British Journal of
Hospital Medicine Br. J. Hosp. Med. (Lond) 2026; 87(6): 55133
https://doi.org/10.31083/BJHM55133

Article

Diagnostic Value of SCC-Ag Combined With CYFRA 21-1 in Predicting
Long-Term Lymph Node Metastasis After Cervical Cancer Surgery

Kaizhen Xu', Guilan Zhang?*

I Department of Comprehensive Oncology V, Shandong Public Health Clinical Center, 250000 Jinan, Shandong, China
2Department of Obstetrics and Gynecology, Shandong Public Health Clinical Center, 250000 Jinan, Shandong, China
*Correspondence: 15552685535(@163.com (Guilan Zhang)

Academic Editor: Raghavan Vidya

Submitted: 18 September 2025 Revised: 20 November 2025  Accepted: 4 December 2025  Published: 22 June 2026

Abstract

Aims/Background: Lymph node metastasis (LNM) is an important prognostic factor of cervical cancer, significantly impacting patient
outcomes and treatment strategies. Current methods for predicting LNM after surgery are limited, necessitating the identification of
reliable biomarkers. This study aimed to evaluate the diagnostic value of serum squamous cell carcinoma antigen (SCC-Ag) combined
with cytokeratin fragment 21-1 (CYFRA 21-1) for identifying long-term LNM after cervical cancer surgery. Methods: A retrospec-
tive case-control study was conducted on 138 patients with primary cervical cancer who underwent radical hysterectomy and pelvic
lymphadenectomy between May 2020 and May 2023. Patients were followed up for at least two years post-surgery, with a focus on
their LNM status. Serum SCC-Ag and CYFRA 21-1 levels were measured using an electrochemiluminescence immunoassay analyzer.
Patients were classified into two groups based on the presence of LNM detected during follow-up: without LNM and with LNM groups.
The cohort was further divided into a training set (n = 85) and a test set (z = 53). Univariate and multivariate logistic regression analysis
identified significant predictors, which were used to construct a nomogram diagnostic model. Model performance was evaluated using
calibration curves, receiver operating characteristic curve analysis, and decision curve analysis. Results: Elevated serum SCC-Ag and
CYFRA 21-1 levels were observed in patients with LNM compared to those without. Multivariate logistic regression identified both of
these markers as independent predictors of long-term LNM (all p < 0.05). The constructed nomogram model integrating these markers
demonstrated high discriminatory power, with an area under the curve of 0.869 in the training set and 0.861 in the test set. Conclusion:
Serum SCC-Ag and CYFRA 21-1 levels may serve as valuable biomarkers for predicting long-term LNM after cervical cancer surgery.
A nomogram model integrating these markers provides enhanced diagnostic accuracy and could potentially guide personalized treatment
strategies.
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1. Introduction Treatment strategies for cervical cancer depend on the
stage of the disease and patient-specific factors. For early-
stage cervical cancer (stages I-11A, based on international
federation of gynecology and obstetrics [FIGO] 2018 crite-
ria [6]: IA, microinvasive carcinoma with stromal invasion
<5 mm in depth; IB, clinically visible lesion confined to the
cervix or lesion >IA but <4 cm in size; IIA, tumor invades
beyond the cervix to the upper two-thirds of the vagina but
not to the parametrium), radical hysterectomy combined

Cervical cancer remains a significant global health
burden, with approximately 604,000 new cases and 342,000
deaths reported annually [1]. It disproportionately affects
women in low- and middle-income countries, where screen-
ing programs and access to healthcare may be limited [2].
Despite advancements in prevention through vaccination
against human papillomavirus (HPV), cervical cancer con-

tinues to pose a substantial risk, particularly among older
populations and those infected with high-risk HPV types
[3].

The diagnosis of cervical cancer typically involves a
combination of cytology (pap smear), HPV testing, col-
poscopy, and biopsy [4]. Early detection through screen-
ing has led to improved outcomes, but challenges remain
in identifying patients at high risk for lymph node metasta-
sis (LNM) following surgical treatment. Current diagnostic
methods rely heavily on imaging techniques such as pelvic
magnetic resonance imaging (MRI) and computed tomog-
raphy (CT) scans, which can be costly and not always avail-
able in resource-limited settings [5].

with pelvic lymphadenectomy is the standard treatment.
Given the presence of LNM significantly impacts progno-
sis and necessitates adjuvant therapies such as chemother-
apy and radiotherapy, identifying reliable biomarkers for
predicting LNM can aid in tailoring postoperative manage-
ment and improving patient outcomes [7,8]. However, cur-
rent clinical and pathological parameters often fall short in
providing reliable prognostic information, necessitating the
identification of novel biomarkers that can enhance diag-
nostic accuracy [9,10].

The role of tumor markers in oncology has been in-
creasingly recognized due to their potential in early diagno-
sis, prognosis, and therapeutic monitoring. Among these,
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squamous cell carcinoma antigen (SCC-Ag) and cytoker-
atin fragment 21-1 (CYFRA 21-1) have garnered attention
for their utility in various malignancies, including cervical
cancer. SCC-Ag, a glycoprotein overexpressed in squa-
mous cell carcinomas, has been associated with tumor bur-
den and aggressiveness [11,12]. Elevated levels of SCC-
Ag correlate with advanced tumor stages and adverse out-
comes, making it a valuable marker for disease progression
[13]. CYFRA 21-1, a fragment of cytokeratin 19, is another
promising biomarker that reflects epithelial cell turnover
and tissue destruction during tumor progression. Studies
have shown that elevated CYFRA 21-1 levels are linked to
poor prognosis in several cancers, suggesting its potential
as a prognostic indicator in these malignancies, including
cervical cancer [14-16].

Despite individual contributions of SCC-Ag and
CYFRA 21-1 in predicting cervical cancer outcomes, their
combined use has not been extensively explored. The ra-
tionale behind combining multiple biomarkers lies in their
complementary nature, and such a multi-marker approach
confers enhanced diagnostic accuracy and provides a more
comprehensive risk assessment. Previous studies have
demonstrated that integrating multiple tumor markers can
improve the detection rate of malignancies and refine prog-
nostic predictions [17,18]. For instance, the combination
of cancer antigen 125 (CA125), human epididymis protein
4 (HE4), and mesothelin has been shown to outperform ei-
ther marker alone in the prognostication of ovarian cancer
[19]. Similarly, the integration of SCC-Ag and CYFRA 21-
1 may enhance the diagnostic performance for LNM in cer-
vical cancer patients, thereby supporting more personalized
treatment strategies.

Moreover, the development of diagnostic models in-
corporating these biomarkers could significantly impact
clinical practice. Such models, often constructed using
multivariate logistic regression or machine learning algo-
rithms, aim to integrate multiple factors to provide a holis-
tic risk assessment. By leveraging the strengths of different
biomarkers, these models can offer improved discrimina-
tory power compared to traditional clinical and pathological
criteria. This approach holds promise for optimizing treat-
ment strategies based on individual patient risk profiles, ul-
timately leading to better outcomes. Given the complexity
of cervical cancer and the variability in patient responses,
the need for robust diagnostic tools is paramount. There-
fore, investigating the combined diagnostic value of SCC-
Ag and CYFRA 21-1 represents a critical step towards ad-
vancing personalized medicine in cervical cancer manage-
ment.

2. Methods
2.1 Study Participants and Selection Criteria

This study is a retrospective case-control study that
consecutively enrolled 138 patients with cervical cancer
who underwent surgical treatment at the Department of Ob-

stetrics and Gynecology, Shandong Public Health Clinical
Center, from May 2020 to May 2023. Inclusion criteria of
this study include the following: (1) patients aged between
18 and 75 years; (2) patients diagnosed with primary cervi-
cal cancer confirmed with both preoperative cervical biopsy
and postoperative pathological examination [20]; (3) pa-
tients meeting the international federation of gynecology
and obstetrics (FIGO) 2018 staging criteria [6], with stages
ranging from IA to IIA; (4) patients who had received ini-
tial treatment which encompassed radical hysterectomy and
pelvic lymphadenectomy, with or without para-aortic lym-
phadenectomy, and did not receive adjuvant chemoradio-
therapy after surgery; (5) patients who had been tested for
serum SCC-Ag and CYFRA 21-1 within one week before
surgery, with complete medical records; and (6) patients
who had been regularly followed up after surgery for at least
two years, with complete follow-up data. Exclusion crite-
ria include: (1) individuals with distant organ metastasis
(such as lung, liver, bone metastasis) or pelvic LNM con-
firmed with preoperative imaging or pathology; (2) preg-
nant or lactating women; (3) patients with acute pelvic in-
flammatory disease, autoimmune diseases, or liver or kid-
ney failure; (4) patients with other malignancies or a his-
tory of previous malignancy; and (5) patients with a history
of neoadjuvant chemotherapy or other treatments prior to

surgery.

2.2 Long-Term Follow-Up and Grouping

Based on cervical cancer treatment guidelines [20],
patients underwent clinical evaluations every three months
during the first two years post-surgery to achieve the opti-
mal balance between effective disease monitoring and the
rational utilization of healthcare resources. These eval-
uations included physical examinations, symptom assess-
ments, and blood tests for tumor markers, with a focus on
whether enlarged lymph nodes were palpable in the pelvic
and inguinal regions. If any suspicious signs (such as
palpable enlarged lymph nodes) were detected during the
three-month clinical follow-ups, immediate imaging stud-
ies were scheduled for confirmation. Enhanced pelvic mag-
netic resonance imaging (or computed tomography) was
performed every six months, with additional scans of the
para-aortic lymph node region indicated if necessary. Sus-
picious lymph nodes identified through imaging were surgi-
cally removed and biopsied to obtain pathological evidence.
Excluding lost-to-follow-up and deceased cases, this study
ultimately included 138 eligible patients. According to
whether regional LNM occurred during the follow-up pe-
riod, patients were classified into two groups: the with-
out LNM group and the with LNM group. To ensure the
randomness and independence of the division between the
training set and the test set, and to avoid introducing selec-
tion bias, we used a random number sequence generated by
SPSS 29.0 software (developed by SPSS Inc., Chicago, IL,
USA). The entire patient cohort (n = 138) was divided into a
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Fig. 1. Flowchart of study participant selection. FIGO staging definitions (based on FIGO 2018 criteria [6]): IIA, tumor invades

beyond the cervix to the upper two-thirds of the vagina but not to the parametrium. FIGO, international federation of gynecology and

obstetrics; LNM, lymph node metastasis; ROC, receiver operating characteristic.

training set (n = 85) and a test set (n = 53) in an approximate
6:4 ratio using a simple random sampling method. Among
them, the training set (n = 85) included 63 patients without
LNM and 22 patients with LNM; the test set (n = 53) in-
cluded 38 patients without LNM and 15 patients with LNM
(Fig. 1, Ref. [6]).

This study retrospectively collected demographic
characteristics, disease features, and tumor markers of the
study participants through the electronic medical record
system. Demographic characteristics included age, body
mass index (BMI), ethnicity, menopausal status, smoking
history, history of hypertension, history of diabetes, and
family history of cervical cancer. Disease features encom-
passed pathological type, FIGO staging, maximum tumor
diameter, differentiation degree, appearance type, depth of
myometrial invasion, and vascular cancer thrombus status.
Tumor markers included preoperative serum levels of SCC-
Ag, CYFRA 21-1, CA125, and carcinoembryonic antigen
(CEA).
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2.3 Measurements of Tumor Markers

Fasting venous blood (3 mL) was collected from ev-
ery patient before surgery. The blood specimens were cen-
trifuged at 3000 rpm for 10 minutes, and the upper serum
layer was separated for the following tests:

(1) Squamous cell carcinoma-related markers: The
serum SCC-Ag levels and CYFRA 21-1 levels were mea-
sured using a fully automated electrochemiluminescence
immunoassay analyzer (cobas €601, Roche Diagnostics,
Basel, Switzerland). The normal reference levels were
<1.5 ng/mL for SCC-Ag and <3.3 ng/mL for CYFRA 21-
1.

(2) Adenocarcinoma and mixed-type related markers:
The CEA and CA125 were also measured using the afore-
mentioned fully automated electrochemiluminescence im-
munoassay analyzer. The normal reference ranges were
<5.0 ng/mL for CEA and <35 U/mL for CA125.
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Table 1. Comparison of all data between training set and test set.

Variables Training set (n =85)  Testset (n=153)  t/x> p
LNM, n (%) 0.097  0.755
Without LNM 63 (74.12%) 38 (71.70%)
With LNM 22 (25.88%) 15 (28.30%)
Demographic characteristics
Age (years) 60.47 + 6.65 60.74 + 7.12 0.224 0.823
BMI (kg/m?) 22.50 4+ 1.68 22.49 4+ 1.68 0.042  0.966
Ethnicity, n (%) 0.307  0.580
Han 79 (92.94%) 47 (88.68%)
Others 6 (7.06%) 6 (11.32%)
Menopause, 7 (%) 0.023  0.880
Yes 47 (55.29%) 30 (56.60%)
No 38 (44.71%) 23 (43.40%)
Smoking, n (%) 0.002  0.964
Yes 11 (12.94%) 7 (13.21%)
No 74 (87.06%) 46 (86.79%)
Hypertension, n (%) 0.001  0.981
Yes 21 (24.71%) 13 (24.53%)
No 64 (75.29%) 40 (75.47%)
Diabetes, n (%) 0.020  0.889
Yes 25 (29.41%) 15 (28.30%)
No 60 (70.59%) 38 (71.70%)
Family history of cervical cancer, n (%) 0.023  0.880
Yes 12 (14.12%) 7 (13.21%)
No 73 (85.88%) 46 (86.79%)
Disease features
Pathological type, n (%) 0.331 0.847
Squamous cell carcinoma 75 (88.24%) 45 (84.91%)
Adenocarcinoma 6 (7.06%) 5(9.43%)
Adenosquamous carcinoma 4 (4.71%) 3 (5.66%)
FIGO staging, n (%) 0.114  0.945
1A 33 (38.82%) 21 (39.62%)
1B 29 (34.12%) 19 (35.85%)
A 23 (27.06%) 13 (24.53%)
Tumor diameter (cm) 2.58 £0.72 2.63 +£0.84 0.268  0.789
Degree of differentiation, n (%) 0.203  0.903
Poorly differentiated 40 (47.06%) 27 (50.94%)
Moderately differentiated 36 (42.35%) 21 (39.62%)
Highly differentiated 9 (10.59%) 5(9.43%)
Appearance type, n (%) 0.324 0.955
Exophytic 47 (55.29%) 30 (56.60%)
Nodular 11 (12.94%) 8 (15.09%)
Ulcerative 15 (17.65%) 9 (16.98%)
Erosive 12 (14.12%) 6 (11.32%)
Depth of muscle infiltration, n (%) 0.041 0.839
>1/2 45 (52.94%) 29 (54.72%)
<12 40 (47.06%) 24 (45.28%)
Vascular cancer thrombus status, 1 (%) 0.146  0.702
Yes 20 (23.53%) 14 (26.42%)
No 65 (76.47%) 39 (73.58%)
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Table 1. Continued.

Variables Training set (n =85)  Test set (n = 53) t1x? p
Tumor markers in serum
SCC-Ag (ng/mL) 3.11 +£0.98 3.15+0.93 0.167 0.868
CYFRA 21-1 (ng/mL) 3.60 £+ 1.09 3.65+1.12 0.217 0.829
CA125 (U/mL) 26.78 + 6.83 26.20 + 6.97 0.475 0.636
CEA (ng/mL) 2.01 £ 0.65 2.05 £ 0.62 0.316 0.752

BMI, body mass index; CA125, carbohydrate antigen 125; CEA, carcinoembryonic antigen;

CYFRA 21-1, cytokeratin fragment 21-1; FIGO, international federation of gynecology and

obstetrics; LNM, lymph node metastasis; SCC-Ag, squamous cell carcinoma antigen.

FIGO staging definitions (based on FIGO 2018 criteria [6]): A, microinvasive carcinoma

with stromal invasion <5 mm in depth; IB, clinically visible lesion confined to the cervix or

lesion >IA but <4 cm in size; IIA, tumor invades beyond the cervix to the upper two-thirds

of the vagina but not to the parametrium.

Table 2. Comparison of demographic characteristics between the without LNM and with LNM groups in the training set.

Variables Without LNM group (n =63)  With LNM group (n =22)  t/x? P
Age (years) 60.12 + 6.37 61.48 + 8.36 0.792  0.431
BMI (kg/m?) 22.52 + 1.64 22.45 4+ 1.83 0.165 0.870
Ethnicity, n (%) 0.003  0.959
Han 58 (92.06%) 21 (95.45%)
Others 5(7.94%) 1 (4.55%)
Menopause, 1 (%) 0.173  0.677
Yes 34 (53.97%) 13 (59.09%)
No 29 (46.03%) 9 (40.91%)
Smoking, n (%) 0.066  0.798
Yes 9 (14.29%) 2 (9.09%)
No 54 (85.71%) 20 (90.91%)
Hypertension, n (%) 0.062  0.803
Yes 16 (25.4%) 5(22.73%)
No 47 (74.6%) 17 (77.27%)
Diabetes, n (%) 0.083 0.774
Yes 18 (28.57%) 7 (31.82%)
No 45 (71.43%) 15 (68.18%)
Family history of cervical cancer, n (%) 0.186  0.667
Yes 10 (15.87%) 2 (9.09%)
No 53 (84.13%) 20 (90.91%)

2.4 Statistical Analysis

This study utilized SPSS software (version 29.0; de-
veloped by SPSS Inc., Chicago, IL, USA) for statistical
analysis, with a two-sided p-value < 0.05 indicating sta-
tistical significance. In this paper, continuous variables are
reported as mean =+ standard deviation (SD). The Shapiro—
Wilk test was used to assess the normality of continuous
variables. For data that followed a normal distribution,
independent ¢-tests were used for between-group compar-
isons. For data that did not conform to the normal distri-
bution, the Mann—Whitney U test was used for between-
group comparisons. The Chi-square tests were employed
to compare categorical variables, which are expressed as
frequencies and percentages in this paper. Dataset com-
parisons were initially performed to ensure uniform data
distribution of all variables across the two datasets, fol-
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lowed by group comparisons. The dependent variable was
the presence or absence of LNM in cervical cancer patients
(yes = 1, no = 0). Independent variables included indica-
tors with significant group differences (p < 0.05), which
were analyzed through univariate and multivariate logistic
regression analyses. Initially, univariate analysis was used
to evaluate all potential independent variables to identify
significant factors for inclusion in the multivariate logistic
regression model. Before incorporating variables that were
significant in the univariate analysis into the multivariate lo-
gistic regression model, we first performed multicollinear-
ity diagnostics on these variables. In this study, we used
variance inflation factor (VIF) and tolerance as diagnostic
indicators, with VIF >10 or tolerance <0.1 indicating the
presence of severe multicollinearity. The performance of
the model was evaluated using calibration curve analysis,
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Table 3. Comparison of disease features between the without LNM and with LNM groups in the training set.

Variables Without LNM group (n =63)  With LNM group (n = 22) tx? p
Pathological type, n (%) 0.291  0.864
Squamous cell carcinoma 55 (87.30%) 20 (90.91%)
Adenocarcinoma 5(7.94%) 1 (4.55%)
Adenosquamous carcinoma 3 (4.76%) 1 (4.55%)
FIGO staging, n (%) 11.517  0.003
1A 27 (42.86%) 6 (27.27%)
1B 25 (39.68%) 4 (18.18%)
A 11 (17.46%) 12 (54.55%)
Tumor diameter (cm) 2.35+0.68 3.22+0.95 4.638  0.001
Degree of differentiation, n (%) 10.876  0.004
Poorly differentiated 23 (36.51%) 17 (77.27%)
Moderately differentiated 32 (50.79%) 4 (18.18%)
Highly differentiated 8 (12.70%) 1 (4.55%)
Appearance type, n (%) 1.509  0.680

Exophytic 34 (53.97%) 13 (59.09%)
Nodular 7 (11.11%) 4 (18.18%)
Ulcerative 12 (19.05%) 3 (13.64%)
Erosive 10 (15.87%) 2 (9.09%)
Depth of myometrial invasion, 7 (%) 7.054  0.008
>1/2 28 (44.44%) 17 (77.27%)
<172 35 (55.56%) 5(22.73%)
Vascular cancer thrombus status, n (%) 7.930  0.005
Yes 10 (15.87%) 10 (45.45%)
No 53 (84.13%) 12 (54.55%)

receiver operating characteristic (ROC) curve analysis, and
decision curve analysis (DCA).

3. Results
3.1 Comparison Between Datasets

The comparison of all data between the training set
(n = 85) and the test set (n = 53) revealed no significant
differences across all parameters examined (all p > 0.05)
(Table 1, Ref. [6]). The overall trends suggest a high level
of similarity between the training and test sets for all eval-
uated parameters, indicating that the distribution of patient
characteristics and disease features is consistent across both
datasets. This consistency supports the reliability of these
datasets for model development and validation. The lack
of significant differences also implies that any observed ef-
fects in subsequent analyses are more likely attributable to
the variables under investigation rather than baseline differ-
ences in sample composition.

3.2 Training Set
3.2.1 Demographic Characteristics in the Training Set

The comparison of demographic characteristics be-
tween the without LNM group (n = 63) and the with LNM
group (n =22) in the training set revealed no significant dif-
ferences across most parameters (Table 2). There were no
significant differences in age (p = 0.431), BMI (p = 0.870),
ethnicity (p = 0.959), menopause status (p = 0.677), smok-

ing history (p = 0.798), hypertension (p = 0.803), diabetes
(p=0.774), or family history of cervical cancer (p = 0.667).

3.2.2 Disease Features in the Training Set

There were no significant differences in pathological
type (p = 0.864) or appearance type (p = 0.680) between the
without LNM and the with LNM groups in the training set
(Table 3). However, notable differences were observed in
FIGO staging (x? = 11.517, p = 0.003), tumor diameter (¢
=4.638, p=0.001), degree of differentiation (2 = 10.876,
p = 0.004), depth of muscle infiltration (x? = 7.054, p =
0.008), and vascular cancer thrombus status (x? = 7.930, p
=0.005).

3.2.3 Measurements of Tumor Markers in the Training Set

Serum SCC-Ag levels were significantly higher in the
with LNM group (3.87 &+ 1.23 ng/mL) compared to the
without LNM group (2.82 £ 0.65 ng/mL) (t = 5.074, p <
0.001) (Table 4). Similarly, CYFRA 21-1 levels were sig-
nificantly elevated in the with LNM group (4.32 £ 1.16
ng/mL vs 3.35 + 0.98 ng/mL) (¢ = 3.815, p < 0.001).
CA125 levels were also significantly higher in the with
LNM group (30.89 4 8.45 U/mL vs 25.34 + 5.72 U/mL) (¢
=3.437, p < 0.001). In contrast, CEA levels did not differ
significantly between the two groups (without LNM: 1.95
4 0.54 ng/mL vs with LNM: 2.18 + 0.72 ng/mL, p =0.120).
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Table 4. Comparison of tumor markers between the without LNM and with LNM groups in the training set.

Tumor markers

Without LNM group (n=63)  With LNM group (n = 22) t P
SCC-Ag (ng/mL) 2.82 4 0.65 3.87+1.23 5.074 <0.001
CYFRA 21-1 (ng/mL) 3.35+0.98 432 +1.16 3.815  <0.001
CA125 (U/mL) 2534 +£5.72 30.89 + 8.45 3.437 <0.001
CEA (ng/mL) 1.95 +£0.54 2.18 £0.72 1.572 0.120

Table 5. Univariate logistic regression analysis of risk factors for long-term LNM after cervical cancer surgery.

Parameters Coefficient SE Wald )4 OR 95% CI
FIGO staging IB (vs 1A) 0.847 0.401  4.463 0.035 2.333 1.064-5.115
FIGO staging IIA (vs [A) 1.552 0493  9.871 0.002 4722 1.893-11.782
Tumor diameter 1.349 0.338 15.892 <0.001 3.855  1.930-7.701
Degree of differentiation (highly differentiated) -1.396 0423 10.876 0.001 0.248  0.105-0.585
Depth of muscle infiltration >1/2 1.446 0.545  7.054 0.008 4250 1.477-12.230
Vascular cancer thrombus status 1.485 0.546 7410 0.006 4.417  1.510-12.920
SCC-Ag 0.767 0218 12341 <0.001 2.153  1.458-3.181
CYFRA 21-1 1.032 0269 15.627 <0.001 2.805 1.657-4.750
CA125 0.122 0.040 8912 0.003 1.130  1.048-1.231

CI, confidence interval; OR, odds ratio; SE, standard error.

3.2.4 Univariate Logistic Regression Analysis

The univariate logistic regression analysis of risk fac-
tors for long-term LNM after cervical cancer surgery in the
training set identified several significant factors (Table 5).
Compared to stage 1A, the risk was significantly higher in
stage ITA patients (odds ratio [OR]=4.722, 95% confidence
interval [CI]: 1.893-11.782, p = 0.002) and in stage IB pa-
tients (OR = 2.333, 95% CI: 1.064-5.115, p = 0.035). Tu-
mor diameter also emerged as a critical factor, showing a
strong association with increased risk (OR =3.855, 95% CI:
1.930-7.701, p < 0.001). Conversely, degree of differenti-
ation (highly differentiated) was inversely related to LNM
risk (OR = 0.248, 95% CI: 0.105-0.585, p = 0.001). Addi-
tionally, muscle infiltration depth >1/2 (OR = 4.250, 95%
CI: 1.477-12.230, p = 0.008), presence of vascular cancer
thrombus (OR =4.417, 95% CI: 1.510-12.920, p = 0.006),
elevated levels of SCC-Ag (OR = 2.153, 95% CI: 1.458—
3.181, p < 0.001), CYFRA 21-1 (OR = 2.805, 95% CI:
1.657-4.750, p < 0.001), and CA125 (OR = 1.130, 95%
CI: 1.048-1.231, p = 0.003) were all found to be signifi-
cant predictors of LNM. Multicollinearity diagnostics were
performed on the significant variables identified in the uni-
variate analysis. The results showed that all variables had
a VIF which was far below the threshold of 10 (maximum
VIF = 2.1) and a tolerance well above 0.1 (minimum toler-
ance = 0.48). This indicated that there were no serious mul-
ticollinearity issues, so all these candidate variables were
retained for the subsequent multivariate logistic regression
analysis.

3.2.5 Multivariate Logistic Regression Analysis

The multivariate logistic regression analysis of risk
factors for long-term LNM after cervical cancer surgery
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in the training set identified several significant factors (Ta-
ble 6). Serum SCC-Ag (OR =2.153, 95% CI: 1.199-3.867,
p=0.010) and CYFRA 21-1 (OR =2.805, 95% CI: 1.611—
4.887, p < 0.001) were significantly associated with an in-
creased risk of long-term LNM. Statistically, CA125 was
only marginally significant with a p-value slightly exceed-
ing 0.05 (OR =1.078, 95% CI: 0.997-1.166, p = 0.060). In
contrast, FIGO staging IB (vs IA) (p = 0.399), FIGO staging
IIA (vs IA) (p = 0.187), tumor diameter (p = 0.264), degree
of differentiation (p = 0.382), depth of muscle infiltration (p
= 0.198), and vascular cancer thrombus status (p = 0.412)
did not show significant associations with long-term LNM.

3.2.6 ROC Analysis

The ROC analysis assessed the diagnostic value of
two factors for long-term LNM following cervical can-
cer surgery in the training set (Table 7). Serum SCC-Ag
achieved a sensitivity of 0.636 and specificity 0of 0.921, with
an area under the curve (AUC) of 0.794. CYFRA 21-1
achieved a sensitivity of 0.636 and specificity of 0.889, with
an AUC of 0.756. The AUC of the combined model in the
training set was 0.869, demonstrating good discriminative
ability. Furthermore, the combined model exhibited good
performance on the test set that was highly consistent with
the training set (AUC: 0.861). The sensitivity, specificity,
Youden’s index, and F1 score of the combined model were
similar between the training and test sets, demonstrating the
model’s good generalization ability.

3.2.7 Establishment and Evaluation of the Diagnostic
Model

Based on the multivariate analysis, serum SCC-Ag
and CYFRA 21-1 were identified as significant predictors
and used to construct a nomogram diagnostic model for
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Table 6. Multivariate logistic regression analysis of risk factors for long-term LNM after cervical cancer surgery.

Variables Coefficient SE Wald P OR 95% CI

FIGO staging IB (vs IA) 0.412 0.489  0.710 0.399 1.510  0.579-3.937
FIGO staging IIA (vs IA) 0.842 0.621 1.837 0.187  2.321 0.687-7.842
Tumor diameter 0.315 0278 1.284 0.264 1.370  0.794-2.364
Degree of differentiation (highly differentiated) -0.427 0.485  0.775 0.382 0.653  0.252-1.691
Depth of muscle infiltration >1/2 0.586 0452  1.681 0.198 1.797  0.741-4.358
Vascular cancer thrombus status 0.329 0.398  0.683 0.412 1.390  0.637-3.032
SCC-Ag 0.767 0.299  6.583 0.010  2.153  1.199-3.867
CYFRA 21-1 1.032 0283 13303 <0.001 2.805 1.611-4.887
CA125 0.075 0.040  3.516 0.060 1.078  0.997-1.166

Table 7. ROC analysis of factors for predicting long-term LNM after cervical cancer surgery.

Variables Best threshold  Sensitivity = Specificity AUC (95% CI) P Youden’s index F1-score
SCC-Ag (ng/mL) 3.720 0.636 0.921 0.794 (0.680-0.908) <0.001 0.557 0.683
CYFRA 21-1 (ng/mL) 4410 0.636 0.889 0.756 (0.632-0.879)  0.001 0.525 0.651
Combined model in the training set - 0.773 0.841 0.869 (0.782-0.955) <0.001 0.614 0.758
Combined model in the test set - 0.800 0.816 0.861 (0.751-0.971) <0.001 0.616 0.762

AUC, area under the curve; ROC, receiver operating characteristic.

long-term LNM after cervical cancer surgery (Fig. 2A).
The nomogram integrates these two markers to provide
a comprehensive risk assessment tool. The calibration
curve demonstrates good agreement between predicted
and observed outcomes, validating the model’s accuracy
(Fig. 2B). The ROC curve shows an AUC of 0.869, indi-
cating high discriminatory power for predicting long-term
LNM (Fig. 2C). Additionally, the decision curve analy-
sis confirms the clinical utility of this model by illustrat-
ing its net benefit across different threshold probabilities
(Fig. 2D).

3.3 Test Set

3.3.1 Measurements of Tumor Markers in the Test Set

Serum SCC-Ag levels were significantly higher in the
with LNM group (3.91 £+ 1.25 ng/mL) compared to the
without LNM group (2.85 £ 0.68 ng/mL) (¢ = 3.976, p <
0.001; Table 8). Similarly, CYFRA 21-1 levels were signif-
icantly elevated in the with LNM group (4.35 + 1.15 ng/mL
vs 3.38 + 1.01 ng/mL) (r =3.014, p = 0.004). CA125 lev-
els were also significantly higher in the with LNM group
(30.95 + 9.58 U/mL vs 24.33 + 3.75 U/mL) (¢ = 3.649,
p < 0.001). There was no significant difference in CEA
levels between the two groups (without LNM: 1.98 + 0.46
ng/mL vs with LNM: 2.21 + 0.65 ng/mL) (¢ = 1.453, p =
0.152).

3.3.2 ROC Prediction Model in the Test Set

The ROC curve in the test set for predicting long-term
LNM after cervical cancer surgery using SCC-Ag com-
bined with CYFRA 21-1 showed an AUC of 0.861, consis-
tent with findings from the training set, confirming the ro-
bustness and reliability of this diagnostic model (Fig. 3A).

The calibration curve showed good agreement between pre-
dicted probabilities and observed frequencies (Fig. 3B). The
DCA curve indicated that using this combined model for
clinical decision-making yields a net benefit across a wide
range of probability thresholds (Fig. 3C).

4. Discussion

The present study aimed to evaluate the diagnostic
value of serum SCC-Ag combined with CYFRA 21-1 for
long-term LNM after cervical cancer surgery. Our find-
ings indicate that these tumor markers may serve as valu-
able indicators in predicting the risk of LNM, particularly
when used in combination. While demographic character-
istics and certain disease features did not differ significantly
between patients with and without LNM, notable differ-
ences were observed in FIGO staging, tumor diameter, de-
gree of differentiation, depth of muscle infiltration, and the
presence of vascular cancer thrombus. In terms of tumor
markers, our results demonstrate that serum levels of SCC-
Ag and CYFRA 21-1 were elevated in patients with LNM
compared to those without. SCC-Ag is known to be over-
expressed in squamous cell carcinomas, including cervical
cancer, and its elevation has been linked to more aggressive
disease phenotypes [21,22]. The mechanism behind this
association likely involves the role of SCC-Ag in promot-
ing tumor proliferation and invasion through various path-
ways, such as the activation of matrix metalloproteinases
(MMPs) [23,24]. MMPs degrade extracellular matrix com-
ponents, facilitating tumor cell migration and metastasis
[25,26]. Similarly, CYFRA 21-1, a fragment of cytoker-
atin 19, is elevated in several malignancies, including cer-
vical cancer. Its increased levels may reflect the breakdown
of epithelial structures during tumor progression, indicating
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Table 8. Comparison of tumor markers between the without LNM and with LNM groups in the test set.

Tumor markers Without LNM group (n=38)  With LNM group (n = 15) t P
SCC-Ag (ng/mL) 2.85+0.68 391 +1.25 3976 <0.001
CYFRA 21-1 (ng/mL) 3.38 + 1.01 435+ 1.15 3.014 0.004
CA125 (U/mL) 2433 +£3.75 30.95 +£9.58 3.649 <0.001
CEA (ng/mL) 1.98 + 0.46 2.21 £+ 0.65 1.453 0.152
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Fig. 2. A nomogram-based diagnostic model integrating SCC-Ag and CYFRA 21-1 for predicting long-term LNM after cervical
cancer surgery. (A) Nomogram. (B) Calibration curve. (C) ROC curve. (D) DCA. DCA, decision curve analysis.

an active process of cellular turnover and metastatic spread
[27].

The multivariate logistic regression analysis identified
serum SCC-Ag and CYFRA 21-1 as independent predictors
of long-term LNM, suggesting their potential utility in clin-
ical practice. This finding aligns with existing literature,
where SCC-Ag and CYFRA 21-1 have been shown to cor-
relate with adverse outcomes in cervical cancer [23,28,29].
For instance, a study by Gu et al. [30] found that elevated
levels of SCC-Ag were associated with poorer prognosis in
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cervical cancer patients. However, unlike our study, Gu et
al. [30] did not investigate the combined diagnostic value
of SCC-Ag and CYFRA 21-1, highlighting the novelty of
our approach.

The ROC analysis further supports the diagnostic
power of these markers, particularly when used together.
Serum SCC-Ag showed high specificity but moderate sen-
sitivity, while CYFRA 21-1 demonstrated the same sensi-
tivity but with a relatively lower specificity. Combining
these markers into a nomogram model improved the over-
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Fig. 3. ROC curve analysis of SCC-Ag combined with CYFRA 21-1 in the test set for predicting long-term LNM after cervical

cancer surgery. (A) ROC curve. (B) Calibration curve. (C) DCA.

all discriminatory ability, as evidenced by the higher AUC.
This suggests that the integration of multiple biomarkers
can enhance diagnostic accuracy, providing a more compre-
hensive assessment of individual patient risk. Such mod-
els could potentially guide personalized treatment strate-
gies, optimizing therapeutic interventions based on pre-
dicted metastatic risk.

The mechanisms underlying the association of ele-
vated SCC-Ag and CYFRA 21-1 levels with LNM are com-
plex and multifactorial. One possible explanation is the
involvement of these markers in epithelial-mesenchymal
transition (EMT), a critical process in cancer metastasis
[31,32]. EMT enables epithelial cells to acquire mesenchy-
mal properties, enhancing their migratory and invasive ca-
pabilities [33-35]. SCC-Ag and CYFRA 21-1 may play
roles in modulating this transition, either directly or indi-
rectly through interactions with signaling cascades such as
transforming growth factor-3 (TGF-$3) and Wnt/3-catenin
pathways [36,37].

One limitation of our study is its retrospective design,
which inherently introduces biases and limits the generaliz-
ability of our findings. Retrospective studies rely on exist-
ing data that may not have been collected with the specific
research question in mind, potentially leading to incomplete
or inconsistent datasets. For instance, variations in patient
follow-up schedules, differences in imaging protocols, and
inconsistencies in pathological assessments could all con-
tribute to variability in the study outcomes. Selection bias
may occur if certain patients were more likely to be in-
cluded in the study based on their clinical characteristics
or availability of complete medical records. These factors
can affect the reliability of the diagnostic model and ne-
cessitate cautious interpretation of the results. Despite rig-
orous inclusion and exclusion criteria, the retrospective na-
ture of the study means that unmeasured confounders might
still influence the observed associations between biomark-
ers and LNM. Therefore, while our findings are promising,
they require further validation through prospective studies
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with larger sample sizes and more standardized data collec-
tion methods. Secondly, our study identified an age distri-
bution in our sample that was older than what is typically
seen at the onset of cervical cancer. This discrepancy could
be influenced by regional healthcare practices, delayed di-
agnosis, and differences in screening accessibility. Future
studies should aim to include a broader and more represen-
tative sample of patients to better align with the general epi-
demiology of cervical cancer. Additionally, investigating
the reasons behind this older age distribution could provide
valuable insights into regional patterns and help tailor pre-
ventive strategies accordingly. Thirdly, the relatively small
sample size (n = 138) and the limited number of outcome
events (n = 22) in this study warrant caution in interpreting
the multivariate logistic regression results. With 8 candi-
date variables entered into the final model, the events-per-
variable (EPV) ratio was approximately 2.44, which is well
below the generally recommended threshold of 10. A low
EPV can lead to model overfitting, unstable coefficient es-
timates, and overly optimistic performance measures that
may not generalize to external populations. Therefore, the
diagnostic model developed in this study should be consid-
ered exploratory, and external validation in larger indepen-
dent cohorts is necessary before clinical application.

Prospective studies with larger sample sizes would
provide more robust evidence and validate the diagnostic
model developed in this study. Such studies should aim
to include diverse populations across different geographic
regions and healthcare systems to ensure broad applica-
bility and generalizability. Future investigations should
explore other potential biomarkers beyond serum mark-
ers to enhance the diagnostic accuracy of LNM. Genetic
mutations, microRNA expression profiles, and immune-
related biomarkers represent promising avenues for further
research. For example, certain genetic mutations and epi-
genetic modifications have been shown to correlate with in-
creased metastatic potential and poor prognosis in various
cancers. Similarly, microRNAs, small non-coding RNAs
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that regulate gene expression, have emerged as key regu-
lators of tumor progression and metastasis. Investigating
these additional biomarkers could provide a more compre-
hensive understanding of the molecular mechanisms under-
lying cervical cancer metastasis and facilitate their adop-
tion for improving risk stratification. The clinical utility
of the nomogram model requires validation in diverse pop-
ulations and settings to ensure its applicability across dif-
ferent healthcare systems. This includes assessing its per-
formance in real-world clinical practice and evaluating its
impact on patient management decisions. By integrating
multiple types of biomarkers and validating the model in
broader contexts, future research can pave the way for more
personalized and effective treatment strategies for cervical
cancer patients, ultimately improving outcomes and quality
of life.

Taken together, our study highlights the potential of
serum SCC-Ag and CYFRA 21-1 as diagnostic markers for
long-term LNM after cervical cancer surgery. The combi-
nation of these markers into a nomogram model offers en-
hanced diagnostic accuracy, guiding personalized treatment
decisions. Understanding the underlying mechanisms link-
ing these markers to metastatic processes will be crucial for
developing targeted therapies and improving survival rates
in cervical cancer patients.

5. Conclusion

This study suggests that the combination of serum
SCC-Ag and CYFRA 21-1 may hold potential as a valu-
able tool for predicting long-term LNM after cervical can-
cer surgery. Both markers were found to be elevated in
patients who developed LNM compared to those who did
not, indicating their possible role in identifying high-risk
patients. The constructed nomogram model integrating
SCC-Ag and CYFRA 21-1 demonstrated promising dis-
criminatory power, potentially enhancing the accuracy of
LNM prediction. While these findings are encouraging,
further large-scale prospective studies are necessary to val-
idate these preliminary observations and to establish stan-
dardized protocols for clinical application. Future research
should also explore the underlying mechanisms linking
these biomarkers to metastatic processes and investigate ad-
ditional biomarkers to refine risk assessment models.

Key Points

« This study demonstrates that preoperative serum lev-
els of SCC-Ag and CYFRA 21-1 are significantly elevated
in cervical cancer patients who develop long-term LNM fol-
lowing radical surgery, identifying both markers as inde-
pendent predictors for this adverse outcome.

* A nomogram-based diagnostic model integrating
SCC-Ag and CYFRA 21-1 was developed and validated,
showing high discriminatory power with AUC values of
0.869 in the training set and 0.861 in the test set, provid-
ing a practical tool for individualized risk assessment.
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e The combination of SCC-Ag and CYFRA 21-
1 outperformed either marker alone in predicting long-
term LNM, suggesting that their combined use offers en-
hanced diagnostic accuracy compared to relying on a single
biomarker.

* The diagnostic model demonstrated good calibration
and clinical utility across a range of threshold probabili-
ties in the decision curve analysis, supporting its potential
for guiding personalized adjuvant treatment by identifying
high-risk patients who might benefit from more intensive
surveillance or therapy.

* These findings underscore the significant clinical
value of integrating these serum biomarkers into the post-
operative management and risk stratification of patients
with early-stage cervical cancer, potentially improving out-
comes through earlier intervention.
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