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Purpose: To evaluate the efficacy and safety of PHPV in the treatment of persistent high-risk papillomavirus (hrHPV) infection of the cervix.
Patients and Methods: A randomized controlled trial (RCT) was conducted on patients with persistent hrHPV infection which were
randomly assigned in three groups: PHPV, interferon and control. All participants were followed up at baseline, 3 months and 6
months after enrollment. The primary outcome was hrHPV clearance at 6 months post-enrollment. Secondary outcomes included
effective rate, HPV E6/E7 mRNA negativity, changes in vaginal microecology and safety. The primary analysis was conducted on the
modified intention-to-treat (mITT) population.

Results: Of 842 patients screened, 120 were randomly assigned to three groups and 110 were included in the mITT analyses. At 3
months, hrHPV clearance rates were higher in both the PHPV and interferon groups compared with the control group. However, after
covariate adjustment, the superiority over no treatment remained robust for PHPV, whereas the interferon vs control comparison
showed attenuation. At 6 months, hrHPV clearance was 66.7% in the PHPV group, 45.9% in the interferon group, and 20.6% in the
control group. Adjusted analyses showed that PHPV was significantly superior to no treatment (RR 2.81, 95% CI 1.37-5.79, P=0.005),
whereas the interferon vs control comparison did not reach statistical significance (RR 2.08, 95% CI 0.98-4.44, P=0.058). Similar
patterns were observed for effective rate and HPV E6/E7 mRNA negativity, with PHPV demonstrating consistent superiority over no
treatment after adjustment. Comparisons between PHPV and interferon did not reach statistical significance for clearance outcomes,
although PHPV showed numerically higher efficacy. No serious adverse events were reported.

Conclusion: PHPV is an effective and safe non-invasive therapeutic option for persistent hrHPV infection.

Clinical Trial Registration: www.chictr.org.cn, ChiCTR2200063608.
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Introduction
Human papillomavirus (HPV) infection is the most prevalent sexually transmitted disease, with more than 10% of
women infected with HPV in China." Statistically, HPV infection rates in the reproductive tract exceed 80% in sexually
active women.>* Although most HPV infections cleared within 1-2 years, approximately 10% of high-risk HPV (hrHPV)
infections persist,* ® increasing the risk of cervical intraepithelial neoplasia (CIN) and invasive cervical cancer.”*
Current preventive and therapeutic strategies, including physical therapy, surgical intervention, immunotherapy, and
prophylactic vaccines, have limitations. Cervical conization is effective in eradicating CIN lesions and associated HPV
infections, but residual or recurrent lesions occur in 7%-25% of cases.””'® Antiviral or immunomodulatory agents,

including interferon-based therapies, have demonstrated limited efficacy and tolerability."' '* Prophylactic vaccines
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exhibit high efficacy in preventing HPV infection but have low adherence rates, and limited utility in individuals already
infected.'*'® Therefore, effective therapeutic interventions to eliminate persistent hrHPV infection are urgently needed.

In recent years, biologic and topical antiviral therapies have shown great potential as non-invasive treatments for HPV
infection. PHPV Fusion Factor Vaginal Gel (PHPV®) is an innovative biologic to treat HPV infection developed by
Guangxi Fulaiming Biopharmaceutical. Its active component, a recombinant lactoferricin fusion protein, can bind to viral
particles and inhibit their attachment to host cells. It also competes with cell surface receptors (such as heparan sulfate
proteoglycans) to prevent hrHPV from attaching to and entering epithelial cells, thereby suppressing HPV replication,
reducing viral load, promoting viral clearance, and preventing cervical lesions. Additional components, such as carbomer,
glycerin, green tea extract,'” and triclosan (present at a very low concentration), enhance its therapeutic effects.

This study investigated the therapeutic efficacy and safety of PHPV for managing persistent hrHPV infections through
clinical trials.

Material and Methods
PHPV Fusion Factor and PHPV Gel

The PHPV fusion factor is synthetic construct consisting of cell-penetrating peptide, antiviral peptide, and tissue repair
peptide (Supplementary Figure S1) with the code FLM-1.x. The sequence information is registered in the NCBI
GenBank (OR713750.1 and WOZ30154.1). Both the PHPV fusion factor and PHPV gel were supplied by Guangxi

Fulaiming Biopharmaceutical.

Ethics

The study protocol was approved by the the Ethics Committee of the Second Xiangya Hospital of Central South University
(approval number: LYG2021078), and registered in the Chinese Clinical Trial Registry website (www.chictr.org.cn,
ChiCTR2200063608) on September 13, 2022. The study was conducted in accordance with the Consolidated Standards
of Reporting Trials (CONSORT 2010) Guidelines'® and the principles of the Declaration of Helsinki. Written informed

consent was obtained from each participant prior to the commencement of the study.

Clinical Study Design
A total of 120 gynecological outpatients were enrolled. Inclusion criteria were: (1) women aged 25-45 with an intact
uterus; (2) history of persistent hrHPV infection, defined as the same-type HPV persisting >1 year.'? (3) positive hrHPV
typing and HPV E6/E7 mRNA tests within 1 month; and (4) no history of drug allergies.

Exclusion criteria included: (1) pregnancy or lactation; (2) systemic or local treatment for cervical atypia or HPV
infection within 3 months; (3) acute reproductive tract infections; (4) cervical cancer or high-grade lesions; (5) severe
systemic illness; (6) antibiotic use within 3 months; (7) inability to cooperate; and (8) deemed unsuitable by the

researchers, such as communication difficulties.

Randomization and Allocation Concealment
Participants were randomly assigned (1:1:1) using a computer-generated randomization scheme to one of three groups:
PHPYV, interferon, or control (no treatment). The randomization process was generated by an independent statistician who
was not involved in participant recruitment or data analysis. Allocation concealment was maintained using sequentially
numbered, opaque, sealed envelopes, which were opened only after the participant’s enrollment. This approach followed
a simple randomization method, ensuring strict concealment and minimizing the risk of selection bias.

Due to the nature of the interventions, blinding of participants and treating clinicians was not feasible. However,
outcome assessors and statisticians were blinded to treatment allocation. Laboratory personnel responsible for vaginal
microecology assessment, HPV testing, and cytology evaluation were unaware of group assignments to minimize

potential detection bias.
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Interventions

The PHPV group received PHPV vaginal gel (3g/tube, Gui-MPA: 20202180247), applied every other day except during
menstruation, for 3 months. The instructions for use were as follows: The package was opened, and the injector was
removed. The protective cover was then taken off, and the protective tube was detached. With the patient lying on her
back, the injector was carefully inserted into the vagina, reaching the deep cervix in the posterior vaginal fornix. The
protective tube was used as a booster rod to facilitate the injection of the gel onto the cervix surface.

The interferon group received Xinfuning® (recombinant human interferon a-2b vaginal capsules, 80 IU/capsule, Shanghai
Huaxin Biotech, NMPA: S20050075) with the same regimen. The instructions for use were as follows: After washing the
vulva, the participant was instructed to lie on her back and slowly place the effervescent capsule into the posterior vaginal
fornix. The participant was then advised to remain lying down for 30 minutes to allow for proper absorption.

The control group received no specific treatment. All three groups were advised to maintain a healthy lifestyle,
including moderate exercise and avoiding smoking, alcohol consumption, and staying up late.

Data Collection and Follow-Up

Participants underwent vaginal microecology testing, cervical cytology examination, HPV detection, and HPV E6/E7
mRNA testing at 3 and 6 months post-enrollment. The researchers recorded patients’ baseline demographic data,
treatment experiences, and adverse events using case report forms (CRFs). Abstinence was recommended during
treatment, and contraception was advised during follow-up.

To facilitate regular follow-up and emergency response, the researchers provided participants with contact informa-
tion. Weekly contact via WeChat was made to assess their medication usage (treatment use, adverse events, and any
missed doses), sexual activity, lifestyle, and adherence. Adherence was further verified based on the consistency between
follow-up attendance and self-reported treatment records.As the study drug was self-administered intravaginally at home,
used gel tubes were not collected for privacy and hygiene reasons.

Test Methods

Vaginal Microecology

Vaginal microecological testing included both morphological testing and functional assessment.”> Morphological indi-
cators evaluated bacterial density, diversity, dominant bacteria, pathogenic microorganisms, and disease scores.
Functional testing assessed microbial metabolic products and enzyme activities, providing a comprehensive evaluation
of vaginal microecology.

Samples were collected from the posterior vaginal fornix using sterile swabs after positioning the patient in the
lithotomy position and exposing the cervix with a speculum. Samples were transported to the laboratory within
10 minutes of collection.

Vaginal microecology was analyzed using Gram-stained smears and scored according to the standardized Nugent
scoring system (scores 0—3: normal; 4-6: intermediate; 7—10: bacterial vaginosis). All laboratory analyses were
conducted in the same certified clinical laboratory by trained technicians blinded to group allocation. Quality control
procedures were performed weekly, and inter-observer consistency was verified by duplicate assessment of 10% of
randomly selected samples, yielding a Cohen’s kappa coefficient greater than 0.85.

Cervical Cytology Examination
Cervical cytology was assessed using the ThinPrep® Cytologic Test (TCT, Hologic, Marlborough, MA, USA). Results
were reported according to the Bethesda System (TBS) for cervical cytology (2014).2!

HPV Detection

HPV was detected using the Sansure PCR HPV test (Sansure, Hunan, China), which employs a PCR-based One-Step
Fast Release technology to detect 23 HPV types, including 18 high-risk types (16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53,
56, 58, 59, 66, 68, 73, 82) and 5 low-risk types (6, 11, 42, 43, 81). A cycle threshold (CT) value <30 was defined as
positive, and CT>30 as negative for HPV subtype detection.
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HPV E6/E7 mRNA
The APTIMA HPV assay (Hologic, Marlborough, MA, USA) was employed to detect HPV E6/E7 mRNA from 14 high-
risk types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68) in Cytyc PreservCyt liquid-based cytology specimens.22

Outcomes

The primary outcome was the hrHPV clearance rate at 6 months post-enrollment. Therapy efficacy was categorized as
follows: (1) Complete clearance: all HPV subtypes and HPV E6/E7 mRNA negative; (2) Effective: HPV E6/E7 mRNA
or at least one HPV subtype negative; (3) Invalid: neither criterion was met.

Secondary outcomes were the clearance rate of cervical persistent hrHPV infection at 3 months, the negative rate of
HPV E6/E7 mRNA at 3 and 6 months, the decreased rate of HPV viral load, the improved condition of cervical
appearance (eg., cervical erosion) and cytological status (TCT), the change of vaginal microecology, and serious adverse
events such as alterations in vaginal discharge (color, odor, or amount), vaginal itching or burning, dysuria, postcoital
bleeding, dyspareunia and pelvic pain.

The safety population was formally defined as all randomized participants after randomization. Adverse events (AEs)
were recorded throughout the study period and classified by severity (mild, moderate, or severe) and by their relationship
to the study intervention (related, possibly related, or unrelated).

Sample Size and Power
The sample size was determined for the primary outcome of hrHPV clearance at 6 months. Published evidence suggests an
112 whereas untreated hrHPV

infection clears at roughly 20%.'*** Assuming PHPV would demonstrate superior efficacy with a clearance rate over 60%,

hrHPV clearance rate of approximately 60% with intravaginal interferon after 6 months,

a total of 89 participants would need to be recruited to achieve 90% statistical power at a 5% significance level. Considering
a 10% dropout rate and 10% loss to follow-up rate, at least 37 participants per group were recruited. The trial included two
primary comparisons (PHPV vs control and interferon vs control) and used the Bonferroni-Holm adjustment to control for
multiple comparisons. The PHPV vs interferon comparison was considered exploratory with no a allocation.

Statistical Analysis
The outcomes were analyzed using generalized linear models (GLMs), with the treatment arm as the primary study
variable. Risk ratios (RRs) and 95% confidence intervals (CIs) were calculated for comparisons.

For binary outcomes, GLMs with a log link were used to estimate RRs. Covariate-adjusted RRs were estimated using
modified Poisson regression with robust variance estimation. Model convergence was assessed using standard diagnostic
criteria, including successful model fitting and numerical stability of parameter estimates.

Both unadjusted and covariate-adjusted analyses were performed for the primary outcome and key secondary
outcomes. Analyses were conducted based on the modified intention-to-treat (mITT) population. Baseline balance was
assessed using standardized mean differences (SMDs) comparing the PHPV and control groups. Covariates were
prespecified for adjustment based on baseline imbalance (SMD>0.10) and clinical relevance.

Two prespecified primary confirmatory comparisons (PHPV vs control and interferon vs control) were evaluated. To
account for multiplicity across these primary comparisons, the Bonferroni-Holm procedure was applied. Reported
P values are unadjusted, and statistical significance for the primary comparisons was determined according to the Holm-
adjusted decision rule. Secondary outcomes were analyzed as exploratory outcomes, and no formal multiplicity adjust-
ment was applied.

Sensitivity analyses were performed in the ITT population under a conservative assumption that missing primary
outcome data were classified as “not cleared”, using the same modeling framework as the primary analysis.

All statistical analyses were performed using SPSS (version 26.0, IBM, Armonk, NY, USA) and GraphPad Prism
(version 8.0, La Jolla, CA, USA). A two-sided P value <0.05 was considered statistically significant unless otherwise
specified by the multiplicity adjustment.
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Results

Demographic and Clinical Description

Of the 842 women assessed for eligibility, 120 (14.3%) were enrolled, with 110 (91.7%) completing the study and
included in the final analysis (Figure 1). At 3-month follow-up, outcome data were missing for 1 participant in the PHPV
group, 3 in the interferon group, and 4 in the control group; at 6 months, missing data occurred in 1 (PHPV), 3
(interferon), and 6 (control) participants, respectively. Participants were allocated into three groups: PHPV (39 patients),
interferon (37 patients), and control (34 patients). The primary reason for non-enrollment was refusal to participate (252,
34.9%), predominantly due to concerns about being assigned to the control group.

Baseline demographic and clinical characteristics were generally comparable across the three study groups (Table 1).
Baseline balance between the PHPV and control groups was assessed using SMDs. Covariates were prespecified for
adjustment based on a combination of baseline imbalance (SMD>0.10) and clinical relevance. Accordingly, age,
residence, contraceptive method, and baseline TCT results were included in the adjusted models.

PHPV Treatment Effectiveness in Clearing Persistent hrHPV Infection

At 3 months post-enrollment, the hrHPV clearance rates were 53.8% (21/39) in the PHPV group, 37.8% (14/37) in the
interferon group and 5.6% (2/36) in the control group (Table 2). In unadjusted analyses, both PHPV and interferon
demonstrated significantly higher clearance than no treatment (PHPV vs control: RR 9.69, 95% CI 2.44-38.44, P<0.001;
interferon vs control: RR 6.81, 95% CI 1.67-27.86, P=0.001). After adjustment for prespecified baseline covariates,
PHPV remained significantly superior to no treatment (RR 9.89, 95% CI 2.27-43.17, P=0.002), and the interferon vs
control comparison remained statistically significant, although with a reduced magnitude of effect (RR 6.70, 95% CI
1.66-26.98, P=0.008). No significant difference was observed between PHPV and interferon (unadjustment: RR 1.42,
95% CI 0.86-2.36, P=0.162; after adjustment: RR 1.28, 95% CI 0.77-2.14, P=0.340).

Assessed for eligibility
(n=842) Excluded (n=722):
Not meeting inclusion criteria (n=470)
During pregnancy or lactation (n=62)
Had experienced any systemic or local treatment for cervical atypia or
HPV infection within 3 months prior to enroliment (n=263)
Acute reproductive tract infections (n=11)
Biopsy diagnosis of cervical cancer or high-grade cervical lesions (n=53)
Serious systemic illness (n=9)
Antibiotic use within 3 months (n=43)
Allergic to the drugs in this study (n=3)

Not suitable to participate with consideration of researcher (n=21)
Randomised (n=120) Declined to participate (n=252)
Allocated to PHPV group Allocated to interferon group Allocated to control group .
[ (n=40) ] (n=40) l l (n=40) ] Allocation

. o Excluded from analysis (n=4):
. . Excluded from analysis (n=3): Lost to follow-up (n=3)
Excluded from analysis (n=1): Lost to follow-up (n=1) Paticipant d:clined no reason given (n=2)
Lost to follow-up (n=1) ‘ Lost contact (n=1) Lost P: tact (neh) 9 Follow-up 3 months
Paticipant declined, no reason given (n=1) Discontinued intervention (n=2) Discg:!isﬁgdaiim‘e:\;e.r)\tion n=1)
COVID-19 (n=2) Pregnancy(n=1)
Y
Excluded from analysis (n=2):
Lost to follow-up (n=2) Follow-up 6 months
Paticipant declined, no reason given (n=2)
y 4
Analysed (n=39) Analysed (n=37) Analysed (n=34) Analysis

Figure | The flow diagram of clinical trial.
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Table | Baseline Characteristics of Trial Participants

Characteristic PHPV (n=40) | Interferon (n=40) | Control (n=40) | Total (n=120) | SMD*

Age, mean (SD), y 33.78 (5.20) 35.28 (5.51) 34.40 (5.12) 34.48 (5.27) —-0.12

Education, No. (%) 0.00

Secondary school education | 13 (32.5%) 15 (37.5%) 13 (32.5%) 41 (34.2%)

College degree or above 27 (67.5%) 25 (62.5%) 27 (67.5%) 79 (65.8%)

Residence, No. (%) 0.36

Urban 37 (92.5%) 29 (72.5%) 32 (80.0%) 98 (81.7%)

Rural 3 (7.5%) Il (27.5%) 8 (20.0%) 22 (18.3%)

Menstruation, No. (%) 0.00

Regular 31 (77.5%) 33 (82.5%) 31 (77.5%) 95 (79.2%)

Irregular 9 (22.5%) 7 (17.5%) 9 (22.5%) 25 (20.8%)

Gestation, No. (%) 0.10

0 9 (22.5%) 2 (5.0%) 5 (12.5%) 16 (13.3%)

| 1 (2.5%) 5 (12.5%) 5 (12.5%) 11 (9.2%)

2 10 (25.0%) 8 (20.0%) 8 (20.0%) 26 (21.7%)

23 20 (50.0%) 25 (62.5%) 22 (55.0%) 67 (55.8%)

Parity, No. (%) 0.00

0 12 (30.0%) 2 (5.0%) 6 (15.0%) 20 (16.7%)

| 7 (17.5%) 16 (40.0%) 18 (45.0%) 41 (34.2%)

2 18 (45.0%) 19 (47.5%) 13 (32.5%) 50 (41.7%)

3 3 (7.5%) 3 (7.5%) 3 (7.5%) 9 (7.5%)

Abortion, No. (%) 0.08

Yes 25 (62.5%) 28 (70.0%) 27 (67.5%) 80 (66.7%)

No 15 (37.5%) 12 (30.0%) 13 (32.5%) 40 (33.3%)

Sex partner, No. (%) 0.00

| 37 (92.5%) 38 (95.0%) 37 (92.5%) 112 (93.3%)

>| 3 (7.5%) 2 (5.0%) 3 (7.5%) 8 (6.67%)

Contraceptive use, No. (%) 0.26

Condom 28 (70.0%) 31 (77.5%) 22 (55.0%) 81 (67.5%)

Contraceptive pill 0 (0.0%) | (2.5%) 0 (0.0%) | (2.5%)

Intrauterine device 5 (12.5%) 4 (10.0%) 4 (10.0%) 13 (10.8%)

Tubal ligation surgery 5 (12.5%) 3 (7.5%) 4 (10.0%) 12 (10.0%)

No contraception 2 (5.0%) I (2.5%) 10 (25.0%) 13 (10.8%)

Smoking, No. (%) 0.00

Yes 1 (2.5%) | (2.5%) I (2.5%) 3 (2.5%)

No 39 (97.5%) 39 (97.5%) 39 (97.5%) 117 (97.5%)

Drinking, No. (%) 0.00

Yes 1 (2.5%) 0 (0.0%) I (2.5%) 2 (1.7%)

No 39 (97.5%) 40 (100.0%) 39 (97.5%) 118 (98.3%)
(Continued)
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Table | (Continued).

Characteristic PHPV (n=40) | Interferon (n=40) | Control (n=40) | Total (n=120) | SMD*
HPYV vaccination, No. (%) 0.00
No 28 (70.0%) 32 (80.0%) 28 (70.0%) 88 (73.3%)

2-valent HPV vaccine 4 (10.0%) 0 (0.0%) 5 (12.5%) 9 (7.5%)

4-valent HPV vaccine 3 (7.5%) 8 (20.0%) 5 (12.5%) 16 (13.3%)

9-valent HPV vaccine 5 (12.5%) 0 (0.0%) 2 (5.0%) 7 (5.8%)

Previous treatment history for HPV infection, No. (%) 0.05
Yes 20 (50.0%) 17 (42.5%) 19 (47.5%) 56 (46.7%)

No 20 (50.0%) 23 (57.5%) 21 (52.5%) 64 (53.3%)

HPYV, No. (%) 0.11
Single-subtype infection 29 (72.5%) 31 (77.5%) 31 (77.5%) 91 (75.8%)
Multi-subtype infection Il (27.5%) 9 (22.5%) 9 (22.5%) 29 (24.2%)

TCT, No. (%) 0.39
NILM 26 (65.0%) 28 (70.0%) 33 (82.5%) 87 (72.5%)

ASC-US 6 (15.0%) 6 (15.0%) 5 (12.5%) 17 (14.2%)

LSIL 8 (20.0%) 6 (15.0%) 2 (5.0%) 16 (13.3%)
Pathology, No. (%) 0.08
Normal or inflammation 17 (42.5%) 17 (42.5%) 16 (40.0%) 50 (41.7%)

CINI 23 (57.5%) 23 (57.5%) 24 (60.0%) 70 (58.3%)

Notes: *Baseline balance between the PHPV and control groups was assessed using SMDs. An SMD<0.| indicated adequate balance,
0.1sSMD<0.2 suggested mild imbalance, and SMD20.2 indicated meaningful imbalance. Variables with SMD20.10 and clinical relevance,
including age, residence, contraceptive method and baseline TCT results, were included in the adjusted models. The results of HPV testing,

TCT, and colposcopic biopsy were all obtained within one month before enroliment.

Abbreviations: ITT, intention to treat; SMD, standardized mean difference; HPY, human papillomavirus; TCT, ThinPrep® Cytologic Test;
NILM, negative for intraepithelial lesion or malignancy; ASCUS, atypical squamous cells of undetermined significance; LSIL, low-grade
squamous intraepithelial lesion; CIN, cervical intraepithelial neoplasia.

Table 2 Efficacy of PHPV in Clearing Cervical Persistent hrHPV Infection (mITT Population, n=110)

Index Follow-Up PHPY, Interferon, Control, Unadjusted Model Adjusted Model
n/N (%) n/N (%) n/N (%)
RR (95% CI) P RR (95% CI) [
Complete clearance” | 3 months 21/39 (53.8%) | 14/37 (37.8%) | 2/36 (5.6%) 9.69 (2.44-38.44)* | <0.001° | 9.89 (2.27-43.17)* | 0.002*
6.81 (1.67-27.86)° | 0.001° | 6.70 (1.66-26.98)° | 0.008"
1.42 (0.86-2.36)° | 0.162° | 1.28 (0.77-2.14)° | 0.340°
6 months 26/39 (66.7%) | 17/37 (45.9%) | 7/34 (20.6%) | 3.24 (1.61-6.50)* | <0.001* | 2.81 (1.37-5.79)* | 0.005°
223 (1.06-4.71)° | 0.024° | 2.08 (0.98-4.44)° | 0.058°
1.45 (0.96-2.20)° | 0.069° | 1.35 (0.86-2.12)° | 0.188°
Effective™ 3 months 29/39 (74.4%) | 21/37 (56.8%) | 8/36 (22.2%) | 3.35 (1.77-6.34)* | <0.001* | 3.52 (1.91-6.47)* | <0.001*
2.55 (1.30-5.00)® | 0.003® | 2.36 (1.22-4.58)° | 0.011°
1.31 (0.94-1.83)° | 0.106° | 1.29 (0.91-1.83)° | 0.145°
6 months 32/39 (82.1%) | 21/37 (56.8%) | 11/34 (32.4%) | 2.54 (1.53—4.21)* | <0.001* | 2.53 (1.52-4.21)* | <0.001°
1.75 (1.00-3.08)° | 0.039® | 1.55 (0.88-2.73)° | 0.126°
1.45 (1.05-1.99)° | 0.016° | 1.63 (1.12-2.39)° | 0.012°
(Continued)
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Table 2 (Continued).

Index Follow-Up PHPY, Interferon, Control, Unadjusted Model Adjusted Model
n/N (%) n/N (%) n/N (%)

RR (95% CI) P RR (95% CI) P

HPV E6/E7 mRNA - | 3 months 26/39 (66.7%) | 16/37 (43.2%) | 5/36 (13.9%) | 4.80 (2.07-11.15)* | <0.001* | 4.67 (1.98-10.99)* | <0.001*
301 (1.27-7.61)° | 0.006° | 3.28 (1.40-7.68)° | 0.006°
1.54 (1.00-2.37)° | 0.040° | 1.36 (0.90-2.07)° | 0.146°
6 months 27139 (69.2%) | 17137 (45.9%) | 7/34 (20.6%) | 3.36 (1.68-6.72)* | <0.001 | 2.94 (1.44-6.02)* | 0.003
223 (1.06-4.71)® | 0.024° | 2.09 (0.98—4.44)®> | 0.056°
1.51 (1.00-2.26)° | 0.040° | 1.41 (0.91-2.19)° | 0.127°

Notes: # HPV was completely cleared, with all positive HPV subtypes and HPV E6/E7 mRNA turned negative; “* At least one hrHPV subtype or HPV E6/E7 mRNA turned
negative; " HPV E6/E7 mRNA turned negative; * PHPV vs. Control; ° Interferon vs. Control; © PHPV vs Interferon. Adjusted models were prespecified to include age,
residence, contraceptive method, and baseline TCT results.

Abbreviations: HPV, human papillomavirus; mITT, modified intention to treat; RR, risk ratio; Cl, confidence interval.

At 6 months, hrHPV clearance rates increased to 66.7% (26/39) in the PHPV group, 45.9% (17/37) in the interferon
group, and 20.6% (7/34) in the control group (Table 2). In unadjusted analyses, both PHPV and interferon showed higher
clearance compared with the control group (PHPV vs control: RR 3.24, 95% CI 1.61-6.50, P<0.001; interferon vs
control: RR 2.23, 95% CI 1.06-4.71, P=0.024). After covariate adjustment, PHPV remained significantly superior to no
treatment (RR 2.81, 95% CI 1.37-5.79, P=0.005), whereas the interferon vs control comparison was attenuated and did
not reach statistical significance (RR 2.08, 95% CI 0.98-4.44, P=0.058). The comparison between PHPV and interferon
did not demonstrate statistical significance (unadjustment: RR 1.45, 95% CI 0.96-2.20, P=0.069; after adjustment: RR
1.35, 95% CI 0.86-2.12, P=0.188).

Absolute treatment effects at 6 months were further quantified using absolute risk differences (ARDs) and the
corresponding number needed to treat (NNT) (Supplementary Table S1). Compared with the control group, PHPV
demonstrated an ARD of 46.1% (95% CI: 26.0%-66.2%), corresponding to an NNT of 2.2. Interferon demonstrated an
ARD 0f 25.4% (95% CI14.3%-46.4%; NNT 3.9). When PHPV was compared directly with interferon, the ARD was 20.7%
(95% CI: —1.1%-42.6%), with the 95% CI including zero, indicating uncertainty in the magnitude of this difference.

Treatment effectiveness, defined as HPV E6/E7 mRNA or at least one hrHPV subtype becoming negative, showed

similar patterns. At 3 months, effective rates were higher in both treatment groups compared with the control group
(PHPV vs control: RR 3.35, 95% CI 1.77-6.34, P<0.001; interferon vs control: RR 2.55, 95% CI 1.30-5.00, P=0.003).
After adjustment, PHPV remained significantly superior to no treatment (RR 3.52, 95% CI 1.91-6.47, P<0.001), while
interferon also remained statistically superior (RR 2.36, 95% CI 1.22-4.58, P=0.011). At 6 months, effective rates were
82.1% (32/39) for PHPV, 56.8% (21/37) for interferon, and 32.4% (11/34) for the control (PHPV vs control: RR 2.54,
95% CI 1.53—4.21, P<0.001; interferon vs control: RR 1.75, 95% CI 1.00-3.08, P=0.039; PHPV vs interferon: RR 1.45,
95% CI 1.05-1.99, P=0.016). Adjusted analyses demonstrated that PHPV remained significantly superior to no treatment
(RR 2.53, 95% CI 1.52-4.21, P<0.001), whereas the interferon vs control comparison did not remain statistically
significant after adjustment (RR 1.55, 95% CI 0.88-2.73, P=0.126). PHPV showed significantly higher effective rates
than interferon after adjustment (RR 1.63, 95% CI 1.12-2.39, P=0.012).

Both unadjusted and covariate-adjusted treatment effect estimates are presented in Table 2. The treatment effects
across the primary and key secondary outcomes are summarized in a forest plot (Figure 2). Overall, adjusted analyses
consistently supported the superiority of PHPV over no treatment across outcomes, whereas interferon vs control
comparisons were less stable after covariate adjustment. Comparisons between PHPV and interferon did not demonstrate
statistically significant differences for clearance outcomes.

Sensitivity Analysis

In the sensitivity analysis, aligned with the prespecified primary estimand based on the ITT population (n=120), we
applied a conservative assumption that all participants with missing hrHPV clearance outcomes at 3 and 6 months were
classified as “not cleared”. The same covariate-adjusted modeling framework as the primary mITT analysis was applied.
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Figure 2 Forest plot summarizing treatment effects. The forest plots presents unadjusted (A) and covariate-adjusted (B) RRs with 95% Cls for the primary outcome
(hrHPV complete clearance at 6 months) and selected key secondary outcomes (effective rate and HPV E6/E7 mRNA negativity at 6 months). Estimates were derived from
GLM in the mITT population. Covariate-adjusted models included age, residence, contraceptive method, and baseline TCT results. The forest plots are intended as
descriptive summaries of treatment effect patterns and do not introduce inferential claims beyond those presented in the main analyses.

Under this approach, PHPV continued to demonstrate significantly higher hrHPV clearance and effective rates compared
with the control group (Supplementary Table S2).

When compared with interferon, PHPV showed numerically higher hrHPV clearance and effective rates; however,
these differences did not reach statistical significance in the adjusted sensitivity analyses.

PHPV Treatment Suppresses the HPV E6 and E7 Expression

At 3 months post-enrollment, 66.7% (26/39) of patients in the PHPV group, 43.2% (16/37) in the interferon group, and
13.9% (5/36) in the control group tested negative for HPV E6/E7 mRNA (Table 2). At 6 months, the corresponding rates
were 69.2% (27/39), 45.9% (17/37), and 20.6% (7/34), respectively.

In unadjusted analyses, both PHPV and interferon demonstrated significantly higher HPV E6/E7 mRNA negativity
compared with the control group. After adjustment for prespecified baseline covariates, PHPV remained significantly
superior to no treatment at both time points (3 months: RR 4.67, 95% CI 1.98-10.99, P<0.001; 6 months: RR 2.94, 95% CI
1.44-6.02, P=0.003), whereas the interferon vs control comparison was attenuated at 6 months and did not reach statistical
significance (3 months: RR 3.28, 95% CI 1.40-7.68, P=0.006; 6 months: RR 2.09, 95% CI 0.98-4.44, P=0.056).
Comparisons between PHPV and interferon did not demonstrate statistically significant differences after adjustment.

Exploratory Western blot analysis showed reduced expression of HPV E6/E7 proteins following PHPV treatment
(Supplementary Figure S2).

Together, these findings suggested that PHPV treatment is associated with suppression of HPV E6/E7 expression,
providing supportive biological evidence consistent with its observed therapeutic effects.

Additional Exploratory Findings of PHPV Treatment in hrHPV Infection

PHPYV treatment significantly reduced HPV viral load in 82.1% of participants, compared to 70.3% in the interferon group
and 44.1% in the control group (RR 1.86, 95% CI 1.24-2.79, P=0.001, PHPV vs control; RR 1.59, 95% CI 1.03-2.46,
P=0.026, interferon vs control; RR 1.17, 95% CI 0.90-1.51, P=0.227, PHPV vs interferon; Supplementary Table S3).

However, no significant improvements were observed in cervical appearance or TCT outcomes.

Exploratory analyses further suggested a potential influence of PHPV on vaginal microecology. After 3 months of
treatment, the normal/abnormal ratio of vaginal microecology increased 3.94-fold (from 8/27 to 21/18, P=0.007), with
enhanced bacterial community diversity observed 6 months post-treatment (P=0.003; Supplementary Table S4).

In addition, an exploratory observation was made in a small subset of five participants who had failed a single course
of interferon therapy. Following subsequent PHPV treatment, three of these participants achieved hrHPV negativity
(Supplementary Table S5).

Taken together, these exploratory findings indicate that PHPV treatment is associated with favorable changes in HPV
viral load and vaginal microbiota, providing supportive biological evidence consistent with the observed clinical effects.
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Table 3 Summary of Adverse Events by Treatment Group

Adverse Events PHPYV (n=40) | Interferon (n=40) | Control (n=40)
2| AE, n (%) 0 (0.0%) 2 (5.0%) 0 (0.0%)
95% Cl - 0.6%—16.9% -

Most common AEs (=5% in any group)

Vaginal pruritus, n (%) | 0 (0.0%) 2 (5.0%) 0 (0.0%)
95% Cl - 0.6%-16.9% -
Severity

Moderate AE 0 0 0
Severe AE 0 0 0

Relatedness

Treatment-related AE | 0 2 0

Notes: AEs were recorded throughout the study period and classified by severity (mild, moderate,
or severe) and by their relationship to the study intervention (related, possibly related, or unrelated).
Two participants in the interferon group reported mild vaginal pruritus, which was judged to be
possibly related to the study intervention. No adverse events were reported in the PHPV or control
groups.

Abbreviations: AE, adverse event; Cl, confidence interval.

Adverse Reactions

Safety analyses were conducted in the predefined safety population (Table 3). Only two participants in the interferon
group experienced AEs, both reporting mild vaginal pruritus.No AEs were reported in the PHPV or control groups. All
reported AEs were mild and transient, and were judged to be possibly related to the study intervention. No moderate or
severe AEs were observed during the study period.

Discussion

This study provides clinical evidence supporting the efficacy and safety of PHPV in the management of persistent hrHPV
infection. Compared with no treatment, PHPV significantly improved hrHPV clearance and related biological outcomes
across multiple endpoints. Although interferon also demonstrated higher clearance rates than no treatment in unadjusted
analyses, covariate-adjusted analyses showed attenuation of these effects at 6 months, whereas PHPV maintained
consistent superiority. These findings position PHPV as a promising non-invasive therapeutic option for persistent
hrHPYV infection.

The primary outcome, hrHPV clearance at 6 months post-enrollment, demonstrated PHPV’s superior efficacy (66.7%)
compared to interferon (45.9%) and the control group (20.6%). Reported spontaneous hrHPV clearance rates range
around 20%,'*** while interferon treatment achieves 25%-61% clearance,'''* consistent with our findings. PHPV also
showed higher effective rates, defined as HPV E6/E7 mRNA or at least one hrHPV type becoming negative, at both 3
and 6 months. While interferon demonstrated efficacy over the control in unadjusted analyses, adjusted analyses
indicated less stable effects, whereas PHPV maintained consistent superiority over no treatment.

Exploratory biological analyses provided supportive evidence for the observed clinical effects. PHPV treatment was
associated with reduced HPV E6/E7 oncogene expression, as indicated by exploratory Western blot analyses demonstrat-
ing lower E6/E7 protein levels following treatment. Suppression of E6/E7 expression may contribute to restoration of
tumor suppressor pathways such as p53 and Rb.>*?* In addition, PHPV (82.1%) was associated with a reduction in HPV
viral load in a greater proportion of participants compared with interferon (70.3%) and no treatment (44.1%). Exploratory
analyses also suggested favorable changes in vaginal microecology, including improved bacterial diversity and normal-
ization of microecological status, which may help reduce reinfection risk and support cervical health.?*?’ These
biological findings should be interpreted cautiously, as the corresponding analyses were exploratory and not powered
for confirmatory inference.
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PHPV was well-tolerated, with no adverse reactions reported during treatment or follow-up, unlike interferon, which
caused mild vaginal itching in two participants. The absence of adverse events suggests that PHPV is a safe therapeutic
option for long-term management of hrHPV infections.

Although PHPV demonstrated higher hrHPV clearance rates than interferon, the differences did not reach statistical
significance in covariate-adjusted analyses at either 3 or 6 months. This may reflect limited statistical power for this
comparison, as the study was primarily designed to compare active treatment with no treatment rather than to detect
moderate differences between active interventions. Larger, adequately powered trials are therefore warranted to further
evaluate the comparative efficacy of PHPV and interferon.

Beyond initial viral clearance, durable clearance and prevention of progression to high-grade cervical lesions (CIN2+)
represent clinically meaningful long-term goals of hrHPV treatment. Given the 6-month follow-up duration of the present
study, further studies with longer follow-up and larger sample sizes are required to assess the sustained efficacy of PHPV
and its potential role in preventing disease progression.

Although baseline characteristics were generally balanced across groups, prespecified covariate-adjusted analyses
were performed to improve the precision of treatment effect estimates. Adjustment for age, residence, contraceptive
method, and baseline TCT results modestly influenced treatment effect estimates but did not change the overall
interpretation of the primary mITT analysis, supporting the robustness of the PHPV findings.

Despite the use of randomization and allocation concealment to minimize selection bias, the open-label design may
have introduced behavioral or assessment biases. Participants in the control group, who received no active treatment, may
have differed in adherence or reporting behavior compared with treated participants. Future multicenter, double-blind
studies may further reduce these potential sources of bias.

Current therapeutic options, including surgical interventions and interferon, have limitations such as high recurrence
rates and incomplete efficacy.”*® While prophylactic HPV vaccines are effective in preventing new infections, they have
limited efficacy in individuals already infected.'*'> In this context, PHPV represents a non-invasive therapeutic approach
targeting persistent hrHPV infection, with favorable efficacy and safety profiles.

In conclusion, PHPV demonstrated significant efficacy and good safety in treating persistent hrHPV infection. Despite
limitations related to sample size, follow-up duration, and potential biases, PHPV offers a promising, well-tolerated, and
non-invasive therapeutic option. Further large-scale, long-term, multicenter studies are needed to confirm its sustained

clinical benefits and elucidate its underlying mechanisms.

Conclusion

PHPV is an effective and safe therapeutic option for persistent cervical hrHPV infection and demonstrated clear efficacy
compared with no treatment. Compared with interferon, PHPV showed numerically higher clearance rates, although
adjusted analyses did not demonstrate statistically significant differences. Its ability to reduce viral replication, suppress
oncogene expression, and promote vaginal health suggests a promising role in preventing cervical precancerous lesions
(CIN2+) and warrants further clinical development and broader application.
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