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Abstract: Objective: This study aimed to validate the use of liquid phenol-based chemical peeling 

therapy for cervico-vaginal intraepithelial neoplasia (CIN and VaIN), with the goal of 

circumventing obstetric complications associated with surgical treatment. Methods: A total of 483 

eligible women diagnosed with CIN and/or VaIN participated in this study. Participants 

underwent phenol-based chemical peeling therapy every 4 weeks until disease clearance. Disease 

clearance was determined by negative Pap tests for four consecutive weeks. HPV genotyping was 

conducted at the onset of the study and after disease clearance in select cases. Results: Among the 

476 participants (excluding those with cancer), the number of treatment sessions until CIN/VaIN 

clearance ranged from 2 to 49 (median = 7 sessions). Forty-five participants (9.4%) underwent 

surgical treatments. Seven participants (1.5%) experienced recurrence, presenting with 

CIN2/VaIN2 or worse lesions; of these, three underwent LEEP, while four repeated the chemical 

peeling therapy. No obstetrical complications were noted among the 98 pregnancies following this 

therapy. The findings suggest that phenol-based therapy is safe and effective for CIN, although it 

requires numerous and lengthy treatments. Factors associated with resistance to this therapy 

include immune suppression, high-grade lesions, multiple HPV type infection, and direct or 

passive smoking. 

Keywords: human papillomavirus; CIN; chemical-peeling therapy 

 

Introduction 

Cervical cancer is the fourth most prevalent cancer worldwide, and the fourth leading cause of 

cancer death, accounting for approximately 570,000 new cases and 311,000 deaths in 2018 (1). The 

global burden of cervical cancer is unevenly distributed, with > 85% of cases occurring in low- and 

middle-income countries (2). Over recent decades, trends in cervical cancer incidence and mortality 

rates have varied among countries. In the United States, there were 13,069 new cervical cancer cases 

and 4,175 deaths in 2015 (1), while in Japan, 10,879 new cases and 2,921 deaths were reported in 

2019 (3). Among the deaths from cervical cancer in Japan, an average of 340 per year were women 

aged 20–44 years between 2011 and 2019 (3). Although the incidence and mortality rates of cervical 

cancer have decreased in many developed countries (4), there has been a significant increase in 

Japan in the last decade (3). 

The World Health Organization recommends surgical resection of premalignant cervical 

lesions to reduce cervical cancer incidence and mortality in this century (4). Cold knife conization 

and loop-electric excisional procedure (LEEP) are considered the gold standard treatments for 
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high-grade cervical lesions (cervical intraepithelial neoplasia grade 2 and 3; CIN2/3). However, 

conization, especially with a cold knife, has been associated with an increased risk of preterm 

delivery and premature rupture of membranes (PROM) post-treatment (5). The frequency and 

severity of these adverse sequelae increase with increasing cone depth and repeated treatments. 

Procedures such as LEEP conization and cryotherapy can also potentially induce premature 

delivery, although the incidence is lower compared to cold-knife conization (6). To avoid such 

obstetric complications in young women with CIN2/3 or AIS planning future pregnancies, less 

invasive yet effective procedures are desirable. 

It is now widely accepted that certain types of human papillomaviruses (HPV) are the 

etiological factor for cervical cancer and its precursor lesions (7). While many women clear HPV 

infections within a few months, some have persistent infections (8). This persistent HPV infection is 

a prerequisite for malignant progression due to the continuous expression of HPV viral 

oncoproteins E6 and E7, which promote cell proliferation, genomic instability, and inhibition of 

host immune responses (9, 10). The most notorious HPV16 infection can be cleared by cell-mediated 

immunity against E2, E6, and E7 proteins of this type (10), and some therapeutic HPV vaccines have 

been developed to eliminate high-grade squamous intraepithelial lesions (HSILs; worse than CIN2) 

in some patients (11). However, HPV16 has the ability to evade host immune responses through 

three mechanisms; non-exposure of HPV antigens during its lifecycle, suppression of certain 

interferon secretions by HPV16 E6 and E7 proteins, and acquisition of immune tolerance (10). 

Immune tolerance is likely induced following antigen presentation by dendritic cells or 

macrophages without stimulation of innate immunity (local inflammation) (12). 

In cosmetic dermatology, liquid phenol is utilized to peel the skin, as it penetrates deeply and 

kills cells (13). It has been reported that, in 82.6% of patients, HPV-related common warts cleared 

after 80%-phenol therapy, while in 70% they cleared after cryotherapy (14). More than 80% 

complete remission is observed in high-grade CINs with a single treatment with trichloroacetic acid 

(TCA), another skin cosmetic agent (15). To develop non-invasive treatment methods, we evaluated 

the efficacy of phenol and TCA therapies in treating cervical or vaginal CIN. In this 

non-randomized prospective study, we investigated the effectiveness and limitations of phenol 

therapy. Some cases required > 2 years until clearance, and others needed surgical treatment. A 

multivariate analysis was performed to identify factors that confer resistance to this treatment. This 

study could provide important information to aid the development of new therapies, including 

therapeutic HPV vaccines, for premalignant lesions induced by high-risk (HR) HPV infection.  

Materials and Methods 

Subjects and Study Design 

This non-randomized prospective study was conducted from September 2009 to April 2018. 

Initially, 504 women who were referred to two outpatient clinics in Ishikawa and Okinawa 

Prefectures, Japan due to abnormal Pap test results (worse than ASCUS and positive for HPV) were 

recruited to this study. All participants underwent a histopathological examination guided by 

colposcopy, and were diagnosed with low-grade and high-grade cervical or vaginal squamous 

intraepithelial lesions (LR or HR-SILs). For convenience, we used the terminology of intraepithelial 

neoplasia grades 1–3 (cervico-vaginal intraepithelial neoplasia [CIN]1–3 or vaginal intraepithelial 

neoplasia [VAIN]1–3) in this study. After obtaining written consent to participate in the study, 

which was approved by the committee of Kanazawa Medical University (#107), all subjects 

diagnosed with CIN, VAIN, or CIN+VaIN underwent chemical peeling therapy using liquid phenol 

(phenol therapy). Twenty-one subjects were excluded from the analysis, as shown in Figure 1. 

Therefore, a total of 483 patients were included in this study. The number of treatments required for 

clearance or termination (cases that needed surgery for invasive cancer) was compared among 

different grades.  
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Figure 1. Study design. 

Demographic Characteristics of Subjects 

At the beginning of the study, information on age, smoking habits (direct or passive), and use 

of immune-suppressive drugs was obtained from all subjects. Self-report information on obstetric 

outcomes post-treatment was gathered from 98 subjects who became pregnant after therapy.  

Procedure, Adverse Effects of the Phenol Therapy, and Follow-Up Methods 

Liquid phenol has traditionally been used to treat skin warts in some Japanese clinics and in 

Singapore (14). We used an 89% liquid phenol solution (Maruishi Seiyaku, Japan) to treat 

intraepithelial lesions of the cervix or vagina. The solution was applied to wider areas (about 1 cm 

outside of the squamous lesion and about 2–3 cm inside the cervical canal) three to five times using 

a small cotton tip (3 × 15 mm). It was crucial to absorb all the liquid into the vagina with a cotton 

ball after this treatment to prevent phenol solution leakage to the vulva. Some patients reported 

dizziness, palpitations, and lower abdominal discomfort during or after this application. While 

these symptoms usually disappeared within 10 minutes post-treatment, in some cases they 

persisted for a day. Lidocaine gel was used in some cases before treatment to alleviate local pain or 

discomfort. Two patients chose to discontinue the treatment due to skin rash (possibly allergic 

reactions), while 13 patients dropped out of the study for unknown reasons (Figure 1). 

Pathological Diagnosis and HPV Test 

Diagnosis was established histologically by two clinical pathologists according to the WHO 

classification (2014). However, for the sake of simplicity, we used previous terminology such as 

CIN1–3 and VaIN1–3) in the current study. During treatment, invasive cervical cancer (1A1. 1A2 

and 1B1) was identified in seven patients, while the others were diagnosed with additional 

diseases, primarily VAIN. Therefore, the final histological diagnosis is reported in this manuscript. 

Liquid-based cytology (LBC) samples for Pap tests were collected from all subjects at 4-week 

intervals. Diagnosis was reached through consensus between cytotechnologists and clinical 

pathologists (blinded to the HPV test results) in the Clinical Pathology Unit at Kanazawa Medical 

University Hospital or Yuai Medical Center. 
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A portion of each LBC sample was sent to a commercial laboratory (LSI Medience, Tokyo, 

Japan) for HPV genotyping. The HPV genotype was determined using a PCR-based test 

(Genosearch-31; MBL, Nagoya, Japan) (16). This test can detect 13 HR HPV types (16, 18, 31, 33, 35, 

39, 45, 51, 52, 56, 58, 59, 68), probable high-risk (pHR) types (26, 53, 66, 70, 73, 82), and low-risk (LR) 

types (6, 11, 42, 44, 54, 55, 61, 62, 71, 84, 89, and 90). To identify additional pHR-HPV types, such as 

HPV34, 67, and 69, the uniplex PCR method (17) was used for some CIN or VAIN cases that tested 

negative with the aforementioned test. In the current study, HPV was grouped as HPV16/18, 

higher-risk-other high-risk type (Higher risk-OHR; HPV-31, 33, 45, 52, 58), lower-risk 

other-high-risk (Lower risk-OHR; HPV-35, 39, 51, 56, 59, 68), probably high-risk (P-HR; HPV-26, 30, 

34, 66, 67, 69, 70, 73, 82) and HPV-negative or low-risk (Negative/LR) HPV. For cases with multiple 

HPV types, the highest risk type was considered the primary HPV type responsible for the disease. 

HPV testing was performed at study entry and at the visit after disease clearance. HPV genotyping 

was conducted in 477 subjects at entry, and 327 cases after disease clearance. 

Statistical Analysis 

Statistical analysis was performed using JMP14 software. Treatment times were compared 

between two groups using the Mann-Whitney test. P-values <0.05 were considered to indicate 

statistically significant differences. Logistic regression analysis was also conducted to identify 

independent risk factors for treatment resistance. The cut-off number of treatments indicating 

treatment resistance was calculated as 13 treatments, as this exceeds the 75th percentile of number 

of treatments until disease clearance among all cases. In this analysis, lesion size and HPV infection 

pattern were omitted due to the lack of lesion size information in many cases, and the close 

association between HPV infection pattern and HPV group, which could confound the analysis. 

Results 

Clinical Course of Cervico-vaginal Abnormal Lesions via Phenol Therapy 

The current study analyzed 483 eligible subjects. Two representative cases are illustrated in 

Figure 2. Case 1 involved a 24-year-old woman with HPV16-positive CIN3, and Case 2 involved a 

20-year-old woman with multiple CIN3, VAIN2, and cervicovaginal condyloma lesions positive for 

HPV6, 16, 66. In these instances, 17 and 22 phenol therapy sessions were conducted, respectively, 

until complete lesion and HPV clearance. The former case involved a passive smoker. 

The final diagnosis for 3 cases was downgraded, while it was upgraded in 16 other cases, 

including 7 of cervical cancer. The present study comprised subjects with CIN1 or VaIN1 (n = 129), 

CIN1+VaIN1 (n = 34), CIN2 or VaIN2 (n = 149), CIN2+VaIN1/2 (n = 22), CIN3 or AIS (n = 113), 

CIN3+AIS+VaIN (n = 19), Cancer (n = 7), and immune-suppressed CIN or VAIN (IMM-SUP; n = 10). 

The IMM-SUP group contained cases of CIN1 or VAIN (n = 2), CIN1+VAIN1 (n = 2), CIN2 (n = 4), 

and CIN3 (n = 2). 
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Figure 2. Two representative cases with CIN3 and VaIN2; Case-1; 24 years old woman having 

CIN3, HPV16-positive, Passive smoker. A; Colposcopy finding after treating with 3% of acetic acid 

showing white epithelium and mosaic pattern was seen in 10 out of 12 sections of the cervix. B; 

After application of liquid phenol, C; After 11 times of treatment for 9 months. D; After 16 times of 

treatment for 12 months. This case was cured with 18 times of treatment for 13 months. Case-2; 20 

years old having CIN3+VAIN2, positive with HPV16+HPV66, Passive smoker. E; Colposcopic 

finding after applying with 3% of acetic acid. White epithelia were seen in 12 out of 12 sections of 

the cervix and 6 of 12 sections of the vagina. F; After applying with a liquid phenol, G; After 8 times 

of treatment. H; After 20 times of treatment. This case was cured with 22 times of treatment for 11 

months. 

Among 476 cases excluding Cancer, the number of treatments until disease clearance ranged 

from 2 to 49 sessions (median = 7 sessions, 95% CI: 8.83–10.8) across all subjects. Treatment period 

ranged from 1 to 60 months (median = 7 months, 95% CI: 8.25–10.08) among 302 subjects with 

available records. The average number of sessions until disease clearance for CIN1 or VaIN1, CIN2 

or VaIN2, CIN3 or AIS, and IMM-SUP was 4.9 (95% CI: 4.52-5.29), 9.1 (95% CI: 8.23–9.96), 11.4 (95% 

CI: 10.4–12.8), and 20.9 (95% CI: 11.6–30.2), respectively. Higher-grade CINs required more 

treatments than lower-grade ones (Fig.3A). IMM-SUP required more treatments than any grade of 

CIN or VaIN (Mann-Whitney test; P<0.05, Figure 3A). 

Conversely, the average numbers of treatment sessions until disease clearance for 

CIN1+VaIN1, CIN2+VaIN1/2, and CIN3+any VaIN were 11.3 (95% CI: 9.36–13.3), 13.5 (95% CI: 

9.18–17.7), and 13.9 (95% CI: 10.2–17.7), respectively. There was no difference in number of 

treatment sessions among CIN1+VAIN1, CIN2+VAIN1/2, and CIN3/AIS+VAIN. However, 

co-existing CIN1 and VaIN1 cases required more treatments than those of only CIN1 or VaIN1 

(Fig.3A).  
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Figure 3. Grade of lesions and treatment times until disease clearance. Significantly more 

treatment in increasing grade. Cases with CIN and VAIN needed more treatment than cases with a 

single disease (CIN or VAIN). 

The prevalence rates of HPV16/18, Higher risk-OHR, Lower risk-OHR, P-HR, and Negative/LR 

were 29.6% (n = 139), 38.4% (n = 180), 10.7% (n = 50), 6.2% (n = 29), and 15.1% (n = 71), respectively. 

No HPV test was done in 7 cases. HPV16/18, Higher risk-OHR and P-HR HPV types required more 

treatments than LR/Negative. HPV16/18 needed more treatment than Higher risk OHR and Lower 

risk OHR tyles. However, there was no difference in treatment time between HPV16/18 and PHR 

HPV-types, and between Lower-risk OHR and LR/Negative (Fig.4A). Multiple HPV type infection 

needed more treatment than single HPV type infection and negative/LR-HPV type (Figure 4B). 
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Figure 4. HPV type-groups (A) or HPV infection patterns (B) and treatment times until disease 

clearance. A; Cases with HPV16 or 18 needed more treatment than higher risk OHR types (HPV31, 

33, 45, 52, 58) and lower-risk OHR types (HPV39, 51, 56, 59, 68), while no difference with cases with 

P-HR types (HPV26, 53, 66, 67, 70, 73, 82). Many HR types and P-HR types excluding lower risk 

OHR types needed more treatment than LR-HPV/negative. B; Cases with multiple HPV type 

infection need more treatment than cases with single HPV infection and LR-HPV/Negative. No 

difference was observed between single HPV type infection and LR-HPV/negative. 

Management of Cases Resistant to Therapy and Recurring Cases 

In total, 52 of 483 (10.8%) underwent surgical treatment based on clinicians' or patients' 

decisions. These cases were diagnosed as CIN1 or VaIN (n = 3), CIN1+VaIN1 (n = 2), CIN2 or 

VAIN2 (n = 10), CIN2+VAIN1 (n = 2), CIN3 or AIS (n = 26), CIN3+VAIN (n = 2), and cancer (n = 7). 

One CIN3 case and two CIN1+VaIN1 cases were IMM-SUP. One CIN1+VAIN1 case required three 

LEEP procedures due to multiple extensive cervicovaginal lesions. 

Cervical cancer IA1 was identified in one case after hysterectomy, while the remaining six 

cancer cases were diagnosed prior to surgery. Most of these cases were resistant to phenol therapy. 

The cancer diagnoses included stage-1A1(n = 3), 1A2 (n = 2) and 1B1 (n = 2), with four cases of 

squamous cell carcinoma (SCC) and three of adenocarcinoma (ADC). One 1A1 case underwent 

conization, another underwent simple hysterectomy, and the rest received radical hysterectomy 

with pelvic lymph node resection. All of these patients have remained disease-free as of July 2023. 

Excluding cancer cases, 18 cases (3.8%) experienced recurrence of the same or lower-grade 

lesions after disease clearance. Recurrence of CIN2 or worse was observed in 1.5% (7/476) of 

subjects. Ten recurrent cases were completely cured by additional phenol therapy, three underwent 

LEEP surgery, and five remained classified as LSIL or ASCUS at the study's conclusion. The latter 

cases were treated with TCA therapy (a chemical peeling therapy that we implemented in May 

2018). 

Obstetric Outcomes in Subsequent Pregnancies  

Ninety-eight subjects reported their obstetric experiences post-therapy to clinicians. Of these, 

97 subjects (99%) had full-term deliveries. One case resulted in premature delivery at 35 weeks 
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without any obstetrical complications. Four subjects underwent LEEP after phenol therapy but still 

had normal deliveries.  

Factors Conferring Resistance to Phenol Therapy 

We sought to determine the factors associated with resistance to this treatment, excluding 

cancer cases. A univariate analysis revealed that factors such as being 35–39 years of age, having 

higher-grade lesions or IMM-SUP status (Figure 3), HR HPV infection or multiple HPV type 

infection (Figure 4), and active or passive smoking (Figure 5) were significantly associated with 

resistance. In this analysis, there was no difference between active or passive (secondary) smokers 

and non-smokers. 

Multivariate analysis indicated that being 35–39 years of age, having higher-grade lesions, 

being IMM-SUP, having multiple HPV type infections, and active or passive smoking were 

associated with treatment resistance (Table 1). In terms of lesion grades, higher-grade CINs and 

CIN1+VaIN1 were more strongly associated with resistance than lower-grade lesions and CIN1 or 

VaIN1, respectively. However, there was no statistical difference between CIN2+VaIN1/2 and CIN2 

or VaIN1/2, or between CIN3/AIS+VaIN and CIN3/AIS. IMM-SUP was more strongly associated 

with resistance than CIN1 and CIN2. Multiple HPV type infections were more strongly associated 

with resistance than single HPV type infections and Negative/LR HPV infections. Regarding HPV 

risk classification, HR (HPV16/18, HR-OHR, LR-OHR) and pHR HPV infections were more strongly 

associated with resistance than Negative/LR HPV infections. However, no difference was observed 

among HPV16/18, HR-OHR, LR-OHR, and pHR-HPV types.  

 

Figure 5. Smoking and treatment times until diseases clearance. Direct or indirect smokers needed 

more treatments than non -smoker. 

Discussion 

In our study, of all subjects receiving phenol therapy, 52 required surgical intervention, 

demonstrating that phenol therapy alone successfully cured 89.2% of the subjects. The rate of 
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treatment failure, defined as recurrence of CIN2 or worse, was very low at 1.9% (6/320). A 

meta-analysis of 96 studies on the surgical treatment of precancerous cervical lesions (CIN2 and 

CIN3) reported a recurrence rate of 6.6% (95% CI: 4.9–8.4) (18). The rates were found to be 

heterogeneous (range: 1.4–18.4) and varied by treatment procedure, being 2% for cold-knife 

conization and laser conization and 7% for large loop excision of the transformation zone (18). A 

multicenter study in Japan with 14,832 cases (median age = 37, range: 16–88 years), had a recurrence 

rate of 6.1% (19). Long-term follow-up studies demonstrated that the 5- and 10-year risks of 

developing post-treatment CIN2 and CIN3 were 16.5%, 8.6%, 18.3%, and 9.2%, respectively (20). 

Most subjects in the current study were followed for 5–14 years, suggesting that phenol therapy is 

effective and safe. 

Changes in the average age at first marriage and remarriage for women from 1989 to 2018 

(25.8–29.4 and 36.5–40.4 years, respectively) (21) suggest that many women who wish to have 

children are at high risk of developing premalignant cervical lesions. Although cervical conization 

with a cold knife and loop-electrical excisional procedure (LEEP) are the gold standard treatments 

for high-grade cervical lesions (CIN2/3) (4), such surgical treatments have an obstetric disadvantage. 

Relative risk (RR) for premature delivery after conization with a cold knife, laser conization, large 

loop excision of the transformation zone (LLETZ) is 2.7, 2.11, and 1.57, respectively (5). This risk also 

exists for LEEP and cryotherapy (6). Phenol therapy showed almost no adverse obstetric outcomes 

in 98 pregnant cases, including 4 women who received LEEP treatment after phenol therapy. 

The key disadvantage of phenol therapy is the need for multiple treatments (range: 2–49 

treatments; median = 7 treatments) until CIN and VaIN clearance. It may be necessary to carefully 

select suitable cases for this therapy and recommend alternative treatments for those who are likely 

to resist this therapy. Thus, we examined factors contributing to resistance to this therapy. These 

factors included being 35–39 years of age, having high-grade lesions (CIN2 or worse), high-risk or 

probable high-risk HPV type-positive, immune suppression, and smoking. 

The group with the highest prevalence of cervical cancer in Japan is women aged 30–49 years, 

while the group with the highest prevalence of premalignant lesions (HSIL, CIN2/3) is women aged 

25–34 years (3). The peak age of the incidence of cervical cancer from 2011–2015 in Japan was 40–44 

years. This suggests that most women aged 35–39 years with CIN are likely to be at the highest risk 

for progressing to invasive cancer within 5 years. Lesion grade was another risk factor for resistance 

to this therapy in our analysis. However, HPV16 or 18 infection was not a stronger risk factor than 

infection with other high- or probable high-risk HPV types (Table 1). Lesion grade appears to be a 

more important predictor of treatment resistance than HPV type. However, immune suppression 

was a stronger predictor than any grade of CINs or VaINs, suggesting that immune suppression is 

the most important factor contributing to resistance to this therapy. Many studies have already 

suggested that the host immune response is important for persistent HPV infection and cervical 

cancer development (7-9). Other studies also suggest that HIV-positive individuals are at higher risk 

for cervical cancer (22, 23) and oropharyngeal cancer (24). 
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In the natural history of HPV infection leading to cancer, smoking, hormonal exposure, and 

HIV are additional exposures that increase the risk of progression to cancer (25). Some studies 

suggest that not only active smokers, but also passive (26, 27) and tertiary smokers (27), are at high 

risk for cervical cancer. The present study also demonstrated that active or passive smoking is 

associated with treatment resistance, although no difference was observed between active or passive 

smokers and non-smokers. An association of smoking with treatment resistance is likely to emerge 

in this study, as many smokers had quit smoking or avoided passive smoking due to knowledge 

among practitioners that smoking promotes cervical cancer development. Some studies show that 

smoking cessation after cancer diagnosis enhances the therapeutic response (28). 

As mentioned above, immune suppression is the most important factor contributing to 

resistance to this therapy. It is known that smoking affects host immune response (29) against 

persistent HPV infection, especially in high-grade CINs. Immune tolerance to some HPV antigens or 

an immune-suppressive state induced by immune checkpoint inhibitors may be present in 
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higher-grade lesions infected with high-risk HPV types (10, 12). Some therapeutic HPV vaccines 

have been successful in treating HPV-related pre-malignant lesions (11). However, complete 

clearance by such therapy has not yet been established. Treatment failure was also observed with 

this method, as about 11% of subjects needed surgical treatment in addition to phenol therapy. To 

increase the efficacy of any type of treatment for cervical pre-malignant lesions or cancer, we need to 

better understand the mechanisms of host immunity against persistent HPV infection and certain 

driver gene mutations in host cells progressing to cancer. The vaginal microbiota (30) may also be 

important for a comprehensive understanding of host defense systems against HPV-related cancer.  
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