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Abstract

Background: Low-grade squamous intraepithelial lesions (LSIL) are early pathological changes associated with cervical cancer, ex-
hibiting varying progression rates. The risk factors for progression from LSIL to high-grade squamous intraepithelial lesions (HSIL)
and the development of a predictive model for this progression have not been thoroughly investigated. Methods: This single-center,
retrospective study followed 122 patients diagnosed with LSIL, who were monitored without treatment, over a 3-year period. Clinical
and pathological data were collected, and univariate and multivariate logistic regression analyses were performed to identify independent
risk factors for progression to HSIL. A predictive model was developed based on these factors and validated using both training and
validation cohorts. Results: Of the 122 patients, 11 (9.01%) progressed to HSIL within 3 years. Univariate analysis revealed that persis-
tent high-risk human papillomavirus (HPV) infection, HPV16/18 genotype, and persistent or recurrent symptoms significantly increased
the risk of progression to HSIL. Multivariate analysis confirmed that persistent high-risk HPV infection (odds ratio (OR) = 7.67, p =
0.027) and persistent or recurrent symptoms (OR =21.07, p < 0.001) were independent risk factors for progression to HSIL. A nomo-
gram incorporating these factors demonstrated excellent predictive performance in both the training cohort (area under the curve (AUC)
=0.92) and the validation cohort (AUC = 0.88). Calibration and decision curve analysis further validated the model’s reliability and
clinical applicability. Conclusion: Persistent high-risk HPV infection and recurrent symptoms are key predictors of LSIL progression
to HSIL. The developed predictive model can assist clinicians in identifying high-risk patients for early intervention, thus improving
clinical management and optimizing healthcare resource utilization.

Keywords: low-grade squamous intraepithelial lesions (LSIL); high-grade squamous intraepithelial lesions (HSIL); HPV infection;
persistent infection; recurrent symptoms; predictive model

1. Introduction

Cervical squamous intraepithelial lesions (SIL) are
identified as early pathological changes that may develop
into cervical cancer [1]. According to the 2014 World
Health Organization (WHO) classification, these lesions
are categorized into low-grade (LSIL) and high-grade
(HSIL) [2,3]. Globally, LSIL accounts for approximately
1.7% of all cervical cytology results, while HSIL comprises
about 0.3% [4,5]. Although many LSIL cases may regress
spontaneously, a subset can progress to HSIL and eventu-
ally to cervical cancer. The progression from LSIL to carci-
noma in situ or invasive cervical cancer typically spans 5 to
10 years [6]. Once progression to cervical cancer occurs, it
poses a significant threat to women’s health. Cervical can-
cer ranks as the fourth most common cancer among women
worldwide, leading to substantial morbidity and mortality
[7]. It can result in compromised fertility and diminished
quality of life. What’s more, epidemiological data indicate
an annual incidence of approximately 1.39 cases of cervi-
cal precancerous lesions per 1000 women [8]. LSIL is more

prevalent among women under 30, whereas the incidence of
HSIL increases with age, particularly in those over 40 [9].
These patterns underscore the critical importance of early
screening and monitoring to identify high-risk individuals,
thereby reducing the incidence of cervical cancer [10].

Currently, there is a significant difference in the treat-
ment strategies for LSIL and HSIL. LSIL patients are typ-
ically associated with human papillomavirus (HPV) infec-
tion, which may resolve spontaneously. Therefore, conser-
vative management, primarily involving regular follow-up
and monitoring, is generally employed [11]. In contrast,
HSIL patients have a higher risk of progressing to cervi-
cal cancer and require more aggressive interventions, such
as conization, cryotherapy, or laser treatment [12]. Clini-
cally, it has been observed that some LSIL patients may be
overtreated, leading to unnecessary medical interventions
and potential complications [13]. Over-treatment not only
increases the psychological and financial burden on patients
but may also have adverse effects on fertility. Given that
LSIL can resolve over time, monitoring rather than inva-
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sive interventions is usually recommended, especially for
patients who wish to conceive. On the other hand, monitor-
ing of HSIL relies on cytological screening, and the success
of early detection depends on the effectiveness of screening
techniques and management of high-risk populations [14].
However, some high-risk women may not receive adequate
follow-up after screening, allowing the lesions to progress
[15]. Therefore, accurately identifying individuals at high
risk for progression and providing preventive advice and
lifestyle modification strategies are crucial for improving
patient outcomes.

Based on this, the present study focused on patients di-
agnosed with LSIL at our institution who underwent mon-
itoring only, without receiving treatment. These patients
were observed over a 3-year period to assess whether they
progressed to HSIL or malignant tumors. Clinical and
pathological data were collected and analyzed to develop
a predictive model for evaluating the risk of progression.
This model aims to assist clinicians in identifying high-
risk patients and implementing timely interventions. For
low-risk patients, enhanced monitoring can be adopted to
avoid unnecessary treatment, thereby facilitating individu-
alized clinical management and optimizing the utilization
of healthcare resources.

2. Materials and Methods
2.1 Study Design and Participants

This study is a single-center, retrospective study aimed
at observing the progression of patients with LSIL who re-
ceived monitoring only and no treatment, from an initial
diagnosis to high-grade lesions or malignant tumors within
3 years. The study participants were sourced from Wu Yi
Maternal & Child Care Hospital, with the initial diagno-
sis occurring from January 1, 2015, to October 31, 2021,
and the observation period lasted for 3 years, until October
31, 2024. The study was approved by the Wu Yi Maternal
& Child Care Hospital Ethics Committee, with ethics ap-
proval number 2024112201. All procedures followed the
principles outlined in the Declaration of Helsinki. Informed
consent was obtained from all participants, and the research
data were rigorously reviewed twice before use to ensure
the protection of patient privacy.

2.2 Study Participants

Diagnostic Criteria: Various grades of cervical squa-
mous epithelial lesions, such as HSIL or LSIL, were diag-
nosed based on the diagnostic criteria specified in the 2014
WHO Classification of Tumors of the Female Reproduc-
tive Organs [16]: (1) LSIL: Identified by mild abnormali-
ties in cervical epithelial cells during cytological or histo-
logical examinations, including slightly enlarged nuclei, a
mild increase in the nucleus-to-cytoplasm ratio, increased
nuclear chromatin, and possible vacuolization (clear cells).
The lesion is usually confined to the lower third of the ep-
ithelium. (2) HSIL: Significant abnormalities in cells, in-

cluding markedly enlarged nuclei, a significantly increased
nucleus-to-cytoplasm ratio, irregular nuclear morphology,
highly condensed chromatin, and possible abnormal mitotic
figures. The lesion involves the middle to full thickness
of the epithelium. (3) Cervical cancer: Clinically, patients
may present with abnormal vaginal bleeding (e.g., post-
coital, intermenstrual, or postmenopausal), unusual vagi-
nal discharge, or pelvic pain. Cytological screening, such
as abnormal Pap test results, often indicates squamous cell
carcinoma or glandular abnormalities. Diagnosis is con-
firmed by histopathological examination of biopsy speci-
mens, with squamous cell carcinoma and adenocarcinoma
being the most common subtypes. Imaging techniques like
magnetic resonance imaging (MRI) or computed tomogra-
phy (CT) are used to assess tumor size, local invasion, and
distant metastases, while high-risk HPV DNA or RNA test-
ing provides additional confirmation of malignancy [17].

Inclusion Criteria: (1) Initial diagnosis of LSIL
through liquid-based cytology, colposcopy, or biopsy; (2)
Diagnosis date between January 1, 2015, and October 31,
2021; (3) Female patients; (4) No treatment received after
diagnosis (including cryotherapy, laser therapy, conization,
or drug treatment); (5) Regular cervical cytology and HPV
testing after initial LSIL diagnosis; (6) Complete medical
records and follow-up data; (7) Patients signed informed
consent allowing the use of their medical data for research
purposes.

Exclusion Criteria: (1) Any treatment for LSIL during
follow-up; (2) A history of HSIL or cervical cancer; (3) Co-
existing immune-related conditions, such as immunodefi-
ciency, autoimmune diseases, or long-term use of immuno-
suppressive medications; (4) Missing critical data during
follow-up, such as missing test results, making outcome
determination impossible; (5) Coexisting reproductive tract
infections or diseases, such as pelvic inflammatory disease
or malignancies; (6) Patients who refused to allow the use
of their data for research.

2.3 Observational Indicators

The clinical and pathological factors considered in this
study included age (1630 years, 31-45 years, >45 years),
HPV16/18 infection (negative, positive), number of lesion
sites (1,2, 3,4, 5), p16 status (negative, positive, unknown),
Ki-67 status (negative, positive, unknown), HPV infection
type (negative, single type, mixed type), presence of ab-
normal uterine bleeding (yes, no), marital status (married,
unmarried, divorced, unknown), residence (rural, urban),
family history of cancer (yes, no), vaginal discharge (in-
creased, decreased, normal), transformation zone classifi-
cation (Type I, I, III), number of pregnancies (1-2, >2),
use of intrauterine device (IUD) (yes, no), menopause status
(yes, no), placement of intrauterine device (yes, no), persis-
tence of high-risk HPV infection (defined as testing positive
for the same high-risk HPV type in at least two PCR-based
tests, with a minimum interval of 6 months between tests:
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yes, no, unknown), and the presence of persistent or recur-
rent symptoms (yes, no). The primary outcome was the pro-
gression to HSIL or malignancies within 3 years, as deter-
mined by liquid-based cytology, colposcopy, or biopsy at
any time during the follow-up period. If LSIL and HSIL le-
sions were detected simultaneously or if HSIL lesions were
found at other sites during follow-up, these cases were also
classified as progression. Based on whether progression
occurred within 3 years, the participants were divided into
two groups: the progression group and the non-progression
group. All biopsy images were re-reviewed and verified by
two senior physicians to ensure accurate diagnosis. Miss-
ing data during telephone follow-up were largely imputed,
and marital status for some participants could not be ascer-
tained, with these cases categorized as “unknown/other”.

Among the eligible participants in the hospital’s
records, the majority had documentation of HPV testing and
cervical cytology examination every 3—6 months during the
3-year observation period. The time of HPV progression
was defined as the duration from the initial diagnosis to the
date of the positive HPV test. Patients who tested nega-
tive for HPV during months 10—-14 of the third year were
recorded as having a negative HPV test result. HPV geno-
typing was performed using PCR-reverse dot blot (PCR-
RDB) method. This technique detects 17 high-risk and 6
low-risk HPV subtypes, including types like HPV16 and
HPV18. The specific HPV subtype is determined based on
the location of color spots on the membrane. An internal
control (IC) is included on the membrane; if only the IC
shows a color signal, the result is negative. If any HPV sub-
type site other than the IC shows a color signal, the result
is considered positive. Patients with persistent high-risk
HPYV infection or abnormal colposcopy findings were sub-
jected to further biopsy evaluations. These biopsies were
conducted to confirm whether the lesions had progressed to
a higher grade or cervical cancer, serving as the study’s pri-
mary endpoint. If any screening during the 3-year follow-
up period identified progression to a higher-grade lesion or
cervical cancer, the outcome for that patient was recorded
as “progressed”. The follow-up outcomes for all partici-
pants were determined exclusively based on the diagnostic
results obtained from the institution conducting the study.
This standardized follow-up protocol ensured consistency
in data collection and the reliability of the outcome mea-
sures.

2.4 Statistical Analysis

Prior to conducting statistical analyses, the normality
of the data was assessed using the Shapiro-Wilk test. For
normally distributed quantitative data, the results are pre-
sented as mean + standard deviation (Mean £+ SD), and
one-way analysis of variance (ANOVA) was used for group
comparisons. For non-normally distributed data, the results
are presented as a median and interquartile range [M (Q1,
Q3)], and the Kruskal-Wallis H test was used for compar-
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isons. Categorical data are expressed as counts and per-
centages [n (%)], and group comparisons were performed
using Pearson’s x? test or Fisher’s exact test, with Yates’
continuity correction applied for 2 x 2 contingency tables
when necessary. Among the initial 122 patients, 73 were al-
located to the training cohort (60%), and 49 were assigned
to the validation cohort (40%) (seec Supplementary Tables
1,2 for raw data used to construct the predictive model).
Statistical comparisons between multiple groups were also
conducted to assess the comparability of baseline charac-
teristics between the training and validation sets. In the
training cohort, clinical variables with significant differ-
ences were subjected to univariate and multivariate binary
logistic regression analysis. For cumulative risk analysis,
Kaplan-Meier survival curves were generated to assess the
progression to HSIL over time. A p-value of <0.05 was
considered statistically significant.

2.5 Model Development and Validation

A predictive model was constructed using significant
factors identified from multivariate logistic regression anal-
ysis. To assess the model’s prognostic accuracy, the con-
cordance index (C-index) and calibration curve were used.
Additionally, the receiver operating characteristic (ROC)
curve was employed to evaluate the predictive performance
of the nomogram for progression within 3 years. The nomo-
gram, C-index, calibration curve, and ROC curve were con-
structed using R version 4.2.1 (https://www.r-project.org/)
in R Studio. The ROC curve was used to describe the sen-
sitivity and specificity of the constructed nomogram, while
the calibration curve was used to assess and validate its ac-
curacy. The dataset was split into training and validation
sets in a 6:4 ratio. The predictive model was validated us-
ing 500 bootstrap samples to prevent overfitting and obtain
relatively unbiased estimates.

3. Results

3.1 Comparison of Clinical and Pathological Factors in
Patients

In this study, 122 LSIL patients who only under-
went monitoring were followed up for 3 years. The results
showed that 11 patients (9.01%) progressed to HSIL within
3 years (Table 1). Notably, in our study, we did not ob-
serve any patients who progressed to malignancy within the
3-year follow-up period. Chi-square test results revealed
that patients infected with HPV16/18, those with persistent
high-risk HPV infection, and those with persistent or recur-
rent symptoms were more likely to progress to HSIL within
3 years (p < 0.05). Other factors, such as age, presence
of HPV mixed infection, number of lesion sites, pl6 ex-
pression, ki-67 expression, abnormal uterine bleeding, mar-
ital status, residence, family history of cancer, vaginal dis-
charge, transformation zone classification, number of preg-
nancies, use of IUD, menopause status, and placement of
IUD, showed no significant differences in relation to le-
sion progression (p > 0.05). The cumulative risk curve in-
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Table 1. Comparison of general characteristics and clinicopathological factors for patients with LSIL progressing to HSIL
within 3 years.

Progression to HSIL within 3 years

Variables Total (n=122) Statistic p
No (n=111) Yes (n=11)

Age (years), Mean + SD 33.754+£9.62  33.80+9.23 33.27 +£13.49 t=0.13 0.901

Number of Lesions, Mean + SD 2.61 +0.98 2.60 +0.97 2.64 +1.12 t=-0.10 0.917

Lesion Location, n (%) x2=0.05 0.830
Cervical Os 31(25.41) 29 (93.55) 2 (6.45)
Cervical Canal 91 (74.59) 82(90.11) 9(9.89)

HPV16/18 Infection, n (%) x2 =542 0.020
Positive 59 (48.36) 50 (84.75) 9 (15.25)
Negative 63 (51.64) 61 (96.83) 2(3.17)

P16, n (%) x2=0.29 0.591
No 81 (66.39) 75 (92.59) 6(7.41)
Yes 41 (33.61) 36 (87.80) 5(12.20)

Ki-67, n (%) x2 =0.05 0.818
Positive 46 (37.70) 41 (89.13) 5(10.87)
Negative 76 (62.30) 70 (92.11) 6(7.89)

HPV Infection Type, n (%) Fisher exact 0.092
Single Infection 65 (53.28) 62 (95.38) 3(4.62)
No Infection 15 (12.30) 14 (93.33) 1(6.67)
Mixed Infection 42 (34.43) 35(83.33) 7 (16.67)

Abnormal Uterine Bleeding, n (%) x2=3.53 0.060
No 90 (73.77) 85(94.44) 5(5.56)
Yes 32 (26.23) 26 (81.25) 6 (18.75)

Marital Status, n (%) Fisher exact 0.609
Single/Unmarried 58 (47.54) 52 (89.66) 6(10.34)
Married 38 (31.15) 36 (94.74) 2(5.26)
Unknown/Other 19 (15.57) 17 (89.47) 2 (10.53)
Divorced 7(5.74) 6(85.71) 1(14.29)

Residence, n (%) x2 =0.00 1.000
Urban 82 (67.21) 75 (91.46) 7 (8.54)
Rural 40 (32.79) 36 (90.00) 4 (10.00)

Family History of Cancer, n (%) x2=122 0.269
No 107 (87.70) 99 (92.52) 8(7.48)
Yes 15 (12.30) 12 (80.00) 3 (20.00)

Vaginal Discharge, n (%) Fisher exact 1.000
Increased 40 (32.79) 36 (90.00) 4 (10.00)
Decreased 17 (13.93) 16 (94.12) 1(5.88)
Normal 65 (53.28) 59 (90.77) 6(9.23)

Transformation Zone Typing, n (%) x2=1.46 0.228
Type I+1I 81 (66.39) 76 (93.83) 5(6.17)
Type 11 41 (33.61) 35(85.37) 6 (14.63)

Number of Pregnancies, n (%) x2=0.00 1.000
>2 48 (39.34) 44 (91.67) 4 (8.33)
<2 74 (60.66) 67 (90.54) 7 (9.46)

Menopausal Status, n (%) Fisher exact 0.259
No 111 (90.98) 102 (91.89) 9(8.11)
Yes 11 (9.02) 9(81.82) 2 (18.18)

Use of Intrauterine Device, n (%) x2=0.26 0.612
No 101 (82.79) 93 (92.08) 8(7.92)
Yes 21 (17.21) 18 (85.71) 3(14.29)

Persistent High-Risk HPV Infection, n (%) x2=6.25 0.012
No 71 (58.20) 69 (97.18) 2(2.82)
Yes 51(41.80) 42 (82.35) 9 (17.65)

Persistent or Recurrent Symptoms, n (%) x2 =26.98 <0.001
No 108 (88.52) 104 (96.30) 4 (3.70)
Yes 14 (11.48) 7 (50.00) 7 (50.00)

LSIL, low-grade squamous intraepithelial lesions; HSIL, high-grade squamous intraepithelial lesions; HPV, human papillomavirus.
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dicated that the risk of progression to HSIL gradually in-
creased over time, particularly after 25 months, where the
risk showed a more significant rise (Fig. 1).

0.4
0.3
0.2
0.1 _'_._,_'_'_'—,_'_l-
0.0
15 20 25 30 35
Time (months)

Cumulative risk

Fig. 1. The cumulative risk curve for progression to HSIL
within 3 years in all patients.

3.2 Independent Predictors of Progression within 3 Years

As previously described, we randomly divided the
complete dataset of 122 patients into a training set and a
validation set at a 6:4 ratio. The general characteristics and
clinicopathological factors of the training set are presented
in Table 2, which revealed statistically significant differ-
ences in factors such as HPV16/18 infection type, presence
of persistent HPV infection, and occurrence of recurrent
persistent symptoms. Additionally, there were no statisti-
cally significant differences between the training set and
the validation set at baseline, indicating comparability of
the results, which was consistent across both the overall
population dataset and the dataset of patients developed
into HSIL, as shown in Table 3. Univariate analysis re-
vealed that the risk of progression to HSIL was significantly
lower in patients infected with non-HPV16/18 genotypes
(odds ratio (OR) = 0.18, 95% CI: 0.04~0.88, p = 0.034)
(see Table 4). Conversely, patients with persistent high-
risk HPV infection (OR = 7.39, 95% CI: 1.52~35.87, p =
0.013) and persistent or recurrent symptoms (OR = 26.00,
95% CI: 6.11~110.55, p < 0.001) had a significantly higher
risk of progressing to HSIL. Multivariate analysis further
confirmed that persistent high-risk HPV infection (OR =
7.67, 95% CI: 1.27~46.36, p = 0.027) and persistent or re-
current symptoms (OR = 21.07, 95% CI: 3.66~121.30, p
< 0.001) were independent risk factors for progression to
HSIL. These results indicate that persistent high-risk HPV
infection and persistent or recurrent symptoms are signifi-
cant predictors of progression to HSIL within 3 years. Clin-
icians should enhance monitoring and intervention for these
high-risk patients to reduce their likelihood of progressing
to HSIL.
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3.3 Development and Validation of the Predictive Model

Based on the results of multivariate logistic regres-
sion analysis, a nomogram was developed to predict the
progression of LSIL patients to high-grade lesions within
3 years, incorporating two independent risk factors: per-
sistent high-risk HPV infection and persistent or recurrent
symptoms (see Fig. 2). To evaluate the model’s perfor-
mance, we plotted the ROC curve. In the training cohort,
the model’s area under the curve (AUC) was 0.92 (95% CI:
0.84-0.99), demonstrating excellent predictive ability. In
the validation cohort, the AUC was 0.88 (95% CI: 0.70-
1.00), further confirming the model’s reliability (Fig. 2B).
The calibration curve (Fig. 2C) showed good consistency
between predicted probabilities and actual outcomes, with a
Hosmer-Lemeshow test p-value of 0.704, indicating a well-
fitting model. Decision curve analysis (DCA) (Fig. 2D)
showed that at most high-risk thresholds, the net benefit
of using the predictive model for intervention was signif-
icantly higher than that of the “all” or “none” strategies.

4. Discussion

LSIL represents early cervical changes that may pre-
cede the development of cervical cancer, with their progres-
sion influenced by the persistence or recurrence of cervical
symptoms such as abnormal bleeding, increased discharge,
and postcoital spotting [18]. These symptoms often reflect
chronic cervical inflammation or persistent high-risk HPV
infection, both of which can disrupt the cervical microen-
vironment. Chronic inflammation, driven by cytokines
like interleukin-6 (IL-6) and tumor necrosis factor-alpha
(TNF-a), promotes cellular proliferation, reduces apopto-
sis, and induces oxidative stress, leading to DNA damage
and genetic mutations [19]. Additionally, recurrent symp-
toms may indicate immune dysregulation, such as reduced
antigen-presenting activity and a shift toward immune tol-
erance, allowing HPV persistence and increasing dyspla-
sia risk [20]. Symptoms like bleeding and discharge may
also physically disrupt the cervical epithelium, making it
more susceptible to HPV integration and lesion advance-
ment [21]. Given the critical role of monitoring in the pro-
gression of LSIL, a study has consistently observed vary-
ing rates of progression to higher-grade lesions depending
on the presence of persistent symptoms and underlying im-
mune dysregulation [22]. A previous study has shown that
approximately 12% of untreated LSIL patients progress to
HSIL within 2 years [23]. In this study, with a 3-year
follow-up, 11 out of 122 LSIL patients who received mon-
itoring only (9.01%) progressed to HSIL. This progression
rate is slightly lower than the 12% reported in the previ-
ous study [23], which may be attributed to regional dif-
ferences. In addition, we speculate that although patients
diagnosed with LSIL declined pharmacological interven-
tion, our healthcare team provided comprehensive guidance
emphasizing the importance of maintaining a healthy vagi-
nal environment, adhering to regular sleep patterns, prac-
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ticing safe and consistent sexual habits, ensuring balanced
nutrition, managing stress levels, and engaging in moder-
ate physical exercise. During subsequent follow-up visits,
most patients reportedly complied with these recommen-
dations, which may have also contributed to the relatively
low progression rate observed in our cohort. However, a
follow-up study in Italy, which tracked the progression of
LSIL in women over a 4-year period, involved biopsy ev-
ery 6 months for all participants. The results showed that
only 1.5% (7/475) of LSIL patients progressed to CIN3, and
all of these cases were associated with persistent high-risk
HPV infection [24]. The low incidence of CIN3 (1.5%) af-
ter LSIL diagnosis was attributed to possible underdiagno-
sis of HSIL at the time of initial biopsy. A similar study
by Mahira Jahic and colleagues [25], monitoring the pro-
gression of LSIL patients from multiple private gynecology
clinics between 2016 and 2019, found that 9.6% of LSIL
cases progressed within one year, which is consistent with
our findings. In our study, we identified for the first time
that, unlike single HPV infections and vaginal symptoms,
persistent high-risk HPV infection and recurrent symptoms
were significantly associated with progression to HSIL. As
a result, we have also developed a cumulative risk curve
and a predictive model for progression. The cumulative risk
curve reveals a significant increase in the risk of progression
to HSIL after 25 months of follow-up, with a more pro-
nounced escalation during the later stages. This trend may
be linked to HPV clearance rates, as studies have shown
that HPV clearance gradually declines over time, particu-
larly after 24 months of infection [26,27]. persistent high-
risk HPV infection is strongly associated with the develop-
ment of high-grade lesions. While the immune system may
initially control the infection, prolonged persistence, espe-
cially involving high-risk HPV types such as HPV 16 and
18, can eventually overcome the host’s immune defenses.
This process can lead to genomic instability and viral DNA
integration into host cells [28].

This study found that persistent high-risk HPV infec-
tion is an independent risk factor for the progression of
LSIL to HSIL and significantly increases the risk of pro-
gression (OR = 7.67, p = 0.027). This result is consistent
with several existing studies [29,30], which have shown
that persistent high-risk HPV infection is a critical factor
in the progression of LSIL to HSIL or cancer. Zhao et al.
[31] noted that persistent high-risk HPV infection not only
increases the incidence of cervical intraepithelial neoplasia
(CIN) but is also closely associated with the development
of cervical cancer. Furthermore, the antiretroviral therapy
(ART) and HPV Review Group (2017) reported that im-
mune dysfunction, such as in HIV-infected individuals, ex-
acerbates the persistence of HPV infection and accelerates
the progression of lesions. This is particularly evident in
immunocompromised populations, where persistent high-
risk HPV infection is the primary driver of cervical lesion
progression [32]. Related studies also highlight the deci-
sive role of persistent high-risk HPV infection and local in-

flammatory responses in the deterioration of LSIL [33,34].
These findings further support the results of this study, em-
phasizing the critical role of persistent high-risk HPV infec-
tion in the progression of LSIL to HSIL.

In previous studies, age, socioeconomic status (SES),
and sexual history have also been identified as signif-
icant risk factors for the progression of LSIL to HSIL
[35-37]. According to research by Evered [38], younger
women, particularly those under 30, often experience a
higher prevalence of LSIL due to the transient nature of
HPV infections in this age group; however, their risk of pro-
gression to HSIL is relatively low. In contrast, women with
lower SES often face barriers to screening and treatment,
leading to more advanced lesions at the time of diagnosis
[39]. The number of sexual partners and engagement in
high-risk sexual behaviors increase the likelihood of HPV
exposure and the persistence of infection [32]. These social
and behavioral factors are closely linked to the persistence
of HPV infection, which is the fundamental cause of lesion
progression. Ultimately, factors such as lower socioeco-
nomic status or having multiple sexual partners increase the
likelihood of sustained HPV exposure, which in turn raises
the risk of lesion progression.

This study also found that the persistence or recur-
rence of symptoms is an independent risk factor for the pro-
gression of LSIL to HSIL (OR =21.07, p < 0.001). This re-
sult suggests that persistent or recurrent symptoms, such as
abnormal bleeding or increased discharge, may reflect on-
going HPV infection or local cervical inflammation, which
could promote lesion progression through alterations in the
immune microenvironment. Tengfei Long et al. [40] also
found that chronic cervical inflammation can accelerate the
transformation of epithelial cells by altering the local im-
mune response, thereby driving the progression of lesions
to higher grades. Therefore, for patients with persistent or
recurrent symptoms, it is recommended to closely monitor
their condition, improve lifestyle habits, and avoid detri-
mental factors such as excessive fatigue and unprotected
sexual activity. Furthermore, early intervention should be
promptly implemented when necessary, including regular
follow-up and targeted treatments, to prevent further de-
terioration of the lesions. On the other hand, for women
newly diagnosed with LSIL who have no HPV infection
or recurrent, persistent vaginal symptoms, their condition
is highly likely to cease progressing or even regress with
lifestyle modifications and appropriate treatment, and there
is no need for excessive concern.

Based on the results of the multivariate analysis in this
study, we developed a predictive model that includes per-
sistent high-risk HPV infection and the persistence or re-
currence of symptoms. This model demonstrated good pre-
dictive ability in both the training cohort (AUC = 0.92) and
the validation cohort (AUC = 0.88). Using this model, clin-
icians can identify high-risk patients and implement early
interventions to prevent further progression of the lesions.
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Table 2. Comparison of general characteristics and clinicopathological factors of the training set.

Progression to HSIL within 3 years

Variables Total (n="73) Statistic p
No (n=67) Yes (n=6)

Age (years), Mean &+ SD 33.754+£9.62  33.69 £9.26 3436+ 13.24 =-0.22 0.827

Number of Lesions, Mean + SD 2.61 +0.98 2.60 4+ 0.97 2,64 +1.12 t=-0.10 0917

Lesion Location, n (%) x2=0.82 0.366
Cervical Os 56 (76.71) 50 (74.63) 6 (100.00)
Cervical Canal 17 (23.29) 17 (25.37) 0(0.00)

HPV Types, n (%) x2=5.01 0.025
HPV16/18 35(47.95) 29 (43.28) 6 (100.00)
Non-HPV16/18 38(52.05) 38(56.72) 0(0.00)

P16, n (%) x2 =147 0.225
No 47 (64.38) 45 (67.16) 2 (33.33)
Yes 26 (35.62) 22 (32.84) 4 (66.67)

Ki-67, n (%) x2=0.01 0.919
Positive 29 (39.73) 26 (38.81) 3 (50.00)
Negative 44 (60.27) 41 (61.19) 3 (50.00)

HPV Infection Type, n (%) - 0.270
Single Infection 42 (57.53) 40 (59.70) 2(33.33)
No Infection 23 (31.51) 19 (28.36) 4 (66.67)
Mixed Infection 8(10.96) 8(11.94) 0(0.00)

Abnormal Uterine Bleeding, n (%) x2=3.15 0.076
No 53 (72.60) 51(76.12) 2 (33.33)
Yes 20 (27.40) 16 (23.88) 4 (66.67)

Marital Status, n (%) - 0.501
Single/Unmarried 33 (45.21) 30 (44.78) 3 (50.00)
Married 5(6.85) 4(5.97) 1(16.67)
Unknown/Other 11 (15.07) 10 (14.93) 1(16.67)
Divorced 24 (32.88) 23 (34.33) 1(16.67)

Residence, n (%) x2=0.01 0.911
Urban 41 (56.16) 37(55.22) 4 (66.67)
Rural 32 (43.84) 30 (44.78) 2 (33.33)

Family History of Cancer, n (%) - 0.073
No 67 (91.78) 63 (94.03) 4 (66.67)
Yes 6(8.22) 4(5.97) 2 (33.33)

Vaginal Discharge, n (%) - 0.737
Increased 24 (32.88) 22 (32.84) 2 (33.33)
Decreased 12 (16.44) 12 (17.91) 0(0.00)
Normal 37 (50.68) 33 (49.25) 4 (66.67)

Transformation Zone Typing, n (%) x2 =0.00 1.000
Type I+11 49 (67.12) 45 (67.16) 4 (66.67)
Type 111 24 (32.88) 22 (32.84) 2 (33.33)

Number of Pregnancies, n (%) x2=0.00 1.000
>2 26 (35.62) 24 (35.82) 2(33.33)
<2 47 (64.38) 43 (64.18) 4 (66.67)

Menopausal Status, n (%) - 0.357
No 68 (93.15) 63 (94.03) 5(83.33)
Yes 5(6.85) 4(5.97) 1(16.67)

Use of Intrauterine Device (IUD), n (%) x2=023 0.631
No 60 (82.19) 56 (83.58) 4 (66.67)
Yes 13 (17.81) 11 (16.42) 2(33.33)

Persistent HPV Infection, n (%) x2=6.48 0.011
No 42 (57.53) 42 (62.69) 0(0.00)
Yes 31 (42.47) 25(37.31) 6 (100.00)

Persistent or Recurrent Symptoms, n (%) - 0.015
No 65 (89.04) 62 (92.54) 3 (50.00)
Yes 8 (10.96) 5(7.46) 3 (50.00)

t, t-test; x2, Chi-square test; -, Fisher exact.
SD, standard deviation.
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Table 3. Comparison of baseline general characteristics and clinicopathological factors between the training set and validation set.

[Tt

2,

4

Ss3id NI

Variables Overall population dataset Dataset of patients developed HSIL
Total (n=122)  Test(n=49)  Train (n=73) Statistic p Total (n=11) Test (n=15) Train (n = 6) Statistic P
Age (years), Mean + SD 33.754+9.62 3490+ 10.86 32.99 + 8.69 t=1.08 0.284  32.00(23.50,42.00) 41.00(32.00,43.00) 23.50(18.25,33.25) W=7.001 0.177
Number of Lesions, Mean + SD 2.61 +0.98 2.49 £+ 1.02 2.68 + 0.96 t=-1.07 0.285 2.00 (2.00, 3.00) 2.00 (2.00, 2.00) 3.00 (2.25, 3.00) Z=1261 0.209
Lesion Location, n (%) x2=043 0511 - 0.182
Cervical Os 91 (74.59) 35(71.43) 56 (76.71) 9(81.82) 3 (60.00) 6 (100.00)
Cervical Canal 31(25.41) 14 (28.57) 17 (23.29) 2 (18.18) 2 (40.00) 0 (0.00)
HPV Types, n (%) x2=0.01 0911 - 0.182
HPV16/18 59 (48.36) 24 (48.98) 35(47.95) 9(81.82) 3 (60.00) 6 (100.00)
Non-HPV16/18 63 (51.64) 25(51.02) 38 (52.05) 2(18.18) 2 (40.00) 0 (0.00)
P16, n (%) x?2=033  0.566 - 0.242
No 81 (66.39) 34 (69.39) 47 (64.38) 6 (54.55) 4 (80.00) 2(33.33)
Yes 41 (33.61) 15 (30.61) 26 (35.62) 5 (45.45) 1 (20.00) 4 (66.67)
Ki-67, n (%) x2=0.32 0574 - 1.000
Positive 46 (37.70) 17 (34.69) 29 (39.73) 5(45.45) 2 (40.00) 3 (50.00)
Negative 76 (62.30) 32 (65.31) 44 (60.27) 6 (54.55) 3 (60.00) 3 (50.00)
HPV Infection Type, n (%) x?2=133 0.514 - 1.000
Single Infection 65 (53.28) 23 (46.94) 42 (57.53) 3(27.27) 1 (20.00) 2(33.33)
No Infection 42 (34.43) 19 (38.78) 23 (31.51) 7 (63.64) 3 (60.00) 4 (66.67)
Mixed Infection 15 (12.30) 7 (14.29) 8 (10.96) 1(9.09) 1 (20.00) 0 (0.00)
Abnormal Uterine Bleeding, n (%) x2=0.02 0.887 - 1.000
No 88 (72.13) 35(71.43) 53 (72.60) 3(27.27) 1 (20.00) 2 (33.33)
Yes 34 (27.87) 14 (28.57) 20 (27.40) 8 (72.73) 4 (80.00) 4 (66.67)
Marital Status, n (%) - 0.873 - 1.000
Single/Unmarried 58 (47.54) 25(51.02) 33 (45.21) 6 (54.55) 3 (60.00) 3 (50.00)
Married 7(5.74) 2 (4.08) 5(6.85) 1(9.09) 0 (0.00) 1(16.67)
Unknown/Other 19 (15.57) 8(16.33) 11 (15.07) 2 (18.18) 1 (20.00) 1(16.67)
Divorced 38 (31.15) 14 (28.57) 24 (32.88) 2(18.18) 1 (20.00) 1(16.67)
Residence, n (%) x2=0.14 0.713 - 1.000
Urban 82 (67.21) 32 (65.31) 50 (68.49) 7 (63.64) 3 (60.00) 4 (66.67)
Rural 40 (32.79) 17 (34.69) 23 (31.51) 4 (36.36) 2 (40.00) 2 (33.33)
Family History of Cancer, n (%) x2=0.28 0.595 - 1.000
No 114 (93.44) 47 (95.92) 67 (91.78) 8 (72.73) 4 (80.00) 4 (66.67)
Yes 8 (6.56) 2 (4.08) 6(8.22) 3(27.27) 1 (20.00) 2 (33.33)
Vaginal Discharge, n (%) x2=1.05 0.592 - 0.740
Increased 40 (32.79) 16 (32.65) 24 (32.88) 4 (36.36) 2 (40.00) 2(33.33)
Decreased 17 (13.93) 5(10.20) 12 (16.44) 1(9.09) 1 (20.00) 0 (0.00)

Normal 65 (53.28) 28 (57.14) 37 (50.68) 6 (54.55) 2 (40.00) 4 (66.67)
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Table 3. Continued.

Ssdid dNI

Variables Overall population dataset Dataset of patients developed HSIL
Total (n=122) Test(n=49) Train(n=73)  Statistic P Total (n=11) Test(n=35) Train(n=6) Statistic P
Transformation Zone Typing, n (%) x2=0.04 0.835 - 0.242
Type I+11 81 (66.39) 32 (65.31) 49 (67.12) 5(45.45) 1 (20.00) 4 (66.67)
Type 111 41 (33.61) 17 (34.69) 24 (32.88) 6 (54.55) 4 (80.00) 2(33.33)
Number of Pregnancies, n (%) x2=1.06 0.304 - 1.000
>2 48 (39.34) 22 (44.90) 26 (35.62) 4 (36.36) 2 (40.00) 2(33.33)
<2 74 (60.66) 27 (55.10) 47 (64.38) 7 (63.64) 3 (60.00) 4 (66.67)
Menopausal Status, n (%) x2=0.49 0.485 - 1.000
No 111 (90.98) 43 (87.76) 68 (93.15) 9(81.82) 4 (80.00) 5(83.33)
Yes 11 (9.02) 6(12.24) 5(6.85) 2 (18.18) 1 (20.00) 1(16.67)
Use of Intrauterine Device (IUD), n (%) x2=0.05 0.832 - 1.000
No 101 (82.79) 41 (83.67) 60 (82.19) 8 (72.73) 4 (80.00) 4 (66.67)
Yes 21(17.21) 8(16.33) 13 (17.81) 3(27.27) 1 (20.00) 2(33.33)
Persistent HPV Infection, n (%) x2=0.03 0.856 - 0.182
No 71 (58.20) 29 (59.18) 42 (57.53) 2 (18.18) 2 (40.00) 0 (0.00)
Yes 51 (41.80) 20 (40.82) 31(42.47) 9(81.82) 3 (60.00) 6 (100.00)
Persistent or Recurrent Symptoms, n (%) x2=0.05 0.827 - 0.545
No 108 (88.52) 43 (87.76) 65 (89.04) 4 (36.36) 1 (20.00) 3 (50.00)
Yes 14 (11.48) 6(12.24) 8 (10.96) 7 (63.64) 4 (80.00) 3 (50.00)

t, t-test; x2, Chi-square test; -, Fisher exact; W, Mann-Whitney U test; Z, Z-test.
SD, standard deviation.

Table 4. Univariate and multivariate logistic regression analysis of significant factors associated with progression to HSIL within 3 years.

Variables Univariate Logistic Regression Analysis Multivariate Logistic Regression Analysis
154 S.E zZ P Odds ratio (OR) (95% CI) B8 S.E V4 P OR (95% CI)

HPV16/18 Infection

Positive 1.00 (Reference) 1.00 (Reference)

Negative -1.7 08 212  0.034 0.18 (0.04~0.88) -0.71 094 -0.75 0.454 0.49 (0.08~3.13)
Persistent High-Risk HPV Infection

No 1.00 (Reference) 1.00 (Reference)

Yes 2 081 248 0.013 7.39 (1.52~35.87) 204 092 222 0.027 7.67 (1.27~46.36)
Persistent or Recurrent Symptoms

No 1.00 (Reference) 1.00 (Reference)

Yes 326 074 441  <0.001 26.00 (6.11~110.55) 305 089 341 <0.001 21.07(3.66~121.30)
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Fig. 2. Prediction model for progression to HSIL within 3 years and associated evaluation parameters. (A) Prediction model. (B)

Receiver operating characteristic (ROC) curves for the training and validation sets. (C) Calibration plot for the training set. (D) Decision

Curve Analysis for the training set.

This model not only showed excellent performance in this
study but also aligns with the potential application of ex-
isting data-driven predictive tools in clinical practice [41].
Such a personalized risk prediction tool helps improve
the precision of clinical decision-making, particularly in
resource-limited settings, where it can effectively identify
high-risk patients for early intervention.

Despite the valuable clinical insights provided by this
study, several limitations remain. First, the sample size is
relatively small, which may affect the generalizability of the
results, particularly in the evaluation of rare factors [42].
Second, the data for this study were sourced from a sin-
gle center, which may introduce limitations due to regional
and ethnic factors, potentially affecting the external valid-
ity of the results. The retrospective design may lead to in-
formation bias, and the small number of events for some
predictive factors could impact the stability of the model
[43]. Additionally, handling of missing data may introduce
bias into the analysis. Furthermore, the 3-year observation
period may have missed cases where progression occurred
after this time frame, potentially underestimating the true
rate of progression. Nevertheless, this study explored early
trends in the progression of cervical dysplasia and provides
preliminary data for future research. We believe these find-
ings are of exploratory significance and offer valuable in-
sights for guiding clinical practice and subsequent studies.
Therefore, future studies should aim to increase the sample
size and incorporate multi-center data for validation, extend
the follow-up period to capture long-term progression, and
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explore other potential risk factors, such as host immune
status, to further refine the predictive model and enhance its
ability to predict the risk of progression in LSIL patients.

5. Conclusions

This study confirms that persistent high-risk HPV in-
fection and the persistence or recurrence of symptoms are
independent risk factors for the progression of LSIL to
HSIL, and it has developed an effective predictive model to
assist clinicians in identifying high-risk patients. The model
demonstrated good predictive ability in both the training
and validation cohorts, showing strong clinical applicabil-
ity. persistent high-risk HPV infection, as the core driver
of progression, highlights the importance of effective mon-
itoring and intervention for high-risk HPV infections. Ad-
ditionally, the persistence or recurrence of symptoms may
reflect chronic inflammation or changes in the immune mi-
croenvironment, which further accelerate the progression
of lesions. Therefore, for patients exhibiting these clinical
signs, enhanced follow-up and early intervention are cru-
cial.
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sions; ROC, the receiver operating characteristic curve;
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