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Abstract
Purpose  This study aimed to evaluate the clinical efficacy and safety of argon plasma coagulation (APC) therapy and inter-
feron therapy in patients with grade I and II vaginal intraepithelial neoplasia (VaIN).
Methods  A total of 112 patients with VaIN were diagnosed via colposcopy-induced biopsy and classified into the APC 
group (n = 77) and interferon group (n = 35). Clinical data including age, grade, symptoms, historical or concomitant neo-
plasia of the lower genital tract, indications for hysterectomy, pregnancy history, cytology, human papillomavirus (HPV) 
subtype, treatment modalities, and clinical outcomes were analyzed, retrospectively. Complications and clinical outcomes 
were assessed at 6- and 12-month follow-ups.
Results  There was no significant difference in the HPV clearance rate between the APC (53.42%) and interferon (33.33%) 
groups at 6 months after treatment. However, the 12-month follow-up of the APC group showed a significantly higher HPV 
clearance rate as compared to the interferon group (87.67% vs. 51.52%, P < 0.05). The APC group exhibited a significantly 
higher cure rate (79.22% vs. 40.0%) and lower persistence rate (12.99% vs. 37.14%) than the interferon group (P < 0.05). 
Adverse reaction analysis revealed that the primary reaction in the APC group was vaginal drainage, in contrast to the 
increased vaginal discharge in the interferon group; though the difference was significant (68.83% vs. 28.57%, P < 0.05), no 
serious complications were observed.
Conclusions  Treatment with APC is a safe and more effective procedure against VaIN I and II, compared to interferon. APC 
may serve as a viable alternative to other physiotherapies.
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What does this study add to the clinical work 

Treatment with APC is a safe and more effective 
procedure against VaIN I and II compared to inter-
feron. APC may serve as a viable alternative to 
other physiotherapies.

Introduction

Vaginal intraepithelial neoplasia (VaIN) is defined as atypi-
cal hyperplasia of different levels limited to the vaginal 
intraepithelial tissue. VaIN is precancerous lesion that could 
potentially lead to vaginal carcinoma. In 1952, Graham and 
Meigs reported on cases of vaginal carcinoma in situ during 
follow-up after hysterectomy for cervical carcinoma, and 
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first proposed the concept of vaginal intraepithelial neoplasia 
[1]. The incidence of VaIN is 0.2–2 per 100,000 women/
year [2, 3], accounts for only 1.0% of cervical intraepithe-
lial neoplasia (CIN) cases, and 0.4%–1.0% of cases of pre-
malignant lesions in the lower genital tract of females [4, 
5]. However, with the widespread application of Thinprep 
cytology test (TCT), human papillomavirus (HPV) detection 
and colposcopy in cervical cancer screening, and increased 
disease awareness, the prevalence of VaIN has increased 
steadily in recent years [6]. The clinical manifestations of 
VaIN are atypical and few patients present with increased 
vaginal secretion or contact bleeding. The classical three-
step diagnostic model for CIN includes cytological analysis 
and/or HPV–colposcopy–histopathology is recommended 
for VaIN diagnosis. Histopathological diagnosis guided by 
colposcopy is considered the gold standard [7].

In accordance with the WHO classification system for 
tumors in female reproductive organs, VaIN is classified into 
low-grade squamous intraepithelial lesions (LSIL, VaIN I) 
and high-grade squamous intraepithelial lesions (HSIL, 
VaIN II, VaIN III) [8]. According to the consensus state-
ment, VaIN management procedures vary based on the grade 
of the lesion: patients with VaIN I could undergo follow-up 
because of the low risk of progression and high potential 
for spontaneous regression. Conversely, as VaIN II–III have 
premalignant potential, patients with such lesions should 
be treated promptly [2]. However, not all VaIN I patients 
can reverse, and some lesions may persist or even progress 
[9]. Patients with recurrent or widespread vaginal LSIL 
or those with a history of CIN/cervical cancer tend to be 
treated actively [10]. The general treatment options for VaIN 
include drug therapy (imiquimod, 5-fluorouracil, interferon, 
estrogen), physiotherapy (CO2 laser, cryotherapy, photody-
namic therapy, electrocoagulation), surgical excision (loop 
electrosurgical excision procedure, cavitational ultrasonic 
surgical aspiration, partial/total vaginectomy, laparoscopic 
upper vaginal resection), and brachytherapy [11–13]. Strate-
gies should be stratified according to risk and personalized 
according to the lesion grade, patient’s general conditions, 
age, previous medical history, disease extension, recurrence 
risk, acceptance of treatment methods, physicians’ experi-
ence, and other factors.

Interferon (IFN) has antiviral, immunoregulatory, and 
antitumor effects, and plays a critical role in the treatment of 
HPV clearance, chronic hepatitis B/C, and multiple sclerosis 
[14]. IFN is widely used for treating HPV-related cervical 
lesions in China [15]. Despite the safety profile has been 
deemed acceptable, information on their efficacy for VaIN 
patients is limited. The CO2 laser is used widely in the clinic 
and has the most treatment experience among physiother-
apy, but might lead to local adhesion and vaginal scarring 
[16]. Photodynamic therapy is another common treatment 
method; however, it requires the use of photosensitizers and 

often needs to be performed several times [6]. Therefore, a 
more safer and user-friendly treatment needs to be found for 
VaIN patients. Argon plasma coagulation (APC) is a non-
contact ablative technique through igniting argon gas into a 
plasma to cauterize and devitalize vascular tissues to achieve 
hemostasis or debulking tumors, such as endometriosis or 
ovarian tumor implants [17, 18]. The argon plasma beam can 
automatically avoid the solidification zone and flow to the 
insufficient solidification zone, thereby significantly reduc-
ing the risk of over solidification [19, 20]. In 2012, the FDA 
determined that the plasma energy system was substantially 
equivalent to the CO2 laser system and could thus be used 
for similar purposes [21]. APC has been applied for treating 
gastric low-grade intraepithelial neoplasia, gallbladder can-
cer, colon polyps, Barrett’s esophagus, and vulval intraepi-
thelial neoplasia [22–26].

However, to date, only one study has evaluated the com-
plications and recurrence rates associated with the use of 
APC for treating vulvovaginal dysplasia, which included 
only 16 cases of vaginal HSIL [21]. In the current study, we 
performed a retrospective analysis of clinical data obtained 
from VaIN patients treated with APC or interferon, to com-
pare their treatment outcomes and evaluate the efficacy of 
argon plasma coagulation treatment.

Materials and methods

Study participants

This was a retrospective study that analyzed clinical data 
from 112 patients treated at the Inpatient Department of 
Gynecology and Obstetrics at Qingdao Municipal Hos-
pital from January 2018 to November 2022. All patients 
underwent colposcopy biopsy prior to treatment and were 
diagnosed with VaIN I or VaIN II. Seventy-seven patients 
received APC treatment, and 35 received interferon therapy. 
This study was conducted after receiving approval from 
the Hospital Ethics Committee, and all patients signed an 
informed consent form before undergoing treatment. The 
inclusion criteria were as follows: (1) histopathological diag-
nosis of VaIN guided by colposcopy; (2) patients undergo-
ing a minimum of 12 months of follow-up. The exclusion 
criteria were as follows: (1) vaginal cancer; (2) acute repro-
ductive tract infection; (3) history of chemoradiotherapy; 
(4) severe cardiac, liver and renal insufficiency, or immune 
disease; (5) pregnancy or lactation; (6) patients without 
routine follow-up. Clinical data including the age, grade, 
symptoms, historical or concomitant neoplasia of the lower 
genital tract, indications for hysterectomy, pregnancy his-
tory, TCT results, HPV subtype, treatment modalities, and 
clinical outcomes, were collected.
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Procedure

Argon plasma coagulation

All treatments were administered in a day surgery set-
ting using an APC therapeutic instrument (Erbe Elek-
tromedizin, Germany, VIO300D) at an output power of 
45 W with an argon gas flow of 3.2 L/min. Each patient 
underwent one-time therapy at 3–7 days after menstrua-
tion in a conscious state. Intravenous anesthesia was 
administered to post-hysterectomy patients to enhance 
the exposure of retracted vaginal folds and vault corners. 
Lugol’s iodine was applied at the vagina to outline the 
non-stained disease area. Ablation was performed from 
the lesion margin at a distance of 0.3–0.5 cm, with the 
probe positioned 2–3 mm away from the lesion, until the 
tissue surface was covered by a yellow and coagulated 
layer without bleeding. Patients with multifocal disease 
were treated at the same time. If there was no bleeding 
or other complication, the patient was discharged on the 
same day. The procedure was performed by the same 
accredited specialist colposcopist to ensure a constant 
APC strategy.

Interferon

An interferon α2b capsule (800,000 IU) was inserted into 
the vaginal fornix in a lithotomy position every night. All 
patients were treated once a day for 3 months, except during 
menstruation. Patients were prohibited from having sexual 
intercourse during treatment and were advised to use con-
doms after treatment.

Cytology, HPV genotype, and colposcopy

Cytology test was performed using the Tinprep 2000 (TCT). 
HPV genotype analysis was performed by the HPV 21 Geno-
typing Assay (Hybribio, Guangdong, China), which tests for 
15 high-risk HPV types (HPV 16, 18, 31, 33, 35, 39, 45, 51, 
52, 53, 56, 58, 59, 66, 68) and 6 low-risk HPV types (HPV 
6, 11, 42, 43, 44, 81). Patients with abnormal TCT and/or 
HPV genotype results were assessed via 3MLLED electronic 
colposcopy (Leisegang, German). The inclusion criteria for 
colposcopy were as follows: (1) the TCT revealing atypi-
cal squamous cells of undetermined significance (ASCUS) 
with high-risk HPV infection; (2) HPV 16 and/or HPV 18 
infection; (3) the TCT showing LSIL or HSIL, or atypical 
squamous cells, without excluding high-grade squamous 
intraepithelial lesions (ASC-H); (4) persistent infection with 
high-risk HPV subtype after treatment.

Follow‑up and efficacy evaluation

Adverse events, including fever, pain, vaginal bleeding or 
drainage, pruritus, adhesion, injury of bladder or rectum, 
or other findings were documented during the checkup and 
patients were provided targeted treatment if necessary. The 
first follow-up after treatment was scheduled 1 month later, 
along with a pelvic examination. Subsequent follow-ups 
were scheduled every 6 months for 2 years, then annually. At 
6 and 12 months, TCT and HPV genotyping were performed 
and, if indicated, colposcopy and biopsy were performed 
by an experienced gynecologic oncologist. VaIN diagnosis 
were confirmed by two independent pathologists.

Clinical outcomes were classified into four types: cure, 
persistence, recurrence, and progression. Cure: no indication 
for colposcopy according to the screening results, negative 
colposcopy examination, or negative biopsy at the 6-month 
follow-up. Persistence: the VaIN grade remained unchanged 
or decreased by biopsy at the 6-month follow-up. Recur-
rence: the initial disease was cured at the 6-month follow-up, 
followed by subsequent recurrence at the 12-month follow-
up, as confirmed via biopsy. Progression: biopsy-proven 
higher grade or invasive cancer at the 6-month follow-up. 
The HPV clearance rate refers to the proportion of patients 
with negative conversion of HPV after treatment in patients 
who were positive for HPV before treatment.

Statistical analysis

Statistical analysis was conducted using SPSS25.0 statistics 
software (SPSS, Inc., Chicago, USA). Continuous variables 
were expressed as the mean and standard deviation values. 
Categorical variables were expressed as percentage values 
and analyzed using the Chi-square test or Fisher’s exact 
test. A P value less than 0.05 was considered statistically 
significant.

Results

Clinical characteristics of patients

A total of 112 women were included, of whom 77 patients 
received APC therapy, and 35 patients received interferon 
treatment. Patient characteristics between the two groups 
showed no statistical significance (Table 1). Patients in the 
study were aged between 21–76 years (mean: 45.71 ± 13.82). 
Most patients (77.6%) were asymptomatic at diagnosis. 
Among all the 112 patients, 28 (25%) had a prior history 
of cervical neoplasia. Fifteen patients (13.3%) underwent 
hysterectomy before receiving a VaIN diagnosis. The most 
common indication for hysterectomy was cervical cancer 
(73.3%), followed by high-grade CIN (26.7%). Among the 
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97 patients who did not undergo hysterectomy, 56 (57.7%) 
had concurrent cervical neoplasia. The general data of 
patients (including age, gravidity, parity, histopathology, 
symptoms) were similar between the two groups (P > 0.05).

The results of cytological and HPV genotype analy-
sis are shown in Table 2. Among the 77 patients in the 
APC group, there were 22, 20, 25, 7, and 3 cases of 
NILM, ASCUS, LSIL, HSIL, and ASC-H, respectively; 
73 patients were HPV positive and 36 had multiple HPV 
infections. In the control group, 33 patients were HPV 
positive and 15 had multiple HPV infections; the TCT 
results showed that 16, 6, 11, 1, and 1 patients were with 
conditions NILM, ASCUS, LSIL, HSIL and ASC-H, 
respectively. There was no significant difference between 
the two groups (P > 0.05).

Baseline data in correlation with the VaIN grade

At the time of diagnosis, 73 (65.2%) and 39 (34.8%) patients 
were diagnosed with VaIN I and VaIN II, respectively. The 
differences in previous history of cervical neoplasia or hys-
terectomy, and cytology results were not significant among 
the two grades. ASCUS was the most common finding in 
VaIN I cases, while squamous intraepithelial lesion (SIL) 
occurred most commonly in females with VaIN II. However, 
the proportion of HSIL increases gradually (from 5.48% to 
28.21%) with the increase grade of VaIN (Table 3).

All patients were tested to determine their HPV geno-
types. There was a significant statistical difference between 
the HPV genotype and VaIN grade. In patients with VaIN I, 
other types of HPV occurred more commonly than HPV 16 
(61.33% vs. 22.67%). However, the proportion was reversed 
in patients with VaIN II (37.5% vs. 52.5%) (P < 0.001; 
Table 3). Among the various genotypes of HPV, the top five 
most common genotypes were HPV 16 (36.79%), HPV 58 
(25.47%), HPV 59 (13.21%), HPV 53 (12.26%), HPV 18 
(10.38%), and HPV 56 (10.38%) (Table 4).

Clearance rate of HPV infection

At 6 months after treatment, there was no significant differ-
ence in the HPV clearance rate between the APC (53.42%, 

Table 1   Patient characteristics

VaIN vaginal intraepithelial neoplasia, CIN cervical intraepithelial 
neoplasia

Characteristic APC
(n = 77)

Interferon 
(n = 35)

P-value

Age
  < 50 47 16 0.13
  ≥ 50 30 19

Gravidity
  ≤ 1 29 10 0.349
 ≥ 2 48 25

Parity
  ≤ 1 58 27 0.835
  ≥ 2 19 8

Previous cervical neoplasia history
 None 61 23 0.301
 CIN 10 7
 Cervical cancer 6 5

Previous hysterectomy
 Yes 9 6 0.550
 No 68 29

Hysterectomy indication (n = 15)
 CIN/CIS 3 1 0.604
 Cervical cancer 6 5

Concurrent cervical neoplasia
 Yes 43 13 0.067
 No 34 22

Histopathology
 VaIN I 48 25 0.349
 VaIN II 29 10

Symptoms
 No 59 28 0.721
 Abnormal vaginal bleeding 10 5
 Abnormal vaginal discharge 8 2

Table 2   Cytology test results and HPV infection status for patients

NILM negative for intraepithelial lesion or malignancy, ASC-US 
atypical squamous cells of undetermined significance, LSIL low-
grade squamous intraepithelial lesions, HSIL high-grade squamous 
intraepithelial lesions, ASC-H atypical squamous cells, HSIL cannot 
be excluded; HPV human papillomavirus

Characteristic APC (n = 77) Interferon 
(n = 35)

P value

Cytology test results
 NILM 22 16 0.369
 ASCUS 20 6
 LSIL 25 11
 HSIL 7 1
 ASC-H 3 1

HPV status
 HPV ( +) 73 33 1.000
 HPV (−) 4 2

HPV infection
 Single HPV infection 37 18 0.713
 Multiple HPV infections 36 15

HPV genotypes
 Negative 4 2 0.645
 HPV 16 29 10
 HPV 18 6 5
 Others 41 20
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39/73) and interferon (33.33%, 11/33) groups. However, 
the group that underwent a 12-month follow-up after APC 
exhibited a significantly higher HPV clearance rate than 
the interferon group (87.67%, (64/73) vs. 51.52%, (17/33), 
P < 0.05) (Table 5).

Clinical efficacy

Based on the 6-month and 12-month follow-up data, among 
77 patients in the APC group, 61 (79.22%), 10 (12.99%), 
5 (6.49%), and 1 (1.3%) patients experienced cure, persis-
tence, recurrence, and progression, respectively. The cor-
responding proportion in the interferon group was 40.0% 
(14/35), 37.14% (13/35), 14.29% (5/35), and 8.57% (3/35), 
respectively. The APC group exhibited a significantly higher 
cure rate and lower persistence rate than the interferon group 
(P < 0.05) (Table 6) (Fig. 1).

Adverse reactions

To determine the safety of APC therapy, we analyzed the 
rate and type of adverse reactions observed in our patient 
cohort. The main adverse reaction observed in the APC 
group was vaginal drainage (53/77), and increased vaginal 
discharge was observed in the interferon group (10/35), and 
the differences were significant (P < 0.05). The symptom 
of vaginal drainage appeared at 7–14 days after treatment 
and relieved after approximately 30–40 days. Notably, dur-
ing the 1-month follow-up, eight patients in the APC group 
with multifocal lesions developed adhesions. However, these 

Table 3   Clinicopathologic characteristics, cytology test results, and 
HPV infection status in correlation with VaIN grade

Characteristic VaIN I (n = 73) VaIN II (n = 39) P-value

Previous cervical neoplasia history
 None 56 (76.71%) 27 (69.23%) 0.626
 CIN 10 (13.7%) 8 (20.51%)
 Cervical cancer 7 (9.59%) 4 (10.26%)

Previous hysterectomy
 Yes 8 (10.96%) 7 (17.95%) 0.301
 No 65 (89.04%) 32 (82.05%)

Concurrent cervical neoplasia
 No 38 (52.05%) 18 (46.15%) 0.136
 CIN I 22 (30.14%) 7 (17.95%)
 CIN II 9 (12.33%) 8 (20.51%)
 CIN III 4 (5.48%) 6 (15.38%)

Cytology test results
 NILM 26 (35.62%) 12 (30.77%) 0.766
 ASCUS 16 (21.92%) 10 (25.64%)
 LSIL 25 (34.25%) 11 (28.21%)
 HSIL 4 (5.48%) 11 (28.21%)
 ASC-H 2 (2.74%) 2 (5.13%)

HPV status
 HPV ( −) 4 (5.48%) 2 (5.13%) 1.000
 HPV ( +) 69 (94.52%) 37 (94.87%)

HPV infection
 Single HPV infection 34 (49.28) 21 (56.76%) 0.462
 Multiple HPV infec-

tions
35 (50.72) 16 (43.24%)

HPV genotypes
 Negative 4 (5.33%) 2 (5.0%) 0.012
 HPV 16 17 (22.67%) 21 (52.5%)
 HPV 18 8 (10.67%) 2 (5.0%)
 Others 46 (61.33%) 15 (37.5%)

Table 4   HPV genotypes in VaIN

a Because of the presence of multiple HPV infections, the total num-
ber of cases in the table is more than 106

HPV infection (n = 106) Na Percentage

High-risk HPV
 HPV 16 39 36.79%
 HPV 18 11 10.38%
 HPV 31 9 8.49%
 HPV 33 9 8.49%
 HPV 35 3 2.83%
 HPV 39 4 3.77%
 HPV 45 0 0%
 HPV 51 6 5.66%
 HPV 52 9 8.49%
 HPV 53 13 12.26%
 HPV 56 11 10.38%
 HPV 58 27 25.47%
 HPV 59 14 13.21%
 HPV 66 5 4.72%
 HPV 68 5 4.72%

Low-risk HPV
 HPV 6 4 3.77%
 HPV 11 2 1.89%
 HPV 42 2 1.89%
 HPV 43 3 2.83%
 HPV 44 1 0.94%
 HPV 81 6 5.66%

Table 5   Human papillomavirus clearance rate

APC (n = 73) Interferon (n = 33) P value

HPV clearance rate at 6-month
 HPV( −) 53.42% (39/73) 33.33% (11/33) 0.055
 HPV( +) 46.58% (34/73) 66.67% (22/33)

HPV clearance rate at 12-month
 HPV( −) 87.67% (64/73) 51.52% (17/33)  < 0.001
 HPV( +) 12.33% (9/73) 48.48% (16/33)
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adhesions were loose and could be separated easily using 
cotton swabs. The vaginal mucosa was smooth and elastic, 
without obvious scarring and contracture during subsequent 
long-term follow-ups. Three patients in the APC group expe-
rienced vaginal bleeding, which required the use of gauze to 
apply pressure in the vagina. Of note, those patients under-
went concurrent excision and ablation for CIN, and blood 
appeared from the cervical wound. Overall, most patients 
experienced no side effects or mild adverse reactions, such 
as burning or pruritus (Table 7).

Discussion

In recent years, the diagnosis and treatment of VaINs have 
received increased attention. Due to the absence of typical 
clinical manifestations, the incidence of VaIN has been rela-
tively underestimated. In our study, most patients (77.6%) 
were asymptomatic at diagnosis, with only a few patients 
showing abnormal vaginal bleeding or discharge. Age is a 
high risk factor for VaIN, with a notable association observed 
between the grade of VaIN and age [27]. Postmenopausal 
women showed a 2.09 times higher incidence compared to 
premenopausal women, due to decreasing estrogen levels, 
reduced local vaginal resistance, and increasing suscepti-
bility to HPV infection [28]. A retrospective study of 3229 
VaIN patients reported that the mean age of the patients with 
VaIN I, II, and III was 47.1, 47.1, and 49.9 years, respec-
tively [27]. The results of our study showed that the mean 
age was 45.7 years, which is consistent with previous stud-
ies. Notably, 10.7% (12/112) of the participants were under 
the age of 25. VaIN present a trend of youth along with the 
increasing rate of HPV infection, highlighting the attention 
for clinicians not to ignore young patients.

HPV infection has been proven to be the main etiologic 
factor for neoplasia in the lower genital tract of females. 
Mengyin et al. [27] revealed that the HPV positivity rates 
of patients with VaIN I, II, and III were 89.0%, 92.5%, and 
96.8%, respectively, and the rate of multiple infections was 
lowest in VaIN III. However, Chao et al. suggested that 
the lowest rate of multiple infections could be observed in 
patients with VaIN II [29]. Our results showed the same 
findings regarding the prevalence rate of HPV, which was 
94.52% in VaIN I, and 94.87% in VaIN II. Compared with 
the multiple HPV infections (50.72%) of VAIN I, single 
infection (56.76%) was the main pattern of VaIN II. These 
studies suggested that there may be no correlation between 
the HPV infection pattern and VaIN grade. The predominant 
HPV genotype in VaIN patients was HPV 16, followed by 
58, 59, 53, 18, and 56 in our study. Infections with other 
types (61.33%) were more common in patients with VaIN 
I, and HPV16 (52.5%) occurred most commonly in those 
with VaIN II, which was slightly in contrast with the find-
ings of previous studies [27, 30]. This might be attributed to 

Table 6   Evaluation of the clinical efficacy

Outcome APC (n = 77) Interferon (n = 35) P value

Cure
 Yes 61 (79.22%) 14 (40.0%)  < 0.001
 No 16 (20.78%) 21 (60.0%)

Persistence
 Yes 10 (12.99%) 13 (37.14%) 0.003
 No 67 (87.01%) 22 (62.86%)

Recurrence
 Yes 5 (6.49%) 5 (14.29%) 0.281
 No 72 (93.51%) 28 (85.71%)

Progression
 Yes 1 (1.3%) 3 (8.57%) 0.09
 No 76 (98.7%) 32 (91.43%)

Fig. 1   Colposcopy images before and after treatment of APC and 
interferon therapy groups

Table 7   Adverse reactions after treatment

Symptom APC (n = 77) Interferon (n = 35) P value

Vaginal drainage or 
increased discharge

53 (68.83%) 10 (28.57%)  < 0.001

Burning sensation 3 (3.9%) 5 (14.29%) 0.105
Pruritus of the genital 7 (9.09%) 6 (17.14%) 0.222
Abnormal bleeding 3 (3.9%) 0 (0.0%) 0.551
Vaginal adhesion 8 (10.39%) 0 (0.0%) 0.055
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variations in different regions, nations, or samples. In addi-
tion to the above risk factors, the following reasons might 
also increase the incidence of VaIN: a history of CIN or cer-
vical cancer (CC), a previous hysterectomy for HPV-related 
disease, or concomitant cervical neoplasia [31, 32]. In the 
present study, 57.7% of patients had concurrent cervical neo-
plasia, and 25% had a prior history of cervical neoplasia. 
Therefore, all patients scheduled for hysterectomy due to 
CIN or CC should undergo adequate colposcopy examina-
tion before surgery to prevent the possibility of overlooking 
a VaIN diagnosis. During colposcopy, meticulous observa-
tion of the vaginal folds, especially the fornix, is of great 
importance. Long cotton swabs or long flat tweezers can be 
used if necessary.

Until now, the management of VaIN has remained con-
troversial, and there is no unanimous agreement on the 
best method. As one of the first-line therapies against 
CIN, interferon can up-regulate the chemotaxis of mac-
rophages and natural killer cells in tissues infected with 
virus and further modulate the immune system [33]. 
APC is an ablative technique that yields results by expel-
ling ionized argon gas onto the target mucosal surface, 
thereby transferring high-frequency electrical energy to 
tissues, utilizing thermal effects to deactivate and dry 
the tissue and cause coagulation and necrosis [19]. The 
first use of argon plasma energy in gynecological surgery 
was reported by Madhuri et al. in 2010, to treat ovarian 
cancer, ovarian cyst, peritoneal cancer, endometriosis, 
and myoma [34]. Until now, the non-invasive physical 
plasma (NIPP) treatment using a next-generation and 
non-thermally electrosurgical argon plasma device was 
widely used in precancerous and cancerous lesions, such 
as CIN [35]. However, only one retrospective cohort 
study had been conducted to evaluate the effectiveness of 
APC in patients with vulvovaginal HSIL. After a median 
follow-up period of 29.3 months for 41 patients treated 
for vulvar (n = 25) or vaginal (n = 16) HSIL, the recur-
rence rates (33.3%) and complication rates (4.8%) in the 
plasma ablation group were similar to the laser ablation 
group [21]. However, the effect of APC on VaIN has not 
been evaluated extensively because of the small sample 
size and only patients with HSIL were included.

In this study, we compared the HPV clearance rates, 
clinical efficacies, and adverse reactions between patients 
treated with the interferon and APC therapies. The negative 
conversion rates of HPV in the APC and interferon groups 
were 53.42% and 33.33%, respectively, after 6 months, 
showing no statistical significance (P > 0.05); however, after 
12 months, the values were 87.67% and 51.52%, respec-
tively, and differences were statistically significant, indicat-
ing the long-term effect of APC. In the interferon group, 
lesions disappeared at 6 months in 40% of patients, but 
recurred at 12 months in 14.29% of the patients. According 

to Gonçalo et al., approximately 44%–81% of all types of 
VaIN lesions (N = 468) can regress spontaneously, and the 
rate was 68.8% in LSIL [11]. Our study showed that the effi-
cacy of interferon therapy was even lower than the expectant 
management reported by Gonçalo, suggesting that interferon 
might not be effective for the treatment of VaIN. However, 
further studies with larger samples and longer follow-up 
periods are required to confirm this viewpoint. The APC 
group had a significantly higher cure rate (79.22%) and 
lower persistence rate (12.99%) than the interferon group 
(P < 0.05), with the recurrence rate being only 6.49%. The 
results were similar to those observed upon treatment with 
other ablation methods [36]. This suggests that APC is more 
effective than interferon, and can be considered as an alter-
native physiotherapy strategy for VaIN patients. As a non-
thermal APC application, NIPP has been demonstrated to 
affect cellular processes through gene methylation and phos-
phorylation of H2AX, p53, and p53-binding protein 1, ulti-
mately inducing tissue-preserving responses in all mucosal 
tissue layers of CIN [37].Weiss et al. observed an 86.2% rate 
of full remission, a 3.4% rate of partial remission, and a two-
fold reduction in high-risk HPV infections in CIN1/2 lesions 
treated with NIPP [38]. Owing to the embryological origin 
of the vaginal and cervical epithelium being the same, the 
treatment strategy for VaIN and CIN is similar. Therefore, 
NIPP may be a treatment alternative for VaIN which needs 
randomized controlled trials to confirm.

While there is limited data on the adverse reactions 
following plasma coagulation in vaginal HSIL, the only 
two complications were pain requiring inpatient man-
agement and urinary retention in patients with vulvo-
vaginal and perianal intraepithelial neoplasia [21]. Some 
physical treatments may lead to serious injuries, such as 
bladder damage [39] and sigmoid perforation with sep-
sis [40] associated with loop electrosurgical excision, or 
vaginal vault perforation requiring laparoscopic inspec-
tion associated with laser treatment [41]. However, when 
the argon beam penetrates through tissue, energy is lost 
rapidly, causing less damage to surrounding organs or 
deeper structures. Only mild local adverse reactions were 
recorded (burning sensation, pruritus, increased vagi-
nal discharge, vaginal bleeding, and adhesion), without 
severe scarring or contracture until the end of follow-
up in our study. Eight patients with multifocal lesions 
developed adhesions that could be easily separated with 
cotton swabs. As most patients develop complication of 
decrustation after physiotherapy, the main reaction in the 
APC group was vaginal drainage at 7–14 days after treat-
ment, which was resolved at around 30–40 days.
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Conclusion

In conclusion, our results suggest that APC is safe and may 
result in an improved HPV clearance rate and cure rate, and 
a reduced recurrence rate, as compared to interferon ther-
apy. Because APC has advantages such as ease of operation, 
short operation time, fast learning curve for surgeons, no 
intraoperative bleeding, no need for general anesthesia, and 
high safety, it may be a reasonable alternative to other physi-
otherapies for patients with VaIN I and VaIN II. However, a 
more robust, multicenter, and long-term follow-up RCT is 
recommended to validate our findings.
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