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Background: Cervical cancer remains a major global health burden. Preoperative conization has been proposed to reduce tumor 
burden and potential intraoperative tumor dissemination, but its survival benefit in patients with stage IB cervical cancer remains 
uncertain. This study aimed to evaluate the association between preoperative conization and survival outcomes after radical surgery in 
patients with FIGO 2018 stage IB cervical cancer.
Methods: This retrospective study included 1,614 patients with FIGO 2018 stage IB1–IB3 cervical cancer who underwent radical 
surgery between 2007 and 2016 at a single center. Patients were classified into four groups based on surgical approach and conization 
status. Progression-free survival (PFS) and overall survival (OS) were analyzed. Inverse probability of treatment weighting (IPTW) 
based on propensity scores was used to balance baseline characteristics. Survival outcomes were compared using weighted Kaplan– 
Meier analysis.
Results: After IPTW adjustment, baseline covariate balance was substantially improved, although residual imbalances remained for 
FIGO stage, depth of stromal invasion, neoadjuvant chemotherapy, and tumor differentiation. Weighted survival analysis showed no 
consistent survival advantage associated with preoperative conization. In pairwise OS comparisons, the laparotomy with conization 
group appeared to have superior OS compared with the other groups; however, this finding should be interpreted cautiously because no 
death events occurred in this group, resulting in non-estimable hazard ratios for comparisons involving this group. For PFS, no 
significant differences were observed between groups, including laparotomy with versus without conization (HR = 2.61, 95% CI: 
0.62–11.02, P = 0.54), laparoscopic surgery without conization versus laparotomy without conization (HR = 1.97, 95% CI: 0.98–3.94, 
P = 0.21), laparoscopic surgery with conization versus laparotomy without conization (HR = 0.84, 95% CI: 0.21–3.49, P = 1.00), 
laparoscopic surgery without conization versus laparotomy with conization (HR = 0.75, 95% CI: 0.18–3.08, P = 0.98), laparoscopic 
surgery with conization versus laparotomy with conization (HR = 0.32, 95% CI: 0.05–2.02, P = 0.60), and laparoscopic surgery with 
versus without conization (HR = 0.43, 95% CI: 0.12–1.59, P = 0.56).
Conclusion: Preoperative conization was not associated with improved OS or PFS in patients with FIGO 2018 stage IB cervical 
cancer undergoing radical surgery. The apparent OS advantage observed in the laparotomy with conization group was based on zero 
death events and non-estimable hazard ratios, and therefore should not be interpreted as definitive evidence of a survival benefit. 
Further prospective multicenter studies with larger conization cohorts and longer follow-up are warranted.
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Introduction
Cervical cancer remains one of the most prevalent malignancies among women worldwide, particularly in developing 
countries, where it continues to impose a substantial burden of morbidity and mortality.1 Although screening programs 
and human papillomavirus (HPV) vaccination have contributed to reducing the overall disease burden, a considerable 
proportion of patients still present with invasive disease at initial diagnosis, necessitating radical treatment.2 For patients 
with stage IB cervical cancer classified by the 2018 FIGO staging system, radical hysterectomy combined with pelvic 
lymphadenectomy remains one of the established standard therapeutic modalities.3

In recent years, the impact of surgical approaches and perioperative management on oncological outcomes in cervical 
cancer has garnered increasing attention. Particularly in the context of emerging safety concerns regarding minimally 
invasive surgery, optimizing preoperative and intraoperative strategies to minimize tumor dissemination risk and improve 
survival outcomes has become a critical direction in clinical research.4,5 Conization, serving as both a diagnostic and 
therapeutic procedure, holds distinct clinical value in the management of early-stage cervical cancer. Several studies have 
suggested that preoperative conization may enhance the oncological safety of subsequent radical surgery by reducing 
tumor burden and minimizing tumor exposure with potential dissemination risk. In an observational study, cervical 
conization prior to radical hysterectomy significantly decreased the risk of recurrence and mortality among patients with 
stage IB1 disease.6 In addition, conization can provide more accurate pathological information regarding tumor size, 
depth of invasion, and margin status, which may improve preoperative risk stratification and treatment planning.

Given the reported differences in oncological outcomes between open and minimally invasive radical hysterectomy, 
surgical approach represents an important factor when evaluating the prognostic role of preoperative conization. 
Therefore, both laparotomy and laparoscopic surgery were included in the present study to determine whether the 
potential effect of conization differed according to surgical approach.

However, the prognostic value of preoperative conization in patients with stage IB cervical cancer undergoing radical 
surgery remains controversial. Previous studies have suggested that conization may reduce recurrence risk and improve 
survival, particularly in selected patients with smaller tumors or those undergoing minimally invasive radical hysterec
tomy. In contrast, other studies have failed to demonstrate an independent survival benefit after adjusting for clinicopa
thological factors. These inconsistent findings may partly stem from variations in study design, FIGO staging systems, 
tumor size, surgical approaches, pathological risk factors, and statistical adjustment methods. Consequently, the clinical 
value of preoperative conization in the broader stage IB population remains unclear.Moreover, heterogeneity in surgical 
approaches (laparotomy versus laparoscopy), tumor stage, and pathological characteristics across previous studies has 
precluded direct comparison of their findings.7,8 In particular, because minimally invasive surgery and open surgery may 
differ in terms of tumor manipulation, tumor exposure, and potential dissemination risk, the effect of preoperative 
conization should be evaluated separately according to surgical approach.

Although FIGO 2018 sub-stages IB1, IB2, and IB3 differ in tumor size and prognostic characteristics, they are all 
classified as stage IB and amenable to radical surgery in appropriately selected patients. In clinical practice, treatment 
decisions for stage IB cervical cancer are influenced not only by tumor size but also by surgical approach, pathological 
features, and institutional strategies. Therefore, we included patients with FIGO 2018 IB1–IB3 disease in a unified 
analytical framework to evaluate the role of preoperative conization in the broader stage IB surgical population.

Therefore, this study was conducted using a large-scale, single-center retrospective cohort of patients with stage IB1– 
IB3 cervical cancer according to the 2018 FIGO classification. Inverse probability of treatment weighting (IPTW) was 
employed to balance baseline characteristics between treatment groups. We systematically evaluated the impact of 
preoperative conization on progression-free survival (PFS) and overall survival (OS) across different surgical modalities, 
aiming to provide robust evidence-based guidance for perioperative management in patients with stage IB cervical 
cancer.

Methods
We retrospectively reviewed medical records of patients who underwent radical hysterectomy for cervical cancer at 
Cancer Hospital, Chinese Academy of Medical Sciences, between 2007 and 2016. Eligibility criteria included: (1) 
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histopathologically confirmed cervical cancer by biopsy; (2) restaging according to the 2018 FIGO classification with 
definitive stage IB1, IB2, or IB3 disease; and (3) complete clinical and pathological documentation. Patients were 
excluded if follow-up was discontinued for personal reasons, resulting in unavailable data on overall survival or 
progression-free survival.

Patients were stratified into four groups based on preoperative conization status and surgical approach: Group 
A (laparotomy without preoperative conization), Group B (laparotomy with preoperative conization), Group 
C (laparoscopic surgery without preoperative conization), and Group D (laparoscopic surgery with preoperative 
conization).

The following clinicopathological variables were extracted from medical records: age at surgery, body mass index, 
FIGO stage, depth of stromal invasion, parametrial involvement, lymphovascular space invasion, neoadjuvant chemo
therapy status, histologic differentiation grade, postoperative lymph node metastasis, adjuvant radiotherapy, and adjuvant 
chemotherapy. Postoperative surveillance was conducted to document disease recurrence and survival status. Progres
sion-free survival and overall survival were calculated from the date of surgery to the date of first recurrence or death, 
and to the date of death from any cause, respectively.

Patients with unavailable survival outcomes were excluded from the analysis. For clinicopathological variables with 
missing or uncertain information, the missing values were retained as separate “Unknown” or “Not reported” categories 
when applicable, rather than being imputed, to preserve the original data structure and avoid introducing additional 
assumptions.

Neoadjuvant chemotherapy regimens and cycles were administered at the discretion of treating physicians based on 
multidisciplinary team assessment. Postoperative adjuvant therapy was determined according to institutional protocols 
and pathological risk factors.

To address baseline confounding across the four treatment groups, we employed inverse probability of treatment 
weighting based on propensity scores estimated via generalized boosted modeling. All baseline covariates were 
incorporated into the propensity score model. Stabilized weights were derived to minimize variance inflation, with 
truncation at the 1st and 99th percentiles to attenuate the influence of extreme weights. Final weights were normalized to 
a mean of 1. Covariate balance was evaluated using standardized mean differences before and after weighting, with 
values less than 0.1 indicating adequate balance. Balance diagnostics were visualized using Love plots. The validity of 
the IPTW approach was considered based on the assumptions of exchangeability, positivity, and correct specification of 
the propensity score model. To assess these assumptions, we examined covariate balance before and after weighting 
using absolute standardized mean differences and Love plots. In addition, the distribution of stabilized weights was 
inspected to identify extreme weights, and weights were truncated at the 1st and 99th percentiles to reduce the influence 
of highly influential observations. Effective sample sizes after weighting were also calculated to evaluate the stability of 
the weighted pseudo-population.

Statistical analyses were performed using SigmaStat 3.5, SPSS 26.0, and R version 4.5.2. The R packages WeightIt, 
cobalt, survey, and tableone were utilized for propensity score analysis, balance assessment, weighted estimation, and 
descriptive statistics, respectively.

Results
A total of 1,614 patients were included in this analysis (Table 1). The mean follow-up time was 76.84 months, with 
a median of 74 months (IQR, 55–96 months).Significant baseline imbalances were observed across the four groups with 
respect to FIGO stage (P < 0.001), depth of stromal invasion (P < 0.001), lymphovascular space invasion (P = 0.031), 
neoadjuvant chemotherapy status (P < 0.001), tumor differentiation grade (P < 0.001), lymph node metastasis (P = 
0.002), and postoperative radiotherapy (P < 0.001). Intergroup comparisons revealed that patients undergoing laparosco
pic surgery had significantly more favorable tumor characteristics than those undergoing laparotomy, including earlier 
stage, less stromal invasion, lower rates of lymphovascular space invasion, better differentiation grade, and reduced 
lymph node involvement (Supplementary Table 1).

Following IPTW adjustment, baseline covariate balance was substantially improved across treatment groups. Stan
dardized mean differences after weighting were 0.088 for age, 0.029 for body mass index, and 0.057 for lymphovascular 
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space invasion, all indicating adequate balance (SMD < 0.1). Residual imbalances persisted for certain variables, 
including FIGO stage (SMD = 0.239), depth of stromal invasion (SMD = 0.143), neoadjuvant chemotherapy (SMD = 
0.207), and tumor differentiation grade (SMD = 0.313) (Supplementary Figure 1). However, these imbalances were 
markedly attenuated compared with the unweighted population. The effective sample sizes after weighting were 497.35 
for Group A, 290.96 for Group B, 507.12 for Group C, and 318.57 for Group D, indicating a more balanced distribution 
across groups.

Weighted Kaplan-Meier analysis revealed no statistically significant differences in overall survival or progression-free 
survival among the four treatment groups (Figure 1). Pairwise comparisons demonstrated that Group B exhibited 
significantly superior overall survival compared with the other three groups (P < 0.05; Table 2), whereas no significant 
differences were observed among the remaining comparisons. For progression-free survival, no significant differences 
were detected between any groups (P > 0.05 for all comparisons; Table 3).

Table 1 Baseline Clinicopathological Characteristics of Patients in the Four Groups

Characteristic Group A 
(n=405)

Group B 
(n=53)

Group C 
(n=1047)

Group D 
(n=109)

P

Age, years 45 (40,51) 44 (37,52.25) 45 (40,51) 44 (38,48.25) 0.252

BMI, kg/m2 23.833 (21.769,26.029) 23.052 (21.475,25.252) 23.733 (21.83,26.13) 22.406 (20.955,24.792) 0.007

FIGO stage <0.001
IB1 86 36 128 40

IB2 215 15 647 64

IB3 104 2 272 5
Depth of stromal invasion <0.001

No invasion 0 0 5 4
≤1/2 269 42 652 87

>1/2 136 11 286 17

Unknown 0 0 4 1
Parametrial involvement 0.612

Negative 403 53 1040 107

Positive 2 0 7 2
LVSI 0.031

Negative 285 35 808 90

Positive 120 18 239 19
Neoadjuvant chemotherapy

No 317 52 829 102 <0.001

Yes 88 1 217 7
Tumor differentiation <0.001

Poor 192 9 538 31

Moderate 173 29 374 41
Well 31 14 67 4

Negative/Not reported 9 1 68 33

Lymph node metastasis 0.002
Negative 405 51 1045 107

Positive 0 2 2 2

Postoperative radiotherapy <0.001
No 207 39 570 68

Yes 195 14 472 40

Unknown 3 0 5 1
Postoperative chemotherapy 0.845

No 212 39 538 65

Yes 193 14 507 44
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To evaluate the independent effect of preoperative conization on oncological outcomes, we pooled Group A with Group 
C (no conization) and Group B with Group D (conization). Weighted survival analyses stratified by surgical approach 
showed no significant differences in overall survival or progression-free survival between patients who did and did not 
undergo preoperative conization, regardless of whether laparotomy or laparoscopic surgery was performed (Figure 2).

Figure 1 Weighted Kaplan–Meier curves of overall survival and progression-free survival among the four groups after IPTW adjustment. (A) Overall survival. (B) 
Progression-free survival.

Table 2 Comparison of Overall Survival Among Groups 
After IPTW Adjustment

Comparison HR Lower 95 Upper 95 P

B–A NE NE NE <0.001

C–A 2.31 1.01 5.27 0.17

D–A 1.94 0.43 8.75 0.81
C–B NE NE NE <0.001

D–B NE NE NE <0.001

D–C 0.84 0.22 3.17 0.99

Notes: Group B exhibited zero events during follow-up, resulting in 
quasi-complete separation and non-estimable HRs for comparisons 
against this group. 
Abbreviations: HR, hazard ratio; CI, confidence interval; NE, not 
estimable; IPTW, inverse probability of treatment weighting.

Table 3 Comparison of Progression-Free Survival 
Among Groups After IPTW Adjustment

Comparison HR Lower95 Upper95 P

B–A 2.61 0.62 11.02 0.54

C–A 1.97 0.98 3.94 0.21

D–A 0.84 0.21 3.49 1.00
C–B 0.75 0.18 3.08 0.98

D–B 0.32 0.05 2.02 0.60

D–C 0.43 0.12 1.59 0.56

Abbreviations: HR, hazard ratio; CI, confidence interval; NE, not 
estimable; IPTW, inverse probability of treatment weighting.

International Journal of Women’s Health 2026:18                                                                               https://doi.org/10.2147/IJWH.S612277                                                                                                                                                                                                                                                                                                                                                                                                       5

Gao et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Discussion
This retrospective analysis of 1,614 patients with stage IB cervical cancer treated between 2007 and 2016 systematically 
evaluated the impact of preoperative conization on survival outcomes across different surgical approaches. After 
adjusting for baseline imbalances using inverse probability of treatment weighting, three principal findings emerged: 
first, no significant differences in overall survival or progression-free survival were observed among the four treatment 
groups in the overall cohort; second, pairwise comparisons revealed a statistically significant overall survival advantage 
for the laparotomy with conization group, but this finding was not consistently supported by progression-free survival 
analysis or confirmed in pooled analyses; third, after merging groups to evaluate the independent effect of conization, 
preoperative conization did not significantly improve overall survival or progression-free survival in either the laparo
tomy or laparoscopic surgery cohorts.9

Minimally invasive surgery has been associated with increased risks of tumor dissemination due to tumor manipula
tion and the pneumoperitoneum environment, which may contribute to inferior oncological outcomes in cervical cancer, 
particularly among patients with locally advanced disease.10,11 Strategies to mitigate intraoperative tumor spread and 
achieve equivalence with open surgery have been extensively investigated. Conization has been hypothesized to confer 
a protective effect by reducing tumor volume, minimizing intraoperative tumor exposure, and lowering potential 
dissemination risk during subsequent radical surgery. Therefore, whether preoperative conization can compensate for 
this potential deficiency has remained a subject of considerable research interest. However, our findings indicate that 
preoperative conization did not significantly improve survival outcomes in patients undergoing laparoscopic radical 
hysterectomy after IPTW adjustment. This suggests that conization itself may not be a critical determinant of long-term 
prognosis in patients with stage IB cervical cancer undergoing definitive surgical treatment.Compared with previous 
studies, our findings offer a more cautious interpretation of the prognostic role of preoperative conization. The SUCCOR 
cone study primarily included patients with FIGO 2009 stage IB1 cervical cancer and reported that conization before 
radical hysterectomy was associated with reduced recurrence and mortality risk.6 Klapdor et al also suggested that 
absence of preoperative conization might be associated with increased recurrence risk after radical hysterectomy, and that 
patients with smaller tumors who underwent conization may have better outcomes.7 Additionally, Zhu et al’s systematic 
review and network meta-analysis indicated that preoperative conization might reduce postoperative recurrence risk in 
early-stage cervical cancer.8 However, these studies largely focused on selected early-stage or low tumor burden patients, 
with recurrence as the primary outcome. In contrast, our study included patients with FIGO 2018 stage IB1–IB3 cervical 
cancer, representing a broader, more heterogeneous population with greater tumor burden. We applied IPTW to adjust for 
baseline differences and performed four-group stratified analysis by surgical approach and conization status to systema
tically evaluate OS and PFS. Our results showed no consistent survival benefit from preoperative conization. Although 
Group B (laparotomy with preoperative conization) demonstrated an OS advantage, this finding was based on zero death 

Figure 2 Weighted Kaplan–Meier survival curves comparing patients with and without conization after IPTW adjustment. (A) Overall survival. (B) Progression-free survival.
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events and an inestimable HR, and was not supported by PFS analysis or combined group analysis. Therefore, our results 
should be regarded as complementary to, rather than a direct refutation of, previous studies. The potential protective 
effect of preoperative conization may be more applicable to carefully selected low-risk patients with smaller tumors, but 
may not be generalizable to the broader FIGO 2018 stage IB1–IB3 cervical cancer population.

Notably, patients in the laparoscopic surgery groups exhibited more favorable pathological characteristics prior to 
weighting, including earlier stage, less stromal invasion, and lower rates of lymph node metastasis, indicating substantial 
selection bias in surgical approach decisions in clinical practice. This pattern is consistent with findings from previous 
studies demonstrating comparable outcomes between minimally invasive and open surgery in early-stage cervical cancer 
even without special intraoperative precautions.12,13 Inverse probability of treatment weighting is a robust methodolo
gical approach for estimating treatment effects in observational studies, particularly those with large sample sizes.14,15 By 
applying IPTW, we mitigated this selection bias to a considerable extent, enhancing comparability across treatment 
strategies. Given the inherent prognostic differences between laparoscopic and open surgery, we did not directly compare 
outcomes across surgical approaches. The observed overall survival advantage for the laparotomy with conization group 
in pairwise comparisons was not replicated in progression-free survival analysis or pooled analyses. This discrepancy 
between overall survival and progression-free survival findings may reflect sample size imbalance, limited event 
numbers, or residual confounding rather than a genuine survival benefit of conization. Specifically, the absence of 
death events in Group B during the observed follow-up period resulted in quasi-complete separation, yielding non- 
estimable hazard ratios for comparisons involving this group. Consequently, the overall survival advantage observed for 
Group B should be interpreted with caution, as it may be driven by favorable baseline characteristics or selection effects 
rather than a true protective effect of conization. Furthermore, residual imbalances persisted after weighting for certain 
variables, including FIGO stage, depth of stromal invasion, and tumor differentiation grade, which may have influenced 
the results. Complete elimination of baseline differences is challenging given the inherent correlations between treatment 
pathways and tumor characteristics. Nevertheless, IPTW substantially improved intergroup comparability and provided 
a more reliable statistical foundation for outcome analysis, though our findings require further validation.

From a clinical perspective, our results suggest that the decision to routinely perform preoperative conization in 
patients with stage IB1–IB3 cervical cancer should not be based solely on its potential survival benefits. While the 
diagnostic, staging, and local control values of conization remain undisputed, its impact on long-term oncological 
outcomes appears limited. Clinical decision-making should instead integrate tumor stage, pathological features, surgical 
approach, and individual patient factors.

This study has several limitations. First, as a single-center retrospective analysis, it remains susceptible to selection 
bias and unmeasured confounding despite IPTW adjustment. Although IPTW substantially improved covariate balance 
across groups, residual imbalance could not be completely eliminated because treatment allocation in clinical practice 
was closely related to tumor characteristics and surgical decision-making. Second, patients with stage I cervical cancer 
generally have relatively low recurrence and mortality rates, resulting in a limited number of survival events during 
follow-up. In particular, no death events were observed in the laparotomy with conization group during the study period, 
which led to quasi-complete separation and non-estimable hazard ratios for OS comparisons involving this group. 
Therefore, the apparent OS advantage observed in this subgroup should be interpreted cautiously and should not be 
regarded as definitive evidence of a survival benefit from preoperative conization. Third, the relatively small number of 
patients undergoing preoperative conization, especially within specific surgical approach subgroups, may have limited 
the statistical power and stability of subgroup comparisons. Finally, prospective multicenter studies with larger conization 
cohorts, standardized surgical procedures, and longer follow-up are warranted to further clarify whether preoperative 
conization provides any oncological benefit in patients with stage IB cervical cancer.

In conclusion, this large-scale retrospective cohort study employing propensity score weighting found no evidence 
that preoperative conization significantly improves overall survival or progression-free survival following radical 
hysterectomy via either laparotomy or laparoscopic approach in patients with stage IB cervical cancer. Our findings 
provide new evidence-based reference for the clinical application of preoperative conization in this population and 
suggest that its survival benefit may be limited.
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