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Currently, there is no relevant literature specifically discussing the human papillomavirus (HPV) 
negative conversion rate following Hiporfin photodynamic therapy (PDT) in HPV-associated high-
grade squamous intraepithelial lesion (HSIL) of the female lower reproductive tract. Our study aims to 
fill this gap. Prospective study of 91 patients aged 37.4 ± 13.2 years old with HSIL in the female lower 
reproductive tract (cervical HSIL: 55, vaginal HSIL: 25, cervical HSIL combined with vaginal HSIL: 8, 
cervical HSIL combined with vulvar HSIL: 1, vaginal HSIL combined with vulvar HSIL: 2). Hiporfin® 
(2 mg/kg) was administered intravenously, and 48–72 h later, 630-nm laser irradiation was applied 
to the lesions. The median follow-up period was 36 months. Before treatment, all patients (91/91, 
100%) tested positive for HPV, and only 6 patients (6/91, 6.6%) had been previously vaccinated against 
HPV. The HPV negative conversion rates were 74.5% (41/55), 89.1% (49/55), 89.8% (44/49) and 95.8% 
(23/24) at 3–6 months, 12 months, 24 months and 36 months respectively after PDT in treating cervical 
HSIL. For vaginal HSIL, the negative conversion rates were 28.0% (7/25) at 3–6 months, 52.0% (13/25) 
at 12 months, 60.9% (14/23) at 24 months, and 64.7% (11/17) at 36 months. In cases of multiple sites of 
female lower genital tract HSIL, the negative conversion rates were 18.2% (2/11), 45.5% (5/11), 60.0% 
(6/10), and 62.5% (5/8) at 3–6, 12, 24, and 36 months, respectively. Hiporfin-PDT was most effective in 
achieving HPV negative conversion for treating cervical HSIL, followed by vaginal HSIL, and finally for 
multisite female lower genital tract HSIL.
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According to the 5th Edition of the World Health Organization (WHO) Classification, squamous intraepithelial 
lesions occurring in the lower reproductive tract (including the cervix, vagina and vulva) are classified into 
two types: HPV-related and non-HPV-related. Among them, HPV-related lesions include low-grade squamous 
intraepithelial lesion (LSIL) and high-grade squamous intraepithelial lesion (HSIL)1. Cervical HSIL (cHSIL) is 
the most common, with prevalence rates of approximately 1.3–1.5% in China2. Vaginal HSIL (vaHSIL) rarely 
appears alone and often occurs alongside or following (cHSIL) or vulvar HSIL (vHSIL)3–6. Due to increased 
cervical cancer screening, improved colposcopy techniques, and greater awareness of vHSIL and vaHSIL, the 
incidence rates of vaHSIL and vHSIL have risen in recent years. HSIL has carcinogenic potential and is considered 
a precancerous lesion of female lower reproductive tract cancer7–9typically requiring clinical intervention.

HPV plays a crucial role in the development of HSIL in the female lower reproductive tract. While most 
HPV infections are temporary, some, particularly high-risk HPV (HR-HPV) infections with longer durations, 
can progress to HSIL10. HPV is a double-stranded deoxyribonucleic acid (DNA) virus. When the body fails to 
mount an effective immune response to HR-HPV, HSIL can develop. The viral DNA integrates into host cells, 
producing the oncoproteins E6 and E7, which interfere with normal cellular functions11. HPV is present in 
93.06% of cHSIL12in 94.4% of vaHSIL cases13, and in 72–100% of vHSIL cases14.
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Conventional treatments for HSIL include cold-knife surgery, loop electrosurgical excision procedure 
(LEEP), laser ablation, and drug treatments, et al.14–20. Surgery and ablation are generally non-selective in tissue 
removal. Common adverse effects of surgical excision include pain, cervical canal stenosis, scarring, cervical 
incompetence, premature birth, wound dehiscence, and altered appearance14,21–24. Laser ablation can also 
increase the risk of recurrence14,25. Drug treatments, such as 5-fluorouracil (5-FU) or imiquimod, are simple 
but often associated with high recurrence rates ranging from 13.6 to 38%, as well as adverse effects including 
local irritation, pain, erosions, and dyspareunia18,19,25,26. An increasing number of patients strongly desire organ 
preservation. Therefore, targeted and minimally invasive treatments are needed to meet clinical needs.

Hiporfin photodynamic therapy (PDT) is a clinically approved, targeted, and minimally invasive therapy. 
After administration, the photosensitizer accumulates selectively in pathologic tissue and is then activated by 
irradiation at a specific wavelength. In the presence of molecular oxygen, this energy transfer leads to a series 
of photochemical reactions and the generation of reactive oxygen species and various cytotoxic species, which 
induce cellular toxicity and kill pre-malignant or malignant cells through apoptosis and/or necrosis27. It also 
shuts down the tumor microvasculature and stimulates the host immune system28,29. Thus, PDT can not only 
eliminate the lesions but also aid in converting HPV to a negative status30.

Hiporfin is the only systemic photosensitizer approved for oncological indications by Chinese State Food and 
Drug Administration (SFDA)31. Some reports and our previous researches have confirmed its efficacy in treating 
precancerous lesions and cancers15,16,32–38. The effective rates of Hiporfin-PDT at 3–6 months were 96.8–100.0% 
in cHSIL, while the effective rate at 6 months was 83.3% in vaHSIL16,39,40. The Chinese expert consensus on 
Hiporfin-PDT for cHSIL has been published41. However, no systematic analysis has been conducted on HPV 
negative conversion following Hiporfin-PDT for HSIL in the female lower reproductive tract. As we know, 
persistent HR-HPV infection is associated with the recurrence of HSIL4,42,43.

The objective of the present study was to address this gap by exploring HPV negative conversion following 
Hiporfin-PDT for HSIL in the female lower reproductive tract.

Materials and methods
Study design
Ninety-one patients diagnosed with HSIL in the female lower reproductive tract were enrolled in the study from 
August 2021 to August 2023. In this prospective study, the size of the cohort was established according to clinical 
feasibility. All methods were performed in accordance with relevant guidelines and regulations. All participants 
provided written informed consent after being informed about the main objectives of the study, the treatment 
protocol, potential complications, and alternative traditional treatments. The study was approved by the Ethics 
Committee of our hospital (No. 2020(049)) and was registered with the Chinese Clinical Trial Registry (Date of 
registration: 29/05/2021, Registration number: ChiCTR2100046863).

Inclusion criteria included (1) a morphologically confirmed diagnosis of HSIL in the female lower 
reproductive tract, and (2) signed informed consent.

Exclusion criteria included (1) suspected invasive carcinoma of the female lower reproductive tract, (2) 
conditions such as hematoporphyria, diseases aggravated by light, or allergies to porphyrins or any excipients, 
(3) currently menstruating, pregnant or lactating, (4) patients with significantly abnormal liver function, 
coagulation dysfunction, or other serious uncontrolled medical complications, (5) acute inflammatory phase 
or active phase of a general infectious disease, (6) patients with immune system diseases taking high doses of 
immunosuppressive drugs, and (7) use of high doses of antithrombotic or antiplatelet aggregation drugs.

PCR diagnostics of HPV in cervical smears (Cobas® 4800) were performed before and after PDT.

Photodynamic therapy with Hiporfin
Perform a skin test before the intravenous injection of the photosensitizer. Dilute the HpD solution to 0.01 mg/
mL and administer a 0.1 mL intradermal injection. Observe the injection site after 15–20 min; the absence of 
induration, redness, or swelling indicates a negative skin test. Hiporfin® (Chongqing Milelonge Biopharmaceutical 
Co., Ltd., China) was administered at a dose of 2 mg/kg via intravenous infusion in 250 ml of normal saline, 
48–72 h prior to laser irradiation. Patients were positioned in the lithotomy position with an emptied bladder. 
The vulva, vagina, and cervix were cleaned with sterile 0.9% sodium chloride solution. Colposcopy (Electronic 
colposcopy imaging system CH1000 from Jiangsu Tongren Medical Electronic Technology Co., Ltd, China) 
was performed before PDT to reassess the location and size of lesions after the application of acetic acid and/
or iodine solution. Vital signs were monitored throughout the treatment. PDT was administered as a single 
treatment session. For most patients with cHSIL and vaHSIL, oral or intravenous painkillers are not necessary 
before treatment. However, for patients who are sensitive to pain or those with vHSIL, diclofenac sodium 
suppositories may be inserted into the anterior anus prior to treatment, if there are no contraindications to the 
medication. Meanwhile, it is recommended to use a fan to blow on the irradiated area to help relieve pain during 
treatment for vHSIL.

For cervical lesions, light irradiation at a wavelength of 630 nm (PDT630 semiconductor laser treatment 
machine from Shenzhen Laser Medical Technology Co., Ltd, China) was first applied to the cervical canal using 
a 3 cm length columnar fiber, with an irradiation time of 1000–1200 s and a light dose of 100–120 J/cm². The fiber 
tip was positioned more than 1 cm from the internal cervical opening to prevent adhesion. Subsequently, light 
irradiation was applied to the cervical surface via a flat optical fiber (Shenzhen Laser Medical Technology Co., 
Ltd, China), with an irradiation time of 1500 s and a light dose of 150 J/cm². The size and number of irradiation 
fields, which overlapped the lesions by at least 5 mm at any edge, depended on the shape and dimensions of the 
lesions.

For vaginal lesions, light irradiation was applied with a light dose of 150 J/cm² via a flat optical fiber and/
or a columnar fiber, depending on the requirements. The size and number of irradiation fields were tailored to 
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completely cover the lesions, with at least a 0.5 cm margin around the edge. The lesions should be flattened as 
completely as possible using a speculum and cotton swabs.

For vulvar lesions, light irradiation was applied with a light dose of 150 J/cm² via a flat optical fiber. The size 
and number of irradiation fields were tailored to completely cover the lesions, with at least a 0.5 cm margin 
around the edge. The lesions should be flattened as fully as possible during treatment using cotton swabs (Fig. 1).

Because the photosensitizer can make the skin and eyes sensitive to light (primarily sunlight) for approximately 
1–2 months after discharge, all patients were thoroughly instructed to avoid sunlight exposure for at least 1–2 
months when outdoors. UV protection is not necessary when there is no sunlight, such as before sunrise, after 
sunset, at night, excluding cloudy days during the day. Patients can use mobile phones and computers without 
concern. When going outside, patients should use sun-protective items. Additionally, patients were advised to 
use contraception until 3 months after PDT.

Follow-up and statistical analysis
Follow-ups were conducted at 3–6 months, 12 months, and annually thereafter after PDT, in accordance with 
the Chinese expert consensus on follow-up for HSIL post-surgical treatment44. Adverse events related to PDT 
were documented at every follow-up visit. Adverse events occurring during and after PDT, including pelvic 
pain, vaginal discharge, photosensitivity, fever, hemorrhage, and others, were recorded in accordance with the 
Common Terminology Criteria for Adverse Events (CTCAE) version 5.0. SPSS 27.0 software was used for all 
statistical analyses.

Results
Ninety-one patients, aged 37.4 ± 13.2 years (range: 31 to 69), with pathologically confirmed HSIL in the female 
lower reproductive tract were enrolled in the study. All patients were observed for at least a 12-month follow-up 
period. The median follow-up time was 36 months, with a maximum follow-up time of 42 months. No patients 
were lost to follow-up. Among the participants, 46 were nulliparous (46/91, 50.5%). Of the 91 patients enrolled, 
55 (60.4%) had cHSIL, 25 (27.5%) had vaHSIL, and 11 (12.1%) had multisite female lower genital tract HSIL. 
Before treatment, the HPV infection rate was 100% (91/91), which may be attributed to the small sample size. 
HPV16/18 were the most common subtypes. The HPV vaccination rate prior to treatment was only 6.6%, with 
five patients having received the 9-valent HPV vaccine and one patient the 4-valent HPV vaccine (Table 1).

Fig. 1.  Procedure of photodynamic therapy with Hiporfin.
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In the cHSIL group, 55 patients completed their follow-up at 12 months, 49 patients at 24 months, and 
24 patients at 36 months. The incomplete follow-up for some patients was due to the follow-up period not 
yet being reached, rather than loss to follow-up. HPV DNA was no longer detectable in 74.5% (41/55), 89.1% 
(49/55), 89.8% (44/49), and 95.8% (23/24) of patients at 3–6, 12, 24, and 36 months after PDT, respectively. As 
of now, there are three patients with persistent infections in the cHSIL group. One patient, a 51-year-old with an 
HPV 16 infection, showed complete cytological and histological resolution following PDT. However, HSIL was 
detected in the vaginal vault 36 months post-PDT, indicating a new site of disease. The patient then underwent a 
second Hiporfin-PDT, after which both cytology and cervical biopsy results turned negative at 3–6 months post-
treatment, although HPV-16 remained positive. In contrast, another patient, who had a lesion initially located in 
the cervical canal, demonstrated negative cytology and histology after PDT, with no recurrence observed during 
a 36-month follow-up period. The third patient, who had a history of LEEP for cHSIL and an HPV 18 infection, 
experienced downgrading of the lesions to LSIL, with no recurrence after 24 months of follow-up.

For vaHSIL, 25 patients completed their follow-up at 12 months, 23 patients at 24 months, and 17 patients at 
36 months. The HPV negative conversion rates were 28.0% (7/25) at 3–6 months, 52.0% (13/25) at 12 months, 
60.9% (14/23) at 24 months, and 64.7% (11/17) at 36 months. Up till now, there are 8 cases of persistent infection 
in the vaHSIL group. Of these, seven cases had a history of undergoing LEEP or hysterectomy for cHSIL, or had 
received surgery and chemoradiotherapy for cervical cancer. All lesions on the vaginal wall were multifocal, 
with combined lesions located either at the vaginal stump or the vaginal vault. Following PDT, two cases showed 
complete resolution of the lesions, while in another 2 cases, the lesions regressed to LSIL. The remaining 4 cases 
exhibited at least a 50% reduction in the HSIL area. One patient underwent hysterectomy, bilateral adnexectomy, 
and partial vaginal resection. However, three months post-operation, colposcopic biopsy revealed persistent 
vaHSIL at the vaginal remnant. Laser ablation treatment was performed, but HPV remained persistently 
positive. Another three patients underwent multiple laser ablation treatments and regular follow-ups, yet their 
HPV status also remained consistently positive.

In cases involving multiple sites of female lower genital tract HSIL, 11 patients completed their follow-up 
at 12 months, 10 patients at 24 months, and 8 patients at 36 months. The HPV negative conversion rates were 
18.2% (2/11), 45.5% (5/11), 60.0% (6/10), and 62.5% (5/8) at 3–6 months, 12 months, 24 months, and 36 months, 
respectively (Table 2; Fig. 2). To date, five patients with multisite female lower genital tract HSIL have persistent 
infections. Notably, four of these patients had previously undergone LEEP or hysterectomy due to cHSIL. In one 
case, the lesions were downgraded to LSIL, with no recurrence observed during a 24-month follow-up period. A 
62-year-old patient initially diagnosed with cervical and vaginal HSIL who did not adhere to regular follow-up 
developed vaginal cancer 32 months after PDT and was subsequently treated with radiotherapy; HPV remained 
positive. In three other cases, lesions showed significant reduction (over 50%) with residual lesions located in 
the vagina. One patient underwent hysterectomy, bilateral adnexectomy, and partial vaginal wall resection, while 
two patients declined surgery and are currently receiving laser ablation treatment. All of these patients had 
persistent HPV infection.

To further investigate whether Hiporfin-PDT affects the HPV negative conversion rate differently between 
primary and recurrent HSIL, we conducted a subgroup analysis stratifying the results by lesion type (Table 3). 
In the cHSIL group, three cases experienced recurrence after previous LEEP, and one case involved recurrence 
of stage IIB cervical cancer following radiotherapy and chemotherapy. Twelve months after PDT, the HPV 

Percentage

Nullipara

Yes 50.5% (46/91)

No 49.5% (45/91)

Histopathology

CHSIL 60.4% (55/91)

VaHSIL 27.5% (25/91)

CHSIL with vaHSIL 8.8% (8/91)

CHSIL with vHSIL 1.1% (1/91)

VaHSIL with vHSIL 2.2% (2/91)

HPV testing before treatment

Positive 100.0% (91/91)

Negative 0.0% (0/0)

HPV substyle before treatment

Single HPV16/18 45.0% (41/91)

Other HR-HPV 38.5% (35/91)

HPV16/18 combined with other HR-HPV 16.5% (15/91)

HPV vaccination status before treatment

Yes 6.6% (6/91)

No 93.4% (85/91)

Table 1.  Patients’ baseline characteristics.
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HPV negative conversion rates Percentage

Cervical HSIL

recurrent 50% (2/4)

primary 92.6% (47/51)

Vaginal HSIL

recurrent 33.3% (1/3)

primary 54.5% (12/22)

Multiple sites of female lower genital tract HSIL

recurrent 42.8% (3/7)

primary 50.0% (2/4)

Table 3.  HPV negative conversion rates at 12 months following Hiporfin-PDT for primary and recurrent HSIL 
in the female lower reproductive tract.

 

Fig. 2.  A. HPV negative conversion rates after Hiporfin-PDT in treating HSIL in the female lower 
reproductive tract. B. HPV persistent rates after Hiporfin-PDT in treating HSIL in the female lower 
reproductive tract.

 

HPV negative conversion rates Percentage

CHSIL

3–6 months 74.5% (41/55)

12 months 89.1% (49/55)

24 months 89.8% (44/49)

36 months 95.8% (23/24)

VaHSIL

3–6 months 28.0% (7/25)

12 months 52.0% (13/25)

24 months 60.9% (14/23)

36 months 64.7% (11/17)

Multiple sites of female lower genital tract HSIL

3–6 months 18.2% (2/11)

12 months 45.5% (5/11)

24 months 60.0% (6/10)

36 months 62.5% (5/8)

Table 2.  HPV negative conversion rates after Hiporfin-PDT in treating HSIL of the female lower reproductive 
tract.
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negative conversion rate was 50% (2/4) in the recurrent cHSIL group, compared to 92.6% (47/51) in the primary 
cHSIL group. In the vaHSIL group, three cases experienced recurrence of stage IIA1 or higher cervical cancer 
after undergoing postoperative chemoradiotherapy or chemoradiotherapy. Twelve months after PDT, the HPV 
negative conversion rate was 33.3% (1/3) in the recurrent vaHSIL group, compared to 54.5% (12/22) in the 
primary vaHSIL group. In the group with multiple sites of lower female genital tract HSIL, seven cases had 
recurrence after previous LEEP. Twelve months after PDT for recurrent HSIL, the HPV negative conversion 
rate was 42.8% (3/7). In the primary HSIL group, the HPV negative conversion rate at 12 months post-PDT was 
50.0% (2/4).

The procedure was generally well-tolerated, with no serious adverse effects reported among the 91 
patients during and after PDT. 41.8% of patients experienced mild side effects. Fifteen patients (15/91, 16.5%) 
experienced pelvic pain (Grade 1) in the lower abdomen during irradiation, but no pain relief was required. 
Thirty-eight women (38/91, 41.8%) reported watery vaginal discharge (Grade 2), and twelve women (12/91, 
13.2%) experienced pelvic pain (Grade 1) within 5–10 days post-treatment. Eighteen patients (18/91, 19.8%) 
suffered from photoallergic symptoms (Grade 3), such as slight edema and a burning sensation in exposed areas, 
due to insufficient sunblock education within 1–3 weeks after treatment. These symptoms resolved within 7–10 
days following guidance and treatment with loratadine and ice. Two patients (2/91, 2.2%) experienced a fever 
below 38.5 °C (Grade 1) within 2 days after PDT and were treated with oral cefuroxime and metronidazole for 
infection control. No hemorrhage (Grade 2) occurred in any of the treated women (Table 4).

Among the 18 patients who planned to become pregnant, 13 achieved a total of 13 pregnancies, including 
1 spontaneous abortion, 1 artificial abortion for personal reason, 9 full-term pregnancies, and 3 ongoing 
pregnancies. No fetal loss was attributed to cervical incompetence. Seven women delivered vaginally, and 
two underwent cesarean sections at term. Prenatal examinations showed no abnormalities, and the children 
exhibited normal physical growth.

Discussion
HSIL in the female lower reproductive tract is associated with HPV infection, and persistent HR-HPV infection 
is linked to recurrence45–49. Our study demonstrated that PDT with Hiporfin achieved high HPV negative 
conversion rates, particularly in cHSIL. Specifically, the HPV negative conversion rate was 89.1% at the 12-month 
follow-up after Hiporfin-PDT for cHSIL. These findings suggest that PDT has significant therapeutic potential in 
treating HPV-positive precancerous diseases and in preventing disease relapse50,51.

PDT is an organ-preserving therapeutic alternative for the treatment of precancerous diseases and cancer. It 
can initiate anti-tumor responses from the host’s inflammatory and immune systems as tumor cells are destroyed 
and cancer antigens are exposed52.

Choi et al.53 treated 59 patients with cHSIL using Photogem-PDT, reporting HPV negative conversion rates 
of 89.8% and 87.0% at 3 and 12 months, respectively. Gilyadova et al.54 treated 45 cases of cHSIL with chlorine 
E6-PDT, achieving HPV negative conversion rate of 100.0% at 12 months. Liu et al.15 used PDT with Hiporfin 
on 41 patients with cHSIL at childbearing age, achieving HPV negative conversion rates of 73.2% at 6 months 
and 92.7% at 12 months, with no recurrences observed during long-term follow-up. Qiao et al.40 applied PDT 
with Hiporfin for cHSIL, achieving an HPV negative conversion rate of 87.1% at 3–6 months post-treatment. In 
our study, the HPV negative conversion rates after PDT for cHSIL were 74.5%, 89.1%, 89.8%, and 95.8% at 3–6 
months, 12 months, 24 months, and 36 months, respectively. These results are comparable to surgical outcomes, 
which showed conversion rates of 81.81%, 85.71%, and 90.91% at 6, 12, and 24 months, respectively49. Women 
with cHSIL are at high risk of anal HPV infection. It has been suggested that self-inoculation of the virus from 
the anal canal to the cervix may explain HPV recurrence in the cervix after treatment of cHSIL55–58. Pino et 
al.59found that women with anal HPV infection who were treated for cHSIL might have a higher risk of recurrent 
cervical HPV infection even after successful treatment. Therefore, monitoring HPV infection status in the anus 
will be an important focus for future research and clinical management of the female lower reproductive tract.

However, the HPV negative conversion rates for vaHSIL were not as high. Liu et al.16 treated 18 patients with 
vaHSIL using Hiporfin-PDT, achieving HPV negative conversion rates of 16.7%, 22.2%, and 44.4% at 3, 6, and 
12 months, respectively. In this study, the HPV negative conversion rates for vaHSIL after Hiporfin-PDT were 
28.0% at 3–6 months, 52.0% at 12 months, 60.9% at 24 months, and 64.7% at 36 months. The unique structure 
of the vagina, with its folds, can hinder complete light irradiation, leading to incomplete treatment. Traditional 
treatments for vaHSIL, such as CO2 laser or surgery, have shown similar HPV negative conversion rates, ranging 
from 38.2–77.2%17,60.

Adverse reactions Percentage

pelvic pain (Grade 1) during PDT 16.5% (15/91)

pelvic pain (Grade 1) after PDT 13.2% (12/91)

Watery vaginal discharge (Grade 2) 41.8% (38/91)

Photosensitivity (Grade 3) 19.8% (18/91)

Fever (Grade 1) 2.2% (2/91)

Hemorrhage (Grade 2) 0.0% (0/91)

Table 4.  Adverse reactions during and after PDT.
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The HPV negative conversion rates were higher in the cHSIL group compared to the vaHSIL group and the 
multisite female lower genital tract HSIL group. This difference may be attributed to the adequate exposure 
of cervical lesions during PDT. Upon reviewing patients with vaHSIL and multisite female lower genital tract 
HSIL who have persistent HPV infection, it was found that the vast majority had undergone prior surgery and/
or chemoradiotherapy for cHSIL or cervical cancer. These patients often have multisite lesions in the vaginal 
wall, with frequent involvement of the vaginal stump or vault, which may contribute to a relatively poor cure 
response and persistent HPV infection. Previous procedures such as LEEP or hysterectomy pose additional 
challenges for treatment16. Furthermore, in older patients with persistent HPV infection, increased vigilance is 
warranted for the potential risk of disease progression. Additionally, further analysis revealed that HPV negative 
conversion rates after Hiporfin-PDT were higher in primary HSIL compared to recurrent HSIL in the female 
lower reproductive tract.

Conclusion
In this study, the HPV negative conversion rate of Hiporfin-PDT was comparable to conventional treatments, 
with the added benefits of organ preservation and fertility conservation. However, the need to avoid light and the 
cost of photosensitizer limit the widespread use of this treatment. We hope that photosensitizer will be covered 
by medical insurance in the future to benefit more patients. The study had several limitations, including a small 
sample size, a single-arm trial design, the absence of a control group, and the lack of immune profiling. In the 
future, multi-center, larger prospective controlled trials are needed for validation, and exploring the potential 
immunological mechanisms of HPV clearance will also be a focus in subsequent stages.

Data availability
The data that support the findings of this study are available from the corresponding author, R.F.W. (E-mail 
addresses: wurf100@126.com), upon reasonable.
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