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Abstract
High grade anal intraepithelial neoplasia due to human papilloma viral (HPV) infections is a precursor lesion for squamous cell carcinoma especially in high risk populations. Frequent examination and anal biopsies remain unpopular with patients; moreover they are also risk factors for chronic pain, scarring and sphincter injury. There is lack of uniform, surveillance methods and guidelines for anal HPV specifically the intervals between exam and biopsies. The aim of this editorial is to discuss the intervals for surveillance exam and biopsy, based on specific HPV related biomarkers? Currently there are no published randomized controlled trials documenting the effectiveness of anal screening and surveillance programs to reduce the incidence, morbidity and mortality of anal cancers. In contrast, the currently approved screening and surveillance methods available for HPV related cervical cancer includes cytology, HPV DNA test, P16 or combined P16/Ki-67 index and HPV E/6 and E/7 mRNA test. There are very few studies performed to determine the efficacy of these tests in HPV related anal pre-cancerous lesions. The relevance of these biomarkers is discussed in this editorial. Longitudinal prospective research is needed to confirm the effectiveness of these molecular biomarkers that include high risk HPV serotyping, P16 immuno-histiochemistry and E6/E7 mRNA profiling on biopsies to elucidate and establish surveillance guidelines.
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Core Tip: Human papilloma viral (HPV) infections are the most common sexually transmitted infection worldwide and are causally associated with 5%-10% of all cancers. High grade anal intraepithelial neoplasia (anal intraepithelial neoplasia-3, high-grade squamous intraepithelial lesion, carcinoma in situ) is a precursor for anal carcinoma. There is inconsistency and unpredictability of anal dysplasia and its progression to squamous cell cancer. There is an urgent need to identify and validate objective HPV biomarkers for better risk stratification for anal cancers. Extrapolating the data from cervical cancers, prospective longitudinal studies are needed incorporating high risk HPV genotyping testing, E6/E7 mRNA; and P16/Ki67 index on anal biopsies to establish optimal surveillance intervals.

INTRODUCTION
Human papilloma virus (HPV) is the most common sexually transmitted infection worldwide and are causally associated with 5%-10% of all cancers[1]. The majority of HPV are benign warts. High grade anal intraepithelial neoplasia [anal intraepithelial neoplasia-3, high-grade squamous intraepithelial lesion (HSIL), carcinoma in situ] is a precursor for anal carcinoma. There are certain high risk 16, 18, 31 HPV subtypes which are implicated in the etiology for cervical, anal, vulvar, vaginal, penile and oropharyngeal cancers[2].
Unlike cervical cancers, anal malignancies are relatively uncommon in general population, except in well-established high risk subgroups. These include human immunodeficiency virus (HIV) positive patients (men and women), MSM (men who have sex with men), women with previous HPV related diseases and immunosuppressed (particular post organ and bone marrow transplant) patients[3,4].
Both the incidence and the mortality from squamous cell cancer of anus continue to increase in this high risk population[5]. However, the surveillance protocols are not clearly defined for anal HPV infections.
This may be due to differences in the natural history, tumor biology, treatment modalities and also lack of clear uniform guidelines for screening modalities and surveillance intervals.
This editorial aims to examine the course of recurrent HPV anal disease and progression to anal cancer with the goal of establishing guidelines for surveillance exams. We also discuss newer molecular HPV biomarkers and their role in pathogenesis of anal cancer that may define high risk patient.

Establishing current biomarkers for HPV associated ano-genital disease
Majority of HPV infections are benign warts or low grade anal intra-epithelial neoplasia [low-grade squamous intraepithelial lesion (LSIL), anal intra-epithelial lesion (AIN1), and AIN2] and clear spontaneously. Similarly a subset of HSILs may also regress spontaneously[2-4]. Certain host factors such as HIV positivity, smoking, immunosuppression may prevent effective clearance and this may lead to integration of the virus into the host genome[5]. The progression rates of anal HSILs are lower than those of cervical pre-cancer lesions and the pattern of anal HPV disease progression differs between cervical and anal lesion[3,4].
Because squamous cell anal carcinoma occurs commonly in high risk populations and due to the unpredictable nature of anal dysplastic lesions, these patients require frequent monitoring with high resolution anoscopy (HRA) exams and biopsies. Repeated anal examinations and biopsies remain unpopular with the patients and is a high risk factor for noncompliance with risks of losing these patients to follow up, thus spreading the infection. In addition these patients require examination in the operation room which increases the cost and expenditure associated with operating room set up, sedation, anesthesia and fees for biopsies. Further there is risk of surgery and the morbidity associated with repeated anal procedures and may be debilitating. Frequent complications include chronic pain, bleeding, peri-anal scarring with rare severe complications such as anal stenosis or incontinence due to anal sphincter injury and sepsis[6-8]. One way to reduce the HPV burden in the community is to mandate immunization before the onset of sexual intercourse and exposure to HPV. The United States national immunization schedules and recommendation is to offer vaccinations for boys and girls beginning in their teen years and before the onset of sexual activity and also adult men and women with high risk features such as MSM, immunosuppression and those who are previously unvaccinated up to 27 year of age[9]. However these immunization guidelines come with an economic burden are not uniformly followed in other parts of the world.
Progression to invasive carcinoma is associated with persistent high-risk HPV infection with deregulated viral gene expression and leads to excessive cell proliferation, deficient DNA repair, and the accumulation of genetic damage in the infected cell[2,10]. Due to the inconsistency and the unpredictable nature of the anal dysplasia associated with HPV infections, there is a need for better objective biomarkers for close monitoring[2-4]. Scheduling surveillance protocols, only on the basis of HSIL or LSIL on the biopsy specimens may be inadequate and may be subjective assessment. Further there remains a variation amongst different pathologists in reading and assessment of the biopsy specimens.
Currently there are no published randomized controlled trials documenting the effectiveness of anal screening and surveillance programs to reduce the incidence, morbidity and mortality of anal cancers[3,4]. There is lack of uniform guidelines for surveillance on anal HPV specially the frequency for exam and biopsies. In contrast, the currently approved screening and surveillance methods available for HPV related cervical cancer includes cytology, HPV DNA test, P16 or combined P16/Ki-67 index and HPV E/6 and E/7 mRNA test[3]. In contrast there are very few studies performed to determine the efficacy of these tests in HPV related anal pre-cancer and cancers[3,4,11,12]
The HPV viral oncogenes (E6, E7) and its targets in the cell cycle needs to be emphasized (Figure 1). This will assist us in identifying useful biomarkers for anal cancer. HPV targets actively proliferating basal cells in the anogenital mucosa and promotes events that are fundamental to neoplastic transformation including early viral oncogene expression and viral persistence[8]. E6 and E7 are two HPV viral oncogenes which up-regulate cellular proliferation, increasing the numbers of infected cells and infectious virions[2]. E6 and E7 viral oncoproteins inactivate a number of the host’s cells tumor suppressor proteins such as P53, P21 and PRb (retinoblastoma) respectively causing dysregulation in G1 to S phase of the cell cycle[10].
P53 is also called the guardian of the genome with mechanisms for DNA repair and in inducing apoptosis. PRb is also referred to as the gatekeeper of the genome. P16 is another tumor suppressor protein which is a marker for increased HPV related cell proliferative state. It inhibits the cyclin D and CDK4/6 proteins. It is also a marker for cell stress and senescence. P16 positivity in HPV infected cells suggests a proliferative state with deregulatory mechanisms in effect. It is thus a surrogate marker for high risk HPV infections[10,13-15].
Suppression of these regulatory proteins keeps the cells in an undifferentiated, dysregulated, proliferative and antiapoptotic state and contributes to malignant transformation[2,13-15]. In addition E6 and E7 oncoproteins also induce epigenetic changes in host genome including histone modification, chromatin modelling and DNA methylation to affect cellular proliferation. Further biological and behavioral factors and inhibition of host immune response also contributes to persistent infection[14-17]
Clinical data from studies for anal HPV, suggests that E6/E7 mRNA has the highest sensitivity and specificity for HSIL detection regardless of HIV status and HPV sub-type 16 and/or18 DNA is useful in predicting progression to HSIL within 12 mo. Phanuphak et al[11] have demonstrated that the combination of these three tests taken together; high-risk HPV DNA, E6/E7 mRNA, and P16 immunocytochemistry identified patients with high risk for progression and need for continuing surveillance HRA and biopsy. Pooled meta-analysis of studies performed by Clarke et al[3] suggested sensitivity and specificity of E6/E7 mRNA to be 74.3% [95% confidence interval (CI): 68.3%-79.6%] and 65.5% (95%CI: 58.5%-71.9%) respectively[3,18,19]. However at present, E6/E7 mRNA evaluation is not used routinely for anal biopsies or approved by appropriate societies.
Increased prevalence of HPV related ano-genital disease in a population leads to low specificity for anal precancerous lesions and cancers. High prevalence correlates with lower specificity for a test. However, narrowing the genotyping to high risk HPV 16/18 subtypes has the potential to improve specificity for anal precancerous lesions (HSIL)[3,11]. Pooled analysis of studies comparing generic HPV genotyping vs specific HPV 16/18 test in detecting anal precancerous (HSIL) improved specificity from 33% (95%CI: 22.2%-46.3%) to 74.3% (95%CI: 67.3%-80.1%) respectively[3].These findings may assist in determining which patients need additional work up and surveillance HRA.
Other markers used for detecting HPV related anogenital precancerous and cancer disease include P16 or P16/Ki-67 index immunostaining[11,12,16,20,21]. A pooled analysis of multiple studies with P16/P16-Ki67 index suggests a sensitivity of 56.6% (95%CI: 27.9%-81.5%) and with specificity of 62.3% (95%CI: 47.8%-74.9%)[3]. Dual P16/Ki-67 staining correlates with higher accuracy than P16 alone for detection of anal pre-cancer and malignant lesions[3].

CONCLUSION
The progression of recurrent anal HSIL is unpredictable and may require close surveillance with biopsies[3,21,22]. This is particularly true in high risk population as described. Anal HPV lesions can present from the perianal skin and extend proximally through the dentate line and anal transformation zone and up to the distal rectal mucosa[3,23,24]. However frequent anal exams and surgical biopsies have their own risks and limitations. Complications are infrequent but may include chronic pain, bleeding, and peri-anal scarring with resulting anal stenosis or incontinence due to anal sphincter injury and sepsis[8,23]. The therapy of these complications may require further operations and leads to significant morbidity and increased cost.
Other limitations include the anatomy of the anal canal with its corrugated mucosal folds and hemorrhoid tissues that may obscure visualization during anoscopy. Further there is always a concern with patient non-compliance due to distress with repeated invasive exams and biopsies, which remain unpopular.
There is an urgent need to identify and validate objective HPV biomarkers for better risk stratification for anal cancers. Extrapolating the established data from cervical cancers, prospective longitudinal studies are needed incorporating high risk HPV biomarkers and genotyping testing. Taken together there is emerging evidence that E6/E7 mRNA; and P16/Ki67 index testing on anal biopsies may be useful tool in establishing the risk and optimal surveillance intervals. These tests will identify patients at the highest risk for progressive disease.
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Figure Legends
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Figure 1 Human papilloma viral oncogenes and cell cycle in carcinogenesis. The tumor suppressors are depicted in green and the oncogenes are depicted in pink color. The cell cycle is in blue color. Human papilloma viral (HPV) targets actively proliferating basal cells in the anogenital mucosa. E6 and E7 are HPV viral oncogenes and up-regulate cellular proliferation resulting in increased numbers of infected cells with infectious virions. E6 and E7 viral oncoproteins inactivate a number of the host’s cells tumor suppressor proteins such as P53, P21 and pRb (retinoblastoma) respectively. These tumor suppressor genes have key functions in regulation from a G1 to S phase of the cell cycle. P53 is also called the guardian of the genome with mechanisms for DNA repair and in inducing apoptosis. PRb is also referred to as the gatekeeper of the genome. P16 is a tumor suppressor protein which is a marker for increased HPV related cell proliferative state. It inhibits the cyclin D and CDK4/6 proteins. It is also a marker for cell stress and senescence. P16 positivity in HPV infected cells suggests a proliferative state with deregulatory mechanisms in effect. It is thus a surrogate marker for high risk HPV infections. HPV: Human papilloma viral.
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