
We adopted two grouping strategies for postoperative adjuvant treatment to balance clinical granularity and statistical stability. The four-category grouping (no adjuvant therapy, radiotherapy alone, chemotherapy alone, concurrent chemoradiotherapy) was set as the primary analysis, which strictly distinguished different clinical treatment regimens and maximized clinical information without merging heterogeneous treatment modalities.
As sensitivity analysis, we further constructed a three-category grouping scheme, in which radiotherapy alone and concurrent chemoradiotherapy were combined into an “any radiotherapy” group. This combination had two rationales: First, both subgroups received radiotherapy as core local treatment, and their survival hazard estimates showed consistent directional trends; Second, merging radiotherapy-related subgroups increased sample size within the radiotherapy arm, improving statistical power to detect survival differences associated with radiotherapy-based strategies.
Comparing results from four-category and three-category models enabled us to evaluate whether conclusions were sensitive to different grouping definitions of radiotherapy regimens. Consistent findings across both grouping approaches would strongly support the robustness of our conclusions regarding adjuvant treatment.

Postoperative adjuvant treatment strategy was categorized into four mutually exclusive groups according to the actual treatment received: (1) no adjuvant therapy; (2) radiotherapy alone (radiotherapy administered without concurrent or sequential chemotherapy); (3) chemotherapy alone (chemotherapy administered without radiotherapy); (4) concurrent chemoradiotherapy (simultaneous administration of radiotherapy and chemotherapy). A four-level categorical factor variable was constructed, with patients receiving no adjuvant therapy set as the reference group. This mutually exclusive grouping avoids collinearity and interpretational bias caused by overlapping binary exposure indicators (e.g., separate binary variables for “receiving radiotherapy” and “receiving chemotherapy”), and enables direct comparison of survival outcomes across distinct clinical treatment regimens.
 
1. Main multivariate Cox proportional hazards regression model (four mutually exclusive treatment groups)
Multivariate Cox proportional hazards regression was performed to identify independent prognostic factors for overall survival among 788 patients with cervical cancer. Postoperative adjuvant therapy was defined as four mutually exclusive categories: no adjuvant therapy, radiotherapy alone, chemotherapy alone, and concurrent chemoradiotherapy, with no adjuvant therapy designated as the reference group. The covariates included tumor volume (TV), pathological grade (gPG), lymphovascular space invasion (LVSI), vaginal invasion (gVI), endogenic growth pattern (gEOE), nerve invasion (gN), and treatment group.
The concordance index of the model was 0.728, indicating good discriminative ability. The global likelihood ratio test, Wald test and Log-rank score test all showed P < 0.001, confirming overall statistical significance. Continuous tumor volume (HR=1.006, 95%CI 1.002–1.010, P=0.005), positive LVSI (HR=1.976, 95%CI 1.378–2.835, P<0.001), positive vaginal invasion (HR=1.758, 95%CI 1.252–2.467, P=0.001), and positive lymph node metastasis (gLNM1, HR=2.929, 95%CI 2.011–4.264, P<0.001) were identified as independent adverse prognostic factors for overall survival. Pathological grade, endogenic growth pattern and nerve invasion exhibited no significant independent prognostic association (all P>0.05).
Compared with patients without adjuvant therapy, radiotherapy alone (HR=0.851, 95%CI 0.492–1.473, P=0.564), chemotherapy alone (HR=2.190, 95%CI 0.640–7.493, P=0.212), and concurrent chemoradiotherapy (HR=0.725, 95%CI 0.413–1.274, P=0.264) were not independently associated with overall survival.
The proportional hazards (PH) assumption was assessed using Schoenfeld residuals. The global test suggested no overall violation of the PH assumption (P=0.299). However, pathological grade violated the PH assumption (P=0.028).



Supplementary Table1. Multivariate Cox proportional hazards regression analysis for overall survival based on four mutually exclusive postoperative adjuvant treatment groups

	Variable
	n
	exp(coef) HR
	95% CI
	p

	TV (continuous)
	788
	1.006
	1.002–1.010
	0.005

	gPG (Grade Ⅲ : Grade Ⅰ–Ⅱ)
	465 : 323
	1.277
	0.908–1.795
	0.160

	LVSI (positive : negative)
	241 : 547
	1.976
	1.378–2.835
	<0.001

	gVI (positive : negative)
	250 : 538
	1.758
	1.252–2.467
	0.001

	gLNM1 (positive : negative)
	235 : 553
	2.929
	2.011–4.264
	<0.001

	gEOE (endogenic : exogenic)
	711 : 77
	1.771
	0.816–3.842
	0.148

	gN (positive : negative)
	41 : 747
	1.358
	0.735–2.511
	0.329

	Radiotherapy alone (vs No adjuvant therapy)
	123 : 272
	0.851
	0.492–1.473
	0.564

	Chemotherapy alone (vs No adjuvant therapy)
	98 : 272
	2.190
	0.640–7.493
	0.212

	Concurrent chemoradiotherapy (vs No adjuvant therapy)
	295 : 272
	0.725
	0.413–1.274
	0.264



Footnote. Multivariate Cox proportional hazards regression model (n=788, events=141). Treatment was modeled as a four-level mutually exclusive factor with no adjuvant therapy (n=272) as the reference. Concordance = 0.728 (se = 0.022) is the overall model discrimination index, identical across all variables because they are jointly adjusted in one multivariate model. HR, hazard ratio; CI, confidence interval; LVSI, lymphovascular space invasion.











2.Sensitivity analysis: combined radiotherapy group (three-category treatment grouping)
Multivariate Cox proportional hazards regression was performed to identify independent prognostic factors for overall survival among 788 patients with cervical cancer. Postoperative adjuvant therapy was defined as three mutually exclusive categories: no adjuvant therapy, chemotherapy alone, and radiotherapy-containing therapy (radiotherapy alone plus concurrent chemoradiotherapy), with no adjuvant therapy designated as the reference group. The covariates included tumor volume (TV), pathological grade (gPG), lymphovascular space invasion (LVSI), vaginal invasion (gVI), lymph node metastasis (gLNM1), endogenic growth pattern (gEOE), nerve invasion (gN), and treatment group.
The concordance index of the model was 0.727, indicating good discriminative ability. The global likelihood ratio test, Wald test, and log-rank score test all showed P < 0.001, confirming overall statistical significance. Continuous tumor volume (HR=1.006, 95%CI 1.002–1.010, P=0.006), positive LVSI (HR=1.953, 95%CI 1.363–2.798, P<0.001), positive vaginal invasion (HR=1.774, 95%CI 1.265–2.488, P=0.001), and positive lymph node metastasis (HR=2.846, 95%CI 1.966–4.118, P<0.001) were identified as independent adverse prognostic factors for overall survival. Pathological grade, endogenic growth pattern, and nerve invasion exhibited no significant independent prognostic association (all P>0.05).
Compared with patients receiving no adjuvant therapy, chemotherapy alone (HR=2.203, 95%CI 0.644–7.537, P=0.208) and radiotherapy-containing therapy (HR=0.791, 95%CI 0.468–1.337, P=0.381) were not independently associated with overall survival. Notably, even after pooling radiotherapy alone and concurrent chemoradiotherapy into a single radiotherapy-containing group, no significant survival benefit was observed relative to no adjuvant therapy.





Supplementary Table 2 Sensitivity analysis: multivariate Cox regression with combined radiotherapy group (three-category treatment)

	Variable
	n
	exp(coef) HR
	95% CI
	p

	TV (continuous)
	788
	1.006
	1.002–1.010
	0.006

	gPG (Grade Ⅲ : Grade Ⅰ–Ⅱ)
	465 : 323
	1.267
	0.902–1.781
	0.172

	LVSI (positive : negative)
	241 : 547
	1.953
	1.363–2.798
	<0.001

	gVI (positive : negative)
	250 : 538
	1.774
	1.265–2.488
	0.001

	gLNM1 (positive : negative)
	235 : 553
	2.846
	1.966–4.118
	<0.001

	gEOE (endogenic : exogenic)
	711 : 77
	1.779
	0.820–3.862
	0.145

	gN (positive : negative)
	41 : 747
	1.370
	0.742–2.531
	0.314

	Chemotherapy alone (vs No adjuvant therapy)
	98 : 272
	2.203
	0.644–7.537
	0.208

	Radiotherapy-containing therapy (vs No adjuvant therapy)
	418 : 272
	0.791
	0.468–1.337
	0.381


Footnote. Multivariate Cox proportional hazards regression model (n=788, events=141). Postoperative adjuvant therapy was categorized into three mutually exclusive groups: no adjuvant therapy (reference, n=272), chemotherapy alone (n=98), and radiotherapy-containing therapy (radiotherapy alone plus concurrent chemoradiotherapy, n=418). For binary variables, n is presented as positive : negative cases. HR, hazard ratio; CI, confidence interval; LVSI, lymphovascular space invasion.









3.Verification of Proportional Hazards Assumption Using Schoenfeld Residual Tests
The proportional hazards assumption of both multivariate Cox regression models was assessed using Schoenfeld residual tests. In the four-category adjuvant treatment model, the global test indicated no overall violation of the proportional hazards assumption (P=0.299). At the individual covariate level, all variables satisfied the proportional hazards assumption (all P>0.05) except pathological grade (gPG, P=0.028). Similarly, in the three-category adjuvant treatment model, the global Schoenfeld test confirmed that the overall model met the proportional hazards assumption (P=0.236), and pathological grade was again the only covariate that significantly deviated from the assumption (P=0.027). The treatment group factor did not violate the proportional hazards assumption in either model (four-category: P=0.619; three-category: P=0.441).
Given that the global tests were non-significant and only one covariate (pathological grade) showed marginal deviation, the proportional hazards assumption was considered acceptable for both models, and the primary conclusions remained robust.















Supplementary Table 3. Schoenfeld residual test for proportional hazards assumption in multivariate Cox regression models
	Variable
	Main model (4-category treatment)  χ²
	P
	Sensitivity model (3-category treatment)   χ²
	P

	Tumor volume (TV)
	0.364
	0.547
	0.470
	0.493

	Pathological grade (gPG)
	4.844
	0.028
	4.869
	0.027

	LVSI
	0.498
	0.480
	0.467
	0.494

	Vaginal invasion (gVI)
	1.677
	0.195
	1.627
	0.202

	Lymph node metastasis (gLNM1)
	0.003
	0.958
	0.006
	0.939

	Endogenic growth pattern (gEOE)
	0.555
	0.456
	0.570
	0.450

	Nerve invasion (gN)
	0.376
	0.540
	0.384
	0.535

	Treatment group
	1.784 (df=3)
	0.619
	1.637 (df=2)
	0.441

	GLOBAL
	11.797 (df=10)
	0.299
	11.610 (df=9)
	0.236


Footnote. The proportional hazards (PH) assumption was evaluated using Schoenfeld residual tests. Satisfied: P > 0.05; Violated: P < 0.05. The four-category treatment model included no adjuvant therapy, radiotherapy alone, chemotherapy alone, and concurrent chemoradiotherapy (treatment factor df = 3, global df = 10). The three-category treatment model included no adjuvant therapy, chemotherapy alone, and radiotherapy-containing therapy (treatment factor df = 2, global df = 9).




4. Sensitivity Analysis: Stratified Cox Regression Model Stratified by Pathological Grade
     As pathological grade violated the proportional hazards assumption in the primary multivariate Cox model, a sensitivity analysis using a stratified Cox model was performed, with pathological grade as the stratification variable and the remaining covariates unchanged. The concordance index was 0.714, and the global likelihood ratio test, Wald test, and log-rank score test all confirmed overall statistical significance (all P<0.001).
Consistent with the primary model, continuous tumor volume (HR=1.006, 95%CI 1.002–1.010, P=0.007), positive lymphovascular space invasion (HR=1.961, 95%CI 1.367–2.813, P<0.001), positive vaginal invasion (HR=1.753, 95%CI 1.249–2.462, P=0.001), and positive lymph node metastasis (HR=2.938, 95%CI 2.016–4.283, P<0.001) remained independent adverse prognostic factors for overall survival. Endogenic growth pattern and nerve invasion showed no significant independent association (all P>0.05).
Compared with patients receiving no adjuvant therapy, radiotherapy alone (HR=0.844, 95%CI 0.487–1.461, P=0.544), chemotherapy alone (HR=2.158, 95%CI 0.631–7.387, P=0.220), and concurrent chemoradiotherapy (HR=0.723, 95%CI 0.411–1.271, P=0.260) were not independently associated with overall survival. The results of the stratified Cox model were highly consistent with those of the primary multivariate model, confirming the robustness of the study findings.









Supplementary Table 4. Stratified Cox proportional hazards regression analysis for overall survival (stratified by pathological grade)
	Variable
	n
	exp(coef) HR
	95% CI
	p

	TV (continuous)
	788
	1.006
	1.002–1.010
	0.007

	LVSI (positive : negative)
	241 : 547
	1.961
	1.367–2.813
	<0.001

	gVI (positive : negative)
	250 : 538
	1.753
	1.249–2.462
	0.001

	gLNM1 (positive : negative)
	235 : 553
	2.938
	2.016–4.283
	<0.001

	gEOE (endogenic : exogenic)
	711 : 77
	1.759
	0.811–3.816
	0.153

	gN (positive : negative)
	41 : 747
	1.345
	0.726–2.489
	0.346

	Radiotherapy alone (vs No adjuvant therapy)
	123 : 272
	0.844
	0.487–1.461
	0.544

	Chemotherapy alone (vs No adjuvant therapy)
	98 : 272
	2.158
	0.631–7.387
	0.220

	Concurrent chemoradiotherapy (vs No adjuvant therapy)
	295 : 272
	0.723
	0.411–1.271
	0.260




Footnote. Stratified Cox proportional hazards regression model (n=788, events=141), stratified by pathological grade (gPG) to address its violation of the proportional hazards assumption. Pathological grade was not included as a covariate but served as the stratification variable. Treatment was modeled as a four-level mutually exclusive factor with no adjuvant therapy (n=272) as the reference. For binary variables, n is presented as positive : negative cases. HR, hazard ratio; CI, confidence interval; LVSI, lymphovascular space invasion.







5.Sensitivity Analysis: Stratified Cox Regression of Three-Category Treatment Group Stratified by Pathological Grade
To address the violation of the proportional hazards assumption by pathological grade in the original three-category Cox model, a stratified Cox sensitivity analysis was performed, with pathological grade set as the stratification variable and all other covariates retained. The concordance index of the stratified model was 0.715, indicating good discriminatory ability. The likelihood ratio test, Wald test, and log-rank score test all demonstrated significant overall model efficacy (all P < 0.001).
After stratification by pathological grade, continuous tumor volume (HR=1.006, 95%CI 1.0015–1.010, P=0.008), positive lymphovascular space invasion (HR=1.939, 95%CI 1.353–2.779, P<0.001), positive vaginal invasion (HR=1.768, 95%CI 1.260–2.480, P<0.001), and positive lymph node metastasis (HR=2.856, 95%CI 1.972–4.137, P<0.001) remained stable and independent adverse prognostic factors for overall survival. Endogenic growth pattern (P=0.149) and nerve invasion (P=0.327) showed no significant independent prognostic impact.
Regarding the three-category postoperative adjuvant therapy, compared with patients receiving no adjuvant therapy, chemotherapy alone (HR=2.170, 95%CI 0.634–7.429, P=0.217) and radiotherapy-containing therapy (HR=0.787, 95%CI 0.465–1.331, P=0.371) exhibited no significant correlation with overall survival. The results of the stratified three-category Cox model were highly consistent with the original unstratified model, further verifying the robustness of the prognostic results and treatment effect conclusions.





Supplementary Table 5. Stratified Cox proportional hazards regression analysis (three-category treatment grouping, stratified by pathological grade)
	Variable
	n
	exp(coef) HR
	95% CI
	p

	TV (continuous)
	788
	1.006
	1.002–1.010
	0.008

	LVSI (positive : negative)
	241 : 547
	1.939
	1.353–2.779
	<0.001

	gVI (positive : negative)
	250 : 538
	1.768
	1.260–2.480
	<0.001

	gLNM1 (positive : negative)
	235 : 553
	2.856
	1.972–4.137
	<0.001

	gEOE (endogenic : exogenic)
	711 : 77
	1.770
	0.815–3.841
	0.149

	gN (positive : negative)
	41 : 747
	1.360
	0.736–2.513
	0.327

	Chemotherapy alone (vs No adjuvant therapy)
	98 : 272
	2.170
	0.634–7.429
	0.217

	Radiotherapy-containing therapy (vs No adjuvant therapy)
	418 : 272
	0.787
	0.465–1.331
	0.371



Footnote.HR, hazard ratio; TV, tumor volume; LVSI, lymphovascular space invasion; gVI, vaginal invasion; gLNM1, lymph node metastasis; gEOE, endogenic growth pattern; gN, nerve invasion. Model 1: original four-category Cox regression model; Model 2: original three-category Cox regression model with combined radiotherapy group; Model 3: four-category stratified Cox model stratified by pathological grade; Model 4: three-category stratified Cox model stratified by pathological grade. “—” indicates the corresponding treatment subgroup was not included in the specific grouping strategy. 












5.Cross-Model Comparison of Four Cox Regression Models 
    Cross-comparison of the four established Cox regression models demonstrated highly consistent prognostic results across different model specifications and treatment grouping strategies. In all models, increased tumor volume, positive lymphovascular space invasion, positive vaginal invasion, and positive lymph node metastasis consistently served as independent adverse prognostic factors for overall survival with stable hazard ratios and identical statistical significance. In contrast, endogenic growth pattern and nerve invasion consistently showed no significant prognostic impact in any model.
Regarding postoperative adjuvant treatment effects, all radiotherapy-related subgroups (radiotherapy alone, concurrent chemoradiotherapy, and combined radiotherapy-containing group) consistently exhibited HR values less than 1, while chemotherapy alone consistently showed elevated HR values. However, none of the adjuvant treatment modalities reached statistical significance in either original or stratified models. Whether radiotherapy regimens were separated into distinct subgroups or merged into a single radiotherapy-containing group, and whether pathological grade was adjusted as a covariate or controlled via stratified analysis, the null association between adjuvant treatment pattern and overall survival remained unchanged.
The highly consistent HR estimates and statistical results across all four models indicated that the study findings were robust, not sensitive to treatment grouping definitions or the violation of the proportional hazards assumption of pathological grade.










Supplementary Table6. Cross-model comparison of hazard ratios and statistical significance across four Cox regression models for overall survival
	Variable
	Model 1Four-category original
	Model 2Three-category original
	Model 3Four-category stratified (gPG)
	Model 4Three-category stratified (gPG)

	TV
	HR=1.006, P=0.005
	HR=1.006, P=0.006
	HR=1.006, P=0.007
	HR=1.006, P=0.008

	LVSI
	HR=1.976, P<0.001
	HR=1.953, P<0.001
	HR=1.961, P<0.001
	HR=1.939, P<0.001

	gVI
	HR=1.758, P=0.001
	HR=1.774, P=0.001
	HR=1.753, P=0.001
	HR=1.768, P<0.001

	gLNM1
	HR=2.929, P<0.001
	HR=2.846, P<0.001
	HR=2.938, P<0.001
	HR=2.856, P<0.001

	gEOE
	HR=1.771, P=0.148
	HR=1.779, P=0.145
	HR=1.759, P=0.153
	HR=1.770, P=0.149

	gN
	HR=1.358, P=0.329
	HR=1.370, P=0.314
	HR=1.345, P=0.346
	HR=1.360, P=0.327

	Radiotherapy alone
	HR=0.851, P=0.564
	—
	HR=0.844, P=0.544
	—

	Chemotherapy alone
	HR=2.190, P=0.212
	HR=2.203, P=0.208
	HR=2.158, P=0.220
	HR=2.170, P=0.217

	Concurrent chemoradiotherapy
	HR=0.725, P=0.264
	—
	HR=0.723, P=0.260
	—

	Radiotherapy-containing therapy
	—
	HR=0.791, P=0.381
	—
	HR=0.787, P=0.371



Footnote. Model 1: original four-category Cox model; Model 2: original three-category combined radiotherapy model; Model 3: four-category stratified Cox model (stratified by pathological grade); Model 4: three-category stratified Cox model (stratified by pathological grade). “—” indicates the variable was not defined in the corresponding grouping strategy. HR, hazard ratio.




[bookmark: _GoBack]Figure S1. Circular stepwise flow chart illustrating patient screening and exclusion procedures of the retrospective analysis. Cumulative excluded cases = 1260, final analytical cohort = 788 patients.
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