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Objective: To explore the influencing factors of recurrence after surgical
treatment for early-stage cervical cancer (stages IA1-1I1A1) and to investigate the
relationship between human papillomavirus (HPV) infection and postoperative
recurrence of lesions.

Methods: A retrospective analysis was conducted on the clinical data of 242
patients who underwent surgical treatment for early-stage cervical cancer (FIGO
stages IA1-1IA1) at the Second Affiliated Hospital of Dalian Medical University
between 2015 and 2022. Cox regression analysis was employed to evaluate the
relationship between persistent postoperative HPV infection and lesion vaginal
local recurrence while identifying the associated risk factors for persistent HPV
infection following surgery.

Results: Within 12 months postoperatively, the HPV clearance rate was 88.11%. HPV
infection persisted beyond 12 months in 19 patients (7.9%), with 3 cases
demonstrating the same HPV genotypes (types 52, 58) as those identified
preoperatively. Multivariate analysis identified persistent postoperative HPV
infection (odds ratio [OR] 1.72, 95% confidence interval [Cl] -1.14 to 5, p=0.001%)
as an independent risk factor for recurrence. Additionally, smoking (OR 7.49, 95% CI
1.19 to 47.13, p=0.032), abnormal vaginal microbiota (OR 0.663, 95% ClI 0.403 to
1.088, p=0.001%), and the type of surgical procedure (OR 0.32, 95% Cl 0.11 to 0.91,
p=0.033) were significantly associated with a higher rate of persistent HPV infection.

Conclusion: Persistent HPV infection after surgery is an independent risk factor
for postoperative recurrence in early-stage cervical cancer. Surgical approach,
abnormal vaginal microbiota, and smoking are associated factors for persistent
HPV infection after surgery.
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Introduction

Cervical cancer is one of the most prevalent malignancies
affecting women globally, with an increasing incidence trend (1).
Surgical intervention is the standard treatment for early-stage
cervical cancer (2). Postoperative recurrence remains a leading
cause of mortality in cervical cancer patients, underscoring the
importance of vigilant follow-up and early detection in preventing
recurrence. Numerous studies have identified postoperative
pathological factors, including tumor size, depth of stromal
invasion, lymphovascular space invasion (LVSI), pathologically
confirmed lymph node metastasis, parametrial involvement,
and positive surgical margins, as significant predictors of
recurrence. Adjuvant chemoradiotherapy is recommended for
patients with these pathological risk factors following surgery.
With the continuous advancement of cervical cancer screening
programs, an increasing number of cases are being diagnosed
at an early stage. Thus, exploring the factors associated with
postoperative recurrence in early-stage cervical cancer is of
considerable clinical importance for optimizing postoperative
surveillance and improving risk assessment for recurrence.
Numerous studies have identified human papillomavirus (HPV),
particularly high-risk strains such as HPV16 and HPV18, as the
primary etiological factor in the onset and progression of cervical
cancer (2, 3). Persistent infection with high-risk HPV can induce
cervical epithelial lesions, which may ultimately progress to invasive
cervical carcinoma (3). This study investigated the risk factors for
lesion vaginal local recurrence in 242 patients with early-stage
cervical cancer following surgical treatment. Furthermore, it
examined the association between persistent HPV infection and
lesion vaginal local recurrence, as well as the high-risk factors
contributing to persistent HPV infection. The objective is to
provide a foundation for the prevention and management of
postoperative recurrence in cervical cancer and to offer scientific
evidence for the development of personalized follow-up and
management strategies.

Methods

This study employed a retrospective analysis, collecting clinical
data from 242 patients with early-stage cervical cancer treated at the
Second Affiliated Hospital of Dalian Medical University between
2015 and 2022. The data included (1): Demographic and medical
history, such as age, gravidity and parity, smoking history, and
immune status (2); Preoperative and postoperative HPV test results
(3); Surgical information, including the type of procedure and
postoperative pathological findings; and (4) Postoperative follow-up
data, including HPV test results at 3, 6, 12, and 24 months post-
surgery, vaginal microecological status, sexual activity, and recurrence
of lesions. The inclusion criteria were (1): FIGO stage I-IIA1 cervical
cancer, with patients undergoing extrafascial hysterectomy or radical
hysterectomy (2); Patients who provided informed consent for TCT
and HPV testing; and (3) Patients who agreed to regular follow-up.
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Exclusion criteria (1): Patients lost to follow-up or those who did not
complete follow-up (2); Patients with severe liver, kidney, or lung
diseases (3); Patients with other malignant tumors of the reproductive
system (4); Patients on long-term immunosuppressive therapy.
Elimination criteria (1): Patients with missing data (2); Patients
unable to undergo sampling or those presenting with symptoms
such as vaginal bleeding or discharge. Follow-up content: By
reviewing patients’ outpatient and inpatient medical records, as
well as relevant lab results and examinations, data were collected
on patients’ age, smoking history, sexual activity, pathological type,
and vaginal secretions. HPV testing and clearance evaluation: HPV
sampling was conducted for all patients during follow-up visits post-
surgery. Statistical analysis: Data were processed using SPSS statistical
software. Continuous variables were presented as mean + standard
deviation, and differences between groups were evaluated using one-
way analysis of variance (ANOVA). The Kaplan-Meier method
was utilized for survival analysis to compare differences between
groups, while Spearman’s rank correlation was applied to assess
correlations. Univariate analysis was conducted to identify factors
influencing postoperative recurrence, and significant variables were
subsequently included in a multivariate Cox regression analysis to
determine independent risk factors for recurrence. A t-test with a
significance level of 0:=0.05 was employed, with p<0.05 considered
statistically significant.

Results
Characteristics of patients

A retrospective analysis was performed on the clinical data of
patients who underwent surgical treatment for early-stage cervical
cancer (FIGO stages IAI-IIA1) at the Second Affiliated Hospital
of Dalian Medical University between 2015 and 2022, with 242
patients meeting the inclusion criteria. According to FIGO staging,
extrafascial hysterectomy or radical hysterectomy combined with
lymphadenectomy was selected. Patients with pathological risk factors
additionally received adjuvant chemoradiotherapy postoperatively. The
mean age of the 242 patients was 52 years (range: 25-76 years).
Pathological evaluation confirmed that none of the patients had
parametrial involvement or positive surgical margins. Of the 242
patients, preoperative HPV tests were positive in all, with 203 cases
(83.8%) infected with HPV-16/18, and 34 cases (14.1%) infected with
other high-risk HPV (HR-HPV) genotypes. The baseline characteristics
of the patients are shown in Table 1.

Postoperative pathological results for all patients showed no
lymph node metastasis, and the postoperative FIGO staging of the
patients remained unchanged.

All patients underwent HPV testing at intervals of 3 to 12
months postoperatively. In this study, the duration of
postoperative HPV infection was defined as the time from the
date of surgery to the detection of HPV infection, with the first
negative conversion observed following cytological examination
of exfoliated cells from the vaginal cuff during follow-up. A total of

frontiersin.org


https://doi.org/10.3389/fonc.2025.1506521
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Na et al.

TABLE 1 Patient’s baseline data.

Variables Value

Age (year) 52.10 £ 10.22
BMI (kg/m?) 23.93 + 4.11
SCC (ng/ml) 2.71 + 4.60
Menopause Yes 139

No 103
Smoking Yes 9

No 233
Surgical approach Minimally invasive 117

Laparotomy 125
Pathological type Squamous carcinoma 206

Adenocarcinoma 30

Adenosquamous Carcinoma | 6

LVSI Yes 53
No 189
Tumor differentiation Poorly 26
Moderately 146
Well 70
FIGO stage TA1 67
1A2 27
IB1 89
1B2 37
TIA1 22
Vaginal microecology Normal 212
Disorder 30

21 patients had persistent HPV infection after surgery, with 2
cases clearing within 12 months, 11 cases clearing between 12 and
24 months, and 8 cases remaining HPV-positive beyond 24
months. Eight cases of postoperative recurrence-related lesions
were observed: four cases of tumor recurrence (two cases of
adenocarcinoma and two cases of squamous cell carcinoma);
and four cases of secondary lesions, with vaginal cuff biopsy
indicating squamous intraepithelial lesions.

Analysis of influencing factors
of recurrence

In univariate analysis, persistent postoperative HPV infection
was significantly associated with an increased risk of local
recurrence. Multivariate Cox regression analysis further identified
persistent HPV infection after surgery (odds ratio [OR] 1.72, 95%
confidence interval [CI] -1.14 to 5, p=0.001*) as an independent risk
factor for local recurrence (Table 2).
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Analysis of influencing factors of
HPV Infection

In univariate analysis, smoking and abnormal vaginal
microecology were found to be associated with an increased
incidence of persistent HPV infection. Multivariate Cox regression
analysis identified the surgical approach and smoking as significant
risk factors for persistent HPV infection (Table 3).

Discussion

Surgical intervention remains the principal approach for the
management of early-stage cervical cancer; however, a subset of
patients may still encounter postoperative recurrence. Research has
demonstrated that the recurrence rate for cervical cancer can reach up
to 13.40% several years post-surgery (4). Research has demonstrated
that the prognosis of early-stage cervical cancer is closely linked to
various pathological risk factors, such as lymph node metastasis,
positive surgical margins, tumor size, parametrial invasion, deep
stromal invasion, and lymphovascular space invasion (LVSI) (5).
This study found that the risk of postoperative recurrence is
increased for the pathological type of adenocarcinoma. Beriwal S
et al. (6) observed that the five-year survival rate for adenocarcinoma
is lower compared to that of squamous cell carcinoma. The elevated
recurrence rate associated with adenocarcinoma may be attributed to
its propensity for deep muscular layer invasion and the challenges in
early detection, coupled with a heightened risk of lymph node
metastasis. Furthermore, adenocarcinoma tends to exhibit reduced
sensitivity to radiation therapy, which constrains available treatment
options. Several studies also indicate that pathological type serves as an
independent risk factor for the prognosis of cervical cancer patients (7).
Jung et al. (8) discovered that cervical cancer patients who underwent
radical surgery for squamous cell carcinoma exhibited better prognoses
compared to their counterparts with adenocarcinoma, evidenced by a
higher five-year survival rate for squamous cell carcinoma. This finding
aligns with the results of prior studies. Consequently, it is imperative to
prioritize and enhance long-term follow-up for patients diagnosed with
adenocarcinoma post-surgery.

Beyond pathological risk factors, research exploring the
relationship between HPV infection and postoperative prognosis in
cervical cancer has attracted considerable attention, particularly
regarding aspects such as HPV infection status and genotype. The
HPYV status following surgery for early-stage cervical cancer represents
a critical factor in the postoperative follow-up management of cervical
cancer patients. It is widely acknowledged that persistent HPV
positivity may signify an elevated risk of recurrence. Consequently,
elucidating the relationship between HPV status and recurrence is
essential for effective clinical management and accurate prognosis
assessment (9-11). HPV status remains an important area of research
in postoperative prognostic assessment. In patients with early-stage
cervical cancer, HPV infection status is considered one of the key
factors influencing postoperative prognosis. Studies have shown that
HPV-positive patients typically have poorer survival rates and higher
recurrence risks. In cervical cancer patients who undergo radical
surgery, high-risk HPV infection is significantly associated with
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TABLE 2 Univariate analysis and multivariate analysis to evaluate the influencing factors of local recurrence.

Univariate analysis (p-value)

Multivariate analysis(p-value)

Variables
B SE z P OR(95%C) B S.E y P OR(95%C)
Age 0.01 0.03 0.37 0.711 1.01 (0.95 ~ 1.08)
BMI -0.10 0.11 -0.89 0.372 0.91 (0.73 ~ 1.12)
Gravidity 0.05 0.23 0.22 0.822 1.05 (0.67 ~ 1.64)
Parity -0.54 0.54 -0.99 0.321 0.58 (0.20 ~ 1.69)
SCC -0.08 0.16 -0.52 0.602 0.92 (0.68 ~ 1.25)
Menopause 0.39 0.72 0.54 0.591 1.47 (0.36 ~ 6.04)
Smoking -14.38 1495.30 -0.01 0.992 0.00 (0.00 ~ Inf)
Surgical approach -1.43 0.81 -1.76 0.078 0.24 (0.05 ~ 1.17) -1.97 0.85 -2.32 0.020* 0.14 (0.03 ~ 0.74)
Pathological type 0.99 0.53 1.86 0.063 2.68 (0.95 ~ 7.61) 0.68 0.55 1.24 0.216 1.98 (0.67 ~ 5.82)
LVSI 0.55 0.73 0.76 0.445 1.74 (0.42 ~ 7.21)
Tumor differentiation -0.70 0.60 -1.17 0.243 0.49 (0.15 ~ 1.61)
FIGO stage -0.48 0.29 -1.63 0.104 0.62 (0.35 ~ 1.10) -0.68 0.32 -2.14 0.032* 0.51 (0.27 ~ 0.94)
Postoperative HPV -2.882 0.98 -1.109 0.001* (21 (?fgl.Sl) -2.81 0.36 1.737 0.001* 1.72(-1.14~5)

*P<0.05; LVSI, lymphovascular space invasion.

adverse prognosis (12). For patients who remain positive for high-risk
HPV after surgery, the risk of recurrence is significantly increased, and
regular monitoring of their viral status is necessary postoperatively
(13). This study found that persistent HPV infection following surgery
for early-stage cervical cancer significantly elevates the risk of lesion
vaginal local recurrence and acts as an independent risk factor for
disease relapse. Following surgical treatment for early-stage cervical

cancer, HPV infection generally resolves as the lesions are eradicated.
However, some patients persistently exhibit HPV infection status
post-surgery. Research conducted by Kreimer et al. (14)
demonstrates a close association between postoperative persistent
HPYV positivity and cervical cancer recurrence. Song Dan (15) found
that persistent HPV infection following cervical cancer surgery is
significantly associated with pelvic recurrence, whereas no significant

TABLE 3 Univariate analysis and multivariate analysis to evaluate the influencing factors of HPV Infection.

Univariate analysis (p-value)

Multivariate analysis(p-value)

Variables
S.E P OR (95%Cl) S.E pA P OR (95%Cl)
Age 0.01 0.02 0.62 0.536 1.01 (0.97 ~ 1.06)
BMI 0.01 0.07 0.10 0.919 1.01 (0.88 ~ 1.16)
Gravidity 0.15 0.16 0.98 0.325 1.17 (0.86 ~ 1.58)
Parity 0.44 0.27 1.62 0.106 1.55 (0.91 ~ 2.65) 0.51 0.27 1.86 0.063 1.66 (0.97 ~ 2.83)
SCC -0.21 0.17 -1.19 0.233 0.81 (0.58 ~ 1.14)
Menopause 0.25 0.50 0.50 0.616 1.28 (0.49 ~ 3.38)
Smoking 1.60 0.87 1.83 0.068 4.94 (0.89 ~ 27.39) 2.01 0.94 2.15 0.032* 7.49 (1.19 ~ 47.13)
Surgical approach -0.97 0.51 -1.89 0.058 0.38 (0.14 ~ 1.04) -1.13 0.53 -2.14 0.033% 0.32 (0.11 ~ 0.91)
Pathological type -0.05 0.58 -0.09 0.925 0.95 (0.31 ~ 2.93)
LVSI -0.10 0.59 -0.17 0.862 0.90 (0.29 ~ 2.85)
Tumor differentiation -0.39 0.42 -0.93 0.353 0.68 (0.30 ~ 1.54)
FIGO stage -0.11 0.16 -0.67 0.504 0.90 (0.65 ~ 1.24)
Abnormal vaginal
microecology 1.844 0.014 0.193 0.001* 0.663 (0.403~1.088) -0.61 0.43 1.20 0.091 4.63 (1.20~19.979)

*P<0.05; LVSI, lymphovascular space invasion.
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correlation was identified with distant metastasis. Persistent high-risk
HPV infection elevates the risk of pelvic recurrence without
influencing distant metastasis, potentially due to differences in the
underlying mechanisms of pelvic recurrence and distant metastasis.
Postoperative persistent HPV positivity in cervical cancer may suggest
the presence of potential residual lesions, particularly in cases with
unclear surgical margins or significant tumor infiltration depth. These
residual lesions may remain susceptible to HPV, potentially resulting
in recurrent lesions or the emergence of new disease foci. Multiple
studies have shown that persistent HR-HPV infection after cervical
cancer treatment is significantly associated with disease recurrence
(15, 16). Although several studies have explored HPV as a factor in the
postoperative prognosis of early-stage cervical cancer, more large-scale
clinical trials are needed to validate these findings and to investigate
the specific effects of different types and subtypes of HPV on treatment
response and long-term survival rates. This will help in developing
personalized treatment plans, improving the overall survival rates and
quality of life for early-stage cervical cancer patients. Current research
indicates that, although cervical cancer can be effectively prevented
through vaccination and screening measures, the incidence of cervical
cancer remains high in many regions, particularly in low-income
countries (17). Early-stage cervical cancer is typically treated through
surgery, including radical hysterectomy and pelvic lymphadenectomy.
However, there is still debate over whether patients should receive the
HPV vaccine postoperatively to further reduce the risk of recurrence
and improve survival rates. Some studies suggest that vaccination with
the HPV vaccine can significantly reduce the incidence of tumors
related to HPV types not previously infected and may provide
additional protection to patients who have already undergone
treatment (18). However, there is currently a lack of systematic
research on the specific effects of HPV vaccination and the optimal
timing for vaccination in patients with early-stage cervical cancer after
surgery. Some studies suggest that in women who have undergone
radical surgery, receiving the HPV vaccine can enhance the immune
response, potentially reducing the risk of recurrence (19). Although
existing studies support the use of HPV vaccination in early-stage
cervical cancer patients after surgery to reduce the risk of recurrence,
more randomized controlled trials are needed to verify the
effectiveness and safety of this strategy.

As an increasing number of studies suggest, effective
monitoring of HPV infection following initial standardized
treatment serves as a crucial predictor of recurrence (20, 21).

In summary, although the surgical treatment has removed the
lesions, the persistent infection of HPV, particularly HR-HPV, after
surgery indicates that the carcinogenic factors have not been fully
eradicated. While local recurrence of the tumor may be associated
with the metastatic properties of the tumor itself, the combination
of persistent HPV infection post-surgery and the characteristics of
tumor recurrence significantly increases the recurrence rate.

This study identified smoking and abnormal vaginal microbiota
as significant risk factors for persistent HPV infection following
surgery for early-stage cervical cancer. In the majority of early-stage
cervical cancer patients, HPV infection is likely to resolve naturally
within 6 to 12 months after radical surgery. Among the 242 patients
examined in this study, HPV infection initially exhibited a rapid
resolution trend, followed by a gradual decline, with the peak period
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for achieving HPV negativity occurring within 12 months post-
surgery. Research has indicated that a sustained increase in HPV-
DNA levels within 12 months post-surgery is an independent risk
factor for higher local recurrence (21). Based on the patterns of HPV
regression following cervical cancer surgery, it is essential to enhance
monitoring during early postoperative follow-up and implement
appropriate intervention measures when necessary, as these actions
are critical for prolonging patient survival and improving prognosis.
The vaginal microbiota constitutes a complex microenvironment
comprising diverse bacterial communities that play a vital role in
preserving vaginal health, preventing infections, and supporting
immune function. The persistent presence or recurrence of HPV
infection following cervical cancer surgery is closely associated with
the patient’s immune status, while an imbalance in the vaginal
microbiota may serve as a significant factor affecting the clearance
of HPV postoperatively and contributing to persistent infection. The
normal vaginal microbiota is predominantly composed of
lactobacilli (such as Lactobacillus species), which help maintain
the vagina’s acidic environment, typically characterized by a pH
range of 3.8 to 4.5, through the production of lactic acid. This acidic
milieu inhibits the proliferation of pathogenic microorganisms and
prevents the infection and dissemination of viruses such as HPV via
competitive mechanisms. When the balance of the vaginal
microbiota is disrupted, a decline in lactobacilli can occur,
resulting in an overgrowth of pathogenic bacteria (such as
Gardnerella and anaerobic bacteria). This shift leads to an
elevation in vaginal pH, which subsequently compromises the
natural barrier function against viruses (22-24). This study
identified abnormal vaginal microbiota as a significant risk factor
for persistent HPV infection in patients with early-stage cervical
cancer following surgery (P < 0.05).Research by Bober et al. (25)
demonstrates that the vaginal microbiota not only modulates
HPV infection but is also linked to the rate of viral clearance
after HPV infection and the risk of malignant transformation.
Persistent HPV infection can disrupt the vaginal microbiota,
resulting in the suppression of immune function in vaginal
mucosal cells. Various microbial communities colonizing the
surface of the vaginal epithelial mucosa interact with one another
to maintain the vaginal microbiota in a relatively balanced state.
However, this equilibrium is inherently unstable and can often be
disrupted or dysregulated by factors such as decreased estrogen
levels, inappropriate antibiotic use, and compromised immune
function. As dysbiosis in the vaginal microbiota intensifies, the risk
of persistent HPV infection correspondingly rises. Consequently,
genital infections and imbalances in the vaginal microbiota
significantly contribute to the development of cervical cancer and
the recurrence of the disease following surgical intervention.

This study found no correlation between extrafascial hysterectomy
and persistent HPV infection in the univariate analysis. However,
multivariate Cox regression analysis demonstrated that the risk of
persistent HPV infection is significantly elevated following extrafascial
hysterectomy, thereby identifying it as a potential risk factor. Drawing
upon the theory of differentiation of various embryonic units of
pelvic organs, the female reproductive tract is associated with the
paramesonephric duct (commonly referred to as the Miillerian duct)
and the urogenital sinus embryonic units during embryonic
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development (26). By the ninth week of embryonic development, the
cranial portions of the bilateral paramesonephric ducts develop into
the fallopian tubes, while the middle and caudal segments fuse at the
midline to form the uterine body, cervix, and upper portion of the
vaginal fornix. The tissue origins of the upper and lower segments of
the vagina differ: the upper segment arises from the paramesonephric
duct, whereas the lower segment is derived from the urogenital sinus.
Extrafascial hysterectomy is categorized as the excision of non-
embryonic unit organs and is typically indicated for patients with
early local dissemination. This procedure facilitates the comprehensive
removal of affected tissue; however, some potential sites of HPV
infection may still persist. As a result, the incidence of persistent HPV
infection following extrafascial hysterectomy is higher compared to
that after radical hysterectomy, while the rate of persistent HPV
infection after hysterectomy remains lower than that observed
following cone biopsy (27). In specific situations, if the surgery fails
to completely excise all regions of HPV infection or if the patient’s
postoperative immune response is compromised, HPV may continue
to persist within the local tissues. As a result, the incidence of
persistent HPV infection following surgery may rise. Chen et al
(21) discovered that women with viral loads >5.22 copies/1074 cells
are at an increased risk of residual lesions. Furthermore, they observed
significant variations in the quantity of residual lesions correlated with
HPV-16/52/58 viral loads, in contrast to HPV-31/33. This indicates
that high-risk HPV (HR-HPV) viral load may serve as a reliable
predictor for the presence of residual lesions. The SHAPE study (28),
presented at the 2023 American Society of Clinical Oncology (ASCO)
annual meeting, demonstrated that simple total hysterectomy is
comparable to radical hysterectomy in the management of early-
stage cervical cancer. Furthermore, the study found no significant
statistical differences in relapse-free survival (RFS) and overall survival
(OS) rates between the two surgical approaches. A meta-analysis
demonstrated that for patients with stage IA2 to IB1 cervical cancer,
there were no statistically significant differences in recurrence rates or
overall survival between those who underwent extraperitoneal
hysterectomy and those who underwent radical hysterectomy (29).
Therefore, a comprehensive analysis of the correlation between
postoperative prognosis and surgical methods for early cervical
cancer should consider multiple factors. Persistent HPV infection
following surgery may be a significant contributor to prognosis.
Consequently, it is crucial to implement enhanced monitoring and
follow-up after surgery, and to intensify adjuvant therapy when
necessary, in order to optimize patient outcomes.

Conclusion

This study demonstrates that persistent HPV infection
following surgery serves as an independent risk factor for local
recurrence in early cervical cancer. Additionally, abnormal vaginal
discharge, surgical approach, and smoking are identified as
contributing risk factors for persistent HPV infection post-
surgery. Therefore, early and accurate HPV testing following
surgery, combined with the monitoring of associated influencing
factors, is instrumental in assessing the risk of postoperative
recurrence in patients. This strategy can facilitate more effective
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postoperative management and intervention approaches, ultimately
enhancing both the cure rate and quality of life for patients with
early cervical cancer.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material. Further inquiries can be
directed to the corresponding authors.

Ethics statement

The studies involving humans were approved by the ethics
committee of the Second Affiliated Hospital of Dalian Medical
University. The studies were conducted in accordance with the local
legislation and institutional requirements. The participants
provided their written informed consent to participate in this study.

Author contributions

JN: Data curation, Investigation, Writing - original draft. YL:
Investigation, Writing - original draft. QL: Data curation, Writing -
original draft. YW: Writing - review & editing, Data curation. SH:
Writing - review & editing, Methodology. JW: Project
administration, Supervision, Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fonc.2025.1506521
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Na et al.

References

1. Chen T, Wei M, Liu Y, Wang H, Zhou W, Bi Y, et al. Rising mortality rate of
cervical cancer in younger women in urban China. ] Gen Intern Med. (2020) 35:593.
doi: 10.1007/s11606-019-05174-5

2. Wijeratne Y, Hapuachchige C. Surgical outcomes in early-stage cervical cancer
following radical hysterectomy in a resource-limited setting: the experience of the
national cancer institute (Apeksha hospital, maharagama), Sri Lanka. Cureus. (2023)
15:€47744. doi: 10.7759/cureus.47744

3. Liu Y, Zhang N, Yang Q. Predicting the recurrence of usual-type cervical
adenocarcinoma using a nomogram based on clinical and pathological factors: a
retrospective observational study. Front Oncol. (2024) 14:1320265. doi: 10.3389/
fonc.2024.1320265

4. Zhang J, Lu Q, Shi NM, Li L, Liu GG, Zhang Z, et al. Investigation on
asymptomatic infection and infuencing factors of high-risk human papillomavirus in
women. China Vaccine Immun. (2019) 25:296-8.

5. Gulseren V, Kocaer M, Gungorduk O, Ozdemir IA, Gokcu M, Mart E, et al.
Preoperative predictors of pelvic and para-aortic lymph node metastases in cervical
cancer. ] Cancer Res Ther. (2020) 15:1231-4. doi: 10.4103/jcrt.JCRT_467_17

6. Beriwal S, Gan GN, Heron DE, Selvaraj RN, Kim H, Lalonde R, et al. Early clinical
outcome with concurrent chemotherapy and extended-field, intensity-modulated
radiotherapy for cervical cancer. Int | Radiat Oncol Biol Phys. (2007) 68:166-71.
doi: 10.1016/j.ijrobp.2006.12.023

7. Park JY, Kim DY, Kim JH, Kim YM, Kim YT, Nam JH. Outcomes after radical
hysterectomy in patients with early-stage adenocarcinoma of uterine cervix. Br ]
Cancer. (2010) 102:0. doi: 10.1038/sj.bjc.6605705

8. Jung EJ, Byun JM, Kim YN, Lee KB, Sung MS, Kim KT, et al. Cervical
adenocarcinoma has a poorer prognosis and a higher propensity for distant
recurrence than squamous cell carcinoma. Int J Gynecol Cancer. (2017) 27:1228-36.
doi: 10.1097/IGC.0000000000001009

9. Costa S, Venturol S, Origoni M, Preti M, Mariani L, Cristoforoni P, et al.
Performance of HPV DNA testing in the follow-up after treatment of high-grade
cervical lesions, adenocarcinoma in situ (AIS) and microinvasive carcinoma.
Ecancermedicalscience. (2015) 9:528. doi: 10.3332/ecancer.2015.528

10. Park JY, Bae J, Lim MC, Lim SY, Lee DO, Kang S, et al. Role of high risk-human
papilloma virustest in the follow-up of patients who underwent conization of thecervix
for cervical intraepithelial neoplasia. J Gynecol Oncol. (2009) 20:86-90. doi: 10.3802/
jg0.2009.20.2.86

11. Yi S, Kim JY, Lee SK, Lim HS, Lim MC, et al. Persistent human papillomavirus
DNAIis associated with local recurrence after radiotherapy of uterinecervical cancer.
Int ] Cancer. (2011) 129:896-902.

12. Saida T, Sakata A, Tanaka YO, Ochi H, Ishiguro T, Sakai M, et al. Clinical and
MRI characteristics of uterine cervical adenocarcinoma: its variants and mimics.
Korean J Radiol. (2019) 20:364-77. doi: 10.3348/kjr.2018.0458

13. Liu Y, Xu Y, Jiang W, Ji H, Wang ZW, Zhu X. Discovery of key genes as novel
biomarkers specifically associated with HPV-negative cervical cancer. Mol Ther
Methods Clin Dev. (2021) 21:492-506. doi: 10.1016/j.0mtm.2021.03.026

14. Kreimer AR, Schiffiman M, Herrero R, Hildesheim A, Gonzalez P, Burk RD, et al.
Long-term risk of recurrent cervical human papillomavirus infection and precancer and
cancer following excisional treatment. Int ] Cancer. (2012) 131:211-8. doi: 10.1002/ijc.26349

15. Song D, Kong WM, Zhang TQ, Jiao SM, Chen J, Han C, et al. The negative
conversion of high-risk human papillomavirus and its performance in surveillance of

Frontiers in Oncology

07

10.3389/fonc.2025.1506521

cervical cancer after treatment: a retrospective study. Arch Gynecol Obstet. (2017)
295:197-203. doi: 10.1007/500404-016-4197-4

16. Dan S, Weimin K, Tongging Z, Chen J, Shang R. A study on the relationship
between high-risk human papillomavirus negative conversion and prognosis after
treatment of cervical cancer. Chin | Pract Gynecol Obstet. (2017) 33 :975-8.
doi: 10.19538/j.tk2017090123

17. Nartey Y, Amo-Antwi K, Hill PC, Dassah ET, Asmah RH, Nyarko KM, et al.
Human papillomavirus genotype distribution among women with and without cervical
cancer: Implication for vaccination and screening in Ghana. PloS One. (2023) 18:
€0280437. doi: 10.1371/journal.pone.0280437

18. Gebisa T, Bala ET, Deriba BS. Knowledge, attitude, and practice toward cervical
cancer screening among women attending health facilities in central Ethiopia. Cancer
Control. (2022) 29:10732748221076680. doi: 10.1177/10732748221076680

19. Yurteu E, Dogan RA, Karaaslan B, Mutlu S. Relationship between awareness of
cervical cancer and HPV infection and attitudes towards HPV vaccine among women
aged 15-49 years: a cross-sectional study. Sao Paulo Med J. (2022) 140:349-55.
doi: 10.1590/1516-3180.2021.0145.27072021

20. Zeng J, Zuo J, Li N, Yao H, Zhang Y, Zhao Y, et al. Clinical analysis of 312
patients with stage IB1-IIA2 cervical squamous cell carcinoma and research on the
influencing factors of postoperative recurrence. BMC Womens Health. (2023) 23:82.
doi: 10.1186/512905-023-02159-9

21. Chen L, Dong B, Zhang Q, Mao X, Lin W, Ruan G, et al. HR-HPV viral load
quality detection provide more accurate prediction for residual lesions after treatment:
a prospective cohort study in patients with high-grade squamous lesions or worse. Med
Oncol. (2020) 37:37. doi: 10.1007/s12032-020-01363-z

22. Zheng N, Guo R, Wang J, Zhou W, Ling Z. Contribution of Lactobacillus iners to
vaginal health and diseases: a systematic review. Front Cell Infect Microbiol. (2021)
11:792787. doi: 10.3389/fcimb.2021.792787

23. MacIntyre DA, Chandiramani M, Lee YS, Kindinger L, Smith A, Angelopoulos
N, et al. The vaginal microbiome during pregnancy and the postpartum period in a
European population. Sci Rep. (2015) 5:8988. doi: 10.1038/srep08988

24. Lehtoranta L, Hibberd AA, Reimari J, Junnila J, Yeung N, Maukonen J, et al.
Recovery of vaginal microbiota after standard treatment for bacterial vaginosis
infection: an observational study. Microorganisms. (2020) 8:875. doi: 10.3390/
microorganisms8060875

25. Bober L, Guzowski G, Moczulska H, Sieroszewski P. Influence of human
papilloma virus ( HPV) infection on early pregnancy. Ginekol Pol. (2019) 90:72-5.
doi: 10.5603/GP.2019.0012

26. Hockel M. Morphogenetic fields of embryonic development in locoregional
cancer spread. Lancet Oncol. (2015) 16:e148-151. doi: 10.1016/S1470-2045(14)71028-9

27. LuJ,Han S, Li Y, Na J, WangJ. A study on the correlation between the prognosis
of HPV infection and lesion recurrence after cervical conization. Front Microbiol.
(2023) 14:1266254. doi: 10.3389/fmicb.2023.1266254

28. Fehm T, Beckmann MW, Mahner S, Denschlag D, Brucker S, Hillemanns P,
et al. Statement of the Uterus Commission of the Gynecological Oncology Working
Group (AGO) on surgical therapy for patients with stage IA2-IIB1 cervical cancer.
Geburtshilfe Frauenheilkd. (2023) 83:1199-204. doi: 10.1055/a-2160-3279

29. Plante M, Kwon JS, Ferguson S, Samouélian V, Ferron G, Maulard A, et al.
Simple versus radical hysterectomy in women with low-risk cervical cancer. N Engl |
Med. (2024) 390:819-29. doi: 10.1056/NEJM0a2308900

frontiersin.org


https://doi.org/10.1007/s11606-019-05174-5
https://doi.org/10.7759/cureus.47744
https://doi.org/10.3389/fonc.2024.1320265
https://doi.org/10.3389/fonc.2024.1320265
https://doi.org/10.4103/jcrt.JCRT_467_17
https://doi.org/10.1016/j.ijrobp.2006.12.023
https://doi.org/10.1038/sj.bjc.6605705
https://doi.org/10.1097/IGC.0000000000001009
https://doi.org/10.3332/ecancer.2015.528
https://doi.org/10.3802/jgo.2009.20.2.86
https://doi.org/10.3802/jgo.2009.20.2.86
https://doi.org/10.3348/kjr.2018.0458
https://doi.org/10.1016/j.omtm.2021.03.026
https://doi.org/10.1002/ijc.26349
https://doi.org/10.1007/s00404-016-4197-4
https://doi.org/10.19538/j.fk2017090123
https://doi.org/10.1371/journal.pone.0280437
https://doi.org/10.1177/10732748221076680
https://doi.org/10.1590/1516-3180.2021.0145.27072021
https://doi.org/10.1186/s12905-023-02159-9
https://doi.org/10.1007/s12032-020-01363-z
https://doi.org/10.3389/fcimb.2021.792787
https://doi.org/10.1038/srep08988
https://doi.org/10.3390/microorganisms8060875
https://doi.org/10.3390/microorganisms8060875
https://doi.org/10.5603/GP.2019.0012
https://doi.org/10.1016/S1470-2045(14)71028-9
https://doi.org/10.3389/fmicb.2023.1266254
https://doi.org/10.1055/a-2160-3279
https://doi.org/10.1056/NEJMoa2308900
https://doi.org/10.3389/fonc.2025.1506521
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Investigating the impact of persistent HPV infection on recurrence of lesions post-surgery for early-stage cervical cancer and related influencing factors
	Introduction
	Methods
	Results
	Characteristics of patients
	Analysis of influencing factors of recurrence
	Analysis of influencing factors of HPV Infection

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


