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Abstract

:

Men who have sex with men (MSM) harbor the highest risk for anal carcinoma, mainly caused by Human Papillomavirus (HPV). The use of HPV-related biomarkers in the screening for this neoplasia is still debated. We assessed the association between high-risk (hr)HPV DNA, HPV16/18 DNA, hrHPV E6/E7 mRNA, and p16/Ki-67 with cytological abnormalities (any grade) and high-grade intraepithelial lesions (HSIL) in HIV-uninfected and HIV-infected MSM. Overall, 150 cytological samples in PreservCyt (Hologic), with a negative to HSIL report, were analyzed for hrHPV DNA, hrHPV E6/E7 mRNA, and p16/Ki-67 using the Linear Array (Roche), Aptima (Hologic), and CINtec® PLUS (Roche) assays. In HIV-infected MSM, positivity for all the biomarkers significantly increased with the cytological grade. In both populations, the association of hrHPV E6/E7 mRNA and p16/Ki-67 positivity with HPV16 did not differ significantly compared to hrHPVs other than HPV16. In HIV-uninfected MSM, the odds of having an HSIL increased approximately six times for the p16/Ki-67 positive cases. In HIV-infected individuals, all the biomarkers showed a significant association with HSIL, except for hrHPV DNA, with the strongest association observed for p16/Ki-67. The odds of HSIL increased almost 21 times in those positive for this biomarker. Our results encourage further investigation on the use of p16/Ki-67 dual staining in anal cancer screening for HIV-uninfected and HIV-infected MSM.
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1. Introduction


Anal cancer represents a rare neoplasm, with approximately 50,000 new cases estimated in 2020 worldwide [1]. Despite being uncommon, the number of cases is estimated to increase up to 78,000 in 2040 [1]. Men who have sex with men (MSM) show a higher risk than the general population for this neoplasia, with the highest incidence observed among MSM with HIV infection [2]. Human papillomavirus (HPV) is recognized as a causal agent of anal squamous cell carcinomas [3]. It is responsible for a large majority of the cases, with the predominant genotype being HPV16 in both HIV-positive and HIV-negative men [4,5]. Prophylactic HPV vaccination of pre-teens represents a powerful tool for the prevention of future anal cancers, but other preventive measures are needed for adult high-risk subjects. Anal cancer screening has been adopted for at-risk populations and guidelines from regional or national scientific societies have been specifically issued for HIV-infected subjects and MSM. Analogies between morphology features of the anal canal and the cervix, as well as the risk factors for cancer development in these anatomical regions, have led to the use of the strategies employed for cervical cancer screening also for anal cancer screening. Although the natural history of anal cancer is not as clear as that of cervical cancer, it seems that high-grade squamous intraepithelial lesions (HSIL based on the Lower Anogenital Squamous Terminology-LAST) precede the development of cancer [6]. Despite the fact that the randomized trial to evaluate whether detection and treatment of HSIL can lead to anal cancer prevention in HIV-infected MSM is still ongoing [7], these individuals are subjected to anal cancer screening in some clinical settings. However, the optimal screening modality has not been identified yet, so that the algorithms used are local and based on individual expert opinion [8,9,10]. The International Anal Neoplasia Society recommended an algorithm of screening based on digital ano-rectal examination (DARE), anal cytology and high-resolution anoscopy (HRA) [11]. Histological evaluation of HRA-guided biopsies is considered as the gold standard for the diagnosis of anal pre-cancerous and cancerous lesions. However, at present, HRA is not widely available, even in clinical settings attended by at-risk individuals [12,13,14]. Anal cytology represents the most common screening option, being technically easy, low-cost, and highly accessible. A recent meta-analysis reported for anal cytology showed a pooled sensitivity of 85.0% and a pooled specificity of 43.2% for the detection of HSIL or worse lesions [15]. However, cytology is subjective and has low reproducibility. Moreover, the cytological categories showed different predictive values in the identification of histological HSILs [16]. In order to improve the detection of these lesions and to use more objective methods, several HPV-related biomarkers have been evaluated, mainly in HIV-infected MSM [17,18,19,20,21,22]. High-risk (hr)HPV E6/E7 mRNA (thereafter hrHPV mRNA) has gained attention because it indicates an active and transforming HPV infection. Another biomarker under study is the cyclin-dependent kinase inhibitor 2A, i.e., p16INK4a (p16), since its over-expression is induced by E7 viral oncoprotein. Currently, an immunostaining assay is available for the simultaneous assessment of p16 expression together with Ki-67, a well-established proliferation marker. Since the co-expression of these proteins does not occur under physiological conditions, because they exert opposite effects on the cell cycle, their concomitant expression within the same cell may serve as an indicator of the HPV-induced deregulation of the cell cycle. However, the use of these HPV-related biomarkers still needs to be validated in anal cancer screening, thus further investigations are needed, especially in HIV-uninfected MSM. As far as we know, there are only a few studies that compared simultaneously several biomarkers in both HIV-infected and uninfected MSM [23,24]. In the present study, we evaluated anal cytological samples collected from HIV-infected and uninfected MSM to assess the distribution of hrHPV DNA, HPV16 and/or 18 (HPV16/18) DNA, hrHPV mRNA, and p16/Ki-67 according to the cytological report, and their association with cytological abnormalities.




2. Results


2.1. Study Population


Overall, 150 anal samples were included in the study. They had been obtained between August 2014 and December 2019 from 47 HIV-uninfected MSM (median age: 38 years, interquartile range [IQR]: 29–48) and 103 HIV-infected (median age: 40.5 years, IQR: 35–48). Of the HIV-infected subjects, 97.1% were on combined antiretroviral therapy (cART). The distribution of the cytology reports for the two study groups was as follows: (i) HIV-uninfected MSM: 14 (29.8%) negative for intraepithelial lesion or malignancy (NILM), 9 (19.1%) atypical squamous cells of undetermined significance (ASCUS), 11 (23.4%) low-grade squamous intraepithelial lesion (LSIL), 13 (27.7%) HSIL; (ii) HIV-infected MSM: 27 (26.2%) NILM, 26 (22.4%) ASCUS, 31 (30.1%) LSIL, 23 (22.3%) HSIL.




2.2. Distribution of the Biomarker Positivity by Cytological Report


All the samples analyzed gave a valid result for hrHPV mRNA, whereas two samples were inadequate for p16/Ki-67 interpretation (one ASCUS and one LSIL in the HIV-uninfected subgroup). The distribution of the positivity for the four biomarkers under study according to the cytological report and the HIV status is shown in Table 1.



In HIV-uninfected MSM, none of the investigated biomarkers showed a significantly increasing trend of positivity rate with the degree of the cytological report. Nonetheless, the positivity rate of hrHPV DNA, HPV16/18 DNA, and p16/Ki-67 was the highest in HSILs (84.6%, 46.2%, and 84.6%, respectively). In HIV-infected MSM, we observed a significant increase in the positivity rate from NILM to HSIL for each biomarker, with the same positivity in HSIL for all the biomarkers (95.7%) except for HPV16 and/or HPV18 DNA (73.9%).




2.3. Association of hrHPV mRNA and p16/Ki-67 with HPV16


To evaluate whether the positivity for hrHPV mRNA and p16/Ki-67 was influenced by hrHPV genotypes, we assessed their association with the presence of HPV16, the most carcinogenic and prevalent type in anal cancer, versus the hrHPVs other than HPV16, separately for HIV-uninfected and infected MSM (Table 2).



In both study groups, more than 90.0% of the HPV16-positive samples were mRNA-positive, and nearly 77.0% showed p16/Ki-67 staining. Positivity for hrHPV mRNA or p16/Ki-67 did not display a significantly different association with the presence of HPV16 DNA compared to the presence of hrHPVs other than HPV16 DNA.




2.4. Association of the Anal Cytological Abnormalities with the Biomarkers


Table 3 shows the association of the cytological abnormalities at the ASCUS+ and HSIL threshold with the four single biomarkers, for HIV-uninfected and HIV-infected MSM, separately. None of the biomarkers resulted in being significantly associated with ASCUS+ in HIV-uninfected MSM (Table 3A). Differently, we observed a significant association of ASCUS+ and hrHPV DNA (p = 0.004), HPV16/18 DNA (p = 0.025), hrHPV mRNA (p = 0.0001), and p16/Ki-67 positivity (p < 0.0001) in HIV-infected MSM (Table 3B). In particular, the strongest association was found for p16/Ki-67 (Odds Ratio [OR]: 10.50, 95% Confidence Interval [CI]: 3.69–29.90). This biomarker was also the only one that showed a significant association with HSIL in HIV-uninfected MSM (p = 0.031). Instead, within the HIV-infected subgroup, the odds of an HSIL report increased significantly in those positive for HPV16/18 DNA (p = 0.008), hrHPV mRNA (p = 0.02), and p16/Ki-67 (p = 0.004), with the strongest association observed for the latter biomarker (OR: 20.93, 95% CI: 2.69–162.79).



We then assessed the association of the cytological abnormalities at the ASCUS+ and HSIL threshold with combinations in pairs of the investigated biomarkers, evaluating the cases positive for any biomarker of the couple and, separately, those showing simultaneous positivity for both biomarkers of the couple. Table 4 shows the results separately for the two study groups. In HIV-uninfected MSM, ASCUS+ and HSIL reports did not show significant associations with any of the biomarker combinations (Table 4A). In HIV-infected subjects (Table 4B), the combinations that included p16/Ki-67 displayed the strongest associations with ASCUS+ in the case of double positivity (OR in the range of 17.77 and 20.77). Regarding HSIL, the strongest associations were observed in the case of simultaneous positivity for p16/Ki-67 in combination with HPV16/18 DNA (OR: 41.80) or hrHPV mRNA (OR: 25.80).





3. Discussion


In this study, we evaluated four biomarkers, i.e., hrHPV DNA, HPV16/18 DNA, hrHPV E6/E7 mRNA, and p16/Ki-67 in anal cytological samples from HIV-uninfected and HIV-infected MSM.



For all the biomarkers, we observed that, in HIV-infected MSM, the positivity rate increased significantly with the grade of the cytological alterations, consistently with previous studies [21,25,26] and a recent meta-analysis [4]. Differently, we did not observe this trend in HIV-uninfected MSM, probably due to the limited number of samples evaluated for this subgroup. Overall positivity for hrHPV mRNA was around 70.0%, quite close to that for hrHPV DNA, in both study groups. Our mRNA positivity rate was higher compared to other studies conducted on MSM [20,23,25]. However, they used the Pretect HPV Proofer/NucliSENS assay, which only detects E6/E7 mRNA of HPV 16, 18, 31, 33, and 45. Given that the Aptima assay allows the detection of the mRNA of 14 hrHPVs, this may be the reason why mRNA positivity was higher in our patients. Our mRNA positivity was also higher compared to a study that used the Aptima test (70% versus 50.0%), but their study population was not exclusively composed by MSM [17].



Overall positivity for p16/Ki-67 staining in our study was about 60.0%, very close to that reported by others [20,23,25]. Interestingly, in our study groups, a considerable proportion of ASCUS and LSIL cases were positive for p16/Ki-67. We cannot exclude that these cases corresponded to HSIL on histology. Indeed, it has been shown that HIV-infected and uninfected MSM with an ASCUS or LSIL report on cytology may have an HSIL or worse lesion on histology [27]. Therefore, p16/Ki-67 may suggest which ASCUS or LSIL cases likely correspond to histological HSILs.



Notably, three HSILs were negative for both hrHPV DNA and mRNA. One case was positive for the possibly carcinogenic type HPV53, and, interestingly, also for p16/Ki-67 staining. Similarly, cervical HSILs have been found that are caused by possibly carcinogenic types, and, consequently, they test negative for both hrHPV DNA and mRNA [28]. The remaining two cases were negative for all the HPV types detectable by the Linear Array (one of them displayed the dual staining). This may suggest either the presence of uncommon HPVs, not revealed through the tests employed in the study, or the lack of the target region within the L1 gene, which produced a false negative result with the HPV DNA test. Unfortunately, we could not confirm these HSILs given the lack of corresponding histology.



We observed that the rate of hrHPV mRNA and p16/Ki-67 positivity was similar in the cases harboring HPV16 or hrHPV genotypes other than HPV16. The strength of the association of HPV16 with hrHPV mRNA and p16/Ki-67 positivity did not appear to be significantly different compared to hrHPV types other than HPV16. Therefore, hrHPV mRNA and p16/Ki-67 may be useful also when the anal infection is caused by hrHPV types other than HPV16.



We then evaluated the individual biomarkers in terms of association with ASCUS+ and HSIL cytological reports. Our findings showed that all of them were significantly associated with ASCUS+ in HIV-infected MSM, whereas a lack of significant associations was observed for the HIV-uninfected counterparts. Most importantly, the odds of an HSIL report increased six times and almost 21 times in HIV-uninfected and HIV-infected MSM who were positive for p16/Ki-67, respectively. In a recent meta-analysis, pooled sensitivity and specificity of 56.6% and 62.3%, respectively, have been reported for this biomarker in MSM [29]. However, a large variation has been observed for the performance of p16/Ki-67. Indeed, a sensitivity equal to or above 90.0% has been reported in a few studies [20,23,25].



Among HIV-infected MSM, the odds of having an ASCUS+ and HSIL report were approximately seven and eleven times higher in hrHPV mRNA-positive subjects. Testing for mRNA is generally more specific than DNA [20,25,26,30,31] with a similar [26,30] or lower sensitivity [20], as also confirmed by a recent meta-analysis [29].



HIV-infected MSM positive for hrHPV DNA showed significantly increased odds of having an ASCUS+ report, whereas the association did not reach statistical significance for the HSIL report. A very recent study showed that hrHPV DNA testing displays a very high sensitivity (96%) but very low specificity (23–27%) for HSIL or worse lesions in both HIV-infected and uninfected MSM [9], in line with previous findings [29]. The very high background prevalence of hrHPV DNA in the anal canal of MSM and the fact that most of the anal infections are transient and not associated with pre-cancer or cancer will likely limit the utility of hrHPV DNA testing in this at-risk population. A significant association of an ASCUS+ or HSIL report with HPV16/18 DNA positivity was observed among HIV-infected MSM, despite the fact that the odds were lower compared to hrHPV DNA. HPV typing is more specific than hrHPV testing, despite being less sensitive, and does not provide enough immediate or long-term reassurance against the risk of HSIL or worse lesions [20].



Regarding the combinations of the biomarkers, none of the investigated combinations showed a significant association with ASCUS+ or HSIL among HIV-uninfected MSM. Conversely, the odds of having ASCUS+ cytology for HIV-infected MSM significantly increased when p16/Ki-67 was in combination with any of the other biomarkers, and the two biomarkers of the pair were simultaneously positive. The strength of these associations was higher than in the case of p16/Ki-67 used as a single biomarker. In addition, the double positivity for p16/Ki-67 and HPV16/18 DNA increased the odds of an HSIL report by almost 2-fold in comparison with its use as a single biomarker. These results suggest that, while p16/Ki-67 alone could be useful to identify the subjects with the highest odds of having a high-grade cytological lesion among HIV-uninfected MSM, its combination with other biomarkers, in particular with HPV 16/18 DNA, improves the possibility to identify those more likely to have an HSIL among HIV-infected MSM.



The differences observed between the two study groups are not surprising. The performance of HPV-related biomarkers generally differs by HIV status [9]. Anal cytology itself has a higher sensitivity in HIV-infected compared to HIV-uninfected MSM, since HIV-infected individuals usually have larger and multiple lesions, that are more likely detectable by cytology [32].



The main limitation of our study is represented by the lack of histological diagnosis to confirm the presence and grade of the lesions. The analysis was limited to the cytological abnormalities, which may not reflect the histological diagnosis, especially in terms of lesion grade. Differently, the strengths of this study are represented by the concomitant evaluation of four different biomarkers and the inclusion of both HIV-infected and uninfected MSM, although the number of cytological samples from the latter individuals could have affected the power of some estimates in this subgroup.



In conclusion, we evidenced that among the single biomarkers, p16/Ki-67 displayed the strongest association with cytological abnormalities of any grade in HIV-infected MSM and with HSIL cytology in both groups. The combinations did not show to be useful with respect to p16/Ki-67 alone among HIV-uninfected MSM, whereas they substantially improved the strength of association with ASCUS+ and HSIL when p16/Ki-67 was used together with HPV 16/18 DNA among HIV-infected MSM. Further studies are necessary to better understand the usefulness of these biomarkers in anal cancer screening, either for primary testing or triage of abnormal cytology, especially considering the limited availability of HRA and HRA-trained clinicians.




4. Materials and Methods


4.1. Study Population and Sample Collection


Study participants were represented by MSM aged ≥18 years, attending the center for Sexually Transmitted Infections (STIs) and HIV of the San Gallicano Dermatological Institute (Rome, Italy) for the Surveillance Program of Anal Intraepithelial Neoplasia (SAIN project) [33]. This project aimed to assess the prevalence, incidence, and determinants of anal HPV infection and anal lesions in HIV-infected and uninfected MSM. The participants were subjected to anal cytological sampling by means of a sterile Dacron swab as previously detailed [34]. Briefly, the collected cells were suspended in PreservCyt (Hologic), and starting from 2014, the residual sample remaining after HPV DNA testing and the anal Pap test was stored at +4 °C. For the purposes of the present study, these specimens were evaluated based on the following criteria: 1. Sample adequate for morphological interpretation; 2. results available for HPV DNA testing; 3. residual sample sufficient to perform the assays of interest for this study. Among the 480 samples with the inclusion criteria, 150 were selected in order to homogeneously represent all the cytological categories. No cases with a cancer diagnosis were available.




4.2. hrHPV DNA and hrHPV E6/E7 mRNA Testing


The presence of HPV DNA was detected by the Linear Array HPV Genotyping Test (Roche Diagnostics, Milan, Italy) according to the manufacturer’s instructions [34]. This PCR-based assay can also detect the HPV genotypes classified as high-risk by IARC [3]. Based on the results of the HPV DNA test, samples were classified as positive or negative for: (i) hrHPV DNA (HPVs 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68); (ii) HPV16/18 DNA. The evaluation of hrHPV E6/E7 mRNA was achieved by the Aptima HPV Assay (Hologic, Pomezia, Italy), which allows the detection of the E6/E7 mRNA of 14 high-risk genotypes (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68) as a pooled result. One milliliter of the specimens was transferred into an Aptima Specimen Transfer tube (Hologic). Isolation of the mRNA target and detection of the RNA amplicons were performed automatically by the Panther System (Hologic). An Internal Control is present to monitor the adequacy of each step.




4.3. Liquid-Based Cytology


The slides were obtained by ThinPrep 2000 processor (Hologic) and stained using the Papanicolaou protocol. The morphology had been classified by a certified cytopathologist following the Bethesda guidelines [35,36].




4.4. Immunocytochemistry for p16/Ki-67


Slides for immunocytochemical staining were prepared using a ThinPrep 2000 processor (Hologic). The expression of p16 (clone E6H4™) and Ki-67 (clone 274-11 AC3) was evaluated using CINtec® PLUS Cytology Kit (Roche Diagnostics) following the manufacturer’s instructions. The samples were considered positive when at least one cell showed simultaneous staining for p16 and Ki-67. The immunostaining was considered as inadequate for interpretation in the case of p16 background and/or weak counterstaining.




4.5. Data Analysis


In order to summarize all the variables of interest of the study population, descriptive statistics were used. The distribution of the positivity for each biomarker according to the cytological category was assessed separately for HIV-uninfected and infected individuals. To assess the association of the positivity for hrHPV mRNA and for p16/Ki-67 with HPV16, the HPV DNA results were classified as positive for HPV16 or “hrHPVs other than HPV16” (18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68). ORs together with their 95% CI and p value from z statistics were calculated. ORs were also used to evaluate the association of the investigated biomarkers, individually and in selected combinations, with anal cytological abnormalities using as a cut-off point any abnormality (i.e., ASCUS+ threshold) and HSIL. The investigated biomarkers were combined in pairs and the cases were classified as: Negative for both biomarkers, positive for any of the two biomarkers, positive for both biomarkers. A p value <0.05 was considered as significant. Statistical analyses were carried out using MedCalc Statistical Software version 19.3.1.








Author Contributions


Conceptualization, M.B. and M.G.D.; data curation, M.G., F.R., M.G.D. and M.B.; formal analysis, M.G., F.R. and M.G.D.; funding acquisition, M.B. and M.G.D.; investigation, A.L., M.G., A.G. and F.R.; methodology, M.B. and M.G.D.; project administration, M.B. and M.G.D.; resources, A.L., M.G., F.R. and A.G.; supervision, M.B. and M.G.D.; validation, M.B., M.G.D. and F.R.; visualization, M.B., M.G.D. and F.R.; writing—original draft, F.R. and M.G.D.; writing—review and editing, M.B., A.L., M.G. and A.G. All authors have read and agreed to the published version of the manuscript.




Funding


This work was supported by the Italian Ministry of Health (“5 × 1000”).




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the Institutional Ethics Committee (I.F.O. Section-Fondazione Bietti, CE/564/11).




Informed Consent Statement


Written informed consent was obtained from all the subjects involved in the study.




Data Availability Statement


The data presented in this study are available on request from the corresponding author. The data are not publicly available due to the fact that they include personal data from vulnerable populations.




Acknowledgments


Materials for the APTIMA tests were provided by Hologic s.r.l. at no cost. We acknowledge Pietro Di Fraia and Carla Babalini for their support in performing APTIMA testing.




Conflicts of Interest


Maria Benevolo has received nonfinancial support from Roche Diagnostics and Hologic S.r.L. and grants and nonfinancial support from Arrow Diagnostics and Becton and Dickinson for work performed outside of the current study. The other authors declare no conflict of interest.




References


	



Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 2021. [Google Scholar] [CrossRef]

	



Clifford, G.M.; Georges, D.; Shiels, M.S.; Engels, E.A.; Albuquerque, A.; Poynten, I.M.; de Pokomandy, A.; Easson, A.M.; Stier, E.A. A meta-analysis of anal cancer incidence by risk group: Toward a unified anal cancer risk scale. Int. J. Cancer 2021, 148, 38–47. [Google Scholar] [CrossRef]

	



IARC. Monographs on the Evaluation of Carcinogenic Risks to Humans. Volume 100B. A Review of Human Carcinogens: Biological Agents; IARC Press: Lyon, France, 2012. [Google Scholar]

	



Lin, C.; Franceschi, S.; Clifford, G.M. Human papillomavirus types from infection to cancer in the anus, according to sex and HIV status: A systematic review and meta-analysis. Lancet Infect. Dis. 2018, 18, 198–206. [Google Scholar] [CrossRef]

	



de Martel, C.; Georges, D.; Bray, F.; Ferlay, J.; Clifford, G.M. Global burden of cancer attributable to infections in 2018: A worldwide incidence analysis. Lancet Glob. Health 2020, 8, e180–e190. [Google Scholar] [CrossRef]

	



Poynten, I.M.; Jin, F.; Roberts, J.M.; Templeton, D.J.; Law, C.; Cornall, A.M.; Molano, M.; Machalek, D.A.; Carr, A.; Farnsworth, A.; et al. The Natural History of Anal High-grade Squamous Intraepithelial Lesions in Gay and Bisexual Men. Clin. Infect. Dis. 2021, 72, 853–861. [Google Scholar] [CrossRef] [PubMed]

	



The Anchor Study. Available online: https://anchorstudy.org (accessed on 19 May 2021).

	



Patel, J.; Salit, I.E.; Berry, M.J.; de Pokomandy, A.; Nathan, M.; Fishman, F.; Palefsky, J.; Tinmouth, J. Environmental scan of anal cancer screening practices: Worldwide survey results. Cancer Med. 2014, 3, 1052–1061. [Google Scholar] [CrossRef] [PubMed]

	



Gaisa, M.M.; Sigel, K.M.; Deshmukh, A.A.; Lenskaya, V.; Chan, C.A.; Silvera, R.; Winters, J.; Liu, Y. Comparing Anal Cancer Screening Algorithms Using Cytology and HPV DNA Testing in Three High-risk Populations. J. Infect. Dis. 2021, jiaa801. [Google Scholar] [CrossRef]

	



Pernot, S.; Boucheron, P.; Pere, H.; Lucas, M.L.; Veyer, D.; Fathallah, N.; de Parades, V.; Pavie, J.; Netter, J.; Collias, L.; et al. Comparison of anal cancer screening strategies including standard anoscopy, anal cytology, and HPV genotyping in HIV-positive men who have sex with men. Br. J. Cancer 2018, 119, 381–386. [Google Scholar] [CrossRef] [PubMed]

	



The International Anal Neoplasia Society. Available online: https://www.iansoc.org/Basic-Facts (accessed on 19 May 2021).

	



Darragh, T.M.; Winkler, B. Anal cancer and cervical cancer screening: Key differences. Cancer Cytopathol. 2011, 119, 5–19. [Google Scholar] [CrossRef] [PubMed]

	



Cho, S.D.; Groves, E.; Lao, V.V. History of High-Resolution Anoscopy. Clin. Colon Rectal. Surg. 2018, 31, 336–346. [Google Scholar] [CrossRef] [PubMed]

	



Chittleborough, T.; Tapper, R.; Eglinton, T.; Frizelle, F. Anal squamous intraepithelial lesions: An update and proposed management algorithm. Tech. Coloproctol. 2020, 24, 95–103. [Google Scholar] [CrossRef]

	



Goncalves, J.C.N.; Macedo, A.C.L.; Madeira, K.; Bavaresco, D.V.; Dondossola, E.R.; Grande, A.J.; da Rosa, M.I. Accuracy of Anal Cytology for Diagnostic of Precursor Lesions of Anal Cancer: Systematic Review and Meta-analysis. Dis. Colon Rectum. 2019, 62, 112–120. [Google Scholar] [CrossRef] [PubMed]

	



Roberts, J.M.; Jin, F.; Poynten, I.M.; Law, C.; Templeton, D.J.; Thurloe, J.K.; Garland, S.M.; Grulich, A.E.; Farnsworth, A.; Hillman, R.J. Study of the Prevention of Anal Cancer Study Team Histological outcomes of anal high-grade cytopredictions. Cancer Cytopathol. 2018, 126, 136–144. [Google Scholar] [CrossRef] [PubMed]

	



Dupin, C.; Siproudhis, L.; Henno, S.; Minjolle, S.; Arvieux, C.; Tattevin, P. Use of human papillomavirus genotyping and biomarkers for targeted screening of anal dysplasia in human immunodeficiency virus-infected patients. Dig. Liver Dis. 2015, 47, 423–428. [Google Scholar] [CrossRef] [PubMed]

	



Serrano-Villar, S.; Hernandez-Novoa, B.; de Benito, A.; Del Romero, J.; Ocampo, A.; Blanco, J.R.; Masia, M.; Sendagorta, E.; Sanz, G.; Moreno, S.; et al. Screening for precancerous anal lesions with P16/Ki67 immunostaining in HIV-infected MSM. PLoS ONE 2017, 12, e0188851. [Google Scholar] [CrossRef] [PubMed]

	



Dias Goncalves Lima, F.; Viset, J.D.; Leeflang, M.M.G.; Limpens, J.; Prins, J.M.; de Vries, H.J.C. The Accuracy of Anal Swab-Based Tests to Detect High-Grade Anal Intraepithelial Neoplasia in HIV-Infected Patients: A Systematic Review and Meta-analysis. Open Forum. Infect. Dis. 2019, 6, ofz191. [Google Scholar] [CrossRef] [PubMed]

	



Clarke, M.A.; Cheung, L.C.; Lorey, T.; Hare, B.; Landy, R.; Tokugawa, D.; Gage, J.C.; Darragh, T.M.; Castle, P.E.; Wentzensen, N. 5-Year Prospective Evaluation of Cytology, Human Papillomavirus Testing, and Biomarkers for Detection of Anal Precancer in Human Immunodeficiency Virus-Positive Men Who Have Sex With Men. Clin. Infect. Dis. 2019, 69, 631–638. [Google Scholar] [CrossRef] [PubMed]

	



Patarapadungkit, N.; Khonhan, P.; Pisuttimarn, P.; Pientong, C.; Ekalaksananan, T.; Koonmee, S. Human Papillomavirus Detection and Abnormal Anal Cytology in HIV-infected Patients Using p16/Ki-67 Dual-Staining. Asian Pac. J. Cancer Prev. 2020, 21, 2013–2019. [Google Scholar] [CrossRef] [PubMed]

	



Pichon, M.; Joly, M.; Lebreton, F.; Benchaib, M.; Mekki, Y.; Devouassoux-Shisheboran, M. Evaluation of p16/Ki-67 Dual Staining Compared with HPV Genotyping in Anal Cytology with Diagnosis of ASC-US for Detection of High-Grade Anal Intraepithelial Lesions. J. Cytol. 2019, 36, 152–156. [Google Scholar] [CrossRef]

	



Jin, F.; Roberts, J.M.; Grulich, A.E.; Poynten, I.M.; Machalek, D.A.; Cornall, A.; Phillips, S.; Ekman, D.; McDonald, R.L.; Hillman, R.J.; et al. The performance of human papillomavirus biomarkers in predicting anal high-grade squamous intraepithelial lesions in gay and bisexual men. AIDS 2017, 31, 1303–1311. [Google Scholar] [CrossRef]

	



Phanuphak, N.; Teeratakulpisarn, N.; Keelawat, S.; Pankam, T.; Barisri, J.; Triratanachat, S.; Deesua, A.; Rodbamrung, P.; Wongsabut, J.; Tantbirojn, P.; et al. Use of human papillomavirus DNA, E6/E7 mRNA, and p16 immunocytochemistry to detect and predict anal high-grade squamous intraepithelial lesions in HIV-positive and HIV-negative men who have sex with men. PLoS ONE 2013, 8, e78291. [Google Scholar] [CrossRef]

	



Wentzensen, N.; Follansbee, S.; Borgonovo, S.; Tokugawa, D.; Schwartz, L.; Lorey, T.S.; Sahasrabuddhe, V.V.; Lamere, B.; Gage, J.C.; Fetterman, B.; et al. Human papillomavirus genotyping, human papillomavirus mRNA expression, and p16/Ki-67 cytology to detect anal cancer precursors in HIV-infected MSM. AIDS 2012, 26, 2185–2192. [Google Scholar] [CrossRef] [PubMed]

	



Castle, P.E.; Follansbee, S.; Borgonovo, S.; Tokugawa, D.; Schwartz, L.M.; Lorey, T.S.; LaMere, B.; Gage, J.C.; Fetterman, B.; Darragh, T.M.; et al. A comparison of human papillomavirus genotype-specific DNA and E6/E7 mRNA detection to identify anal precancer among HIV-infected men who have sex with men. Cancer Epidemiol. Biomark. Prev. 2013, 22, 42–49. [Google Scholar] [CrossRef]

	



Machalek, D.A.; Poynten, I.M.; Jin, F.; Hillman, R.J.; Templeton, D.J.; Law, C.; Roberts, J.M.; Tabrizi, S.N.; Garland, S.M.; Farnsworth, A.; et al. A Composite Cytology-Histology Endpoint Allows a More Accurate Estimate of Anal High-Grade Squamous Intraepithelial Lesion Prevalence. Cancer Epidemiol. Biomark. Prev. 2016, 25, 1134–1143. [Google Scholar] [CrossRef]

	



Reich, O.; Regauer, S.; Kashofer, K. Possibly carcinogenic HPV subtypes are a cause of HSIL and negative clinical HPV tests—A European prospective single center study. Gynecol. Oncol. 2020, 158, 112–116. [Google Scholar] [CrossRef]

	



Clarke, M.A.; Wentzensen, N. Strategies for screening and early detection of anal cancers: A narrative and systematic review and meta-analysis of cytology, HPV testing, and other biomarkers. Cancer Cytopathol. 2018, 126, 447–460. [Google Scholar] [CrossRef] [PubMed]

	



Silling, S.; Kreuter, A.; Hellmich, M.; Swoboda, J.; Pfister, H.; Wieland, U. Human papillomavirus oncogene mRNA testing for the detection of anal dysplasia in HIV-positive men who have sex with men. J. Clin. Virol. 2012, 53, 325–331. [Google Scholar] [CrossRef] [PubMed]

	



Sendagorta, E.; Romero, M.P.; Bernardino, J.I.; Beato, M.J.; Alvarez-Gallego, M.; Herranz, P. Human papillomavirus mRNA testing for the detection of anal high-grade squamous intraepithelial lesions in men who have sex with men infected with HIV. J. Med. Virol. 2015, 87, 1397–1403. [Google Scholar] [CrossRef]

	



Palefsky, J.M. Anal cancer prevention in HIV-positive men and women. Curr. Opin. Oncol. 2009, 21, 433–438. [Google Scholar] [CrossRef]

	



Donà, M.G.; Rollo, F.; Latini, A.; Benevolo, M.; Pichi, B.; Pellini, R.; Giuliani, E.; Giglio, A.; Cristaudo, A.; Giuliani, M. Anal and oral human papillomavirus infection in men who have sex with men: Implications for risk-targeted vaccination. Future Microbiol. 2020, 15, 1713–1722. [Google Scholar] [CrossRef]

	



Donà, M.G.; Benevolo, M.; Latini, A.; Rollo, F.; Colafigli, M.; Frasca, M.; Zaccarelli, M.; Giglio, A.; Moretto, D.; Pescarmona, E.; et al. Anal cytological lesions and HPV infection in individuals at increased risk for anal cancer. Cancer Cytopathol. 2018, 126, 461–470. [Google Scholar] [CrossRef] [PubMed]

	



Darragh, T.M.; Birdsong, G.; Luff, R.; Davey, D. Chapter 8: Anal-Rectal Cytology. In The Bethesda System for Reporting Cervical Cytology: Definitions, Criteria, and Explanatory Notes, 2nd ed.; Solomon, D., Nayar, R., Eds.; Springer: New York, NY, USA, 2004. [Google Scholar]

	



Darragh, T.M.; Palefsky, J.M. Anal Cytology. In The Bethesda System for Reporting Cervical Cytology. Definitions, Criteria, and Explanatory Notes, 3rd ed.; Nayar, R.W.D., Ed.; Springer: New York, NY, USA, 2015; pp. 263–285. [Google Scholar]








[image: Table] 





Table 1. Positivity rate of the investigated biomarkers according to the cytological report and stratified by HIV status.
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Positivity

n (%)

	






	
HIV-Uninfected MSM

	
NILM

n = 14

	
ASCUS

n = 9

	
LSIL

n = 11

	
HSIL

n = 13

	
Total

n = 47

	
p for Trend 1




	
hrHPV DNA

	
10 (71.4)

	
6 (66.7)

	
8 (72.7)

	
11 (84.6)

	
35 (74.5)

	
0.78




	
HPV16/18 DNA

	
6 (42.9)

	
4 (44.4)

	
4 (36.4)

	
6 (46.2)

	
20 (42.6)

	
0.97




	
hrHPV mRNA

	
8 (57.1)

	
5 (55.6)

	
9 (81.8)

	
10 (76.9)

	
32 (68.1)

	
0.42




	
p16/Ki-67 2

	
6 (42.9)

	
3 (37.5)

	
6 (60.0)

	
11 (84.6)

	
26 (57.8)

	
0.09




	
HIV-Infected MSM

	
NILM

n = 27

	
ASCUS

n = 22

	
LSIL

n = 31

	
HSIL

n = 23

	
Total

n = 103

	
p for Trend 1




	
hrHPV DNA

	
16 (59.3)

	
17 (77.3)

	
27 (87.0)

	
22 (95.7)

	
82 (79.6)

	
0.009




	
HPV16/18 DNA

	
8 (29.6)

	
7 (31.8)

	
18 (58.1)

	
17 (73.9)

	
50 (48.5)

	
0.004




	
hrHPV mRNA

	
12 (44.4)

	
14 (63.6)

	
28 (90.3)

	
22 (95.7)

	
76 (73.8)

	
<0.0001




	
p16/Ki-67

	
6 (22.2)

	
14 (63.6)

	
21 (67.7)

	
22 (95.7)

	
63 (61.2)

	
<0.0001








1 chi-square test for trend from NILM to HSIL. 2 percentages were calculated over the number of valid samples for this biomarker, i.e., 14 NILM, 8 ASCUS, 10 LSIL, 13 HSIL, for a total of 45 cases. NILM, negative for intraepithelial lesion or malignancy; ASCUS, atypical squamous cells of undetermined significance; LSIL, low-grade squamous intraepithelial lesion; HSIL, high-grade squamous intraepithelial lesion; hr, high-risk; MSM, men who have sex with men.
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Table 2. Association of hrHPV mRNA and p16/Ki-67 positivity with HPV16 DNA in comparison with “hrHPVs other than HPV16” DNA.
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HIV-Uninfected MSM




	
HPV DNA

	
hrHPV mRNA

n/N (%)

	
OR (95% CI); p Value

	
p16/Ki-67

n/N (%)

	
OR (95% CI); p Value






	
hrHPVs other than HPV16

	
17/21 (80.9)

	
Ref

	
13/21 (61.9)

	
Ref




	
HPV16

	
13/14 (92.9)

	
3.06 (0.30–30.73); 0.34

	
10/13 (76.9)

	
2.05 (0.43–9.78); 0.37




	

	
HIV-Infected MSM




	
hrHPVs other than HPV16

	
34/39 (87.2)

	
Ref

	
25/39 (64.1)

	
Ref




	
HPV16

	
41/43 (95.3)

	
3.01 (0.55–16.53); 0.20

	
33/43 (76.7)

	
1.85 (0.70–4.84); 0.21








hrHPVs other than HPV16: 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68; CI, Confidence Interval; OR, Odds Ratio; Ref, reference.
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Table 3. Association of ASCUS+ and HSIL cytology with the single biomarkers in (A) HIV-uninfected and (B) HIV-infected MSM.
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(A)

	
HIV-Uninfected MSM

	




	

	
ASCUS+

	
HSIL




	

	
n/N

(%)

	
OR

(95% CI)

	
p Value

	
n/N

(%)

	
OR

(95% CI)

	
p Value




	
hrHPV DNA

	




	
−

	
8/12

(66.7)

	
Ref

	

	
2/12

(16.7)

	
Ref

	




	
+

	
25/35

(71.4)

	
1.25

(0.31–5.10)

	
0.76

	
11/35

(31.4)

	
2.29

(0.43–12.27)

	
0.33




	
HPV16/18 DNA

	




	
−

	
19/27

(70.4)

	
Ref

	

	
7/27

(25.9)

	
Ref

	




	
+

	
14/20

(70.0)

	
0.98

(0.28–3.48)

	
0.98

	
6/20

(30.0)

	
1.22

(0.34–4.43)

	
0.76




	
hrHPV mRNA

	




	
−

	
9/15

(60.0)

	
Ref

	

	
3/15

(20.0)

	
Ref

	




	
+

	
24/32

(75.0)

	
2.54

(0.54–7.39)

	
0.30

	
10/32

(31.2)

	
1.82

(0.42–7.90)

	
0.42




	
p16/Ki-67

	




	
−

	
11/19

(57.9)

	
Ref

	

	
2/19

(10.5)

	
Ref

	




	
+

	
20/26

(76.9)

	
2.42

(0.67–8.80)

	
0.18

	
11/26

(42.3)

	
6.23

(1.19–32.75)

	
0.031




	
(B)

	
HIV-Infected MSM

	




	

	
ASCUS+

	
HSIL




	

	
n/N

(%)

	
OR

(95% CI)

	
p Value

	
n/N

(%)

	
OR

(95% CI)

	
p Value




	
hrHPV DNA

	




	
−

	
10/21

(47.6)

	
Ref

	

	
1/21

(4.8)

	
Ref

	




	
+

	
66/82

(80.5)

	
4.54

(1.64–12.53)

	
0.004

	
22/82

(26.8)

	
7.33

(0.93–57.9)

	
0.06




	
HPV16/18 DNA

	




	
−

	
34/53

(64.2)

	
Ref

	

	
6/53

(11.3)

	
Ref

	




	
+

	
42/50

(84.0)

	
2.93

(1.14–7.52)

	
0.025

	
17/50

(34.0)

	
4.03

(1.44–11.32)

	
0.008




	
hrHPV mRNA

	




	
−

	
12/27

(44.4)

	
Ref

	

	
1/27

(3.7)

	
Ref

	




	
+

	
64/76

(84.2)

	
6.67

(2.51–17.73)

	
0.0001

	
22/76

(28.9)

	
10.59

(1.35–82.94)

	
0.02




	
p16/Ki-67

	




	
−

	
19/40

(47.5)

	
Ref

	

	
1/40

(2.5)

	
Ref

	




	
+

	
57/63

(90.5)

	
10.50

(3.69–29.90)

	
<0.0001

	
22/63

(34.9)

	
20.93

(2.69–162.79)

	
0.004








ASCUS+: ASCUS (atypical squamous cells of undetermined significance) and LSIL (low-grade squamous intraepithelial lesion) and HSIL (high-grade squamous intraepithelial lesion); CI; Confidence Interval; OR, Odds Ratio; Ref, reference.
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Table 4. Association of ASCUS+ and HSIL cytology with the biomarker combinations in (A) HIV-uninfected and (B) HIV-infected MSM.
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(A)

	
HIV-Uninfected MSM




	

	
ASCUS+

	
HSIL




	

	
n/N

(%)

	
OR

(95% CI)

	
p Value

	
n/N

(%)

	
OR

(95% CI)

	
p Value




	
hrHPV DNA/hrHPV mRNA




	
−/−

	
6/10

(60.0)

	
Ref

	

	
2/10

(20.0)

	
Ref

	




	
−/+; +/−

	
5/7

(71.4)

	
1.67

(0.21–13.22)

	
0.63

	
1/7

(14.3)

	
0.67

(0.05–9.19)

	
0.76




	
+/+

	
22/30

(73.3)

	
1.83

(0.41–8.23)

	
0.43

	
10/30

(33.3)

	
2.00

(0.36–11.23)

	
0.43




	
hrHPV DNA/p16/Ki-67




	
−/−

	
5/8

(62.5)

	
Ref

	

	
1/8

(12.5)

	
Ref

	




	
−/+; +/−

	
8/14

(57.1)

	
0.80

(0.13–4.74)

	
0.81

	
2/14

(14.3)

	
1.17

(0.09–15.32)

	
0.91




	
+/+

	
18/23

(78.3)

	
2.16

(0.38–12.32)

	
0.39

	
10/23

(43.5)

	
5.38

(0.57–51.17)

	
0.14




	
HPV16/18 DNA/hrHPV mRNA




	
−/−

	
8/14

(57.1)

	
Ref

	

	
3/14

(21.4)

	
Ref

	




	
−/+; +/−

	
12/14

(85.7)

	
4.50

(0.72–28.15)

	
0.11

	
4/14

(28.6)

	
1.47

(0.26–8.23)

	
0.66




	
+/+

	
13/19

(68.4)

	
1.63

(0.39–6.82)

	
0.51

	
6/19

(31.6)

	
1.69

(0.34–8.40)

	
0.52




	
HPV16/18 DNA/p16/Ki-67




	
−/−

	
8/13

(61.5)

	
Ref

	

	
2/13

(15.4)

	
Ref

	




	
−/+; +/−

	
13/19

(68.4)

	
1.35

(0.31–5.94)

	
0.69

	
5/19

(26.3)

	
1.96

(0.32–12.12)

	
0.47




	
+/+

	
10/13

(76.9)

	
2.08

(0.38–11.48)

	
0.40

	
6/13

(46.2)

	
4.71

(0.73–30.28)

	
0.10




	
hrHPV mRNA/p16/Ki-67




	
−/−

	
7/11

(63.6)

	
Ref

	

	
2/11

(18.2)

	
Ref

	




	
−/+; +/−

	
5/11

(45.5)

	
0.48

(0.09–2.63)

	
0.40

	
1/11

(9.1)

	
0.45

(0.03–5.84)

	
0.54




	
+/+

	
19/23

(82.6)

	
2.71

(0.53–13.92)

	
0.23

	
10/23

(43.5)

	
3.46

(0.61–19.72)

	
0.16




	
(B)

	
HIV-Infected MSM




	

	
ASCUS+

	
HSIL




	

	
n/N

(%)

	
OR

(95% CI)

	
p Value

	
n/N

(%)

	
OR

(95% CI)

	
p Value




	
hrHPV DNA/hrHPV mRNA




	
−/−

	
9/20

(45.0)

	
Ref

	

	
1/20 (5.0)

	
Ref

	




	
−/+; +/−

	
4/8

(50.0)

	
1.22

(0.24–6.31)

	
0.81

	
0/8

(0.0)

	
0.76

(0.03–20.74)

	
0.87




	
+/+

	
63/75

(84.0)

	
6.42

(2.19–18.81)

	
<0.001

	
22/75 (29.3)

	
7.89

(0.99–62.59)

	
0.05




	
hrHPV DNA/p16/Ki-67




	
−/−

	
6/16

(37.5)

	
Ref

	

	
0/16 (0.0)

	
Ref

	




	
−/+; +/−

	
17/29

(58.6)

	
2.36

(0.67–8.27)

	
0.18

	
2/29

(6.9)

	
3.00

(0.13–66.40)

	
0.49




	
+/+

	
53/58

(91.4)

	
17.77

(4.51–69.23)

	
<0.001

	
21/58

(36.2)

	
18.92

(1.08–331.39)

	
0.044




	
HPV16/18 DNA/hrHPV mRNA




	
−/−

	
11/25

(44.0)

	
Ref

	

	
1/25 (4.0)

	
Ref

	




	
−/+; +/−

	
24/30

(80.0)

	
5.09

(1.54–16.79)

	
0.008

	
5/30

(16.7)

	
4.80

(0.52–44.15)

	
0.17




	
+/+

	
41/48

(85.4)

	
7.45

(2.42–22.97)

	
<0.001

	
17/48 (35.4)

	
13.16

(1.63–106.00)

	
0.016




	
HPV16/18 DNA/p16/Ki-67




	
−/−

	
13/28

(46.4)

	
Ref

	

	
0/28 (0.0)

	
Ref

	




	
−/+; +/−

	
27/37

(73.0)

	
3.11

(1.10–8.80)

	
0.03

	
7/37

(18.9)

	
14.02

(0.77–256.77)

	
0.08




	
+/+

	
36/38

(94.7)

	
20.77

(4.17–103.49)

	
<0.001

	
16/22 (42.1)

	
41.80

(2.38–735.26)

	
0.011




	
hrHPV mRNA/p16/Ki-67




	
−/−

	
8/22

(36.4)

	
Ref

	

	
0/22 (0.0)

	
Ref

	




	
−/+; +/−

	
15/23

(65.2)

	
3.28

(0.97–11.13)

	
0.06

	
2/23

(8.7)

	
5.23

(0.24–115.39)

	
0.29




	
+/+

	
53/58

(91.4)

	
18.55

(5.25–65.60)

	
<0.0001

	
21/58 (36.2)

	
25.80

(1.49–447.01)

	
0.026








ASCUS+: ASCUS (atypical squamous cells of undetermined significance) and LSIL (low-grade squamous intraepithelial lesion) and HSIL (high-grade squamous intraepithelial lesion); CI; Confidence Interval; OR, Odds Ratio; Ref, reference.
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