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ABSTRACT

Background: Low-grade squamous intraepithelial lesions (LSIL) are commonly associated with persistent human papillomavirus
infection and are frequently managed through conservative surveillance due to their potential for spontaneous regression. Emerging
evidence suggests that disruption of the cervicovaginal microbiome, particularly depletion of Lactobacillus species, may contribute
to lesion persistence. Microbiome-modulating therapies have therefore gained attention as low-risk adjuncts in cervical disease
prevention.

Objective: To determine whether topical cervical application of Lactobacillus probiotics increases regression rates of LSIL to
normal cytology.

Methods: A randomized controlled trial was conducted over 12 months in tertiary care gynecology clinics in the Lahore region of
Pakistan. Women aged 2145 years with cytologically confirmed LSIL were randomized to receive either topical cervical
Lactobacillus probiotic therapy alongside standard surveillance or standard care alone. Cervical cytology was assessed at baseline,
six months, and twelve months. The primary outcome was regression to normal cytology at 12 months. Data were analyzed using
parametric statistical tests, with significance set at p < 0.05.

Results: At 12 months, regression to normal cytology was observed in 71.9% of women in the probiotic group compared with
50.5% in the control group, representing a statistically significant difference. Persistence of LSIL was lower in the intervention
group, while progression to higher-grade lesions was infrequent in both groups. Probiotic therapy was well tolerated, with no serious
adverse events reported.

Conclusion: Topical cervical Lactobacillus probiotic therapy significantly enhanced LSIL regression and reduced lesion persistence
without added safety concerns. These findings support microbiome modulation as a practical and non-invasive adjunct to
conservative LSIL management and cervical cancer prevention strategies.

Keywords: Cervical Intraepithelial Neoplasia; Lactobacillus; Papillomavirus Infections; Probiotics; Randomized Controlled
Trial; Uterine Cervical Dysplasia; Vaginal Microbiome
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INTRODUCTION

Low-grade squamous intraepithelial lesions (LSIL) of the cervix represent an early and frequently transient stage in the spectrum of
cervical epithelial abnormalities. Most LSIL cases are associated with persistent infection by high-risk human papillomavirus (HPV),
yet the biological behavior of these lesions is heterogeneous. While a substantial proportion regress spontaneously, a subset persists or
progresses, generating anxiety for patients and creating a clinical dilemma for healthcare providers who must balance overtreatment
against the risk of missed disease progression (1). This uncertainty has intensified interest in low-risk, non-invasive interventions that
may support lesion regression and enhance cervical health without adding treatment-related morbidity. Cervical carcinogenesis is now
understood to be a multifactorial process in which viral persistence, host immunity, and the local microenvironment interact dynamically.
Beyond HPYV itself, increasing attention has been directed toward the cervical and vaginal microbiome as a potential modifier of disease
trajectory (2,3). A Lactobacillus-dominant vaginal ecosystem is widely regarded as a marker of reproductive tract health. These
organisms contribute to mucosal defense through maintenance of acidic pH, competitive inhibition of pathogenic microbes, production
of antimicrobial substances, and modulation of local immune responses. Conversely, depletion of Lactobacillus species and increased
microbial diversity have been associated with HPV persistence, chronic inflammation, and higher grades of cervical dysplasia (4,5).

Observational studies have repeatedly demonstrated that women with LSIL or persistent HPV infection are more likely to exhibit a non-
Lactobacillus-dominant microbiome. This dysbiotic state is characterized by elevated vaginal pH, increased inflammatory mediators,
and disruption of epithelial barrier function, all of which may facilitate viral persistence and impair immune-mediated lesion clearance
(6). These findings suggest that the microbiome is not merely a bystander but may actively influence the natural history of cervical
intraepithelial lesions. As such, therapeutic strategies aimed at restoring microbial balance represent a biologically plausible adjunct to
existing surveillance-based management of LSIL. Probiotics, particularly Lactobacillus strains, have emerged as promising candidates
for microbiome modulation in gynecological practice (7,8). Oral and intravaginal probiotics have shown benefit in the management of
bacterial vaginosis and vulvovaginal candidiasis, conditions also linked to microbial imbalance and mucosal inflammation. In the context
of cervical dysplasia, preliminary studies suggest that probiotic supplementation may improve HPV clearance rates and favor regression
of low-grade lesions (9). However, much of the existing evidence is derived from small observational studies, heterogeneous probiotic
formulations, or oral administration routes that may not reliably achieve targeted cervical colonization. Topical cervical application of
Lactobacillus probiotics offers a more direct and potentially effective approach to modifying the local microenvironment at the site of
disease. By delivering beneficial bacteria directly to the cervicovaginal epithelium, this strategy may enhance mucosal immunity, reduce
pro-inflammatory signaling, and create conditions unfavorable for HPV persistence (10,11). Despite its theoretical advantages, robust
clinical evidence supporting this approach remains limited. Few randomized controlled trials have rigorously evaluated topical probiotic
therapy for LSIL regression, and those that exist vary widely in strain selection, dosing schedules, and outcome assessment, making it
difficult to draw definitive conclusions (12).

From a preventive oncology perspective, the appeal of microbiome-modulating therapy lies in its safety profile and alignment with
conservative management principles. Women diagnosed with LSIL are often young and of reproductive age, and many experience
significant psychological distress during prolonged cytological surveillance. An intervention that safely increases regression rates could
reduce follow-up burden, improve patient reassurance, and potentially decrease long-term progression risk (13). Importantly, such an
approach would complement, rather than replace, established screening and vaccination strategies, reinforcing a holistic model of
cervical cancer prevention. Against this backdrop, there remains a clear gap in high-quality evidence evaluating whether targeted
restoration of Lactobacillus dominance at the cervix can meaningfully influence cytological outcomes in LSIL. Well-designed
randomized controlled trials are needed to move beyond association and establish causality, while also clarifying feasibility,
acceptability, and clinical relevance of topical probiotic therapy in routine gynecological care. In light of these considerations, the present
randomized controlled trial is designed to determine whether topical cervical application of Lactobacillus probiotics, as a microbiome-
modulating therapy, increases regression rates of low-grade squamous intraepithelial lesions to normal cytology compared with standard
care, thereby offering a safe and biologically grounded adjunct for the management of LSIL.

METHODS

This randomized controlled trial was conducted over a period of 12 months in tertiary care gynecology clinics located in the Lahore
region of Pakistan. The study was designed to evaluate the effectiveness of a topical cervical application of Lactobacillus probiotics in
promoting cytological regression of low-grade squamous intraepithelial lesions. A parallel-group, open-label randomized design was
adopted, with participants allocated in a 1:1 ratio to either the intervention group receiving probiotic therapy alongside standard
surveillance or the control group receiving standard care alone. The study setting was chosen to reflect routine clinical practice in an
urban South Asian population, thereby enhancing the external validity and applicability of the findings. Women aged 21 to 45 years
with a recent cervical cytology report confirming LSIL were considered eligible for inclusion. Diagnosis was based on conventional or
liquid-based Pap smear reporting according to the Bethesda system. Eligible participants were required to be non-pregnant, sexually
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active, and willing to comply with follow-up visits over the study duration. Women with high-grade squamous intraepithelial lesions,
evidence of invasive cervical disease, prior treatment for cervical dysplasia, current genital tract infections requiring antimicrobial
therapy, immunocompromised states, use of systemic or vaginal probiotics within the preceding four weeks, or known hypersensitivity
to probiotic preparations were excluded. These criteria were applied to minimize confounding factors that could independently influence
lesion regression or cervical microbiome composition. The sample size was calculated to detect a clinically meaningful difference in
regression rates between the two groups. Based on previous literature, spontaneous regression of LSIL to normal cytology was assumed
to be approximately 50% over 12 months with standard care. It was hypothesized that probiotic therapy would increase regression rates
to 70%. Using a two-sided alpha of 0.05 and a power of 80%, the minimum required sample size was calculated as 90 participants per
group. Allowing for an anticipated attrition rate of 10%, a total of 200 women were enrolled, with 100 participants allocated to each
study arm (14).

Randomization was performed using a computer-generated random number sequence prepared by an independent researcher not
involved in participant recruitment or assessment. Allocation concealment was ensured through the use of sealed, opaque envelopes
opened only after enrollment. Participants in the intervention arm received a standardized Lactobacillus probiotic formulation designed
for vaginal use, administered via topical cervical application once weekly for the first six weeks, followed by monthly applications for
a further three months, in addition to routine observational follow-up. The control group underwent routine surveillance according to
prevailing clinical guidelines without probiotic intervention. Baseline data collection included sociodemographic characteristics,
reproductive history, contraceptive use, smoking status, and relevant clinical findings. Cervical cytology was obtained at baseline, six
months, and twelve months using standard sampling techniques performed by trained gynecology staff. The primary outcome was
regression of LSIL to normal cytology at 12 months, as determined by follow-up Pap smear. Secondary outcomes included persistence
of LSIL, progression to higher-grade lesions, and treatment tolerability. Cytology samples were interpreted by experienced
cytopathologists blinded to group allocation to reduce assessment bias. Data were entered and analyzed using Statistical Package for the
Social Sciences (SPSS) version 26. Continuous variables were summarized as means and standard deviations, while categorical variables
were expressed as frequencies and percentages. Normality of continuous data was assessed using the Shapiro—Wilk test and visual
inspection of histograms, confirming normal distribution. Between-group comparisons for continuous variables were conducted using
independent sample t-tests, while paired t-tests were used to assess within-group changes over time. Categorical outcomes, including
regression rates, were compared using the chi-square test. Relative risk and 95% confidence intervals were calculated to estimate the
effect size of the intervention. A p-value of less than 0.05 was considered statistically significant. Ethical approval for the study was
obtained from the Institutional Review Board of the participating center in Lahore, Pakistan. The study was conducted in accordance
with the principles of the Declaration of Helsinki. All eligible participants were provided with detailed verbal and written information
regarding the study objectives, procedures, potential benefits, and risks. Written informed consent was obtained prior to enrollment, and
participants were assured of confidentiality and their right to withdraw from the study at any point without affecting their standard
clinical care.

RESULTS

A total of 200 women with cytologically confirmed low-grade squamous intraepithelial lesions were enrolled and randomized equally
into the probiotic intervention group (n = 100) and the control group (n = 100). During the 12-month follow-up period, nine participants
were lost to follow-up (four in the probiotic group and five in the control group). Complete outcome data were therefore available for
191 participants, yielding an overall retention rate of 95.5%. Baseline demographic and clinical characteristics were comparable between
the two groups, with no statistically significant differences observed. The mean age of participants was 32.6 + 6.4 years in the probiotic
group and 33.1 £ 6.7 years in the control group. The majority of participants were multiparous, and most reported prior use of hormonal
or barrier contraception. Smoking prevalence was low in both groups. Baseline cytology, reproductive characteristics, and sexual health
indicators did not differ significantly between groups, confirming effective randomization (Table 1). At 12 months, cytological
regression to normal findings was observed in 69 of 96 women (71.9%) in the probiotic group compared with 48 of 95 women (50.5%)
in the control group. The difference in regression rates between groups was statistically significant (%> = 8.94, p = 0.003). Persistence of
LSIL was documented in 21 women (21.9%) in the probiotic group and 36 women (37.9%) in the control group. Progression to high-
grade squamous intraepithelial lesions occurred in 6 participants (6.2%) receiving probiotics and 11 participants (11.6%) under standard
surveillance (Table 2). Relative risk analysis demonstrated that participants receiving topical Lactobacillus therapy had a 1.42-fold
higher likelihood of regression to normal cytology compared with controls (RR = 1.42; 95% CI: 1.12—-1.80). Conversely, the risk of
lesion persistence was reduced in the probiotic group (RR = 0.58; 95% CI: 0.38—0.88). Although progression rates were numerically
lower in the intervention group, this difference did not reach statistical significance (p = 0.18). Mid-term assessment at six months
revealed early cytological improvement in the probiotic group, with regression observed in 54.2% of participants compared with 38.7%
in the control group (p = 0.021). Persistence at six months remained higher in the control group, while early progression was uncommon
in both groups (Table 3). Treatment tolerability was favorable. Mild, self-limiting vaginal discomfort was reported by seven participants
(7.3%) in the probiotic group, while no serious adverse events were recorded. No participants discontinued the intervention due to side
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effects. Compliance with scheduled applications exceeded 90%. Outcome trends across follow-up visits are visually summarized in
Figures 1 and 2, illustrating higher regression and lower persistence rates in the probiotic group over time.

Table 1: Baseline Demographic and Clinical Characteristics (n = 191)

Variable Probiotic Group (n=96) Control Group (n=95) p-value

Age (years, mean = SD) 32.6+6.4 33.1+£6.7 0.61

Multiparity n (%) 62 (64.6) 60 (63.2) 0.84

Hormonal contraception n (%) 41 (42.7) 39 (41.1) 0.82

Smoking n (%) 6(6.3) 7(7.4) 0.76

Prior STT history n (%) 18 (18.8) 20 (21.1) 0.68
Table 2: Primary Cytological Outcomes at 12 Months

Outcome Probiotic Group n (%) Control Group n (%) p-value

Regression to normal 69 (71.9) 48 (50.5) 0.003

Persistent LSIL 21 (21.9) 36 (37.9) 0.01

Progression to HSIL 6(6.2) 11 (11.6) 0.18
Table 3: Cytological Status at 6-Month Follow-up

Outcome Probiotic Group n (%) Control Group n (%) p-value

Regression 52 (54.2) 37 (38.7) 0.021

Persistent LSIL 41 (42.7) 53 (55.8) 0.048

Progression 3.1 5(5.3) 0.47
Table 4: Relative Risk Estimates for 12-Month Outcomes

Outcome Relative Risk 95% CI

Regression 1.42 1.12-1.80

Persistence 0.58 0.38-0.88

Progression 0.54 0.20-1.45
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DISCUSSION

The findings of this randomized controlled trial indicated that topical cervical application of Lactobacillus probiotics was associated
with a significantly higher regression rate of low-grade squamous intraepithelial lesions compared with standard surveillance alone.
Over the 12-month follow-up period, women receiving probiotic therapy demonstrated a markedly greater return to normal cytology,
alongside lower rates of lesion persistence and a numerically reduced incidence of progression. These results supported the study
objective and reinforced the growing concept that modulation of the cervicovaginal microbiome plays a meaningful role in the natural
history of HPV-related cervical lesions (15,16). The observed regression rate in the probiotic group exceeded the expected spontaneous
regression reported in previous longitudinal studies, where LSIL regression typically ranges between 45% and 60% over one year.
Recent microbiome-focused research has suggested that a Lactobacillus-dominant cervicovaginal environment promotes viral clearance
through maintenance of acidic pH, suppression of pro-inflammatory pathways, and enhancement of epithelial barrier integrity. The
present findings were consistent with these mechanistic insights and aligned with emerging clinical evidence indicating improved HPV
clearance and cytological outcomes among women with restored Lactobacillus dominance (17). Notably, the magnitude of benefit
observed in this trial was comparable to, or greater than, that reported in earlier studies using oral or intravaginal probiotics, suggesting
that direct cervical application may offer enhanced local effectiveness.

The reduced persistence of LSIL in the intervention arm was clinically relevant, as lesion persistence is a recognized risk factor for
progression to high-grade disease. Although progression rates were low in both groups and did not reach statistical significance, the
lower numerical trend in the probiotic group supported the hypothesis that microbiome modulation may contribute to a less permissive
environment for neoplastic progression (18,19). Importantly, these effects were achieved without serious adverse events, highlighting
the favorable safety profile of probiotic therapy, which is particularly valuable in a population often managed conservatively.
Comparison with existing literature revealed both convergence and extension of prior findings. Several studies published after 2020
have reported associations between non-Lactobacillus-dominant vaginal microbiota and persistent high-risk HPV infection, as well as
reduced clearance following conservative management. Interventional studies examining probiotics have demonstrated mixed results,
often limited by small sample sizes, heterogeneity of probiotic strains, and indirect delivery routes. The present trial addressed some of
these gaps by employing a randomized design, a defined probiotic regimen, and a targeted cervical application strategy, thereby
strengthening causal inference and clinical relevance (20,21). The study possessed several strengths. The randomized controlled design
minimized selection bias, while baseline comparability between groups supported the validity of outcome differences. Cytological
assessments were performed by experienced cytopathologists blinded to allocation, reducing measurement bias. The 12-month follow-
up period was sufficient to capture meaningful cytological changes while reflecting routine clinical surveillance intervals. Additionally,
the study was conducted in a real-world clinical setting in Pakistan, enhancing applicability to similar low- and middle-income contexts
where cervical cancer burden remains high.

Nevertheless, certain limitations warranted consideration. The open-label nature of the intervention may have introduced performance
bias, although outcome assessment blinding mitigated this risk. HPV genotyping and direct microbiome profiling were not performed,
limiting the ability to correlate cytological outcomes with specific viral or microbial changes. The single-region setting may also restrict
generalizability to populations with different sexual health behaviors or microbiome profiles. Furthermore, while the sample size was
adequate for detecting differences in regression, it was underpowered to definitively assess progression to high-grade lesions, a relatively
rare outcome in LSIL cohorts. Future research should focus on integrating microbiome sequencing and HPV viral load assessment to
better elucidate biological pathways underlying probiotic-associated regression. Comparative studies evaluating different probiotic
strains, dosing schedules, and delivery methods would further refine clinical protocols (22,23). Longer follow-up periods could clarify
whether microbiome modulation confers sustained protection against recurrence or progression. Exploration of probiotic therapy as an
adjunct to HPV vaccination or post-treatment surveillance may also represent a promising avenue for preventive oncology. In
conclusion, this study contributed evidence supporting topical Lactobacillus probiotic therapy as a safe and potentially effective adjunct
in the conservative management of LSIL. By enhancing regression rates and reducing lesion persistence, microbiome-modulating
strategies may represent an important addition to cervical cancer prevention frameworks, particularly in settings where low-cost, low-
risk interventions are urgently needed.

CONCLUSION

This randomized controlled trial demonstrated that topical cervical application of Lactobacillus probiotics significantly increased
regression of low-grade squamous intraepithelial lesions compared with standard surveillance alone. By reducing lesion persistence and
supporting return to normal cytology without notable adverse effects, microbiome-modulating therapy emerged as a safe, low-risk
adjunct in LSIL management. These findings highlight the clinical relevance of targeting the cervicovaginal microenvironment and
support incorporation of probiotic strategies into conservative cervical cancer prevention approaches.
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