. Correction was applied to the AUC,
sensitivity, specificity and accuracy at the Youden thresholds, the three-class classification
accuracy, and the sensitivity for malignancy. Bootstrap 95% confidence intervals for the AUC
were obtained separately by the percentile method. The linear predictor was compared with
CA125, HE4, and ROMA, using DeLong’s test on the apparent AUC values [22].

3. Results
3.1. Participant Characteristics and Study Flow

A total of 104 participants were enrolled, comprising 11 control volunteers without
adnexal pathology and 93 women with ovarian adnexal masses (68 benign, 25 malignant).
TGF-f3 isoforms and CA125 were measured in all 104 participants (complete cohort). The
full molecule panel, HE4, and ROMA were available for a subset of 51 participants (reduced
cohort: 11 controls, 20 benign, 20 malignant); the participant flow is shown in Figure 1. The
clinicopathological characteristics of the complete and reduced cohorts are summarized in
Table 1 and Supplementary Table S1, respectively. Women with malignant tumors were
significantly older and more frequently postmenopausal than those with benign masses in
the complete cohort (Table 1). Malignant tumors were predominantly of epithelial origin,
with high-grade serous (24.0%), endometrioid (24.0%), clear cell (20.0%), and mucinous
(20.0%) subtypes represented; 44.0% presented at FIGO stage I and 40.0% at stage III.

3.2. Screening of 23 Circulating Molecules Identifies 10 with Significant Intergroup Differences
Across Diagnostic Categories

Plasma concentrations of 23 molecules were evaluated across three distinct diagnostic
categories, controls without adnexal pathology, women with benign adnexal masses, and
women with malignant ovarian tumors. The Kruskal-Wallis test with Dunn’s post hoc pair-
wise comparisons was used, with p-values adjusted by the Benjamini-Hochberg procedure;
adjusted g-values are reported throughout.

Figure 2 summarizes the Kruskal-Wallis effect size (n?) and BH-adjusted statistical
significance of 23 molecules evaluated. Ten reached statistical significance (q < 0.05),
with effect sizes ranging from n? = 0.097 (TGF-B1) to n? = 0.717 (IL-13); three additional
molecules (IL-4, IL-2, and IL-22) reached nominal significance (p < 0.05) but did not survive
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correction for multiple comparisons (q = 0.073-0.079). The remaining 10 failed to reach
omnibus significance and are provided in Supplementary Figure S1. The pairwise post hoc
comparison patterns revealed functionally distinct behaviors that informed the organization
of the following sections and are examined in detail below.

Effect size vs statistical significance (BH-FDR)

IL-13

o :

4

CA125
IL-5
IL-6
TNF-a
IL-9
TGF-B3

TGF-B2

IFN-y Significant
pairwise
comparisons

“©

IL-4

o

IL-2

IL-22 1

3]

TGF-B1

N

IL-7

w

IL-15

S
=log,, (BH-adjusted KW qg-value)

IFN-a
IL-17F

Ge
®ee@ge,

IL-31
TNF-B (

©

1ol ()
L1ral (0)
®
®

IL-1a

Medium effect (n? = 0.06)

IL-17A
-=--Large effect (n? = 0.14)

00 01 02 03 04 05 0’6 07
Effect size (n?)

Figure 2. Statistical summary of circulating molecule screening across diagnostic categories. Bub-
ble plot displaying the Kruskal-Wallis rank-based effect size (n?, x-axis) and statistical significance
(—log1o BH-adjusted Kruskal-Wallis g-value, color gradient) for all 23 plasma molecules evaluated
across controls, women with benign adnexal masses, and women with malignant ovarian tumors.
Bubble size indicates the number of statistically significant pairwise BH-adjusted Dunn compar-
isons (0 to 3) among the three diagnostic groups. Colored bubbles denote molecules with Kruskal—-
Wallis q < 0.05 (n = 10); gray bubbles denote molecules with no significant Kruskal-Wallis q-value
(n = 13). Dashed vertical lines indicate thresholds for medium (n? = 0.06, orange) and large n%=0.14,
red) effect sizes according to Cohen’s conventions. TGF-f3 isoforms and CA125 were evaluated in
the complete cohort (1 = 104; 11 controls, 68 benign, 25 malignant); all remaining molecules were
evaluated in the reduced cohort (n = 51; 11 controls, 20 benign, 20 malignant).

3.3. TGF-p Isoforms Identify Lesion Presence Without Malignancy Discrimination

The significant molecules were further characterized by examining their pairwise
BH-corrected post hoc Dunn comparison profiles across the three diagnostic groups.

This analysis revealed that three molecules—TGF-f33, TGF-32, and TGF-p1—showed
significant concentration differences between controls and lesion-bearing women in both
the Control vs. Benign and Control vs. Malignant comparisons, while the Benign vs.
Malignant comparison remained non-significant for all three, identifying them as markers
of lesion presence independent of malignant status.

To characterize their individual discriminatory capacity, ROC analysis was performed
for each molecule across two clinically relevant binary comparisons: controls versus women
with benign ovarian lesions (control vs. benign), and women with benign lesions versus
women with malignant tumors (benign vs. malignant).
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For each comparison, the Youden index was applied to identify optimal concentration
thresholds for clinical diagnostic categories, designated as “t_low” at the control vs. benign
boundary, and “t_high” at the benign vs. malignant boundary, shown as dashed lines in each
panel. AUC with 95% bootstrap confidence intervals, sensitivity, specificity, and accuracy
at each threshold are reported beneath each distribution, providing a holistic view of the
discriminatory performance achieved at the two diagnostic boundaries. These three molecules
are presented in Figure 3.
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Se=0.94 Sp=1.00 Acc=0.95 OR=329.67 Se=0.90 Sp=1.00 Acc=0.91 OR=188.60
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Figure 3. Circulating TGF-f3 isoform concentrations across diagnostic categories. Distribution plots
for TGF-B3 (a), TGF-B2 (b), and TGF-B1 (c), evaluated in the complete cohort (1 = 104; 11 controls,
68 benign, 25 malignant). Boxes represent the interquartile range with the median line; dashed
whiskers extend to minimum and maximum values; individual data points are shown. Y-axes
are displayed in logarithmic space. Blue dashed lines indicate the Youden-optimized threshold
for the control vs. benign comparison (t_low); red dashed lines indicate the Youden-optimized
threshold for the benign vs. malignant comparison (t_high). Significance brackets denote pairwise
BH-adjusted Dunn g-values: ** q < 0.01, *** q < 0.0001. KW, Kruskal-Wallis H statistic; p, uncorrected
Kruskal-Wallis p-value; q, BH-adjusted Kruskal-Wallis g-value; n?, rank-based effect size. Complete
ROC-derived diagnostic metrics for each threshold are reported beneath each panel.

Among the TGF-f isoforms, TGF-33 (Figure 3a) demonstrated the strongest discrimi-
natory performance for lesion detection, with controls clustering below the lower threshold
(t_low = 261.0 pg/mL), while both benign and malignant groups showed marked elevation,
with substantial overlap between the two groups (Md = 2242.0 and 3547.8 pg/mL, respec-
tively). Pairwise comparisons confirmed significant elevation in both lesion groups relative
to controls (Control vs. Benign q < 0.0001; Control vs. Malignant q < 0.0001), yielding an
AUC of 0.983 [0.948-1.000] for separating controls from women with ovarian lesions.
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TGF-B2 (Figure 3b) followed the same pattern with significant separation from controls
in both lesion groups (Control vs. Benign q < 0.0001; Control vs. Malignant q < 0.0001) and
high lesion-detection capacity (AUC = 0.947 [0.889-0.991]).

TGF-f31 (Figure 3c) showed the weakest lower threshold performance in the isoform family
(Control vs. Benign q = 0.006; Control vs. Malignant q = 0.006; AUC = 0.759 [0.660-0.855];
Se = 0.69), with greater distributional overlap between controls and the benign lesion groups and
a sensitivity notably lower than its isoforms, suggesting a less pronounced biological response
to lesion presence.

Across all three isoforms the benign vs. malignant comparison remained non-significant,
with AUCs near chance (TGF-£33: 0.591; TGF-32: 0.527; TGF-f31: 0.499), confirming that TGF-f3
isoform elevation reflects the presence of any ovarian lesion regardless of its malignant potential.

3.4. CA125 and TNF-a Show Progressive Concentration Gradients Across All Three
Diagnostic Categories

CA125 was the only molecule in the screening panel to reach statistical significance
across all three pairwise comparisons (Control vs. Benign q < 0.001; Control vs. Malig-
nant q < 0.001; Benign vs. Malignant q < 0.001), displaying a progressive concentration
gradient from controls (Md = 9.0 U/mL) through benign (Md = 36.0 U/mL) to malig-
nant tumors (Md = 363.0 U/mL) (Figure 4a). Its lesion-detection capacity was high
(AUC = 0.906 [0.834-0.965]), and its capacity to separate malignant from benign cases
was also meaningful (AUC = 0.881 [0.796-0.955]).
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Se=0.81 Sp=1.00 Acc=0.84 OR=94.56 Se=0.80 Sp=1.00 Acc=0.87 OR=84.33

t_high (n=68/25) thr=97.00 AUC=0.881 [0.796 0.955] t_high (n=20/20) thr=2742.20 AUC=0.767 [0.576 0.917]
Se=0.88 Sp=0.78 Acc=0.81 OR=22.19 Se=0.70 Sp=1.00 Acc=0.85 OR=91.46

Figure 4. Circulating CA125 and TNF-« concentrations across diagnostic categories. Distribu-
tion plots for CA125 (a) and TNF-« (b). CA125 was evaluated in the complete cohort (n = 104;
11 controls, 68 benign, 25 malignant); TNF-« was evaluated in the reduced cohort (1 = 51; 11 controls,
20 benign, 20 malignant). Significance brackets denote pairwise BH-adjusted Dunn g-values: * q < 0.05,

** q<0.001, **** q < 0.0001. All plot conventions, threshold designations, and reported metrics are as
described in Figure 3.

TNF-« (Figure 4b), evaluated in the reduced cohort, showed a similar progressive
concentration gradient across the three diagnostic categories (Md = 305.3, 1994.0, and
3235.8 pg/mL for controls, benign, and malignant, respectively; KW H = 15.58, q < 0.001,
n? = 0.309). Pairwise comparisons confirmed significant elevation in the malignant group
relative to both controls and benign cases (Control vs. Malignant q < 0.001; Benign vs.
Malignant q = 0.034), while the Control vs. Benign comparison did not reach significance
after correction (q = 0.050).

Despite their progressive concentration pattern, the distributions between benign
and malignant groups remained meaningfully overlapping in both molecules, and nei-
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ther achieved the malignancy-specific separation that would be required for confident
preoperative tumor characterization.

3.5. IL-13, IL-5, IL-6, IL-9, and IFN-y Are Specifically Elevated in Malignant Ovarian Tumors

Five molecules evaluated in the reduced cohort—IL-13, IL-5, IL-6, IL-9, and IFN-y—
showed a pairwise pattern distinct from those previously reported. The Control vs. Benign
comparison was non-significant in all five, while both the Control vs. Malignant and Benign vs.
Malignant comparisons reached statistical significance, identifying them as molecules whose
elevation is specific to malignant tumors rather than to a general ovarian lesion (Figure 5).
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Figure 5. Plasma concentrations of malignancy-specific molecules across diagnostic categories.
Distribution plots for IL-13 (a), IL-5 (b), IL-6 (c), IL-9 (d), and IFN-y (e), all evaluated in the reduced
cohort (n = 51; 11 controls, 20 benign, 20 malignant). Significance brackets denote pairwise BH-
adjusted Dunn g-values: * q < 0.05, ** q < 0.01, *** q < 0.001, **** q < 0.0001. All plot conventions,
threshold designations, and reported metrics are as described in Figure 3.
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IL-13 (Figure 5a) showed the strongest and most specific malignancy signal in the en-
tire screening panel, with controls (Md = 5.8 pg/mL) and benign (Md = 4.1 pg/mL) groups
presenting nearly indistinguishable concentrations, while malignant tumors displayed a
marked elevation (Md = 341.1 pg/mL), reflected in highly significant pairwise compar-
isons (Control vs. Malignant q < 0.001; Benign vs. Malignant q < 0.001; KW H = 36.43,
q < 0.001, 12 = 0.717) and a perfect malignancy-separation capacity (AUC = 1.000) in this
exploratory cohort.

IL-5 (Figure 5b) followed a similar pattern, with low concentrations in control
(Md = 12.4 pg/mL) and benign (Md = 1.5 pg/mL) groups in contrast to a markedly
elevated concentration in the malignant group with minimal overlap (Md = 172.6 pg/mL;
Control vs. Malignant q = 0.003; Benign vs. Malignant q < 0.001; t_high AUC = 0.884
[0.747-1.000]).

IL-6 (Figure 5c) and IL-9 (Figure 5d) shared the same malignancy-specific pattern,
with controls and benign groups showing no significant concentration differences, while
malignant tumors were significantly elevated above non-malignant groups (IL-6: Control
vs. Malignant q < 0.001, Benign vs. Malignant q < 0.001; IL-9: Control vs. Malignant
q =0.007, Benign vs. Malignant q = 0.001) yielding strong malignancy-separation capacities
(IL-6: t_high AUC = 0.873 [0.722-1.000]; IL-9: t_high AUC = 0.825 [0.652-0.961]).

IFN-y (Figure 5e) showed the most modest signal within this group, with a sig-
nificant elevation in concentration in malignant tumors relative to control and benign
groups (Control vs. Malignant q = 0.004; Benign vs. Malignant q = 0.043), and moderate
malignancy-separation capacity (t_high AUC = 0.728 [0.555-0.882]).

3.6. IL-4, IL-2, and IL-22 Show Nominally Malignancy-Associated Elevation

Three additional molecules reached nominal Kruskal-Wallis significance (p < 0.05)
but did not survive correction for multiple comparisons (IL-4 q = 0.078; IL-2 q = 0.073;
IL-22 q = 0.079). All three showed higher median concentrations in the malignant
group relative to controls and benign cases (Figure 6). IL-2 showed a significant pair-
wise elevation in malignant tumors relative to benign cases (Dunn q = 0.046; t_high
AUC = 0.696 [0.540-0.857]), while IL-22 showed significant elevation in malignant tumors
relative to controls (Dunn q = 0.040; t_high AUC = 0.634 [0.455-0.802]). IL-4 did not reach
significance in any individual pairwise comparison after correction (t_high AUC = 0.711
[0.520-0.880]). Given the modest effect sizes (n? = 0.108-0.123) and the failure to survive
omnibus correction, these observations should only be regarded as hypothesis-generating.

3.7. A Sequential TGF-B3/IL-13 Algorithm Achieves 96.1% End-to-End Accuracy in the
Reduced Cohort

Findings from Sections 3.3 and 3.5 identified TGF-33 and IL-13 as functionally com-
plementary markers, where TGF-33 concentration can detect the presence of any ovarian
lesion without discriminating between benign and malignant disease, and IL-13 is specif-
ically elevated in malignant tumors relative to controls and benign cases. This pattern
motivated the development of a sequential two-step diagnostic algorithm in which TGF-33
screens for lesion presence at Step 1, and IL-13 confirms malignancy at Step 2 among TGF-
[33-positive participants. Both thresholds were derived independently within the reduced
cohort (n = 51) using the Youden index, which accounts for the shift in the TGF-33 optimal
threshold observed in the complete cohort. The algorithm and its end-to-end classification
performance are presented in Figure 7.
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Figure 6. Circulating IL-4, IL-2, and IL-22 concentrations across diagnostic categories. Distribution
plots for IL-4 (a), IL-2 (b), and IL-22 (c), all evaluated in the reduced cohort (n = 51; 11 controls,
20 benign, 20 malignant). Significance brackets denote pairwise BH-adjusted Dunn g-values:
* q < 0.05. All plot conventions, threshold designations, and reported metrics are as described
in Figure 3.

At Step 1, TGF-33 screening routed 38 of 51 participants to Step 2 as TGF-f3-positive
(TGEF-p3 > 659 pg/mL), while 13 were classified as no lesion, 11 of whom were true controls,
with one benign and one malignant case falling below the Step 1 threshold, as shown in
the flowchart (Figure 7a). Among the 38 individuals routed to Step 2, IL-13 concentrations
above 172.0 pg/mL correctly classified all evaluated cases, 19 as malignant and 19 as benign,
with no misclassifications at this stage. However, as shown in the end-to-end confusion
matrix (Figure 7b), one malignant case had been gated out at Step 1 and never reached
IL-13 evaluation, resulting in an overall accuracy of 96.1% across all 51 participants and
a missed malignancy rate of 1 in 20. Both errors in the algorithm originate exclusively at
Step 1, reflecting the inherent limitation of sequential gating: individuals misclassified at
the screening step are excluded from the confirmatory evaluation regardless of their true
diagnostic status.

3.8. A TGF-B3/IL-13 Linear Predictor Score Achieves 98.0% Classification Accuracy with Zero
Missed Malignancies

Although the sequential algorithm demonstrated that TGF-$3 and IL-13 together
classify ovarian adnexal masses with high accuracy, its stepwise design carries an inherent
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limitation: individuals misclassified at Step 1 are excluded from subsequent evaluation
regardless of their true diagnostic status.

(a) Sequential Diagnostic Algorithm (b)
End-to-End Classification
Acc=96.1% n=51

All participants n=51

Step 1: TGF-B3 > 659 pg/mL
Control vs Benign Control 0 0
15
Negative a
3
Control n=13 5 .
(Ctri=11 Ben=1 Mal=1) © Benign 10
S
Positive =
Step 2: IL-13 > 172 pg/mL 5
Benign vs Malignant Malignant
Positive
0
Malignant lesion n=19 Control Benign  Malignant
(Ctrl=0 Ben=0 Mal=19) Algorithm Output

Overall accuracy: 96.1% Missed malignancies: 1/20 n = 51

Figure 7. Sequential TGF-33/IL-13 diagnostic algorithm and end-to-end classification performance.
(a) shows the algorithm flowchart with participant counts at each decision node. Step 1 applies a
TGF-[33 threshold of 659.0 pg/mL to separate participants with no ovarian lesion from those with an
ovarian lesion; TGF-f33-positive individuals are routed to Step 2, which applies an IL-13 threshold
of 172.0 pg/mL to distinguish benign cases from malignant tumors. n = indicates the number of
participants routed to each terminal category; numbers in parentheses indicate the true diagnostic
composition of each node. (b) shows the end-to-end confusion matrix for all 51 individuals in the
reduced cohort. Overall accuracy and cohort size are indicated in the figure title.

To address this, both markers were In-transformed and entered simultaneously
as predictors into a proportional-odds ordinal logistic regression model within the re-
duced cohort. In this model, each predictor is assigned a coefficient (f3) estimated by
maximum likelihood, and the linear predictor score is defined as their weighted sum:
LP = 1 x In(TGF-B3) + 32 x In(IL-13). Both coefficients were statistically significant and
positively associated with higher diagnostic category, yielding LP = 3.427 x In(TGF-33) +
3.254 x In(IL-13). Higher plasma concentrations of either marker are independently associ-
ated with higher diagnostic category in this ordinal model, reflecting their complementary
contributions to the separation of the three groups observed in the LP score distribution.
Complete coefficient estimates with 95% confidence intervals are provided in Table 2.

Table 2. Ordinal logistic regression model coefficients.

Parameter B OR CI Low CIHigh =z 4
In(TGF-[33) 3.427  30.790 1.989 476.646 2452  0.014
In(IL13) 3.254  25.900 2.423 276.903 2.692  0.007

{3, estimated regression coefficient; OR, odds ratio; CI low and CI high, lower and upper bounds of the 95%
confidence interval of the odds ratio; z, Wald z-statistic; p, two-sided p-value. Both coefficients represent the
change in log-odds of belonging to a higher diagnostic category per unit increase in the natural logarithm of the
respective marker concentration.

The LP score produced three visually non-overlapping distributions across the three
diagnostic groups (Figure 8a), with median LP values of 22.1, 32.6, and 46.8 for controls,
benign, and malignant respectively. Two Youden-derived thresholds applied to the contin-
uous LP score defined three diagnostic strata: participants below t_low = 28.2 classified
as no lesion, participants between t_low and t_high = 41.2 classified as benign, and par-
ticipants above t_high classified as malignant. Controls clustered below t_low, malignant
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cases clustered above t_high, and benign cases occupied the intermediate zone with only
one exception, a single benign case falling below t_low, resulting in an apparent overall
classification accuracy of 98.0%, with zero missed malignancies (Figure 8b).
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Figure 8. TGF-f33/IL-13 linear predictor score distribution, ROC performance, and classification
accuracy. (a) Distribution of the linear predictor score across the three diagnostic groups in the
reduced cohort. Boxes represent the interquartile range with the median line; individual data points
for each subject are shown. Blue and red dashed lines indicate the Youden-optimized thresholds
t_low and t_high, respectively. (b) Apparent LP classification confusion matrix for all 51 individuals.
(c,d) show ROC curves for the Control vs. Benign and Benign vs. Malignant comparisons, respectively.
In both panels, the LP score is displayed as a solid red line with apparent and optimism-corrected
AUCs, and CA125 is included as a baseline comparator (purple dashed line). (d) additionally
displays HE4 and ROMA as comparators (blue and green dashed lines, respectively), each with
AUC and 95% bootstrap confidence intervals. The diagonal gray line represents random-level
discrimination (AUC = 0.500).

ROC analysis of the LP score across the two binary comparisons demonstrated high
discriminatory capacity at both diagnostic boundaries (Figure 8c,d). For the Control vs.
Benign comparison, the LP achieved an apparent AUC of 0.973 [0.909-1.000] (Bootstrap-
corrected 0.971), nominally outperforming CA125 at the same boundary (AUC = 0.845
[0.696-0.978]). For the Benign vs. Malignant comparison, the LP achieved near-perfect sep-
aration in this exploratory cohort (AUC = 1.000 [1.000-1.000], corrected 0.998), significantly
outperforming CA125 (AUC = 0.880 [0.765-0.963]; DeLong p = 0.033), HE4 (AUC = 0.765
[0.592-0.912]; DeLong p = 0.002), and ROMA (AUC = 0.840 [0.699-0.962]; DeLong p = 0.013).
Complete apparent and optimism-corrected diagnostic metrics and DeLong comparisons
are provided in Table 3.
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Table 3. Diagnostic performance of the TGF-f3/IL-13 linear predictor score and comparator markers
in the reduced cohort.

Comparison Ctrl vs. Ben Ctrl vs. Ben Ben vs. Mal Ben vs. Mal Ben vs. Mal Ben vs. Mal
Marker LP CA125 LP CA125 HE4 ROMA
n 31 31 40 40 40 40
Threshold 28.246 16.400 41.180 97.000 170.585 55.743
AUC [corrected] 0.973 [0.971] 0.845 1.000 [0.998] 0.880 0.765 0.840
Cllow 0.909 0.696 1.000 0.765 0.592 0.699
CI high 1.000 0.978 1.000 0.963 0.912 0.962
Sens. [corrected] 0.950 [0.924] 0.750 1.000 [0.972] 0.900 0.700 0.800
Spec. [corrected] 1.000 [0.994] 1.000 1.000 [0.992] 0.700 0.950 0.900
PPV 1.000 1.000 1.000 0.750 0.933 0.889
NPV 0.917 0.688 1.000 0.875 0.760 0.818
Acc. [corrected] 0.968 [0.949] 0.839 1.000 [0.982] 0.800 0.825 0.850
DeLong p-value vs. LP 0.089 0.033 0.002 0.013

Performance metrics are reported at the Youden-optimized thresholds for each binary comparison, LP, linear
predictor; Threshold, Youden-optimized threshold; AUC, area under the curve; CI low and CI high, lower and
upper bounds of 95% bootstrap confidence interval; Sens. Sensitivity; Spec, specificity; PPV. Positive predictive
value; NPV negative predictive value; Acc. Accuracy CA125, cancer antigen 125; HE4, human epididymis protein
4; ROMA, Risk of Ovarian Malignancy Algorithm. Values in brackets denote optimism-corrected estimates
obtained by Harrell’s bootstrap procedure. DeLong p-values compare each comparator’s apparent AUC against
the LP’s apparent AUC at the corresponding diagnostic boundary; AUCs were compared on the apparent values
by construction, as optimism-corrected estimates lack the covariance structure required for DeLong’s test.

4. Discussion

The preoperative discrimination of benign from malignant ovarian adnexal masses
remains one of the central diagnostic challenges in gynecological oncology, as current
standard tools rely on a limited number of tumor-associated markers that are often un-
able to capture the complexity of ovarian pathology. On the biological side, the tumor
microenvironment of ovarian cancer is characterized by a systemic immune dysregulation
involving the reciprocal suppression of Thl-mediated cytotoxic responses and the ampli-
fication of Th2-associated immunosuppressive signaling, a shift that extends beyond the
peritoneal cavity and is detectable in the peripheral circulation [10]. Thus, we hypothesized
that a broad profiling approach of circulating plasma molecules encompassing distinct
biological groups, including TGF-§3 isoforms, Th1 effector cytokines, Th2 /M2-associated
mediators, and pleiotropic inflammatory molecules, could identify candidate markers
whose circulating concentrations reflect the immunological state associated with lesion
presence, malignant transformation, or both and that could complement existing tools for
preoperative risk stratification.

Among the TGF-f3 family members, all three isoforms showed significant elevation in
both lesion groups relative to controls, while remaining non-significantly different between
the two lesion types. At the cellular level, this shared pattern is consistent with their func-
tional equivalence: all three isoforms promote ovarian cancer cell migration and invasion
through a Smad3-dependent mechanism involving MMP secretion and E-cadherin down-
regulation [14], while independently driving cell migration via ZEB1 upregulation and
N-cadherin induction without affecting proliferation [23]. However, this functional equiva-
lence at the receptor level contrasts with both their differential tissue prevalence—TGEF-{32
and TGF-[33 are overexpressed in 66% of malignant ovarian tumors compared with 44% for
TGEF-p1 [14], and the differential magnitude of their circulating signals, with TGF-33 show-
ing the strongest lesion-detection capacity (t_low AUC = 0.983), followed by TGF-32 (t_low
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AUC = 0.947) and TGF-f31 (t_low AUC = 0.759). A potential isoform-specific explanation
for this hierarchy emerges from the work of Wu et al., who demonstrated that COL11A1
overexpression in ovarian cancer cells activates cancer-associated fibroblasts specifically
through TGF-£33 via the NF-kB/IGFBP2 axis, without altering TGF-31 or TGF-f32 expres-
sion or promoter activity; a TGF-33 antibody abrogated CAF activation and prevented
tumor formation in vivo, and high TGF-[33 tissue levels were associated with poor patient
survival [24]. Since CAF activation is a feature of the ovarian stromal microenvironment
that may precede malignant transformation [25], this TGF-33-specific production mech-
anism offers a biologically coherent explanation for why TGF-f33 produces the strongest
circulating signal across both benign and malignant lesion groups. Consistent with these
isoform-specific roles, Zhou et al. reported that elevated expression of TGF-{32 and TGF-33
mRNA was associated with unfavorable prognosis in serous, poorly differentiated, and
late-stage ovarian carcinoma [15], while TGF-31 showed no prognostic association. Col-
lectively, these findings suggest that isoform-specific TGF-33 quantification in circulation
may capture biologically meaningful information that aggregate measurements do not.

Five molecules in our screening panel—IL-13, IL-5, IL-6, IL-9, and IFN-y—shared a
consistent pattern of significant elevation in malignant tumors relative to both controls and
benign cases, with no clear distinction between the two non-malignant groups, identify-
ing them as malignancy-specific markers. Among these, IL-13 showed the most striking
signal in the entire screening panel, with malignant tumors displaying complete sepa-
ration from control and benign cases at the upper threshold in our exploratory cohort
(AUC = 1.000). The absence of IL-13 elevation in benign cases is particularly notable; it
suggests that the IL-13 signal is not a general response to an ovarian lesion but is specifically
activated by malignant transformation. This observation is consistent with a receptor-gated
mechanism: IL-13R«2 is expressed in 83% of epithelial ovarian cancer specimens but is
absent or barely detectable in normal ovarian tissue [26], with no significant correlation
between IL-13Rx2 expression and FIGO stage, indicating that the receptor is present across
the disease spectrum rather than restricted to advanced cases [26]. When this receptor is
present, IL-13 promotes ovarian cancer invasion and metastasis through IL-13Rx2-mediated
ERK/AP-1 signaling and MMP induction; critically, this pathway is activated exclusively
in IL-13Ra2-positive cells, and even endogenous IL-13 is sufficient to drive metastasis
in IL-13Rx2-positive tumors in vivo [27]. At the tissue level, Ripley et al. demonstrated
that IL-13 mRNA and protein are expressed in ovarian carcinoma at higher levels than
in normal ovarian tissue, with expression increasing with disease stage and localized in
both tumor cells and infiltrating inflammatory cells [28], consistent with a dual-source,
malignancy-associated IL-13 signal whose circulating reflection is gated by the presence of
the IL-13R«2 signaling axis in the transformed epithelium.

The remaining significant molecules displayed pairwise patterns that, while not in-
corporated into the final model, informed the marker selection process and warrant ac-
knowledgment as hypothesis-generating observations. CA125 was the only molecule to
reach significance across all three pairwise comparisons, consistent with its established
role as a broad ovarian tumor marker whose elevation reflects a range of pathological
states. TNF-« displayed a similar progressive concentration gradient across the three diag-
nostic categories, though its lower boundary comparison did not reach significance after
correction (Dunn q = 0.050); its malignancy-associated elevation is consistent with prior
reports of elevated serum TNF-« in ovarian cancer [29], and with the evidence that the
proportion of TNF-a-positive samples is higher in ovarian cancer than in benign ovarian
disease at the tissue level [20]. IL-5, IL-6, and IL-9 followed the same malignancy-specific
pattern as IL-13, with progressively attenuated discriminative performance, consistent with
documented elevation of serum IL-5 and IL-6 in ovarian cancer [16], the independent asso-
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ciation of IL-6 with tumor burden and reduced survival across multiple cohorts [30], and
the upregulation of serum IL-9 (AUC = 0.870) in an independent ovarian cancer cohort [17].
IFN-y showed the most modest malignancy-specific signal, consistent with its paradoxical
pro-tumorigenic role via HLA-E upregulation in the ovarian tumor microenvironment [18]
and its identification as part of a cytokine signature associated with chemotherapy resis-
tance [17]. Its malignancy-associated elevation at the benign vs. malignant boundary in our
cohort is thus consistent with the pro-tumorigenic activity documented at the tissue level,
suggesting that the concurrent activation of Th1 signaling alongside the dominant Th2 /M2
shift may be a systemic feature of ovarian malignancy that warrants further characterization
in larger independent cohorts. Three additional molecules, IL-4, IL-2, and IL-22, reached
nominal Kruskal-Wallis significance (p < 0.05) but did not survive Benjamini-Hochberg
correction (q = 0.073-0.079); their malignancy-associated elevation patterns are consistent
with prior reports but require confirmation in larger cohorts [31-35].

The development of multiparametric serum models for preoperative discrimination
of adnexal masses has been an active area of research, with logistic regression-based
approaches combining markers such as CA19-9, CA125, NLR, PLR, and BDNF [36], or
inflammatory ratios alongside CA125 [37] consistently demonstrating improved discrimi-
nation over individual markers alone. Moore et al. demonstrated that while combining
eight serum markers (CA125, HE4, YKL-40, transthyretin, ApoA1l, Beta-2-microglobulin,
transferrin, and LPA) achieved an AUC of 0.944 for epithelial ovarian cancer detection, the
gain over CA125/HE4 combination alone (AUC = 0.912) was minimal and did not justify
clinical adoption [38], supporting the notion that biological complementarity between a
small number of markers may be a more efficient strategy than panel expansion. A previous
study conducted at our institution demonstrated that multiparametric classifiers integrat-
ing circulating serum molecules including MRP8/14, OPN, SAA, IL-6, IL-8 and IGFBP-4
alongside established tumor markers improved diagnostic performance for ovarian adnexal
mass characterization beyond what individual markers could achieve [39]. Building on
this evidence, we took a screening approach from which TGF-33 and IL-13 emerged as
biologically complementary candidate markers, addressing distinct diagnostic boundaries,
TGF-33 discriminating lesion-bearing women from controls regardless of malignant status,
and IL-13 specifically elevated in malignant tumors relative to both non-malignant groups.
Of these two contributions, the malignancy-discrimination task, represents the primary
clinically relevant preoperative question, and is addressed by the IL-13 component and the
combined LP model. Their sequential combination into a two-step diagnostic algorithm
achieved 96.1% end-to-end accuracy in the reduced cohort. The proportional-odds ordinal
logistic regression model, which addressed the inherent limitation of sequential gating by
combining both markers simultaneously into a continuous LP score, achieved an apparent
98.0% accuracy with zero missed malignancies. Harrell’s bootstrap optimism correction
confirmed that these results are not substantially inflated by in-sample fitting, yielding
corrected values of 97.2% malignancy sensitivity, and a corrected AUC of 0.998 at the benign
vs. malignant boundary. In head-to-head comparison with all four measurements available,
the LP significantly outperformed CA125 (DeLong p = 0.033), HE4 (p = 0.002), and ROMA
(p = 0.013) at the malignancy-separation boundary, while the advantage over CA125 at the
lesion-detection boundary did not reach significance (DeLong p = 0.089). Notably, the LP’s
superiority at the malignancy boundary persists whether the apparent (AUC = 1.000) or
optimism-corrected (AUC = 0.998) value is considered, as all three comparator AUCs fall
well below the corrected estimate.
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Several limitations of this study must be acknowledged. First, no formal sample size
calculation was performed; the study was exploratory in design. Benign and malignant
samples were collected at a single tertiary referral hospital from participants already sched-
uled for surgical intervention, where the proportion of malignant cases is higher than
in general preoperative settings. The control group was limited to 11 control volunteers
without adnexal pathology, which renders specificity estimates at the lesion detection
boundary especially sensitive to small sample fluctuations. The wide confidence intervals
on the model’s odds ratios similarly reflect the limited sample size and should be inter-
preted with caution, even though the direction and significance of both coefficients were
consistent. Marker selection and model development were performed in the same reduced
cohort; however, Harrell’s bootstrap optimism correction confirmed minimal performance
inflation, and the Benjamini-Hochberg procedure was applied to the omnibus screening
to control for multiple comparisons. Furthermore, the 53 participants excluded from the
reduced cohort due to insufficient sample volume comprised 48 benign and 5 malignant
cases, resulting in a higher proportion of malignant cases in the reduced cohort than in
the complete cohort; this enrichment may have influenced model development and per-
formance estimation and should be considered when interpreting the reported metrics.
Nonetheless, all reported metrics should be interpreted as internally validated exploratory
performance. The head-to-head comparison with CA125, HE4, and ROMA provides initial
evidence of the LP’s competitive performance at the malignancy-separation boundary, but
the model was not compared against composite clinical risk stratification tools such as
RMI, ADNEYX, or the IOTA simple rules; the proposed model should therefore be regarded
as a candidate approach whose incremental diagnostic value over these established tools
requires formal prospective evaluation. Even so, the biological complementarity of TGF-33
and IL-13, one reflecting lesion presence across the full diagnostic spectrum and the other
specifically elevated in malignant disease, provides a mechanistically grounded rationale
for their combined use that extends beyond the performance observed in this single cohort.
Prospective validation in larger independent cohorts with particular attention to clinical
subgroups where CA125 performs poorly, including premenopausal women and early-
stage disease, is needed to establish whether this two-marker approach offers additive
diagnostic value in a real-world preoperative setting.

5. Conclusions

The present study provides evidence supporting the hypothesis that systematic profil-
ing of circulating plasma molecules in women with ovarian adnexal masses can identify
biologically motivated diagnostic candidates. TGF-f33 and IL-13 showed complementary
behavior, reflecting lesion presence and malignancy, respectively. Their combination in an
ordinal regression model showed minimal optimism upon bootstrap correction and sig-
nificantly outperformed CA125, HE4, and ROMA at the malignancy-separation boundary
in our exploratory cohort. Together, these findings represent a proof-of-concept whose
prospective evaluation in larger, multicenter independent cohorts is warranted to establish
whether this two-marker approach offers additive value for preoperative risk stratification
of ovarian adnexal masses.

Supplementary Materials: The following supporting information can be downloaded at https://www.
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Abbreviations

IARC International Agency for Research on Cancer
OoC Ovarian Cancer

CA125 Cancer Antigen 125

EOC Epithelial Ovarian Cancer

HE4 Human Epididymal Protein 4

ROMA Risk of Ovarian Malignancy Algorithm

TGF Transforming Growth Factor

IL Interleukin

CMNO West Medical Center

CMIA Chemiluminescent Microparticle Immunoassay
ELISA Enzyme-Linked Immunosorbent Assay
TNF-« Tumor Necrosis Factor-alpha

IFN-o Interferon-alpha

IFN-y Interferon-gamma

FIGO International Federation of Gynecology and Obstetrics
PPV Positive Predictive Value

NPV Negative Predictive Value

LP Linear Predictor

AUC Area Under the Curve

OR Odds Ratio

CI Confidence Interval

BH Benjamini-Hochberg

FDR False Discovery Rate

KW Kruskal-Wallis

MW Mann-Whitney

12 Rank-based eta-squared effect size
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