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Abstract

Backgroud/Objectives: In this exploratory study, we explored the relationship between
the timing of recurrence and vaginal cuff length (VCL) in patients with vaginal stump
recurrence after hysterectomy. Methods: This is a single-institution study which included
25 consecutive patients who developed postoperative stump recurrence of cervical cancer at
Beijing Obstetrics and Gynecology Hospital, Capital Medical University, between January
2013 and December 2024. Patients were divided into early recurrence (≤24 months) and
late recurrence (>24 months) groups according to the postoperative 2-year cutoff point.
The relationship between VCL and recurrence time was analyzed with Spearman rank
correlation analysis. Receiver operating characteristic (ROC) curve analysis was performed
to determine the optimal VCL cutoff value using the Youden index. Kaplan–Meier curves
and log-rank tests were used to compare the time to recurrence between groups, stratified by
the data-derived VCL cutoff. Results: The median age of the 25 patients was 57 years (range,
36–78 years). Squamous cell carcinoma accounted for 68.0% (17/25) and adenocarcinoma
for 24.0% (6/25). The median VCL was 0.7 cm (range, 0.1–2.0 cm), and the median time to
recurrence was 22 months (range, 5–89 months). Spearman correlation analysis showed
a significant positive correlation between VCL and recurrence time (r = 0.804, p < 0.001).
ROC curve analysis identified 0.75 cm as the optimal cutoff for predicting early recurrence,
with an area under the curve (AUC) of 0.902, a sensitivity of 86.7%, and a specificity of
80.0%. Patients with VCL ≤ 0.75 cm (n = 15) had a median recurrence time of 15 months,
compared with 43.5 months in those with VCL > 0.75 cm (n = 10). The proportions of
patients remaining free of recurrence at 24 months were 13.3% and 80.0%, respectively
(log-rank p < 0.001). Conclusions: In this study, shorter VCL was associated with earlier
recurrence, and a data-derived cutoff of 0.75 cm discriminated early (≤24 months) from late
recurrence. Further multicenter studies are needed to validate this finding before changing
clinical decisions, given the restricted sample size.
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1. Introduction
Cervical cancer is the fourth most common malignancy among women worldwide,

with an estimated 604,000 new cases and 342,000 deaths reported in 2020, and its burden
remains disproportionately high in low- and middle-income countries [1,2]. China alone
contributes approximately one fifth of the global cervical cancer burden [3], and marked
geographic and socioeconomic disparities in incidence and outcomes persist worldwide [4].
For patients with International Federation of Gynecology and Obstetrics (FIGO) 2018 stage
IB–IIA disease, radical hysterectomy with pelvic lymphadenectomy remains the standard
surgical treatment, achieving 5-year overall survival rates of approximately 90% in early-
stage disease [5–7]. Nevertheless, 10–20% of patients experience recurrence after primary
surgery, and recurrence remains the principal cause of treatment failure and cancer-related
death in this population [8].

Approximately 70–80% of postoperative recurrences develop within the first 2 years
after surgery [9,10]. Among the patterns of failure, the vaginal stump (vault) is a common
site of locoregional recurrence after hysterectomy. Once vaginal recurrence occurs, the
salvage radiotherapy or pelvic exenteration in highly selected cases offers the best chance of
durable disease control when the recurrence is detected early and remains localized [10,11].
In extensive recurrent or metastatic disease, systemic treatment has been shown to improve
survival, underscoring the value of detecting recurrence at a treatable stage [12]. Therefore,
identifying factors associated not only with whether recurrence occurs but also with when
it occurs carries direct clinical relevance for surveillance planning and timely intervention.

Radical hysterectomy is designed to achieve adequate resection of the parametrial
tissue and the upper vagina to ensure oncological safety. However, consensus regarding
the optimal length of vaginal resection has long been lacking, with traditional recommen-
dations based largely on anatomical considerations rather than high-level evidence [13],
and with neither the Piver classification [14] nor the Querleu–Morrow classification [15,16]
prescribing an absolute resection length. A prospective randomized trial found no sur-
vival benefit from more extensive resection [17], yet excessive resection may compromise
postoperative quality of life [18–20]. Despite its surgical relevance, VCL has not been
incorporated into mainstream risk-stratification systems, which rely primarily on patho-
logical factors such as nodal status, parametrial invasion, margin status, lymphovascular
space invasion(LVSI), tumor size, and depth of stromal invasion [21–25]. For patients with
high-risk factors, adjuvant concurrent chemoradiotherapy is recommended [26], which
may obscure the prognostic weight of surgical parameters. Evidence regarding VCL itself
remains conflicting [13,27], and adjuvant radiotherapy may partly compensate for inade-
quate margins [28,29]. Notably, previous studies have focused almost exclusively on the
relationship between VCL and recurrence risk, whereas the association between VCL and
the timing of recurrence remains unclear.

Notably, previous studies have focused almost exclusively on the relationship between
VCL and the risk of recurrence, whereas the association between VCL and the timing of
recurrence among patients who ultimately develop recurrence remains unclear. Given that
most recurrences cluster within the first 2 postoperative years and that early recurrence
generally indicates more aggressive tumor biology with a narrower window for salvage
therapy, a parameter capable of distinguishing early from late recurrence could help refine
individualized postoperative surveillance strategies. The aim of this exploratory, single-
institution study was as follows: (i) to evaluate the association between VCL and the time
to stump recurrence among recurrent cases; (ii) to identify an optimal VCL cutoff value for
predicting early (≤2-year) recurrence; and (iii) to explore the potential—pending external
validation—implications of VCL-based stratification for postoperative surveillance.
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2. Materials and Methods
2.1. Study Design and Patients

This retrospective cohort study was conducted at Beijing Obstetrics and Gynecology
Hospital, Capital Medical University, and is reported in accordance with the STROBE
(Strengthening the Reporting of Observational Studies in Epidemiology) recommendations.
Patients who developed postoperative stump recurrence after hysterectomy (including
radical hysterectomy with pelvic lymphadenectomy or extrafascial hysterectomy) for
cervical cancer between January 2013 and December 2024 were retrospectively enrolled.
All patients were restaged according to the FIGO 2018 staging system, with stages ranging
from IA1 to IIIC2p.

The inclusion criteria were: (1) pathologically confirmed cervical squamous cell car-
cinoma, adenocarcinoma, adenosquamous carcinoma, or clear cell carcinoma; (2) FIGO
2018 stage IA1–IIIC2p disease; (3) age ≥ 18 years; (4) having undergone hysterectomy
(radical hysterectomy with pelvic lymphadenectomy or extrafascial hysterectomy); (5) post-
operative stump recurrence confirmed by biopsy; and (6) complete clinical and follow-up
over the 12-year accrual period with available VCL measurements. The exclusion criteria
were: (1) neoadjuvant chemotherapy or radiotherapy before surgery; (2) concurrent other
pelvic malignancies; and (3) positive or suspicious vaginal margins on final pathology;
and (4) severe comorbidities, including uncontrolled diabetes mellitus or hereditary cancer
syndromes, which could confound the analysis of recurrence timing.

This study was approved by the Institutional Review Board of Beijing Obstetrics
and Gynecology Hospital, Capital Medical University (Approval No.: 2026-KY-072-02) on
5 June 2026, and written informed consent was waived for this retrospective study.

2.2. Surgical Procedures and VCL Measurement

Radical hysterectomy corresponded to Querleu–Morrow type B–C resection [15,16]
with systematic pelvic lymphadenectomy, with or without para-aortic lymph node sam-
pling, whereas extrafascial (type A) hysterectomy was performed in selected patients with
early-stage disease. The choice of surgical approach was made by the attending gynecologic
oncologist according to preoperative staging and intraoperative findings.

VCL was defined as the length of vaginal tissue resected distal to the tumor, measured
from the distal tumor edge to the vaginal resection margin. All VCL measurements
were performed by dedicated gynecologic pathologists on the resected specimens using a
standardized protocol, and the vaginal resection margins were evaluated microscopically.
All cases included in this study had pathologically negative vaginal margins.

2.3. Definitions and Follow-Up

Vaginal stump recurrence was defined as a recurrence tumor located at the vaginal
stump (vault) after hysterectomy. Time to recurrence was defined as the interval in months
from the date of surgery to the date of pathological confirmation of recurrence. Based on
the well-established temporal distribution of postoperative recurrence in cervical cancer,
recurrence occurring within 24 months after surgery was defined as early recurrence,
whereas recurrence beyond 24 months was defined as late recurrence.

Postoperative surveillance was performed according to institutional protocols, consis-
tent with contemporary guidelines, consisting of gynecologic examination and cytology
every 3–4 months during the first 2 years, every 6 months during years 3–5, and annually
thereafter. Pelvic magnetic resonance imaging, computed tomography, or positron emission
tomography was performed when clinically indicated, and histological confirmation by
biopsy was required for the diagnosis of recurrence in all cases.
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2.4. Data Collection and Analysis

The following data were retrieved from electronic medical records and pathology
reports: age, surgical approach (radical hysterectomy with pelvic lymphadenectomy vs.
extrafascial hysterectomy), histological type (squamous cell carcinoma, adenocarcinoma,
adenosquamous carcinoma, or clear cell carcinoma), maximum tumor diameter (cm), depth
of stromal invasion (inner/middle/outer one-third), lymphovascular space invasion (posi-
tive/negative), VCL (cm), and time from surgery to pathologically confirmed recurrence
(months). Patients were divided into short-resection and long-resection groups according
to the optimal VCL cutoff determined by ROC curve analysis using the Youden index. The
specific cutoff value and the sample sizes of each group are reported in Section 3.

2.5. Statistical Analysis

Statistical analyses were performed using SPSS 26.0 (IBM Corp., Armonk, NY, USA).
Continuous variables (age, VCL, tumor size, and recurrence time) were assessed for nor-
mality with the Shapiro–Wilk test. Normally distributed variables were expressed as
mean ± standard deviation and compared with the t-test; skewed variables were expressed
as median (range) and compared with the Mann–Whitney U test. Categorical variables were
expressed as frequencies (percentages) and compared using the χ2 test or Fisher’s exact test
(expected frequencies < 5). Spearman rank correlation was used to assess the association
between VCL and recurrence time, given the skewed distribution of recurrence time.

For ROC analysis, patients were stratified into early (≤24 months) and late (>24 months)
recurrence groups; with this binary variable as the state variable and VCL as the test
variable, the area under the curve (AUC), sensitivity and specificity were calculated, and
the optimal VCL cutoff was determined by the maximum Youden index (sensitivity +
specificity-1). Kaplan–Meier curves were constructed to describe the time to recurrence
in the two VCL groups, with recurrence within 24 months as the event (event = 1) and
administrative censoring at 24 months for patients who were recurrence-free by then
(censored = 0). Because this study only included patients with tumor recurrence, the
curves describe the distribution of time to recurrence in a recurrent cohort rather than
a recurrence-free survival endpoint. Groups were compared using the log-rank test. A
two-sided p < 0.05 was considered statistically significant.

3. Results
3.1. Baseline Characteristics

A total of 25 patients with postoperative stump recurrence were included in this
analysis, and their clinicopathological characteristics are summarized in Table 1. The
median age was 57 years (range, 36–78 years). The majority of patients had early-stage
disease at initial diagnosis, with FIGO 2018 stage IA1 accounting for 32.0% (8/25) and stage
IB1 for 28.0% (7/25). Squamous cell carcinoma was the most common histological type
(68.0%, 17/25), followed by adenocarcinoma (24.0%, 6/25), adenosquamous carcinoma
(4.0%, 1/25), and clear cell carcinoma (4.0%, 1/25). Surgical approaches included radical
hysterectomy with pelvic lymphadenectomy (68.0%, 17/25) and extrafascial hysterectomy
(32.0%, 8/25). The median tumor diameter was 1.8 cm (range, 0.2–5.0 cm), and the depth of
stromal invasion was limited to the inner one-third in 48.0% (12/25) of cases. The median
VCL was 0.7 cm (range, 0.1–2.0 cm), and the median time to recurrence was 22 months
(range, 5–89 months). Overall, 15 patients (60.0%) developed recurrence within 24 months
after surgery, whereas 10 patients (40.0%) experienced late recurrence. The small size of
this single-institution cohort reflects the low incidence of vault recurrence and should be
borne in mind when interpreting all subsequent analyses.
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Table 1. Clinicopathological characteristics of patients with postoperative stump recurrence.

Characteristic Value (N = 25)

Median age, years (range) 57 (36–78)
FIGO stage (2018 version)
IA1 32.0% (8/25)
IB1 28.0% (7/25)
IB2 4.0% (1/25)
IB3 4.0% (1/25)
IIA1 12.0% (3/25)
IIIC1p 16.0% (4/25)
IIIC2p 4.0% (1/25)
Histological type
Squamous cell carcinoma 68.0% (17/25)
Adenocarcinoma 24.0% (6/25)
Adenosquamous carcinoma 4.0% (1/25)
Clear cell carcinoma 4.0% (1/25)
Median tumor diameter, cm (range) 1.8 (0.2–5.0)
Depth of stromal invasion
Inner 1/3 48.0% (12/25)
Middle 1/3 16.0% (4/25)
Outer 1/3 36.0% (9/25)
Surgical approach
Extrafascial hysterectomy 32.0% (8/25)
Radical hysterectomy 68.0% (17/25)
Median VCL, cm (range) 0.7 (0.1–2.0)
Median time to recurrence, months (range) 22 (5–89)

3.2. Correlation Between VCL and Time to Recurrence

Spearman rank correlation analysis revealed a significant positive correlation between
VCL and time to recurrence (r = 0.804, p < 0.001), indicating that, among patients who had
already developed recurrence, a shorter VCL was associated with earlier recurrence. The
correlation coefficient of 0.804 suggests a strong monotonic relationship between the extent
of vaginal resection and the chronology of recurrence in this cohort.

3.3. Roc Curve and Optimal Cutoff Value

ROC curve analysis was performed to evaluate the predictive value of VCL for
recurrence within 2 years, with patients stratified by recurrence time (≤24 months vs.
>24 months). The Youden index identified 0.75 cm as the optimal data-derived VCL cutoff,
with an AUC of 0.902, a sensitivity of 86.7%, and a specificity of 80.0% (Figure 1). Because
the cutoff was derived and evaluated in the same 25-patient dataset, this estimate of dis-
criminatory performance is likely optimistic and requires external validation before any
clinical use.

3.4. Comparison of Recurrence Time Between VCL Groups

Using 0.75 cm as the cutoff, patients were divided into a short-resection group
(VCL ≤ 0.75 cm, n = 15) and a long-resection group (VCL > 0.75 cm, n = 10). The short-
resection group had a median recurrence time of 15 months, whereas the long-resection
group had a median recurrence time of 43.5 months, corresponding to an almost threefold
difference. The Kaplan–Meier analysis showed a significant difference in the time to recur-
rence between the two groups; the proportions of patients remaining free of recurrence at
24 months were 13.3% and 80.0%, respectively (log-rank p < 0.001) (Figure 2). To assess
robustness to disease stage, a sensitivity analysis excluding the 8 FIGO IA1 patients (n = 17)
preserved the VCL–recurrence-timing association: the optimal cutoff remained 0.75 cm,
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with a significant correlation and a persistent difference in the time to recurrence between
VCL groups (Supplementary Table S2).

Figure 1. ROC curve of VCL for discriminating early (≤24 months) from late recurrence among
patients who developed stump recurrence (AUC = 0.902; data-derived optimal cutoff = 0.75 cm).

Figure 2. Kaplan–Meier curves of time to stump recurrence by VCL group (patients censored at
24 months). All included patients ultimately developed recurrence; the curves, therefore, depict the
proportion still free of recurrence at each time point.

3.5. Univariate Analysis of Factors Associated with 2-Year Recurrence

The univariate analysis revealed no significant associations between age, histological
type, or lymphovascular space invasion and recurrence within 2 years (all p > 0.05) (Table 2).
A deeper depth of stromal invasion showed a trend toward a higher proportion of early
recurrence, although this did not reach statistical significance (outer 1/3 vs. inner 1/3:
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78.6% vs. 28.6%, p = 0.075). In contrast, VCL was significantly associated with early
recurrence: patients with a VCL ≤ 0.75 cm had a markedly higher proportion of recurrence
within 2 years compared with those with a VCL > 0.75 cm [86.7% (13/15) vs. 20.0% (2/10),
p = 0.002], and VCL was the only variable significantly associated with 2-year recurrence in
this cohort.

Table 2. Univariate analysis of clinical factors associated with recurrence within 2 years among
25 patients with stump recurrence (no multivariable analysis was performed).

Clinical Characteristics N
Recurrence Time

χ2 p
≤2 Years >2 Years

Age (years) - 1.000 a

≤60 14 8 (57.1%) 6 (42.9%)

>60 11 7 (63.6%) 4 (36.4%)

Pathological type - 1.000 a

Squamous cell carcinoma 17 10 (58.8%) 7 (41.2%)

Non-squamous cell carcinoma 8 5 (62.5%) 3 (37.5%)

Lymphovascular space invasion 1.000 a

Positive 8 5 (62.5%) 3 (37.5%)

Negative 17 10 (58.8%) 7 (41.2%)

Stromal invasion

Deep 1/3 14 11 (78.6%) 3 (21.4%) - 0.075 b

Middle 1/3 4 2 (50.0%) 2 (50.0%)

Superficial 1/3 7 2 (28.6%) 5 (71.4%)

vaginal cuff length - 0.002 a,*

≤0.75 cm 15 13 (86.7%) 2 (13.3%)

>0.75 cm 10 2 (20.0%) 8 (80.0%)
Note: a represents the p-value of Fisher’s exact tests; b represents the p-value of likelihood ratio tests;
* denotes p values less than 0.05.

4. Discussion
4.1. Main Findings

Postoperative stump recurrence is a critical event affecting long-term survival in
patients with cervical cancer, and the timing of recurrence carries important clinical impli-
cations. Early recurrence (within 2 years after surgery) generally suggests aggressive tumor
biology or the presence of occult residual disease, leaving a narrower window for salvage
therapy and being associated with a worse prognosis [8,11]. However, the relationship
between VCL and the timing of stump recurrence has rarely been investigated. In this
exploratory single-institution analysis with 25 patients, we found that a shorter VCL was
associated with earlier recurrence, and 0.75 cm was identified as the optimal cutoff for
distinguishing early (≤24 months) from late (>24 months) recurrence, with an AUC of
0.902, a sensitivity of 86.7%, and a specificity of 80.0%. However, these results are restricted
to the sample size, and further studies are needed for the multivariable adjustment analysis
and external validation before clinical practice.

4.2. Comparison with Previous Studies

In previous studies, Kim et al. [13] found no correlation between VCL and 3-year
vaginal or pelvic recurrence rates in 280 patients undergoing radical hysterectomy. How-
ever, the endpoint of this study was the 3-year recurrence rate, and 68% of their patients
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received adjuvant therapy, which may have masked the independent effect of VCL. Zuo
et al. investigated the relationship between VCL and recurrence risk in a large cohort
including both recurrent and non-recurrent patients, in which the 2.0 cm threshold reflects
the impact of surgical extent on whether recurrence occurs [27]. In this study, we found
that the 0.75 cm cutoff further distinguished patients with early recurrence from those with
late recurrence. Adjuvant radiotherapy with or without brachytherapy has been shown to
compensate for inadequate or positive vaginal resection margins [28], and vaginal margin
status has been more consistently established as a risk factor for recurrence than VCL
itself [29]. These data collectively highlight the importance of timely adjuvant radiation in
postoperative patients with short vaginal cuff length.

4.3. Potential Mechanisms

Several mechanism may explain the association between shorter VCL and earlier
stump recurrence. First, vaginal mucosa adjacent to the cervix may harbor subclinical tumor
extension or intraoperatively implanted cells. A shorter resection leaves limited clearance
around such occult disease and permits earlier progression. A longer resection removes
more involved mucosa, confining recurrence to later de novo events. Second, intraoperative
implantation at the vaginal vault, promoted by tumor disruption and manipulator use,
may seed the stump [30,31]. Third, paravaginal lymphatic microinvolvement may mediate
early locoregional relapse independent of resection length. Fourth, early recurrence marks
more aggressive tumor biology [8,11], and a shorter VCL retains more distal mucosa that
may harbor HPV-driven field changes or occult lesions, providing a substrate for earlier
manifestation. Testing these hypotheses will require pathological and molecular correlates,
such as HPV genotyping and the profiling of tissue adjacent to the resection margin.

4.4. Clinical Implications

These findings provide a quantifiable reference for postoperative surveillance stratifi-
cation. Current guidelines recommend intensive follow-up during the first 2 postoperative
years without differentiating intensity by surgical parameters [9,10,23]. If validated exter-
nally in larger multicenter cohorts with adequate multivariable adjustment, VCL could
support risk-adapted surveillance. Patients with a margin below 0.75 cm might benefit from
timely adjuvant radiotherapy to reduce early recurrence, and those with longer margins
might benefit from intensified surveillance, with vaginal cytology and HPV testing. In
the present study, the cutoff was derived and evaluated within the same small dataset,
without adjustment for adjuvant therapy, surgical approach, or pathological confounders,
and these hypothesis-generating findings do not justify changes to guideline-based follow-
up pending validation. This timing-based stratification complements risk factor-based
adjuvant therapy decisions relying on nodal status, parametrial invasion, margin status,
LVSI, tumor size, and stromal invasion depth [23,25] and aligns with recent studies sup-
porting risk-adapted surveillance in recurrent cervical cancer [32]. Surgically, these findings
support obtaining and documenting an adequate vaginal margin. Routine reporting of
VCL in pathology reports would facilitate future research and individualized postoperative
management [33].

4.5. Strengths and Limitations

The strengths of this study include the pathological confirmation of stump recurrence
in all cases, standardized VCL measurement by dedicated gynecologic pathologists, uni-
formly negative vaginal margins—allowing assessment of the effect of VCL independent of
margin status—and a long accrual period spanning more than a decade. To our knowledge,
this is the first study to specifically examine the association between VCL and the timing of
stump recurrence.

https://doi.org/10.3390/jcm15197653

https://doi.org/10.3390/jcm15197653


J. Clin. Med. 2026, 15, 7653 9 of 11

Several limitations should be acknowledged. First, the small sample size limited
statistical power for multivariate analysis, and the 0.75 cm cutoff requires validation in
larger cohorts. After excluding stage IA1 patients, sensitivity analysis supported the
robustness of the association (Supplementary Table S2). Second, the cutoff was derived
from and evaluated within the same dataset, so the reported diagnostic performance is
likely optimistic, and external validation is essential before clinical application. Third, the
inclusion of only patients with recurrence, without a non-recurrent control group, precludes
assessment of the impact of VCL on overall recurrence risk. Fourth, the retrospective,
single-center design may have introduced selection and information bias, partially offset by
standardized pathological measurement procedures. Fifth, confounders including adjuvant
therapy, surgical approach and histological diversity could not be adequately adjusted for.
Finally, VCL measured on resected specimens may vary with tissue handling and fixation.

4.6. Future Directions

Large-scale, multicenter prospective cohort studies including both recurrent and non-
recurrent patients are warranted to externally validate the 0.75 cm cutoff and to clarify
the independent contribution of VCL to recurrence risk and timing after adjustment for
adjuvant therapy and other pathological factors. Combining VCL with molecular and
virological markers, such as HPV genotype and circulating tumor DNA, may further refine
recurrence prediction, in line with emerging evidence on integrating surgical parameters
with molecular biomarkers in cervical cancer survivors. A VCL-guided, risk-adapted
surveillance strategy should then be evaluated prospectively to determine whether timely
intervention and intensified follow-up in patients with short resections translate into earlier
detection and improved survival.

5. Conclusions
In this single-institution study with a small sample size, shorter vaginal cuff length

was associated with earlier recurrence; a data-derived 0.75 cm cutoff discriminated early
from late recurrence. However, further multicenter studies with external validation and
multivariable analysis are needed before these findings are used in clinical decision-making,
given the restricted sample size.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm15197653/s1. Table S1. Clinicopathological characteristics of
cervical cancer patients with postoperative vaginal stump recurrence (n = 25) VCL, vaginal cuff length;
LVSI, lymphovascular space invasion. Time to recurrence (months) is the interval from the date of
surgery to the date of histopathological confirmation of vaginal stump recurrence. Recurrence group:
early = recurrence at ≤24 months after surgery; late = recurrence at >24 months. Table S2. Sensitivity
analysis of the association between vaginal cuff length and recurrence timing after excluding the
8 patients with FIGO 2018 stage IA1 disease. AUC, area under the curve; FIGO, International
Federation of Gynecology and Obstetrics; ROC, receiver operating characteristic; VCL, vaginal
cuff length.
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accordance with the ethical standards of the institutional and/or national research committee and
with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards.

Informed Consent Statement: This was a retrospective analysis of cases treated between January
2013 and December 2024. The requirement for written informed consent from individual participants
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Data Availability Statement: The primary data supporting the findings of this study are available
from the corresponding author on reasonable request. The data supporting the findings of this study
are available in the Supplementary Material of this article (Supplementary Table S1).

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN

Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209–249. [CrossRef]
[PubMed]

2. Wilailak, S.; Kengsakul, M.; Kehoe, S. Worldwide initiatives to eliminate cervical cancer. Int. J. Gynaecol. Obstet. 2021, 155, 102–106.
[CrossRef]

3. Chen, W.; Zheng, R.; Baade, P.D.; Zhang, S.; Zeng, H.; Bray, F.; Jemal, A.; Yu, X.Q.; He, J. Cancer statistics in China, 2015. CA
Cancer J. Clin. 2016, 66, 115–132. [CrossRef]

4. Arbyn, M.; Weiderpass, E.; Bruni, L.; de Sanjose, S.; Saraiya, M.; Ferlay, J.; Bray, F. Estimates of incidence and mortality of cervical
cancer in 2018: A worldwide analysis. Lancet Glob. Health 2020, 8, e191–e203. Erratum in Lancet Glob. Health 2022, 10, e41.
[CrossRef] [PubMed]

5. Bhatla, N.; Aoki, D.; Sharma, D.N.; Sankaranarayanan, R. Cancer of the cervix uteri: 2021 update. Int. J. Gynaecol. Obstet. 2021,
155, 28–44. [CrossRef] [PubMed]

6. Marth, C.; Landoni, F.; Mahner, S.; McCormack, M.; Gonzalez-Martin, A.; Colombo, N.; ESMO Guidelines Committee. Cervical
cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann. Oncol. 2017, 28, iv72–iv83. [CrossRef]
[PubMed]

7. Tuscharoenporn, T.; Muangmool, T.; Charoenkwan, K. Adjuvant pelvic radiation versus observation in intermediate-risk early-
stage cervical cancer patients following primary radical surgery: A propensity score-adjusted analysis. J. Gynecol. Oncol. 2023,
34, e42. [CrossRef] [PubMed]

8. de Geus, V.; Ewing-Graham, P.C.; de Koning, W.; de Koning, M.N.; van den Bosch, T.P.; Nigg, A.L.; van Eijck, C.H.J.; Jozwiak, M.;
van Beekhuizen, H.J.; Mustafa, D.A. Identifying Molecular Changes in Early Cervical Cancer Samples of Patients That Developed
Metastasis. Front. Oncol. 2022, 11, 715077. [CrossRef] [PubMed]

9. Elit, L.; Fyles, A.W.; Devries, M.C.; Oliver, T.K.; Fung-Kee-Fung, M. Follow-up for women after treatment for cervical cancer: A
systematic review. Gynecol. Oncol. 2009, 114, 528–535. [CrossRef] [PubMed]

10. Salani, R.; Backes, F.J.; Fung, M.F.; Holschneider, C.H.; Parker, L.P.; Bristow, R.E.; Goff, B.A. Posttreatment surveillance and
diagnosis of recurrence in women with gynecologic malignancies: Society of Gynecologic Oncologists recommendations. Am. J.
Obstet. Gynecol. 2011, 204, 466–478. [CrossRef] [PubMed]

11. Friedlander, M.; Grogan, M. Guidelines for the treatment of recurrent and metastatic cervical cancer. Oncologist 2002, 7, 342–347.
[CrossRef]

12. Tewari, K.S.; Sill, M.W.; Long, H.J., 3rd; Penson, R.T.; Huang, H.; Ramondetta, L.M.; Reid, T.J.; Leitao, M.M.; Michael, H.E.; Monk,
B.J.; et al. Improved survival with bevacizumab in advanced cervical cancer. N. Engl. J. Med. 2014, 370, 734–743. [CrossRef]
[PubMed]

13. Kim, K.; Cho, S.Y.; Park, S.I.; Kim, B.J.; Kim, M.H.; Choi, S.C.; Ryu, S.Y.; Lee, E.D. Vaginal and pelvic recurrence rates based on
vaginal cuff length in patients with cervical cancer who underwent radical hysterectomies. Eur. J. Surg. Oncol. 2011, 37, 824–827.
[CrossRef] [PubMed]

14. Piver, M.S.; Rutledge, F.; Smith, J.P. Five classes of extended hysterectomy for women with cervical cancer. Obstet. Gynecol. 1974,
44, 265–272. [PubMed]

15. Querleu, D.; Morrow, C.P. Classification of radical hysterectomy. Lancet Oncol. 2008, 9, 297–303. [CrossRef] [PubMed]
16. Querleu, D.; Cibula, D.; Abu-Rustum, N.R. 2017 Update on the Querleu-Morrow Classification of Radical Hysterectomy. Ann.

Surg. Oncol. 2017, 24, 3406–3412. [CrossRef] [PubMed]
17. Landoni, F.; Maneo, A.; Cormio, G.; Perego, P.; Milani, R.; Caruso, O.; Mangioni, C. Class II versus class III radical hysterectomy

in stage IB-IIA cervical cancer: A prospective randomized study. Gynecol. Oncol. 2001, 80, 3–12. [CrossRef] [PubMed]

https://doi.org/10.3390/jcm15197653

https://doi.org/10.3322/caac.21660
https://www.ncbi.nlm.nih.gov/pubmed/33538338
https://doi.org/10.1002/ijgo.13879
https://doi.org/10.3322/caac.21338
https://doi.org/10.1016/s2214-109x(19)30482-6
https://www.ncbi.nlm.nih.gov/pubmed/31812369
https://doi.org/10.1002/ijgo.13865
https://www.ncbi.nlm.nih.gov/pubmed/34669203
https://doi.org/10.1093/annonc/mdx220
https://www.ncbi.nlm.nih.gov/pubmed/28881916
https://doi.org/10.3802/jgo.2023.34.e42
https://www.ncbi.nlm.nih.gov/pubmed/36807745
https://doi.org/10.3389/fonc.2021.715077
https://www.ncbi.nlm.nih.gov/pubmed/35087740
https://doi.org/10.1016/j.ygyno.2009.06.001
https://www.ncbi.nlm.nih.gov/pubmed/19560188
https://doi.org/10.1016/j.ajog.2011.03.008
https://www.ncbi.nlm.nih.gov/pubmed/21752752
https://doi.org/10.1634/theoncologist.2002-0342
https://doi.org/10.1056/nejmoa1309748
https://www.ncbi.nlm.nih.gov/pubmed/24552320
https://doi.org/10.1016/j.ejso.2011.06.010
https://www.ncbi.nlm.nih.gov/pubmed/21723690
https://www.ncbi.nlm.nih.gov/pubmed/4417035
https://doi.org/10.1016/s1470-2045(08)70074-3
https://www.ncbi.nlm.nih.gov/pubmed/18308255
https://doi.org/10.1245/s10434-017-6031-z
https://www.ncbi.nlm.nih.gov/pubmed/28785898
https://doi.org/10.1006/gyno.2000.6010
https://www.ncbi.nlm.nih.gov/pubmed/11136561
https://doi.org/10.3390/jcm15197653


J. Clin. Med. 2026, 15, 7653 11 of 11

18. Bergmark, K.; Avall-Lundqvist, E.; Dickman, P.W.; Henningsohn, L.; Steineck, G. Vaginal changes and sexuality in women with a
history of cervical cancer. N. Engl. J. Med. 1999, 340, 1383–1389. [CrossRef] [PubMed]

19. Jensen, P.T.; Groenvold, M.; Klee, M.C.; Thranov, I.; Petersen, M.A.; Machin, D. Early-stage cervical carcinoma, radical hysterec-
tomy, and sexual function. A longitudinal study. Cancer 2004, 100, 97–106. [CrossRef] [PubMed]

20. Frumovitz, M.; Sun, C.C.; Schover, L.R.; Munsell, M.F.; Jhingran, A.; Wharton, J.T.; Eifel, P.; Bevers, T.B.; Levenback, C.F.;
Gershenson, D.M.; et al. Quality of life and sexual functioning in cervical cancer survivors. J. Clin. Oncol. 2005, 23, 7428–7436.
[CrossRef] [PubMed]

21. Sedlis, A.; Bundy, B.N.; Rotman, M.Z.; Lentz, S.S.; Muderspach, L.I.; Zaino, R.J. A randomized trial of pelvic radiation therapy
versus no further therapy in selected patients with stage IB carcinoma of the cervix after radical hysterectomy and pelvic
lymphadenectomy: A Gynecologic Oncology Group Study. Gynecol. Oncol. 1999, 73, 177–183. [CrossRef] [PubMed]

22. Rotman, M.; Sedlis, A.; Piedmonte, M.R.; Bundy, B.; Lentz, S.S.; Muderspach, L.I.; Zaino, R.J. A phase III randomized trial
of postoperative pelvic irradiation in Stage IB cervical carcinoma with poor prognostic features: Follow-up of a gynecologic
oncology group study. Int. J. Radiat. Oncol. Biol. Phys. 2006, 65, 169–176. [CrossRef] [PubMed]

23. Abu-Rustum, N.R.; Campos, S.M.; Amarnath, S.; Arend, R.; Barber, E.; Bradley, K.; Brooks, R.; Chino, J.; Chon, H.S.; Crispens,
M.A.; et al. Cervical Cancer, Version 2.2026, NCCN Clinical Practice Guidelines in Oncology. J. Natl. Compr. Cancer Netw. 2025,
23, 549–573. [CrossRef] [PubMed]

24. Cibula, D.; Raspollini, M.R.; Planchamp, F.; Centeno, C.; Chargari, C.; Felix, A.; Fischerová, D.; Jahnn-Kuch, D.; Joly, F.; Kohler, C.;
et al. ESGO/ESTRO/ESP Guidelines for the management of patients with cervical cancer—Update 2023. Int. J. Gynecol. Cancer
2023, 33, 649–666. [CrossRef] [PubMed]

25. Ryu, S.Y.; Kim, M.H.; Nam, B.H.; Lee, T.S.; Song, E.S.; Park, C.Y.; Kim, J.W.; Kim, Y.B.; Ryu, H.S.; Park, S.Y.; et al. Intermediate-risk
grouping of cervical cancer patients treated with radical hysterectomy: A Korean Gynecologic Oncology Group study. Br. J.
Cancer 2014, 110, 278–285. [CrossRef] [PubMed]

26. Peters, W.A., 3rd; Liu, P.Y.; Barrett, R.J., 2nd; Stock, R.J.; Monk, B.J.; Berek, J.S.; Souhami, L.; Grigsby, P.; Gordon, W., Jr.; Alberts,
D.S. Concurrent chemotherapy and pelvic radiation therapy compared with pelvic radiation therapy alone as adjuvant therapy
after radical surgery in high-risk early-stage cancer of the cervix. N. Engl. J. Med. 2000, 342, 1144–1153.

27. Zuo, N.; Hu, H.; Thapa, N.; Li, Z.; Jiang, D.; Meng, X.; Yang, J.; Chen, X.; Cai, H. Vaginal cuff length during radical hysterectomy
is a prognostic factor for stage IB-IIA cervical cancer: A retrospective study. Cancer Manag. Res. 2018, 10, 5927–5935. [CrossRef]
[PubMed]

28. Kim, D.; Ki, Y.; Kim, W.; Park, D.; Lee, J.; Lee, J.; Jeon, H.; Nam, J. Adjuvant external beam radiation and brachytherapy for
vaginal resection margin positive cervical cancer. Radiat. Oncol. J. 2018, 36, 147–152. [CrossRef] [PubMed]

29. Bhatla, N.; Tomar, S.; Meena, J.; Sharma, D.N.; Kumar, L. Adjuvant treatment in cervical, vaginal and vulvar cancer. Best Pract.
Res. Clin. Obstet. Gynaecol. 2022, 78, 36–51. [CrossRef] [PubMed]

30. Ramirez, P.T.; Frumovitz, M.; Pareja, R.; Lopez, A.; Vieira, M.; Ribeiro, M.; Buda, A.; Yan, X.; Shuzhong, Y.; Chetty, N.; et al.
Minimally Invasive versus Abdominal Radical Hysterectomy for Cervical Cancer. N. Engl. J. Med. 2018, 379, 1895–1904. [CrossRef]
[PubMed]

31. Kondo, E.; Yoshida, K.; Kubo-Kaneda, M.; Nii, M.; Okamoto, K.; Magawa, S.; Nimua, R.; Okumura, A.; Okugawa, T.; Yamawaki,
T.; et al. Does Vaginal Cuff Creation and Avoidance of a Uterine Manipulator Improve the Prognosis of Total Laparoscopic
Radical Hysterectomy for Early Cervical Cancer? A Retrospective Multicenter Study. Cancers 2022, 14, 4389. [CrossRef] [PubMed]

32. Salani, R.; Khanna, N.; Frimer, M.; Bristow, R.E.; Chen, L.M. An update on post-treatment surveillance and diagnosis of recurrence
in women with gynecologic malignancies: Society of Gynecologic Oncology (SGO) recommendations. Gynecol. Oncol. 2017,
146, 3–10. [CrossRef] [PubMed]

33. Shan, M.; Deng, Y.; Zou, W.; Fan, S.; Li, Y.; Liu, X.; Wang, J. Salvage radiotherapy strategy and its prognostic significance for
patients with locoregional recurrent cervical cancer after radical hysterectomy: A multicenter retrospective 10-year analysis. BMC
Cancer 2023, 23, 905. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/jcm15197653

https://doi.org/10.1056/nejm199905063401802
https://www.ncbi.nlm.nih.gov/pubmed/10228188
https://doi.org/10.1002/cncr.11877
https://www.ncbi.nlm.nih.gov/pubmed/14692029
https://doi.org/10.1200/jco.2004.00.3996
https://www.ncbi.nlm.nih.gov/pubmed/16234510
https://doi.org/10.1006/gyno.1999.5387
https://www.ncbi.nlm.nih.gov/pubmed/10329031
https://doi.org/10.1016/j.ijrobp.2005.10.019
https://www.ncbi.nlm.nih.gov/pubmed/16427212
https://doi.org/10.6004/jnccn.2025.0057
https://www.ncbi.nlm.nih.gov/pubmed/41671440
https://doi.org/10.1136/ijgc-2023-004429
https://www.ncbi.nlm.nih.gov/pubmed/37127326
https://doi.org/10.1038/bjc.2013.716
https://www.ncbi.nlm.nih.gov/pubmed/24357798
https://doi.org/10.2147/cmar.s175726
https://www.ncbi.nlm.nih.gov/pubmed/30510460
https://doi.org/10.3857/roj.2018.00087
https://www.ncbi.nlm.nih.gov/pubmed/29983035
https://doi.org/10.1016/j.bpobgyn.2021.07.005
https://www.ncbi.nlm.nih.gov/pubmed/34426088
https://doi.org/10.1056/nejmoa1806395
https://www.ncbi.nlm.nih.gov/pubmed/30380365
https://doi.org/10.3390/cancers14184389
https://www.ncbi.nlm.nih.gov/pubmed/36139549
https://doi.org/10.1016/j.ygyno.2017.03.022
https://www.ncbi.nlm.nih.gov/pubmed/28372871
https://doi.org/10.1186/s12885-023-11406-z
https://www.ncbi.nlm.nih.gov/pubmed/37752476
https://doi.org/10.3390/jcm15197653

	Introduction 
	Materials and Methods 
	Study Design and Patients 
	Surgical Procedures and VCL Measurement 
	Definitions and Follow-Up 
	Data Collection and Analysis 
	Statistical Analysis 

	Results 
	Baseline Characteristics 
	Correlation Between VCL and Time to Recurrence 
	Roc Curve and Optimal Cutoff Value 
	Comparison of Recurrence Time Between VCL Groups 
	Univariate Analysis of Factors Associated with 2-Year Recurrence 

	Discussion 
	Main Findings 
	Comparison with Previous Studies 
	Potential Mechanisms 
	Clinical Implications 
	Strengths and Limitations 
	Future Directions 

	Conclusions 
	References

