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Efficacy and safety of combined high-dose
interferon and red light therapy for the
treatment of human papillomavirus and
associated vaginitis and cervicitis
A prospective and randomized clinical study
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Min Liu, BSa, Qin-Qin Zhu, MSd

Abstract
Background:We evaluated the efficacy and safety of combined high-dose interferon (IFN) and red light therapy for the treatment of
subclinical and latent human papillomavirus (HPV) infections.

Methods:Ninety women diagnosed with subclinical or latent HPV infection were randomized to receive topical application of low-
dose recombinant IFNa-2b (1 million IU), high-dose IFNa-2b (9 million IU), or a combination of high-dose IFNa-2b and red light
therapy on the cervix and vagina. All patients received treatment once daily for 4 weeks. HPV titer was measured immediately and 4,
8, and 12 weeks after treatment to determine the rates of viral clearance and infection cure. Treatment of HPV-associated vaginitis
and cervicitis was also evaluated.

Results:Results showed that immediately and 4, 8, and 12 weeks after treatment, the HPV clearance rates and infection cure rates
were higher in the high-dose IFN and combination groups compared to the low-dose IFN group. High-dose IFN and combination
therapies were significantly effective against both low-risk and high-risk HPV infections. Although the cure rates for vaginitis and
cervicitis were significantly higher in the high- compared to the low-dose IFN group, rates were even higher in the combination group
compared to the high-dose IFN group. Mild adverse effects were reported by a very small subset of patients (3/30) in the combination
group.

Conclusions: This study suggests that combination of high-dose IFN and red light therapy is safe and effective against subclinical
and latent HPV infections.

Abbreviations: CA = condylomata acuminate, CI = confidence interval, CIN = cervical intraepithelial neoplasia, CO2 = carbon
dioxide, HPV = human papillomavirus, IFN = interferon, PDT = photodynamic therapy.
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1. Introduction

In recent years, the incidence of human papillomavirus (HPV)
infection has increased, prompting further investigation of HPV
biology and pathogenesis. HPV infection may be clinical
(manifested by visible lesions), subclinical, or latent,[1] and most
genital HPV infections are classified as 1 of these 3 types.[2] The
most important biomarker of HPV infection is the detection of
HPVDNA.[3] Infections can be considered high- or low-risk, with
high-risk infections having tumorigenic potential. Persistent high-
risk HPV infection is closely related to cervical cancer and some
genital tumor lesions.[4–6] In fact, the majority of invasive cervical
cancers worldwide are HPV positive.[4] In addition, HPV
infection can contribute to vaginitis and cervicitis. Srivastava
et al[7] reported that a significant increase in HPV prevalence was
associated with increased severity of cervicitis, cervical intra-
epithelial neoplasia (CIN), and cervical cancer, suggesting that
HPV may be an important risk factor in disease progression. It
was reported that the rate of HPV infection in chronic cervicitis
cases was 98.7% (78/79).[8] In addition, bacterial infections
appear to facilitate persistent HPV infections.[9]

Conventional treatments for visible lesions include cryothera-
py, carbon dioxide (CO2) therapy, laser therapy, and surgical
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excision. However, these therapies lack tissue specificity.
Moreover, as subclinical and latent HPV infections are
sometimes located in the lower female genital tract, especially
in the vaginal and cervical mucosa, treating these lesions remains
difficult. Subclinical lesions and virus-shedding areas cannot be
treated effectively and therefore contribute to the high recurrence
rate.[10] In the 1990s, 5-aminolevulinic acid–mediated photody-
namic therapy (PDT) was developed for the treatment of
nonmelanoma skin cancers[11] and was widely used for the
treatment of condylomata acuminate (CA).[12] PDT is an
attractive, noninvasive method for treating the lower female
genital tract that is amenable to both topical drug application and
light irradiation.[13] However, PDT also has limitations. Because
of the particular anatomical structure of female genitalia, light
irradiation cannot reach the vaginal or cervical folds and thus, a
subclinical or latent reservoir of HPV remaining in adjacent
epithelial cells and mucous membranes cannot be completely
eradicated. Because there are limited treatment options, HPV
relapses occur frequently.[14]

Interferon (IFN) exerts antiviral, immunoregulatory, and
antitumor effects, and also plays critical roles in the innate
immune response against viral infections by inhibiting the
replication of HPV.[15] Immunologic therapy with IFNs
represents a promising antiviral modality that can be directed
against all sites of infection, including clinical, subclinical, and
latent disease.[16] Previous studies reported that intralesional
administration of IFNa is an effective and safe treatment for
patients with recurrent or recalcitrant genital warts.[17,18] IFNs
have been used in the clinic for the treatment of HPV-associated
CIN and cervical cancer, with mixed results.[19] Some researchers
found that high-dose IFN treatment caused growth arrest and
apoptosis of HPV-positive squamous carcinoma cells, with
episomal HPV DNA being eliminated from surviving cells.[20]

Furthermore, a study reported that the IFN-inducible protein,
P56, inhibited HPV DNA replication by binding to the viral
protein E1.[15] However, the efficacy of IFN in the treatment of
subclinical and latent HPV infections has not been established.
Phototherapy with visible light has gained recent attention in

dermatological practice. Phototherapy is typically used for the
treatment of acne vulgaris, seasonal affective disorders, psoriasis,
eczema, and neurodermitis.[21] Red light (wavelength range: 620–
770nm) can penetrate the skin to a depth of about 6mm and, thus,
can affect fibroblasts of the skin dermis directly.[22] Red light
irradiation can be used to reduce skin inflammation, facilitate the
resolution of inflammation, and enhance the immune function of
skin.[14] Animal studies have shown that red light irradiation
enhances mitochondrial catalase activity, which improves cell
metabolism and leads to increased glycogen and protein biosynthe-
sis. These changes promote cell growth and wound healing.[23,24]

We hypothesized that the beneficial effects of red light
irradiation could also apply to the resolution of vaginitis and
cervicitis caused by subclinical or latent HPV infection. In this
study, we combined topical application of high-dose IFN and red
light irradiation to treat HPV infections. We assessed 26 types of
HPVDNA by flow-fluorescence in situ hybridization (flow-FISH)
before and after treatment to investigate the effects of the
combination therapy on viral clearance.

2. Patients and methods

2.1. Patients

A total of 90 female patients diagnosed with subclinical or latent
HPV infection were recruited to outpatient clinics for sexually
2

transmitted diseases at Ningxia Medical University General
Hospital (China) and Ningxia Yangguang Hospital (China)
between April 2013 and May 2014. Date of patients diagnosed
with subclinical or latent HPV infection clinical and/or molecular
examination in the dermatological clinics of the General Hospital
of Ningxia Medical University was collected as the previous
clinical trials in which the cure rate of HPV was 50% after 12
weeks in the high-dose group, 80% in the combination group,
and 30% in the low-dose group. Estimation of sample size is
based on the minimal efficacy and maximum efficacy in previous
clinical trials. Sample size calculations showed that when the cure
rate of HPV at 12 weeks after treatment used as a major result
indicator, the power of test is 0.90, and the alpha level is set at
0.05. Considering that up to 10% will be lost to follow-up, the
study needed to recruit at least 76 participants. The final number
of complete cases will be no <26 in each groups. This study
sample of 90 patients included 72 patients (52 with subclinical
and 20 with latent HPV infections) who presented with vaginitis
or cervicitis. The cohort included 34 participants who had been
diagnosed previously with CA and treated with CO2 laser or
cryotherapy; the sexual partners of 27 of these patients had a
history of CA. The other 56 patients without a history of
condyloma acuminate diagnosis had vaginitis or cervicitis and
tested positive forHPV infection. Participants were excluded if, in
addition to HPV, they also presented with gonorrhea, nongono-
coccal urethritis, autoimmune disease, or HIV infection, or were
using systemic glucocorticoids. No patients were lost to follow-
up after completion of therapy.
All patients were informed about the study and signed a

detailed informed consent form describing the study design and
possible adverse effects of topical application of high-dose IFN
and red light therapy. This prospective studywas approved by the
Medical Ethics Committee affiliated with the Ningxia Medical
University General Hospital.
A single-blind, parallel, single-center, randomized clinical trial

was carried out. Randomization was performed based on
random number tables. The 90 female patients were divided
randomly into 3 treatment groups: low-dose IFN, high-dose IFN,
or a combination of high-dose IFN and red light irradiation (N=
30 per group). Baseline characteristics, such as age, HPV
infection type, and cases of vaginitis and cervicitis, were
comparable among the 3 groups. However, some patients had
single virus infection, whereas others may have 2 or more viruses
infection, so the number of HPV infection in each group were as
follows: N=48 in low-dose IFN, N=48 in high-dose IFN, and
N=52 in combination.
2.2. Diagnosis of HPV infection, vaginitis, and cervicitis

Subclinical HPV infections are macroscopically invisible, and are
diagnosed when both the acetowhite test and flow-FISH results
are positive. A latent HPV infection is confirmed negative by the
acetowhite test, but positive by flow-FISH.[25]

Nonspecific vaginitis was diagnosed based on the following
symptoms: abnormal vaginal discharge, vaginal odor, and
perineal stimulation (including genital itching, burning sensation,
pain, or vaginal vestibular intercourse difficulty).[26] Cervicitis
was diagnosed based on 2 major characteristics: a purulent or
mucopurulent endocervical exudate visible in the endocervical
canal or on an endocervical swab specimen (commonly referred
to as mucopurulent cervicitis) and sustained endocervical
bleeding easily induced by gentle passage of a cotton swab
through the cervical orifice. Either or both clinical signs may be
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present. Cervicitis is frequently asymptomatic, but some women
report abnormal vaginal discharge and intermenstrual or
postcoital vaginal bleeding.[27] The infection is frequently
associated with symptoms such as burning, fissuring, and
dyspareunia.[28]
2.3. Specimen collection

Specimens were collected before; immediately after; and 4, 8, and
12weeks after treatment. Secretions in the cervix and vaginawere
first cleared with a sterilized cotton swab. The mucosal
epithelium of the cervix and its surroundings were collected by
a swab dipped in physiological saline solution for no <30
seconds. Specimens were frozen at �80°C until further process-
ing. Isolated DNA was stored at �20°C.
2.4. Flow-FISH

Samples for polymerase chain reaction (PCR) were prepared by
mixing the PCR premix (Shanghai Tellgen Life Science Co Ltd,
Shanghai, China), primers, and polymerase, and dispensing them
into PCR reaction tubes. The specimen supernatant (5mL) was
added to the PCR tubes, and samples were centrifuged at 2000
rpm for 10seconds. PCR cycling parameters were set as follows:
5 cycles of 95°C for 5minutes, 95°C for 30seconds, 58°C for 30
seconds, and 72°C for 30seconds, followed by 35 cycles of 95°C
for 30seconds, 55°C for 30seconds, 72°C for 30seconds, and an
annealing/extension step at 72°C for 3minutes. The temperature
of the Luminex 200 instrument microwell plate was set to 48°C,
and the preheating course took 30minutes. During this period, in
situ hybridization was performed. Three microliters of PCR-
amplified product were denatured at 95°C for 5minutes and
hybridized at 48°C for 30minutes. Then, 75mL of fluorescein SA-
PE were added to each well on the hybrid plate, mixed, sealed,
and incubated for an additional 15minutes at 48°C. The
microporous hybridization plate was transferred quickly to a
preheated Luminex 200 flow analyzer for HPV titer measure-
ment. Specimen testing was conducted by an author (Q-YZ) who
was blinded to group assignments.
2.5. Treatment of patients

Patients receiving low-dose IFN were arranged in the lithotomy
position such that the vulva was fully exposed. Cervical and
vaginal secretions were first cleared using a sterilized cotton
ball. Recombinant human IFNa-2b cream (1 million IU) was
applied to the cervix and vagina. For patients in the high-dose
IFN group, cervical and vaginal secretions were cleared as
described above. The patient’s hips were elevated by a bolster.
Three vials of injectable recombinant human IFNa-2b (9
million IU) were dissolved in 6mL of physiological saline and
applied externally to the cervix and vagina using gauze for no
<3hours. For patients in the combination group, cervical and
vaginal secretions were cleared, and recombinant human IFNa-
2b (9 million IU) was applied externally as described above.
Then, with the help of a vaginal dilator, the ML-1201 red light
therapeutic instrument was positioned over the cervix and
vagina. Red light was emitted for 20minutes at a distance of
<5cm with an output power of 7 to 10W. All groups were
treated once a day for 4 weeks, except during menstruation. All
patients were prohibited from sexual intercourse during the
course of treatment and were advised to use condoms during
intercourse for 3 months after treatment.
3

2.6. Reagents and red light instrumentation

Recombinant human IFNa-2b used for injections (3 million IU/
vial) was produced by Hainan Unipul Pharmaceutical Co Ltd,
Hainan, China. Recombinant human IFNa-2b topical cream (1
million IU/vial) was produced by Anhui Anke Biotechnology
Group Co Ltd, Hefei, China. Fluorescence detection kits for HPV
nucleic acid amplification (Shanghai Tellgen Life Science Co Ltd,
Shanghai, China) were used to detect high-risk HPV-16, 18, 26,
31, 33, 35, 39, 45, 51, 52, 53, 55, 56, 58, 59, 66, 68, 82, and 83,
and low-risk HPV-6, 11, 40, 42, 44, 61, and 73. HPV DNA was
detected by flow-FISH using the Luminex 200 (USA). The red
light therapeutic instrument (ML-1201; Wuhan Miracle Laser
Co Ltd, Wuhan, China) had an output wavelength of 625±10
nm and optical power density of 2.5 to 25MW/cm2 (continu-
ously adjustable).
2.7. Determination of therapy efficacy

In this study, before treatment, some patients had single virus
infection, whereas the others may have 2 or more viruses
infection, so HPV clearance rate differs from patient cure rate
after treatment (Fig. 1). The HPV clearance rate refers to the rate
of clearance of 1 HPV type. The cure rate refers to the rate of
clearance of all HPV types (cure of subclinical and latent HPV
infections). The acetowhite test and flow-FISHwere performed in
all patients immediately and 4, 8, and 12 weeks after treatment to
evaluate HPV clearance. Cure was confirmed if an acetowhite test
and flow-FISH showed negative results and no symptoms of
vaginitis or cervicitis were reported. The primary end point was
the HPV infection cure rates at 12 weeks after treatment. The
secondary end points included the HPV clearance rate, HPV-
associated vaginitis, and cervicitis. Side effects were recorded
throughout the whole study to assess the safety profile.

2.8. Statistical analysis

Data were analyzed by using the SPSS Version 17.0 statistical
software package (IBM, Armonk,NY). A PearsonChi Square test
was used to compare data between groups. However, Fisher
exact test was used to compare data between groups when 1 cell
(25.0%) in a 2�2 table has an expected count of <5. A P value
<.05 indicated statistical significance between all 3 groups, and a
P value <.0125 indicated statistical significance when all groups
were compared pairwise.

3. Results

The cohort included 65 HPV subclinical infections and 25 latent
infections. Among the 90 patients recruited, 72 cases (including 52
subclinical and 20 latent HPV infections) also presented with
vaginitisor cervicitis. Participants’meanageat theonsetof treatment
was35.4years (range18–56years) for the low-dose IFNgroup,33.8
years (range 19–55 years) for the high-dose IFN group, and 35.2
years (range 18–58 years) for the combination group. Before
treatment, there were no significant differences in the baseline
characteristics of patients among the 3 groups (P for age= .736 and
>.05; Table 1). All 90 patients had a complete follow-up.
HPV clearance rates and cure rates before; immediately after;

and 4, 8, and 12 weeks after treatment are presented in Tables 2
and 3 and Figure 1. Before treatment, 55 of the 90 patients
(61.11%)were diagnosedwith high-risk ormixedHPV infection.
At the end of treatment and at follow-up, HPV clearance rates
and cure rates were significantly different among the 3 groups
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Figure 1. A, HPV clearance rates. B, Cure rates for subclinical and latent
infections. C, Cure rates for HPV-associated vaginitis and cervicitis.

∗
P< .0125

vs low-dose IFN group; #P< .0125 vs high-dose IFN group. HPV = human
papillomavirus, IFN = interferon,

Shi et al. Medicine (2018) 97:37 Medicine
(P< .001). At the end of treatment, HPV clearance rates were
significantly higher in the high-dose IFN [70.83%; 95%
confidence interval (CI), 54.56%–87.10%, P< .001] and
combination groups (86.54%; 95% CI, 74.33%–98.75%,
P< .001) compared to the low-dose IFN group (29.17%; 95%
4

CI, 12.90%–45.44%). Subclinical and latent infection cure rates
were significantly higher in the high-dose IFN (66.67%; 95% CI,
49.80%–83.54%, P= .001) and combination groups (83.33%;
95% CI, 69.99%–96.67%, P< .001) compared to the low-dose
IFN group (23.33%; 95% CI, 8.20%–38.46%). At 12 weeks
after treatment, HPV clearance rates were significantly higher in
the high-dose IFN (68.75%; 95% CI, 52.16%–85.34%,
P< .001) and combination groups (86.54%; 95% CI,
74.33%–98.75%, P< .001) compared to the low-dose IFN
group (27.08%; 95% CI, 11.18%–42.98%). Subclinical and
latent infection cure rates were significantly higher in the high-
dose IFN (63.33%; 95% CI, 46.09%–80.57%, P= .001) and
combination groups (83.33%; 95% CI, 69.99%–96.67%,
P< .001) compared to the low-dose IFN group (20.00%; 95%
CI, 5.69%–34.31%). However, the high-dose IFN and combi-
nation groups were equally effective against both low-risk and
high-risk HPV infections. Table 3 shows that cure rate of single
virus and 2 viruses infection were significantly higher in
combination group compared to low-dose IFN group (all
P< .0125). And cure rate of single virus infection was
significantly higher in high-dose IFN group (50.00%; 95% CI,
36.64%–63.36%) compared to low-dose IFN group (0%,
P< .001) at 12 weeks after treatment.
Table 4 and Figure 1 demonstrate patients diagnosed with

vaginitis or cervicitis before treatment, at the end of treatment,
and during follow-up. At the end of treatment, cure rates for
vaginitis and cervicitis were significantly higher in patients
receiving high-dose IFN (53.85%; 95% CI, 36.01%–71.69%,
P= .011) than those receiving low-dose IFN (18.18%; 95% CI,
4.38%–31.98%). And at 12 weeks after treatment, cure rates
for vaginitis and cervicitis were significantly higher in patients
receiving high-dose IFN (50.00%; 95% CI, 32.11%–67.89%,
P= .011) than those receiving low-dose IFN (13.64%; 95% CI,
1.36%–25.92%). However, at the end of treatment, cure rates
were even higher in the combination group (91.67%; 95% CI,
81.78%–100.00%, P= .003) compared to the high-dose IFN
group (53.85%; 95% CI, 36.01%–71.69%), and at 12 weeks
after treatment, cure rates were higher in the combination
group (87.50%; 95% CI, 75.67%–99.33%, P= .003) com-
pared to the high-dose IFN group (50.00%; 95% CI, 32.11%–

67.89%), suggesting additive beneficial effects of the red light
therapy.
One patient (3.33%) in the combination group experienced

HPV infection recurrence 8 weeks after treatment. This patient,
presenting with subclinical infection, exhibited HPV-42 and
HPV-11 infections before treatment, which were not detected
immediately or 4 weeks after treatment. However, HPV-11
infection was detected again at 8 and 12 weeks after treatment.
The patient was also diagnosed with vaginitis before treatment,
which was cured immediately after treatment. However, she was
diagnosed with cervicitis at 4, 8, and 12 weeks after treatment. A
second course of combination therapy with high-dose IFN and
red light irradiation was conducted. The patient tested negative
for all HPV types and the symptoms of cervicitis disappeared
during the entire course of follow-up.
3.1. Adverse reactions

Mild adverse reactions were reported by 3 patients in the
combination group during the study. These reactions included
some burning and slight stinging of the treated area, which arose
within 2 days of treatment but gradually subsided. There were no
incidences of infection, ulcers, or local scarring, and no patients
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Table 2

Human papillomavirus, cure, and clearance rates before versus after treatment.

Group
Time relative
to treatment Cases N

Cases, N (%) Cure
rate (%)

HPV-
positive N

HPV type, Low
risk N (%)

N (%) High
risk N (%)

Clearance
rate, %Low risk High risk Mixed

Low-dose IFN Before 30 12 (40.00) 11 (36.67) 7 (23.33) 48 26 (54.17) 22 (45.83) –

Immediately after 8 (26.67) 10 (33.33) 5 (16.67) 23.33 16 (33.33) 18 (37.50) 29.17
4 Weeks after 8 (26.67) 10 (33.33) 5 (16.67) 23.33 16 (33.33) 18 (37.50) 29.17
8 Weeks after 8 (26.67) 10 (33.33) 5 (16.67) 23.33 16 (33.33) 18 (37.50) 29.17
12 Weeks after 8 (26.67) 11 (36.67) 5 (16.67) 20.00 16 (33.33) 19 (39.58) 27.08

High-dose IFN Before 30 11 (36.67) 10 (33.33) 9 (30.00) 48 27 (56.25) 21 (43.75) –

Immediately after 3 (10.00) 4 (13.33) 3 (10.00) 66.67
∗

7 (14.58)
∗

7 (14.58)
∗

70.83
∗

4 Weeks after 3 (10.00) 5 (16.67) 3 (10.00) 63.33
∗

7 (14.58)
∗

8 (16.67)
∗

68.75
∗

8 Weeks after 3 (10.00) 5 (16.67) 3 (10.00) 63.33
∗

7 (14.58)
∗

8 (16.67)
∗

68.75
∗

12 Weeks after 3 (10.00) 5 (16.67)
∗

3 (10.00) 63.33
∗

7 (14.58)
∗

8 (16.67)
∗

68.75
∗

Combination Before 30 12 (40.00) 10 (33.33) 8 (26.67) 52 28 (53.85) 24 (46.15) –

Immediately after 1 (3.33)
∗

2 (6.67)
∗

2 (6.67) 83.33
∗

3 (5.77)
∗

4 (7.69)
∗

86.54
∗

4 Weeks after 0 (0.00)
∗

2 (6.67)
∗

2 (6.67) 86.67
∗

2 (3.85)
∗

4 (7.69)
∗

88.46
∗

8 Weeks after 1 (3.33)
∗

2 (6.67)
∗

2 (6.67) 83.33
∗

3 (5.77)
∗

4 (7.69)
∗

86.54
∗

12 Weeks after 1 (3.33)
∗

2 (6.67)
∗

2 (6.67) 83.33
∗

3 (5.77)
∗

4 (7.69)
∗

86.54
∗

Cure rate reflects the percentage out of 30 patients. Clearance rate reflects percentage of HPVs cleared; the HPV positivity Ns sum low- and high-risk HPV types such that HPV-positive.
HPV = human papillomavirus, IFN = interferon.
∗
P< .0125 vs low-dose IFN group.

Table 1

Baseline characteristics of patients in each treatment group.

Group Cases N Mean age, y Subclinical infection, N Latent infection, N Vaginitis or cervicitis, N

Low-dose IFN 30 35.40±7.99 20 10 22
High-dose IFN 30 33.77±9.28 24 6 26
Combination 30 35.17±8.84 21 9 24

IFN = interferon.
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complained of fever, nausea, vomiting, fatigue, or dysuria during
the course of the study.
4. Discussion

Cervical cancer is the third most common malignancy affecting
women worldwide, after breast and colorectal cancers.[29] Early
Table 3

Numbers of patients infected with 1, 2, or 3 human papillomavirus,
types.

Group
Time relative
to treatment

HPV infection, N

Single virus Two viruses Three viruses

Low-dose IFN Before 14 14 2
Immediately after 13 9 1
4 Weeks after 13 9 1
8 Weeks after 13 9 1
12 Weeks after 14 9 1

High-dose IFN Before 14 14 2
Immediately after 6 4 0
4 Weeks after 7 4 0
8 Weeks after 7 4 0
12 Weeks after 7

∗
4 0

Combination Before 11 16 3
Immediately after 3

∗
2
∗

0
4 Weeks after 2

∗
2
∗

0
8 Weeks after 3

∗
2
∗

0
12 Weeks after 3

∗
2
∗

0

HPV = human papillomavirus, IFN = interferon.
∗
P< .0125 vs low-dose IFN group.

5

detection and treatment of precancerous lesions can prevent
progression to cervical cancer.[30] Many studies have revealed the
close correlation between HPV infection and cervical cancer
development.[31] In fact, epidemiological studies have shown that
HPV is necessary, if not sufficient, to cause nearly 100% of cases
of cervical cancer.[32] Infection with high-risk HPV variants
causes CIN and invasive cervical cancer.[33] Therefore, earlier
detection of high-risk HPV types may improve triage, treatment,
and follow-up in infected patients.[30] This study showed that
before treatment, about two thirds of participants had high-risk
or mixed HPV infections. A research reported a similar incidence
of high-risk HPV infection in a larger cohort (488/849;
57.48%).[34]

Prognosis remains dismal in more than half of patients with
HPV infection, prompting investigation of new treatments to
eradicate infection. Methods for treating subclinical and latent
HPV infections remain controversial. Some researchers suggested
that asymptomatic HPV infection not be diagnosed or treated
until realization of the pathogenic potential of the infection.[28]

Conversely, a study hypothesized that the relatively high
recurrence rate of genital warts can be attributed to the
unsuccessful elimination of viruses, especially subclinical or
latent infection.[35] According to this study, the identification and
treatment of subclinical or latent infection are key to reducing
recurrence.
A cross-sectional evaluation of HPV DNA prevalence in 13

areas across 11 countries indicated that approximately 6.6% of
women in the age range of 15 to 74 years with normal cytology
are carriers of HPV DNA,[36] making HPV the most common
known sexually transmitted agent worldwide.[37] However, most
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Table 4

Case features before versus after treatment.

Presentation, N

Group Time relative to treatment Cases N Vaginitis Cervicitis Single infection Mixed infection Cure rate, %

Low-dose IFN Before 22 16 10 18 4
Immediately after 18 12 9 15 3 18.18
4 Weeks after 18 12 9 15 3 18.18
8 Weeks after 19 12 10 16 3 13.64
12 Weeks after 19 12 10 16 3 13.64

High-dose IFN Before 26 16 14 22 4
Immediately after 12 5 8 11 1 53.85

∗

4 Weeks after 12 5 8 11 1 53.85
∗

8 Weeks after 12 4 9 11 1 53.85
∗

12 Weeks after 13 5 9 12 1 50.00
∗

Combination Before 24 15 15 18 6
Immediately after 2 1 2 1 1 91.67

∗,†

4 Weeks after 3 0 3 3 0 87.50
∗,†

8 Weeks after 3 0 3 3 0 87.50
∗,†

12 Weeks after 3 0 3 3 0 87.50
∗,†

IFN = interferon.
∗
P< .0125 vs low-dose IFN group.

† P< .0125 vs high-dose IFN group.
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HPV infections are self-limiting and regress spontaneously within
1 to 2 years owing to cell-mediated immunity.[38] As HPV
research demonstrated the high prevalence and transient nature
of most cervical HPV infections, it became clear that the notion of
inexorable CIN progression was incorrect.[3] According to the
2012 updated consensus guidelines for the management of
abnormal cervical cancer screening tests and cancer precur-
sors,[39] repeat cytology cotesting or colposcopy is recommended
for HPV-positive women 30 years of age and older. Importantly,
HPV infection clearance reduces the risk of CIN 3+ substantial-
ly.[39,40]

However, in our study, 53 participants reported a history of
high-risk sexual behaviors, and 34 of 90 patients reported a
history of condyloma acuminata, and had been treated with CO2

laser or cryotherapy. During a follow-up visit after wart removal,
HPV was still detected in the vagina or cervix. Therefore, further
treatment was necessary to prevent the recurrence of condyloma
acuminata. Twenty-seven participants visited our clinic to be
tested for HPV because their sexual partners had history of
condyloma acuminata or were currently afflicted by condyloma
acuminata. Upon diagnosis of subclinical or latent HPV
infection, these 27 patients sought treatment to prevent
condyloma acuminata and HPV-associated CIN. The remaining
patients had been suffering from vaginitis or cervicitis, and
obtained positive HPV test results. The prevention of condyloma
acuminata or HPV-associated CIN remains to be evaluated in
these patients in future studies. Given the benefits of treatment,
we do not think our therapy is overtreatment, in conflict with the
2012 updated consensus guidelines for the management of
abnormal cervical cancer screening tests and cancer precur-
sors.[39]

A study reported that HPV infections, particularly those
caused by oncogenic variants, were prevalent among Chinese
women with mucopurulent cervicitis or cervical cancer.[6]An-
other study found that 78 of 79 patients with chronic cervicitis
tested positive for HPV.[8] In accordance with these studies, we
found that before treatment, approximately 80%of patients were
diagnosed with cervicitis and vaginitis, suggesting that HPV
infection may cause local mucosal damage and contribute to
cervicitis and vaginitis.
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IFN signaling is one of the body’s natural defenses against
foreign components, such as microbes, tumors, and antigens. IFN
engages in antiviral, antimicrobial, antitumor, and immunomod-
ulatory actions.[41] IFN-induced proteins with tetratricopeptide
repeats are involved in protective responses against viral
infections.[42] IFNs can enhance the activation of cell-mediated
cytotoxic effects and phagocytosis to improve host resistance to
disease and exert antiviral effects.[16] Disease can be effectively
controlled by IFN when the HPV infection is subclinical or latent,
and thus, cervical cancer incidence could potentially be prevented.
Patients in the high-dose IFN and combination groups

experienced higher HPV clearance rates, subclinical and latent
infection cure rates, and vaginitis and cervicitis cure rates than
patients in the low-dose IFN group. These observations strongly
suggest that high-dose IFN exerted greater curative effects than
low-dose IFN. In a study, 16 patients with subclinical HPV
infection were treated with weekly instillations of 25million units
of IFNa-2b for 6 weeks and followed for an average of 11.8
months. Nine of the 14 (64%) patients remained disease free
throughout follow-up.[43] We observed a very similar response to
daily topical applications of 9 million units of IFN for 4 weeks.
Results from clinical trials have indicated that IFN therapy

shows some efficacy in treating low-risk HPV-induced lesions;
however, it is unclear whether similar effects occur in high-risk
HPV infections, and the results remain controversial.[44,45] In our
study, we found that topical application of high-dose IFN or
combination therapy was highly effective in treating not only
low-risk HPV infections, but also high-risk infections.
Compared with a single HPV infection, multiple HPV

infections in CA were related to a more severe disease and a
worse prognosis,[46] and therefore, curing multiple HPV
infections is problematic. In our study (Table 3), the cure rates
for a single viral infection and 2 infections were significantly
higher in the combination group compared to the low-dose IFN
group, suggesting that combination therapy is effective at treating
both single and multiple HPV types. The cure rate for multiple
viral infections was not significantly different between the low-
dose and high-dose IFN groups, an effect that may have been
observed due to insufficient sample size. Further studies are
necessary to clarify this finding.
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Red light exhibits strong penetrability and can be used
clinically as a local or systemic treatment that exerts various
biological effects, such as stimulation of cell proliferation, growth
factor release, collagen deposition, and neovascularization.[47,48]

Animal studies have shown that red light irradiation enhances
mitochondrial catalase activity to boost the biosynthesis of
glycogen and proteins, ultimately promoting cell growth and
wound healing.[24] Red light therapy is also associatedwith repair
and immunomodulatory functions and can enhance mucosal
immunity, improve the local microenvironment, reduce skin
inflammation, and prevent infection.[14] HPV infection is likely to
induce vaginitis and cervicitis; however, vaginitis and cervicitis
also cause cervical mucosal damage and local microenvironmen-
tal changes that are conducive to the invasion and proliferation of
HPV.[49,50] We found that the cure rates for vaginitis and
cervicitis were significantly higher when red light therapy was
added to high-dose IFN, suggesting potentially additive effects of
the red light on the immune microenvironment.
Some studies found that flu-like symptoms, such as fever, chills,

myalgia, headache, fatigue, and leukopenia occurred in patients
when IFNa was administered intralesionally to treat condylo-
mata acuminata.[14,23] Some patients even discontinued therapy
because of more severe side effects.[14] However, we only noted
mild adverse reactions in 3 patients receiving the combination
therapy, which included some burning and slight stinging that
gradually subsided after treatment. Thus, topical application of
high-dose IFN appears to be safe and well-tolerated.
In conclusion, topical application of high-dose IFN combined

with red light therapy to treat subclinical and latent HPV
infections resulted in a high viral clearance rate, high cure rate,
and few adverse reactions. This safe and effective treatment
strategy has the potential to prevent many conditions associated
with HPV infection, including cervical cancer, and warrants
further clinical investigation. Treating HPV subclinical and latent
infections is still controversial, but is recommended when a
diagnosed individual is at high-risk for HPV-associated con-
ditions. For example, patients with a personal or sexual partner
history of condyloma acuminata, those engaging in sex-related
occupations or unprotected sex, those with multiple sexual
partners, or those with poor genital hygiene may benefit greatly
from IFN-related treatment. In the further study, the HPV
positive patients with potentially pathogenic who come to the
STD clinics will be divided into a treatment group and a non
treatment group to explore whether immune system could play a
role in the natural course of virus clearance.
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