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Abstract: Objective: This study aimed to investigate the clinical characteristics and prognostic factors of recurrent 
cervical cancer to optimize risk stratification and therapeutic strategies. Methods: A retrospective cohort study 
was conducted on 143 recurrent cases identified from 1,127 cervical cancer patients treated at two tertiary hospi-
tals between August 2009 and May 2023. Chi-square tests, Kaplan-Meier survival analysis, and Cox proportional 
hazards models were employed to evaluate recurrence patterns, time-to-recurrence (TTR), and prognostic deter-
minants. Results: The recurrence rate was 12.67% (143/1,127), with a median TTR of 15 months (IQR: 10-36). 
Distant metastases predominantly involved the lungs (31.6%), lymph nodes (24.1%), and bones (20.3%), with bone 
metastases occurring earliest (median: 12.5 months). Lymphovascular space invasion (LVSI), tumor size > 4 cm, 
advanced FIGO stage, and treatment modality significantly influenced TTR (all P < 0.05). Non-radiated patients 
exhibited localized recurrence (60.7%), whereas irradiated patients showed systemic dissemination (extrapelvic 
recurrence: 47.7%). In the postoperative recurrence subgroup (n = 121), univariate analysis identified tumor size > 
4 cm (P = 0.013), advanced FIGO stage (P < 0.001), and adjuvant radiotherapy (P = 0.013) as independent predic-
tors of early recurrence (TTR ≤ 12 months). Notably, irradiated patients demonstrated shorter median TTR (13 vs. 
23 months, P = 0.013), attributable to higher baseline tumor burden (tumor > 4 cm: 29.2% vs. 12.5%, P = 0.044). 
Multivariate Cox regression revealed borderline significance for tumor size > 4 cm (HR = 1.450, 95% CI: 0.914-
2.300, P = 0.115), advanced FIGO stage (HR = 1.228, 95% CI: 0.991-1.521, P = 0.060), and adjuvant radiotherapy 
(HR = 1.413, 95% CI: 0.966-2.068, P = 0.075). Conclusion: Tumor burden (size, stage, nodal involvement) drives 
recurrence patterns and timing. The paradoxical association between adjuvant radiotherapy and early recurrence 
highlights selection bias in high-risk cohorts. Our findings underscore the necessity of molecularly informed risk 
stratification to optimize therapeutic decision-making.
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Introduction

Cervical cancer remains a leading gynecologi-
cal malignancy, imposing substantial burdens 
on women’s health globally. While therapeut- 
ic advancements in surgery and radiotherapy 
have improved early-stage disease manage-
ment, post-treatment recurrence persists as a 
critical clinical dilemma. The 2018 FIGO stag-
ing system reveals a steep escalation in stage-

dependent recurrence rates from 10% in stage 
IB to 74% in stage IVA, with over 80% of these 
events clustering within the first two years post-
treatment [1], highlighting the aggressive na- 
ture of residual disease and the critical window 
for surveillance. The management of recurrent 
cervical cancer faces unique challenges, par-
ticularly in radiotherapy-naïve populations. Ne- 
arly 70% of recurrent cases involve patients wi- 
th prior pelvic irradiation [2], which complicates 
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retreatment due to cumulative radiation toxicity 
and compromised tissue tolerance. Moreover, 
recurrent disease portends a dismal prognosis, 
with 1-year survival rates plunging below 15% 
[3], necessitating urgent investigations into 
recurrence drivers and risk stratification.

Emerging evidence has delineated clinicopath-
ological determinants of cervical cancer recur-
rence, with large-scale meta-analyses confirm-
ing that FIGO stage, lymph node metastasis, 
tumor diameter, and therapeutic modalities 
(surgery, radiotherapy, chemotherapy, or com-
binations) independently correlate with post-
treatment recurrence risks [4, 5]. Crucially, sur-
gical radicality, radiation dosimetry, and chemo- 
therapy sensitivity collectively orchestrate re- 
currence dynamics through tumor microenvi-
ronment remodeling [6, 7].

However, the specific mechanisms of action 
among these factors, as well as how to better 
predict and prevent recurrence, remain unclear. 
Therefore, further research on the factors influ-
encing recurrence, particularly a comprehen-
sive analysis of multiple factors and their po- 
tential interactions, is critical for improving tre- 
atment outcomes and prognosis. This study 
aims to provide a scientific basis for the devel-
opment of personalized prevention and tre- 
atment strategies, with the goal of achieving 
breakthroughs in cervical cancer therapy.

Methods

Study population

This retrospective cohort study analyzed 143 
patients with recurrent cervical cancer identi-
fied from 1,127 consecutively treated cases  
at the Affiliated Hospital of Guangdong Medi- 
cal University and Zhanjiang Central People’s 
Hospital between August 2009 and May 2023. 
Inclusion Criteria: ① Confirmed recurrence: De- 
fined as either: Histopathological confirmation 
of recurrence (primary or metastatic lesions by 
biopsy); Radiological-clinical evidence (enhan- 
ced MRI/CT/PET-CT demonstrating pelvic ma- 
sses, lymphadenopathy, or distant metastases) 
that met the RECIST 1.1 criteria. ② Prior anti- 
tumor treatment: At least one therapeutic in- 
tervention (surgery, radiotherapy, chemoradio-
therapy, or combinations). Exclusion Criteria:  
① Concurrent malignancies; ② Ambiguous pa- 
thology or non-cervical primary carcinoma; ③ 

Significant comorbidities (e.g., uncontrolled 
cardiopulmonary diseases); ④ De novo stage 
IV disease or pretreatment distant metastases. 
Participants were stratified into three age co- 
horts: young-middle-aged (30-44 years), mid-
dle-elderly (45-59 years), and elderly (≥ 60 
years). Ethical approval was obtained from the 
Institutional Review Board of Zhanjiang City, 
China (Approval No.: PJ[IIT-2024026-2]; Nove- 
mber 11, 2024), with a waiver of informed con-
sent granted due to the retrospective design.

Data collection

Clinicopathological data were systematically 
retrieved, including age at diagnosis, histologi-
cal type (squamous/adenocarcinoma/other 
subtypes), maximum tumor diameter (≤ 4 cm or 
> 4 cm), lymphovascular space invasion (LVSI) 
status, 2018 FIGO staging, metastatic lymph 
node count/location, surgical procedures, and 
therapeutic regimens. Pathological evaluations 
adhered to international consensus guidelines: 
primary tumor dimensions (millimeter preci-
sion) and stromal invasion depth were record-
ed, along with growth patterns (exophytic/en- 
dophytic). Systematic pelvic lymphadenectomy 
encompassed the external iliac, obturator, in- 
ternal iliac, and common iliac nodal groups. Pa- 
rametrial involvement was defined as a tumor ≤ 
3 mm from resection margins.

Recurrence patterns were classified by prior 
radiotherapy exposure: Post-radiotherapy recur- 
rence group: a) In-field recurrence: Recurrence 
within the original radiotherapy fields, including 
the cervix, upper vagina, or parametria; b) Out-
field recurrence: Distant metastases outside 
the original radiotherapy fields (e.g., lung, bone, 
or intra-abdominal sites); c) Both in-field and 
out-of-field: Concurrent in-field and out-field re- 
currences.

Radiotherapy-naïve group: a) Central recurren- 
ce: Relapse in the uterus, parametria, or vagi-
nal vault; b) Peripheral recurrence: Extrapelvic 
metastases; c) Composite type: Combined cen-
tral and peripheral recurrences [8].

2018 FIGO Staging Criteria: Stage I: Confined to 
the cervix (uterine extension permitted). Stage 
II: Beyond the cervix but not involving pelvic 
wall/lower vagina: IIA: Upper 2/3 vaginal inva-
sion without parametrial involvement; IIB: Pa- 
rametrial invasion. Stage III: Extends to pelvic 
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wall/lower vagina, causes hydronephrosis, or 
nodal metastasis. IIIA: Lower 1/3 vaginal in- 
volvement; IIIB: Pelvic wall invasion/hydrone-
phrosis; IIIC: Nodal metastasis (IIIC1: pelvic; 
IIIC2: para-aortic) with imaging (r) or pathologi-
cal (p) designation. Time-to-Recurrence (TTR) 
was defined as the interval from initial treat-
ment commencement to histopathological/ra- 
diological confirmation (RECIST 1.1) of first re- 
currence. Right-censoring was applied for loss-
to-follow-up or recurrence-free cases at last 
contact. Postoperative recurrences were dicho- 
tomized as early (TTR ≤ 12 months) or late (TTR 
> 12 months).

Follow-up protocol

The follow-up period commenced at the com-
pletion date of primary tumor therapy. The end-
point was defined as the date of first recurrence 
confirmation or the last follow-up (May 2023). 
Primary outcome: TTR. Secondary outcomes: 
Recurrence patterns and survival status (alive/
deceased). Follow-up evaluations were condu- 
cted at 3-month intervals (gynecological exami-
nation + cross-sectional imaging) and 6-month 
intervals (serum tumor marker assays). The 
median follow-up duration was 30 months.

Statistical analysis

A structured database was constructed us- 
ing Microsoft Excel 2019, with data integ- 
rity ensured through dual-independent entry 

group TTR differences were compared by log-
rank test; Cox proportional hazards models 
generated hazard ratios (HR) with 95% confi-
dence intervals (CI). All tests were two-tailed, 
with statistical significance set at P < 0.05.

Results

Clinical characteristics of recurrent cervical 
cancer

A total of 143 patients with recurrent cervical 
cancer were included (overall cohort: 1,127; 
recurrence rate: 12.67%). The median TTR was 
15 months (IQR: 10-36), with a right-skewed 
distribution (Figure 1). Distant metastases 
occurred in 79 patients (55.2%), exhibiting or- 
ganotropism: the most common site was the 
lungs (31.6%, 25/79), followed by lymph nodes 
(24.1%, 19/79), bone (20.3%, 16/79), and liver 
(17.7%, 14/79), while brain (5.1%, 4/79) and 
thyroid (1.3%, 1/79) metastases were rare. 
Temporal analysis revealed bone as the earli-
est metastatic site (median: 12.5 months), fol-
lowed sequentially by lymph nodes (13 months), 
lungs (13 months), liver (18 months), brain (21 
months), and thyroid (22 months).

Prognostic factors for TTR

Nonparametric analyses demonstrated signifi-
cant heterogeneity in TTR across risk-stratified 
subgroups (Table 1). Pathological Features: 
LVSI: Kruskal-Wallis test confirmed LVSI status 

Figure 1. Cervical cancer recurrence time distribution and frequency histo-
gram.

and cross-verification. Analy- 
ses were performed in SPSS 
Statistics 29.0. Categorical 
variables (e.g., tumor size,  
histology) were summarized 
as frequencies (percentages), 
while non-normally distribut- 
ed continuous variables were 
reported as medians with in- 
terquartile ranges (IQR). Uni- 
variate analyses: Associations 
between categorical variables 
were assessed via Pearson’s 
chi-square test; relationships 
between continuous and cat-
egorical variables were evalu-
ated using nonparametric te- 
sts (Mann-Whitney U/Kruskal-
Wallis H). Survival analysis: 
TTR was estimated via the 
Kaplan-Meier method; inter-
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Table 1. Clinicopathologic characteristics and Time to Recurrence (TTR) of recurrent cervical cancer

Characteristic N %
Time to recurrence TTR (m)

Statistical Test P-value
Age (years) 1.949 0.377
    30-44 22 15.4
    45-59 67 46.9
    ≥ 60 54 37.8
Pathological type 0.886 0.642
    Squamous cell carcinoma 110 76.9
    Adenocarcinoma 21 14.7
    Other rare types 12 8.4
LVSI 9.239 0.010
    No 39 27.3
    Yes 70 49.0
    Uncertain 34 23.8
Tumor size 1342.000 < 0.001
    ≤ 4 cm 100 69.9
    > 4 cm 43 30.1
FIGO stage 10.256 0.006
    Early-stage Group (IA-IIA) 82 57.3
    Locally Advanced Group (IIB-IIIB) 29 20.3
    Lymph Node Metastasis Group (IIIC1-IIIC2) 32 22.4
Number of lymph node metastasis 2.466 0.291
    0 82 57.3
    1-3 42 29.4
    ≥ 4 19 13.3
Region of lymph node metastasis 4.547 0.103
    None 77 53.8
    Pelvic 58 40.6
    Peri-aortic or para-aortic abdominal 7 4.9
    Inguinal 1 0.7
Surgery 918.000 0.021
    Yes 121 84.6
    No 22 15.4
Postoperative radiotherapy 1382.500 0.023
    No 56 46.3
    Yes 65 53.7
Treatment strategy 9.266 0.010
    Surg. 47 32.9
    Surg.+RT/RCT/Chemo 75 52.4
    RCT/RT 21 14.7
Pattern of recurrence 9.996 0.075
    Central 36 25.2
    Peripheral 11 7.7
    Composite 13 9.1
    Out-of-field 44 30.8
    In-field 28 19.6
    Both in-field and out-of-field 11 7.7
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significantly influenced TTR (H = 9.239, P = 
0.010). The LVSI-uncertain group had a pro-
longed median TTR (24.0 months) compared to 
the LVSI-defined group (positive/negative: 14.0 
months; Dunn’s post hoc test with Bonferroni 
correction, P < 0.05). No significant difference 
existed between LVSI-positive and negative 
subgroups (adjusted P = 1.735). Tumor size: 
The > 4 cm group showed a markedly shorter 
median TTR (11.0 months vs. 19.5 months; 
Mann-Whitney U = 1342, P < 0.001). Disease 
Staging: Early-stage group (IA-IIA2): Median 
TTR = 21.0 months. Locally advanced (IIB-IIIB) 
and nodal metastasis (IIIC1-IIIC2) groups: Me- 
dian TTR decreased to 10.0 and 13.0 months, 
respectively (Kruskal-Wallis H = 10.256, P = 
0.006). Box plots (Figure 2A-F) illustrated sig-
nificant TTR variations driven by LVSI status, 

tumor size, FIGO stage, surgical approach, ra- 
diotherapy, and treatment strategy (all P < 
0.05).

Anatomical drivers of recurrence patterns

Chi-square analysis (Table 2) revealed signifi-
cant associations between recurrence patterns 
and tumor size, FIGO stage, metastatic lymph 
node count, and nodal distribution (all P < 
0.05). Tumors ≤ 4 cm predominantly exhibited 
central recurrence (91.7%, 33/36), significantly 
exceeding the proportion in tumors > 4 cm 
(8.3%, P < 0.001). Conversely, tumors > 4 cm 
demonstrated higher rates of out-of-field recur-
rence (53.5%) and both in-field and out-of-field 
recurrence (11.6%). Locally advanced group 
(IIB-IIIB): Out-of-field recurrence rate was 48.3% 

Figure 2. Distribution of Time to Recurrence (TTR) by different groups with statistically significant P-values. Each box 
plot displays the median, interquartile range (IQR), and outliers. P-values (displayed above each plot) indicate signifi-
cant differences between groups, as determined by non-parametric tests (Kruskal-Wallis H test and Mann-Whitney 
U test). Outliers are shown as individual points beyond 1.5×IQR. LVSI, lymphovascular space invasion; Surg, surgery; 
Chemo, chemotherapy; RT, radiotherapy; RCT, radiochemotherapy.
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Table 2. Recurrent cervical cancer recurrence patterns based on various clinicopathological charac-
teristics

Characteristic
Pattern of recurrence

χ2 P
Central Peripheral Composite Out-of-field In-field Both in-field  

and out-of-field
Age (years) 5.258 0.873

    30-44 6 4 2 6 3 1

    45-59 17 3 6 22 14 5

    ≥ 60 13 4 5 16 11 5

Pathological type 9.889 0.450

    squamous cell carcinoma 27 6 11 37 21 8

    Adenocarcinoma 6 2 1 4 5 3

    Other rare types 3 3 1 3 2 0

LVSI 13.101 0.218

    No 14 5 4 9 6 1

    Yes 14 5 4 9 6 1

    Uncertain 11 2 3 10 4 4

Tumor size 22.277 < 0.001

    ≤ 4 cm 33 10 10 21 20 6

    > 4 cm 3 1 3 23 8 5

FIGO stage

    Early-stage Group (IA-IIA) 30 8 7 17 15 5 29.215 0.001

    Locally Advanced Group (IIB-IIIB) 0 2 2 14 10 1

    Lymph Node Metastasis Group (IIIC1-IIIC2) 6 1 4 13 3 5

Number of lymph node metastasis 29.352 0.001

    0 30 9 8 19 12 4

    1-3 4 2 4 15 14 3

    ≥ 4 2 0 1 10 2 4

Region of lymph node metastasis 31.078 0.009

    None 29 9 8 16 12 3

    Pelvic 6 2 4 24 15 7

    Peri-aortic or para-aortic abdominal 1 0 1 4 0 1

    Inguinal 0 0 0 0 1 0

(14/29), exceeding that of the early-stage group 
(IA-IIA2) (20.7%, 17/82). Nodal metastasis gr- 
oup (IIIC1-IIIC2): Both in-field and out-of-field 
recurrence occurred in 15.6% (5/32), reflecting 
multifocal dissemination. Demographic charac-
teristics (age stratification) and histopathologi-
cal parameters (histological subtype) showed 
no significant association with recurrence pat-
terns (all P > 0.05).

Characteristics of postoperative recurrence 
subgroup

In the postoperative recurrence cohort (n = 
121), the median TTR was 16 months (IQR: 
12-36). Significant heterogeneity in recurrence 
pattern distribution was observed across tumor 
size (χ2 = 12.694, P = 0.026), FIGO stage (χ2 = 
20.250, P = 0.027), metastatic lymph node 
count (χ2 = 20.927, P = 0.022), nodal distribu-
tion (χ2 = 20.554, P = 0.024), and postopera-

tive radiotherapy (χ2 = 106.821, P < 0.001). 
Non-irradiated group (n = 56): Predominant 
central recurrence (60.7%, 34/56). Irradiated 
group (n = 65): Extrapelvic recurrence (47.7%, 
31/65) and systemic dissemination patterns. 
No significant intergroup differences were no- 
ted for age stratification (χ2 = 6.103, P = 0.807), 
histological type (χ2 = 11.223, P = 0.340), or 
lymphovascular space invasion (LVSI) status (χ2 
= 15.794, P = 0.106).

Univariate Analysis: Chi-square tests (Table 3) 
identified tumor size > 4 cm (P = 0.008), LVSI (P 
= 0.002), and postoperative radiotherapy (P = 
0.025) as independent predictors of early re- 
currence (TTR ≤ 12 months). Kaplan-Meier 
curves (Figure 3) demonstrated: Tumor size > 4 
cm: Median TTR = 11 months (95% CI: 7.263-
14.737), 7 months shorter than the ≤ 4 cm gr- 
oup (18 months, 95% CI: 10.837-25.163; Log-
Rank χ2 = 6.284, P = 0.012). Early-stage group 
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(IA-IIA): Median TTR = 21 months (95% CI: 
15.541-26.459). Locally advanced (IIB-IIIB) and 
nodal metastasis (IIIC1-IIIC2) groups: Median 
TTR decreased to 10 months (95% CI: 7.434-
12.566) and 13 months (95% CI: 10.800-
15.200), respectively (Log-Rank χ2 = 7.012, P = 
0.030). Postoperative radiotherapy: Median 
TTR was significantly shorter than non-irradiat-
ed cases (13 vs. 23 months, P = 0.013). Base- 
line disparities: The irradiated group exhibited 
higher tumor burden: Tumor > 4 cm: 29.2% vs. 
12.5% (P = 0.044); LVSI positivity: 60.0% vs. 
35.7% (P = 0.024); Nodal metastasis burden: 
1-3 nodes: 27.7% vs. 17.9%; ≥ 4 nodes: 16.9% 
vs. 5.4% (P = 0.033).

Multivariate Analysis: The Cox proportional haz-
ards model demonstrated overall significance 
(χ2 = 14.295, P = 0.003). Tumor size > 4 cm (HR 
= 1.450, 95% CI: 0.914-2.300, P = 0.115), ad- 
vanced FIGO stage (HR = 1.228, 95% CI: 0.991-
1.521, P = 0.060), and postoperative radiother-
apy (HR = 1.413, 95% CI: 0.966-2.068, P = 
0.075) were associated with elevated recur-
rence risk, though statistical significance was 
not achieved, suggesting potential residual 
confounding or limited sample size.

Discussion

The overall recurrence rate in our cohort 
(12.67%) was significantly lower than in pre- 

Table 3. Clinicopathological predictors of postoperative early (≤ 12 months) and late (> 12 months) 
recurrence in cervical Cancer

Characteristic Total  
(n = 121)

Early Recurrence 
(n = 43)

Late Recurrence 
(n = 78) χ2 P

Age (years) 4.118 0.128
    30-44 20 4 16
    45-59 57 19 38
    ≥ 60 44 20 24
Pathological type 1.199 0.549
    squamous cell carcinoma 91 33 58
    Adenocarcinoma 19 5 14
    Other rare types 11 5 6
LVSI 12.605 0.002
    No 39 15 24
    Yes 59 27 32
    Uncertain 23 1 22
Tumor size 7.096 0.008
    ≤ 4 cm 95 28 67
    > 4 cm 26 15 11
FIGO stage
    Early-stage Group (IA-IIA) 82 24 58 4.629 0.099
    Locally Advanced Group (IIB-IIIB) 7 4 3
    Lymph Node Metastasis Group (IIIC1-IIIC2) 32 15 17
Number of lymph node metastasis 0.001 1.000
    0 79 28 51
    1-3 28 10 18
    ≥ 4 14 5 9
Region of lymph node metastasis 1.757 0.415
    None 74 23 51
    Pelvic 43 18 25
    Peri-aortic or para-aortic abdominal 4 2 2
Postoperative radiotherapy 5.053 0.025
    No 56 14.0 42
    Yes 65 29.0 36
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viously reported population-based studies 
(22.3%-26%) [9-11]. This discrepancy likely re- 
flects advancements in multidisciplinary the- 
rapeutic strategies, particularly the widespre- 
ad adoption of concurrent chemoradiotherapy 
(CCRT) and integration of targeted therapies. 
Supporting this, Renxian Xie et al. demonstrat-
ed a 5-year recurrence rate of only 9.7% in 
CCRT-treated patients versus 20.4% in surgery-
alone cohorts [12]. Furthermore, Hua Yang’s 
team reported that combining bevacizumab 
with CCRT improved complete response rates 
to 66.1% and 4-year survival to 78.6%, under-
scoring the synergistic efficacy of anti-angio-
genic agents and locoregional radiotherapy in 
suppressing recurrence [13].

Our study identified pulmonary metastases  
as the most common distant recurrence site 
(31.6%), aligning with Jie Shen’s analysis of 572 
metastatic cases where lung and bone ranked 
as the top two sites [14]. Notably, bone metas-
tases occurred earliest in our cohort (median: 
12.5 months), suggesting hematogenous dis-
semination dominates early recurrence, a find-

ing complementary to Shen’s conclusion that 
“bone metastases warrant prioritized radio-
therapy intervention” [14]. This temporal pat-
tern provides novel rationale for refining surveil-
lance protocols. Based on our data, we propose 
12-18 months post-treatment as a critical win-
dow for bone metastasis screening, advocating 
low-dose CT combined with whole-body bone 
scintigraphy to enhance detection sensitivity.

In this cohort, 65.7% of recurrences occurred 
within two years (median TTR: 15 months, IQR: 
10-36), aligning closely with the 75% two-year 
recurrence rate reported for locally advanced 
cervical cancer patients undergoing definitive 
chemoradiotherapy [9]. This consistency sug-
gests that recurrence timing may exhibit pre-
dictable patterns influenced by therapeutic 
modalities. Our findings highlight the intricate 
interplay among lymphovascular space inva-
sion (LVSI), tumor size, FIGO stage, nodal me- 
tastasis, and treatment strategies, which is 
critical for deciphering the biological behavior 
of recurrent cervical cancer and refining clinical 
decision-making.

Figure 3. Statistically significant differenc-
es in Time to Recurrence (TTR) after cer-
vical cancer surgery. Kaplan-Meier curves 
demonstrating stratified recurrence-free 
survival by (A) tumor size, (B) FIGO stage, 
and (C) postoperative radiotherapy.
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Recurrent cases predominantly affected wo- 
men aged 45-59 years (46.9%). While Kruskal-
Wallis tests revealed no independent age-strat-
ified impact on TTR (P = 0.377), Kaplan-Meier 
curves suggested clinically relevant trends: the 
≥ 60 subgroup exhibited the shortest median 
TTR (13 months; 95% CI: 1.83-9.399), com-
pared to the 30-44 subgroup (16 months; 95% 
CI: 6.807-25.193) and 45-59 subgroup (15 
months; 95% CI: 10.990-19.010). Though inter-
group differences lacked statistical significan- 
ce (Log-Rank P = 0.544), this trend may reflect 
age-related immune decline and therapeutic 
toxicity tolerance concerns in elderly patients 
[15-17].

Squamous cell carcinoma (SCC) dominated his-
tologically (73.4%), yet Kruskal-Wallis analysis 
showed no independent association between 
histological subtype and TTR (P = 0.642). 
Divergent from the findings of Vinh-Hung et al. 
[18], which leveraged SEER data (1973-2002) 
to categorize long-term prognosis by histopath-
ological subtypes - ordered as SCC, adenocarci-
noma, adenosquamous carcinoma, mucinous 
carcinoma, and small cell carcinoma - their 
analysis demonstrated significantly elevated 
mortality hazards for adenocarcinoma (HR = 
1.52) and adenosquamous carcinoma (HR = 
1.35) relative to SCC (both P < 0.001). Their 
analysis employed overall survival, spanning 
from initial diagnosis to death, whereas our 
study focused on TTR to assess primary tumor 
containment. This divergence implies that the 
prognostic disadvantage of non-SCC subtypes 
may manifest predominantly in post-recurrence 
phases.

Consistent with literature documenting younger 
age and higher recurrence/mortality risks in 
adenocarcinoma [19, 20], our cohort showed a 
higher proportion of adenocarcinoma in the 
30-44 subgroup (28.6%, 6/21) compared to 
SCC (13.6%, 15/110), though Pearson’s χ2 test 
did not reach significance (χ2 = 7.880, P = 
0.096). This attenuated association may stem 
from limited sample size and cohort heteroge-
neity, yet directionally supports the consensus 
that adenocarcinoma disproportionately aff- 
ects younger women.

LVSI, a key histologic hallmark of aggressive 
cervical cancer biology, demonstrated signifi-
cant associations with recurrence rates and 

TTR. A Danish cohort study [21] of primary ear-
ly-stage cervical cancer (FIGO IA1-IB1) reported 
that LVSI positivity markedly increased recur-
rence risk (HR = 1.92, P = 0.0188), underscor-
ing its prognostic value for early relapse. How- 
ever, in our recurrent cohort, the LVSI-defined 
subgroup (positive/negative) exhibited com- 
parable median TTR (14.0 months vs. 14.0 
months), whereas the LVSI-uncertain subgroup 
showed prolonged TTR (24.0 months; P = 
0.010). Chi-square tests revealed that LVSI  
status significantly influenced postoperative ra- 
diotherapy decisions (P = 0.033): LVSI-positive 
patients were more likely to receive adjuvant 
radiotherapy (59.4% in irradiated vs. 35.7% in 
non-irradiated groups), aligning with NCCN gui- 
delines recommending radiotherapy for high-
risk features. The lower radiotherapy rate in the 
LVSI-uncertain subgroup (25.0% non-irradiated 
vs. 14.1% irradiated) may reflect primary che- 
moradiation for non-surgical candidates. Radio- 
therapy may counteract LVSI-driven recurrence 
via microenvironment modulation. Future stud-
ies should integrate radiogenomics and liquid 
biopsy-based dynamic monitoring to refine ra- 
diotherapy beneficiary identification.

Tumor size and FIGO stage emerged as cent- 
ral prognostic determinants of recurrence pat-
terns and TTR [22, 23]. Peiretti et al. [23] ob- 
served a recurrence risk escalation from 1.2% 
for tumors ≤ 2 cm to 21% for tumors > 2 cm. In 
our cohort, tumors ≥ 4 cm exhibited higher 
extrapelvic recurrence rates (34.9%) and great-
er likelihood of multimodal therapy (e.g., 50% 
increased chemoradiation use for tumors ≥  
6 cm), advocating aggressive strategies for 
high tumor burden. Conversely, tumors < 2 cm 
predominantly manifested central recurrence 
(47.1% surgery-only), possibly due to early-st- 
age diagnosis and omitted adjuvant therapy. 
Escande et al. [24] reported that preoperative 
brachytherapy in IB1-IIA1 patients with tumors 
≥ 3 cm reduced 5-year disease-free survival (P 
= 0.003), implicating residual micro-metastatic 
potential.

Our study identified tumor size > 4 cm as an 
independent predictor of early postoperative 
recurrence (TTR ≤ 12 months; P = 0.013). Bey- 
ond temporal truncation (7-month TTR reduc-
tion), tumors > 4 cm displayed systemic dis-
semination, with extrapelvic recurrence (53.5%) 
and both in-field and out-of-field recurrence 
(11.6%), reflecting hematogenous spread and 
nodal skip metastasis, strongly correlated with 
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advanced FIGO stages (IIB-IIIB) and ≥ 3 meta-
static lymph nodes.

Although tumor size showed no direct associa-
tion with LVSI positivity (P = 0.535), its anatom-
ic constraints likely dictated metastatic routes. 
Tumors ≤ 4 cm, confined by anatomic barriers, 
preferentially recurred locally via direct inva-
sion or lymphatic bypass. These findings under-
score tumor burden’s pivotal role, warranting 
integration of molecular subtyping and radio- 
mics into personalized recurrence prediction 
models.

FIGO stage independently stratified TTR and 
recurrence patterns. The early-stage group (IA1- 
IIA2) exhibited prolonged median TTR (21.0 
months) compared to locally advanced (IIB-IIIB; 
10.0 months) and nodal metastasis (IIIC1-IIIC2; 
13.0 months) groups (P = 0.006). This aligns 
with Wang et al.’s cervical adenocarcinoma 
recurrence model, where FIGO stage dominat-
ed RFS prediction. Liu et al.’s nomogram fur-
ther validated tumor size and nodal metastasis 
as independent systemic recurrence drivers (P 
= 0.001) [25], corroborating our nodal sub-
group’s abbreviated TTR.

This study confirmed significant anatomical he- 
terogeneity in postoperative recurrence pat-
terns of cervical cancer, closely associated with 
tumor burden parameters (size, FIGO stage, 
nodal metastasis) and therapeutic strategies. 
Among 121 postoperative recurrence cases, 
non-irradiated patients predominantly exhibit-
ed localized progression, whereas irradiated 
patients demonstrated systemic dissemina-
tion. While postoperative radiotherapy was as- 
sociated with a significantly shorter median 
TTR (13 vs. 23 months, P = 0.013), its impact  
in the multivariate Cox model was borderline 
nonsignificant (P = 0.075). This paradox likely 
stems from treatment selection bias favoring 
high-risk patients (larger tumors, heavy nodal 
burden, LVSI positivity, advanced stage) for 
adjuvant radiotherapy. Despite comprehensive 
adjustment for established confounders in our 
multivariate model, residual confounding may 
persist due to unmeasured variables. These 
include molecular heterogeneity and technical 
variations in radiotherapy delivery (e.g., devia-
tions from planned target volumes), both of 
which could theoretically distort hazard ratio 
estimations.

Limitations

This study has limitations: Retrospective de- 
sign: Unavailable key prognostic variables (e.g., 
PD-L1 expression, HPV subtypes) might intro-
duce bias; Sample size constraint (n = 143): 
Reduced power for multivariate Cox regression 
and rare event analyses (e.g., thyroid metasta-
sis). Exclusion of non-recurrent cases precludes 
absolute recurrence risk calculation.

Conclusion

We systematically identified key drivers of cer-
vical cancer recurrence. LVSI, tumor size, FIGO 
stage, nodal metastasis, and treatment moda- 
lities significantly predict recurrence patterns 
and TTR. These findings underscore the neces-
sity for comprehensive recurrence manage-
ment and urgent optimization of therapeutic 
strategies. Future multicenter studies with larg-
er cohorts are imperative to validate and gener-
alize these insights for clinical translation.
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