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Objective: To analyze the course of p16/Ki-67-positive abnormal cytological cervical findings and high risk (hr)-HPV- and p16/Ki-67-clearances in women treated with a vaginal gel.

Methods: 172 women with a histological diagnosis of CIN2 or p16-positive CIN1 lesions were selected based on a positive cytological p16/Ki-67 test. For 3 months, 75 patients in the active arm (AA) daily administered 5 ml of a vaginal gel. Ninety seven patients in the control arm (CA) underwent no treatment (“watchful waiting”). Endpoints were cytological evolution, p16/Ki-67- and hr-HPV-clearances.

Results: At 3 months, cytological regression was observed in 76% (57/75) of patients in the AA compared with 25% (24/97) in the CA. Progression occurred in 5% (4/75) of the AA compared with 15% (15/97) of the CA. The p16/Ki-67 status change was statistically significantly (p < 0.001) in favor of the AA: 77% (58/75) became negative compared to 21% (20/97) in the CA. hr-HPV prevalence decreased significantly (p < 0.001) in the AA from 87 to 44%, while increasing in the CA from 78 to 84%. Cytological regression and p16/Ki-67 changes persisted in the AA at 6 months.

Conclusions: The vaginal gel significantly cleared hr-HPV and p16/Ki-67 and was associated with improved cytological findings, thereby potentially offering an effective option against oncogenic risk.

Clinical Trial Registration: Identifier: [ISRCTN11009040].
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INTRODUCTION

Cervical cancer remains a major cause of oncologic death in women in many developing countries. In contrast, it is now rare in developed countries and mainly observed in postmenopausal women. Regular cervical screening, based on cervical cytology, is still being recommended in all countries. When there is a positive or suspicious finding, cervical biopsy is required under colposcopic control. By selecting lesions early on for oncogenic transformation with a biomarker, such as p16/Ki-67, it is judicious to propose a preventive treatment during the watch and wait period before repeating the cervical smear or colposcopy. Watch and wait without therapeutic intervention is still part of all gynecological guidelines. However, this is unsatisfactory for both patients and gynecologists. This therapy-free interval is associated with considerable anxiety for patients, occasionally producing a high level of psychological stress (1). While increasing the remission rate of the abnormal findings would lower mental stress, there is still no single validated, non-surgical therapeutic approach for mild-to-moderate cervical intraepithelial neoplasia (CIN).

To date attempts to effectively treat human papilloma virus (HPV)-related low-grade lesions with a non-destructive method have failed, due to adverse events (imiquimod, interferon) or unsatisfactory responses [green tea, metronidazole-containing gel, 5-fluorouracil (5-FU) vaginal cream] (2–4). More invasive interventions may be responsible of serious sequelae, such as dyspareunia, cervical stenosis, and premature delivery, which calls for new guidelines proposing more conservative approaches during this time (5, 6). Until HPV vaccines are universally adopted, the watch and wait period offers the opportunity for administering a non-destructive treatment potentially promoting regression of lesions.

The vaginal gel used in this study (SAM vaginal gel) is based on an aqueous hydroxyethyl cellulose matrix containing highly-dispersed silicon dioxide as well as DEFLAMIN®, a combination of sodium selenite and citric acid, a globally patented formula with powerful antioxidative properties (7). Its primary mechanism of action is based on the adsorptive binding properties of homogenously suspended, micronized silicon dioxide particles. Highly dispersed silicon dioxide is a well-established pharmacologically inert, adsorbent agent. Numerous publications confirm the adsorptive binding of proteins, lipids and lipoproteins, viruses and bacteria by silicon dioxide (8, 9).

Oxidative stress induced by infections and inflammation has an important role in DNA damage and cervical tumorigenesis (10). Studies suggest that oxidative stress likely plays a major role in the process of HPV DNA integration, which is an important step for malignant transformation of the cervical epithelium (11, 12). It has been demonstrated that oxidative DNA damage is a multistep process and the level of damage increases from CIN1 to CIN3 compared to normal epithelium (13). Consequently, early treatment with this vaginal gel may prevent cervical lesions to progress to a higher grade.

We have recently performed a randomized, controlled trial with SAM vaginal gel on colposcopical, histological, and cytological examinations, in which one major inclusion criterion was p16 immunohistochemistry, which has been recently recognized as a valuable, high-specificity prognostic factor (14–16). That study demonstrated efficacy and safety of this particular vaginal gel (14). Most patients were also tested for p16/Ki-67 in cervical smears, recognized for greater specificity than both cytology and HPV (14, 17–21). The presented post-hoc analysis was limited to those patients (172 of 216 in the parent trial) who had a positive p16/Ki-67 test at study entry. A specific analysis of the cervical smear data is presented. The analysis aims at comparing the various cervical smear screening tools, in particular the p16/Ki-67 test, but also standard cytology (Bethesda) and hr (high risk)-HPV identification. Further, the subanalysis assesses whether the treatment was effective when only cytological findings are used, including p16/Ki-67. It is anticipated to provide insight into the potential and suitability of these variables as endpoints to establish the beneficial effect of topical treatments on the development of precancerous cervical lesions.



METHODS

Two hundred and sixteen patients were block-randomized (108 in each arm) 1:1 to the SAM vaginal gel arm or “watch and wait” (control) arm. SAM gel was allocated to patients based on randomization lists. Among 216 patients evaluated in the parent prospective randomized controlled trial with histologically proven CIN2 and p16 positive CIN1 (14), 172 patients with positive cytological p16/Ki-67 were selected retrospectively. The clinical investigation included a 3-month treatment period and 3-months of follow-up. In the active arm, treatment comprised 3 × 28-day intravaginal self-administration of SAM gel containing 10.0 mg of highly dispersed silicon dioxide, 24.8 mg of citric acid, and 0.25 mg of selenium per administration (5 ml). The vaginal gel was administered daily, deeply inside the vagina using a single-use applicator. The investigational device was provided by the sponsor DEFLAMED International s.r.o., Prague, Czech Republic.

Patients in the control arm were followed-up with the watch and wait strategy, without any treatment, in compliance with current international guidelines.

Selection criteria for the subgroup analysis of the prospective main study were women with a positive cytological p16/Ki-67 test associated with cytological findings, Atypical Squamous Cells of Undetermined Significance (ASC-US), Low-grade Squamous Intraepithelial Lesion (LSIL), Atypical Squamous Cells cannot exclude HSIL (ASC-H) or High-grade Squamous Intraepithelial Lesion (HSIL). Patients were aged 25-60 years; they all had a histological diagnosis of CIN2 or p16-positive CIN1 at baseline, regardless of HPV findings. All subjects provided their written informed consent, were not pregnant and used a suitable method of contraception during treatment if they were of childbearing age.

Exclusion criteria were a history of oncological or immunological disease, chronic viral disease, including hepatitis, immunosuppressive treatment, pregnancy or breastfeeding, known allergy to the gel or its components, a colposcopy finding suspicious of invasive disease, simultaneous participation at another clinical trial; and for CIN2 patients, unsatisfactory colposcopy (i.e., the transformation zone and/or the lesion were not fully visible); and for CIN1 patients, risk discrepancy with a cytological finding (HSIL).

Cytological samples underwent usual screening analysis, were stained according to Papanicolaou and evaluated in accordance with the Bethesda system. The same sample underwent immunocytochemistry with dual biomarker technology CINtec® PLUS Cytology, Roche. Two independent experts in cervical histo- and cytopathology were involved in the classification of the lesions and in the immune-, histo- and cytochemical analyses. They were blinded to treatment arms and sample materials were identified by patient number only.

Cervical smear samples were also collected for hr-HPV status. Cobas® 4800 HPV Test (Roche Diagnostics, GmbH, Mannheim, Germany) was used to identify 14 genotypes of hr-HPV DNA, with separate genotyping of 16 and 18 hr-HPV and others (31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68).

The endpoint of this subgroup analysis was cytological regression (change to a lower grade of lesion) or remission (complete healing) after 3 months of using SAM vaginal gel or solely watching and waiting. Success was regarded as either cytological regression (an initial ASC-US, LSIL, ASC-H, or HSIL lesion that disappeared or changed to a lower level e.g., LSIL to ASC-US, etc.) or failed progression. This was assessed 3 months after the start of treatment, and after a further 3-month follow-up. The findings were classified by decreasing risk of squamous cell carcinoma, according to Bethesda: HSIL, ASC-H, LSIL, ASC-US. Another major endpoint was cytological progression from low risk (ASC-US, LSIL) to high risk (ASC-H and HSIL). Two secondary endpoints were considered: cytological change in p16/Ki-67 (CINtec® Plus test) after 3 and 6 months; and clearance of hr-HPV strains at 3 months (22).

Statistical analysis was performed using IBM SPSS Statistics for Windows, Version 25.0. Armonk, NY: IBM Corp. Fisher's exact test with two-tailed p-value was used to compute the significance of association between treatments and improvement of cytological findings, HPV clearance, and p16/Ki-67 outcome. Microsoft Office Excel was used for descriptive data evaluation.



RESULTS

Overall, 172 of 216 patients of the main randomized trial (where 377 patients were screened between May 9, 2017 and July 29, 2018), including all CIN1 and all CIN2, who had a p16/Ki-67-positive test result and were retrospectively selected for the subgroup analysis. Seventy five patients in the active arm and 97 in the control arm fulfilled the selection criteria (Figure 1).


[image: Figure 1]
FIGURE 1. Consort flow diagram showing the participant flow of the 172 patients with p16/Ki-67-positive CIN1 and CIN2. ITT, Intention-to-treat population.


Baseline characteristics are presented in Table 1. Several demographic data differences could be seen between treatment and control arms. Stratification of the patients, according to CIN grade, was not planned in the main trial protocol. For this reason, and because of selection by p16/Ki-67, the distribution of CIN1 and CIN2 patients is different between active and control arms. Biopsies revealed CIN2 to be significantly more frequent in the active arm. The distribution of cytological findings, however, was comparable between both arms (Table 1).


Table 1. Baseline characteristics of p16/Ki-67-positive CIN1 and CIN 2 patients (N = 172).
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There were significantly more IHC p16 positive patients in the active arm at baseline (Table 1).

After 3 months of treatment, cytological regression and remission were statistically significantly higher (p < 0.001) in the active arm (57/75 patients or 76%) than in the control arm (24/97 patients or 25%). Only 4/75 patients (5%) in the active arm progressed to a higher grade of cytological finding, whereas in the control arm 15/97 patients (15%) progressed to a higher grade of cytological finding (Table 2).


Table 2. Cytological findings of p16/Ki-67-positive CIN1 and CIN2 patients at baseline and after 3 months (3rd visit).
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A similar difference was still present at 6 months, which was mainly due to the disappearance of low-grade cytological findings (ASC-US and LSIL). 58/69 patients (84%) in the active arm and 37/96 patients (39%) in the control arm showed regression or remission (Table 3). The difference in regression rates between arms was statistically significant when analyzed as a dichotomous yes/no (Fisher's two-tailed exact test (p < 0.001) and after classification as remission, regression, persistence, and progression (Pearson Chi-squared test; p < 0.001).


Table 3. Cytological findings of the patients with p16/Ki-67-positive CIN1 and CIN2 at baseline and after 6 months (4th visit).

[image: Table 3]

The effect of the vaginal gel on cytological findings after 6 months flattened, but remained (Figure 3). Effects on regression and remission of low-risk cytological results after 6 months also persisted. The difference here from high-risk results was negligible (Table 3), while the positive effect on progression still remained after 6 months. The diminishing effect after 6 months in respect of high-risk results was probably due to cessation of the vaginal gel administration after 3 months.

At the end of treatment, 77% of initially CINtec® Plus positive reverted to negative in the active arm, whereas only 21% in the control arm reverted negative after 3 months (Figure 2). The difference in the number of negative patients for the CINtec® Plus test was statistically significant in favor of the treatment group (Fisher's two-tailed exact test; p < 0.001).


[image: Figure 2]
FIGURE 2. Correlation of high-risk HPV and p16/Ki-67 at baseline, 3 and 6 months in the active arm with vaginal gel vs. the control arm.


At 6 months CINtec® Plus results were comparable to the 3-month data (Figure 2). In the active arm, 58 of 75 patients (77%) initially positive for CINtec® Plus became negative, whereas in the control arm 21 of 97 (22%) initially positive became negative. The difference in CINtec® Plus results between arms at 6 months was statistically significant (Fisher's two-tailed exact test; p < 0.001).

The effect of SAM gel on initially p16/Ki-67-positive patients was most prominent in the low-risk category (ASC-US and LSIL findings). After 3 months only 7 of 57 patients (12%) remained positive in the active arm, whereas 62 of 77 (81%) in the control arm were still positive for p16/Ki-67. This corresponds to a p16/Ki-67 clearance of 82% (47 of 57 patients) in the active arm compared to 18% (14 of 77 patients) in the control arm after 3 months in the low-risk category. Data from three patients (5%) were missing in the active arm and from one patient (1%) in the control arm (Figure 3).


[image: Figure 3]
FIGURE 3. The evolution of Low-Risk (ASC-US & LSIL)* and High-Risk (ASC-H & HSIL)** patients at 3 and 6 months and the course of p16/Ki-67-positive and negative findings. *ASC-US: Atypical squamous cells of Undetermined significance; LSIL, Low grade squamous intraepithelial lesion. **ASC-H, Atypical Squamous Cells cannot exclude HSIL; HSIL, High-grade squamous intraepithelial lesion. n = number of patients (% of patients). Due to rounding, numbers presented may not add up precisely to the totals provided.


A similar effect was also clearly visible in the high-risk category (ASC-H and HSIL findings). After 3 months only 5 of 18 patients (28%) remained positive for p16/Ki-67 in the active arm, vs. 14 of 20 (70%) in the control arm. This corresponds to a p16/Ki-67 clearance of 61% (11 of 18) in the active arm compared to 30% (6 of 20) in the control arm after 3 months in the high-risk category. In this category data from two patients (11%) were missing from the active arm (Figure 3).

At 6 months, 3 months after the end of treatment, the effect of SAM gel on p16/Ki-67 could still be observed in both low- and high-risk lesion groups (Figure 3).

Regarding hr-HPV (HPV 16 and 18, and 12 other hr-HPVs), 65 of 75 patients (87%) were tested positive for hr-HPV in the active arm at baseline (Figure 2). After 3 months of treatment, 33 patients (44%) were hr-HPV positive. In total, 42 of 75 (56%) of patients were negative for hr-HPV at 3 months, whereby clearance had occurred in 32 of 65 patients (49%); 10 of 75 patients (13%) were already negative for hr-HPV at baseline. No single patient was newly infected by hr-HPV in the active arm. In the control arm, 76 of 97 patients (78%) were positive for hr-HPV at baseline. At 3 months, 81 patients (84%) were hr-HPV positive (Figure 2). Eight of 76 patients (11%) were cleared from hr-HPV, whereas 13 were newly infected. The difference in hr-HPV prevalences between arms after treatment was statistically significant (Fisher's two-tailed exact test; p < 0.001).

As described in the randomized controlled trial, no major adverse events (AE) were observed and nobody in the minor AE required termination of device administration (14). Of the recorded 42 AEs, 12 reported by four patients were classified as possible/not known to be likely- or causally-related to the device (14). Most of the AEs were local (vaginal itching/burning, vaginal bloody discharge, increased vaginal bleeding, vaginal mycosis, or herpes) as well as slight abdominal pain or cramps. Nobody required termination of administration of the device. No serious possibly device-related adverse events occurred. Serum selenium measurement at the third visit (active arm only, 75 patients) confirmed that there was no systemic absorption of selenium (14).



DISCUSSION

The adsorptive and antioxidant vaginal gel significantly cleared hr-HPV and p16/Ki-67, a biomarker for oncogenic transformation. Treatment was associated with improved cytological outcomes in both low- and high-grade findings after 3 months of treatment. Cytological regression and p16/Ki-67 changes remained in the active arm (AA) at 6 months. To our knowledge this is the first demonstration of the efficacy of a non-destructive topical administration to the vagina and cervix of p16/Ki-67- and hr-HPV-positive women. It is the first study to utilize p16/Ki-67 as biomarkers and oncogenic hr-HPV. Prior to the parent trial (14), a retrospective data analysis conducted at the Sigmund Freud University, Vienna, Austria, established the safety and tolerability of this vaginal gel. That analysis too suggested a beneficial effect on abnormal cytological findings (23).

The present study demonstrates that the vaginal gel is both effective for the treatment of p16/Ki-67-positive abnormal cervical smears and for clearing hr-HPV. Gel administration led to significant treatment success in terms of increased cytological regression of precancerous disease in respect of 76% in the AA vs. 25% in the CA; and by significantly decreased progression by 5% in the AA vs. 15% in the CA. The significant decrease of hr-HPV (from 65 to 33 patients in the AA) and CINtec® Plus (from 75 to 12 positive tests) compared to the watch and wait CA were in line with cyto-pathological observations. The effect could still be observed in respect of regression (84% in the AA vs. 39% in CA) and progression (4% in the AA vs. 15% in CA) (Table 3) 3 months after the end of active treatment. Moreover, in women with low-risk cytology, gel treatment was associated with 82% p16/Ki-67-negative results after 3 months in the AA vs. 18% in the CA. High-risk lesions improved in 61% of patients in the AA compared with 30% in the CA (Figure 3).

CIN1 is the most frequent histopathology finding in cervical biopsies. It has a 12–16% progression rate to more advanced precancerous disease (15). Consequently, a clinical goal should be to treat only selected patients associated with oncogenic risk. Such a procedure should at the same time prevent progression and avoid future over-treatment. This should also decrease the rate of conisations and unnecessary destruction of lesions that may not have progressed. It is important to select cases of CIN1 with a specific biomarker, such as the tumor suppressor protein p16.

In this approach it is important to note that p16/Ki-67 has a high specificity for abnormal cytological findings and CIN. It is worth mentioning that ASC-US/LSIL had a specificity of 75.2% for CIN3 in p16/Ki-67-positive smears. The risk of CIN3 in hr-HPV- and p16/Ki-67-negative ASC-US/LSIL was 1.2%; in hr-HPV-positive smears it was 15.6%, and this increased to 27% in smears when the tests were also positive for p16/Ki-67 (24). In the follow-up of CIN2/3 patients treated by the LLETZ procedure (large loop excision of the transformation zone), additional testing for p16/Ki-67 resulted in improved specificity for recurrent CIN2+ than hr-HPV alone; 74.2 vs. 58.1% (17). In another study specificity for both p16/Ki-67 alone and for cytology was 95%, and for HPV alone it was 41.6% for detecting CIN2+/VAIN2+. Additionally, p16/Ki-67 was the best test for detecting cervical and vaginal lesions and to prevent under-diagnoses (18). In a study with ASC-US patients, the specificity of detecting high-grade dysplasia was highest for p16/Ki-67 immunocytochemistry, 74.2% in CIN3+ and 82.5% in CIN2+; significantly better than for HPV (19). p16/Ki-67 testing reduced referrals for colposcopy, and detected most CIN3 with high sensitivity and specificity compared with HPV in LSIL patients (20). Triage of women with p16/Ki-67 hr-HPV-positive cervical smears is superior than cytology and at the same time reduces unnecessary consultations, colposcopies and biopsies (21, 25, 26).

To our knowledge there are currently no published data concerning successful treatment of p16/Ki-67-positive CIN lesions. However, studies have been performed to investigate medical treatments for CIN1 and CIN2 lesions. Relatedly, Rahangdale et al. (27) applied 2 g of topical 5% 5-FU cream (Efudex; Valeant Pharmaceuticals International, Quebec, Canada) eight times over 4 months. Regression rates for CIN2 improved significantly; 93% in the 5-FU group compared to 56% in the observational group. However, 5-FU may induce vaginal adenosis after topical treatment in CIN1 (28). CIN1 and CIN2 patients, as in our study, were treated topically by Ashrafian et al. (29), in a randomized controlled trial with 3,3-di-indolylmethane (DIM), a stable metabolite of indole-3-carbinol (I3C). Two other randomized controlled trials are worth mentioning. One used three applications of cidofovir gel in a cervical cap before conisation and the other imiquimod with self-applied vaginal suppositories over 4 months (30, 31). Due to local and systemic adverse effects, imiquimod is inappropriate for treatment of CIN (32). A new trial with imiquimod for CIN2+ had to be stopped due to lagging inclusions (33).

Moreover, measurements of p16/Ki-67 suggested that SAM gel influences oncogenic progress and has therapeutic potential. Results indicate that alteration of the vaginal milieu by SAM gel over 3 months may reverse the oncogenic activity of hr-HPVs, at least temporarily. This may be mediated by alteration of the vaginal microbiome (34, 35).

The main advantage of this vaginal gel is its non-destructive effect and its suitability for administration during the watch and wait period when no other treatment options are available. The patient can administer the product herself and no clinic visit is necessary. Longer-term follow-up studies are necessary to evaluate the effect of SAM gel on the management of precancerous disease of the cervix.



LIMITATIONS

One of the main limitations of the present study is that CIN2 and p16-positive CIN1 were not equally distributed between study arms. However, it is unlikely that this had an impact on the results and conclusions. A higher number of CIN2 and CIN1 IHC p16 findings, which correlate with lower spontaneous regression, were in the AA. As women in the AA showed higher regression compared to the CA, the therapeutic effect may even be higher than reported. However, before recommending a topical, non-destructive treatment to patients with CIN1/CIN2 in routine practice, positive study data should evaluate histological results as the final endpoint, as histology with biomarkers remains the gold standard. Since patients in the parent randomized study with abnormal colposcopy had a biopsy with histology and a biomarker analysis after treatment with the vaginal gel (14), the administration of an adsorptive and antioxidative vaginal gel could be recommended.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author/s.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Multicenter Ethics Committee of the Faculty Hospital Olomouc and Medical Faculty of University Purkyně in Olomouc (Etická komise Fakultní nemocnice Olomouc a Lékarské fakulty UP v Olomouci, February 2017; Reference number: 9/17 MEK 1) and Local Ethics Committee of the University Hospital Motol, Praha, (Etická komise Fakultní nemocnice v Motole, October 2017; Reference number: EK-1278/17). The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

Protocol development and manuscript writing were performed by ALM, EMG, and IM. Data collection and manuscript editing were performed by AS, VD, TM, and MP. All authors have read and agreed to the published version of the manuscript.



FUNDING

This research was funded by DEFLAMED International s.r.o., Prague, Czechia.



ACKNOWLEDGMENTS

The paper was read and streamlined by Cameron R. McCulloch, Medical and Scientific Writing, Editing, and Translations, Vienna, Austria.



REFERENCES

 1. Rogstad KE. The psychological impact of abnormal cytology and colposcopy. BJOG. (2002) 109:364–8. doi: 10.1111/j.1471-0528.2002.99023.x

 2. Connor JP, Elam G, Goldberg JM. Empiric vaginal metronidazole in the management of the ASCUS papanicolaou smear: a randomized controlled trial. Obstet Gynecol. (2002) 99:183–7. doi: 10.1097/00006250-200202000-00003

 3. Ferrante JM, Mayhew DY, Goldberg S, Woodard L, Selleck C, Roetzheim RG. Empiric treatment of minimally abnormal papanicolaou smears with 0.75% metronidazole vaginal gel. J Am Board Fam Pract. (2002) 15:347–54.

 4. Holmes MM, Weaver SH 2nd, Vermillion ST. A randomized, double-blind, placebo controlled trial of 5-fluorouracil for the treatment of cervicovaginal human papillomavirus. Infect Dis Obstet Gynecol. (1999) 7:186–9. doi: 10.1002/(SICI)1098-0997(1999)7:4<186::AID-IDOG4>3.0.CO;2-Z

 5. Sadler L, Saftlas A, Wang W, Exeter M, Whittaker J, McCowan L. Treatment for cervical intraepithelial neoplasia and risk of preterm delivery. JAMA. (2004) 291:2100–6. doi: 10.1001/jama.291.17.2100

 6. Donnez J. An update on uterine cervix pathologies related to infertility. Fertil Steril. (2020) 113:683–4. doi: 10.1016/j.fertnstert.2020.02.107

 7. Kuklinski B, Kössler P, Fuchs N. Use of Selenite-Containing Compounds to be Topically or Buccally Administered. EP No. 1,450,825B1.WO2003047604A, WIPO (PCT) International application. Unternberg: European Patent Office (2008).

 8. Barrett EG, Johnston C, Oberdorster G, Finkelstein JN. Silica binds serum proteins resulting in a shift of the dose-response for silica-induced chemokine expression in an alveolar type II cell line. Toxicol Appl Pharmacol. (1999) 161:111–22. doi: 10.1006/taap.1999.8793

 9. Murray JP, Laband SJ. Degradation of poliovirus by adsorption on inorganic surfaces. Appl Environ Microbiol. (1979) 37:480–6. doi: 10.1128/AEM.37.3.480-486.1979

 10. Williams VM, Filippova M, Soto U, Duerksen-Hughes PJ. HPV-DNA integration and carcinogenesis: putative roles for inflammation and oxidative stress. Future Virol. (2011) 6:45–57. doi: 10.2217/fvl.10.73

 11. Hudelist G, Manavi M, Pischinger KI, Watkins-Riedel T, Singer CF, Kubista E, et al. Physical state and expression of HPV DNA in benign and dysplastic cervical tissue: different levels of viral integration are correlated with lesion grade. Gynecol Oncol. (2004) 92:873–80. doi: 10.1016/j.ygyno.2003.11.035

 12. Chen Wongworawat Y, Filippova M, Williams VM, Filippov V, Duerksen-Hughes PJ. Chronic oxidative stress increases the integration frequency of foreign DNA and human papillomavirus 16 in human keratinocytes. Am J Cancer Res. (2016) 6:764–80.

 13. Sgambato A, Zannoni GF, Faraglia B, Camerini A, Tarquini E, Spada D, et al. Decreased expression of the CDK inhibitor p27Kip1 and increased oxidative DNA damage in the multistep process of cervical carcinogenesis. Gynecol Oncol. (2004) 92:776–83. doi: 10.1016/j.ygyno.2003.12.008

 14. Major AL, Dvořák V, Schwarzová J, Skřivánek A, Malík T, Pluta M, et al. Efficacy and safety of an adsorbent and anti-oxidative vaginal gel on CIN1 and 2, on high-risk HPV, and on p16/Ki-67: a randomized controlled trial. Arch Gynecol Obstet. (2020) 303:501–11. doi: 10.1007/s00404-020-05816-8

 15. Darragh TM, Colgan TJ, Thomas Cox J, Heller DS, Henry MR, Luff RD, et al. The Lower Anogenital Squamous Terminology Standardization project for HPV-associated lesions: background and consensus recommendations from the College of American Pathologists and the American Society for Colposcopy and Cervical Pathology. Int J Gynecol Pathol. (2013) 32:76–115. doi: 10.1097/PGP.0b013e31826916c7

 16. Carcangiu ML, Herrington CS, Young RH, editors. WHO Classification of Tumours of Female Reproductive Organs. vol. 169. Lyon: IARC and WHO (2014). p. 206.

 17. Polman NJ, Uijterwaal MH, Witte BI, Berkhof J, van Kemenade FJ, Spruijt JW, et al. Good performance of p16/ki-67 dual-stained cytology for surveillance of women treated for high-grade CIN. Int J Cancer. (2017) 140:423–30. doi: 10.1002/ijc.30449

 18. Liu W, Gong J, Xu H, Zhang D, Xia N, Li H, et al. Good performance of p16/Ki-67 dual-stain cytology for detection and post-treatment surveillance of high-grade CIN/VAIN in a prospective, cross-sectional study. Diagn Cytopathol. (2020) 48:635–44. doi: 10.1002/dc.24427

 19. Zhu Y, Ren C, Yang L, Zhang X, Liu L, Wang Z. Performance of p16/Ki67 immunostaining, HPV E6/E7 mRNA testing, and HPV DNA assay to detect high-grade cervical dysplasia in women with ASCUS. BMC Cancer. (2019) 19:271. doi: 10.1186/s12885-019-5492-9

 20. Wentzensen N, Schwartz L, Zuna RE, Smith K, Mathews C, Gold MA, et al. Performance of p16/Ki-67 immunostaining to detect cervical cancer precursors in a colposcopy referral population. Clin Cancer Res. (2012) 18:4154–62. doi: 10.1158/1078-0432.CCR-12-0270

 21. Wentzensen N, Clarke MA, Bremer R, Poitras N, Tokugawa D, Goldhoff PE, et al. Clinical evaluation of human papillomavirus screening with p16/Ki-67 dual stain triage in a Large Organized Cervical Cancer Screening Program. JAMA Intern Med. (2019) 179:881–8. doi: 10.1001/jamainternmed.2019.0306

 22. Katki HA, Gage JC, Schiffman M, Castle PE, Fetterman B, Poitras NE, et al. Follow-up testing after colposcopy: five-year risk of CIN 2+ after a colposcopic diagnosis of CIN 1 or less. J Low Genit Tract Dis. (2013) 17(5 Suppl 1):S69–77. doi: 10.1097/LGT.0b013e31828543b1

 23. Huber J, Pötsch B, Gantschacher M, Templ M. Routine treatment of cervical cytological cell changes: diagnostic standard, prevention and routine treatment of cervical cytological cell changes - an assessment of primary and secondary prevention and routine treatment data in the context of an anonymous data collection from practicing gynaecologists; an academic, non-interventional study. Geburtshilfe Frauenheilkd. (2016) 76:1086–91. doi: 10.1055/s-0042-105286

 24. White C, Bakhiet S, Bates M, Keegan H, Pilkington L, Ruttle C, et al. Triage of LSIL/ASC-US with p16/Ki-67 dual staining and human papillomavirus testing: a 2-year prospective study. Cytopathology. (2016) 27:269–76. doi: 10.1111/cyt.12317

 25. Clarke MA, Cheung LC, Castle PE, Schiffman M, Tokugawa D, Poitras N, et al. Five-year risk of cervical precancer following p16/Ki-67 dual-stain triage of HPV-positive women. JAMA Oncol. (2019) 5:181-6. doi: 10.1001/jamaoncol.2018.4270

 26. Melnikow J, Henderson JT, Burda BU, Senger CA, Durbin S, Weyrich MS. Screening for cervical cancer with high-risk human papillomavirus testing: updated evidence report and systematic review for the us preventive services task force. JAMA. (2018) 320:687–705. doi: 10.1001/jama.2018.10400

 27. Rahangdale L, Lippmann QK, Garcia K, Budwit D, Smith JS, van Le L. Topical 5-fluorouracil for treatment of cervical intraepithelial neoplasia 2: a randomized controlled trial. Am J Obstet Gynecol. (2014) 210:314.e1–314.e8. doi: 10.1016/j.ajog.2013.12.042

 28. Georgiev D, Karag'ozov I, Velev M, Makaveeva V. [Three cases of vaginal adenosis after topical 5-fluorouracil therapy for vaginal HPV-associated lesions]. Akush Ginekol (Sofiia). (2006) 45:59–61.

 29. Ashrafian L, Sukhikh G, Kiselev V, Paltsev M, Drukh V, Kuznetsov I, et al. Double-blind randomized placebo-controlled multicenter clinical trial (phase IIa) on diindolylmethane's efficacy and safety in the treatment of CIN: implications for cervical cancer prevention. EPMA J. (2015) 6:25. doi: 10.1186/s13167-015-0048-9

 30. Van Pachterbeke C, Bucella D, Rozenberg S, Manigart Y, Gilles C, Larsimont D, et al. Topical treatment of CIN2+ by cidofovir: results of a phase II, double-blind, prospective, placebo controlled study. Gynecol Oncol. (2009) 115:69–74. doi: 10.1016/j.ygyno.2009.06.042

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

 32. Wouters T, Hendriks N, Koeneman M, Kruse AJ, van de Sande A, van Beekhuizen HJ, et al. Systemic adverse events in imiquimod use for cervical intraepithelial neoplasia – a case series. Case Rep Womens Health. (2019) 21:e00105. doi: 10.1016/j.crwh.2019.e00105

 33. Koeneman MM, Kruse AJ, Kooreman LF, Zur Hausen A, Hopman AH, Sep SJ, et al. Preliminary stop of the TOPical Imiquimod treatment of high-grade cervical intraepithelial neoplasia (TOPIC) trial. BMC Cancer. (2017) 17:110. doi: 10.1186/s12885-017-3108-9

 34. Wang H, Ma Y, Li R, Chen X, Wan L, Zhao W. Associations of cervicovaginal lactobacilli with high-risk human papillomavirus infection, cervical intraepithelial neoplasia, and cancer: a systematic review and meta-analysis. J Infect Dis. (2019) 220:1243–54. doi: 10.1093/infdis/jiz325

 35. Norenhag J, Du J, Olovsson M, Verstraelen H, Engstrand L, Brusselaers N. The vaginal microbiota, human papillomavirus and cervical dysplasia: a systematic review and network meta-analysis. BJOG. (2020) 127:171–80. doi: 10.1111/1471-0528.15854

Conflict of Interest: EMG was employed by company Phidalsa Pharma Consultants, Geneva, and by Camara & Partners Consultancy, Nyon, Switzerland. EMG and ALM have received fees for consulting and for redaction of the protocol draft from DEFLAMED International s.r.o.

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

Copyright © 2021 Major, Skřivánek, Grandjean, Dvořák, Malík, Pluta and Mayboroda. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fmed-08-645559-t002.jpg
Cytological findings-Baseline vs. 3rd Visit-Patients (1) Difference in cervical smear findings-Patients (%)

Cytology baseline  Patients (1) NILM ASC-US LSIL ASC-H HSIL  Remission+ | Rel

ssion  Regression - Progression

Regression
Active arm: vaginal gel

ASC-US 17 12 1 71% 71% 24% 6%
LsiL “ 2 5 3 75% 63% 13% 18% 8%
ASC-H 8 3 4 88% 38% 50% 13%

HSIL 10 i | 4 1 80% 10% 70% 20%

Total 75 41 15 11 6 2 76% | 55% 21% 1% 8%
Control arm: watch and wait

ASC-US 20 4 5 6 20% 20% 25% 56%
LsiL 57 5 5 2 1 18% 9% 9% 7% 5%
ASC-H 15 3 2 3 1 53% 20% 3% 40% %
HSIL 5 1 1 40% 20% 20% 60%

Total o 18 12 58 14 5 25% LM% 1% 6% 5%

Colors indicate different cytological changes: green: remission, light green: regression, yellow: persistence, red: progression. Remission: compiete healing, Regression: change to a
lower grade, Persistence: no change, Progression: change to a higher grade.

NILM, Negative for Intraepithefal Lesion or Malignancy; ASC-US, Atypical Squamous Cells of Undetermined Significance; LSIL, Low-grade Squamous Intraepithelial Lesion; ASC-H,
Atypical Squamous Cells cannot exclude HSIL; HSIL, High-grade Squamous Intraepithelial Lesion.

Due to rounding, numbers presented may not add up precisely to the totals provided.





OPS/images/fmed-08-645559-t003.jpg
Cytological Findings-Baseline vs. 4th visi

Patients (n) Difference in cervical smear findings-Patients (%)

Cytology baseline  Patients (1) NILM ASC-US LSIL ASC-H HSIL  Remission+  Remission Regression-Prognssion
Regression

Active arm: vaginal gel

ASC-US 16 ‘ 11 69% 69% 25% 6%
LsiL % | 2 87% 67% 21% 8% 5%
ASC-H 6 ‘ 4 100% 67% 33%

HSIL s B 88% 25% 63% 13%

Total 69 43 84% 62% 2%  12% 4%
Control arm: watch and wait

ASC-US 9 | 5 5 3 26% 26% 32% 2%
LsiL 57 5 8 4 1 2% 9% 14% 68% %
ASCH 15 4 4 6 1 %% 2% 67% 7%
HIL 5 1 1 2 1 100% 20% 80%

Total % 15 9 52 8 2 39% [ 6% 8% | 4T%  15%

Colors indlcate different cytological changes: green: remission, light green: regression, yellow: persistence, red: progression. Remission: complete healing, Regression: change to a
lower gradl, Persistence: no change, Progression: change to a higher grade,

NILM, Negative for Intraepitheial Lesion or Malignancy; ASC-US, Atypicel Squamous Cells of Undetermined Significance; LSIL, Low-grade Squamous Intraepithelial Lesion; ASC-H:
Atypical Squamous Cells cannot exclude HSIL; HSIL, High-grade Squamous Intraepithelial Lesion.

Due to rounding, numbers presented may not add up precisely to the totals provided.

Fisher's two-tailed exact test and Pearson Chi-squared test/two-sample proportional test P < 0.001 between the arms.





OPS/images/fmed-08-645559-g003.gif
wgom

P ]
H
i s
s B
[ ——— [ [ ——
T Gy [ i T
e gt s i s (S ot s
€ o 2
P & = = &
i T L e .t o £






OPS/images/fmed-08-645559-t001.jpg
Intention-To-Treat (ITT) population Active arm (n = 75) Control arm (n = 97) P

Age (years) Mean + SD 33.32 +6.86 3558 +881 0417+
Relevant gynecological history® 3 4% 17 18% 0.007%
Smokers 22 29% 28 29% 1.000¢
HPV vaccination 12 16% 14 14% 0.832%
Histology" CIN1 38 51% 86 89% <0.001%
CIN2 a7 49% 1 1%
Total 7% 100% o7 100%
Oytology ASC-US 17 23% 20 21% 0.285*
LsiL 40 53% 57 59%
ASC-H 8 1% 15 15%
HSIL 10 13% 5 5%
Total 7% 100% o7 100%
High-risk HPVS  Yes 3 87% 76 78% 0.169%
No 10 13% 21 22%
Total 7% 100% o7 100%
CINtec® Plus p16 CIN1 38 51% 86 89% <0.001%
pos. /K67 g a7 49% 11 1%
Total 7% 100% o7 100%
IHC p16%8 CINt 33/38 87% 44/86 51% <0.001*
CIN2 37/37 100% 111 100%
Total 70/75 93% a8/97 49%
High-risk HPV ~ CIN1 31/38 82% 65/86 76% na.
CIN2 34/37 92% 111 100%
Total 65/75 87% 76/97 78%
Values given as mean  standard deviation, %. #CIN1 p16 positive (IHC or CiNtec® Plus).
Statistical analyses by na. not analyzed.
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*Pearson chi-squared test. ASG-US, Atypical Squamous Cells of Undetermined Significance.
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