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Background: Persistent infection with high-risk human papillomavirus (HR-
HPV) can lead to cervical intraepithelial neoplasia and cancer. At present, there 
is no medication that specifically targets HR-HPV infection.

Objective: This study aimed to evaluate the effectiveness of different 
interventions in promoting HR-HPV regression using a MeSH meta-analysis 
method.

Methods: A search for randomized controlled trials (RCTs) reporting different 
interventions for the treatment of HR-HPV infection included PubMed, Web of 
Science, Embase and Cochrane Library from the inception of the databases to 
March 8, 2023. Two researchers independently screened the articles, extracted 
data, and evaluated the quality. The literature that met the inclusion criteria 
was selected, the quality and risk of bias of the included studies were assessed 
according to the Cochrane 5.1 manual, and NMA was performed using Stata 16.0. 
The area under the cumulative ranking probability graph (SUCRA) represented 
the probability that each treatment would be the best intervention.

Results: Nine studies involving 961 patients and 7 treatment options were 
included in the analysis. The results of the network meta-analysis indicated 
the following rank order in terms of promoting HR-HPV conversion: Anti-
HPV biological dressing > vaginal gel > imiquimod > REBACIN®  >  interferon > 
probiotics > observation/placebo > Polyphenon E.

Conclusion: Anti-HPV biological dressing treatment was found to be significantly 
effective in promoting HR-HPV conversion. However, further validation of the 
findings is necessary due to the limited number and quality of studies included 
in the analysis.

Systematic review registration: https://www.crd.york.ac.uk/prospero/, identifier 
CRD42023413917.
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Introduction

Persistent high-risk human papillomavirus (HR-HPV) infection 
is a major risk factor for cervical intraepithelial neoplasia (CIN) and 
subsequent progression to cervical cancer (CC) (1, 2). Although 
HR-HPV infection is prevalent among women and typically resolves 
within a few months to 2 years (3), a minority of cases persist and pose 
an increased risk for progression to CIN 2 or higher (4). Accumulating 
evidence indicates that persistent HR-HPV infections are strongly 
associated with the development of HPV-driven malignancies (5). 
HR-HPV infection can progress to cervical cancer several years or 
decades later if the lesions are incompletely treated or even undetected 
or untreated. Kaiser Permanente Northern California Medical Care 
Plan (KPNC) data show that women with ASC-US, LSIL, or negative 
cytology with positive HPV16 or HPV18, or other high-risk HPV 
positivity for more than 1 year, may have an overall approximately 
3.8% 5-year risk of a CIN3+ status (6). The effectiveness of treatment 
and clearance of patients with persistent HR-HPV infection has been 
the focus of controversy. The clearance of HR-HPV infection is 
commonly attributed to various factors, including viral subtype, host 
immunity, and environmental factors. Numerous researchers posit 
that administering pharmacological or physical therapy to HR-HPV-
infected patients during follow-up can aid in HR-HPV clearance, 
alleviate the anxiety associated with follow-up alone, and facilitate 
lesion regression. Pharmacological treatment typically involves 
interferon and povidone-based suppositories. Studies have shown that 
pharmacological treatment can promote the clearance of HR-HPV by 
regulating the microenvironment and enhancing the immunity of the 
body (7, 8). Physical therapy includes freezing, laser, photodynamic 
and other new methods such as focused ultrasound and Non-invasive 
physical plasma (NIPP). Therefore, for patients with HR-HPV, 
supplemental medicine or physical therapy is necessary along with 
regular follow-up.

However, there is no specific medicine for the treatment of 
persistent HR-HPV infection worldwide, and the treatment options 
for HR-HPV vary among physicians; consequently, there is no 
conclusion as to which therapy is the most effective in the face of 
multiple treatment options. Although some articles have explored this 
topic using traditional meta-analysis, traditional meta-analysis can 
compare only two treatment options. In view of the limitations of 
previous meta-analyses, we conducted a network meta-analysis to 
determine the most effective approach for treating HR-HPV infection. 
NMA integrates direct and indirect evidence and enables the 
evaluation of multiple treatments in a single analysis (9). In this study, 
we determined the effectiveness of all interventions, as well as their 
ranking probabilities by summarizing the available evidence. The 
results of this investigation will provide evidence-based medical 
evidence for the treatment of HR-HPV infection.

Methods

Registration

Our study was conducted and reported according to the Preferred 
Reporting Items for Systematic Reviews and Meta-analyses 
(PRISMA-NMA) statement (10). This study is registered on the 
International Prospective Register of Systematic Review PROSPERO, 

number CRD42023413917. Since all analyses were founded on 
previously published research, neither ethical review nor patient 
permission are necessary.

Search strategy and selection criteria

Our search strategy and selection criteria were conducted 
according to the guidelines of the new edition of the Cochrane 
Handbook for Systematic Reviews of Interventions (11). The search 
was conducted using PubMed, Web of Science, Embase and Cochrane 
Library from their inception dates to March 8, 2023. The research 
types were restricted to randomized controlled trials (RCTs), and the 
language was limited to English. We also retrieved articles from the 
reference lists and citations of the selected articles.

The search terms below were used individually or combined with 
each other: “HPV,” “Human Papillomavirus,” “Human Papilloma 
Virus,” “therapeutics,” “interferon,” “Baofukang suppository,” 
“lactobacillus,” “Anti-HPV biological protein dressing,” “nocardia 
rubra cell wall skeleton,” “photochemotherapy,” “cryotherapy,” “lasers, 
gas,” “ablation techniques,” “vaginal gel,” “polyphenon E,” “imiquimod,” 
“fluorouracil,” and “REBACIN®.”

Inclusion and exclusion criteria

Articles that simultaneously satisfied all of the following 
requirements were ultimately included in our qualitative review (1): 
women who were diagnosed with cervical HR-HPV infection (12); 
women who were married or unmarried with a history of sexual 
activity, not limited by nationality, race or source of cases (2); trials 
that were RCTs only; and (3) English-only articles (4). The outcome 
indicator was the HPV clearance rate. Studies that had any of the 
following components were excluded (1): literature reviews, meta-
analyses, systematic reviews, animal experiments, non-RCTs and 
literature with unavailable full text (2); repeatedly published studies or 
studies with duplicate data (3); inconsistent interventions, control 
measures, and outcome indicators.

Literature selection

The selection of the literature was carried out independently by 
two researchers, and the results were cross-checked. The final 
selection of studies was agreed upon by all authors. If two 
researchers had inconsistent views on the selection of certain 
studies, the opinion of a third researcher was adopted to assist in 
the judgment and resolution.

Quality assessment

The Cochrane Collaboration Network’s risk of bias assessment 
tool was utilized to evaluate the quality of the literature included in 
this study (13). The assessment entries consisted of several factors, 
including the method of random sequence generation, implementation 
of allocation concealment schemes, implementation of blinding, 
completeness of data, selective reporting bias and other biases. The 

https://doi.org/10.3389/fmed.2024.1274568
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Wang et al. 10.3389/fmed.2024.1274568

Frontiers in Medicine 03 frontiersin.org

evaluation process was conducted independently by two evaluators 
and cross-checked for accuracy.

Data extraction

Two authors independently collected the relevant information. 
Endnote software was used for literature management, and Excel was 
used to generate tables for data extraction. The extracted literature 
data mainly included the title, name of the first author, publication 
date, sample size (experimental group/control group), diagnostic 
criteria, baseline comparability, intervention, outcome indicators and 
key elements of the risk of bias evaluation: randomized methods, 
allocation concealment, blinding, etc. In the event of incomplete data, 
the author of that study was contacted.

Statistical analysis

Network meta-analysis (NMA) is an extension of traditional 
meta-analysis. NMA is an advanced form of meta-analysis that allows 
for the comparison of multiple interventions against each other rather 
than just comparing them to a single control group. The analysis 
involves using random or fixed effects models to determine the effect 
size for each intervention, with odds ratios (OR) used for dichotomous 
variables and standardized mean differences (SMDs) used for 
continuous variables. The results are typically presented with 95% 
confidence intervals (CIs). Stata 16.0 software was used to conduct the 
NMA analysis, with the data preprocessed using the network group 
command to create a network diagram of the evidence for each 
indicator. The area under the cumulative ranking (SUCRA) was 
obtained by ranking the efficacy of each indicator and plotting the 
probability ranking. The evidence network plot displays the number 
of patients for each intervention through the size of the dots, while the 
thickness of the lines between interventions represents the number of 
studies included. SUCRA expressed as a percentage indicates the 
effectiveness of the intervention, with larger percentages indicating 
higher efficacy and 0 indicating complete ineffectiveness (14, 15). If a 
closed loop existed between interventions, a nodal analysis model was 
utilized to compare the consistency of direct and indirect comparisons. 
Consistency was confirmed if p ≥ 0.05, and a statistical analysis was 
performed using a consistent model pair. Inconsistency was noted if 
p < 0.05, requiring a fitted inconsistency analysis. Funnel plots were 
created to identify any evidence of a small sample effect.

Results

Literature search and selection

We obtained a total of 1755 articles according to the predetermined 
search strategy. We removed 924 duplicates that were identified by 
Endnote, and 65 studies, including literature reviews, meta-analyses, 
systematic reviews, meeting abstract and animal experiments, were 
excluded. Next, 635 articles were excluded by reading the titles and 
abstracts, and 123 articles were excluded according to the inclusion 
criteria and data integrity by reading the full text. Finally, a total of 
eight articles were included (16–23). A three-arm trial (19) and seven 

two-arm trials (including one with two parallel trials) (16–18, 20–23). 
A screening flow chart is presented in Figure 1.

In total, 961 patients were included, with 496 in the trial group 
and 465  in the control group. The analysis included seven 
interventions. The primary characteristics of the included studies are 
shown in Table 1.

Risk of bias assessment

A total of eight articles reporting on RCTs were included in the 
study, with one article reporting on two parallel studies (22), resulting 
in a total of nine studies analyzed. The general characteristics of the 
control and trial groups were comparable in all studies. Six studies 
reported using specific protocols for random sequence generation, 
with four using computerized random numbering (19, 22, 23), one 
using adaptive random allocation procedures (17), and one using 
randomized lists (16), all of which were rated as low risk. The 
remaining three studies did not report a specific method of 
randomization and only stated that the methods were random, so 
their risks were identified as unclear. Four studies used blinded 
methods and were rated as low risk (17, 18, 21, 23), whereas one 
studies did not use any blinding methods and were rated as high risk 
(16). Four studies did not state the blinding method and were rated as 
unclear risk (19, 20, 22). Nine studies did not have a registration 
protocol available; therefore, risk of bias was assessed through a 
comparison of the methodological description and results section in 
the RCT articles to evaluate data completeness and outcome reporting. 
One study (21) excluded one patient from the intervention group and 
six patients from the control group due to incomplete evaluation 
criteria. However, there was no significant difference in the number of 
excluded patients between groups (p = 0.280); thus, the study was rated 
as low risk. The remaining eight studies had no missing data and were 
also rated as low risk. Two studies (18, 23) reported allocation 
concealment, so their risks were rated as low risk; however, the 
allocation concealment in the remaining seven studies was unclear. 
No other biases were mentioned in any of the studies. The bias risk 
assessment of the included studies is shown in Figure 2.

Evidence network

Nine studies reported overall effectiveness, with one being a 
three-arm study (24), and the rest being two-arm studies involving 
seven interventions. The evidence network was centered around the 
observation/placebo, as shown in Figure  3. There was one closed 
loops, including observation/placebo-interferon-REBACIN® therapy. 
The inconsistency test results showed that the p value and Z value for 
the closed loop of observation/placebo-interferon-REBACIN® 
therapy were 0.983 and 0.021, respectively, with a 95% CI of [0.00, 
1.69].The p values was greater than 0.05, indicating good consistency 
between direct and indirect comparisons in the closed loops.

Efficacy comparison

The included studies all reported the total clinical effectiveness 
rates, and the results of the network meta-analysis showed that, 
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compared with interferon, interventions including Anti-HPV 
biological dressing [OR = 7.30, 95% CI (1.61,33.09)], vaginal gel 
[OR = 6.82, 95% CI (2.16, 21.54)], imiquimod [OR = 6.70, 95% CI 
(1.33, 33.85)], REBACIN® [OR = 6.58, 95% CI (2.52, 17.19)] were 
more effective in promoting the regression of HR-HPV infections. 
Compared with probiotics, interventions including Anti-HPV 
biological dressing [OR = 8.40, 95% CI (2.17, 32.47)], vaginal gel 
[OR = 7.85, 95% CI (3.09, 19.92)], imiquimod [OR = 7.70, 95% CI 
(1.77, 33.62)], and REBACIN® therapy[OR = 7.57, 95% CI (3.01, 
19.02)] were more effective in promoting the regression of HR-HPV 
infections. Compared with observation/placebo, interventions 
including Anti-HPV biological dressing [OR = 9.81, 95% CI (3.12, 

30.84)], vaginal gel [OR = 9.17, 95% CI (5.07, 16.58)], imiquimod 
[OR = 9.00, 95% CI (2.49, 32.57)], and REBACIN® therapy[OR = 8.84, 
95% CI (4.97,15.74)] were more effective in promoting the regression 
of HR-HPV infections. Compared with PolyphenonE, interventions 
including Anti-HPV biological dressing [OR = 12.59, 95% CI (2.79, 
56.83)], vaginal gel [OR = 11.76, 95% CI(3.74, 36.96)], imiquiod 
[OR = 11.54, 95% CI (2.29,58.16)], and REBACIN® 
therapy[OR = 11.34, 95% CI (3.64,35.37)] were more effective in 
promoting the regression of HR-HPV infections with statistical 
significance (p < 0.05). No significant differences were observed for the 
other intervention measures (p > 0.05), as shown in Table  2. The 
ranking of various intervention measure efficacy was achieved with 
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FIGURE 1

Literature review flowchart.
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the SUCRA line rank, which indicated that Anti-HPV biological 
dressing had the highest probability (SUCRA = 81.0%), followed by 
the vaginal gel(SUCRA = 78.4%), imiquimod (SUCRA = 77.8%), 
REBACIN® (SUCRA = 76.8%), interferon (SUCRA = 30.3%), 
probiotics (SUCRA = 25.7%), observation/placebo (SUCRA = 18.7%), 
and Polyphenon E (SUCRA = 11.4%). The results of the SUCRA 
probability ranking are shown in Figure 4.

Publication bias

The small sample size effects of each outcome indicator were 
tested using Stata 16.0, and a “comparison-adjustment” funnel plot 

was created, as shown in Figure 5. The results showed that all studies 
were roughly distributed on both sides of the center line, indicating a 
small possibility of publication bias.

Discussion

In recent years, the incidence and mortality of cervical cancer in 
developed countries have been gradually reduced by the increasing 
popularity of cervical cancer vaccines and cervical cancer screening, 
but the incidence and mortality of cervical cancer in China are 
increasing, while the age of onset is decreasing, especially in rural 
areas where vaccines and screening are not yet widespread. About 

TABLE 1 Characteristics of the included studies.

Study ID
(First 
author)

Year Interventions Population Age(mean  ±  SD) First 
review 
time

(Months)

Rate of HR-
HPV 

clearance (%)

T C T C T C T C

Major et al. 

(16)

2021 Vaginal Gel Observation 65 76 33.3 ± 6.9 35.6 ± 8.8 3 49.2 10.53

Garcia et al. 

(17)

2014 PolyphenoE Placebo 41 41 28.4 28.3 4 24.4 29.3

Grimm et al. 

(18)

2012 Imiquimod Placebo 30 28 29.2 ± 6.1 31.8 ± 7.3 4 60.0 14.3

Zhou et al. 

(19)

2022 REBACIN®

Interferon

Observation 35

36

35 18–70 4 68.6

25.0

20.0

Guo et al. (20) 2016 Anti-HPV 

biological 

dressing

Observation 38 37 43.6 45.0 3 60.5 13.5

Major et al. 

(21)

2021 Vaginal Gel Observation 94 85 33.0 ± 6.7 35.5 ± 8.6 3 54.3 10.6

Yang et al. 

(22)

2019 REBACIN® Observation 39 40 18–65 3 61.5 20.0

Yang et al. 

(22)

2019 REBACIN® Observation 56 64 18–65 3 62.5 12.5

Ou et al. (23) 2019 Probiotics Placebo 62 59 45.8 ± 10.8 43.8 ± 11.1 12 58.1 54.2

FIGURE 2

Detailed risk of bias analysis of the included trials.
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59,000 women died of cervical cancer in China in 2020, accounting 
for 17.3% of the global total (24). It is clear that HR-HPV infection is 
an independent risk factor for cervical cancer, and Thomsen LT et al. 
(25) stated that the absolute risk of progression to CIN3 or cancer 
within 12 years was estimated to be 47.4% when both follow-ups were 
positive for HR-HPV at an interval of 2 years. There are no specific 
medicine for HPV infection, and how to promote a more rapid HPV 
conversion has been a challenge for physicians and patients. Therefore, 
this study provides evidence-based medical evidence for the treatment 
of HR-HPV infection by comparing seven treatment regimens 
commonly used in clinical practice to promote regression of HR-HPV 
infection by means of a reticulated meta-analysis, with a view to 
providing reference implications for clinical research and practice.

The current clinical evaluation of the efficacy of various 
interventions for HR-HPV infection is mainly based on the HR-HPV 
conversion rate. This study finally included nine RCTs in a reticulated 
meta-analysis to compare the efficacy of seven interventions and 
observation/placebo. The results showed that Anti-HPV biological 
dressing had the best efficacy in promoting HR-HPV conversion, with 

the order of efficacy being Anti-HPV biological dressing > vaginal gel 
> imiquimod > REBACIN® > interferon > probiotics > observation/
placebo > Polyphenon E.

In our study, The Anti-HPV biological dressing was the most 
effective therapy. Developed independently in China, the Anti-HPV 
biological dressing is a new type of virus inhibitor whose main 
components include JB protein, a carbomer and tea polyphenol. JB 
protein changes the protein conformation of HPV by the mechanism 
of positive and negative charges to accelerate the inactivation of HPV; 
the carbomer has strong adhesion, which can isolate the infected 
wound from normal tissue and promote the repair and regeneration 
of the wound. Tea polyphenols can improve local immunity. Guo et al. 
(20) showed that 60.5% of HR-HPV-positive patients turned negative 
after 3 months of treatment with an Anti-HPV biological dressing. 
Similarly, a study showed that the Anti-HPV biological dressing 
reduced the viral load by 88.4% (26).

The vaginal gel mentioned in this article was SAM vaginal gel which 
is the second effective medicine. SAM vaginal gel has specific powerful 
antioxidant and adsorbent properties that bind potential pathogens (16, 

FIGURE 3

Network maps.

TABLE 2 Network meta-analysis of the effectiveness [OR (95% CI)].

Anti-HPV 

biological dressing

1.07 (0.29,3.89) Vaginal gel

1.09 (0.19,6.10) 1.02 (0.25,4.20) Imiquimod

1.11 (0.31,4.00) 1.04 (0.45,2.37) 1.02 (0.25,4.17) REBACIN®

7.30 (1.61,33.09) 6.82 (2.16,21.54) 6.70 (1.33,33.85) 6.58 (2.52,17.19) Interferon

8.40 (2.17,32.47) 7.85 (3.09,19.92) 7.70 (1.77,33.62) 7.57 (3.01,19.02) 1.15 (0.34,3.89) Probiotics

9.81 (3.12,30.84) 9.17 (5.07,16.58) 9.00 (2.49,32.57) 8.84 (4.97,15.74) 1.34 (0.50,3.60) 1.17 (0.57,2.40)

Observation/

placebo

12.59 (2.79,56.83) 11.76 (3.74,36.96) 11.54 (2.29,58.16) 11.34 (3.64,35.37) 1.72 (0.43,6.92) 1.50 (0.44,5.05) 1.28 (0.48,3.42) PolyphenonE
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21). Major et  al. (21) showed that 3 months after SAM vaginal gel 
treatment, 54% of the participants were HR-HPV negative, and 75% had 
improved cytologic results (determined as complete resolution of lesions 
or change to lower-grade lesions). Imiquimod is an immunomodulator 
whose antiviral and antitumor abilities are not direct, but work by 
inducing the body’s keratin-forming cells to produce interferon, tumor 
necrosis factor, and interleukins. Cokan et al. (27) reported a regression 
rate of up to 51.9% for imiquimod in the treatment of cervical HSIL 
(CIN 2–3), however, in the CIN2 p16-positive subgroup, the therapeutic 
efficacy of imiquimod was as high as 73.9% (28).

Interferon and probiotics are the two most commonly used 
medicine for the treatment of HPV infection in China, but in this 
study, they ranked low in terms of therapeutic efficacy. Inclusion 
studies have shown that the conversion rate of HR-HPV infection 
using topical administration of interferon can reach 25–35% (19, 29, 
30). Veronique et al. (31) found that probiotic treatment for 3 months 
resulted in an HR-HPV conversion rate of 25%. Qu et al. (23) reported 
a 58.1% conversion rate for 12 months of probiotic treatment. The 
efficacy was not significant compared to other treatment regimens. 
Considering that this difference may be due to the number of included 
studies and sample size, etc., more prospective, high-quality studies 
are needed in the future to further confirm their efficacy.

In addition to medication, physical therapy is the primary 
treatment for HR-HPV infection. Traditional physical therapy 
includes cryotherapy, ablation and photodynamic therapy. 
Cryotherapy works by causing local circulation disorders through the 
low temperature of liquid nitrogen, which leads to tissue necrosis. 
Ablation therapy uses electromagnetic waves to target the diseased 
tissue, causing coagulation, denaturation and further necrosis, and the 
thermal effect of coagulation activates the body’s immune system to 
clear the HPV. Photodynamic therapy uses a laser at a certain 
frequency to produce a photochemical reaction with cells that have 
absorbed the photosensitizer, generating a large amount of reactive 
oxygen species and leading to apoptosis and necrosis. For histologically 
confirmed CIN2/3 patients, the WHO currently suggests excisional 
treatments and under certain conditions (e.g., fully visible 
transformation zone and CIN lesions) destructive treatments like 
laser-, thermal-, and cryo-ablationcan also be considered (32). Pinder 

FIGURE 4

SUCRA probability ranking.

FIGURE 5

Funnel plot.
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et  al. (33) reported 40, 42 and 47% conversion rates of HR-HPV 
6 months after cryotherapy, thermal ablation and LEEP, respectively.

In recent years, new non-invasive physical therapy techniques 
have been gradually developed. Examples include focused ultrasound, 
non-invasive physical plasma (NIPP).Focused ultrasound is a new, 
noninvasive physical therapy technology. By converting the 
mechanical effect into a thermal effect and a cavitation effect, the 
lesion undergoes coagulative necrosis, thus achieving the purpose of 
noninvasive treatment. Fu et al. (34) reported that the HPV conversion 
rate was 85.7% at 3 months after focused ultrasound treatment. Qin 
et  al. (35) found that the clearance rate of HPV was 94.1% after 
12 months of focused ultrasound treatment. The NIPP procedure was 
carried out using a modular high frequency device, it affects cellular 
processes such as cell growth, metabolism, cell cycle, and DNA 
integrity mainly through reactive oxygen species (ROS) production 
(36, 37). Which is highly available in surgical facilities, however, fewer 
studies have been done in cervical precancerous lesions and cervical 
cancer. Martin Weiss et al. showed a two-fold reduction in overall 
high-risk HPV infections 6 months after NIPP treatment (32). 
However, in our study, no physical therapy program was identified 
that met the inclusion criteria.

Innovation and limitations of this study

In our study, the efficiency of comparing multiple interventions to 
promote HR-HPV conversion was assessed with the help of reticulated 
meta-analysis, which is an extension of traditional meta-analysis to 
achieve an indirect comparison of multiple similar studies and thus 
greatly improve the value of individual RCTs. However, there are 
certain limitations (1): some literature is of low quality, does not 
describe random methods and without using blind methods (2); the 
number of studies and sample size included in each intervention 
protocol varied widely, so bias may have existed between different 
intervention protocols; and (3) the frequency, duration of treatment, 
and follow-up time of the intervention protocols included in this study 
were not uniform, which may have affected the results. Therefore, 
higher-quality RCTs are needed to further assess the efficacy of 
each treatment.

Conclusion

In summary, among the 7 interventions, Anti-HPV biological 
dressing was the most effective in promoting the conversion of 
HR-HPV infection, with interferon and probiotics, which are widely 
used clinically, ranking low. Even the best medicine, Anti-HPV 
biological dressing, have a conversion rate of only 60.5%. In recent 
years, more and more physical therapy has been applied to patients, 
however, large, high-quality randomized controlled studies should 
be done in the future to verify their true efficacy.

Recommendations

In summary, the author provides recommendations for 
conducting future RCTs. First, the research design should conform to 

the internationally recognized SPIRIT declaration (38), strictly follow 
the PICO principle, and register the research plan before the trial, and 
the final report should be standardized according to the CONSORT 
declaration (39). Second, due to the long duration, low regression rate, 
and long treatment cycle of HR-HPV infection, the outcome indicators 
should also consider patient compliance and the incidence of adverse 
reactions caused by the treatment plan. Third, cost–benefit analysis 
should be added to the efficacy evaluation, facilitating a reasonable 
selection of treatment options based on efficacy and economic 
considerations in clinical practice.

Author contributions

D-YW: Data curation, Formal analysis, Investigation, Writing – 
original draft. Y-YC: Conceptualization, Methodology, Project 
administration, Writing – review & editing. W-WZ: Data curation, 
Software. M-SF: Data curation, Software. K-XQ: Data curation, 
Software. LY: Resources, Writing – review & editing. All authors 
contributed to the article and approved the submitted version.

Funding

The author(s) declare financial support was received for the 
research, authorship, and/or publication of this article. This research 
was supported by the Scientific Research Fund of Shandong Province 
Medical Association (YXH2022ZX02148) and the Project of the 
Research Hospital Association of Shandong Province (2022001).

Acknowledgments

We thank all the researchers whose study included in our analysis.

Conflict of interest

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

Publisher’s note

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

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fmed.2024.1274568/
full#supplementary-material

https://doi.org/10.3389/fmed.2024.1274568
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmed.2024.1274568/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2024.1274568/full#supplementary-material


Wang et al. 10.3389/fmed.2024.1274568

Frontiers in Medicine 09 frontiersin.org

References
 1. Zamani S, Sohrabi A, Hosseini SM, Rahnamaye-Farzami M, Akbari A. Deregulation 

of miR-21 and miR-29a in cervical Cancer related to HPV infection. Microrna. (2019) 
8:110–5. doi: 10.2174/2211536607666181017124349

 2. Castanheira CP, Sallas ML, Nunes RAL, Lorenzi NPC, Termini L. Microbiome and 
cervical Cancer. Pathobiology. (2021) 88:187–97. doi: 10.1159/000511477

 3. Gravitt PE. The known unknowns of HPV natural history. J Clin Invest. (2011) 
121:4593–9. doi: 10.1172/jci57149

 4. Luo M, Yu J, Zhu S, Huang L, Chen Y, Wei S. Detoxification therapy of traditional 
Chinese medicine for genital tract high-risk human papillomavirus infection: a 
systematic review and meta-analysis. PLoS One. (2019) 14:e0213062. doi: 10.1371/
journal.pone.0213062

 5. Tang KD, Vasani S, Menezes L, Taheri T, Walsh LJ, Hughes BGM, et al. Oral HPV16 
DNA as a screening tool to detect early oropharyngeal squamous cell carcinoma. Cancer 
Sci. (2020) 111:3854–61. doi: 10.1111/cas.14585

 6. Katki HA, Schiffman M, Castle PE, Fetterman B, Poitras NE, Lorey T, et al. 
Benchmarking CIN 3+ risk as the basis for incorporating HPV and pap cotesting into 
cervical screening and management guidelines. J Low Genit Tract Dis. (2013) 17:S28–35. 
doi: 10.1097/LGT.0b013e318285423c

 7. Fakhr E, Modic Ž, Cid-Arregui A. Recent developments in immunotherapy of 
cancers caused by human papillomaviruses. Immunology. (2021) 163:33–45. doi: 
10.1111/imm.13285

 8. Shamseddine AA, Burman B, Lee NY, Zamarin D, Riaz N. Tumor immunity and 
immunotherapy for HPV-related cancers. Cancer Discov. (2021) 11:1896–912. doi: 
10.1158/2159-8290.Cd-20-1760

 9. Rouse B, Chaimani A, Li T. Network meta-analysis: an introduction for clinicians. 
Intern Emerg Med. (2017) 12:103–11. doi: 10.1007/s11739-016-1583-7

 10. Hutton B, Salanti G, Caldwell DM, Chaimani A, Schmid CH, Cameron C, et al. 
The PRISMA extension statement for reporting of systematic reviews incorporating 
network meta-analyses of health care interventions: checklist and explanations. Ann 
Intern Med. (2015) 162:777–84. doi: 10.7326/m14-2385

 11. Cumpston M, Li T, Page MJ, Chandler J, Welch VA, Higgins JP, et al. Updated 
guidance for trusted systematic reviews: a new edition of the Cochrane handbook for 
systematic reviews of interventions. Cochrane Database Syst Rev. (2019) 10:Ed000142. 
doi: 10.1002/14651858.Ed000142

 12. Workowski KA, Bachmann LH, Chan PA, Johnston CM, Muzny CA, Park I, et al. 
Sexually transmitted infections treatment guidelines, 2021. MMWR Recomm Rep. (2021) 
70:1–187. doi: 10.15585/mmwr.rr7004a1

 13. Higgins JP, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman AD, et al. The 
Cochrane Collaboration's tool for assessing risk of bias in randomised trials. BMJ. (2011) 
343:d5928. doi: 10.1136/bmj.d5928

 14. Piccolo R, Galasso G, Piscione F, Esposito G, Trimarco B, Dangas GD, et al. Meta-
analysis of randomized trials comparing the effectiveness of different strategies for the 
treatment of drug-eluting stent restenosis. Am J Cardiol. (2014) 114:1339–46. doi: 
10.1016/j.amjcard.2014.07.069

 15. Zhang D, Wu J, Liu S, Zhang X, Zhang B. Network meta-analysis of Chinese herbal 
injections combined with the chemotherapy for the treatment of pancreatic cancer. 
Medicine (Baltimore). (2017) 96:e7005. doi: 10.1097/md.0000000000007005

 16. Major AL, Skřivánek A, Grandjean EM, Dvořák V, Malík T, Pluta M, et al. An 
adsorptive and antioxidant vaginal gel clears high-risk HPV- and p16/Ki-67-associated 
abnormal cytological cervical findings: a post-hoc subgroup analysis of a prospective 
randomized controlled trial on CIN2 and p16 positive CIN1. Front Med (Lausanne). 
(2021) 8:645559. doi: 10.3389/fmed.2021.645559

 17. Garcia FA, Cornelison T, Nuño T, Greenspan DL, Byron JW, Hsu CH, et al. Results 
of a phase II randomized, double-blind, placebo-controlled trial of Polyphenon E in 
women with persistent high-risk HPV infection and low-grade cervical intraepithelial 
neoplasia. Gynecol Oncol. (2014) 132:377–82. doi: 10.1016/j.ygyno.2013.12.034

 18. Grimm C, Polterauer S, Natter C, Rahhal J, Hefler L, Tempfer CB, et al. Treatment 
of cervical intraepithelial neoplasia with topical imiquimod: a randomized controlled 
trial. Obstet Gynecol. (2012) 120:152–9. doi: 10.1097/AOG.0b013e31825bc6e8

 19. Zhou SG, Wu DF, Yao H, Zhang WY, Tian FJ, Chen G, et al. REBACIN(®) inhibits 
E6/E7 oncogenes in clearance of human papillomavirus infection. Front Oncol. (2022) 
12:1047222. doi: 10.3389/fonc.2022.1047222

 20. Guo X, Qiu L, Wang Y, Wang Y, Wang Q, Song L, et al. A randomized open-label 
clinical trial of an anti-HPV biological dressing (JB01-BD) administered intravaginally 
to treat high-risk HPV infection. Microbes Infect. (2016) 18:148–52. doi: 10.1016/j.
micinf.2015.10.004

 21. Major AL, Dvořák V, Schwarzová J, Skřivánek A, Malík T, Pluta M, et al. 
Correction to: efficacy and safety of an adsorbent and anti-oxidative vaginal gel on CIN1 
and 2, on high-risk HPV, and on p16/Ki-67: a randomized controlled trial. Arch Gynecol 
Obstet. (2021) 303:513–4. doi: 10.1007/s00404-020-05925-4

 22. Yang Y, Meng YL, Duan SM, Zhan SB, Guan RL, Yue TF, et al. REBACIN® as a 
noninvasive clinical intervention for high-risk human papillomavirus persistent 
infection. Int J Cancer. (2019) 145:2712–9. doi: 10.1002/ijc.32344

 23. Ou YC, Fu HC, Tseng CW, Wu CH, Tsai CC, Lin H. The influence of probiotics on 
genital high-risk human papilloma virus clearance and quality of cervical smear: a 
randomized placebo-controlled trial. BMC Womens Health. (2019) 19:103. doi: 10.1186/
s12905-019-0798-y

 24. Han X, Wang Z, Huang D, Deng K, Wang Q, Li C, et al. Analysis of the disease 
burden trend of malignant tumors of the female reproductive system in China from 
2006 to 2020. BMC Womens Health. (2022) 22:504. doi: 10.1186/s12905-022-02104-2

 25. Thomsen LT, Frederiksen K, Munk C, Junge J, Iftner T, Kjaer SK. Long-term risk 
of cervical intraepithelial neoplasia grade 3 or worse according to high-risk human 
papillomavirus genotype and semi-quantitative viral load among 33,288 women with 
normal cervical cytology. Int J Cancer. (2015) 137:193–203. doi: 10.1002/ijc.29374

 26. Guo X, Qiu L, Wang Y, Wang Y, Meng Y, Zhu Y, et al. Safety evaluation of 
chemically modified beta-lactoglobulin administered intravaginally. J Med Virol. (2016) 
88:1098–101. doi: 10.1002/jmv.24439

 27. Cokan A, Paki M, Serdinek T, Dovnik A, Kodri T, Fokter AR, et al. Comparison 
of conservative treatment of cervical intraepithelial lesions with Imiquimod with 
standard excisional technique using LLETZ: a randomized controlled trial. J Clin Med. 
(2021) 10:10. doi: 10.3390/jcm10245777

 28. Perkins RB, Guido RS, Castle PE, Chelmow D, Einstein MH, Garcia F, et al. 2019 
ASCCP risk-based management consensus guidelines for abnormal cervical Cancer 
screening tests and Cancer precursors. J Low Genit Tract Dis. (2020) 24:102–31. doi: 
10.1097/lgt.0000000000000525

 29. He M, Jia R, Liu X, Su C, Qin Y, Li C, et al. Attributes underlying patient choice of 
treatment modality for low-grade squamous intraepithelial lesion complicated by high-
risk human papillomavirus infection. Int J Hyperth. (2023) 40:2168075. doi: 
10.1080/02656736.2023.2168075

 30. Wang W, Liu Y, Pu Y, Li C, Zhou H, Wang Z. Effectiveness of focused ultrasound 
for high risk human papillomavirus infection-related cervical lesions. Int J Hyperth. 
(2021) 38:96–102. doi: 10.1080/02656736.2021.1910736

 31. Verhoeven V, Renard N, Makar A, Van Royen P, Bogers JP, Lardon F, et al. 
Probiotics enhance the clearance of human papillomavirus-related cervical lesions: a 
prospective controlled pilot study. Eur J Cancer Prev. (2013) 22:46–51. doi: 10.1097/
CEJ.0b013e328355ed23

 32. Weiss M, Arnholdt M, Hißnauer A, Fischer I, Schönfisch B, Andress J, et al. Tissue-
preserving treatment with non-invasive physical plasma of cervical intraepithelial 
neoplasia—a prospective controlled clinical trial. Front Med. (2023) 10:1242732. doi: 
10.3389/fmed.2023.1242732

 33. Pinder LF, Parham GP, Basu P, Muwonge R, Lucas E, Nyambe N, et al. Thermal 
ablation versus cryotherapy or loop excision to treat women positive for cervical 
precancer on visual inspection with acetic acid test: pilot phase of a randomised 
controlled trial. Lancet Oncol. (2020) 21:175–84. doi: 10.1016/s1470-2045(19)30635-7

 34. Fu Z, Fan Y, Wu C, Yan P, Ye Y, Yang H, et al. Clinical efficacy and mechanism for 
focused ultrasound (FUS) in the management of cervical intraepithelial neoplasia 1 
(CIN1). Int J Hyperth. (2020) 37:339–45. doi: 10.1080/02656736.2020.1749316

 35. Qin Y, Li Q, Ke X, Zhang Y, Shen X, Wang W, et al. Clearance of HR-HPV within 
one year after focused ultrasound or loop electrosurgical excision procedure in patients 
with HSIL under 30. Int J Hyperth. (2022) 39:15–21. doi: 10.1080/02656736.2021.2010817

 36. Marzi J, Stope MB, Henes M, Koch A, Wenzel T, Holl M, et al. Noninvasive 
physical plasma as innovative and tissue-preserving therapy for women positive for 
cervical intraepithelial neoplasia. Cancers (Basel). (2022) 14:1933. doi: 10.3390/
cancers14081933

 37. Hara H, Adachi T. Molecular mechanisms of non-thermal atmospheric pressure 
plasma-induced cellular responses. Jpn J Appl Phys. (2021) 60:020501. doi: 
10.35848/1347-4065/abd496

 38. Chan AW, Tetzlaff JM, Altman DG, Laupacis A, Gøtzsche PC, Krleža-Jerić K, et al. 
SPIRIT 2013 statement: defining standard protocol items for clinical trials. Ann Intern 
Med. (2013) 158:200–7. doi: 10.7326/0003-4819-158-3-201302050-00583

 39. Schulz KF, Altman DG, Moher D. CONSORT 2010 statement: updated guidelines 
for reporting parallel group randomised trials. PLoS Med. (2010) 7:e1000251. doi: 
10.1371/journal.pmed.1000251

https://doi.org/10.3389/fmed.2024.1274568
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.2174/2211536607666181017124349
https://doi.org/10.1159/000511477
https://doi.org/10.1172/jci57149
https://doi.org/10.1371/journal.pone.0213062
https://doi.org/10.1371/journal.pone.0213062
https://doi.org/10.1111/cas.14585
https://doi.org/10.1097/LGT.0b013e318285423c
https://doi.org/10.1111/imm.13285
https://doi.org/10.1158/2159-8290.Cd-20-1760
https://doi.org/10.1007/s11739-016-1583-7
https://doi.org/10.7326/m14-2385
https://doi.org/10.1002/14651858.Ed000142
https://doi.org/10.15585/mmwr.rr7004a1
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1016/j.amjcard.2014.07.069
https://doi.org/10.1097/md.0000000000007005
https://doi.org/10.3389/fmed.2021.645559
https://doi.org/10.1016/j.ygyno.2013.12.034
https://doi.org/10.1097/AOG.0b013e31825bc6e8
https://doi.org/10.3389/fonc.2022.1047222
https://doi.org/10.1016/j.micinf.2015.10.004
https://doi.org/10.1016/j.micinf.2015.10.004
https://doi.org/10.1007/s00404-020-05925-4
https://doi.org/10.1002/ijc.32344
https://doi.org/10.1186/s12905-019-0798-y
https://doi.org/10.1186/s12905-019-0798-y
https://doi.org/10.1186/s12905-022-02104-2
https://doi.org/10.1002/ijc.29374
https://doi.org/10.1002/jmv.24439
https://doi.org/10.3390/jcm10245777
https://doi.org/10.1097/lgt.0000000000000525
https://doi.org/10.1080/02656736.2023.2168075
https://doi.org/10.1080/02656736.2021.1910736
https://doi.org/10.1097/CEJ.0b013e328355ed23
https://doi.org/10.1097/CEJ.0b013e328355ed23
https://doi.org/10.3389/fmed.2023.1242732
https://doi.org/10.1016/s1470-2045(19)30635-7
https://doi.org/10.1080/02656736.2020.1749316
https://doi.org/10.1080/02656736.2021.2010817
https://doi.org/10.3390/cancers14081933
https://doi.org/10.3390/cancers14081933
https://doi.org/10.35848/1347-4065/abd496
https://doi.org/10.7326/0003-4819-158-3-201302050-00583
https://doi.org/10.1371/journal.pmed.1000251

	Effect of different interventions on the treatment of high-risk human papillomavirus infection: a systematic review and network meta-analysis
	Introduction
	Methods
	Registration
	Search strategy and selection criteria
	Inclusion and exclusion criteria
	Literature selection
	Quality assessment
	Data extraction
	Statistical analysis

	Results
	Literature search and selection
	Risk of bias assessment
	Evidence network
	Efficacy comparison
	Publication bias

	Discussion
	Innovation and limitations of this study

	Conclusion
	Recommendations

	Author contributions

	References

