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ABSTRACT/SYNOPSIS 
 

 

Introduction 

Genital warts have been increasing in incidence over the last few decades to being the 

most common infection seen in clinics treating sexually transmissible infections prior 

to the advent of human papillomavirus quadrivalent vaccination.  They have been 

thought to be a cosmetic and nuisance problem and only caused by low-risk genotypes 

of human papillomavirus.  Research has demonstrated that warts are often mixed 

infections with both low and high-risk human papillomavirus infection present, and 

they are associated with intraepithelial neoplasia, and malignancy.  Over the time this 

thesis has been written, the importance of anal cancer as an emerging entity has risen, 

particularly because even though it is a rare disease, there are increasing disease rates 

in both men and women, and it is considered to be in epidemic proportions in some 

sub populations (HIV-positive men and women, and HIV-negative men).  In addition, 

ways of identifying anal cancer precursors have developed and include anal cytology 

and anal cytology screening for anal cancer precursors, and a highly specialised clinical 

skill called ‘high resolution anoscopy’ to recognise and histologically confirm the 

presence of anal precancer.  In addition to my surgical skill of scissor excision of 

anogenital warts I have become proficient in high resolution anoscopy and 

consequently have been able to research the use of this skill along with cytology and 

histopathology to identify anal cancer precursor lesions in high-risk individuals.  The 

HPV vaccines developed commercially to date are designed for HPV naive individuals, 

and hence for those with persistent HPV infection there is a need for a therapeutic 

vaccine or treatment. 
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My research aims were: 

1. To assess the prevalence of high-grade anal intraepithelial neoplasia in anogenital 

warts. 

 

2. To assess if the prevalence of high-grade anal intraepithelial neoplasia in anogenital 

warts had changed over time. 

 

3.  To assess ways of diagnosing high-grade anal intraepithelial neoplasia by: 

(a) comparing anal cytology to histopathology in patients with anogenital warts 

(b)  comparing cytology to histology during high resolution anoscopy 

(c) comparing different methods of collection of anal cytology during high 

resolution anoscopy. 

 

4.  To develop a therapeutic strategy for early human papillomavirus infection of the 

anogenital tract 

 

Context and collaborations 

In 1996 I established a surgical wart database at Royal Perth Hospital.  Primarily this 

was a tool established for self-audit, and I collected patient demographics, including 

age, sex, sexual preference, prior sexually transmitted diseases including genital 

herpes, gonorrhoea, chlamydia and HIV status, lifetime partner number and smoking 

status.  Histology, cytology and high-risk human papillomavirus results were collected.  

Additional data on HIV patients including their duration of infection, CD4 cell count 

and viral load at the time of surgery, and CD4 nadir were collected.  Having noted that 

genital warts were being reported as having intraepithelial neoplasia, some with high-

grade intraepithelial neoplasia, I discussed this with Dr Cecily Metcalf in Department of 

Anatomical Pathology at Royal Perth Hospital.  It became evident they were seeing 

more anal intraepithelial neoplasia than other similar pathology services, so it became 
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relevant to audit the data to understand the observation we were seeing as clinicians 

and pathologists. 

In 2010 I established a prospective high resolution anoscopy service at Royal Perth 

Hospital, having acquired the skills to perform this highly specialised procedure.  

Patient demographics including age, sex, sexual preference, prior sexually transmitted 

diseases and HIV status, histology and cytology and high-risk human papillomavirus 

results were collected for patients examined.  Additional laboratory cytological 

information was collected in the PathWest Laboratory Medicine (WA) Royal Perth 

Hospital Laboratory.  A new research partnership was developed with Dr Vin Williams 

in the Western Australian Biomedical Research Institute, (School of Biomedical 

Sciences) within the Curtin Health Innovation Research Institute, at Curtin University to 

do the cytology research.  A patent for treatment of early human papillomavirus 

infection of the anogenital tract was lodged initially in Australia, then in Europe, and 

the United States of America. 

 

Results 

Chapter 1 provides a review of the relevant literature as a background to the 

manuscripts submitted for this thesis.  Chapter 2 describes the audit of the anogenital 

wart database which revealed the frequency of high-grade anal intraepithelial 

neoplasia in warts was higher than previously recognised.  In this study HIV-positive 

men with anal/perianal warts were found to have very high rates (70%) of any grade of 

intraepithelial neoplasia (AIN 1-3) with 52% having high-grade intraepithelial 

neoplasia.  HIV-negative men were found to have 20% high-grade intraepithelial 

neoplasia in warts.  This is an important observation because warts have previously 

been thought to be benign, and the research suggests they may be particularly 

important in HIV-positive men, augmenting their risk of developing anal cancer.  

Reanalysis of the enlarged database described in Chapter 3 found the initial high 

frequency of intraepithelial neoplasia to be maintained over a longer time period thus 

strengthening the initial observations by increased power from a cohort approximately 

double the original cohort size.  Because of auditing the results in the wart and high 

resolution anoscopy database, note was taken when microinvasive anal cancer was 
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seen for the first time in the sexual health service, and the case series observed are 

described in Chapter 4. 

 

Conventional cytology taken at the time of surgery was found to increase the 

detection of high-grade intraepithelial neoplasia by about 10% and this research is 

presented in Chapter 5.  Rather than using any of the established databases in the 

Sexual Health Service, the Anatomical Pathology Reports Database was interrogated 

for paired histology and cytology samples (taken before the establishment of a high 

resolution anoscopy service) and the findings presented in Chapter 6.  Anal cytology 

was found to be sensitive for the detection of abnormal squamous cells but with low 

specificity.  Chapter 7 describes a comparative cytology study where conventional 

cytology was found to perform better than ThinPrep cytology.  In this study the 

samples were taken at the time of high resolution anoscopy which was found to be the 

gold standard. 

 

Chapter 8 is a comprehensive audit of variables in the wart database and a unique 

association between gonorrhoea, hepatitis B and C and high-grade intraepithelial 

neoplasia has been observed in HIV-positive men with chlamydia found to be 

protective.  There are public health ramifications for the association of high-grade anal 

intraepithelial neoplasia and gonorrhoea because of the emergence of serious drug 

resistance, and the potential from our observations for untreatable gonorrhoea to 

contribute to escalation of the anal cancer epidemic in MSM.  The risk increased with 

multiple infections and there is biological plausibility for the observations. 

 

The Appendix contains two papers I was invited to write.  Appendix 1 was written for 

an international audience interested in human papillomavirus infection and Appendix 

2 was written for a general practitioner audience. The Supplementary material in the 

appendix includes a patent of both a treatment device for the cervix, and another 

treatment device for the anus for treatment of human papillomavirus. As the HPV 

vaccine does not cover all HPV strains, and some individuals are not vaccinated and 
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acquire HPV infection, there is still a need for treatment of HPV infection. 

Consequently progress with the patent of treatment devices to treat cervical and anal 

human papillomavirus is occurring. It has been progressing through the legal system 

and the intellectual property has been assigned to me by the Health Department of 

Western Australia. 

 

 

Conclusions 

Future directions are discussed in Chapter 9 and indicate further research needs to be 

undertaken to understand the clinical observation of high-grade intraepithelial 

neoplasia in warts and the association of genital warts with malignancy.  The possibility 

of low-risk strains contributing to the development of intraepithelial neoplasia in the 

early stages of infection needs to be explored.  The recognition of high-grade 

intraepithelial neoplasia in anal warts has validated the need for surgical removal of 

anogenital warts that may have otherwise been left untreated, hence improving 

clinical outcomes for patients.  Further studies clarifying the natural history of the 

various stages of disease are required.  The timing of disease intervention including 

studies of treatment morbidity including psychological morbidity also need to be 

further studied, as does the morbidity of not providing any intervention.  The 

establishment of a moderate size anal/perianal wart database has established a rare 

world resource which has been recognised, and consequently genotyping studies of 

the database are being performed collaboratively with colleagues at the Institute 

d’Oncologica in Barcelona Spain.  This research work will be of assistance in tailoring 

the human papillomavirus vaccine strains for men. Commercialisation and clinical trials 

of the patented devices are being planned. 

 

Further research is required with larger studies to establish whether conventional 

cytology or ThinPrep cytology is best.  Additional studies are needed to determine 

which swab – Dacron or a cytobrush or another form of swab, should be used to obtain 

the best results.  Anal cytology can be used to screen for high-grade anal intraepithelial 
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neoplasia in larger populations, and screening studies should be promoted in high-risk 

groups.  Whether histology is in fact the gold standard at high resolution anoscopy 

remains to be explored as the detection of high-grade disease depends on the skill of 

the operator. 

 

The unique observation of an association between high-risk human papillomavirus 

infection, and gonorrhoea in HIV-positive men with high-grade anal intraepithelial 

neoplasia and anogenital warts has major public health ramifications for MSM and 

their sexual practices.  Larger studies are required to confirm this association. 
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1. INTRODUCTION TO LITERATURE REVIEW 

This review examines the challenges faced in diagnosis and management of anal 

human papillomavirus (HPV) related infections.  High-risk human papillomaviruses 

(HrHPV)s are associated with the development of genital cancers in men and women 

including those of the cervix, vulva, vagina, penis, anus and oropharynx.1  Human 

papillomavirus is common in the sexually active general population with 1% having 

visible genital warts, and 15% having subclincal infection by colposcopy, cytology or an 

HPV test.2  Anal HPV infection is more common than previously realised, and anal 

cancer and its high-grade anal intraepithelial neoplasia precursors are now recognised 

to be occurring in epidemic proportions amongst HIV-positive men, and MSM, with 

rates still increasing thus driving research further into understanding the epidemiology, 

diagnosis and treatment of anal cancer.  Whilst most infections are likely to remain 

asymptomatic, a significant minority of infected individuals will develop anogenital 

warts, intraepithelial neoplasia (IN) and cancer.  Current HPV vaccination strategies, 

designed to target cervical and genital wart virus infections, have been demonstrated 

to be highly effective in preventing HPV associated disease.3  Vaccination of school age 

boys funded by the Federal government of Australia commencing in 2013 has just been 

announced.  Until the vaccination effects are recognise the clinical services must be 

able to identify those most at risk, and diagnose and treat anal HPV infection for the 

foreseeable future.  Of particular concern are the rising rates of anal cancer in both 

men and women4 and the difficulties raised by the management of anal intraepithelial 

neoplasia.  There is anticipated to be a substantial burden of anal HPV infection in men 

and women due to changed sexual practices over the last few decades, and the HIV 

epidemic. 

 

Despite the success of cervical screening programs, anal cancer screening has not yet 

been adopted.  To date, the natural history of anal intraepithelial neoplasia (AIN) is still 

poorly understood, the rate of progression to malignancy is not known, and treatments 

are still being developed and evaluated.  There is a strong link between anal warts and 

anal cancer.  Previously warts have been considered to be benign lesions, however anal 

cancer is seen to arise from untreated genital warts.  Still less is known about the 

impact of screening and treatment of high-grade anal intraepithelial neoplasia on 
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morbidity and mortality of anal cancer.  It is anticipated that with the introduction of 

screening for anal cancer, that it will be diagnosed at an earlier stage (including 

microinvasion), with a better prognosis, or even better, its precursors will be detected 

and treated, preventing cancer development. 

 

1.1 OVERVIEW OF HUMAN PAPILLOMAVIRUS INFECTION 

Human papillomaviruses occur worldwide affecting humans and the animal kingdom.  

Of the genital types affecting humans there are high-risk (oncogenic) and low-risk 

(non-oncogenic) types.  The high-risk types are linked to the development of low and 

high-grade intraepithelial neoplasia (IN) which are cancer precursors, and cervical 

cancer.  Oncogenic strains of HPV have been found in 99.7% of cervical cancers.5  They 

are also associated with vulval, anal, oropharyngeal and penile carcinoma.  Low-risk 

types are associated with genital warts and low-grade intraepithelial neoplasia.  

Worldwide it has been estimated that 325 million women have either subclinical HPV 

and/or HPV related clinical lesions.5  The proportion with anal HPV infection is still 

unknown as are the numbers of men with anal or oropharyngeal HPV infection, 

however studies in HIV positive men who have sex with men are indicating that HPV 

infection is universal.6 

 

1.1.1 HPV Biology 

HPV is an iscosahedral virion containing an 8000 base pair double-stranded circular 

DNA genome, surrounded by a protein capsid encoded by the L1 gene.  It is difficult to 

culture, requiring raft cells which are a highly specialized, labour intensive technique, 

available at only a few is research centres in the world.  For most researchers and 

clinicians, live virus cell cultures are not available.  Serology is available in a research 

setting and can be used for epidemiological studies, but it is an insensitive test with 

many individuals infected not making antibodies.  The mainstay of virus detection 

therefore, has been detection of HPV either by indirect measures of cellular changes in 

cytology or biopsy samples, or by detection of HPV DNA. 
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Because of the lack of serological or cell culture systems for these viruses, genome 

characterisation has been used for papillomavirus nomenclature and taxonomy.  The 

HPV viruses belong to the Family Papillomaviridae which is classified into 5 

evolutionary Genus groups, Alpha, Beta, Gamma, Mu, and Nu.  The medically 

important types in the genital tract reside in the Alpha genus.  The Mu group is 

associated with palmar and plantar verrucae.  Subtypes and phylogenetic groups of 

variants of HPV have been discovered.  The phylogenetic groups may have unique 

molecular and clinical properties, however very few subtypes have been found.  The 

viruses have been grouped and typed on the basis of the L1 gene that is a major virus 

capsid protein that is well conserved. Within the Alpha group sequence analysis 

subdivides them further into numbered species.  Species have a 30-40% nucleotide 

sequence diversity to members of other species.  They are then further subdivided into 

over 150 different types of HPV of which about 25 different types infect the genital 

tract.  HPV types have a 10-20% genomic diversity to other types.  There is also a 

further clinical classification of types into cutaneous or mucosal, and mucosal types are 

subdivided further into high, intermediate or low-risk based on the ability of the type 

to form high-grade intraepithelial neoplasia (IN) and invasive disease. The HPV types 

that infect the cervical and anal mucosa are in the alpha group and involve species 5, 6, 

7, 9 and 11.  (See Figure 1 Papillomavirus phylogenetics).7  Within a species many of 

the viruses are closely related, for example HPV type 16 is related to HPV type 31, and 

HPV 18 and 45 are also closely related.  Subtypes have 2-10% diversity of their L1 

genes and are quite rare.  To date 189 HPV types in 29 genera have been found and 

Bernard et al have recently published amendments to the taxonomy to allow inclusion 

of the new PV types in reptiles and birds and other non-mammals.8 

 

Variants have less than 2% nucleotide sequence diversity and are isolates of the same 

type.  There is considerable interest in variants possibly being a major cause of viral 

persistence.9  They are often found clustered in ethnic groups in specific geographic 

locations.   The HPV 16 and 18 variants have been the most extensively evaluated, and 

there are 5 continental distinct phylogenetic branches of HPV 16- European, Asian, 

American, and 2 African, that with HPV 18 reflect the immigration patterns of 

population groups that became established.  It is thought the viruses were present 
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very early on in the evolution of mankind.  The reason for the spread of particular 

types compared to others is hypothesized to be related to the efficiency of replication 

i.e. HPV 16 and 18 are postulated to replicate more efficiently than other HPV types.10  

Unexpectedly, vaccination with HPV types 16 and 18 has been found to provide 

additional cross protection with HPV 45 for the Cervarix vaccine,11 and 31 for Gardasil, 

and some lesser protection of some other types for both vaccines.12  The 

consequences of cross protection are being extensively studied and researched 

because of the public health ramifications depending on the choice of a bivalent or 

quadrivalent vaccine.  A nonovalent vaccine has been developed and are being trialled 

and is expected to provide further benefits.13 

 

Figure 1  Papillomavirus- phylogenetics 

Papillomavirus – phylogenetics2
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Figure adapted from de Villiers EM, et al. Virology 2004; 324:17–2714 

 

1.1.2 HPV Replication 

HPV virus maturation is linked to epithelial differentiation and keratinocyte 

maturation, and mature virions are only seen in the superficial cell layers.  No cell lysis 

occurs.  The viral DNA may be episomal or integrated depending on the lesion. 

Infection is thought to occur when a break in epithelial integrity occurs15 and 

establishes in the basal cell layers. It is also naturally enhanced at the base of a hair 
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follicle, or at sites where columnar and stratified squamous epithelium meet.  After 

virus entry there is a period of cell proliferation so there are multiple infected basal 

cells with episomal viral DNA.  The virus first infects the Stratum basale, bottom layer 

of epithelium having entered through a break in the skin, and the early virus proteins 

E1 and E2 are expressed.  With further virus maturation as the epithelium matures, 

early virus proteins  E6 and E7 are also expressed, with late virus proteins L1 and L2 

being expressed in the higher epithelial layers of the Stratum granulosum and Stratum 

corneum.  Virus particles are assembled and released in the top skin layers which are 

then shed.  (See Figure 2. HPV lifecycle in the cervix) 

 

                 Figure 2  HPV lifecycle in the cervix 

 

Figure adapted from Dunn AEG, Ogilvie MM. J Ultrastruct Res 1968;22:282-29516 

 

It is thought the latent form of the infection resides in stem cells in the basal cell layer 

or in the hair follicles and that infection persists for long durations as some of these 

infected cells cycle slowly.15  Basal stem cells replicate producing daughter cells that 

mature and differentiate producing a significant volume of epithelium.  HPV proteins 

interfere with normal differentiation to stimulate increased numbers of cells from the 

basal layer as well as a delay in differentiation.  There are non-productive and 

productive stages of infection.  In the non-productive stage there are a low copy 

number of viral genomes in a steady state which only replicate to keep up with the 
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proliferation of the basal and parabasal cell layers of the epithelium.  Viral genes need 

to be expressed to drive the cells in S phase to develop viral replication above the 

basement membrane.  The productive cycle occurs when a daughter cell subset leaves 

the basement membrane to replicate and differentiate.  In this cycle there is 

amplification of the genome and a higher copy number, and mature virions are 

formed.17  The characteristics of viral load are still not fully understood and some 

forms of wart expression such as plantar warts have much higher viral loads than 

anogenital warts.  Most of the molecular mechanisms of HPV replication have been 

obtained from model systems of observation of bovine and simian papillomavirus DNA 

replication.15 

 

1.1.3 The intracellular mechanism of the E6 and 7 proteins 

The E6 protein in oncogenic HPV facilitates accelerated degradation of the p53 tumour 

suppressor gene of the infected cell allowing reduced apoptosis (programmed cell 

death).  The E7 protein destabilizes the retinoblastoma (RB) protein complex allowing 

increased cell cycling.  The combination of events allows an increase in cell mutations 

to occur to cause increased cell cycling and reduced apoptosis, allowing an increase in 

undetected cell mutations to occur.18  (See Figure 3.  HPV- how it increases the risk of 

cancer.)  HPV cleverly avoids immune detection by having only a low level of 

expression of viral proteins in the cell, as well as not having contact with blood or 

immune cells. I.e. there is no systemic infection. 

 

In humans epithelium of the genitals, mouth and throat can be infected with 

oncogenic and non-oncogenic strains of HPV.  In the female genitals infection can 

occur of the vulva, vagina, cervix and anus, and in males: the penis, urethra, scrotum, 

perianal region and anus, and in both sexes the mouth.19  The anal canal like the 

transformation zone of the cervix is thought to be particularly vulnerable to the 

oncogenic strains of HPV.20  Histologically this is the area where glandular epithelium is 

being replaced by squamous epithelium.21  In women the cervical transformation zone 
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is established during puberty where the columnar epithelium is exposed to the acid of 

the vagina inducing squamous metaplasia. 

Figure 3  HPV- how it increases the risk of cancer 

 

Figure from personal slide set Dr Jenny McCloskey (author). 

 

The actual location varies with age, and in younger women it is usually located on the 

ectocervix and in older women can often be found within the endocervical canal.  

Apart from the cervix, there are similar anatomical sites where transition occurs from 

squamous epithelium to columnar epithelium in the anus and also in the lower end of 

the oesophagus, however maturation of the epithelium with age at these other sites 

has not been described though it is possible hormonal influences may be involved.  

The majority of cervical squamous cell cancers arise in the cervical transformation 

zone.22  Anal cancers can arise either within the anal canal or on the perianal skin, with 

the majority of anal canal cancers thought to arise from the squamocolumnar junction 

within the anal canal.21,23 

 

1.2 ANATOMY OF THE ANAL CANAL 

The anal canal extends upwards and forwards from the anal verge for approximately 

3.8cm (but there is a variation among individuals ranging from 2.5 – 5cm) to the 

rectum.  It can be functionally regarded as that part of the distal gastrointestinal tract 
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surrounded by the internal and external sphincter muscles.24  (See Figure 4.  The anal 

canal).  Histologically the anal canal is divided into the colorectal zone, the transitional 

zone and the squamous zone.25  The stratified squamous component of the anal canal 

is usually 2-2.5 cm in length.26  Rectal mucosa is pale pink, but the mucosa just above 

the dentate line which is a serrated line at the level of the anal valves, is plum coloured 

due to the underlying haemorrhoidal plexus.  Above the dentate line are longitudinal 

folds of mucosa (columns of Morgagni) which form the upper part of the anal canal. 

The transformation zone is variable, but in general extends 10mm (0-20 mm) above the 

dentate line, and anal glands open in this area.  The upper border is highly irregular and 

islands of colorectal crypts and squamous epithelium occur within the transformation 

zone.  A thin rim of squamous epithelium is often present at the upper border.25  

Within the transformation zone are basal, columnar, transitional, cuboidal and 

squamous cells.  Columnar epithelium lies above the transformation zone and below is 

squamous epithelium which extends to the anal verge.27  The reflection of the 

peritoneum is variable and occurs 6-8 cm above the anal verge.24  The anal margin has 

been defined as 5cm from the anal verge onto the perineum.28 

 

The anal canal has three definitions: surgical, anatomic, and histological.  The 

definitions are important as anal margin (external) lesions should be staged as skin 

lesions and internal lesions using the TNM (tumour size, nodes, metastases) 

classification for staging anal cancer:29 

 

Surgical 

The surgical anal canal is the end of the large intestine which begins at the anorectal 

junction at the upper portion of the pelvic floor (where the rectum enters the 

puborectalis sling or anorectal ring) to the anal verge. 

 

Anatomic 

The anatomic anal canal is the region from the dentate or pectinate line (junction of 

the columnar and squamous epithelium in the anal canal) to the anal verge. 

 

Histological 

The histological anal canal extends from the anal valves to the anal verge.  The 
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histology of the anal canal consists of the upper glandular, transitional and then 

squamous epithelium.29 

 

Figure 4  The Anal Canal 
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Adapted from Office Proctology30  Figure from personal slide set Dr Jenny McCloskey (author). 

 

1.3 EPIDEMIOLOGY OF HPV IN THE ANAL CANAL 

1.3.1 Prevalence of warts 

The incidence of genital warts in the general population has risen significantly in many 

countries including the USA, UK and Australia, and New Zealand over the last 20 

years.31-36  Genital warts are not a reportable condition so to obtain high quality 

surveillance at a population level is challenging to say the least.  The prevalence in the 

USA was demonstrated to be higher than previously thought, with women having a 

higher prevalence 7.2% (95%CI 6.2-8.4) than men 4% (95%CI 3.2-5.0%), and with the 

highest rates occurring in women age 25-34.37  The HPV 11 seroprevalence is the USA is 

4.7% and HPV 16 13%, both values of which are likely to under represent the rate of 

infection because of the known false negative rate associated with the serological HPV 
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test.  In the UK the peak rates are recognized to be 794/100,000 in boys age 20-24 and 

767/100,000 in 16-19 year old girls in the UK.38,39  (See Figure 5.  Genital warts in the UK 

1972-2009).  Genital warts have also been found to occur more commonly in women 

with HIV infection than women without HIV infection.40 

 

Figure 5  Genital warts in the UK 1972-200938 

 

In Germany the incidence of genital warts was estimated to be 114/100,000 for women 

aged 14-65 years, with the highest incidence in women 14-25 years (171/100,000) 

attending gynaecologists, and an average cost of €550.2 

 

The incidence of genital warts in Australia was estimated to be 2.19/1000 (95%CI 1.88-

2.49) prior to the onset of the National vaccination programme which commenced in 

2007.41  Additionally a survey of genital warts in 5 Sexual Health Clinics prior to the 

onset of the national HPV vaccination found the median age incidence for genital warts 

was 23.2 years in females and 26.8 years in males, and on average patients had 2 visits 

(range 1-12) related to their genital wart infection.42  Treatment costs in Australia have 

been estimated and are considered substantial ($251 for men and $386 for women).43  

Not only are there economic costs with genital warts, but they have been associated 

with emotional issues that are rated as significant as those associated with a diagnosis 

of high-grade lesions.41 
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1.3.2 Impact of HPV Vaccination 

Two commercial HPV vaccines have become available:  Gardasil (CSL Biotherapies, 

Melbourne Victoria) which is a quadrivalent vaccine containing HPV 6, 11, 16, 18; and 

Cervarix (GlaxoSmithKline) a bivalent vaccine that contains HPV 16, 18.  Trials have 

demonstrated both vaccines to be safe and highly efficacious.44,45 The Australian 

Federal government has subsidised a school based vaccination program with Gardasil 

for girl’s age 12-13 years of age since April 2007, and a catch up program for girls up to 

the age of 26 years since July 2007-December 2009.  The vaccines are licensed in over 

100 countries and vaccination programs with either Gardasil or Cervarix have been 

funded by some governments. 

 

In Australia a national wart surveillance program based on data from Sexual Health 

clinics was established, and there has been a noticeable fall in the number of genital 

warts since the introduction of the quadrivalent vaccine (Gardasil).  A 59% reduction in 

women with genital warts was noticed soon after the vaccination program commenced 

(Figure 6  Impact of quadrivalent vaccine on Australian women)  with a lesser reduction 

in heterosexual men (28%), but no reduction in men who had sex with men (Figure 7  

Impact of quadrivalent vaccination on Australian men).  The reduction in heterosexual 

men has been thought to be due to herd immunity from vaccination of girls.46 (Figure 8  

Herd immunity in heterosexual men as a consequence of the Australian quadrivalent 

vaccination programme for girls and young women).  The Melbourne Sexual Health 

Clinic has seen a dramatic fall in genital warts in women under the age of 21 since the 

commencement of the vaccination program.47  (Figure 9  Dramatic fall in genital warts- 

Melbourne Sexual Health Clinic).  In addition a reduction in high-grade lesions in young 

women in Victoria has been reported.48  Coverage rates for vaccination are reported at 

about 80% for the first dose and 70% for all three doses of vaccination.46 

 

Vaccination of a small group of 602 MSM (16-26years) were randomised to receive 

either the quadrivalent or placebo HPV vaccine.49  A successful outcome was 

demonstrated in this small study which was an offshoot of a larger study which also 

included heterosexual men.  A 74.9% (95% CI, 8.8 to 95.4) reduction in high-grade anal 

intraepithelial neoplasia was demonstrated in the per protocol population and 54.2% 
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(95% CI, 18.0 to 75.3) reduction in the intention to treat population.  The vaccine was 

found to be safe in those vaccinated.  Additionally persistent HPV infection (HPV of the 

same genotype detected on at least two occasions over an interval of at least 6 

months) was reduced by 59.4% (95% CI, 43.0 to 71.4)  and 94.9% (95% CI, 80.4 to 99.4) 

respectively.50  These outcomes are promising however given the wide range of HPV 

types found in men, it is not yet known if the quadrivalent vaccine with the HPV types 

6, 11, 16 and 18 will be sufficient to reduce the high rates of anal intraepithelial 

neoplasia currently being seen, especially in HIV-positive men.  In August 2012 the 

Australian Federal Government announced it will fund Gardasil vaccination of boys age 

12-13 in schools with a 2 year catch up programme commencing in 2013. 

 

 

 

Figure 6  Impact of quadrivalent vaccine on Australian women 

 
Figure from Donovan et al Lancet Infect dis 2011;11:39-4446 
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Figure 7  Impact of quadrivalent vaccination on Australian men 

 

Figure from Donovan et al Lancet Infect dis 2011;11:39-4446 

 

 

 

Figure 8  Herd immunity in heterosexual men as a consequence of the Australian 
quadrivalent vaccination programme for girls and young women. 

 
Figure from Donovan et al Lancet Infect dis 2011;11:39-4446 
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Figure 9  Dramatic fall in genital warts- Melbourne Sexual Health Clinic 

 
 Figure from Read et al Sex Transm Infect 2011;87:544-54747 

 

1.3.3 Anal/perianal warts 

Perianal/anal warts are not reported separately to other genital wart sites in clinics so 

it is difficult to obtain estimates of their prevalence.  In addition, when people present 

with perianal warts, clinicians often do not examine for the presence of anal warts so it 

is likely anal wart prevalence is underestimated.  Anal/perianal warts are discussed in 

greater detail in Section 1.4.  Prevalence data for anal warts in the general population is 

almost non-existent, but there is limited data from some sub-population studies which 

are subject to considerable ascertainment biases.  Anal warts have been found to be 

common in HIV-positive and negative MSM.  In a rural cross-sectional study of MSM in 

the USA, anal warts were detected in 15%.51  In a longitudinal cohort study of 

MSM/BSM 29% of HIV-positive men and 9% of HIV-negative men had anal warts; 

however HPV testing using a limited probe set detected HPV in 61% HIV-positive men, 

and 17% HIV-negative men suggesting subclinical HPV infection is more common than 

clinical warts.52  Further discussion is provided in section 1.3.5.  In a community based 

study of MSM in Slovenia undergoing proctoscopy, 47% had anal warts.53  Anal warts 

appear to be more common in HIV-positive individuals with 18-35% reported to have 

the infection.54-56 
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1.3.4 Risk factors for anal warts and HPV 

Risk factors for genital warts include the number of sexual partners, current cigarette 

smoking, a history of sexually transmissible infections, the oral contraceptive pill and 

immunosuppression.57  The risk factors for anal HPV infection are essentially the same 

as for anal warts and associations with anal sex, number of sexual partners, cigarette 

smoking and HIV infection have been found.20  Despite the recognition of risk factors 

for anal HPV infection and warts, studies have been unable to determine whether 

there is a causal relationship between the risk factors and disease development. 

 

Palefsky in a study published in 1998 which compared HIV-positive to negative men 

found an association of HPV with lifetime rectal drug use (RR 1.4; 95%CI 1.1-1.7), 

lifetime anal sex (low RR 1.3; 95%CI 0.97-1.7, medium or high RR 1.5; 95%CI 1.1-2.1, p 

trend positive 0.03), and lifetime rectal discharge  RR 1.3; 95%CI 1.0-1.7).6  Chin-Hong 

in a large cross-sectional study found that in males being HPV positive was associated 

with a history of anal sex and the number of sexual partners in the preceding 6 

months.58  Studies of partner number have not had standardised measurements and 

Breese found HPV infection occurred with increasing numbers of lifetime sexual 

partners in a cohort study.56  Miloševič found the number of HPV types detected was 

related to the lifetime number of sexual partners and the use of oral nitrites.53  Risk 

factors in Nyitrays’ study associated with HPV detection were younger age (18-30) 

compared to age (45-70) OR 0.2; 95%CI 0.04-0.94, and a larger number of male 

partners (≥2 vs 0) OR 4.99; 95%CI 1.46-16.97.  Lack of condom use was associated with 

a 6 times higher rate of detection of anal HPV.59  Receptive anal intercourse was also a 

risk factor in his study.59  Nyitray also studied anal HPV in 222 heterosexual men who 

denied any sexual practice with other men.  He found the overall prevalence of anal 

HPV to be 24.8% and risk factors associated with this infection were lifetime number of 

female sexual partners and sexual frequency in the preceding month.60  Of the men 

with anal HPV 33.3% had infection with an oncogenic strain.60 

 

Positive syphilis serology has been found to be associated with HPV detection in one 

study of HIV-negative MSM.61  Conversely Chlamydia has been found more commonly 

amongst those without HPV DNA detection in a study by Kiviat.62  Current cigarette 
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smoking has been linked to persistence of anal HPV infection in MSM PR 1.73; 95%CI 

1.19-2.50.63 

 

1.3.4.1 HIV 

HPV has been linked to acquisition of HIV however HIV may conversely promote the 

transmission of HPV.64  HIV infection is associated with HPV infection.65  Low CD4 

counts have been associated with HPV detection,6,61,65 with one study showing a 

relationship with falling CD4 counts,56 and another with advanced HIV infection (CD4 

<200cells/mm3) and also with current cigarette smoking.66  High-risk types are more 

common identified in those with lower CD4 counts.52  One hypothesis is that advancing 

HIV immunosuppression allows reactivation of HPV and increased replication of 

oncogenic HPV with subsequent epithelial abnormality development.61  Kiviat also 

found association of anal squamous abnormality with CD4 counts less than 500, OR2.9 

(95%CI 1.4-6.2).65  In addition, being HIV positive is associated with multiple HPV types 

and persistence of HPV infection (See Section 1.3.6.1  Infection with multiple HPV 

genotypes). 

 

Kiviat62 in a study of HIV-positive and negative MSM in Seattle found an association of 

HPV positivity with HIV positivity and a history of genital warts OR3.3; 95%CI1.1-9.8, 

but no association with other STI’s (gonorrhoea, chlamydia and syphilis). 

 

1.3.5 HPV prevalence 

1.3.5.1 Prevalence related to sexual preference and HIV status 
MSM have high rates of HPV in the anal canal (47.2-88.9%; pooled 63.9% (55.2-72.6) 

and HIV-positive men have even higher rates (74.6-97.7, pooled 92.6 (90.8-94.5)%).67,68  

Anal HPV infection is almost universal in HIV-positive MSM.6,68-70  Rates of anal HPV 

have been consistently demonstrated to be higher in HIV positive men compared to 

HIV-negative men,6,61,65-67,71-73 and in studies that compare HIV-positive to negative 

men, HPV has been associated with HIV infection.  (See Table 1.  Studies reporting HPV 

prevalence by risk group, HPV test and HIV status).  Compared to men in the general 

population the prevalence of HPV in HIV -infected men is 60 times higher.74  Detection 

18 
 



of HPV is not currently standardised so there is variation in HPV detection across 

studies depending on the method of detection and sampling used, as well as the 

population being studied.  Interestingly more recent publications have higher 

prevalences of high-risk HPV types than earlier studies even when controlled for the 

number of HPV types tested for.68  Anal HPV infection in MSM is generally at least 

twice as high as men who have sex with women.59  HPV detection has been found to 

be higher in the anal canal than on the perianal skin or penis.56 

 

1.3.5.2 Anal HPV in heterosexual men 

Even heterosexual men who deny ever having had anal sex have been found to have 

anal canal HPV infection in 24.8%.60  Nyitray published one of the first studies of HPV in 

253 heterosexual men.  The risk factors associated with anal HPV infection in 

multivariate analysis were lifetime number of sex partners 11-20 compared to 1-5 OR 

3.66; 95%CI 1.06-12.6, and sexual frequency 2-4 times per month compared to 0-1 

times per month OR 3.89; 95%CI 1.03-14.63.60  In a more recent study by Nyitray in a 

general population sample he found a lower anal prevalence of 12.2% in 1305 

heterosexual men, and that the HPV genotypes isolated in the anal canal tended to 

reflect the type at other genital sites.59  Risk factors for anal HPV infection in men who 

had sex with women were lifetime number of female sex partners OR 2.85; 95%CI 1.44-

5.67 for ≥10 women compared to 0-2, duration of relationship >10 years vs <1 year 

OR2 9; 5%CI 1.05-3.80, and history of hepatitis B diagnosis OR 4.64; 95%CI 1.60-13.46.59  

Sirera found a much higher anal HPV prevalence of 68%; 95%CI 45-86, but this was 

from a small sample size of only 22 HIV-positive men who have sex with women, but 

the findings suggest that like MSM, the rates may be higher for HIV-positive men who 

have sex with women.75  Despite the rates of HPV being increased in men who have sex 

with women, the same increase in anal cancer has not been observed, and this is 

postulated to be due to the relatively rapid clearance rate of over 50% of HPV types by 

6 months, however other factors may also be involved.63  An extensive literature 

review has found studies of anal sex practices in both MSM and heterosexuals to be 

sparse with a lack of population data and mainly only reporting lifetime incidence and 

prevalence, but overall concluded that anal sex was common in both MSM and 
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heterosexual populations.76  There is also a sparsity of literature on the mode and 

significance of transmission with other sexual practices such a digital or oral 

transmission.77  The difference in epidemiology of HPV between men and women is not 

clearly understood, but may be related to local anatomy, the number of new partners 

over time, or to disease resolution. 

 

Despite HPV rates being high in MSM the rates in the anal canal appear lower in a 

predominantly heterosexual population with a prevalence rate of 31/347 (8%) having a 

single HPV infection and 8/386 (2.1%) having multiple HPV types.  In this cohort 

published by Nielsen 3.9% had a single high-risk HPV and 0.5% multiple high-risk 

HPV’s.78  Low-risk HPVs occurred as a single HPV infection in 6% and multiple in 1.3%.  

Multiple HPV infections were seen in 22.9% of men in of this cross sectional study with 

infection being more commonly seen on the penile shaft (18.7%) the glans/corona 

(12.8%) and scrotum (7.3%), than the anal canal.78  An independent association was 

seen with current cigarette smoking (>10/day), detection of overt warts, and increasing 

number of lifetime female partners.  In general in men who have sex with women, 

multiple type infection is less common than MSM, and lower rates of HPV infection are 

seen, and high-risk HPV infection is less frequent. 

 

1.3.5.3 Anal HPV in women 

HIV-positive women are more likely to have anal HPV infection (76%) with the rate 

being approximately double that of HIV-negative women; and anal infection has been 

found to be more common than cervical infection.79,80  Hessol’s compared HIV infected 

and non-infected women, and found that HPV was much more common in the anal 

canal (80%) than on the cervix (45%).81  Palefsky also compared rates of anal to cervical 

infection in 200 women and found that anal HPV infection was more common in both 

HIV-positive women (79% versus 53%) and HIV-negative women (43% versus 24%).  

Risk factors in multivariate analysis were having cervical infection RR 1.3; 95%CI 1.1-

1.4; and CD4<200mm3 compared to counts >500/mm3 RR1.4; 95%CI 1.1-1.5.  Reduced 

risk was seen for those over 45years of age compared to <36 years RR 0.80; 95%CI 

0.50-0.99, and African-American compared to white RR 0.86; 95%CI0.72-1.0.80  

Palefsky found HPV 16 was the most common anal HPV type detected, followed by 
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type 58, 53 61 and 18 in those with HIV, however cervical and anal HPV isolation was 

different at both sites with simultaneous sampling in most women.80 

 

1.3.5.4 Natural history of HPV in the anal canal 

The natural history of anal HPV infection is not yet well understood. Cofactors for 

persistence of HPV infection and general population studies are sparse, and even 

though infection appears linked to anal sexual intercourse, infection in the anal canal 

has been found in heterosexual men who deny such activity.60  Part of this is due to the 

fact that cancer registries do not routinely collect data on sexual preference.59  In 

women there is a peak prevalence of HPV in the cervix (age 25-34), but in HIV-negative 

MSM there is no such peak, with constant rates of infection occurring over all age 

groups in Chin-Hong’s cross –sectional EXPLORE study of 1262 HIV-negative MSM age 

18-89 years, 57% had HPV infection.58  Vadjic similarly in a cross-sectional small study 

of MSM in Sydney found no reduction with age.82  Nyitray conversely found a reduction 

in HPV prevalence with age when they stratified by number of sexual partners in the 

prior 3 months.  The reasons for the difference between the anal canal and the cervix 

are not fully understood but may be due to continued sexual exposure over time, or 

possibly due to increased exposure from a higher number of partners when compared 

to women where the prevalence reaches a peak at the age of 25.  Another hypothesis 

is that clearance of HPV from the anal canal may be slower with increased age.  

Infection with multiple HPV types may also be a reason for reduced HPV clearance, the 

body finding it harder to deal with an increased infection burden. 

 

De Pokomandy et al performed a cohort study to investigate acquisition and loss of 

HPV in HIV-positive MSM (Figure 10).67  In this study the follow up was at 6 monthly 

intervals for 3 years.  At baseline 99.7% of the participants were HPV positive.  The 

commonest HPV types were HPV 16 (38%) and HPV 6 (35%).  And the incidence rate for 

HPV-16 was 10.8 cases/1000 person months (95%CI 8.0-14.7); for HPV 52 10.8 (95%CI 

8.2-14.1) and HPV 53 9.8 (95%CI 7.4-13.0).67  At 3 years the cumulative incidences were 

approximately 30%. 
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Figure 10  Clearance rates and cumulative incidence of HPV 16, 18 & 6 

 
 

Clearance rates for HPV 16 were the slowest with a mean retention time of 36 months 

in de Pokomandy’s study.67  Critchlow prospectively recorded the clearance and 

acquisition of HPV in HIV-positive men and found that only a small percentage of HV-

positive men became negative with follow-up (13%) (1860 days).83  Nyitray has looked 

at the 6 month incidence and persistence of HPV in MSM and men who have sex with 

women.  He found the incidence of anal HPV was higher in MSM compared to men 

who have sex with women and that persistence of anal HPV 16 was 5.1% for MSM 

compared to 0% in MSW at 6 months.  However persistence of any HPV type was 

32.1% of MSM and was considerably lower in MSW (4.2%).63  In addition he found the 

proportion of MSM with oncogenic genotypes was higher for MSM than MSW 16% vs 

1.6%.  The persistence was not related to age or number of sexual partners but to 

number of multiple infections.  Persistence for HPV 16 was highest amongst MSM for 

HPV 16 and HPV 6.63  Of those with prevalent HPV 16 27% of MSM cleared the infection 

within 6 months compared to 100% of MSW.63  Chin Hong has also found high rates of 

HPV 16 persistence in MSM at 6 months (74%) as well has high rates of HPV 6 

persistence (70%).58  Unlike women where persistent HPV infection occurs in less than 

5% the reason for longer HPV persistence in the anal canal is not understood but 
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theories include organ specific differences, sexual behaviour differences (new 

exposures accounting for the higher prevalence in men over time), and hormone 

differences.  It has also been put forward that lifelong immunity to HPV in the anal 

canal may not occur.58  One of the hypotheses for longer duration of infection, is 

infection with multiple HPV types.78 

 

1.3.6 Anal HPV genotyping studies 

Studies are emerging on anal HPV genotypes as interest in research is shifting from 

cervical cancer and HPV, to anal cancer and HPV in men and women.  Anal canal 

infection with multiple HPV types appears common (See Table 1 Studies reporting 

prevalence by risk group, HPV test and HIV status).  Many HPV tests including PCR and 

Digene HC2 testing have been used.  Over time, newer tests allowing for a larger range 

of HPV tests to be examined for have become available with panels that include both 

high-risk and low-risk types. 

 

HPV 16 is the commonest high-risk HPV type detected using high risk probes in many 

studies.6,56,58,68,82  In Palefsky’s study of MSM the most common HPV type detected 

was HPV 16,6 but he also found a wide range of HPV types detected with no difference 

in the types detected between HIV-positive and negative men.6  Other researchers 

have also found HPV 16 to be one of the most commonly isolated high-risk HPV types 

isolated.  Breese56 similarly found HPV 16/18 to be most common high-risk HPV types 

detected.  Vadjic in a cross-sectional community study of MSM found that one third 

had HPV 16 detected.82  A recent meta-analysis found the pooled prevalence of HPV 16 

to be 35% (32.9-37.9) in HIV-positive MSM, incidence 13% (9.6-17.6), and clearance 

14.6 (10.2-21.2) per year.  The pooled prevalence was lower in HIV-negative MSM 

12.5% (9.8- 15.4), incidence 11.8 (9.2-14.9) and clearance 5.8 (1.9-13.5) respectively.68 

 

De Pokomandy found the highest incidence rates were for HPV 16, 52 and 53, and a 

cumulative incidence at 36 months of 30%.67  The most common genotypes found 

were HPV 16 (38%), HPV 6 (35%), HPV 42 (29%), HPV 18 (25%), HPV 11 (23%), HPV 52 

22%, HPV 45 (21%) and HPV 84 (21%).67  The most common HPV genotypes in Chin-

Hongs EXPLORE study of HIV-negative MSM were HPV 16, 6, 11, 53, and 18.58
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Table 1 Studies reporting HPV prevalence by risk group, HPV test in HIV positive men 

Studies in HIV positive men who have sex with men 
Author Number in study Risk group HPV test %HPV 
Breese52 1995 93 MSM dot filter hybridization for 7 types 61 

Critchlow71 1992 26 MSM Southern Blot 31 

Caussy61 1990 43 MSM Dot Blot 53 

De Pokomandy67 2009 247 MSM HPV PGMY09/11 PCR 97.9 

Damay84 2010 67 MSM Papillomacheck (PCR for 24 HPV types) 74.6 

Gao85 2010 50 73%MSM PCR for 26 types, bead assay 96 

Kiviat65 1993 285 MSM Southern transfer hybridisation  55 

Kiviat65 1993 285 MSM PCR  92 

Miloševič53 2010 20 MSM Roche Linear Array 95 

Palefsky61998 289 MSM PCR 29 types & 10 grouped types 93 

Palefsky61998 289 MSM Digene HC2 87 

Palefsky6 1998 346 MSM PCR 93 

Palefsky66 1994 37 MSM DNA hybridisation 51 

Sirera75 2006 52 MSM PCR for 15 types 78 

Sirera75 2006 22 MSW PCR for 15 types 68 

Vajdic 822009 123 MSM Digene HC2 94 

Vajdic 822009 36 MSM Roche Linear Array 97 
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Table 2 Studies reporting HPV prevalence by risk group, HPV test and HIV status continued  
Studies in HIV negative men who have sex with men  

Author Number in study Risk group HPV test %HPV 

Breese52 1995 116 MSM dot filter hybridization for 7 types 17 

Caussy61 1990 64 MSM Dot Blot 29 

Chin-Hong 200486 1218 MSM PCR and dot-blot for 39 types 57 

Critchlow71 1992 119 MSM Southern Blot 8 

Gao85 2010 528 73% MSM PCR for 26 types, bead assay 59 

Goldstone87 2011 602 MSM Digene HC2 (+low-risk) 42 

Kiviat65 1993 204 MSM Southern transfer hybridisation 23 

Kiviat65 1993 204 MSM PCR 78 

Miloševič53 2010 106 MSM Roche Linear Array 75 

Nyitray59 2011 176 MSM PGMY 09/11 PCR 37 HPV types 47.2 

Nyitray 2011 1305 MSM PGMY 09/11 PCR 37 HPV types 12.2 

Palefsky61998 200 MSM Digene HC2 37 

Palefsky6 1998 262 MSM PCR 61 

Palefsky66 1994 28  MSM DNA hybridisation 36 

Vajdic 822009 193 MSM Digene HC2 70 

Vajdic 822009 93 MSM Roche Linear Array 94 

Studies in women 

Palefsky80 2001 252 Women PCR 76 

Palefsky80 2001 68 Women PCR 36 
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In a study of 602 (mean age 22years) HIV-negative MSM to evaluate efficacy of the 

quadrivalent HPV vaccine, a significant proportion were found not to be infected with 

any of the vaccine HPV types (69.7%) at enrolment.  Of those infected, 21% were 

positive to one of HPV type of HPV 6, 11, 16, or 18, 7.6% to two of the vaccine types, 

1.1% to 3 of the HPV vaccine types and 0.2% for all of the vaccine HPV types.  Detection 

of the vaccine types was more common in the anal canal (25.2%) than other genital 

sites tested, followed by the perineal/perianal area (19.2%).87  HPV types 6, 11, 16 and 

18 were the most common HPV types isolated in the community based study of MSM 

in Slovenia by Miloševič with 53% of genotypes being classified as high-risk or probable 

high-risk, 33% low-risk and others unknown genotypes.53 

 

In a large city study of predominantly MSM in China (8.5% HIV-positive) multiple HPV 

types were detected in 47%, and the most common HPV types identified were HPV 6 

(19%), HPV 16 (13%), HPV 52 (8.5%), and HPV 11 (7.6%).85  A recent study by Goldstone 

of HIV-negative MSM found 70% were negative to the quadrivalent vaccine types (HPV 

6, 11, 16, 18) and that HPV was detected less commonly in the perianal area (33%), 

penis (19%) and scrotum (17%) compared to the anal area (42%).87  Damay’s study of 

HIV positive MSM (n=67) found a high proportion of the men had a high risk HPV 

infection (69%), and the most common HPV types identified were HPV 44/55(19.4%), 

HPV 53 (19.4%), HPV 16 (16.4%), HPV 39(16.4%), and HPV 42 (14.9%) which is a 

different distribution to other researchers with HPV 44/55 being the most common.84 

 

There are very few studies of HPV genotypes in the anal canal of heterosexuals.  

Niytray has tested 253 heterosexual men using a probe for 37 different HPV types.  

Oncogenic types were found in 5.9%, and non-oncogenic types in 13.1% in the anal 

region, however the prevalence at all genital sites (glans, shaft, urethra, semen, scrotal, 

anal, perianal) was 71.2% (36.0% oncogenic).  Within the anal canal 5.4% had an 

oncogenic HPV type (HPV 16 0.9%, HPV 18 1.4%, HPV 52 0.9%) and 9% non-oncogenic 

types (HPV 6 0.9%, HPV 11 0%, HPV 68 2.3%, HPV 84 1.4%, HPV CP6108 2.3%).  This 

latter group could be mixed with high-risk types.  HPV 68 and HPV CP6108 (a newly 

identified HPV) were the most commonly detected HPV types at anal sites.  

Concordance of the anal HPV detected and other genital sites was only 34.4%.  Some 

HPV detected at the anal site was unclassified 6/16 (37.5%).60  Larger studies in 
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different geographic locations need to be performed to gain a greater understanding of 

anal HPV infection.  Moscicki in a study of adolescents with high-risk sexual behaviour 

found a prevalence of HPV in 48% of HIV-positive boys and 36% HIV-negative boys, and 

59% HIV-positive girls and 13% HIV-negative girls.88  Perianal warts were a risk factor 

for anal HPV infection in boys OR 15.5 (95%CI 1.6-149) and girls OR 2.3 (95%CI1.3-

20.6).88 

 

1.3.6.1 Infection with multiple genotypes 

Unlike the cervix, it appears that infection with multiple HPV types synchronously 

appears common in the anal canal, with even more types being detected in 

immunosuppressed or HIV infected men with low CD4 counts.89,90  

Immunosuppression is also associated with increased viral load, persistence of HPV 

infection and with more HPV types in infections. 

 

Palefsky found that 73% of HIV–positive MSM had one or more HPV types which were 

significantly more than HIV-negative MSM in whom only 23% had multiple type 

infection.  The mean number of HPV types in the HIV-positive men was 3.4 and was 

not related to the CD4 count, and was significantly higher than for the HIV-negative 

men in whom the mean number or HPV types was 1.9.6  In a different study of men 

and women Palefsky found the mean number of HPV types has been found to be 

higher in HIV-positive men than women.80  Multiple type infection was extremely 

common in a further study with 88% having more than one HPV type and 42% having 

more than 6 types.69  Similarly Miloševič found the median genotype number (5) to be 

higher in HIV-positive men than HIV-negative men (2).53 

 

In a study by de Pokomandy of HIV-infected MSM, multiple HPV types were common 

(91%) and the median number of HPV types was 5 (range 0-18).67  The median number 

of high-risk HPV types was 3 (range 0-12).67 

 

In a study by Gohy of anal swabs in HIV-positive men with intraepithelial neoplasia, 

58% of the biopsy samples had multiple genotypes, with more HPV types being 
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detected in high-grade intraepithelial neoplasia compared to low-grade intraepithelial 

neoplasia.91  The method of detection was relevant with more HPV genotypes detected 

with a Dacron swab than in histopathological material.91  In a small number of HIV-

positive MSM Damay found 57% had mixed infection with 2-9 types with a median 

infection number of 3.84  Kiviat’s study found 73% of men had more than one HPV type, 

and on average HIV-positive men were infected with 3 types which was significantly 

more than 1.9 HPV types in HIV-negative men, but was similar to the findings by 

Damay.65 

 

1.3.7 HPV genotypes types in warts 

Condyloma acuminatum are generally regarded as a benign condition, caused in the 

main by low-risk HPV types 6 & 11.92,93  Gissman published in 1983 a study using a Blot 

hybridisation technique with probes for only HPV 6 and 11 and found HPV 6 in 41/63 

and HPV 11 in 13/63 wart samples.92   Work published by Gross et al in the early 80’s 

HPV land marked the importance of HPV 6 and 11 in genital warts.  HPV 6 was found in 

37 of 59 samples and HPV 11 in 13 of 59 samples, and HPV 16 was not detected at all.  

However only 14 of the 130 samples were from the anal region.93   

 

As HPV testing evolved studies looked for more HPV types, but the probes were quite 

restricted compared to the technology available today.  Southern blot HPV DNA testing 

of exophytic condyloma acuminata using probes for HPV 6, 11, or 16 found HPV 6 in 28 

of 39 HPV positive lesions, 8 contained HPV 11 and HPV 16 was detected in 3.  The 

researchers noted high-risk HPV 16 was found more commonly than expected in 

immunosuppressed individuals.94  Since the advent of a vaccine to prevent warts, 

larger genotyping studies with more sensitive HPV tests have been performed and 

have confirmed earlier work that the most common HPV types in warts are HPV 6 and 

11, however mixed infection including with high-risk types was found in up to 34%.95,96  

Contrary to previous beliefs, infection with more than one type including high-risk 

types occurs relatively commonly (35%) especially in immunosuppressed patients,97,98 

and co-infection with other low-risk viruses or high and low-risk viruses may occur.17  
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Multiple HPV type infection has also been previously reported in warts in HIV 

infection.89,90  

 

In a review by Giuliano99 of HPV DNA prevalence and type distribution in warts 'Any 

HPV' detection ranged from 8-100%, HV6/11 ranged from 54- 100%.  'Multiple HPV' 

detection ranged from 3-22% of immunocompetent individuals and from 4-100% in 

immunosuppressed patients.  Study numbers were quite small ranging from 26-175.99  

Immunosuppression is also associated with increased viral load, persistence of HPV 

infection and with more HPV types in infections.  Conversely non-oncogenic HPV is 

rarely found in anogenital cancers,100 but low-risk types have been reported in vulval 

and anal carcinomas.17  Another small study examining 39 specimens (12 women, 27 

men) found the HPV 6 prevalence to be 94% and HPV 11 8%, with multiple HPV types 

in fifty per-cent.101  The number of multiple types is much higher than previous 

publications.  In immunosuppression there appears to be an increase in the prevalence 

of HPV 11, as well as an increase in the number of HPV types including high-risk types.  

This early work by Brown used a PCR that detected 27 HPV types and studied 65 

biopsies.  He found mixed low and high-risk HPV infection in over 50% of samples from 

non-immunosuppressed individuals, and in all of those who were 

immunosuppressed.102  After HPV 6 and 11 Brown found that HPV types 53 and 54 

were the most common low-risk types detected.89  Limited data suggest that HPV 11 

accounts for about 8-30% of warts worldwide.103  In children HPV 2 has also been 

found in genital warts,17 however current HPV genotyping probes in adults do not 

include HPV 2.  A larger study by Aubin in France (260 men, 256 women) similarly 

found HPV 6 and 11 to be the most common genotypes in warts amongst men and 

women in a study using cytobrush sampling to collect HPV DNA.95 

 

In summary, research of genital warts mainly occurred in the early 80’s when the 

definitive papers were published.  Since then, there have been a few small studies and 

a dogma has been purported that 90% of genital warts contain only HPV 6 and/or 11, 

without recognition of more recent research that demonstrates the presence of 

multiple types of HPV in warts including high-risk types.97,101,102  It has only been in the 
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last few years that the early research has been substantiated with larger studies, which 

in addition to demonstrating HPV 6 and 11 are the most common HPV types in genital 

warts, also demonstrate that mixed infection also occurs in a significant proportion of 

patients.  Because low-risk types are found only rarely in cancers, any role in them 

contributing to the process of oncogenesis has been ignored.  Early research looked 

mainly at either high or low-risk types rather than all types, and in many of the early 

studies HPV type 6 and 11 were combined.101  In addition earlier studies used relatively 

insensitive tests and a more limited range of probes compared to what is currently 

available.  There is developing interest in the HPV genotypes found in warts since the 

advent of HPV vaccination with the quadrivalent vaccine containing low-risk HPV types 

found in warts.  Research is progressing to understand the complete role of the clinical 

spectrum of all the HPV types, while at the same time vaccines containing a larger 

number of HPV genotypes are being developed. 

  

30 
 



1.4 ANAL CANCER 

There are many kinds of anal cancer.  Squamous cell carcinoma is the commonest 

(85%) and is twice as common in women as men, but the incidence is much higher in 

HIV positive men.104  A recent cancer registry study in the United Kingdom has shown a 

126% increase in women comparing the time periods 2006-2010 to 1990-194; whereas 

in men the increase was only 69% with the male to female ratio being 10:18.105  Other 

types include basaloid, adenocarcinoma, melanoma, sarcoma, sarcomatoid carcinoma, 

small cell neuroendocrine tumour, lymphoma, and metastases from another primary.  

Cancers of the perianal skin and those of the anal canal have different outcomes.106  

The perianal lesions can be treated by surgical excision (5 year survival rate 80%) 

whereas the internal lesions are treated by chemoradiotherapy.106  This review focuses 

on cancer of the anal canal. 

 

1.4.1 Epidemiology of anal cancer 

Anal cancer is a rare disease representing about 4% of lower gastrointestinal tract 

cancers, and is far less common than colorectal cancer which is the third most 

commonly diagnosed cancer in the USA.  Amongst genital cancers it is less common 

than cancer of the cervix, mouth or oropharynx.  (See Table 3  HPV attributable cancer 

in 2002).  The epidemiology of anal cancer is less well understood than cervical cancer 

which is the second most common cancer of women worldwide with 83% of cases 

occurring in the underdeveloped countries.104 

 

Anal canal cancers need to be differentiated from anal margin cancers which have a 

different epidemiology.106  The observations of clinicians in a New York hospital that 

there was an increase in anal cancers, and a fall in anal margin cancer denoted the 

emergence of a new risk group (MSM, BSM or men with a history of anal warts) for 

anal cancer.107  In the USA the general population incidence is approximately 

2/100,000,108 historically affecting women more than men, however with the advent of 

HIV that pattern is changing, and over the last 50 years there has been a marked 

increase in the incidence of anal cancer.109  Anal cancer rates are higher amongst HIV-

positive men and women, MSM, immunosuppressed patients, IVDUs, transplant 

recipients, and women with a history of cervical intraepithelial neoplasia or cancer.110 
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Table 3  HPV infection-attributable cancer in 2002:  

developed & developing countries 

Developed countries Developing countries

Site Attrib to 
HPV, %

Total 
cancers

Attrib 
to HPV

All 
cancer, 

%

Total 
cancers

Attrib 
to HPV

All 
cancer, 

%
Cervix 100 83,400 83,400 1.7 409,400 409,400 7.0

Penis 40 5,200 2,100 0.0 21,100 8,400 0.1

Vulva/ 
Vagina

40 18,300 7,300 0.2 21,700 8,700 0.2

Anus 90 14,500 13,100 0.3 15,900 14,300 0.2

Mouth 3 91,100 2,700 0.1 183,000 5,500 0.1

Orophar. 12 24,400 2,900 0.1 27,700 3,300 0.1

All sites 5,016,100 111,500 2.2 5,827,500 449,600 7.7

Parkin, DM. Int J Cancer 2006; 118:3030–3044.  

Figure from EXCCEL Experts in Cervical Cancer Education and Leadership  slide teaching program111 

 

From 1973-1979 (rate 1.06/100,000) the rate has doubled to 2.04 and 2.06 for men and 

women respectively in the years 1994- 2000.108   Overall, the rates of anal cancer are 

higher in women than men in most countries, and the incidence is rising in both sexes, 

however MSM, or HIV infected men have the highest rates.  (See Figure 11  Age 

standardised (World) incidence rates of anal cancer by histological subtype and sex in 

selected cancer registries circa 1993-1997104). 

 

In the antiretroviral (ART) era 1996-2006 the rate amongst HIV-positive MSM is even 

higher at 137/100,000 (95% CI 84-224) compared to the preART era 1984-1995 where 

the rate was estimated as 30/100,000 (95%CI 13-66).112  The incidence has been 

calculated to rise from 0.6 in the pre HIV era (1973-1981), to 0.8 in the HIV era (1982-

1995), to 1.0 in the ART era (1996-2001).113  The standardised rate ratio for anal cancer 

incidence in the HIV infected population compared to the general population has been 

calculated to be 42.9 (95% CI 34.1 – 53.3).  In the last 30 years in the USA, analyses of 

the National Cancer Institute's Surveillance, Epidemiology and End Results (SEER) 

Program have found been significant increases in anal cancer in men (160%) which is 

double the rate in women (78%).108,114 
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Figure 11  Age standardised (World) incidence rates of anal cancer by histological 
subtype and sex in selected cancer registries circa 1993-1997 

 

 

These increases in men are considered to be of epidemic proportions are occurring in 

MSM (MSM) and HIV-positive men.112  The rate in HIV-positive compared to HIV-

negative MSM is 5.1 times higher (95% CI 2.1-12.6).112  The risk has been found to be 

even higher in those with a diagnosis of AIDS, and in the time period leading up to a 

diagnosis of AIDS.114  Silverberg in the USA in a large study of 13 cohorts comprising of 

34,189 HIV-positive (55% MSM, 19% other men, 26% women) and 114,260 HIV-

negative individuals (90% men) found the rates to be 131 for HIV-positive MSM and 46 

for other HIV-positive men, and 2 for HIV-negative men.115  In HIV-positive women 

they found the rate to be 30/100,000 and found no cases in HIV-negative women.115  

Women with HIV have a 7-28 times greater risk of developing anal cancer than men.81  

Other researchers have estimated the anal cancer incidence in HIV-negative MSM to 

be 5/100,000.68  Amongst non-AIDS defining cancers such as vaginal cancer, Hodgkin’s 

lymphoma, liver and lung cancer, melanoma and oropharyngeal and colorectal cancer, 

the rates of anal cancer are highest.116  There is also additional evidence that anal 

cancer develops faster amongst HIV-positive individuals.112 

 

The stage of anal cancer at diagnosis has been carefully examined in the USA, and 

most of the diagnoses were in an in situ or local stage, except for Asian Pacific 
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Islanders who were more likely to have metastases, and less likely to be HIV-infected.  

Cases of AIN 3 were not included in the ‘in situ carcinomas.”  Increases of invasive 

cancer have been estimated to be 3% per year for whites, 3.8% for blacks, and 4.5% for 

men under the age of 50 years of age.117  The increase has been partially ascribed to 

men with HIV living longer on treatment.118  (See Table 4  Incidence of cancer in various 

population groups, author and year of publication). 

 

Table 4  Incidence of anal cancer in various population groups, author and year of 
publication 

Author Year Population Anal cancer 
incidence/100,000 

Daling119  1987 MSM 35 

Melbye114 1994 MSM with AIDS 84.1 

  MSM 37.7 

D’Souza112 2008 HIV +ve MSM 60 

  AIDS diagnosis 137 

Silverberg115 2012 HIV +ve MSM 131 

  HIV +ve non MSM 46 

  HIV -ve men 2 

  HIV +ve women 30 

Machalek*68 

 

2012 

 

HIV –ve men 

HIV +ve men HAART era 

5 

80 

*This is a metaanalytic study 

 
Similar increases in anal cancer have been observed in other countries.  In Denmark it 

was noted that anal cancer was constant during the period 1943-1957 in men and 

women, but increased by one and a half times in men and 3 times in women after that 

period, with the greatest changes noticed in the capital city Copenhagen.  The rise in 

men and women occurred before the onset of the HIV epidemic suggesting factors 

other than HIV are causal.  Cigarette smoking and sexual behaviour changes, and 

transmission of HPV have been suggested.120  Since then further documentation has 

occurred with an increase in anal cancer between the time periods 1978-1982 and 
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2003-2008, but they also found an increase in AIN2/3 over the study period with an 

annual increase of 5% per year despite no systematic screening.  Conversely there was 

a fall in the non HPV related anal cancers over the study period (Figure 12).121  Similarly 

in France significant increases in anal cancer have been noted in the HIV population 

since 1996.122 

 

 

Figure 12  Increase in HPV related anal cancer and fall in non HPV related anal cancer 
over time for men and women 

 
From Nielsen A, Munk C, Kjaer SK. Int J Cancer. 2012;130(5):1168-73121 

 

 

Anal cancer rates have also been found to be increasing in the Australian population in 

men and women from 0.65 to 1/100,000 1982-2005, with the rate being consistently 

higher in women than men over the time period but the annual increase was two times 

higher in men.4  (See Figure 13  Age standardised rates far anal cancer in Australia by 

sex).  The incidence rates of anal cancer increase in both men and women with older 

age.  Amongst heterosexuals the annual incidence is 1/100,000, but amongst 

MSM/BSM the rate is 37/100,000 (95%CI 14-36).119  This rate is similar to the rate of 

cervical cancer prior to the introduction of cervical screening programs (40-

50/100,000).123  Since the introduction of screening for cervical cancer the rates have 

fallen to 8-10/100.000.123 
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Figure 13a  Age standardised rates/100,000 for anal cancer incidence in Australia by 
sex124  

 

 

Figure 14 Age specific incidence rate by age group for latest year available

 

The increase in anal cancer in the last 30 years has been attributed to changed sexual 

patterns108,125 including increased anal sex108,126 and increased partner number for both 
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MSM, women, and HIV infection.127  On a population basis from studies in Denmark 

and Scotland it is thought the prevalence of anal sex is higher in women than men.121 

 

Antiretroviral therapy (ART) for HIV infection was introduced in the 1990's, leading to a 

change in the natural history of HIV with increased survival, a reduction in 

opportunistic infections, Kaposis’s sarcoma and non-Hodgkins lymphomas.  It is 

thought the restoration of the immune system with ART protects against the 

development of AIDS related lymphoma.128  Variable outcomes with ART on HPV 

manifestations have been described in the literature with some describing 

progression,129 others regression,130,131 and some with no effect.69,122,132  A recently 

published study has demonstrated that if highly active retroviral therapy has been 

given for longer than 4 years there may be some benefit OR 0.28 (95 CI 0.07- 1.06).72  

The explanation for the latest observation is unclear however it may be that current 

management of HIV does not allow individuals to develop CD4 counts less than 200, 

and ART is commenced at higher CD4 levels than previously when there has been less 

damage to the immune system.115 

 

1.4.2 Risk factors for anal cancer 

It is thought anal cancer is primarily caused by HPV particularly in association with HIV 

infection.  There are many risk factors associated with the development of anal cancer.  

In addition to HPV infection,133-136 other risk factors reported included receptive anal 

intercourse (before the age of 30),119,136,137 lifetime number of sexual partners,119,137 

female gender,109 current cigarette smoking,135,138,139 genital warts,119,139 

immunosuppression post-organ transplantation, HIV infection.136,140-142  Anal fistulae 

and epithelial trauma are also associated, possibly because of access of HPV to the 

basement membrane.79,80,143  Transplant cases have a ten times increased risk of anal 

cancer,144 and in one study 23.3% of cases had HPV detected within 24 hours of 

transplantation before immunosuppressive therapy has commenced.145 

 

In Dalings’ case-control study the relative risk of anal cancer in women with a history of 

warts was 32.5 (95% CI 3.8 – 274.6) and 26.9 (95% CI 2.8 – 257.1) in heterosexual men.  

The proportion of cases of anal cancer with a history of warts in this study was high:  
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homosexual men 47%, heterosexual men 28% and women 28.3%, and only 1-2% of 

control cases reporting a history of warts.119  The history of genital wart infection 

predated the diagnosis of anal cancer, but the time interval was less for homosexual 

men.119  Other risk factors include sexual practices, genital herpes, chlamydia 

trachomatis, gonorrhoea and cigarette smoking, immunosuppression and previous 

genital cancer.  These associations are described in more detail below. 

 

Unlike cervical cancer where HPV is accepted as the necessary cause for cancer 

development and all cancer cases are attributed to the infection, the studies for anal 

cancer are much smaller and it is not possible to quantify the relative risk because of 

the lack of large enough studies of HPV prevalence in the normal population.104 

 

1.4.2.1 HPV genotyping studies in anal cancer 

HPV is the most common sexually transmissible infection and infection with high-risk 

strains of HPV had been associated with serious disease development in the form of  

cervical, vulvar, vaginal and penile cancers.  In women HPV is recognised as the 

necessary cause of cervical cancer, and whilst the factors are similar for anal cancer 

there has not been the power in epidemiological studies to attribute HPV to anal 

cancer as the necessary cause even though that is what is commonly believed.  See 

Table 3 (HPV infection attributable cancer in 2002).104 

 

In a meta-analysis by Hoots et al the prevalence of HPV was 71% (n=992) in invasive 

anal cancer, 91% (n=472) in high-grade lesions, and 88% (n=360) for low-grade lesions.  

See Table 5 (Comparison of overall and type-specific HPV prevalence in biopsy 

specimens of invasive anal cancer and HSIL by gender).  Similar to cervical cancer, HPV 

16 or 18 was present in 72% of anal cancers.  Low risk HPV was also found in some 

cancers.  Unlike invasive cervical cancers, HPV was not detected in 28.8% of invasive 

anal cancers.146  Scholefield in a study of 37 men and 30 women with anal cancer 

found HPV-negative patients to be older than HPV-positive patients.147 
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HPV DNA has also been detected in AIN,148 as well as anal cancer specimens with HPV 

16 being the most commonly found.149  Similarly Heino found that patients with HPV-

positive cancer were significantly younger than those who were HPV-negative 

(p=0.03).150 

 

In a series of 386 (302F, 84M) cases from Denmark and Sweden using PCR analysis the 

prevalence of high-risk HPV in anal cancer has been reported to be 95% in women and 

83% in men.  Anal cancers had hrHPV detected more commonly than anal margin 

cancers.  For perianal disease the prevalence in women is 80% and in men 28%,151 

suggesting features analogous to vulval or penile cancers.  This study however only 

looked for 14 hrHPV types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 69) and 6 

low-risk HPV types (6, 11, 40, 42, 43, 44).  The cancers in women were more often 

located in the anal canal than men (p<0.01).  Histological features associated with high-

risk HPV positivity are: basaloid feature, adjacent intraepithelial neoplasia, poor or 

absent keratinization, and predominance of small or medium neoplastic cells.151 
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Table 5  Comparison of overall and type-specific HPV prevalence in biopsy specimens 
of invasive anal cancer and HSIL by gender 

 
Table taken from Hoots B et al. Int J Cancer. 2009;124:2375-83146 

 

1.4.2.2 Genital warts 

A history of genital warts on the anus has a strong association with the development of 

anal cancer OR 15.1 (95%CI 6.8-33.5).  Daling et al in a case-control study of 148 cases 

anal cancer compared to 166 colon cancer controls found that 47.1% of MSM, 28.6% 

heterosexual men, and 28.3% of heterosexual women had a history of genital warts 

compared to only 1-2% of controls.  Given the evidence of warts was historical and that 

many wart infections are subclinical she suggested the actual wart infection rate may in 

fact be higher than her research demonstrated.119  Anal warts preceded anal cancer by 

about ten years with a shorter time interval for homosexual men compared to 

heterosexual men and women.119  Anal squamous cell carcinoma has been 

demonstrated to arise out of anal warts.152-157  An aggressive form of giant condyloma 

called Buschke-Lowenstein tumour can be locally invasive and often contains foci of 

40 
 



invasion.158  The association of genital warts with anal cancer not clearly understood 

given that genital warts are thought to mainly be due to low-risk HPV.  Anal 

intraepithelial neoplasia has however been reported in anal warts,159,160 and this 

observation lead to the research described in Chapter 2  Frequency of intraepithelial 

neoplasia in anal/perianal warts.  Anal warts have been reported as an independent 

risk factor for the development of anal intraepithelial neoplasia in men with HIV 

infection.161  Giant anal condylomatosis has been reported after bone marrow 

transplantation.162  Given increasing rates of transplantation further cases should be 

anticipated until the effects of HPV vaccination are realised. 

 

1.4.2.3 Sexually transmitted infections and other factors 

In Dalings' study from a population based registry of in situ and anal cancer (n=148), 

male cases had an increased risk of anal cancer if they had a history of receptive anal 

intercourse. (RR 33.1; 95% CI 4.0-272.1).119  This finding was not as strong for women 

with a history of anal intercourse (RR 1.8; 95%CI 0.7-4.2).119  The association with anal 

intercourse may be through transmission of an infective agent such as HPV, or 

alternatively some substance within semen.163  Prostaglandins are found in high 

concentrations in semen and have been demonstrated to enhance tumour production, 

and further research remains to be done in this area.164 

 

In the same study it was also found that other sexually transmissible infections had an 

increased association with anal cancer.  Women with a history of Chlamydia 

trachomatis infection had an elevated relative risk of 2.3; (95%CI 1.1-4.8).119  

Heterosexual men had a 17.2 times increased risk if they had a history of gonorrhoea 

(95%CI 2.0-149.4).119  Based on this research which suggested the association with 

gonorrhoea be explored we have reported our findings in Chapter 8  Exploration of 

other risk variables with anal intraepithelial neoplasia. 

 

Herpes simplex type 2 seropositivity has been linked to an increased risk of anal cancer 

among MSM, but not heterosexual men.165  Daling et al found a 4.1 times increased risk 

of anal cancer in women seropositive to herpes simplex type 2 (95%CI 1.9-8.8).119  Both 

Chlamydia trachomatis166-168 and herpes simplex type 2 have been associated with an 
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increased risk of cervical cancer further supporting and the observation in anal 

cancer.169-171  Syphilis, hepatitis A or B infection, cytomegalovirus and herpes simplex 

type 1 infection were not associated with an increased risk of anal cancer.  New PCR 

technology which simultaneously tests for both herpes and human papillomavirus 

including viral quantification will allow for further studies of interaction between 

infections.172 

 

1.4.2.4 Cigarette smoking 

Daling found an increased risk in women RR 7.7; 95%CI 3.5-17.2 and men RR 9.4; 95%CI 

2.3-38.5 for current smoking but not for previous or never smokers 119  A more recent 

study by Daling has again supported this observation with current smokers being found 

to have a high risk for anal cancer (men OR 3.9; 95%CI 1.9-8.0, women OR 3.8; 95%CI 

2.4-6.2).165  Daniell similarly found a significant increase in current smokers in 13 

women with anal cancer compared to 202 age matched controls, with 54% of the cases 

being current smokers.173  Other studies have shown an increased risk of anal cancer 

with smoking. D'Souza found an OR1.9-7.7. 112,138,139,174  The independent risk of anal 

cancer with cigarette smoking has been calculated to be 3.9 (95%CI 1.9-8.0) for men 

and 3.8 (95%CI 2.4-6.2) for women.165 

 

Cigarette smoking in a pooled analysis of women on 10 continents found the risk of 

being HPV positive increased with smoking intensity after controlling for lifetime 

partners.  Women who smoked over 15 cigarettes per day were two times more likely 

to be HPV positive compared to never smokers.175  Mechanisms by which smoking is 

thought to facilitate HPV infection are by reducing the number of Langerhan's cells and 

CD4 lymphocytes.176-178  In addition smoking has also been demonstrated to reduce 

natural killer cell activity.  CD4 counts have also been found to fall faster in smokers 

with newly acquired HIV infection.179 

 

Current but not former smoking has been linked to persistence of HPV infection in 

women.175  It is not known if the increased risk of cervical cancer with cigarette 
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smoking is due to increased acquisition of HPV, persistence of HPV or impairment of 

the immune response, with consequent reduction in clearance of HPV.175  Nicotine 

inhibits apoptosis and may promote tumour growth via this mechanism in addition to 

cigarette metabolites also having been demonstrated to promote a malignant HPV 

phenotype.165  Smoking has also been reported to be associated with a reduction in 

vitamin A and its precursor β-carotene.180  Frisch et al found an association of dose 

related current cigarette smoking in premenopausal women (multivariate OR 5.6; 

95%CI 2.4-12.7) and proposed smoking had an antiestrogenic mechanism for cancer 

induction.143  The mechanism is not clear but he proposed that dryness or fissures 

related to lack of oestrogen may be a physiological explanation. 

 

1.4.2.5 HIV infection and immunosuppression 

Nadir CD4 count <200 cells/µL, an AIDS defining event, and duration of HIV infection 

are associated with the development of anal cancer.  There is a 12 times higher risk of 

anal cancer if the HIV infection has been present for over 15 years.  Unlike anal cancer 

in the general population it occurs at a younger age in HIV-positive men with a mean 

age of 37 years vs 58 years.181  Anal HPV infection has been documented to increase 

the risk of HIV infection.64  Progression from high-grade intraepithelial neoplasia to 

cancer is thought to be more rapid in HIV infected men,182 and the anal cancer is more 

aggressive.  Frisch studied patients with AIDS 5 years before the onset of the disease 

and for 5 year after the diagnosis of AIDS and reported a significantly increased risk of 

genital cancers in the presence of HIV/AIDS.74  Cervical precancer and squamous 

intraepithelial lesions are found more 5 times more frequently in women with HIV 

infection compared to women without HIV infection.183  In women the relative risk of 

in situ disease were calculated to be as follows with the relative risks (RR) increasing 

over a ten year time span: cervical cancer RR 4.6 (95% CI 4.3-5.0); vulvar/vaginal cancer 

RR 3.9 (95% CI 2.0-7.0), anal cancer RR 7.8 (95% CI 0.2-43.6).  In men the risk of anal 

precancer was markedly increased at 60.1 (95% CI 49.2-72.7) and for the penis 6.9 (95% 

CI 4.2-10.6),74 and for invasive cancer cervical cancer RR 5.4 (95% CI 3.9-7.2); 

vulvar/vaginal cancer RR 5.8 (95% CI 3.0-10.2) anal cancer RR 6.8 (95% CI 2.7-14.0).  In 

men the risk of anal cancer was markedly increased at 37.9 (95% CI 33.0-43.4) and for  
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Table 6  Relative risk of insitu carcinoma/ invasive cancer over 10 years 

following development of AIDS74 

Anatomical site RR 95%CI RR 95%CI 

Cervix 4.6 4.3-5.0 5.4 3.9-7.2 

Vulva/ vagina 3.9 2.0-7.0 5.8 3.0-10.2 

Anal- females 7.8 0.2-43.6 6.8 2.7-14.0 

Anal- males 60.1 49.9-72.7 37.9 33.0-43.4 

penile 6.9 4.2-10.6 3.7 2.0-6.2 

Tonsillar -males   2.6 1.8-3.8 

Conjunctiva -males   14.6 5.8-30.0 

 

the penis 3.7 (95% CI 4.2.0-6.2).74  See Table 6. Following the onset of AIDS the relative 

risks for invasive cancers changed very little in contradistinction to the evolution of 

precancerous disease.  Renal transplant patients have a 10 times higher rate of 

developing anal cancer.184 

 

1.4.2.6 Previous genital cancer 

Women with invasive vulvar cancer have been found to have an increased risk of 

developing anal cancer.185 Patients with a previous history of cervical cancer are at 

increased risk of developing a second cancer in particular vaginal (RR5.6), vulval and 

anal cancer (RR 4.0).186 Women diagnosed with anal cancer have an increased risk of 

subsequently developing vaginal or vulval carcinoma OR 15.5 (95% CI 4.9-48), or 

cervical cancer OR 4.3 (95% CI 2.7- 6.9).186  A diagnosis of anal cancer (IRR 31.09) has 

been found to be age dependent (age 18-29 years) in women diagnosed with cervical 

intraepithelial neoplasia. The risk remained elevated for older women but gradually 

decreased with increasing age.187  HIV is thought to either increase the susceptibility of 

women to HPV or to alter the natural history of HPV infection.  In Elllerbrock's 

prospective observational study of women in New York conducted prior to the 

widespread use of ART SIL occurred 4.5 times more commonly in HIV positive women 
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compared to HIV negative women with no preceding cervical disease over a time span 

of 3 years.183  This was thought to be partially due to persistent HPV infection, as HPV 

persistence has been demonstrated to be more common in HIV infection as well as 

infection with multiple HPV types.188-192   In addition this study demonstrated that 26% 

of women developed SIL after 54 months of follow up from a baseline of 28%.183  ART 

has been demonstrated to reduce the HPV persistence over time.193  Women with a 

history of cervical intraepithelial neoplasia (CIN) III have a 5 fold increased risk of anal 

cancer.187  Women with CIN are more likely to relapse following treatment than 

women without HIV, and the risk of SIL is highest in those with a CD4 cell nadir of 

<200cells/mm3.128  Persistent HPV shedding has also been demonstrated in HIV-

positive women with lower CD4  cell counts.190  Current recommendations are that 

women with HIV should receive regular screening and have CIN treated expeditiously.  

Women with HIV are 5 times more likely to have genital warts, AIN or abnormal 

cervical cytology.192,194-199 

 

1.5 PARALLELS WITH CERVICAL CANCER 

Both cervical and anal cancer are thought to be caused by oncogenic HPV infection.  

The parallel between cervical and anal cancers became more apparent when HPV 16 

which accounts for over 70% of cervical cancers world-wide was detected in anal 

cancers.200 

 

Despite the success of cervical screening programs in reducing the rate of cervical 

cancer from 40/100,000 to 8/100,000,123 there are no screening guidelines for anal 

cancer despite rising rates in men and women; particularly HIV-positive men and 

women, and despite the rates being higher than before cervical cancer screening was 

introduced.  It is hoped that with the introduction of anal cancer and precancer 

screening a similar success story will emerge. 

 

Cervical cancer is an AIDS defining diagnosis and was listed in 1993.201  Anal cancer has 

not been listed as an AIDS defining cancer despite many of the cases occurring are in 

individuals with well controlled HIV infection. 
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Cervical and anal anatomy have similarities with both the cervix and anus having 

transformation zones between squamous and columnar epithelium, and both being 

readily accessible to visual inspection and cytological examination and biopsy.  It is 

recognised the cervical transformation zone is biologically vulnerable to malignant 

transformation by the effects of HPV infection and it is thought the anal transformation 

zone is similarly vulnerable.202  Anal cancer is thought to arise from the transformation 

zone within the anal canal,25 similar to cervical cancer that arises from the cervical 

transformation zone.  Precursor intraepithelial neoplastic lesions occur in both cervical 

and anal cancers.  At a cellular level the morphology of high-grade squamous epithelial 

lesions is similar, as is the histology.203 

 

 

1.6 MICROINVASIVE ANAL CANCER 

Matthews observed anal cancer in earlier stages in the high resolution anoscopy 

service they established, and proposed more cases of earlier diagnoses of anal cancer 

would occur with the setting up of other high resolution anoscopy services.204  

Consequently we searched our database at the Royal Perth Hospital Sexual Health 

service and identified 3 cases of microinvasion.  In addition a literature search on 

microinvasive anal cancer was undertaken and the findings reported in Chapter 4 

Microinvasive anal cancer- a clinical dilemma: a case series and review of the 

literature.  Skilled histopathologists are required to recognise microinvasion as 

opposed to artefact.204  In our hospital the slides are reviewed by another person to 

confirm the correct diagnosis has been made and multidisciplinary meetings are held 

between the treating doctors, surgeons and histopathologists to ensure the diagnosis 

and appropriate treatment is provided.  New terminology for superficially invasive 

squamous cell carcinoma (SISCCA) has been developed at a consensus conference in 

2012.205  As high resolution anoscopy units become established it is likely that more 

cases of microinvasive cancer will be recognised and the need for standardised 

guidelines for treatment is required. 
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1.7 ANAL INTRAEPITHELIAL NEOPLASIA 

1.7.1 Histological and cytological definitions of AIN 

Human papillomavirus cause characteristic cellular changes including parakeratosis, 

anucleate squamous cells, dyskeratotic cells, multinucleation and koilocytosis in the 

anal canal.206  AIN is graded as AIN 1, 2 or 3 according to the Bethesda system and was 

first described by Fenger and Nielsen, for abnormalities of the anal canal affecting the 

skin without disruption of the basement membrane.207  It has been observed to arise 

more frequently from the anal transition zone than the anal margin or perianal area.208-

210 

 

The grading system is similar to that used for cervical intraepithelial neoplasia (ClN).211  

AIN 1 (mild dysplasia) has involvement of less than one third of the mucosa, AIN 2 

(moderate dysplasia) involvement of the lower 2/3 and AIN III (severe dysplasia or 

carcinoma in situ) full thickness epithelial involvement.  (See Figure 14  

Photomicrographs of AIN 1, AIN 2 and AIN 3 and histological descriptions)  Many cases 

of AIN also have cytological evidence of HPV involvement based on the presence of 

koilocytes, cell keratinisation, anucleate and multinucleated squamous cells.  When AIN 

2 and 3 are grouped together the terminology used is low grade AIN LGAIN (AIN 1) and 

high-grade AIN HGAIN (AIN2&3). 

 

It is thought that a two tiered system had less interobserver error.29  The term Bowen’s 

disease refers to severe perianal disease i.e. CIS or AIN 3.  AIN 3 is known as high-grade 

anal intraepithelial neoplasia and some cases within AIN 3 are more disturbing to the 

histopathologist suggesting a more severe form for which they use the terminology 

carcinoma in situ to alert the clinician managing the patient. (Dr Cecily Metcalf personal 

communication). 
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Figure 15  Photomicrographs of AIN 1, AIN II and AIN III and histological descriptions 

AIN Grade 1 Mitoses confined to lower 1/3 epithelium 

 

AIN Grade 2 Mitoses confined to lower 2/3 

 

AIN Grade 3  Mitoses anywhere 

 

Photographs and grading descriptions courtesy Dr Cecily Metcalf Department of 

Anatomical Pathology and Cytology RPH. 
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AIN 1:  Full thickness nuclear abnormality with nuclear enlargement, irregular nuclear 

borders and mild pleomorphism and hyperchromasia.  Mitotic figures in lower one 

third of epithelium.  Undifferentiated squamous cells resembling basaloid cells in lower 

one-third of epithelium with differentiated cells having moderate to abundant 

cytoplasm in upper two-thirds of epithelium. 

 

AIN II:  Full thickness nuclear abnormality with nuclear enlargement, irregular nuclear 

borders and mild to moderate pleomorphism and hyperchromasia.  Mitotic figures in 

lower two-thirds of epithelium.  Undifferentiated squamous cells resembling basaloid 

cells in lower two-thirds of epithelium with differentiated cells having moderate to 

abundant cytoplasm in upper one-third of epithelium. 

 

AIN III:  Full thickness nuclear abnormality with marked nuclear enlargement, irregular 

nuclear borders and pronounced pleomorphism and hyperchromasia.  Mitotic figures 

anywhere.  Undifferentiated cells resembling basaloid cells in most of epithelium with 

no differentiated cells or only in upper one-third of epithelium. 

 

1.7.2 Prevalence of anal intraepithelial neoplasia 

Many studies have been undertaken to detect the prevalence of AIN.  Usually initial 

screening is undertaken by anal cytology and then patients may be referred for further 

investigation by high resolution anoscopy.  Abnormal anal cytology in studies of MSM is 

common and has been found to range from 30-67%.51,56,69,73,207,212-214  (See Table 8:  

Studies reporting anal cytology and anal HPV prevalence).  Generally it is recognised 

anal cytology significantly under recognises the true prevalence of high-grade 

intraepithelial neoplasia, and this is discussed in greater detail in Section 1.7.4.1.215-217  

High-grade intraepithelial neoplasia has been detected in up to 28.8% of HIV-positive 

MSM with benign anal cytology.216 

 

The overall incidence of AIN is unknown, however it is being increasingly detected in 

HIV-positive men and women, particularly those with impaired immune function or an 

organ allograft, with rates considered to be reaching epidemic proportions in HIV-
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positive men.  AIN has often been found unexpectedly on surgical specimens from 

minor procedures.207,209,218  In women it is often considered to be part of a ‘field effect’ 

where the entire genital tract has been exposed to HPV.219 

 

Within the general population the prevalence is unknown but thought to be low 

(<1%).220  In women anal abnormalities have been found as frequently as cervical 

abnormalities (12.1%), and of those with an abnormal cervical smear 29.4% are found 

to have an abnormal anal smear.221  Rates are higher among MSM, and 26-89% of 

those infected with HIV have intraepithelial neoplasia.220 

 

Palefsky has undertaken many studies, and in one study using both cytology and 

histology in 357 HIV-positive MSM, 52% had high-grade AIN detected, with 81% having 

any-grade of AIN.69   

 

In another study- a point prevalence prospective cohort study of HIV infected men, he 

found 52% had high-grade AIN which in multivariate analysis was related to detection 

of ≥6 types of HPV OR 36 ( 95%CI7.4-171), and HAART OR 10 (95%CI 2.6-38 adjusting 

for duration of HIV and CD4 cell count).69  The risk was further increased with the 

number of HPV types (trend test positive), with 94% of those with ≥6 HPV types having 

some grade of intraepithelial neoplasia, and 66% having high-grade intraepithelial 

neoplasia.69  The rate of AIN was high regardless of treatment and the authors 

observed that being on HAART did not reduce the likelihood of developing AIN.69  It is 

not understood yet whether because of living longer because of HAART, the incidence 

of AIN will continue to increase, or whether there may be some antiretroviral effect 

which does reduce the incidence of intraepithelial neoplasia.  Alternatively, newer 

treatment strategies which commence HAART earlier allowing less severe 

immunosuppression may reduce the long term risk of AIN. 

 

In a different study evaluating HAART on the natural history of abnormal squamous 

cytology in HIV positive MSM (n=98) they evaluated cytological changes taken over 6 

months prior to the initiation of HAART and re-evaluated anal cytology 6 months after 

treatment had been initiated.  They found in the ASCUS/LSIL group 18% (95% CI 6-31) 
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progressed and 21% regressed.  Of those with normal cytology 17% (95% CI 0-38) 

developed abnormal cytology, and of those with high-grade squamous intraepithelial 

lesions only a small proportion 4% regressed (95% CI 0-10%).132  High resolution 

anoscopy with histological confirmation of disease is currently the most accurate 

method for assessing natural history, as it is recognised that cytology can miss up to 

30% of high-grade disease.  However to perform such studies with adequately trained 

anoscopists is difficult, due to the small numbers trained with adequate experience. 

 

High rates of high-grade intraepithelial neoplasia have been found in various other 

studies of HIV infected individuals.  Hillman found 24.35 of HIV-negative and 57.5% of 

HIV-positive MSM in a community study had abnormal cytology, however the HGAIN 

prevalence in this study was very low at 2.3%.222  In a cross-sectional study by Weiss 

27% of HIV-infected individuals were found to have high-grade anal intraepithelial 

neoplasia with independent predictors being CD4 count, receptive anal intercourse, 

MSM and HPV infection.223  Lacey in a prospective cohort study of HIV-positive MSM 

with an average CD4 count of  273 X 106 found 84% positive for high-risk HPV with 

10.5% high-grade AIN at enrolment, and a 70% incidence of high-grade disease during 

follow up.214  Goldstone has found a high prevalence of biopsy confirmed high-grade 

intraepithelial neoplasia in a surgical practice where patients were referred for 

management of benign anorectal disease, including a rate of 68% high-grade 

intraepithelial neoplasia in HIV positive men referred for treatment of warts.224  Even 

among HIV-negative men high-grade intraepithelial neoplasia is common with reports 

of up to a 25% prevalence and 17% incidence over 4 years.69,141 

 

1.7.3 Natural history of AIN: progression/regression 

High-grade anal intraepithelial neoplasia (HGAIN) is thought to be a precursor to anal 

cancer however the natural history of AIN is not clearly understood.  There are 

significant challenges to the study of regression/progression based on the current lack 

of data with it being currently not known what the real natural history is and what 

fluctuations of disease occur within an individual.  Definitions of the anatomical site 

may vary between researchers with lack of clarity as to whether the lesions are 

perianal or within the anal canal.  Clinical and cytological/histological definitions to try 
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and overcome these difficulties are being developed.  The rate of progression of anal 

intraepithelial neoplasia to anal cancer is unknown although progression clearly has 

been reported in the literature.  Most cases of HGAIN in HIV-positive MSM are thought 

to progress.141,214  To date treatment of precancerous lesions has not been 

demonstrated to prevent progression to anal cancer, however some proceduralists are 

offering therapy.110  Acquisition of genital warts has also been linked to progression to 

a higher level of AIN in both HIV-positive and negative men.225  The development of 

HGAIN has been observed in 43-52% HIV-positive MSM with an incidence of 23.1% at 

24 months and 36% at 3 years.69,72,141  Other studies have documented a 62% 

progression from AIN 1 to AIN 3 over 2 years, and regression of AIN 3 to earlier 

precursors is uncommon.220 

 

Research from the early 90’s by Palefsky in homosexual men with advanced HIV 

infection found high rates of intraepithelial neoplasia progression in a short 

observational time period of an average of 17 months.  Part of this observation could 

be explained by the possibility disease was originally missed but then detected as 

proceduralists involved with identifying the disease became more competent.  The 

baseline rate of cytological abnormalities rose from 27 to 65%, and any grade of 

intraepithelial neoplasia using a cytological diagnosis from 8 to 32% in a prospective 

cross-sectional study of 97 men.  Concurrent detection of HPV rose from 60-89%, with 

multiple HPV type infection in 48%.  High-grade anal intraepithelial neoplasia occurred 

in 16% over the study time frame.  Overall 40% of the anal lesions progressed, 40% 

remained unchanged and 10% regressed over the study time period.  Whether the 

increase in HPV infection reflected newly acquired infection or reappearance of 

dormant infection is not known.  The CD4 count did not alter the likelihood of 

progression.226  Based on this work it was predicted there would be a significant 

increase in the numbers of cases of anal cancer and also high-grade anal intraepithelial 

neoplasia. 

 

Subsequent research has found these predictions to be true.  Palefsky225 studied a 

cohort of HIV-positive (n=346) and negative (n=262) MSM to understand the 
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progression of AIN, and was the first to report the progression seen with ASCUS and 

LSIL.  Within 2 years they found the incidence of high-grade anal intraepithelial 

neoplasia was 20% in HIV positive men and 8% in HIV-negative men from a baseline of 

low-grade intraepithelial neoplasia.225  Sixty two percent of the HIV positive men (RR 

2.4; 95% CI 1.8-3.2) and 36% of the HIV-negative men progressed to high-grade anal 

intraepithelial neoplasia over this short time period.225  From a baseline of normal anal 

cytology more than half the HIV positive men (52%) progressed to abnormal anal 

cytology, with progression in 17% of the HIV-negative men.  If the baseline was ASCUS 

higher rates of progression were seen with 70% of HIV-positives and 31% of HIV-

negatives progressing.  Even higher progression rates were seen in those with CD4 

counts less than 200/mm3 (RR3.1; 95%CI2.3-4.1).  Infection with multiple HPV types 

was also associated with disease progression in both HIV-positive and negative men.225 

 

Another study by Palefsky has shown the progression of AIN occurs rapidly with a 49% 

incidence of AIN2-3 in HIV-positive men within 4 years for a cohort enrolled 1991-4 

with 50% of the men having a mean CD4 count of less than 500 X106.141  Palefsky 

found 52% of 346 HIV-positive MSM and 17% 262 HIV-negative MSM progressed from 

low-grade to high-grade: 62% and 36% respectively.  The baseline rate of AIN 

significantly increased from 36% to 81%.  They also found that those with a lower CD4 

count progressed faster.  In this same study they demonstrated that HIV –positive men 

were 3.7 times more likely (5% CI 2.6-5.7) to develop anal squamous abnormalities 

compared to HIV –negative men.141  The change may have been related to the natural 

history of disease or partly to changes in sexual behaviour which have occurred since 

the advent of antiretroviral therapy.  Alternatively improvement in detection of 

disease could account for the increased rate, but it is unlikely to explain the entire 

observation.73,141  The research also found that the rates of progression were higher 

for HIV-positive men compared to HIV-negative men, with associated risk factors being 

infection with multiple HPV types, persistent HPV infection, and lower CD4 counts.225  

 

Critchlow83 has reported similar rates of progression to HSIL (15%)and another study by 

Palefsky226 also reported 16% progressed to HSIL over 17 months in a study of 97 HIV 

positive men with severe immunodeficiency.  Longer term follow up studies are 
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required to see if the rate of development of intraepithelial neoplasia continues to 

increase over time.  De Pokomandy demonstrated a progression rate to high-grade anal 

intraepithelial neoplasia of 12.8 cases per 1000 person-months (95%CI 9.8 – 16.5), with 

a significant increased risk with increasing age, and low CD4 nadir cell counts.72 

 

Regression is uncommon but can occur and was observed in thirty per-cent of HIV-

positive men with ASCUS at enrolment who reverted to normal cytology by 2 years.  

Higher reversion rates were seen in the HIV-negative men with 62% diagnosed at entry 

with low-grade squamous intraepithelial neoplasia returning to normal.225  AIN 1 and 2 

have been observed to regress in up to 30%.227-229 

 

In summary relatively high rates of progression from low grade to high-grade (15-66%) 

over relatively short time intervals (17 months - 2 years) have been reported in HIV-

positive men, which was approximately double the progression rate in HIV-negative 

men,6,214,230 however regression can occur.231  Immunosuppressed individuals are at 

particular risk of progression, and need surveillance to detect disease early.232 

 

1.7.4 Progression to invasive disease 

As discussed in the preceding section, high-grade anal intraepithelial neoplasia has 

been demonstrated to progress to higher grades of abnormalities in in several 

studies.83,225  This section reviews the literature on progression from high-grade anal 

intraepithelial neoplasia to invasive cancer.  The literature sometimes confuses anal 

canal intraepithelial neoplasia with perianal disease, but it is now recognised that the 

prognosis of anal margin cancers is better than that of anal cancers.233  In the older 

literature when AIN 3 was termed Bowen’s disease the recognised progression rate to 

anal SCC was 5.7%, but the newer literature now differentiates between anal margin 

and anal canal cancers.234  Whether anal cancer progresses through the stages AIN 1, 

AIN2, AIN 3 and then to anal cancer is not known, but this is the model for which 

cervical cancer is thought to arise, and similarly anal cancer.  (See Figure 15 Progression 

of anal or cervical disease.) 
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AIN III has progressed to anal squamous cell carcinoma in 9-13% in various studies over 

60 months231,232,235 and is comparable to published rates of progression for vulval 

intraepithelial neoplasia (VIN) and cervical intraepithelial neoplasia (ClN).  (See Table 7. 

Progression rates for genital intraepithelial neoplasia to cancer).  In one observational 

follow up (mean 32 months, range 13-130) 3/40 (7.5%) HIV-positive men (mean age 39 

years) with biopsy confirmed dysplasia developed anal cancer.  The cancers detected 

were classed as early cancers and responded to chemoradiotherapy.235 

 

Figure 16  Progression of anal or cervical disease 

Burd EM. Clin Microbiol Rev 2003; 16:1-17; 
Solomon D, et al. JAMA 2002; 287:2114-2119.

Low-grade squamous intraepithelial 
lesion (ASCUS/LSIL)

High-grade squamous intraepithelial 
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* With increasing probability of viral DNA integration.
CIN = cervical intraepithelial neoplasia; ASCUS = atypical squamous cells of 
undetermined significance

Progression*

 

Figure modified from EXCCEL Experts in Cervical Cancer Education and Leadership slide 

teaching program.111 

 

Scholefield reported a case series of 35 patients with localized HGAIN predominantly 

on perianal skin followed up for median 63 months (range 14-120 months).232  Three of 

6 immunosuppressed patients with multifocal disease developed cancer during follow 

up.  For the whole cohort the transformation rate was 3/35 over a median of 5 years of 
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follow-up. Of the 28 patients treated by local excision, 4 developed a recurrence.  

Scholefield232 has also observed progression in 3/35 (9%) patients with AIN 3 followed 

for a median of 63 months.  Overall it is thought about 10% (9-13%) of anal 

intraepithelial neoplasia progresses to invasive cancer at 10 years.220  It is proposed 

that malignant transformation is related to volume of disease and this has certainly 

been demonstrated for the cervix,236  whether this holds true for anal disease remains 

to be seen.  Comparatively the progression of cervical cancer increases over time and is 

31% over 30 years rising to 50% in a subset with persistent disease.237  Duration of 

follow-up in determining the rate of progression is thought to be important, especially 

so for cancer of the cervix,238 so it is reasonable to extrapolate that duration of follow-

up is also important for anal canal and anal margin disease. 

Table 7  Progression rates for genital intraepithelial neoplasia to cancer  

Author  Year N  Disease Duration F/U  % progression  

Watson231 2006 72 

(52)  

AIN 

AIN III 

8 years 11% 

13%  

Marfing234   Bowens  5%  

Scholefield232 2005 35  AIN III 63 months  9%  

McIndoe238 1984  CIN  4.3%  

Ostor 239 1993  CIN 3  13%  

McIndoe238 2009  CIN3 30 years  31% 

Van Seters240 2005 3322  VIN III 5 years  9%  

(3% if treated) 

Devaraj235 2006 44 AIN I-III 32 months (13-130) 7.5% 
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Invasive anal cancer has been observed to arise from condyloma acuminatum, but the 

frequency with which this occurs has not been documented, nor its relationship to 

volume of disease.  Genital warts been reported as an independent risk factor for the 

development of cancer in HIV positive patients.161  Schlect reported anal cancer is 

8/319 (3%), and high-grade anal intraepithelial neoplasia in 47% of patients referred for 

surgical treatment of anal warts.241  Invasive potential has also been observed for giant 

condyloma (Buschke-Lowenstein disease) with 50% of cases reported containing foci of 

invasive carcinoma, and 8% high-grade intraepithelial neoplasia.242  Conversely 80% of 

anal cancer has associated high-grade intraepithelial neoplasia.207 

 

Devaraj followed up 40 HIV positive men (mean age 39 years) with biopsy confirmed 

intraepithelial neoplasia over a mean time period 32 months (range 13-130) and 

invasive carcinoma developed in 3 of these patients.235  Similarly in a larger cohort of 

72 (52F) patients median age 49 years (range 18-81 years) prospectively followed up, 8 

patients (11%) developed invasive squamous cell carcinoma.  In this study by Watson231 

2 patients with AIN 2 and 6 with AIN 3 progressed to anal cancer.  Regression was 

documented in 25 patients (5 AIN 1, 5 AIN 2, 15 AIN 3).231  Generally it is considered 

particular patients ie those who are immunosuppressed need careful observation as 

they are recognised to have a higher risk for development of anal cancer.232  In 

summary there is a need for further follow-up studies avoiding misclassification 

between perianal and anal disease. 

 

1.7.5 DIAGNOSIS OF ANAL INTRAEPITHELIAL NEOPLASIA 

Given the increasing rates of anal cancer and the evidence that anal cancer precursors 

can be detected allowing for earlier disease detection, interest has been increasing in 

the development of screening high-risk individuals.  Anal cytology alone may be 

insufficient for screening for AIN, however screening to detect occult AIN may be a 

useful strategy outside of the standard high risk groups.  Previous authors studying 

MSM have found anal cytology to be sensitive but non-specific, and that anoscopy and 

histology are required in addition to cytology to establish the presence of AIN.159  
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Despite cervical screening having been adopted and demonstrated to reduce the 

incidence of cervical neoplasia, anal cytology screening has not yet been adopted 

routinely.  No national guidelines for screening exist to date.  Screening has been 

advocated by the New York State Department of Health243 for MSM, patient with a 

history of anogenital warts and women with a history of abnormal cervical histology, 

with staff performing blind anal cytology sampling.  Many large HIV clinics in the USA 

are now providing anal screening.244 

 

1.7.5.1 Anal cytological studies 
The frequency of cytological abnormalities in the anal canal and have been linked to 

HIV status,73,213 low CD4 count,73,245 receptive anal sex,73 anal warts,73 lifetime sexual 

partners,56 smoking213,246 and IVDU213 and rectal discharge.73  High rates of cytological 

abnormalities in HIV positive MSM have been documented ranging from 26 – 

72%.6,51,56,65,212,214,245-249  (See Table 8  Studies reporting anal cytology and HPV 

prevalence).  Infection with multiple HPV types is also associated with an increased 

likelihood of abnormal anal cytology.84,245  Genital warts are a known risk factor for 

abnormal anal cytology.51,73  Other risk factors include number of lifetime sex partners, 

cigarette smoking, and IVDU.213  An association of a low CD4 count, HPV positivity and 

anal cytological abnormality has been demonstrated in several 

studies.6,51,73,213,225,245,250 

 

A meta-analysis of cytological abnormalities in the anal canal (17 studies) in HIV-

positive MSM and 6 studies in HIV-negative MSM found more abnormalities in HIV-

positive MSM than negative MSM 57% (51.2-63.2) vs 18.5% (8.0-28.9).  The low-grade 

squamous intraepithelial cytologic abnormality prevalence was 27.5% (21.9-33.2) in 

HIV-positive MSM compared to 6.6% (1.1-12.1) in HIV negative MSM.  High-grade 

squamous intraepithelial cytological abnormalities were far more common in HIV-

positive MSM 6.7% (4.4-9) compared to 2.7% (0.0-5.1) in HIV-negative MSM.68  Some 

of the more pertinent studies are discussed below. 
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In the EXPLORE study, (a multicity USA study of randomised behavioural intervention 

study of HIV acquisition) of HIV-negative MSM (N=1262), high rates of anal cellular 

abnormality were found overall with 20% having abnormal anal cytology (15% low-

grade and 5% high-grade).  High-grade anal cytology was associated with being HPV 

positive and having infection with multiple HPV types (p trend <0.001).58  The risk of 

having high-grade cytological abnormality did not increase with age.  Interestingly the 

presence of low-risk HPV only, low and high-risk types and high-risk types only were 

associated with the presence of high-grade cytological abnormalities [high-risk HPV OR 

6.4 (95%CI 2.7-15), high and low risk HPV OR 23 (95%CI 9.6-53), low-risk HPV OR 5.8 

(95%CI2.3-14)respectively] with the highest risk observed in those that had combined 

high and low-risk HPV.58  If this data can be extrapolated to other populations, it 

implies a very significant burden of HPV infection and disease, most of which is 

currently not recognised. 

 

The SUN prospective cohort study of HIV-positive men (n=471) and women (n=150) 

found abnormal anal cytology was detected in 56% of HIV-positive MSM, LSIL in 40% 

and HSIL in 9%.245  Conley’s study found independent risk factors in MSM for abnormal 

anal cytology with nadir CD4 <50 cells/µl OR 3.06 (95%CI 1.81-5.19), baseline CD4 

count <500 cells/µl OR 1.71 (95%CI 1.09-2.69), number of high-risk HPV types OR 1.35 

(95%CI 1.23-1.48) and number of low-risk types OR 1.34 (95%CI 1.17-1.55).245 

 

Piketty also found high rates of HSIL in HAART treated patients with anal cytological 

abnormality in 71%, HSIL in 22% and LSIL in 42%.247  Despite immune restoration with 

HAART the abnormal anal cytology rate did not alter with improvement of CD4 count 

suggesting the risk for intraepithelial neoplasia remains regardless of HIV treatment.  In 

a different cross-sectional study of HIV-positive heterosexual IVDUs (n=50) and MSM 

(n=67), Piketty found 46% of the heterosexual men had anal HPV infection, 16% had 

low grade squamous intraepithelial changes and 18% high-grade cytological 

abnormalities possibly related to having low CD4 counts (<500cells/µL).  Amongst the 

MSM 85% had HPV infection, 48% low-grade and 18% high-grade cytological 

abnormalities.212  Because of the finding of anal cytological abnormalities in 
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heterosexual men who denied anal sex, it has been suggested anal screening for 

intraepithelial neoplasia be performed on HIV infected individuals regardless of their 

sexual practices. 

 

Palefsky’s study of men with advanced HIV infection found risk factors for abnormal 

anal cytology to be HPV 16/18 RR2.1; 95%CI 1.2-3.5 and IVDU RR 1.8; 95%CI 1.2-2.7and 

also infection with low risk HPV 6/11 in a separate model.  Palefsky also found an 

association of abnormal cytology with a history of rectal discharge RR 1.2; 95%CI 1.0-

1.5, and a history of genital warts.  RR1.3; 95%CI 1.0-1.8.251  In a different study of 346 

HIV-positive MSM he found 36% had abnormal anal cytology and 7% of the 262 HIV-

negative MSM had abnormal anal cytology.141  In another cross-sectional study of HIV-

positive men with advanced HIV infection (n=129) abnormal anal cytology was present 

in 39% of subjects.  Palefsky also found abnormal cytology to be associated with high 

levels of HPV, and rectal discharge and in HIV-negative men with the use of certain 

stimulant drugs.225 

 

Ciobotaru in a study of rural HIV MSM (n=149) with a 9.9 years mean duration of HIV 

infection found 60% had abnormal anal cytology (26% ASCUS, 19% LSIL, 15%HSIL).  Of 

those with HSIL 10% had anal carcinoma.51 

 

Abnormal anal cytology has also been found in a significant proportion of adolescents 

with high-risk behaviour.  Abnormal anal cytology was found in 41.6% of the boys and 

16.5% of girls. 88  In HIV-positive women Holly found that abnormal anal cytology was 

associated with anal HPV RR 4.3; 95%CI 1.6-11.  A significant association was also found 

with anal intercourse.136 

 

In summary, HIV-positive men with advanced immunosuppression have more anal 

cytological abnormalities than HIV –positive men with good immune function.  

Cytological abnormalities are also common in MSM, but less commonly than in HIV-

positive men, and can also be found in heterosexual men and women in the absence of 

a history of anal sex.  Sexually active adolescents may also have anal cytological 

abnormalities.  Anal cancer may be detected in the presence of high-grade anal 

intraepithelial neoplasia. 
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Table 8  Studies reporting anal cytology and anal HPV prevalence 

Author N Population 
group 

HIV %abnormal 
cytology 

ASCUS LSIL %HSIL %HPV  

Studies in HIV-positive MSM 

Kiviat65 1993 285 MSM Yes 26   4 92 

Palefsky213 1997 129 MSM Yes 39 35/123 12/123 1/123 93 

Piketty212 2003 67 MSM Yes 72 5 48 18 85 

Piketty247 2004 45 MSM Yes 71 7 42 22 80 

Piketty247 2004 106 MSM (98%) Yes 67 34 19 13 84 (Hr) 

Palefsky 2005 357 MSM Yes 81   25 95 

Sirera75 2006 74 MSM/MSW Yes 43 13 19 11 78 

Ciobotaru51 2007 149 MSM (82%) Yes 60 26 19 15 61 

Conley2452010 379 MSM Yes 56 17 40 9 96 

Damay 2010 32 MSM Yes 48.5 13.4 30.3 4.5 74.6 

Studies in HIV-negative MSM 

Goldstone87 2011 532 MSM No 10.9 4.3 6.6 0 42.4 

Kiviat65 1993 204 MSM No 8   0.5 78 

Gilbert248 2011 149 MSM  42.3 12.1 18.8 11.4 62.3 

Chin Hong58 2005 1262 MSM No 20  15 5 32.5 

Studies in women 

Holly136 2001 251 Women Yes 26 25 6   

Durante135 2003 86 Women Yes 14 7 8 05 66 

Hessol81 2009 470 Women Yes 31  22 9 80 

Holly136 2001 68 Women No 8   2  

Conley2452010 150 Women Yes 35 20 17 3 90 

Studies in heterosexual men 

Piketty212 2003 50 MSW Yes 36 2 16 18 46 

Conley2452010 92 MSW Yes 20 10 9 1 59 
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1.7.5.1.1 Screening with anal cytology 

The goal of screening is to detect disease which can be treated early before invasive 

disease occurs.29  Anal cytology is still a relatively new diagnostic tool, and its 

effectiveness is still being evaluated, however it is considered to be the primary 

screening methodology.  Standards for adequacy are being established and are not as 

clearly defined as for cervical cytology.  Comparison of screening methods has been 

undertaken and is submitted as a paper in Chapter 7.  Assuming histology is the gold 

standard for conventional cytology the sensitivity for detection of high-grade IN was 

61%; (95%CI 45-75), specificity 63% (95%CI 44-79) p=0.042 and for ThinPrep the 

sensitivity was 54%; (95%CI 39-69), specificity 84% (95%CI 67-95) p=0.001.  If histology 

is considered the gold standard, conventional cytology has higher sensitivity for high-

grade IN and ThinPrep has higher specificity.  HRA missed up to 4% of cases of high-

grade IN but high grade disease was detected by cytology in 96% of the biopsy samples.  

Detection of high-grade IN is complex and both of the cytology methods were 

equivalent. .  In this work we have found that high resolution anoscopy is the best gold 

standard with ThinPrep and conventional cytology comparing equally. 

 

A two tiered Bethesda cytology reporting system has been developed: low-grade 

squamous intraepithelial lesion (LSIL) and high-grade intraepithelial squamous lesion, 

HSIL.252,253  Generally however an adequate number of cells must be present (cellular 

adequacy), there must be an ability to interpret the slide based on fixation and 

smearing artefacts and lack of obscuration of the cells by either faecal matter or 

bacterial flora, (technical adequacy).253  In addition the presence of metaplastic cells 

from the squamocolumnar junction should be present, and some suggest there should 

also be glandular cells from the rectal mucosa.  (See Figure 16  Low grade and high-

grade anal cytology). 

 

Using cervical cancer as a paradigm, screening has significantly reduced the rates of 

cervical cancer, and so consequently it is believed similar programs in at risk individuals 

could reduce their risk of anal cancer.  Anal cytology alone may be insufficient for 

screening for anal intraepithelial neoplasia, however screening to detect occult anal 
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intraepithelial neoplasia may be a useful strategy outside of the standard high risk 

groups.  Despite cervical screening having been demonstrated to successfully and 

significantly reduce the incidence of cervical neoplasia, anal cytology screening has not 

yet been adopted routinely, but is being performed in some clinics with HIV case loads.  

No national guidelines for screening exist to date.  Anal screening has been advocated 

by the New York State Department of Health for MSM, patient with a history of 

anogenital warts and women with a history of abnormal cervical histology, with staff 

performing blind anal cytology sampling.  Many large HIV clinics in the USA are now 

providing anal screening.244  A pilot anal Pap smear program was trialled at the School 

of Medicine in Miami, Florida. 131/160 (82%) of HIV patients approached agreed to 

participate in the screening and of these 53 had abnormal cytology.  Of those who 

underwent further investigation with and HRA, 55 had HGAIN and 2 cases of CIS were 

detected. In this study a significant number of patients (33/131) had unsatisfactory 

cytology, indicating training and collection issues with the commencement of a new 

program.254 

 

Figure 17  Low-grade and high-grade anal cytology  

 
Figure from Nagle Warner J. Adv Lab Professionals; Accessed 13/07/2012255 
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Mathews et al204 have evaluated their anal dysplasia screening program that was 

established in 2001 and evaluated the incidence and mortality of anal cancers pre and 

post clinic establishment.  They found the overall rate of intra-anal carcinoma was 

higher than expected and it did not fall with screening, however the cases detected 

were detected at an earlier stage with a more favourable prognosis.  During the study 

there was no treatment provided for high-grade anal intraepithelial neoplasia.  They 

strongly advocate the importance of digital anal rectal examination (DARE) to detect 

anal cancer early, as they found there was a delay in accessing the high resolution 

anoscopy clinic.  Unfortunately to date studies have demonstrated that anal cytology is 

relatively insensitive for the detection of high-grade anal intraepithelial neoplasia even 

in HIV positive men where it could be expected that the lesions are larger. 

 

A search of the current literature suggests that if histology is regarded as the gold 

standard for the detection of AIN (any grade), cytology has reasonable sensitivity 

(weighted mean: 71.4, range: 42%-93%) and specificity (weighted mean: 73.4, range: 

31-100%).  When prevalence data is available this translates into a reasonable positive 

predictive value (PPV: 81.5%, range: 37.4% - 100%) and moderate negative predictive 

value (NPV: 67.5%, range: 42% – 100%).  When these studies are combined using meta-

analysis methods they give a weighted mean value of 30.6% for sensitivity and 96.5% 

for specificity.159,206,214,215,253,256-272  Generally however anal cytology is recognised to 

miss a significant number of AIN lesions.  (See Table 9  Sensitivity and specificity for the 

detection of high-grade abnormalities with anal cytology and histology)  Poor 

correlation between histological outcome and cytological status was found in a study 

by Weis, with 67% of men with an ASCUS diagnosis having high-grade intraepithelial 

neoplasia by HRA,223 which is similar to findings by other researchers.215,273  A two 

tiered reporting system is recognised to have better interobserver reliability.274  The 

association of ASCUS in patients with genital warts has not been studied.  The role of 

adjunctive HPV testing at the time of anal cytology screening remains to be 

established.51  With studies to date there has not been any significant difference as to 

whether conventional or liquid cytology is better.217  The sensitivity and specificity for 

anal cytology to detect AIN in the presence of anal warts has not been established and 

hence the rationale for the research presented in Chapter 5 (Is histology accurate   

64 
 



Table 9  Sensitivity and specificity for the detection of high-grade abnormalities with 
anal cytology and histology 

Author Year N Sensitivity% Specificity% 
De Ruiter 1994 154 87.5 16.3 

Cranston275 HIV +ve 

                     HIV -ve 

2004  75 

40 

 

Velasco256 1993 45 78 72 

Palefsky276 1997 110 HIV +ve 69 59 

  25 HIV -ve 47 92 

Friedlander257 2003 30 92 50 

Panther215 2004 153 93 33 

Mathews258 2004 154 85 56 

Fox260 2005 99 83 38 

Salit268 2005 401 84 39 

Arain206 2005 71 98 50 

Papaconstantinou262 2005 47 42 96 

Nadal263 2007 102 74 61 

Chin-Hong249 self-

collected  (HIV 

+ve/HIV –ve) 

2008 126 75/48 50/86 

Chin-Hong249 

physician collected 

(HIV +ve/HIV –ve) 

2008 126 90/62 64/85 

Berry264 HIV +ve 

               HIV -ve 

2009 35 

85 

87 

47 

 

Nahas265 2009 311 61 60 

Nathan266 2010 288 70 67 

Mathews267 2010 261 66 90 

Bean272 2010 118 92 8 

Salit268 2010 401 84 39 

Williams269 2010 258 96 14 

Mavrogianni270 2011 65 87.5 67 

Lacey214 2011 38 78  

Swedish271 2011 847   
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enough to be the gold standard for detection of high-grade anal intraepithelial 

neoplasia?  A comparison of histology and cytology in surgical patients with anal 

condyloma).  

 

Many studies have confirmed that anal cytology is not an accurate predictor of high-

grade anal intraepithelial neoplasia, with low grade cytology having a sensitivity of 47% 

and specificity of 90% for the detection of HGAIN.277  Repeated testing has been found 

to increase the positive predictive value  from 38% to 78% after 2 years, and negative 

predictive value from 46-79%276  Nahas concluded that anal cytology was not sensitive 

enough to exclude high-grade intraepithelial neoplasia,265 and his studies are 

supported by similar findings by other researchers.  Newer evidence suggests all HIV-

positives regardless of gender or sexual orientation are at risk of HPV disease and 

should be offered screening.  Some researchers have reported the sensitivity to detect 

HSIL depends on HIV status, with disease more likely to be detected in HIV positive 

compared to negative men.264  Screening has been reported to be cost effective 

estimating $7,800 per year of life saved for a three year annual screening.  Annual 

screening has been found to be cost comparable to other clinical prevention 

strategies,278 however one researcher found screening would not be cost effective 

because of the rarity of the disease and the regression rates seen for HGAIN.  The 

researchers commented though, that their model was hampered because of a lack of 

knowledge such as the outcomes of treatment, and that in the future with more 

knowledge about the disease and treatment that the situation may change.279  The cost 

effectiveness of performing high-resolution anoscopy on individuals with abnormal 

anal cytology has also been assessed and found to be a cost-beneficial strategy in HIV 

infected MSM.280  Cost effectiveness of programs will need further evaluation as the 

natural history of disease becomes better understood in HIV positive and negative 

persons.  One such study in being undertaken in Sydney with preliminary data suggests 

the regression rate may be high, but not in older HIV positive men, however the study 

is not completed and the follow up so far was only 1.1 years (IQR 0.26–2.76).281 
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High unsatisfactory rates as high as 14% have been reported in anal cytology.282  It is 

advised that cotton swabs not be used as they have been found to give a poor cell 

yield.  Liquid cytology and conventional smears have been found to be satisfactory.  

One researcher suggests the absence of glandular material may be an indicator of an 

inadequate smear.283 

 

1.7.5.1.2 Techniques for collection of anal cytology: blind, directly 
observed, self-collected 

Anal cytology can be performed blindly by either a clinician or the patient; or under 

direct observation through a proctoscope.  In order to deal with the work burden of the 

number of patients to be tested, blind sampling using a swab has been encouraged and 

found to be satisfactory.  Sampling usually involves the use of a water moistened 

Dacron swab which is inserted 5-6 centimetres into the anal canal and then vigorously 

rotated in a tight spiral motion with firm pressure as it is withdrawn.  This technique is 

described by Palefsky et al who have been using it in all their studies, and perform the 

test with the patients lying on their side rather than the lithotomy position used for 

women.276  Roka published that Dacron swabs were superior to cytobrush specimens 

but this has been the only published study comparing the two.284  Directly observed 

sampling has had some problems because the proctoscope needs to be removed at the 

same time sampling occurs, however physician sampling was superior to self-collected 

samples in a cross sectional study community based study.249  Other researchers 

however have found that directly observed sampling using a Dacron brush was inferior 

to blind sampling and postulated it may have been due to inadequate physician 

sampling on withdrawal of the proctoscope.285  The number of publications comparing 

methodologies are limited and the best way of performing the test is yet to be 

elucidated. 

 

Direct observation allows visualisation of evidence of proctitis and genital warts and 

other disease that may otherwise be missed, as well as examining the perianal area 

which may also have high-grade disease present.  The use of a Dacron swab for 

sampling has been promoted because of the satisfactory cell yield, but the lack of 
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studies on direct sampling with a cytobrush lead us to conduct the research in Chapter 

7: A comparison of ThinPrep, conventional cytology and histopathology at the time of 

high resolution anoscopy – is there a single gold standard? 

 

Anal cytology should sample the entire anal canal i.e. glandular, transitional and 

squamous epithelium (the transformation zone between keratinising squamous 

epithelium and glandular epithelium.253  Sampling adequacy is based on the cellularity 

of the smear (number of nucleated cells and absence of contamination material, as 

well as the presence of squamous metaplastic cells and rectal columnar cells, however 

the Bethesda system does not state transformation zone material is an essential 

requirement.253  Anal cytology alone is not able to differentiate those patients who 

have uncomplicated exophytic condylomata from those who have anal intraepithelial 

neoplasia.159 

 

Depending on the cytological method used the Bethesda system endorses adequacy of 

2-3,000 nucleated unobscured squamous cells of conventional smears which is 

equivalent to 1-2 nucleated squamous cells per high power field for ThinPrep and 3-6 

for SurePath, but adequacy standards for anal cytology have not been specifically 

addressed. 

 

1.7.5.1.3 Physician or self-collected 

A study by Lampinen in which patients were given illustrated guidelines on self-

collection of anal cytology demonstrated it could be performed satisfactorily by 

patients, even though the unsatisfactory rate was higher amongst the samples taken by 

the patients.  His study was a paired cross-sectional study of 222 MSM self-collected 

versus physician randomly collected anorectal Dacron swabs which were placed into 

ThinPrep.  More inadequate specimens were collected in the self-collected specimens 

(17%) compared to physician collected samples (8%), and further studies were 

recommended as self-sampling may improve the number of individuals who can be 

screened.  Self-collected samples may result in a reduced sensitivity and specificity for 
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AIN compared to physician collected swabs.286 

 

Chin-Hong249 compared patient and physician collected anal cytology samples in 125 

MSM in San Francisco, recruited by random digit telephone dialling.  In this study they 

found 80% of participants were able to adequately collect their own samples, but 

physician collected samples had a greater sensitivity to detect anal intraepithelial 

neoplasia.  They also found a high prevalence of biopsy proven anal intraepithelial 

neoplasia in HIV-positive MSM (57%) and HIV-negative MSM (35%).  Palefsky276 studied 

anal cytology for detection of anal intraepithelial neoplasia and found the sensitivity 

was higher in HIV positive men (69%) compared to HIV-negative men (47%). 

 

Cranston275 also demonstrated that self-collected samples had a similar sensitivity to 

those collected by experienced physicians.  In this study (n=102 MSM) the sensitivity to 

detect any grade of abnormal anal cytology was 68% for self-collected samples and 

70% for physician collected.  They also found that the sensitivity for detection of high-

grade intraepithelial neoplasia was higher in HIV-positive than in HIV-negative men.275  

It is thought the increased sensitivity for disease detection in HIV-positive individuals 

may be related to lesion size.  They also found, similar to other researchers that the 

false negative rate of normal cytology was approximately 30% (for detection of AIN).  

Similarly for the cervix, screening is recognised to miss high-grade disease in 

approximately 40%, and it is for this reason that cervical screening programs rely on 

repeated interval screening.  Repeated sampling and the interval required have not yet 

been validated for anal cytology.287  Self-collection of samples is certainly a method of 

being able to promote wider screening of those at risk.  There is a risk however that 

promotion of widespread screening and detection of more high-grade disease will 

overburden limited services and experienced personnel that are already struggling to 

cope with demand.  Anal cytology screening has not yet taken off at a community level, 

possibly because of the concerns about evidence for progression and also lack of 

evidence for success in treatment. 
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1.7.5.1.4 Blind or anoscope guided? 

Anal cytology can be performed blind (Dacron swab inserted 4-6cm rotated in a spiral 

motion and withdrawn) or directly through a proctoscope.260,276  Many studies have 

reported directly observed anal sampling249,288 and blind sampling.61,65,73,159,226,230 The 

problem with directly observed sampling method is it relies on operator skill to remove 

the proctoscope at the same time as taking the cytological specimen so the entire 

transformation zone is sampled.  Either method of sampling has been found to be 

satisfactory with studies of superiority producing conflicting results. 

 

Vajdic285 reported that self-sampling was superior to physician collected Dacron 

samples in a paired random sequence study (n=151) that randomised collection either 

by the physician or taken blindly.  The Dacron swab was moistened in water before 

insertion into the anal canal and then rotated against the anal wall for one minute prior 

to removal.  For proctoscope insertion water was used as a lubricant.  They found that 

the second sample was consistently less adequate for cellularity and detection of 

intraepithelial neoplasia but when they controlled for this finding found that the blind 

swabbing produced better results.285 

 

1.7.5.1.5 Self swabbing studies 

Gilbert published a community venue based study of self-sampling for anal cytology in 

MSM.  Thirty-five percent consented to participate in the study.  The inadequacy rate 

was high 33.5% having inadequate samples.  The reasons for this included inadequate 

cellularity, obscured by debris poor cell preservation and mainly anucleated cells.248  

They did however find a high proportion of HIV-positive men with anal intraepithelial 

neoplasia (64.3%) compared to HIV negative men (33.6%), and it is thought that by 

going to gay venues may be a good way of in the future assessing vaccine efficacy. 

 

1.7.5.1.6 Which collecting device to use? 

Which brush to use?  The method developed by Palefsky uses a Dacron swab which is 

moistened and inserted 3-4 cm into the anal canal and rotated gently in a circular 
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manner with lateral pressure then withdrawn.  Laboratory guidelines for the Public 

Health Service Association (PHSA) Laboratories289 in Vancouver indicate that either a 

cytobrush or Dacron can be used.  Other researchers have also found the cytobrush 

(directly observed samples) were a satisfactory way of obtaining a satisfactory cellular 

yield with only a 1.4% unsatisfactory rate which was less than blindly taken Dacron 

swabs (2.7%).290 

 

Researchers are questioning whether Dacron swabs re in fact the best swabs to use 

and Gage et al291 have compared Flocked Nylon swabs (these swabs have been found 

to detect more chlamydia and HPV than Dacron) which have an increased surface area 

compared to Dacron.  In their small study of 23 HIV positive men no significant 

difference was found however there was a suggestion the Nylon swabs may have 

collected more cells, and it was suggested more studies be undertaken. 

 

1.7.5.1.7 Liquid based or conventional cytology? 

Conventional smears are performed by smearing cells obtained directly onto a glass 

slide and then immersing the slide in 95% ethanol and then staining the slide with 

Papanicolaou stain. 

 

For cervical cytology ThinPrep has been reported to have greater sensitivity and less 

unsatisfactory samples,292,293 however a systematic review found that it was not a 

superior test and in fact conventional cytology detected more high-grade cellular 

abnormalities.  The researchers also found that ThinPrep reported more ASCUS, and 

there is no difference in unsatisfactory slides between the two methods.  They 

suggested that larger randomised controlled trials are required to establish any 

differences between the two.  For anal cytology the studies were limited so we set out 

to see if ThinPrep performed any differently to conventional cytology at our Sexual 

Health Service at Royal Perth Hospital.294  These findings are reported in Chapter 7: A 

comparison of ThinPrep, conventional cytology and histopathology at the time of high 

resolution anoscopy – is there a single gold standard?  Interobserver variability can 
71 

 



account for as much as 10-15% difference in reporting, but because of the design of 

our study this factor did not come into play.295  Lubricants have been reported to 

interfere with the cellularity of smears and this is discussed further in Chapter 7.296,297  

Additionally ThinPrep can be used to perform other tests on a reflex basis including 

tests for STIs and biomarkers such as P53, PTEN, FAS (CD95), P16INK4.298 

 

Conventional cytology has been compared to ThinPrep cytology by Darragh et al.  In 

their study of 136 (133 MSM/BSM; 102 HIV+ve) samples using a moistened Dacron 

swab.  A conventional smear was performed first and the residual cells placed in to the 

ThinPrep using a Cytyc processor.  Results were similar for both, with agreement in 

113/36 cases and 19 cases within 1 level of agreement.  Rectal columnar cells were 

more frequently detected on ThinPrep.299 

 

There was reduced faecal contamination and air drying artefact with ThinPrep in a 

study by Sherman of 117 smears and 191 CYTEC Thin Preps.  This study of cytology 

performed by untrained doctors had a very high unsatisfactory rate (23.9%) and found 

ThinPrep to be superior with more abnormalities detected, and better smears for 

interpretation.  It is generally recognised that anal cytological sampling is more difficult 

than cervical cytological sampling with inadequacy rates being reported as higher, 

especially among untrained physicians (unsatisfactory rate 23.9%, limited for 

interpretation 35%).300  In this study by Sherman et al300 the CYTEC Thin-Preps detected 

more SIL and were twice as likely to be satisfactory.  

 

Further studies are required and awareness that low-grade smears may miss high-

grade lesions in a varying proportion of individuals needs to be understood by those 

planning screening programs and undertaking anoscopy.  The area of sampling needs 

to be from above the squamocolumnar junction to the anal margin.  The swab rolled on 

glass and fixed,214 or alternatively the cells can be placed in liquid medium.  Smears are 

fixed and stained using the Papanicolaou method.  Smear adequacy is assessed by 

cellularity, presence of columnar/ metaplastic cells and staining.  Like cervical cytology, 
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interobserver variation also occurs for anal cytology and histopathology,261 however 

good agreement can be demonstrated for high-grade intraepithelial neoplasia.288 

 

1.7.5.1.8 Interobservor and intraobservor error in cytology and 
histology 
High rates of interobserver and intraobserver bias has been reported in the 

interpretation of anal dysplasia with poor to moderate agreement.227,301  In the review 

by Lytwyn261 the kappa value for overall agreement was only 0.54 (95%CI 0.49-0.59), 

and similarly other researchers have found poor agreement with lack of agreement 

poor for lower grade abnormalities.227,302,303  Scholefield found good agreement for the 

detection of HGAIN288 however others have not been able to replicate the results.   In 

the Lytwyn study the poorest agreement was for ASCUS (kappa 0.12).  Agreement has 

not been found to be better for cytology compared to histopathology.302   

 

To reduce the problem of variability within and between those reporting on specimens 

from the genital tract it t was suggested that a simplified grading system would reduce 

the variation in reporting bias.  In addition it was recognised that diagnostic terms did 

not reflect the current knowledge of HPV infection.  As a consequence a consensus 

process called The Lower Anogenital Squamous Terminology (LAST) Project was 

convened by the College of American Pathologists and the American Society for 

Colposcopy and Cervical Pathology.304   

 

The group recommended standardised terminology for HPV associated squamous 

intraepithelial lesions and superficially invasive squamous cell cancers of the lower 

genital tract in men and women.  By consensus and extensive review of the literature 

they were able to recommend a two tiered nomenclature low-grade squamous 

intraepithelial lesion (LSIL) and high-grade squamous intraepithelial lesion (HSIL), as 

there were no biological reasons for a three tiered system (mild, moderate, severe), 

and the fact some of the intermediate grades previously used were often 

misclassifications not supported by biomarker evidence with a substantial proportion 
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of CIN2 being classified later as CIN 3.  The concept of the two tiered system reflects 

that HPV infection can be transient or persistent from which disease is thought to 

arise.  Additionally they had a working group to look at the role of biomarkers to 

enhance the detection of high-grade disease and have recommended the use of p16 

staining for determination of a diagnosis lying between IN2 or IN3 with strong staining 

supporting a diagnosis of a preinvasive condition.304  (See Figure 18 P16 staining of 

HSIL) 

In addition the group also reviewed the anatomical terminology as this varies between 

clinicians with consequent miscoding of the site of lesions.  The perianal area has been 

defined to extend 5 cm from the anal verge when seen by gentle retraction of the 

buttocks.305  The need for defining the perianal region is because some lesions on the 

perianal region have been misclassified as anal.  It is recognised that anal canal and 

perianal squamous cell carcinomas have a different prognosis and are clinically 

managed differently.306 

Figure 18 P16 staining of HSIL304 

  

A cervical biopsy with SIL showing partial maturation; some might question the lesion grade (? CIN 

2). A and C, H&E morphology at low and medium power with atypical parabasal-like cells extending 

into the middle third of the epithelium (C). B and D, Corresponding p16 IHC stains with diffuse 

strong staining meeting the definition of p16 strong diffuse block-positive described in the text. 

Therefore, this case is best interpreted as HSIL. 
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1.7.5.2 High resolution anoscopy 

High resolution anoscopy (HRA) is a method of inspection of the anal canal using a 

colposcope which provides illumination and magnification (8-15X) to identify 

premalignant or malignant conditions of the perineum, anal verge and anal canal.  

Connor was the first to describe anorectal conditions using a colposcope.307 

 

It is usually performed in an outpatient setting and examines the skin of the anal canal 

including the glandular area above the transformation zone, the transformation zone, 

and the squamous epithelium in and outside the anal canal.  It is recognised as the gold 

standard for detection of AIN.  The anal canal is accessed using a proctoscope and the 

tissue is stained with 3-5% acetic acid and photographs, and biopsies are taken of 

abnormal areas.  Application of 3-5% acetic acid for 3 minutes induces visible changes 

similar to abnormalities of cervical precancer on the cervix.  Application of Lugol’s 

iodine causes similar lack of uptake as the cervix in the presence of HGAIN because of 

reduced glycogen stores; however these changes are not applicable to keratinised 

epithelium.  Similar to colposcopy in women- aceto-white density and vascular changes 

(fine or coarse vascular punctation or mosaic) are documented, as well as the surface 

architecture appearance.23  (See Figures 17-23)  

 

Usually a digital rectal examination (DARE) is performed at the start of the procedure 

as this is recognised to be one of the best ways of palpating an early anal carcinoma, 

often detected as a small nodule.  Palpation of the prostate is often included in the 

digital rectal assessment. 

 

Perianal disease may coexist with anal disease219 and up to 4 different types of perianal 

intraepithelial neoplasia have been described (Bowenoid, erythroplakic, verrucous, and 

leukoplakic), however whether these have prognostic associations remains to be 

determined.308  Biopsy of the skin lesion is required for confirmatory diagnosis and to 

exclude microinvasion.  Guidelines have been developed for cytological screening the 

anal margin.  These were developed by a service that saw more anal margin cancers 

than anal canal cancers.288  These guidelines are in contradistinction to cytological 
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screening of the anal canal discussed in great detail in Section 1.7.5 earlier and are a 

complimentary form of screening to that standardly recommended. 

 

It takes training and practice to acquire the skills required to perform HRA, and a 

background of colposcopy is ideal but not essential.  There are no large studies 

quantifying interobserver variability, but studies on individuals can show a learning 

curve with a higher correlation of cytology with biopsy over time.  Institutions that 

perform the procedure have recognised there is a long learning curve, and that it is a 

more complex procedure than most colposcopies.  The skill of the anoscopist has been 

found to be related to the number of high resolution anoscopies performed.204  Trained 

anoscopists need to be able to exclude other anal disease and be able to identify 

abnormal areas of skin and be able to take multiple biopsies of diseased areas.  

Monsel’s paste and Spongistan (a seaweed gel used in colorectal surgery that assists 

with coagulation) can be placed in the anal canal after a biopsy to assist with 

haemostasis generally however the patient is able to adequately control the bleeding 

with resting sphincter pressure.  The anal canal is more difficult to visualise than the 

cervix which is seen on one plane, whereas the anal canal has multiple folds and there 

may be haemorrhoids, bleeding or other disease such as large fleshy warts present 

which complicate the assessment, and may preclude good visualisation.  Examination 

requires gentle removal of the proctoscope to ensure visualisation of the entire anal 

canal. 

 

HRA is now recognised as being the gold standard for diagnosis of HGAIN, and a 

shortage of HRA providers is recognised.309  Prior to the introduction of HRA mapping 

biopsies use to be performed in the operating room with 16-24 biopsies taken and the 

samples examined by frozen section and subsequent wide local excision.  Recurrence 

rates following this approach vary from 12-23%.310 
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Figure 19  Anal transitional zone stained with 3% acetic acid 
(low-grade HPV changes) 

 

Photograph from personal slide series J McCloskey (author) 

 

 

Figure 20  HRA photograph demonstrating a small wart in the 
anal canal  

 

Photograph from personal slide series J McCloskey (author) 
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Figure 21  HRA photograph demonstrating the bizarre 
vasculature and papilliferous lesions that is commonly found 
in the presence of genital warts 

 

Photograph from personal slide series J McCloskey (author) 

 

 

Figure 22  Photograph demonstrating circumferential high 
grade perianal intraepithelial neoplasia in an HIV-positive man 

 

Photograph from personal slide series J McCloskey (author) 
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Figure 23  Photograph demonstrating focal perianal high-
grade intraepithelial neoplasia (Bowen’s disease) in an HIV-
positive male 

 

Photograph from personal slide series J McCloskey (author)  
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Figure 24  Photograph demonstrating perianal high-grade 
intraepithelial neoplasia (Bowen’s disease) in an HIV-negative 
male 

 

Photograph from personal slide series J McCloskey (author) 

 

Figure 25  High resolution photograph (X12) of the dentate 
region demonstrating dense acetowhite staining, thickened 
surface configuration architecture and prominent abnormal 
blood vessels with dilated areas and coarse punctuation.  
Histology AIN 3 

 

Photograph from personal slide series J McCloskey (author)  
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1.7.6.2.1 Anal biopsy 

Some clinicians biopsy directly, others infiltrate with xylocaine and 1:80,000 adrenaline 

via a dental syringe.  Various biopsy forceps may be used such as baby Tischler, Tischler 

or Eppendorfer colposcopic biopsy forceps.  Specimens are placed in formalin.  Some 

laboratories prefer the samples to be placed in a cage with foam to facilitate specimen 

orientation, and prevent curling artefact.  Sodium bicarbonate (8.3%) can be added to a 

mixture of 1/100,000adrenaline and 1% lignocaine to reduce the pain of local 

anaesthesia.311  

 

Biopsies of abnormal  areas are taken,23  Perianal and anal disease often occur 

contiguously but do not extend beyond the internal anal sphincter which is responsible 

for canal continence.  Biopsies can be taken of suspicious areas in the anal canal 

without anaesthetic however 2% lignocaine inserted 30 minutes prior to the procedure 

can reduce discomfort.  Occasionally an injection of anaesthetic is required, especially if 

multiple biopsies are being taken.  This is given via a dental needle using either 

lignocaine 2% or lignocaine mixed with adrenaline.  Local anaesthetic is required for 

perianal biopsies.  Haemostasis can be achieved by applying pressure, topical 

application of silver nitrate or Monsel’s solution (ferrous sulphate).  Monsel’s solution 

should not be applied to external areas because of the risk of pigmentation.  

Spongistan (a seaweed haemostatic often used in haemorrhoidectomy) can be inserted 

into the anal canal in 1-2cm pieces for additional haemostatic effect. 

 

1.7.6.2.2 Documentation of HRA findings 

Disease may be focal or more commonly in HIV-positive men multi-quadrant, involving 

1-4 quadrants posing difficult treatment dilemmas because of the extent of disease, 

and concern about scarring or consequences of treatment such as stricture.  

Documentation on the disease extent in the form of the numbers of quadrants 

involved, localisation within a quadrant and whether the disease is focal or extensive 

should be made. In addition perianal disease should also be documented.  The disease 

site should be carefully mapped so treatment can be given once histopathology is 

available, or follow up with no treatment is to occur.  Lesions at the dentate line are 

81 
 



easily documented, however it is more difficult to describe the biopsy location on the 

anal canal lying between the dentate line and anal verge and good diagrams are 

required.  In addition rotation of the anal mucosa may occur skewing the site location. 

 

1.8 ANAL WARTS 

1.8.1 Clinical aspects of anal and perianal warts 

Anal warts are predominantly of the acuminate type, but papular lesions may also 

occur and may proliferate markedly in conditions of immunosuppression,312 but even 

without immunosuppression some patients may develop extensive anal canal or 

perianal disease.  It is not possible to distinguish clinically those patients with warts 

that contain intraepithelial neoplasia.313  Anal pruritus, bleeding, pain or anal discharge 

may occur.  Pain can be due to the size of the lesion or to other associated infections 

such as bacteria, herpes or fungi.  The lesions may be asymptomatic.56  There are four 

morphologic types: papular, flat, keratotic and acuminate.314 

 

Of those with external lesions up to 76% are found to have internal lesions,315 some of 

which may extend 2cm beyond the dentate line.  Perianal warts are often associated 

with anal warts in both women and MSM.  Receptive anal intercourse is the major risk 

factor for anal warts, however instrumentation with a proctoscope or fingers could also 

introduce infection into the anal canal.316  Similar seeding by instrumentation has 

previously been demonstrated for urethral warts, and consequently urethral meatal 

warts are always treated before urethroscopy is undertaken.317  A proportion of 

patients (20-30%) develop recurrences after 6 months because endogenous immunity 

fails to develop,318 however recurrence rates specific to anal canal lesions are difficult 

to ascertain. 

 

Proctoscopy is therefore advised in all cases of perianal warts55 unless no sexual 

penetration has occurred, in which case instrumentation should not be performed in 

order to avoid introduction of infection into the anal canal.  HIV infected individuals 

have interestingly been found to have more genital wart infection (incidence density 
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5.8/1000 person-years) and genital herpes infection (incidence density 10.7/1000 

person-years) than HIV-negative MSM/BSM in a large retrospective and prospective 

cohort (n=1073) studies from 1988-1992.319  More episodes of first infection of either 

disease were seen with a reduction in their CD4 count (200-499 cells/ul). 

 

Furthermore the presence of HGAIN in association with anal warts has been under-

recognised,320 with many clinicians concluding anal warts are benign lesions without 

histological evidence.  Indeed many surgeons treat warts by electrocautery without 

establishing a histological diagnosis.  Some observational studies of anal warts have 

reported a disproportionate increase in invasive carcinoma and carcinoma in situ 

amongst MSM/BSM.321,322  Whether high-risk HPV infection alone is the risk factor for 

development of anal cancer, or whether anal warts provide an additive risk factor 

because of increased cell proliferation and hence increased likelihood of 

transcriptional errors leading to invasive cancer has not been established, however the 

observation that anal cancer has been seen by clinicians to be arising from within 

genital warts is disturbing, suggesting there is something about the lesion dynamics of 

warts and high-risk HPV infection that should be further studied. 

 

It is not clear if HGAIN in patients with anal warts only occurs within the warts, or if 

there may be other sites of HGAIN involvement within the anal canal, which are not 

removed by surgical excision, and hence the additive testing by cytology may be of 

value.  In addition, if random biopsy sampling of warts is performed then foci of HGAIN 

could be missed and hence cytology may provide additional prognostic information.  

For those having HRA in the presence of warts this study provides additional 

information because of the completeness of the biopsy samples (all the warts were 

excised rather than random biopsies).  A significant number of cases of HGAIN were 

found in the presence of anal warts, similar to previous findings,320,323 and these data 

suggest that the presence of anal warts should be considered as being an indicator for 

further investigation to exclude HGAIN.  For these reasons we performed a study of 

anal cytology in patients undergoing surgery for anal warts and present the findings in 

Chapter 5- Is histology accurate enough to be the gold standard for detection of high-

grade anal intraepithelial neoplasia?  A comparison of histology and cytology in 
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surgical patients with anal condyloma.  The research was planned to assist surgeons 

into triaging the management of cases of warts after surgery, promoting follow up and 

high-resolution anoscopy in those found to have intraepithelial neoplasia either by 

histology or cytology.  Triaging in this way is useful as the numbers of those able to be 

able to perform high resolution anoscopy are limited. 

 

1.8.2 Differential diagnosis of anal/perianal warts 

Some heterosexual patients erroneously treated for haemorrhoids have been found to 

have anal canal infection.  Anal warts need to be differentiated from molluscum 

contagiosum lesions, condylomata lata, oedematous skin  tags in Crohn's disease, 

pseudotumoral or epithelialised haemorrhoids, malignancy,324 keratoses, 

lymphogranuloma venereum, intraepithelial neoplasia, lichen planus and lichen 

nitidus.325  In addition HIV-positive patients may also have coexisting perianal disease 

such as ulcers, tumours, fistulas and abscesses.315  Biopsy of anal lesions is being 

increasingly recommended because of the coexistence of intraepithelial neoplasia, 

especially in HIV positive individuals.320,326    

 

1.8.3 Warts and anal intraepithelial neoplasia 

High grade intraepithelial neoplasia has been noted in warts.  In 1998 Bryan et al 

reports 2 patients with HIV infection who were found to have intraepithelial neoplasia 

within warts.327  They noted the prevalence was unknown and that treatment usually 

occurred without histological confirmation.  The lack of studies stimulated the 

research described in Chapter 2, as well as the evidence that malignancy had been 

reported to evolve from genital warts.  A further study published in 2008 suggested 

that immunosuppression may be present in warts with evidence of increased IL-10 

production, decreased dendritic cell counts and increase T-regulatory cell infiltration 

amongst other parameters.328 
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Genital warts are a very common sexually transmitted infection that is spread by 

surface to surface skin or mucosal contact.  The incubation period varies from 2-4 

weeks up to 9 months.  The HPV virus causes cellular proliferation to produce 

cauliflower like growths in the genital region.  These can be particularly prolific in the 

anal canal.  The reason for this anatomical difference is not known.  Generally they are 

thought to be a benign cosmetic problem, even though there is evidence that they 

may rarely transform into cancer.  Intraepithelial neoplasia has been reported to occur 

in warts particularly in cervical warts where excisional treatment has always been 

recommended.  However histopathology is not commonly performed on warts from 

other body areas, so our research undertook to audit the database at RPH to ascertain 

the frequency of intraepithelial neoplasia in anal warts.  The findings are reported in 

Chapter 2  Frequency of intraepithelial neoplasia in anal/perianal warts. 

 

Very large genital warts are called Giant condyloma acuminatum or Buschke-

Löwenstein tumour.329  They were first described in 1925 by Buschke and Löwenstein.  

They are slow growing giant warts that are usually histologically benign, and usually 

need surgical removal and often skin grafting.  They may sometimes become locally 

invasive.  Low-risk HPV has been found in the invasive components of these lesions.330  

Whether carcinoma and giant condyloma acuminatum (GCA) are separate entities is 

controversial, or whether GCA represents an intermediate stage between genital warts 

and squamous cell carcinoma.330  Buschke-Lowenstein lesions (giant condyloma) have 

a high recurrence rate (66%) and the reported risk of malignant transformation is 

56%.331 

 

1.9 TREATMENT OF ANAL INTRAEPITHELIAL NEOPLASIA 

Various treatments have been attempted but no randomised controlled studies have 

been performed, and to date no set standard for treatment has been established.  It is 

recognised that treatment is difficult because of multifocal lesions and that the 

recurrence rate post treatment is high.332  Treatment can be either surgical or 

nonsurgical (topical or ablation).  Surgical excision can be used for limited disease 
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involving less than 30% of the canal circumference, but there is a high recurrence 

rate.220  Surgical treatment has been attempted with local excision of macroscopic 

lesions, and wide local excision with an advancement flap or skin grafting with or 

without a colostomy has also been attempted however generally the treatment is 

considered too severe for the disease and other treatment modalities are being 

tried.232,333  In addition there is a recognised recurrence rate of up to 25% even with 

radical procedures.334  Failure may occur because of residual foci in skin appendages 

and glandular epithelium.335  Surgery however is satisfactory for local excision of 

isolated macroscopic lesions,232 but progression to SCC has been reported to be as high 

as 11% in one series.231 

 

The advantage of using HRA is that it allows targeted therapy.310  Laser, infrared 

coagulation (IRC), cryotherapy and electrocautery are used for larger lesions.  IRC is an 

office based treatment using HRA.  It is well tolerated with an initial success rate of 65% 

for initial treatment of HGAIN in HIV positive MSM.309 

 

For perianal lesions previously known as Bowen’s disease surgical excision was the 

main treatment modality for many years.  The recurrence rates are high: 25-50%.336  

Involvement of hair follicles and adnexal glands mean that surface ablation cannot 

eradicate the disease.  Recurrent surgery however is associated with its own set of 

complications including pain, strictures, and incontinence. 

 

Laser treatment has been demonstrated to be successful with complete remission 

being reported in 114/181 (63%) at 12 months after treatment with a median time to 

cure of 31.5 months.  In this retrospective study several modalities of treatment were 

used  including imiquimod.337 

 

HRA cautery ablation has been used for 360 degree disease and in patients with other 

disease such as haemorrhoids that precludes satisfactory assessment, and is the 

preferred modality of treatment for the authors of this paper.338 

 

Similarly infrared coagulation has been successful.  Short term success of 65-70% has 

been reported for follow-up 3-6 months.339,340  In a retrospective review of 35/75 
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(47%) patients with complete remission being sustained for a median of 516 days, but 

40/75 (53%) developed a recurrence at a median of 238 days.341  It has also been 

evaluated prospectively and demonstrated to be a well-tolerated outpatient treatment 

modality.342  Eighteen patients treated using high-resolution anoscopy and infrared 

coagulation found the procedure to be well tolerated, with only mild subsequent pain 

or bleeding, with an initial comparable treatment response of 66%342  In patients with 

circumferential disease, treatment can be staged over several treatment sessions to 

enable outpatient treatment of the whole area involved, however the recurrence rate 

of HGAIN is 45% (average recurrence time 18 months (range 5-92 months) over at 10 

year follow up period, with treatment of recurrences reported to be successful.343   

Whether treatment  prevents development of cancer remains to be seen but in the 

Pineda series the anal cancer rate was only 2.8% (1/42) with a similarly low rate of 

1.97% (95% CI, 0.73%–5.2%).at 3 years by Goldstone.343,344  The technique has been 

retrospectively evaluated to be more successful in HIV negative patients compared to 

HIV positive patients.341  Complications with IRC (+/-TCA) have been reported and 

include a postoperative fissure, cellulitis and worsening anal stenosis.310Goldstone 

has recently published long term of treatment of HGAIN by various modalities 

including cautery, IRC and laser.  He found a high recurrence rate of 77% (95% CI, 7%2–

82%) for HIV-positive patients at 3 years, with a slightly lower rate of 66% (95% CI, 

59%–73%) in HIV-negative patients.  Recurrences included new disease or persistent 

disease i.e. disease found to recur in a previously treated area.344 

 

Electrocautery and high resolution anoscopy has also been reported but again many 

patients need more than one treatment in order to enter complete remission.345  A 

79% recurrence rate was reported for electrocautery in a small series.346   

 

In another small study of non-surgical treatment with imiquimod has demonstrated 

partial success, but studies are small.  Recently multiple staged treatments both as 

inpatients and outpatients has been demonstrated to achieve complete remission in 

78%.  The recurrence rate was initially high after the first treatment but with repeated 

treatments the high complete remission rate was achieved. Despite treatment, anal 

cancer occurred in 1.2% but this rate was much lower than in untreated patients.310  
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HGAIN recurrences have occurred up to 83 months after successful treatment, so long 

term follow up of all treated patients is recommended.232   

 

The Infrared Coagulator™ has been used successfully in an office setting for treatment. 

Circumferential or bulky disease was treated in theatre. Of 165 lesions treated, 28 

persisted and 65 developed new or persistent HSIL from 27-566 days. Disease free 

status was achieved in 35% (24/68).  Repeated treatments were used in those who 

failed initial treatment with a concomitant reduction in new or persisting disease.  No 

cases of anal carcinoma or anal stenosis occurred.346  Photodynamic therapy has also 

been reported to be successful for treatment of AIN III after two treatments in one 

patient.334  Despite initially a good success rate with localised surgical ablation of 

HGAIN by HRA, with 18.7% post treatment disease, a recurrence rate of 57% at 19 

months has been noted.310 

High rates of recurrent disease have been found in HIV positive men and women, 

whereas better outcomes have been recorded for HIV negative patients.286 

 

Non-surgical therapies may be successful i.e. 80% trichloroacetic acid (TCA), 

podophyllotoxin, intralesional interferon, imiquimod 5%-histological regression of 2 

grades in 10/10 cases.308  Multiple treatment sessions are often required because of 

the extensive nature of the disease.  Topical TCA has been demonstrated to treat anal 

intraepithelial neoplasia in HIV-positive and negative individuals with greater success in 

2 or less lesions.347  A double blind randomised control trial  of imiquimod was effective 

in HGAIN in HIV-positive MSM on antiretroviral therapy, especially those with 

widespread multifocal disease, and a significant disease free period of 61% in treated 

patients at 36 months.348  Topical 5 fluoruracil has been investigated to treat 11 

patients with extensive anal Bowen's disease.  The treatment was applied for 16 weeks 

and no adverse outcome was reported however microinvasive carcinoma occurred in 

one patient and was excised, and 10/11 were disease free at 12 months of follow up.349 

 

In summary there are multiple modalities of treatment for anal intraepithelial 

neoplasia with no randomised controlled studies giving clear answers as to which are 
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the preferred treatment modalities.  The treatment outcomes are also confounded on 

sparse data on regression and progression of disease although some data exists.  It 

appears at this stage that individuals with more extensive disease are more likely to 

relapse and in addition they need more treatments in order to obtain clinical remission.  

Long term studies are required to understand if remission is maintained.  In addition a 

quantitative assessment system needs to be developed so the volume of disease can 

be measured prior to treatment as this appears to be one of the most significant 

variables in affecting treatment outcome as well as HIV status.  Small volume disease 

can probably be successfully treated in outpatient clinics, however there is again sparse 

data on long term remission rates and no large well controlled studies exist.  There is 

also the concern of clinicians involved with treatment not wanting to repeat the New 

Zealand experiment where many women developed invasive cervical cancer as a  

 

consequence of treatment being withheld.350  In the same way withholding treatment 

to patients with high-grade intraepithelial neoplasia because the best treatment option 

is not yet clarified is uncomfortable to clinicians as they are aware the patient may 

develop invasive disease whilst under observation, or worse still default from 

observation.  This dilemma highlights an urgent need for clinical treatment trials. 

 

1.10 INTRODUCTION TO THE PAPERS 
This thesis is comprised of a background literature review and a collection of 8 papers, 

some of which have been published and others submitted awaiting peer review.  The 

background research summary has identified many possible future areas of research in 

the field of anal HPV infection. 

 

It was evident from the literature review that very few histopathological studies of 

significant size had been performed on genital warts, particularly warts in the anal and 

perianal anatomical regions.  The literature review also identified that HIV-positive 

men and men who had sex with men appeared to have anal warts more commonly 

than was recognised and that data on anal wart prevalence was sparse, highlighting 

limited knowledge about the condition.  Consequently we undertook to estimate the 

prevalence of high-grade anal intraepithelial neoplasia in surgically excised warts, and 
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then reassessed the rate later on to see if the findings still held.  The findings of this 

research where we found the rates of high-grade anal intraepithelial neoplasia in warts 

were higher than previously recognised are presented in CHAPTER 2: THE FREQUENCY 

OF HIGH-GRADE INTRAEPITHELIAL NEOPLASIA IN ANAL/PERIANAL WARTS IS HIGHER 

THAN PREVIOUSLY RECOGNIZED, published in the International Journal of STD & AIDS 

2007;18:538-542; and the reassessment 5 years later presented in CHAPTER 3 a Book 

Chapter titled UPDATE ON THE ROYAL PERTH HOSPITAL ANOGENITAL WART 

DATABASE published in HIV Infection- Impact, Awareness And Social Implications Of 

Living With HIV/AIDS 2011; Chapter 5: 81-90, published by In Tech Publishing.  Both of 

these published papers are also included as supplements in their published format. 

 

During the time I was writing this thesis we established a high resolution anoscopy 

clinic at Royal Perth Hospital Sexual Health Service.  We were aware of the literature 

that suggested development of such a service may result in identification of anal 

disease at an earlier stage and hence when we started to see cases of microinvasive 

anal cancer we realised this was a new observation and undertook a literature review 

and reported the cases.  The findings are presented in Chapter 4:  MICROINVASIVE 

ANAL CANCER- A CLINICAL DILEMMA- A CASE SERIES AND REVIEW OF THE 

LITERATURE.  This paper has been submitted to a journal for publication and we are 

awaiting the outcome of peer review. 

 

Having noted high rates of intraepithelial neoplasia in anal warts in our own research, 

and discrepancies between histopathology and cytology reported in the literature we 

were interested to explore if cytology performed before surgical removal of anal warts 

provided additional information.  In particular whether there may be additional benefit 

form anal cytology as all the high grade disease may not be excised at surgery.  Prior to 

our own research only one small series of 47 cases had been reported.  Our findings in 

the largest series analysed to date are reported in Chapter 4  IS HISTOLOGY ACCURATE 

ENOUGH TO BE THE GOLD STANDARD FOR DETECTION OF HIGH-GRADE ANAL 

INTRAEPITHELIAL NEOPLASIA?  A COMPARISON OF HISTOLOGY AND CYTOLOGY IN 

SURGICAL PATIENTS WITH ANAL CONDYLOMA.  This paper has been submitted for 

publication and we are awaiting peer review. 
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The literature review highlighted the difficulty of detection of high-grade 

intraepithelial neoplasia with either screening technology, lack of skilled anoscopists, 

and problems with cytology under reporting high grade intraepithelial neoplasia.  To 

date the best way to identify high-grade anal intraepithelial neoplasia is to perform 

high resolution anoscopy. We were interested to observe the predictions of cytology in 

detection of high-grade intraepithelial neoplasia in our clinic and undertook an audit to 

estimate the sensitivity and specificity of cytology compared to histology.  This audit is 

presented in Chapter 6: AUDIT OF PAIRED ANAL CYTOLOGY AND HISTOPATHOLOGY 

OUTCOMES IN PATIENTS REFERRED TO A PUBLIC SEXUAL HEALTH CLINIC and was 

published in Sexual Health 2010;7:1-6. 

 

There were few publications of ThinPrep compared to conventional cytology for anal 

disease.  For cervical disease despite a meta-analysis finding neither test is superior, 

there is a push for liquid based cytology to be the preferred testing modality.  We were 

interested to see if liquid based cytology provided different results to conventional 

cytology for anal specimens and these results are presented in Chapter 7 A 

COMPARISON OF THINPREP, CONVENTIONAL CYTOLOGY AND HISTOPATHOLOGY AT 

THE TIME OF HIGH RESOLUTION ANOSCOPY – IS THERE A SINGLE GOLD STANDARD? 

This paper has been submitted to a journal and is awaiting peer review. 

 

The literature review identified that the risk factors for anal cancer have been well 

described, however there is little in the literature on the risk factors for high-grade 

anal intraepithelial neoplasia.  Because of the unique surgical wart database that has 

been maintained at the Royal Perth Hospital Sexual Health Service and Department of 

Anatomical Pathology we undertook research to look at cofactors that may be 

associated with high-grade intraepithelial neoplasia in a patient population with 

genital warts.  Novel findings have been found and are presented in the paper in 

Chapter 8: DO HERPES, HPV, HCV, HBV, CHLAMYDIA, & GONORRHOEA HAVE A ROLE 

TOGETHER WITH HIV IN HIGH-GRADE ANAL INTRAEPITHELIAL NEOPLASIA?” 
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Whilst the thesis was in progress there was an awareness of a need for an early 

treatment intervention for either anal intraepithelial neoplasia or even earlier for 

persistent HPV infection and a patent for treatment of the cervix and anal canal is 

included as supplementary material, along with copies of papers in their publication 

format. 
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CHAPTER 2 – PAPER 1  FREQUENCY OF 
INTRAEPITHELIAL NEOPLASIA IN 
ANAL/PERIANAL WARTS 
2.1 INTRODUCTION 
A surgical database of excised anal/perianal warts from patients receiving treatment 

through the Sexual Health Service at Royal Perth Hospital was established by myself for 

surgical audit purposes.  It is maintained and cleaned by myself.  Within the database 

which was commenced in 1996 the following variables are collected: patient record 

number, date of birth, date of operation, reason for surgery, sex, sexual preference, 

lifetime partners, smoking history, history of sexually transmitted diseases, serostatus 

for HIV, syphilis, herpes simplex type 2, hepatitis A, B and C. HIV status, 

immunosuppression status, histology, cytology  HIV variables (date of diagnosis, HIV 

viral load and CD4 count at time of surgery,CD4 nadir and date of nadir) were collected 

on the advice of Prof Martyn French. 

 

Genital warts are regarded as a cosmetic problem thought to be due to low-risk HPV, 

and often histology is not obtained because the material is fulgurated.  Patients with 

perianal warts do not get examined for anal canal lesions in the United Kingdom.  

Surgeons often keep patients with anogenital warts waiting on their surgical lists 

because other conditions are regarded to be more important.  Genotyping studies of 

anal warts are sparse, and reported surgical series of wart cases involving the anal 

canal are limited. 

 

I had observed that intraepithelial neoplasia was being reported in the histology of 

surgically excised anal/perianal wart samples.  I discussed these findings with the head 

of the Department of Anatomical Pathology at Royal Perth Hospital Dr Cecily Metcalf 

who confirmed we were the only service providing such material with high-grade 

disease within the hospital, and that other hospitals were not receiving such material.  

Based on the unique observations we were seeing the following audit of the surgical 

wart database was undertaken. 

129 
 



2.2 PAPER 1 
THE FREQUENCY OF HIGH-GRADE INTRAEPITHELIAL NEOPLASIA IN ANAL/PERIANAL 
WARTS IS HIGHER THAN PREVIOUSLY RECOGNIZED. 

J C McCloskey MPH FAChSHM*, C Metcalf FRCPAŦ, M A French MD FRACPŧ, J P Flexman 

PhD FRCPAş, V Burke MD FRACP** and L J Beilin ** 

 

*Sexual Health Services; ŦDepartment of Anatomical Pathology, Royal Perth Hospital; 

ŧDepartment of Clinical Immunology, Royal Perth Hospital and School of Surgery and 

Pathology, University of Western Australia; şDepartment of Microbiology, Royal Perth 

Hospital; **School of Medicine and Pharmacology, University of Western Australia, 

Perth, Western Australia, Australia  

 

Summary: A retrospective review of the prevalence of intraepithelial neoplasia (IN) in 

surgically removed perianal/anal warts from December 1995 to December 2004 was 

undertaken in patients referred to the Sexual Health Clinic at Royal Perth Hospital.  

Data were analysed from 115 men and 38 women, 29 of whom had HIV infection (27 

men and 2 women). Perianal/anal IN within the warts was found in 78% (52% high-

grade) of men with HIV infection.  In men without HIV infection, the overall rate of IN 

within warts was 33% (20% high-grade).  The IN rate was 8.3% for HIV-negative women 

(2.8% high-grade).  Rates of IN within perianal/anal warts in men with or without HIV 

infection are higher than previously reported, and suggest the likelihood of a 

substantial increase in the future incidence of anal cancer.  The association between IN 

and genital warts needs to be further studied. 

 

Keywords:  genital warts, perianal intraepithelial neoplasia, anal intraepithelial 

neoplasia, treatment, human immunodeficiency virus. 
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INTRODUCTION 

A strong association between the development of anal cancer and a history of genital 

warts has been demonstrated,1 and anal cancer rates, particularly in HIV-infected men, 

are increasing despite the introduction of combination antiretroviral therapy (ART).2  

The rates of genital warts have increased in many countries, with a dramatic increase 

in the UK over the last 25 years.3  Genital warts are considered benign lesions caused 

by low-risk human papillomavirus (HPV) types4 and are treated for aesthetic reasons; 

however, mixed infections with low- and high-risk types appear common.5  

Intraepithelial neoplasia (IN) has not been recognized as a frequent association except 

on the cervix.  There are even less data on the rates of IN in anal warts.  This study was 

designed to assess the prevalence of, and predisposing factors for, IN in a 

contemporary cohort of patients with perianal or anal warts presenting to the Sexual 

Health Clinic at Royal Perth Hospital.  

 

MATERIALS AND METHODS 

Study population and surgical technique  

Patients referred to the Sexual Health Clinic at Royal Perth Hospital with anal or 

perianal warts were treated surgically by a single sexual health physician if the warts 

were large or multiple, located within the anal canal or if the patient was unable to 

tolerate other treatment options.  The Sexual Health Clinic receives the majority of 

referrals for management of anal warts in the hospital catchment area.  All co-

infections with gonorrhoea and chlamydia were treated prior to surgery.  The clinic 

differs from other sexual health clinics in that theatre access is available without 

patients having to be referred to a surgical clinic.  Under general anaesthesia, each 

patient had the bulk of the warts excised by a scissor excision procedure.6   Diathermy 

was only used to achieve haemostasis, or to assist with treatment of minor lesions that 

were difficult to remove.  Tissue excised from the anal verge and perianal skin or from 

the anal canal via a Parke’s speculum was placed in separate containers containing 

formalin. 
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Specimen processing and reporting 

Tissue received by the Anatomical Pathology Department was processed in paraffin.  

No material was discarded at surgery or by the pathologists.  The material was stained 

with haematoxylin and eosin and reported by the duty histopathologist.  Cases of high-

grade IN were reviewed by another pathologist.  All six pathologists in the department 

were involved in reporting.  Anal intraepithelial neoplasia (AIN) and perianal 

intraepithelial neoplasia (PAIN) were graded using the same concepts and criteria as 

those used  to grade cervical IN.7  Thus, AIN and PAIN were graded as AIN 1 or PAIN 1 

(mild dysplasia), AIN 2 or PAIN 2 (moderate dysplasia) and AIN 3 (Figure 1) or PAIN 3 

(severe dysplasia and carcinoma in situ).  The research was approved by the head of 

the Royal Perth Hospital Ethics Committee as part of a retrospective review following a 

surgical audit of the prevalence of AIN and PAIN.   

 

Data analysis  

Data from patient hospital medical records were analysed using SPSS 12.0.  (SPSS Inc., 

Chicago, IL, USA).  Counts and percentages of categorical variables, and mean, 

standard deviation and range were calculated for continuous variables.  Categorical 

variables were examined using the χ2 test. P values ≤0.05 were regarded as significant. 

 

The presence of IN (AIN and/or PAIN) was used as the dependent variable in logistic 

regression to identify independent risk factors using the variables: age, sex, sexual 

preference (homosexual, bisexual or heterosexual) and smoking status (current 

smoker, ex-smoker or never smoked).  

 

RESULTS 

Patient characteristics and operative procedures 

Removal of anal and/or perianal warts was performed in 185 patients, 153 (115 men 

and 38 women) of whom were included in the analysis.  Reasons for exclusion included 
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a lack of surgical material (25), unknown HIV status (1) and immunosuppression other 

than HIV (6).  Table 1 shows demographic data by sex and HIV antibody status.  

Twenty-nine patients had HIV infection (27 men and two women).  Men with HIV were 

significantly older than men without HIV (mean 8.6 years) and 96.3% were 

homosexual/bisexual, 3.7% heterosexual and 70.4% current smokers.  At the time of 

the first operation, the mean duration of HIV infection was 8.2 years (range 6.0-10.5); 

the mean CD4 T-cell count was 430x106 /L (range 83-209x106 /L).  The HIV viral loads 

ranged from < 50 to 48,000 viral copies/mL with 48.2% having a viral load of <400, 

18.5%, 537-4482 and 33.3%, 14,578-49,000.  Of the men without HIV infection, 54.5% 

were homosexual/bisexual, 45.5% heterosexual and 49.4% current smokers.  The 

maximum number of operations performed on HIV-antibody-positive men ranged 

from one to five, with HIV-negative men having up to three operations. 

 

Rates of IN were highest in patients with HIV infection 

Of the 27 men with HIV infection, 21 (77.8%) had IN and 14 (51.8%) had PAIN 2-3 or 

AIN 2-3 (Table 2).  These values were about 2.5 times higher than the 88 men without 

HIV, 33% of whom had IN.  Eighteen of these men (20%) had PAIN or AIN 2-3.  The rate 

of IN was 8.3% for HIV-negative women (2.8% PAIN or AIN 2-3).  Except for a few 

perianal lesions with classical features of Bowen’s disease, none of the IN was evident 

at operation and was only discovered with histopathological examination.  The rate of 

PAIN or AIN 2-3 was 53.8% (14/26) for homosexual/bisexual men with HIV and 33.3% 

(16/48) in those without HIV infection (P=0.001).  The rate of IN was consistently 

higher in the anal canal compared with the perianal area; however, the difference was 

not statistically significant in the analysis of the first operation (Table 3).  Of the 

patients with PAIN or AIN 2-3, significantly more of those with HIV infection were 

current smokers, 12 (63.2%) compared with eight (18.6%) without HIV infection 

(P;001).  There were 12 cases of PAIN or AIN 2-3 in HIV-positive smokers compared 

with two in non-smokers (P=0.063) (Table 4). 
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A logistics regression analysis comparing those with any degree of IN to those with no 

IN was performed using age, sex, sexual preference, smoking and HIV status as the 

confidence interval (CI 2.12-20.17) P-0.001 and homosexual/bisexuality, OR 3.3, 95% CI 

(1.25-8.90) P=0.016 were independently associated with the presence of IN. 

 

DISCUSSION 

We report very high rates of PAIN or AIN 2-3 in warts in the perianal and anal areas in 

men, reaching 52% in those infected with HIV.  The study population is thought to be 

representative of all anal canal warts as these were always referred to surgery, if 

detected, due to lack of other satisfactory treatments.  Proctoscopy is regularly 

performed as part of patient assessment if perianal warts are present.  Perianal warts 

are usually treated by other methods in the clinic, and only those failing chemical 

treatments or cryotherapy, or with concomitant anal warts were referred for surgery.  

In other clinics, surgery is used as a last-resort treatment; however, in our clinic, rather 

than having to refer patients to a surgical unit, we were able to provide surgery.  The 

high rates of IN found in this series is of particular concern as PAIN or AIN has usually 

been reported as an unsuspected finding in minor surgical specimens.  In contrast, the 

rates of PAIN or AIN 2-3 in warts from non-HIV-infected women were only 2.8%, 

suggesting that they have a lower risk. 

 

There were no cases of invasive carcinoma, as suspected cases would have been 

referred to a surgical unit.  There is evidence in Australia, however, that the number of 

anal cancers has increased significantly from 97 in 1983 to 225 in 1991 and the 

corresponding age-standardized rate, from 0.8 to 1.2.8 

 

Inter-observer agreement of histopathology is recognized to be moderate in studies to 

date; however each case of PAIN or AIN 2-3 was reviewed at a regular monthly review 

meeting.  PAIN or AIN 1 was not reviewed regularly, and consequently if PAIN or AIN 2-

3 had been missed, our findings are strengthened by the possible omission of some 

cases. 
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Warts are rarely reported to progress to carcinoma, but malignant conversion has 

been recognized9 and IN is thought to be a precursor to cancer.  It has been postulated 

that warts may indicate the presence of high-grade IN,10 which has been reported 

previously in immunocompetent and immunosuppressed patints.5  The population 

incidence of AIN is unknown; however, it has been previously reported in minor 

surgical specimens as 0.2-0.3%11 with higher rates in homosexual men.12  In referrals to 

a colorectal unit for biopsy, IN was found in 28% of homosexual  men and 6% of 

heterosexuals, whereas 3% were found to have invasive squamous carcinoma.13  

Sobhani et al.14 reported a prospective rate of AIN 2-3 over 10%, which is much lower 

than our series.  The high rates of IN found in our study compared with others 

probably reflect the surgical technique and the histological examination of all the 

specimens, whereas biopsy may miss focal lesions.  Given the significant increase in 

genital warts in the general population,3 we predict a substantial epidemic of anal 

cancer in the future with data already showing an increase in anal cancer.  The rate of 

IN was not significantly different between the perianal or anal regions, suggesting that 

cancer risk may be at either site. 

 

A role for smoking in the increasing incidence of anal cancer in men and women has 

been documented.15  The high rate of IN in our HIV-positive smokers suggests that 

smoking may contribute to the pathogenesis of IN in this group.  Indeed, smoking has 

been noted as a risk factor for anal cancer in both men and women. 

 

Of particular concern is the likelihood that the majority of HIV-infected men with 

untreated warts may eventually develop anal cancer, as regression of HPV-related 

disease is thought to be uncommon in HIV infection.16  Despite there being good 

virological control in most of the HIV-infected patients at the time of surgery in our 

study, the mean nadir CD4 T-cell count prior to surgery was 146x106 /L.  A low nadir 

CD4 T-cell count may be predictive of an HIV-HPV interaction leading to PAIN or AIN 2-

3, irrespective of later satisfactory viral load control. 
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Treatment of genital warts is often recommended for psychological or cosmetic 

reasons, the published literature not emphasizing the potential importance of 

treatment to remove IN (uterine cervix excluded).17  Surgical excision of genital warts 

has a 90% wart clearance rate and is a successful form of therapy compared with other 

treatments.18 

 

Although more than 35 subtypes of HPV have been reported to infect the genital 

tract,19 mixed HPV infection has not been frequently recognized, possibly due to the 

reduced sensitivity of earlier methodologies.20  Recent research, however, using type-

specific polymerase chain reaction (PCR), demonstrates that infection with multiple 

HPV types is common and associated with IN,16 with HIV-infected individuals having 

higher rates of HPV-11 than those without HIV.5  Additionally, HPV-11, which is also 

found in laryngeal papillomas, has been proposed to have specific potential in 

malignant conversion,21 and to be associated with a higher viral load.22  The high rates 

of PAIN or AIN 2-3 found in this study challenge previous thinking that genital warts 

are benign lesions.  The data suggest that epithelial proliferation caused by low-risk 

HPV subtypes may potentiate the risk of malignancy associated with high-risk HPV 

subtypes.  The interaction of low-risk HPV types and high-risk HPV types needs to be 

further studied. 
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Figure 1 AIN 3. Squamous epithelium with full thickness nuclear 
abnormality with numerous mitotic figures and little epithelial 
differentiation (original magnification 16 H&E) 
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Table 1 A   Demographic data by sex and HIV antibody status 
                                                 HIV positive                                            HIV negative 
                                                       n=27 (%)                                                 n=88 (%) 
Mean age(years) 39.8  31.2  <0.001 
Range 27-68  18-58   
      
Sexual preference     <0.001 
Heterosexual 1 (3.7) 40  (45.5)  
Homosexual/bisexual 26  (96.3) 48  (54.5)  
      
Smoking status     0.104 
Current 19 (70.4) 43 (49.4)  
Ex-smoker 0 (0.0) 6 (6.9)  
Never smoked 8 (29.6) 38 (43.7)  
      
History of STDs      
Syphilis 2 (7.4) 1 (1.1%) 0.176 
Gonorrhoea 9 (33.3%) 5  (5.7%) <0.001 
Chlamydia 1 (3.7%) 8  (9.1%) 0.362 
NSU 3  (11.1%) 5 (5.7%) 0.340 
      
Past history of wart 
treatment 

17 (63.0%) 59 (67.0%) 0.695 

      
Wart site first operation 
Perianal 4 (14.8%) 24 (27.3%)  
Anal 5 (18.5%) 18 (20.5%)  
Perianal and anal 17 (63.0%) 36 (40.9%)  
Perianal and penile 1 (3.7%) 8 (9.1%)  
Anal and penile 0 (0.0%) 1 (1.1%)  
Perianal, anal and 
penile 

0 (0.0%)   (1.1%)  
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Table 1 B  Demographic data by sex and HIV antibody status 
 HIV positive HIV negative 

 
P 

Women n=2 (%) n=36 (%)  
Mean age (years) 22.4  28.8  0.418 
Range 19-25  17-65   
      
Sexual preference     0.811 
Heterosexual 2  35 (97.2)  
Lesbian   1  (2.8)  
      
Smoking status     0.234 
Current 0  18  (50.0)  
Ex-smoker 0  4  (11.1)  
Never smoked 2  14  (38.9)  
      
History of STDs      
Syphilis 0  0   
Gonorrhoea 1  3  0.062 
Chlamydia 1  1  0.004 
Past history of wart treatment 0  22 (61.1) 0.088 
      
Wart site first operation     0.788 
Perianal 0  7  (19.4)  
Anal 0  1  (2.8)  
Perianal and anal 0  7  (19.4)  
Perianal and vulval 1  11 (30.6)  
Perianal, vulval and vaginal 0  4  (11.1)  
Perianal, anal and vulval 1  6  (16.7)  
STD= sexually transmitted disease; NSU=non specific urethritis 
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Table 2.  IN by HIV antibody status, sex and anatomical site in males 
 
 HIV positive  HIV negative 

 
 

IN by Anatomical site N=27 (% within 
HIV) 

N=88 (% within 
HIV) 

P* 

IN (Anal +/-Perianal)      
None 6 (22.2) 60 (68.2)  
IN 1 7 (25.9) 10 (11.4)  
IN 2 2 (7.4) 10 (11.4)  
IN 3 12 (44.4) 8 (9.1)  
Total IN 21 (77.8) 28 (32.0) <0.001 
      
Anal      
None 6 (22.2) 59 (67.0)  
AIN 1 6 (22.2) 6 (6.8)  
AIN 2 2 (7.4) 10 (11.4)  
AIN 3 10 (37.0) 6 (6.8)  
Total AIN  18 (66.6) 22 (25.0) <0.001 
      
Perianal      
None 6 (22.2) 59 (67.0)  
PAIN 1 3 (11.1) 9 (10.2)  
PAIN 2 1 (3.7) 2 (2.2)  
PAIN 3 7 (25.9) 2 (2.2)  
Total PAIN  11 (40.7) 13 (14.6) <0.001 
      
      
Women n=2  n=36   
Any IN 1  3 (8.3) 0.062 
ANAL     0.076 
None 1  33 (91.7)  
AIN 1 1  2 (5.6)  
AIN 2 0  0 (0.0)  
AIN 3 0  1 (2.8)  
Perianal     0.057 
None 1  33 (91.7)  
PAIN 1 0  0   
PAIN 2 0  0   
PAIN 3 1  0   
*Pearson χ2 
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Table 3.  PAIN and AIN by HIV antibody status and operation number 
Operation no. HIV status No PAIN (% within HIV) AIN (% within HIV) P 
1 Positive 27 10 (37.0) 14 (51.9) 0.060 
 Negative 88 15 (17.0) 18 (20.3) 0.386 
2 Positive 12 3 (25.0) 5 (41.7)  
 Negative 24 2 (8.3) 6 (29.2)  
3 Positive 8 2 (25.0) 3 (37.5)  
 Negative 6 1 (16.7) 2 (33.3)  
4 Positive 3 1 (33.3) 2 (66.7)  
5 Positive 1 0 0  
 

 

Table 4.  Intraepithelial neoplasia by smoking and HIV antibody status  

Smoking status/HIV antibody status None PAIN/
AIN 1 

PAIN/
AIN2 

PAIN/
AIN 3 

 
Total 

P 

Never smokers 
HIV positive 
HIV negative  

 
  4 
25 

 
2 
5 
 

 
1 
4 

 
1 
4 

46 
  8 
38 

0.821 

Current smokers 
HIV positive 
HIV negative 

 
  2 
30 

 
5 
5 
 

 
1 
5 

 
11 
 3 

62 
19 
43 

<0.001 

Ex-smokers 
HIV positive 
HIV negative 

 
  0 
  5 

 
0 
0 

 
0 
1 

 
0 
0 

  6 
  0 
  6 
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CHAPTER 3 – PAPER 2  EVALUATION OF THE 
FREQUENCY OF INTRAEPITHELIAL 
NEOPLASIA IN ANAL/PERIANAL WARTS OVER 
TIME 
3.1 INTRODUCTION 

Having previously established that the frequency of anal intraepithelial neoplasia was 

higher than previously recognised, the surgical wart database continued to accrue 

more cases for observation over time.  Literature was appearing suggesting other 

researchers were taking an interest in the previous publication, and were also finding 

high rates of intraepithelial neoplasia in warts.351  We were curious to know if the 

findings originally observed had changed over time.  This research was written as a 

book chapter and published in 2011:  UPDATE ON THE ROYAL PERTH HOSPITAL 

ANOGENITAL WART DATABASE.  McCloskey JC, Phillips M, French MAH, Flexman J, 

McCallum D, Metcalf C.  Book chapter 5: In Tech Publishing.  HIV Infection- Impact, 

Awareness And Social Implications Of Living With HIV/AIDS 2011; Chapter 5: 81-90 

  

145 
 



3.2 PAPER 2 

UPDATE ON THE ROYAL PERTH HOSPITAL ANOGENITAL WART DATABASE 

McCloskey JC1, Phillips M2, French MAH3, Flexman J4, McCallum D5, Metcalf C5 

 

1 Sexual Health Service, Royal Perth Hospital,  School of Biomolecular Sciences and 
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1 INTRODUCTION 

Genital warts are still thought to be a benign cosmetic problem despite increasing 

evidence that they may harbour high-grade intra-epithelial neoplasia (IN).  We have 

previously published high rates of high-grade IN in surgically excised warts from 

December 1995 to December 2004 in a retrospective review of 115 men and 38 

women, 29 of whom had HIV infection.  The rates of IN were 78% (52% high-grade) in 

men with HIV, and 33% (20% high-grade) in men without HIV.  In women the IN rate 

was 8.3% (2.8% high-grade).1  Since reporting the data initially, the database has 

continued to accrue cases and we have analysed the data to see if the previous 

findings have held and to see if there has been a change in the frequency of reported 

IN over time. 

 

2 MATERIALS AND METHODS 

The patient population, surgical and specimen handling process has been previously 

reported.1  The population consists of patients referred to the Sexual Health Clinic at 

Royal Perth Hospital.  Anal or perianal warts were treated by scissor excision by a 

single sexual health physician if they were large or multiple or located within the anal 

canal by scissor excision.  Patients who were immunosuppressed or who had only 

mapping biopsies performed or whose HIV status was unknown were excluded from 

the main analysis. 

 

3 DATA ANALYSIS 

Descriptive analysis used percentages for categorical and ordinal variables and means 

for continuous variables.  Viral load and CD4 counts and percentages for HIV positive 

patients were found to follow a skewed log-normal distribution (Shapiro-Wilk’s test, p 

> 0.05 for all variables) and the geometric mean was reported as an unbiased estimate 

of the mean.  These variables were transformed using a natural logarithm for further 

analysis that was based upon an assumption of normality.  For bivariable analysis of 

categorical and ordinal variables the likelihood ratio χ2 test was used.  For these 

analyses with continuous variables the Wilcoxon rank-sum test was used.  
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Multivariable linear logistic regression analysis was used to examine associations with 

HIV status and other dichotomous variables and ordinal logistic regression was used to 

examine associations with the degree of IN.  The validity of these latter statistical 

models depends upon an assumption of proportional odds across the outcome 

categories and this was assessed using the Brant test2.  In every case the analysis was 

found to be valid.  The assumption of linearity for continuous independent variables 

was assessed using restricted cubic splines and where non-linearity was found a spline 

regression was used to model the association.3  Analysis of the degree of IN used 

operation as the unit of investigation and because operations are clustered within 

patients the assumption of independent sampling is violated.  Estimates of standard 

error and p values were based upon a robust estimation of the clustered data.  A p 

value less than 0.05 was regarded as statistically significant for all analysis. The analysis 

was conducted using the Stata statistical package (Version 11.1).4 

 

4 RESULTS 

4.1 Patient characteristics and operative procedures 

Removal of anal and/or perianal warts was performed during 461 operations in 343 

patients, 255 (74%) men and 88 (26%) women) of whom 278 (81%) of patients and 378 

(82%) of operations were eligible to be included in the analysis.  Reasons for exclusion 

included lack of histology results because of insufficient surgical material (total 44 

patients, 30 men and 14 women), unknown HIV status (9 patients), operations 

performed for mapping biopsies (19 operations) and immunosuppression other than 

HIV (16 patients).  In some instances there were multiple reasons for exclusion.  Table 

1.1 shows demographic data HIV antibody status for males, and Table 1.2 shows 

demographic data by HIV antibody status for females.  Sixty-one eligible patients had 

HIV infection (59 men and two women).  Men with HIV were significantly older than 

men without HIV (mean 8.7 years, 95% CI: 7.7-9.67, p<0.00001 rank sum test) (see 

Figure 1: Age distribution by HIV status). 
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A spline regression analysis showed that the likelihood of being HIV positive increased 

non-linearly with age in this population.  The proportion positive increased at a 

significantly greater rate with each increasing year of age until about 30 years after 

which the proportion increases at a statistically significant but slower rate of increase 

(see Figure 2: HIV risk for men by age). 

 

Seventy-three percent of male patients were homosexual/bisexual, 27% heterosexual 

and 47% current smokers.  At the time of the first operation, the average duration of 

HIV infection was 3.4 years (95% CI: 2.4-5.0, geometric mean); the average CD4 T-cell 

count at first surgery was 329 x106/L (95% CI: 258–420 x106/L, geometric mean) and 

the average nadir CD4 T-cell count prior to surgery was 96 x106/L (95% CI: 66–139 

x106/L, geometric mean).  The HIV viral loads ranged from 40 to 135,000 viral 

copies/mL with 50% having a viral load less than 395, 25%, 395–20,400 and 15%, 

20,400 –38,000).  Sixty four% of men without HIV were homosexual/bisexual, 36% 

heterosexual and 43.5% current smokers.  The number of operations performed 

ranged from one to five for both HIV -positive men and HIV-negative men. 

 

4.2 Change over time 

Table 2: Differences between the period December 1995-December 2004 and January 

2005-December 2010 shows that there has been significant change in the patient 

population in the period December 2004 to Jan 2005 compared to the previously 

reported period of 1995 to 2004.  Variables that show the change are age (3.0 years 

older, p=0.033), almost half as many (57% more) HIV infected patients (p =0.032), 

fewer homosexual (7% less) but more bisexual men (39% more), the number of 

lifetime partners is increased in males but not females, a greater proportion of 

patients have a history of chlamydia, there is less perianal disease and more anal 

disease.  Importantly however between the two periods there has been no significant 

change in AIN or perianal intraepithelial neoplasia (PAIN). 
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4.3 Rates of IN were highest in patients with HIV infection 

When all the operations are considered O men with HIV infection and for whom 

histological data was available, 45 (44.1%) had AIN 2–3 (high-grade AIN) and 19 

(58.1%) had PAIN 2–3 (Table 3).  Overall, men with HIV had some form of high-grade IN 

in 68 (57.8%), with 85 (78%) having any grade of abnormality (AIN or PAIN 1-3).  HIV 

negative men had high-grade IN in 49 (24.7%), 25 (5.7%) had high-grade PAIN, and 32 

(21.4%) had high-grade AIN.  The risk of IN was 2.9 times higher for HIV positive men 

than those without HIV for AIN (p<0.0001, ordinal logistic regression analysis) and 4.0 

times higher than men without HIV for PAIN (p<0.0001, ordinal logistic regression 

analysis).  The rate of AIN 2-3 was 10.7% for HIV-negative women and 1.8% for PAIN.  

Except for a few perianal lesions with classical features of Bowen’s disease, none of the 

IN was evident at operation and was only discovered with histopathological 

examination.  

 

The rate of PAIN or AIN 2–3 was significantly higher 64.7% (66/36) for 

homosexual/bisexual men with HIV and 33.3% (45/90) in those without HIV infection 

(P<0.0001).  The rate of IN was consistently higher in the anal canal compared with the 

perianal area (p < 0.00001) (Table 3.1 and 3.2).  Table 4 shows this difference for all 

operations, the samples would fall diagonally in the table if there were no difference 

between anal and perianal samples (see Table 4).  Of the patients with PAIN or AIN, 

there is a statistically significant interaction between HIV status and current smoking, 

with those who are HIV positive and current smokers being 6.0 times more likely to 

have a higher grade of IN than those who are HIV negative and have never smoked 

(P=0.010, ordinal logistic regression). 

 

5 DISCUSSION 

The data is consistent with our earlier observations of high rates of any IN men with 

HIV infection.  Approximately 25% of HIV negative men had high-grade IN, indicating 

that anal/perianal warts in HIV negative men cannot be assumed to be benign lesions.  

Conversely anogenital warts in men with HIV have a high likelihood of containing some 
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degree of IN with 62% having high-grade.  The consistency of the data over the longer 

time period it highlights the importance of treating anal/perianal warts to remove IN 

that may eventually progress to invasive cancer as has previously been reported in the 

literature.5-7 In particular the rates of anal cancer are rapidly rising in men with HIV8 

and it may be that men with warts represent a population of men at increased risk 

especially given the relatively common findings of anal cancer in men with warts.   

Genital warts are recognised as a risk factor for the development of IN in renal 

transplant recipients.9  AIN has been reported to progress to anal cancer with 10% 

progression at 5 years with higher rates in immunosuppressed individuals or those 

with multifocal disease.10  Unlike other authors11 we did not detect anal cancer in any 

of the anal warts excised, but in our population, men with warts are referred early for 

surgery soon after the warts are diagnosed in the clinic.  Schlect et al11 have similarly 

found high rates of IN in anal condylomata in 75/159 (47%) HIV-positive men.  In 

particular, given the increasing rates of anal cancer in men12,13 with HIV, further studies 

to explore the role of ‘low-risk’ HPV genotypes associated with warts and their possible 

role in anal cancer development should be undertaken.  The fact that genotyping 

studies of anal cancer are sometimes finding only HPV 6 indicate this ‘low –risk’ HPV 

genotype may not in fact be ‘low risk’ in the anal canal in men.14,15  Vaccination of boys 

to prevent infection of HPV with both low and high-risk HPV types should be 

promoted. 
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Figure 1.  Age distribution by HIV status.  

 

 

 

Figure 2.  HIV risk for men by age, results of a non-linear spline 
regression 

 

Note: Shaded area shows the 95% confidence interval. 
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Table 1.1.  Demographic data by HIV antibody status for males 

Men HIV positive 
n = 64 (%) 

HIV negative 
n = 153 (%) 

P 

Mean age (years) 40.4 30.1 <0.0001 
Range 22.9 – 71.8 13.7 – 71.7  
 
Sexual preference 
Heterosexual 3 (4.7) 55 (36.0) <0.0001 
Homosexual 50 (78.1) 77 (50.3)  
Bisexual 11 (17.2) 21 (13.7)  
 
Lifetime Number of Sexual Partners 
1 - 10 4 (8.2) 32 (30.2) 0.002 
11 - 50 17 (34.7) 39 (36.8)  
>50 28(57.1) 35 (33.0)  
 
Smoking status                                                                                                          0.445 
Current 34 (53.1) 67 (43.8)  
Ex-smoker 5 (7.8) 13 (8.5)  
Never smoked 25 (39.1) 73 (47.7)  
 
History of STDs 
Syphilis 8 (12.5) 4 (2.6) 0.006 
Gonorrhoea 20 (31.3) 14 (9.2) <0.001 
Chlamydia 9 (14.1) 18 (11.8) 0.643 
NSU 5 (7.8) 9 (5.9) 0.604 
History of genital 
herpes 

17 (26.6) 12 (8.0) <0.001 

HSV-2 seropositive 22 (42.3) 20 (18.2) 0.001 
Hepatitis C antibody 
positive 

5 (8.8) 4 (3.1) 0.107 

 
Wart site first operation 
Perianal only 3(4.7) 34 (22.2) <0.001 
Anal only 21 (32.8) 35 (22.98)  
Perianal & anal 38 (59.4) 74(48.4)  
Perianal & penile 0  9(5.9)  
Perianal, anal & 
penile 

1 (0.7) 2 (3.1)  

 
Number of operations 
1 38 (59.4) 118 (77.1) 0.029 
2 13 (20.3) 26 (17.0)  
3 8 (12.5) 6 (3.9)  
4 4 (6.3) 2 (1.3)  
5 1 (1.6) 1 (0.7)  
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Table 1.2.  Demographic data by sex and HIV antibody status for females 
Women N=2 N=59  
Mean age (years)   22.2   27.4 0.352 
Range           19.5-25.4            16.9 -65.0  
    
Sexual preference   0.723 
Heterosexual           2 (100)           57 (96.6)  
Homosexual/bisexual 0           2 (3.4)  
    
Lifetime number of sexual partners  0.562 
1 - 10          2 (100)          32(74.4)  
11 - 50 0              6 (14.0)  
>50 0            5 (11.6)  
    
Smoking status   0.160 
Current 0           31 (52.5)  
Ex-smoker 0          5 (8.5)  
Never smoked          2 (100)          23 (39.0)  
    
History of STDs    
Syphilis 0 0  
Gonorrhoea           1 (50.0)         3 (5.1) 0.081 
Chlamydia           1 (50.0)        5 (8.5) 0.138 
NSU 0        1 (1.7) 0.795 
History of genital herpes 0        3 (5.4) 0.642 
HSV-2 seropositive 0          4 (9.5)  
Hepatitis C Antibody 
positive 

0        0  

    
Wart site first operation   0.732 
Perianal only 0           11 (18.6)  
Anal only  0           4 (6.8)  
Perianal and anal 0            11 (18.6)  
Perianal, anal and  vulval 1 (50.0)           13 (22.0)  
Perianal and vulval 1 (50.0)          16 (27.1)  
  

 
  

Number of operations    
1 1 (50.0)          54(91.5) 0.138 
2 1 (50.0)          5 (8.5)  
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Table 2:  Differences between the period December 1995-December 2004 and 
January 2005- December 2010 
 
Variable 

 
Coefficient 

95% CI  
P Lower 

confidence 
level 

Upper 
confidence 

level 
Age 3.04 0.25 5.84 0.033 
HIV status 0.57 0.01 1.12 0.046 
Sexual preference (male)  
Heterosexual 0 (reference)  
Homosexual 0.93 0.26 1.59 0.006 
Bisexual 1.39 0.48 2.30 0.003 

Sexual preference (female) 
Heterosexual 0 (reference)  

Lesbian 0.45 -2.37 3.27 0.756 
  
Lifetime sexual partners  
Male 0.73 0.11 1.34 0.020 
Female -0.02 -1.37 1.33 0.976 
 
Smoking 
Never 0 (reference)  

Current -0.41 -0.91 0.08 0.102 
Ex-smoker 0.28 -0.62 1.18 0.543 
 
History of Sexually transmissible infections  
Syphilis 1.33 0.005 2.66 0.049 
Gonorrhoea 0.34 -0.35 1.03 0.332 

Chlamydia 1.00 0.23 1.76 0.011 
HSV2 -0.12 -0.086 0.63 0.756 

NSU 0.06 -0.99 1.10 0.914 
Warts -1.90 -2.76 -1.04 <0.001 
HAV 0.26 -0.29 0.82 0.349 
HCV -0.33 -1.67 1.02 0.634 
HSV serology -0.50 -1.16 0.16 0.140 

 
Prior wart treatment -0.93 -1.41 -0.44 <0.001 
Number of operations -0.20 -0.41 0.00 0.051 

Site perianal -0.86 -1.38 -0.35 <0.001 
Site anal 1.48 0.89 2.08 <0.001 
PAIN -0.23 -0.93 0.47 0.528 
AIN 0.17 -0.31 0.65 0.488 
IN 0.28 -0.19 0.74 0.246 
CD4 count at surgery -0.28 -0.76 0.21 0.262 

Viral load at surgery -1.63 -2.85 -0.41 0.010 
CD4 count at nadir -0.06 -0.35 0.23 0.681 

156 
 



Table 3.1  IN by HIV antibody status , and anatomical site- perianal/anal for all 
operations for males 

Men HIV  positive HIV negative P 

Anal and/or perianal IN n= 109 n-199  

None 24 (22.0) 112 (56.3) <0.001 

IN 1 17 (15.6) 38 (19.1)  

IN 2 20 (18.4) 27 (13.6)  

IN 3 48 (44.0) 22 (11.1)  

Total IN 85 (78.0) 87 (43.7)  

    

Anal n = 102 n = 150 <0.001 

None 36 (35.3) 87 (58.0)  

IN 1 21 (20.6) 31 (20.7)  

IN 2 20 (19.6) 22 (14.7)  

IN 3 25 (24.5) 10 (6.7)  

Total IN 66 (64.7) 63 (42.0)  

    

Perianal n=67 n=140 <0.001 

None 42 (61.2) 119 (85.0)  

IN 1 7 (10.5) 13 (9.3)  

IN 2 4 (6.0) 2 (1.4)  

IN 3 15 (22.4) 6 (4.3)  

Total IN 26 (38.8) 21 (15.0)  
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Table 3.2  IN by HIV antibody status , and anatomical site- perianal/anal for all 
operations for females 

Anal and/or perianal IN n=3 n = 62 P 
None 2 (66.7) 45 (72.6) 0.308 
IN 1 0 12 (19.4)  
IN 2 0 1 (1.6)  
IN 3 1 (33.3 4 (6.5)  
Total IN 1 (33.3) 17 (27.5)  
    
Anal n=1 n=33 0.298 
None 0 17 (60.7)  
IN 1 0 8 (28.6)  
IN 2 0 0  
IN 3 1 (100) 3 (10.7)  
TOTAL IN 1 (100) 11 (33.3)  
    
Perianal n=3 n=56 0.088 
None 2 (66.7) 53 (94.6)  
IN 1 0 2 (3.6)  
IN 2 0 1 (1.8)  
IN 3 1 (50.0) 0  
TOTAL IN 1 (50.0) 3 (5.4)  
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Table 4: Contrast of anal and perianal intraepithelial neoplasia (AIN vs PAIN) in males 

AIN 
PAIN 

Negative IN 1 IN 2 IN 3 Total 
Negative 86 3 1 1 91 
% 49.7 1.7 0.6 0.6 52.6 
IN 1 29 6 1 2 38 
% 16.8 3.5 0.6 1.2 22.0 
IN 2 17 6 3 0 26 
% 9.8 3.5 1.7 0.0 15.0 
IN 3 7 0 1 10 18 
% 4.1 0.0 0.6 5.85 9.7 
Total 139 15 6 13 173 
% 80.4 8.7 3.5 7.5 100.0 

Asymptotic symmetry test: χ2 = 46.4, d.f. = 6, p < 0.00001 

  

159 
 



  

160 
 



CHAPTER 4 – PAPER 3  MICROINVASIVE ANAL 
CANCER- A CLINICAL DILEMMA 
4.1 INTRODUCTION 

In 2010 I established a prospective high resolution anoscopy service at Royal Perth 

Hospital, having acquired the skills to perform this highly specialised procedure.  

Patient demographics including age, sex, sexual preference, prior sexually transmitted 

diseases and HIV status, histology and cytology and high-risk human papillomavirus 

results were collected and maintained by myself for patients I have examined.  Having 

been very familiar with the surgical wart database, having analysed it recently, I was 

surprised to note we were starting to see several anal cancers in the Sexual Health 

Clinic, and for the first time ever the appearance of microinvasive anal cancer in 

several patients.  Talking to Mr Rupert Hodder a colorectal surgeon when I was 

referring the third case it became clear this was a real clinical dilemma for the 

surgeons as there were no standardised treatment guidelines.  A search of the 

literature revealed no articles on this condition, just subsections within articles on anal 

cancer.  It had been predicted that establishment of high resolution anoscopy services 

might be associated with the diagnosis of anal cancer at an early stage.  As this was 

what we appeared to be seeing in our HRA service it seemed appropriate to draw it to 

the attention of our colleagues in the form of a case series.  At this stage in Australia 

there are limited people with HRA skills, and the service is provided in WA, NSW and 

Queensland, but not in other states.  This chapter highlights the dilemma of how to 

best treat microinvasive anal cancer with three case studies.  A consensus conference 

for lower anogenital squamous terminology (LAST) was held in 2012 and the term 

superficially invasive squamous cell carcinoma of the anus (SISCCA) was coined to 

recognise microinvasive disease that may have a different pathological outcome to 

more established tumours.352 
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4.2 PAPER 3 

MICROINVASIVE ANAL CANCER- A CLINICAL DILEMMA: A CASE SERIES AND REVIEW 

OF THE LITERATURE 
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reviewed the histopathological material and selected the material for photographs.  All 

authors reviewed the final version. 

 

ABSTRACT 

AIM: To document the management of a case series of microinvasive anal cancer 

recently diagnosed in a high resolution anoscopy service.  

 

METHODS: The database of the Sexual health Service was audited for cases of 

microinvasive anal cancer within the last 10 years. Only cases diagnosed within the 

service were included. An extensive literature search was performed for articles on 

microinvasive anal cancer from 1980+. 

 

RESULTS Three cases were found and the management was different by each surgeon 

involved. No articles only on the topic of microinvasive anal cancer were found.  

 

DISCUSSION AND CONCLUSIONS 

It is expected that with the development of high resolution anoscopy services more 

cases of microinvasive anal cancer will be detected, with consequent better patient 

outcomes. The treatment of microinvasive anal cancer is a dilemma, with no 

standardised guidelines for management. Trials of treatment for early disease need to 

be established so guidelines for management can be provided. 

 

WHAT’S NEW IN THIS PAPER? 

This is the first paper dedicated solely to the topic of microinvasive anal cancer, the 

management of which is a clinical dilemma. Three cases including histopathology 

photographs and surgical management are discussed. Limited available literature has 

been reviewed. The paper highlights the need to establish clinical care guidelines. 
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Introduction 

Anal cancer is a rare malignancy accounting for a small proportion of gastrointestinal 

malignancies, but with increasing rates in HIV-positive individuals, MSM, and also 

women, particularly those with a history of cervical cancer or cervical intraepithelial 

neoplasia. Anal cancer is five times more common than anal margin cancer,1 and as the 

rates in HIV-positive men are so high (137/100,000)2 high resolution anoscopy (HRA) 

services have been recommended in the hope that screening high-risk individuals will 

find earlier disease and therefore prevent anal cancer developing by early treatment 

or alternatively detect and treat anal cancer at an earlier stage.3 The 5-year survival for 

anal cancer is approximately 70%4, and anal margin 88%, with a better prognosis for 

early disease.1,3,5,6 It is not known if detection at the microinvasive stage is associated 

with a better long-term prognosis. Theoretically long-term cure is possible: a 

significant improvement on the 70-92% 5-year survival rate for Stage I disease.3 

Optimal treatment for microinvasive cancer either in the anal canal, or at the anal 

margin is not established with diagnosis of the early disease posing a treatment 

dilemma. 

 

Methods 

The Sexual Health Service database was audited for microinvasive anal cancer over the 

last 10 years. Only cases diagnosed within the Sexual Health Service were included. A 

literature search was performed for microinvasive cancer for articles from 1980+: using 

the terms Anus Neoplasms/ AND (microinvas*.af. OR micro-invas*.af. ); (microinvasi* 

or micro-invasi*).ti,ab AND (anal or anus).ti,ab. An additional search was performed 

for anal cancer for articles from 2009 using the following terms: *Anus Neoplasms/cl, 

di, dt, ep, mo, rt, su, th [Classification, Diagnosis, Drug Therapy, Epidemiology, 

Mortality, Radiotherapy, Surgery, Therapy] limited to (English language and humans 

and (controlled clinical trial or guideline or meta-analysis or practice guideline or 

randomized controlled trial or "review")) 

The following databases were searched: Ovid Medline 1946-present, Ovid Embase 

1974 - March 2012, Journals@Ovid, Cochrane Library, AustHEALTH, ProQuest Health & 

Medical Complete, Scirus, and Google. 
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Results 

Three cases of microinvasive anal cancer were detected in the last eighteen months. 

No cases were seen in the preceding 10 years. Two cases were in patients who had 

anal warts and were under follow up post-surgery, and one case occurred in a male 

incidentally found to have high-grade anal intraepithelial neoplasia (HGAIN or AIN 3) 

on previous surgery. All three cases were diagnosed in the high resolution anoscopy 

service which is part of the Sexual Health Service. The cases are discussed below. No 

articles on microinvasive anal cancer were found, however the search found several 

articles that commented on the condition within manuscripts, and these articles are 

discussed below. 

 

Case 1  

A 70-year-old HIV-negative homosexual man with diagnosed AIN 3 and perianal 

bleeding was referred from a general surgeon for HRA in January 2012. Previous 

investigations under the surgeons included excisional biopsies and colonoscopy which 

showed fibrosis and polyps respectively.  He had a history of recurrent perianal 

bleeding. 

 

On examination, ulceration was seen at the 2-3 o’clock perianal region. (Figure 1) 

Genital ulcer PCR and biopsies were performed on this ulcerated area. HRA revealed 

no abnormality within the anal canal but significant contact bleeding was seen on 

performing anal cytology. 

 

Anal cytology showed atypical squamous cell of uncertain significance (ASCUS) with no 

high-risk HPV (HrHPV) detected by Digene Hybrid Capture II. However, the perianal 

biopsies revealed AIN 3 with the 2 o’clock region showing possible early invasion with 

criteria fitting the definition of SISCCA being less than 3mm depth as measured from 

the basement membrane and less than 7 mm width.304 (Figure 2) 
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The patient was referred back to the surgeon. The multidisciplinary colorectal team 

recommended formal excision of the area previously biopsied. Random biopsies from 

the anal canal and perianal region will be performed simultaneously to exclude overtly 

invasive cancer.  

 

Case 2  

A 56-year-old HIV-negative homosexual man was referred from the general surgeons 

in August 2010 for further management of his recurrent peri-anal and anal warts, 

associated with high-grade AIN. Rigid sigmoidoscopy and subsequent diathermy of his 

anal warts in July 2006 showed high-grade AIN. Recurrent warts in the same region 

were treated with rigid sigmoidoscopy and excision in April 2007, again showing AIN 3 

and HPV. He remained in remission after two years of surgical follow-up, but a single 

warty perianal lesion was noticed in September 2009. This progressed to 3 perianal 

warts subsequently excised in August 2010, showing AIN 3. 

 

The patient was seen at the Sexual Health Clinic in September 2010 with a peri-anal 

wart recurrence. Anal cytology was performed in November 2011, showing ASCUS with 

no high-risk HPV detected on Digene testing. HRA was performed in January 2011 

showing no evidence of HGAIN. Anal cytology showed AIN 1 and HrHPV was detected.  

Recurrent perianal warts were noted. 

 

The patient underwent excision of the perianal warts from the 12, 1, 2, 5 and 11 

o’clock regions under general anaesthesia in March.  All biopsies showed AIN 2-3 with 

the 2 o’clock lesion (anterolateral quadrant) suggestive of a focus of stromal invasion.  

Anal cytology showed AIN 2 and HrHPV was not detected. 

He was then referred to the surgeons again because of the concerns of possible 

microinvasive disease on the 2 o’clock peri-anal biopsy. (Figure 3) In May 2011, 

examination under anaesthesia and full-thickness punch biopsies were performed at 

the anterior, left lateral, right lateral and posterior aspect of the perianal skin, with the 
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anterior and left lateral biopsies showing AIN 3. There were no anal canal warts seen. 

The patient is currently being followed up at 6-monthly intervals with the surgeons. 

 

Case 3  

A 63-year-old HIV-negative heterosexual female was referred by a gastroenterologist, 

who had performed colonoscopy to investigate intermittent rectal bleeding. This 

revealed irregularity at the anorectal junction. Biopsy showed AIN 1 with a focal AIN 2 

and changes suggestive of HPV infection. 

 

She was seen at clinic in December 2008.  Proctoscopy revealed multiple anal canal 

condylomata acuminata. Anal cytology performed showed ASCUS with a possible high-

grade abnormality (ASCUS?H) and HrHPV was positive. A concomitant cervical smear 

was normal with no HrHPV. 

 

Scissor excision of anal warts was performed in January 2009. Anal cytology performed 

intra-operatively revealed AIN 2 with no high-risk HPV detected (Digene HC2 negative). 

Biopsies from the upper left quadrant showed condylomata and AIN 1-2 and from right 

lower quadrant condylomata and AIN 2-3. 

 

Follow up with anal cytology and HRA was performed in October 2009 when multiple 

anal warts were seen. These were excised under general anaesthesia performed in 

December 2009. No focal lesion was seen on HRA. Excisional biopsies showed 

squamous metaplasia, borderline dysplasia and AIN 1. Anal cytology confirmed AIN 1 

and HrHPV was detected. 

 

The patient was reviewed in March 2010. No warts were seen on proctoscopy. A 

repeat HRA was performed in June 2010, when anal cytology showed AIN2. Further 

HRA follow up in April 2011 using 5% acetic acid showed a focal lesion with mosaic 
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blood vessels and 2+ aceto-whitening seen at 10 o’clock within the anal-canal region. 

Biopsy from this region showed AIN 3 with possible microinvasion. (Figure 4). The 

patient was referred to a colorectal surgeon and further excision failed to find any 

residual disease. It was then decided that the patient receive close follow-up without 

any chemoradiotherapy or surgical treatment. 

 

HRA was performed again in September 2011; mosaicism and aceto-white staining 

were again observed at the 10 o’clock anal region. (Figure 5) Anal cytology showed AIN 

2 with HrHPV detected and biopsies confirming AIN2-3. She was treated with CO2 laser 

ablative treatment as seen in Figure 6. 

 

Discussion and Conclusions 

The treatment of anal cancer with chemoradiotherapy has been clearly established 

and the outcomes are well documented through randomised clinical trials,7 however 

anal margin cancers but have not been subjected to the same rigorous trials. It is well 

recognised that the depth of invasion and extent of spread are factors associated with 

long-term survival. Treatment is however associated with acute toxicity such as 

myelosuppression, radiation proctitis and dermatitis, and pain. Chronic sequalae 

include dyspareunia, loss of libido, and faecal and urinary difficulties.3 Treatment for 

microinvasive anal cancer however has not been the subject of similar clinical trials 

and it is not known if surgical excision alone or chemoradiotherapy is preferable for 

this early stage of disease. Skilled histopathologists are required to recognise 

microinvasion as opposed to artefact.8 It is generally recommended that the disease be 

completely excised, and in a small series surgical treatment alone has been shown to 

be successful.9 One observer has noted that persistent disease is more likely if the 

biopsy site does not heal,10 and also recommends that chemoradiotherapy be 

provided if there is residual disease post excision. Low dose chemoradiotherapy is 

recommended by others for residual or small volume disease.11 
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Two of the above cases of microinvasive cancer were in patients with warts, and the 

disease would have remained undiagnosed if electrocautery (without biopsy) rather 

than surgical excision had been performed. Anal warts are a recognised risk factor for 

anal cancer with many reports of anal cancer arising within warts being published in 

the literature,12,13 and high rates of associated AIN have been previously reported. 

Consequently, scissor excision as a treatment for prognostic reasons has been 

recommended.14 Oncogenic HPV types are thought to account for 70% of anal cancers, 

however AIN has been demonstrated in up to 31%-78% of warts, suggesting malignant 

potential may also exist even for low-risk HPV types in the anal region.15 

 

As HRA units become established it is likely that early cases of microinvasive anal 

cancer will be more frequently detected and trials of treatment to best achieve long-

term outcomes should be performed. The long-term outcome of microinvasive disease 

is not known, however the risk of developing invasive anal carcinoma for AIN 3 is 

reported to be about 10% at 5 years, however the rate for 30 years has not yet been 

observed.10 If the disease parallels CIN observations of 50% invasion at 30 years16 then 

increased rates with longer follow up are likely to occur. The development of HRA 

services is likely to be associated with the detection of early disease and consequently 

better long-term outcomes with patients possibly treated with surgical excision alone, 

rather than chemoradiotherapy for more advanced staged disease. 
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FIGURES AND LEGENDS 

 

Figure 1.  Photograph of anal verge, post initial biopsy with leukoplakic 
lesion in upper quadrant. 

 

 

Figure 2. Perianal biopsy Case 1 demonstrating AIN 3 (left) and 
small tongue of microinvasion (arrow)  
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Figure 3. Perianal biopsy Case 2 with epithelial down growths 
suggesting microinvasion (arrows). 

 

 

Figure 4. Anal biopsy Case 3 with small island of microinvasion 
in an inflamed stroma (arrow). 
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Figure 5 HRA Case 3 demonstrating recurrent high-grade 
lesion in the anal canal at 10 o’clock. 

 

 

 

Figure 6  Case 3 Photograph immediately post laser ablation 
of the anal canal. 
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CHAPTER 5- PAPER 4 COMPARING ANAL 
CYTOLOGY TO HISTOPATHOLOGY IN 
PATIENTS WITH ANOGENITAL WARTS 
5.1 INTRODUCTION 

For practitioners performing high resolution anoscopy it is difficult to find 

intraepithelial neoplasia in the presence of large bulky anal canal warts.  Biopsies may 

miss focal intraepithelial neoplasia.  It is not known what proportion of intraepithelial 

neoplasia occurs within the warts and what proportion may occur on other anal canal 

skin that is not removed during surgical excision of warts.  Anal cytology was 

performed at the time of surgery because it may provide an additive factor for 

detection of intraepithelial neoplasia.  Only a small series of cytology in patients with 

warts has been previously published.  This chapter reports an evaluation of cytology 

taken in theatre at the time of surgery to assess if any extra cases of intraepithelial 

neoplasia could be detected. 
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5.2 PAPER 4 
Paper 4 IS HISTOLOGY ACCURATE ENOUGH TO BE THE GOLD STANDARD FOR 
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SUMMARY 

Human papillomavirus infection of the anal canal is associated with warts, low and 

high grade anal intra-epithelial neoplasia (HGAIN) and carcinoma. HGAIN is thought to 

be a precursor to the development of cancer. Genital warts are a recognised risk factor 

for the development of genital cancer including anal cancer. The accuracy of anal 

cytology for detecting high-grade squamous intraepithelial lesion (HSIL) was compared 

with the accuracy of the histology of surgically excised warts for detecting HGAIN. Two 

hundred and five paired samples from 161 patients were examined. HGAIN was 

detected in 29% of histology and 21% of cytology samples. Sensitivity of cytology for 

HGAIN was 47% and specificity 89%. Cytology detected 15 cases of HSIL that histology 

missed and histology detected 31 cases of HGAIN that cytology missed. If histology is 

recognised as the gold standard, cytology significantly under-recognises the true 

extent of HSIL, but cytology detects additional cases. Patients with anal warts have a 

significant probability of also having HGAIN. Cytology is a complementary test to 

histology and it is perhaps incorrect to regard histology as the gold standard in this 

context. 

 

 

Introduction 

The incidence of anal cancer is increasing in many parts of the world in men and 

women,1 particularly in men with HIV infection, with rates as high as 137/100,000 

being reported.2 Cytological screening of the anal canal to detect precursor lesions is 

being promoted for men with HIV infection.3, 4 Anal warts are recognised as a risk 

factor for the development of anal cancer,5, 6 and malignant transformation of anal 

warts is recognised to occur.7-10 High rates of high-grade anal intraepithelial neoplasia 

(HGAIN) have previously been reported in anal warts with 52% of HIV-positive men 

and 20% of HIV-negative men having HGAIN in warts  treated surgically by scissor 

excision.11, 12 Only limited studies of anal cytology performed at the time of surgery for 

anal warts have been previously reported,13, 14 and the role of cytology in this 

circumstance remains to be established. We present data from the largest series to 

date. 
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Objective 

To compare the accuracy of cytology with histology for detecting HGAIN in patients 

with anal warts. 

 

Materials and methods 

In this case series 205 successive paired biopsy and cytology samples were obtained 

from 161 patients undergoing scissor excision of perianal and anal condylomata 

acuminata under general anaesthesia between May 2005 and January 2012 in the 

procedure described by Thompson and Grace.15 Of the samples 37% (75) were from 

patients with anal warts, 15% (30) had perianal warts and 49% (100) had anal and 

perianal warts. (Table 1) There were two cases of SISCCA. 

 

Prior to surgical removal of tissue, anal cytology and high-risk HPV (hrHPV) assay 

samples were collected using direct visualisation through a proctoscope. The cytology 

specimen comprised two sample sites. A cotton swab was used to sample cells above 

the dentate line and smeared onto a glass slide. A Digene Hybrid Capture-2 (HC2) 

brush was then rotated from just above the dentate line to the anal and perianal skin 

as the proctoscope was removed and the cells smeared onto the same glass slide and 

then fixed in 95% ethanol for cytology. The brush was placed into a Digene transport 

container for hrHPV testing. Biopsy specimens were labelled by site (perianal, anal) 

and fixed in neutral buffered formalin for processing and embedding in paraffin. No 

material was discarded at the bedside or in the laboratory. Haematoxylin and eosin 

stained sections of biopsies were reported by the duty histopathologist. Anal cytology 

was routinely reported similarly to cervical cytology and anal intraepithelial neoplasia 

(AIN) was graded using the same concepts and criteria as those used to grade cervical 

intraepithelial neoplasia (IN).16 The results were reported as unsatisfactory, negative, 

atypical squamous cells of uncertain significance (ASCUS), HPV, AIN 1, AIN 2 and AIN 3 

and anal cancer. They were categorised as LSIL (ASCUS, HPV, AIN 1) and HSIL (AIN 2, 

AIN 3). The biopsy results were reported as atypia, HPV, AIN 1 AIN 2, AIN 3 and anal 

cancer.  These results were categorised as low-grade squamous intra-epithelial 

179 
 



abnormality (LGAIN) (atypia, HPV, AIN 1), HGAIN (AIN 2 and AIN 3) and anal cancer. 

Concordance with histopathology was assessed as an ordinal scale of levels of 

difference between results with a potential range from -5 to +5. 

 

Descriptive analysis used percentages for categorical and ordinal variables and means 

for continuous variables. Agreement between histology and cytology was assessed 

using the kappa statistic weighted for the complete range of AIN lesions, and 

unweighted for the dichotomous range of HGAIN. Confidence intervals for kappa were 

estimated using the method of Fleiss (1980) and for weighted kappa using the method 

of Lee and Fung (1993).17, 18  

 

For bivariate analysis the Wilcoxon related samples sign-rank test was used for ordinal 

and continuous variables and the Mann-Whitney U test was used for categorical 

variables. Analysis of the degree of AIN used operation as the unit of investigation and 

because operations are clustered within patients the assumption of independent 

sampling is violated. Estimates of standard error and p values were based upon a 

robust estimation of standard errors for clustered data. A p-value less than 0.05 was 

regarded as statistically significant. The analysis was conducted using the Stata 

statistical package (Version 12, StataCorp, College Stn, Tx, 2009). The research was 

approved by the Royal Perth Hospital Ethics Committee as part of a clinical audit. 

 

Results 

General characteristics of patients  

The majority of samples were from men (80%) compared to women (20%). Of the 

men, most (84%) were homosexual or bisexual (MSM) and 36% were HIV positive. One 

(2.9%) of the women was HIV positive. HIV positive men were significantly older than 

HIV negative men (mean age 43.9 and 32.4 years respectively, p < 0.0001, rank-sum 

test). Approximately 52% of the patients were current or ex-smokers. (Table 1). HIV 

positive men were significantly more likely to have a history of syphilis compared to 
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HIV negative men (p = 0.003). HIV negative men were significantly more likely to be 

positive for gonorrhoea than women (p = 0.003). Overall 68% of samples tested 

positive for hrHPV. Seventy-four per cent of males tested hrHPV positive compared to 

44% of females (p < 0.001). For HIV positive men 87% were hrHPV positive, compared 

with 66% of HIV negative men (p = 0.003). Women were significantly less likely to be 

positive for hrHPV than HIV negative men (44% vs. 66%, (p < 0.014). Lifetime number 

of sexual partners was significantly and positively associated with age (odds ratio (OR) 

= 1.04, p = 0.002). After adjustment for age, gender was found to be significantly 

associated with lifetime partners with women much less likely to be in a higher 

category than men (OR = 0.12, p < 0.001). There was no significant difference in sexual 

partner number between HIV positive and HIV negative men after adjustment for age 

(p = 0.20). MSM were significantly more likely to be in a higher category of lifetime 

number of sexual partners after adjustment for any age difference (OR = 4.5, p = 

0.003). Most male patients had anal warts with or without perianal warts (91%) and 

there was no significant difference in wart site based upon HIV status (p = 0.051). 

Women mostly had perianal warts (39%) or both anal and perianal warts (44%) and 

this difference between men and women was statistically significant (p < 0.001). About 

one third of patients had more than one operation for wart removal with a maximum 

of five operations for men and two for women but this difference was not significant (p 

= 0.37). There was no difference in the number of operations for men based upon HIV 

status (p = 0.14) but there was a significant difference between men and women who 

were HIV negative (p = 0.030). 

 

Comparing histology to cytology 

More cases of HGAIN were detected by histology compared to cytology (Table 2). Of 

the histology results 29% of the whole group had HGAIN (17% AIN 2, 12% AIN 3 and 

0.5% anal cancer) and 71% showed low-grade disease (4% negative or atypia, 47% 

HPV, 21% AIN 1). For the whole group, 21% of the cytology results were HGAIN and 

76% low-grade or negative with 3% unsatisfactory. There was a statistically significant 

association between cytology and histology with agreement for all levels of 85% (p < 

0.0001) but the weighted kappa was 0.32 which is in the ‘poor’ agreement category of 
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Landis and Koch (1977)19 (95% CI: 0.23-0.40). There was a significant difference 

between the two methods as indicated by the Wilcoxon related samples sign-rank test 

(p < 0.0001). A test of the diagonal symmetry of Table 2 showed that there was a 

statistically significant departure from symmetry which indicated a negative bias in the 

assessment by cytology (p < 0.0001) (Figure 1). 

 

There was also a statistically significant association for HGAIN versus low-grade or 

negative assessments (Table 3) with agreement of 77% (p < 0.0001) and kappa of 0.39 

which is still below the ‘fair’ agreement category (95% CI: 0.25-0.53). There was a 

significant departure from diagonal symmetry for HGAIN (p = 0.018) which again 

indicated that histology tends to report HGAIN more than cytology. If histology were 

regarded as the ‘gold standard’ for high-grade disease, cytology has a sensitivity of 

47% (95% CI: 33-60%), specificity of 89% (95% CI: 83-94%), positive predictive value 

(PPV) of 64% (95% CI: 48-78%) and negative predictive value of 80% (95% CI: 73-86%). 

One case of anal cancer was detected by histology. 

 

Concordance between histology and cytology  

Forty-nine per cent of the specimens were concordant by histology and cytology (Table 

4 and Figure 2). However, symmetry results indicated that cytology under-estimated 

the degree of histological abnormality in 73 samples (37%), and over-estimated in 28 

(14%) samples. 

 

HrHPV positivity was significantly associated with the risk of HGAIN for all cases (OR = 

3.04, p = 0.004), with HGAIN in 15% of hrHPV negative samples and 36% of hrHPV 

positive samples. There was also a significant association between HGAIN and HIV 

status (OR = 4.9, p < 0.001). 
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Characteristics of discordant HGAIN samples 

There were 15 samples (7%) where histology recorded a negative or low-grade lesion 

and cytology recorded HGAIN and 31 (15%) samples where cytology recorded negative 

or low-grade and histology recorded HGAIN. A symmetry test showed this was a 

significant difference with respect to the rate each test of missing HGAIN (p = 0.018). 

Logistic regression analysis of the discordant cases showed that the 31 HGAIN missed 

by cytology were not a random selection whereas the 15 cases that were missed by 

histology might have been (Table 5). For the cases missed by cytology, there was a 

significant association with gender (p = 0.045) and HIV status (p = 0.001) and perhaps 

with age (p = 0.059) but no association with hrHPV status (p = 0.11). There was no 

association between misclassification by histology and HIV status or any other 

available variable but the smaller number meant there was less statistical power for 

the latter analysis to detect significant predictors. 

 

Discussion 

Previous authors studying MSM have found anal cytology to be sensitive but non-

specific, and that anoscopy and histology are required in addition to cytology to 

establish the presence and grade of AIN.20 Furthermore the presence of HGAIN in 

association with anal warts has been under-recognised,11 with many clinicians 

concluding anal warts are benign lesions without histological evidence. Indeed many 

surgeons treat warts by electrocautery without establishing a histological diagnosis. 

Amongst MSM subjects with anal warts a disproportionate increase in invasive 

carcinoma and carcinoma in situ has been reported.21, 22 Whether high-risk HPV 

infection alone is the risk factor for development of anal cancer, or whether anal warts 

provide an additive risk factor because of increased cell proliferation and hence 

increased likelihood of transcriptional errors leading to invasive cancer has not been 

established. The observation that anal cancer has arisen in genital warts is disturbing, 

suggesting there is something about the lesion dynamics of warts and high-risk HPV 

infection that should be further studied. It is not known if surgery removes all the 
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HGAIN associated with warts or if there are additional sites not removed by surgery. In 

addition, if random biopsy sampling of warts is performed then foci of HGAIN could be 

missed and hence cytology may provide additional diagnostic and prognostic 

information. This study provides additional information for those patients having HRA 

in the presence of warts because of the completeness of the approach where all the 

warts were excised rather than random biopsies. A significant number of cases of 

HGAIN were found in the presence of anal warts, similar to previous findings,11, 12 and 

these data suggest that the presence of anal warts should be considered as being an 

indicator for further investigation to exclude HGAIN. 

 

Anoscopy is a difficult procedure to perform in the presence of multiple proliferative 

warty lesions and three quarters of the patients in this study had anal warts unlike 

other studies of patients presenting for surgery for mixed reasons. Detection of HGAIN 

should be an indicator for regular follow up of patients and in our service, patients are 

offered follow up for 6 months post-surgery for warts, or longer if HGAIN has been 

detected. 

 

The sensitivity and specificity for anal cytology to detect AIN in the presence of anal 

warts has not been established but other studies have estimated these parameters. A 

search of the current literature suggests that if histology is regarded as the gold 

standard for the detection of AIN (any grade), cytology has reasonable sensitivity 

(weighted mean: 71.4, range: 42% - 93%) and specificity (weighted mean: 73.4, range: 

31 - 100%). When prevalence data is available this translates into a reasonable positive 

predictive value (PPV: 81.5, range: 37.4% - 100%) and moderate negative predictive 

value (NPV: 67.5, range: 42% – 100%). When these studies are combined using meta-

analysis methods they give a weighted mean value of 30.6% for sensitivity and 96.5% 

for specificity.13, 14, 20, 23-41  

 

A result of particular concern is that the classification of the level of cellular 

abnormality by cytology showed bias towards a low-grade result particularly for 
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samples from HIV positive men. There were 5 HGAIN in ASCUS smears (14% of ASCUS 

samples) in this case series, and 84% of the ASCUS smears occurred in HIV-negative 

men and women.  This is in contradistinction to findings in cervical samples where up 

to 40% of ASCUS smears harbour high high-grade disease.42  ASCUS terminology (which 

originally represented abnormalities that could not be classified as squamous 

intraepithelial lesions) has been refined with a category of ASC-H (atypical squamous 

cells cannot exclude a high-grade squamous intraepithelial lesion) to assist clinicians 

with triaging patients for colposcopy.  The new category has been found to have a 

positive predictive value of 40.4% for high-grade CIN.353 

 

The role of HPV testing in the management of MSM needs to be further defined. The 

presence of HGAIN in association with a negative hrHPV test (10 cases) in this study is 

interesting and may be an outcome of sampling, insufficient viral copies to be detected 

by the design of the HC2 test, or other hrHPV types not included in the test.  It 

presents an opportunity for investigating hrHPV status using a more sensitive 

molecular method. For population screening there may be a role in testing high-risk 

men and women, however as most HIV-positive men are hrHPV positive the role of 

testing in this group remains to be clarified. Similarly the prognostic value of a negative 

hrHPV test in HIV positive men needs to be established. 

 

The results presented are from a case series of surgical patients selected from a sexual 

health clinic with a single surgeon at a tertiary hospital with a significant case load of 

HIV patients, and with histology and cytology specimens assessed in a single 

laboratory. The results may not be directly comparable to other settings where 

treatment for anal warts can include cautery with no biopsies, or limited biopsies that 

may miss small foci of AIN. The advantage of our research is that all wart material was 

excised and may possibly be the reason why so much HGAIN is detected. 

 

This study identified 10% of samples where cytology showed a higher degree of 

abnormality than histology, and it would generally be considered that histology has 
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failed to identify the site of neoplasia. Consequently we suggest further follow up with 

repeat cytology and HRA for this clinical scenario. Even though targeted biopsies of 

lesions are performed at HRA, this practice may be flawed as HGAIN has been 

identified in normal appearing anal mucosa,43 and small biopsies may miss focal HGAIN 

in warts. In addition for anoscopists to become competent it takes considerable 

exposure to the many topographic variables encountered in the procedure, and anal 

folds, warts and haemorrhoids may interfere with adequate inspection and sampling 

(Figure 3). For patients undergoing cytological screening the detection of low-grade 

cytological abnormalities may not obviate the need for further investigation to exclude 

HGAIN. Consequently it may be reasonable that HRA should be performed on all high-

risk individuals, even those with a low grade cytological abnormality. However, as 

anogenital warts are so common it would not be clinically feasible to perform HRA on 

all such individuals and therefore we suggest that cytology be performed at the time of 

diagnosis or at surgery prior to surgical excision of warts. If HGAIN is found on cytology 

but not on histology, then HRA should be performed on these individuals at follow-up. 

In addition it is suggested that HRA be performed at 6 months follow-up on all those 

who are demonstrated to have HGAIN. Prospective studies to evaluate this suggested 

algorithm are required.  Cytology did not detect the cases of SISCCA and this may be an 

unrecognised downfall of cytology that it is not sensitive enough to recognise very 

small lesions.  Conversely the diagnosis of invasive disease needs to be considered in 

older men with warts regardless of their HIV status.  

 

Anal cytology studies in women have previously demonstrated high-grade disease and 

our research showed that in the presence of anal warts 17% of women had HGAIN by 

histology and 20% by cytology. This is similar to previously published data in HIV 

negative women.44 These rates were lower than HIV-positive men (54% and 33%) and 

similar to HIV negative men (19% and 14%). Given that the rate of anal cancer is 

increasing in both men and women45 the data support the need to identify both men 

and women at risk who require follow up. 
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In conclusion, this study has shown that current practice for the investigation of anal 

disease in the presence of anal warts is a complex process that cannot rely on one 

method as the diagnostic gold standard. HGAIN is common in association with anal 

warts identifying a particular risk group for development of anal cancer. Cytology and 

histopathology provide the contemporary measure for establishing the stage of 

disease, but diagnostic concordance between concurrent samples for each test reveal 

only fair agreement. HRA should be performed when cytology is reported as ASCUS or 

HPV as this investigation showed that cytology fails to detect a significant proportion 

of cases particularly among HIV positive men. HrHPV testing is a valuable adjunct to 

anal cytology testing, but the optimal hrHPV test remains to be established. Until 

investigative methods are developed that further improve diagnostic certainty, the 

approach for optimum management of patients should be based on the most 

significant finding, or an algorithm based on outcomes of investigations i.e. HRA, 

cytology, biopsy or hrHPV assay in association with the patient clinical risk profile. Until 

vaccination against low and high-risk HPV becomes established for both men and 

women, significant problems with the management of anogenital warts remain, 

particularly in the anal canal. Management should be tuned against the outcome from 

repeated investigations over a staggered timeline. 
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Table 1: Description of patients 

 Men 
 
n = 126 (%) 

P 
HIV +ve 
vs.  
HIV -ve 

Women 
 
n = 35 (%) 

P 
Men vs. 
women 
(HIV –
ve) 

HIV 
positive 
n = 45 (%) 

HIV 
negative 
n = 81 (%) 

HIV 
positive 
n = 1 (%) 

HIV 
negative 
n = 34 (%) 

Median age 
(years) 

42.5 32.5 0.0001 37.3 32.5 0.82 

Range 19.5–
71.8 

13.7– 
71.7 

  19.2-65.0  

Sexual preference  
Heterosexual 2 (4.6) 18 (22.8) 0.004    
MSM 42 (95.5) 61 (77.2)   
Lifetime Number of Sexual Partners  
1 - 10 5 (11.9) 21 (26.9) 0.095  24 (72.7) <0.001 
11 - 50 16 (38.1) 30 (38.5)  7 (21.2) 
>50 21 (50.0) 27 (34.6)  2 (6.1) 
Smoking status  
Current 21 (46.7) 25 (32.1) 0.27 1 15 (44.1) 0.40 
Ex-smoker 5 (11.1) 12 (14.8) 0 3 (8.8) 
Never smoked 19 (42.2) 43 (53.1) 0 16 (47.1) 
History of STDs  
Syphilis 9 (20.0) 3 (3.7) 0.003 0 0 0.14 
Gonorrhoea 11 (24.4) 12 (14.8) 0.19 0 0 0.003 
Chlamydia 10 (22.2) 11 (13.6) 0.22 0 4 (11.8) 0.79 
hrHPV +ve 52 (86.7) 67 (66.3) 0.003 0 17 (43.6) 0.014 
HSV-2  
seropositive 

11 (26.8) 12 (15.8) 0.16 1 4 (16.0) 0.98 

Wart site for first operation  
Anal only  22 (48.9) 25 (30.9) 0.050 0 4 (11.8) 0.004 
Perianal only 2 (4.4) 12 (14.8) 1 14 (41.2) 
Perianal & 
anal 

21 (46.7) 44 (54.3) 0 16 (47.1) 

Number of operations  
1 32 (52.5) 69 (67.0) 0.14 1 30 (75.0) 0.030 
2 20 (32.8) 19 (18.5) 0 10 (25.0) 
3 5 (8.2) 9 (8.7) 0 0 
4 4 (6.6) 4 (3.9) 0 0 
5 0 2 (1.9) 0 0 
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Table 2: Results for the whole range of histology and cytology categories 

Histology 
result 

Cytology result number (% of total samples) 
Unsat. 

Negative ASCUS HPV AIN 1 AIN 2 AIN 3 
Anal 
cancer Total 

Negative 0 2 (1.0) 1 (0.5) 0 0 1 (0.5) 0 0 4 (2.0) 
Atypia 0 1 (0.5) 1 (0.5) 1 (0.5) 0 0 0 0 3 (1.5) 

HPV 4 (2.0) 13 (6.3) 22 (10.7) 
39 
(19.0) 11 (5.4) 5 (2.4) 2 (1.0) 0 96 (46.8) 

AIN 1 0 1 (0.5) 8 (3.9) 13 (6.3) 13 (6.3) 7 (3.4) 7 (3.4) 0 42 (20.5) 
AIN 2 2 (1.0) 0 4 (2.0) 9 (4.4) 10 (4.9) 9 (4.4) 9 (4.4) 0 35 (17.1) 
AIN 3 0 0 1 (0.5) 3 (1.5) 4 (2.0) 5 (2.4) 5 (2.4) 0 24 (11.7) 
Anal 
cancer 0 0 0 0 0 1 (0.5) 1 (0.5) 0 1 (0.5) 

Total 6 (2.9) 17 (8.3) 37 (18.1) 
65 
(31.7) 

38 
(18.5) 

28 
(13.7) 

14 
(6.8) 0 205 (100) 

Wilcoxon sign-rank test,   p < 0.0001 
Symmetry (exact significance probability)  p < 0.0001 
Kappaw = 0.32, 95% CI: 0.23 – 0.40 
 

Table 3: Results for Low grade (LSIL and LGAIN) versus high-grade (HSIL and HGAIN) 

Histology result 
Cytology result  
Low grade High grade Total 

Low grade 126 (63.3) 15 (7.5) 141 (70.9) 
High grade 31 (15.6) 27 (13.6) 58 (29.2) 
Total 157 (78.9) 4 (21.1) 199 
Wilcoxon sign-rank test,   p < 0.018 
Symmetry (exact significance probability)  p = 0.018 
Kappa = 0.39, 95% CI: 0.25 – 0.53 
Sensitivity: 46.6 (33.3-60.1), Specificity: 89.4 (83.1-93.9) 

 

Table 4: Concordance level between histology and cytology using histology as gold standard 

Concordance  Interpretation n % 
-3 

Cytology grade greater than 
histology 

3 1.51 
14.1 -2 5 2.51 

-1 20 10.1 
0 No difference 98 49.3 49.3 
1 

Histology grade greater than 
cytology 

50 25.1 
36.7 2 19 9.55 

3 4 2.01 
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Table 5: Cases where histology and cytology differed and one method gave a high-grade 

result 

Histology 

grade 

Cytology 

grade Gender Age HIV status HPV status 

Cytology high-grade & histology low-grade or less, n=15 

Negative AIN2 0 46.5 1 Positive 
HPV AIN2 0 25.9 0 Negative 
HPV AIN2 0 41.8 0 Positive 
HPV AIN2 1 26.1 0 Positive 
HPV AIN2 1 21.1 0 Negative 
HPV AIN2 0 29.9 0 Positive 
AIN1 AIN2 0 37.3 0 Positive 
AIN1 AIN2 0 20.2 0 Positive 
AIN1 AIN2 1 22.1 0 Negative 
AIN1 AIN2 0 37.5 1 Positive 
AIN1 AIN2 0 63.7 1 Positive 
AIN1 AIN2 0 31.5 0 Positive 
AIN1 AIN2 0 40.7 1  
HPV AIN3 0 44.1 1 Positive 
HPV AIN3 0 45.1 1 Positive 
  p = 0.76 p = 0.71 p = 0.18 p = 0.30 
Histology high-grade & cytology low-grade or less, n = 31 
AIN2 ASCUS 0 34.0 0 Negative 
AIN2 ASCUS 0 20.0 0 Positive 
AIN2 ASCUS 0 23.0 1 Positive 
AIN2 ASCUS 0 20.0 0 Negative 
AIN2 HPV 0 19.5 1 Negative 
AIN2 HPV 0 67.4 1 Positive 
AIN2 HPV 0 45.7 1 Positive 
AIN2 HPV 0 19.6 0  
AIN2 HPV 0 37.2 1 Positive 
AIN2 HPV 0 44.8 0 Positive 
AIN2 HPV 0 57.6 1 Negative 
AIN2 HPV 0 24.9 1 Positive 
AIN2 HPV 0 71.8 1 Positive 
AIN2 AIN1 0 46.0 1 Positive 
AIN2 AIN1 0 26.0 0 Negative 
AIN2 AIN1 0 68.0 1 Positive 
AIN2 AIN1 0 26.0 1 Positive 
AIN2 AIN1 0 61.0 1 Positive 
AIN2 AIN1 0 25.0 1 Positive 
AIN2 AIN1 0 33.0 1 Positive 
AIN2 AIN1 0 41.0 1 Positive 
AIN2 AIN1 0 23.0 0 Positive 
AIN2 AIN1 0 27.0 1 Positive 
AIN3 ASCUS 0 30.0 0 Positive 
AIN3 HPV 0 53.9 1 Positive 
AIN3 HPV 0 54.3 0 Positive 
AIN3 HPV 0 50.3 1 Positive 
AIN3 AIN1 0 40.0 0 Positive 
AIN3 AIN1 1 59.0 0 Negative 
AIN3 AIN1 0 64.0 1 Positive 
AIN3 AIN1 1 22.0 0 Positive 
  p = 0.045 p = 0.059 p = 0.001 p = 0.107 
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Figure 1: Agreement between cytology and histology 

 

 

Figure 2: Concordance between cytology and histology 
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Kappa = 0.32 (0.23-0.40)

Neg
ati

ve
ASCUS

HPV
AIN

1
AIN

2
AIN

3

C
yt

ol
og

y 
re

su
lt

Neg
ati

ve
Atyp

ia
HPV

AIN
1

AIN
2

AIN
3

Can
ce

r

Histology result

Observed agreement Line of equality

Negative values indicate
cytology > histology

Positive values indicate
cytology < histology

0
20

40
60

80
10

0
Fr

eq
ue

nc
y

-3 -2 -1 0 1 2 3
Concordance between Cytology and Histology

196 
 



Figure 3: Multiple warts in the anal canal 

 

Reproduced with permission from the patient 
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CHAPTER 6 – PAPER 5  COMPARING CYTOLOGY TO HISTOLOGY 
DURING HIGH RESOLUTION ANOSCOPY 

6.1 INTRODUCTION 

Having acquired the clinical skills to perform high resolution anoscopy based on my 

previous colposcopic experience and the fact I had always followed up my surgical 

patients using high resolution with a colposcope, the next stage of research was to 

establish how good cytology was compared to histology in patients undergoing high 

resolution anoscopy.  Additional laboratory cytological information was collected in 

the PathWest Laboratory Medicine (WA) Royal Perth Hospital Laboratory.  A new 

research partnership was developed with Dr Vin Williams in the Western Australian 

Biomedical Research Institute, (School of Biomedical Sciences) within the Curtin Health 

Innovation Research Institute, at Curtin University to do the cytology research.  This 

paper describes the sensitivity and specificity of anal cytology compared to histology in 

patients undergoing the clinical procedure of high resolution anoscopy. 
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6.2 PAPER 
AUDIT OF PAIRED ANAL CYTOLOGY AND HISTOPATHOLOGY OUTCOMES INPATIENTS 

REFERRED TO A PUBLIC SEXUAL HEALTH CLINIC  

Vincent M WilliamsA, Cecily MetcalfB, Martyn A FrenchC,D, Jenny C McCloskeyE,F  

AWestern Australian Biomedical Research Institute,(School of Biomedical Sciences) 

within the Curtin Health Innovation Research Institute, Curtin University of 

Technology. GPO Box U1987 Perth Western Australia 
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Abstract 

Background: The level of agreement between anal cytology and histopathology is not 

clear with only a few studies evaluating the reliability of anal specimen reporting.  

Australian data in relation to this is limited. 

 

Methods The results of paired anal cytology and histopathology specimens received 

between 2002 and 2008 from patients who were referred within a sexual health clinic 

were retrieved from the anatomical pathology database.  A total of 248 paired samples 

from 154 (21 females, 133 males) participants were extracted.  Concurrent high risk 

human papilloma virus (hrHPV) DNA assay and HIV status for the study group were 

also collected.  Data were tabulated according to reported grade of squamous 

abnormality based on a Bethesda style system.  Using the biopsy result as the gold 

standard the specificity, sensitivity, positive predictive value (PPV) and negative 

predictive value (NPV) for cytology were calculated and the association between grade 

of abnormality, HIV status and hrHPV infection estimated. 

 

Results.  Concordance between cytology and histology showed a sensitivity of 96%, 

specificity 14%, PPV 89% and NPV 31% when compared with histopathology.  HrHPV 

was positive in 192 (80%) of samples.  High-grade squamous abnormalities were 

reported in biopsy specimens from 60% (n=42/67) of HIV-positive subjects and 25% 

(n=22/87) of HIV-negative subjects.  HIV-positive individuals were more likely to be 

hrHPV positive, odds ratio (OR) 6.21 [95% confidence interval (CI) 2.69 to 14.34], when 

compared with HIV-negative subjects. 

 

Conclusion:  Anal cytology is highly sensitive for the detection of abnormal squamous 

cells.  While cytology has low specificity for predicting the grade of abnormality 

compared with biopsy outcome its application as a screening method in asymptomatic 

at risk populations warrants further study. 

 

Additional keywords: anal biopsy, anal intraepithelial neoplasia, cytology, hrHPV. 
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Introduction 

Anal squamous cell carcinoma (SCCA) is rare in the general population with an overall 

incidence of 1.5–1.7 cases per100 000 with women having a slightly higher prevalence  

than men.1 However, an increased incidence of SCCA is evident in certain high risk 

groups with those at greatest risk being men who have sex with men (MSM), especially 

those with HIV infection with reported rates in the order of 15 and 70 per 

100 000 respectively..2–4  

 

Anal intraepithelial neoplasia (AIN) is the precursor lesion to SCCA and shows 

similarities to the relationship between cervical intraepithelial neoplasia (CIN) and 

cervical SCC.5 The natural history of AIN is unclear but a proportion of untreated 

patients will progress to invasive cancer. The diagnosis of AIN by cytology or histology 

is based on identification of cellular and morphologic criteria that can be categorised in 

the same way as CIN is in the cervix. Lesions with AIN are categorised as AIN grade 1, 2 

or 3 corresponding with decreasing levels of differentiation and increasing 

morphological abnormality in the sampled epithelium.6 Human papilloma virus (HPV) 

infection is thought to be the causal agent an of AIN. Adjunct molecular studies have 

consistently identified a high prevalence of high risk human papilloma virus (hrHPV) 

genotypes in samples collected for cytology or histology from anal lesions.7,8 

Accumulating data support the concept that the HPV assay maybe an effective adjunct 

to anal cytology screening programs.9,10 

 

Where anorectal cytology has been used as a screening procedure, results have 

demonstrated good sensitivity for the detection of abnormal cells although when 

compared to biopsy outcomes the specificity of the test for predicting the grade of 

abnormality was low.9,11  Reported performance outcomes for cytology have 

depended on specimen collection methods and the proportion of screening or 

symptomatic subjects.  Our study evaluates the sensitivity and specificity of cytology 

compared with histopathology in patients who were referred within the sexual health 

clinic with a history of abnormal cytology or clinical evidence of anal warts and with 

the association of cellular evidence of anal disease with hrHPV and HIV infections. 
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Methods 

The investigation was conducted following approval of the Royal Perth Hospital Ethics 

Committee. The files of the Department of Anatomical Pathology of Royal Perth 

Hospital were searched for the results of paired anal cytology and histopathology 

specimens received between 2002 and 2008. A paired sample included biopsy and 

cytology specimens collected concurrently or a biopsy that could be matched with a 

cytology specimen that was collected within the previous 6 months. For paired 

samples data were collected for HIV status and also for hrHPV infection (Digene 

Hybrid capture II; Digene Corporation, Gaithersburg, MD, USA) performed on cellular 

material collected into transport media at the same procedure. Anal smears and 

biopsies were collected at high resolution anoscopy either in outpatient clinics or in 

theatre under general anaesthetic by direct vision (not high resolution). Anal cytology 

specimens were alcohol fixed direct smears collected by a physician using a cervical 

brush device. Anal cytology samples were routinely reported using a modified 

Bethesda 2001 classification recommended for cervical smears.12 Results were 

categorised as unsatisfactory, negative, atypical squamous cells of uncertain 

significance exclude a low grade lesion (ASCUS), atypical squamous cells of uncertain 

significance exclude a high grade (ASCUS H), HPV, AIN 1, AIN 2 or AIN 3. For this 

investigation results were classified as ASCUS, ASCUS H, low-grade squamous intra-

epithelial lesion (LSIL) which includes HPV  AIN1 or high-grade squamous intra-

epithelial lesion (HSIL) which includes AIN2 and AIN3. Biopsy specimens were grouped 

into similar Bethesda categories although the ASCUS designation was not used for 

histologic specimens. There were seven paired samples (2.7%) where the cytology or 

histopathology specimen was unsatisfactory for assessment and these were excluded 

from the analysis resulting in 241 samples in the collective data 

 

Statistical analysis  

Using the histopathology result as the gold standard the performance of cytology was 

estimated by determining the sensitivity, specificity, positive predictive value (PPV) 

and negative predictive value (NPV). Sensitivity reflected the proportion of positive 

cytology samples with histologically confirmed disease. Specificity reflected the 

proportion of negative cytology samples when histologically disease free. PPV 

reflected the proportion of positive cytology results that corresponded with 
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histologically proven disease. NPV reflected the proportion of negative cytology results 

that corresponded with a negative biopsy. Confidence intervals were calculated using 

the binomial distribution. The kappa statistic was determined to show the level of 

agreement between paired cytology and histopathology specimens for detecting 

atypical cells (WinPepiVersion 4.7; Brixton Health, www.brixtonhealth.com/, accessed 

May 2010).13 Odds ratios for the association of an abnormal biopsy outcome or an 

abnormal cytology result and either of hrHPV infection or HIV status were computed 

and analysed using a nominal logistic regression model (JMP version 7.0; SAS, Cary, 

NC, USA). 

 

Results 

Sample distribution by sex, age and collection method 

Two hundred and forty-one paired samples from 154 patients (21 females, 133 males) 

were obtained after exclusion of the seven unsatisfactory samples. The mean age for 

all subjects was 40.15 years (s.d. 13.55 years).  

 

Of the 241 paired specimens; there were five occasions where the cytology specimen 

was collected at an earlier consult time than the biopsy. The time lag between cytology 

and biopsy for these latter five samples ranged from 3 weeks to 6 months (median 3 

months). Analysis of the frequency of sampling showed that of the 154 participants 

with at least one paired sample, specimens were collected twice on 27 subjects, three 

times on 12 subjects, four times on eight subjects and from two subjects on five 

occasions. A total of 112 samples were collected in the anoscopy outpatient clinic and 

129 samples were collected in theatre under general anaesthetic. 

 

Paired sample outcome 

Concordance between cytology and histology showed that in 204 (85%) paired 

samples both tests were categorised as abnormal i.e. ASCUS or greater (Table 1). The 

Kappa statistic after adjusting for prevalence and bias was 0.73 (P = 0.013). In 128 

(53%) samples the grade of abnormality by cytology matched the histopathology 

report category. Concordance between cytology and histopathology increased with 

increasing severity of the cytological changes. The performance of cytology against 
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histopathology (Table 2) demonstrates the effect of the high prevalence of disease in 

this population of referred subjects. 

 

High risk HPV and paired sample 

One hundred and ninety-two (80%) samples were positive for hrHPV DNA (Table 3). 

The samples with a positive hrHPV assay had an odds ratio (OR) of 5.16 [95% 

confidence interval (CI) 1.65 to 16.16] of having any abnormal cytology result and an 

OR of 1.77 (95% CI 0.73 to 4.34) of having an abnormal biopsy result compared with 

those without hrHPV infection.  

 

There were 20 (10%) hrHPV positive samples that were negative for any level of 

abnormality in the concurrent biopsy. The accompanying cytology reports for these 

samples were two negative, eight ASCUS, two ASCUS H, six LSIL and two HSIL.  

 

Forty-nine (20%) samples were hrHPV negative. The concurrent biopsy reports for 

these recorded eight negative, 35 LSIL and six HSIL samples. The concurrent cytology 

reports were seven negative 18 ASCUS, 19 LSIL and five HSIL. 

 

High risk HPV infection and HIV status in the subject group  

Within the subject group, 11 (52%) females and 104 (78%) males were hrHPV positive. 

Sixty-seven (51%) of the male subjects were HIV-positive and 66 (49%) were HIV-

negative. None of the female participants were HIV-positive. The hrHPV test was 

positive in 61 (91%) HIV-positive men and 43 (65%) HIV-negative men. HIV-positive 

male subjects had an OR of 6.21 (95% CI 2.69 to 14.34) of having hrHPV infection 

compared with HIV-negative male subjects. 

 

Association of hrHPV infection and HIV status with an abnormal cytology or biopsy 

sample 

Samples showing an abnormal cytology result were associated with positive HIV status, 

OR 3.45 (95% CI 0.92 to 12.87) or positive hrHPV assay, OR 5.16 (95% CI 1.65 to 16.16) 

when compared with samples from HIV-negative and hrHPV negative subjects. 

Similarly an abnormal biopsy outcome was associated with a positive HIV status, OR 

1.21 (5% CI 0.23 to 1.21) and positive hrHPV infection, OR 1.74 (95% CI 0.71 to 4.26) 
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Prevalence of abnormal cytology and histopathology in the subject group and HIV 

status 

The prevalence of an abnormal cytology result in the group was 94%. Among female 

subjects (all HIV-negative) 17 (81%) had an abnormal cytology result. Sixty-seven 

(100%) of the HIV-positive male subjects and 61 (92%) of the HIV-negative male 

subjects had at least one abnormal cytology specimen.  

 

Eighty-seven per cent of the HIV-positive subject samples and 91% of HIV-negative 

subject samples showed an abnormal biopsy result. Fifty per cent of samples from HIV-

positive subjects showed HSIL compared with 25% of HIV negative subjects. Biopsy 

proven LSIL (HPV  AIN) was reported in 66% of samples from HIV negative subjects and 

in 37% of HIV-positive subjects samples (Table 4).  

 

Biopsy prevalence of LSIL or HSIL in individual subjects by HIV status showed that 60% 

of HIV-positive subjects had biopsy proven HSIL and 25% of HIV-negative subjects had 

HSIL (Table 5). 

 

Discussion 

The setting for this audit of patients attending a referral clinic has contributed to the 

high sensitivity but relatively low specificity of anal cytology for squamous lesions 

sampled at anoscopy when compared with concurrent biopsy outcome. The sensitivity 

and the PPV are inherently dependent on the prevalence of the disease in the study 

group and also reflect sampling accuracy by the collection specialists. The expectation 

of low values for the specificity (14%) and NPV(31%) in this high risk population was 

realised and the findings in this study add to the accumulating data with other 

cytology/biopsy comparison studies. The results support the importance of the testing 

platform performed on these subjects given the variation in some instances of the 

detection of cellular and molecular evidence of disease. A comparison of the sensitivity 

and specificity of the cytology test to results of anoscopically directed biopsy samples 

from six studies showed that sensitivity ranged from 69% to 93% and specificity from 

32% to 59%.14 An exact comparison between this current study and these reports is 

not possible due to differing case history mix and methodology; however, in one study 
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comprising 141 paired samples from 99 MSM of whom 38 had had previously 

diagnosed AIN, the overall sensitivity for cytology was 83% and the specificity 38%. In 

that study the PPV was 86% and NPV 33%.9 In contrast another study of 47 patients 

with anal condyloma, liquid based cytology showed a specificity of 96% and sensitivity 

of 42% when compared with biopsy outcome.10  

 

After adjusting for prevalence and bias, a kappa statistic of 0.73 represented 

substantial agreement between paired cytology and histopathology specimens in this 

population where disease prevalence was high. A prospective study in a large cohort 

showed agreement between cytology and histopathology to be 74.4% with a weighted 

kappa statistic of 0.36 that was reported to be comparable to studies comparing 

cervical cytology and biopsy results.15 

 

In 51% of paired samples the cytology report matched the histopathology report 

category. LSIL or HSIL was predicted in 75% of cytology specimens and biopsy 

confirmed in 87% of specimens. The number of ASCUS by cytology specimens that 

showed evidence of LSIL or HSIL on biopsy was the biggest contribution to the 

observed difference in report outcomes. Precise concordance of histological and 

cytological report category for the samples improved as the grade of disease 

increased. There was an agreement rate of 79% for reporting HSIL between concurrent 

cytology and biopsy samples; however, HSIL was found in 20% of cases of ASCUS, 33% 

of ASCUS H and 27% of cases of LSIL cytology. Similar rates for ASCUS cases have been 

noted in comparison studies elsewhere.15–17 One investigation of 1864 screening 

patients of whom 154 had concurrent biopsy and cytology, the prevalence rate of AIN3 

at biopsy was observed in 21% of ASCUS, 27% of LSIL and 54% of HSIL by cytology 

specimens.15 The relationship has significant implications for appropriate management 

of any abnormal finding in a cytology only anal sample.  

 

Our series revealed a prediction of HSIL in 21% of cytology specimens in the absence of 

high grade disease on biopsy. Similar rates of 21% and 30% have been reported in 

other series with the suggestion that in such cases it was likely that the biopsy in many 

instances was not representative and such outcomes required careful follow up 

management.16,18  
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In the present study the least consistent area between cytology and histopathology 

was in the ASCUS category reports. ASCUS category cytology smears accounted for 45 

(19%) cytology diagnoses in this study. The accompanying biopsy result was 12 (26%) 

negative, 24 (53%) LSIL and nine (20%) HSIL. Similar rates of cytodiagnosis have been 

reported elsewhere in a series of 153 specimens where 19.6% of cases showed ASCUS 

on cytology that resulted in 37% negative, 23% LSIL, and 40% HSIL reports.15 Half of the 

ASCUS cases in a study of 200 MSM revealed HSIL on biopsy follow up. The pitfalls for 

the under prediction of high grade disease are many and mirror those in cervical 

cytology. A study on interobserver agreement in the interpretation of AIN highlighted 

the difficulty posed by such specimens with only slight agreement and greatest 

variability between observers for classifying cytology specimens as ASCUS.19 With 

implications for follow-up management, correlative studies with clinical, histology and 

other adjunct tests including molecular studies may help to make the ASCUS category 

more objective.  

 

The rate of unsatisfactory smears (2.7%) in this series was low in comparison with 

rates reported elsewhere. Comparison of smear adequacy is confounded by cytology 

collection and processing methods, for example, blind sampling v. direct sampling, 

direct smear v. liquid based and diagnostic criteria defining an unsatisfactory sample. 

However, unsatisfactory rates for anal cytology are variously reported from 3.6% to 

34.1%.6,20,21 Comparison studies between the direct smear and liquid based smears 

have reported that direct smears were more likely to be inadequate and less likely to 

detect cytological abnormality.22,23 If cytology is to be adopted for screening high and 

low risk populations, further investigation is needed to determine the most reliable 

collection method.  

 

The high prevalence of anal squamous intraepithelial lesions reported here supports 

the findings reported previously in a smaller biopsy only series from this clinic where 

HSIL was detected in 52% of men with HIV infection.24 Here we confirm the prevalence 

rate in a larger cohort with biopsy proven HSIL occurring in 60% of HIV positive and 

25% of HIV-negative subjects. Additionally this investigation compares the efficacy of 

anal cytology with a concurrent or follow up biopsy result. The incidence of HSIL is 

higher among HIV-positive MSM compared with HIV negative MSM. The biopsy 
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prevalence of HSIL in HIV-positive MSM has been found to be as high as 68% and 45% 

in HIV-negative MSM in self-referred and referred subjects in one series.18 The same 

study reported a 93% prevalence of abnormal anal cytology among their patients with 

50% of specimens demonstrating HSIL.  

 

A high prevalence of hrHPV was observed in this study group with infection rates of 

62% in all HIV-negative subjects and 91% in HIV-positive subjects. Another Australian 

series reported the prevalence of hrHPV infection in HIV-positive clinic based subjects 

was 84%.25 Similar high prevalence rates in studies on urban and rural HIV-positive 

MSM have been reported previously.7,16,26 Rates of infection have also been reported 

to be as high as 57% in a large study of HIV-negative MSM.14 Our study, however, has 

demonstrated the imperfect reliability of the tests (HPV DNA assay, anal biopsy or 

cytology). A positive hrHPV assay was recorded in 20 specimens that were negative on 

biopsy but ASCUS, LSIL or HSIL was found in 18 of 20 concurrent cytology samples. 

Conversely a negative hrHPV assay was recorded in 49 samples that demonstrated a 

squamous lesion in 41 concurrent biopsies and ASCUS, LSIL or HSIL in 42 cytology 

samples. Clearly a single gold standard for the diagnosis of anal disease is still to be 

confirmed. The use of hrHPV assay must be considered while decisions on the extent 

and composition of screening tests in at risk populations are rationalised. 

 

Conclusion 

While the high sensitivity of cytology in the present review cannot be extrapolated to 

apply to all high risk individuals, it adds further support to the usefulness of anal 

cytology in the evaluation of high risk individuals. It is clear from the present study that 

pitfalls exist in the cytology test that may be related to sampling and/or interpretation. 

This supports further evaluation of optimal collection and processing methods for 

cytodiagnosis and adopting a management philosophy that all grades of abnormality 

detected by cytology receive anoscopic assessment and biopsy to exclude the 

presence of AIN. Combining clinical assessment, hrHPV assay HIV status and cytology 

may assist in the early detection of neoplasia; however, biopsy is still essential to 

confirm the nature and grade of a lesion. The similar prevalence of abnormal findings 

in cytology samples in the present study when compared with concurrent biopsies 

supports the value of cytology as a screening tool for the detection of anal disease. 
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Given the relative shortage of experienced anoscopists and the expense of sample 

collection it might be reasonable to combine the cytology test with the hrHPV test as a 

preliminary screen or as an annual screen for MSM and women who have clinical anal 

disease and for women who have had previous high grade cervical disease. Our data 

suggest more work needs to be performed on designing the optimal HPV test for use in 

the anal canal. 
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Table 1: Cytology and histopathology report category concordance for paired 
specimens 

AIN, anal intraepithelial neoplasia; ASCUS, atypical squamous cells of uncertain significance; HPV, human papillomavirus;  
HSIL, high-grade squamous intra-epithelial lesion; LSIL, low grade squamous intra-epithelial lesion 

Cytology Category No. of specimens (%) Histopathology category 

  Negative(%) LSILA (%) HSILB(%) 

Negative 13 (5.4) 4 (31) 9 (69) 0 

ASCUS 45 (18.7) 12 (26) 24 (5.3) 9 (20) 

ASCUS H (high-grade) 3 (1.2) 2 (66.6) 0 1 (33.3) 

LSIL (HPV±AIN 1) 114 (47.3) 7 (6.1) 76 (66.6) 31 (27.2) 

HSIL (AIN2, AIN 3) 66 (27.4) 3 (4.5) 11 (16.7) 52 (78.8) 

Total 241 (100) 28 (11.6) 120 (50) 93 (38.6) 
AHPV±AIN1   
BAIN2, AIN3 
 

Table 2: Sensitivity, specificity negative predictive value and positive predictive value 

of anal cytology compared to biopsy outcome in paired anal specimens. 

 Percentage 

(95% CI)  

Number of cases  

per total number 

Sensitivity 96 (92-97%) 204/213 

Specificity 14 (6-32%) 4/8 

Negative predictive value 31: (13-61%) 4/13 

Positive predictive value 89% (85-93%) 204/228 

 

Table 3.  Number and percentage of biopsy category outcome and high risk human 

papillomavirus (hrHPV) assay 
AIN, anal intraepithelial neoplasia; HSIL, high-grade squamous intra-epithelial lesion;  
LSIL, low grade squamous intra-epithelial lesion 

hrHPV assay Negative LSILA (%) HSILB(%) Total (%) 

Positive 20 (10) 86 (45) 86 (45) 192 (80) 

Negative 8 (16) 35 (71) 6 (12) 49 (20) 

total 28 (12) 121 (38) 92 (38) 241 
AHPV±AIN1   
BAIN2, AIN3 
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Table 4 Biopsy prevalence of LSILA and HSILB by HIV status and sample 
AIN, anal intraepithelial neoplasia; HSIL, high-grade squamous intra-epithelial lesion; LSIL, low grade squamous intra-epithelial 
lesion 

HIV status and number of samples  Biopsy Category 

LSIL (%) HSIL (%) 

HIV-negative subject samples n= 122 (51%) 66 25 

HIV-positive subject samples n= 119 (49%) 37 50 
AHPV ±AIN1   
BAIN2, AIN3 
 
 
Table 5  Biopsy prevalence of low-grade squamous intra-epithelial lesion (LSIL)A and 
high-grade squamous intraepithelial lesion (LSIL)B by subject HIV status 

AIN, anal intraepithelial neoplasia; HPV, human papillomavirus 
HIV status Biopsy category 
 LSIL (%) HSIL (%) 
HIV-negative subjects n=87 71 25 
HIV-positive subjects n=67 33 60 
AHPV ±AIN1   
BAIN2, AIN3 
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CHAPTER 7- PAPER 6  COMPARISON OF DIFFERENT ANAL 
CYTOLOGICAL METHODS 

7.1 INTRODUCTION 

The best way to perform anal cytology is still to be established.  In the high resolution 

anoscopy clinic where we are performing a diagnostic service to examine the anal 

canal for areas of intraepithelial neoplasia or other abnormalities that may give rise to 

abnormal anal cytology.  The anal cytology we perform is taken through a proctoscope 

in what is termed directly observed cytology.  In addition we have been using a 

cytobrush similar to the once we use for cervical cytology for collection of samples, 

having previously established a better cellular yield with the cytobrush compared to 

Dacron swabs used by many others (this was done in house with Dr Cecily Metcalf 

providing laboratory feedback as to which sampling method gave the best samples).  In 

cervical cytology ThinPrep has been found to be preferable to conventional cytology in 

most studies, particularly in the presence of inflammation.  Given the reporting in the 

literature of high inadequacy rates and obscuration of material with faecal matter we 

have investigated whether ThinPrep cytology in our hands was better than 

Conventional Cytology that was routinely being used in our high resolution anoscopy 

clinic. In addition we compared cytology to directed biopsy at the time of high 

resolution anoscopy and found that this investigation is indeed the gold standard with 

high resolution anoscopy comparing favourably to colposcopy for detection of high-

grade disease. 
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ABSTRACT AND KEYWORDS 

The objective of this study was to optimize diagnostic utility and accuracy of cytological 

methods for patients undergoing high resolution anoscopy (HRA). One hundred and 

nineteen patients (110M, 9F) with a history of prior anal cytological abnormality 

underwent high resolution anoscopy examination. Directly observed cytology was 

performed on all subjects at all times using a cytobrush and the sample split to provide 

123 paired conventional and ThinPrep (TP) cytology samples. Three patients were 

excluded because of unavailable cytology. Rectal cultures were performed for N. 

gonorrhoeae (NG) and PCR for C. trachomatis (CT). Data related to HIV status, sexual 

behaviour, anal warts and Digene Hybrid Capture II (HC2) status for high-risk HPV were 

collected. The median age of subjects was 46 (range 19-75) years. Of the males 97% 

were MSM/BSM and 55% (61/110) were HIV-positive. Microbiological studies revealed 

asymptomatic infection with either NG or CT in 6.0%, and 26% had visible anal warts. 

Eighty six percent of patients were high-risk HPV positive. Conventional cytology 

identified 0% unsatisfactory 12% negative, 33% ASCUS, 7% HPV effect, 9% AIN 1, 40% 

AIN 2 or 3. ThinPrep identified 4% unsatisfactory, 15% negative, 28% ASCUS, 11% HPV 

effect, 11% AIN 1, 29% AIN 2 or 3. Conventional cytology detected 19 more cases of 

high-grade intraepithelial neoplasia (IN), and ThinPrep detected 5 additional cases of 

high-grade IN compared to conventional cytology. Assuming histology is the gold 

standard for conventional cytology the sensitivity for detection of high-grade IN was 

61%; (95%CI 45-75), specificity 63% (95%CI 44-79) p=0.042 and for ThinPrep the 

sensitivity was 54%; (95%CI 39-69), specificity 84% (95%CI 67-95) p=0.001. 

Conventional cytology in this study was better at detecting high-grade IN. If histology is 

considered the gold standard, conventional cytology has higher sensitivity for high-

grade IN and ThinPrep has higher specificity. HRA missed up to 4% of cases of high-

grade IN but high grade disease was detected by cytology in 96% of the biopsy 

samples. Detection of high-grade IN is complex and both of the cytology methods were 

equivalent. HRA with tissue biopsy should be regarded as the ‘gold standard’. 

 

Key words: ThinPrep cytology, conventional cytology, high resolution anoscopy, 

sensitivity, specificity 
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BODY TEXT 

 

INTRODUCTION 

Invasive anal cancer is a rare disease, however the reported rate of detection has 

increased over the last 2 decades in Australia, with the annual incidence being twice as 

high in men (3.42%, 95%CI 2.49-4.35) compared to women.1 Similarly there have been 

increases in the USA, Denmark and the United Kingdom.2-4 Men who have sex with 

men (MSM) especially those with HIV infection have rates of 37/100,000 and 14-69/ 

100,000 respectively.5-7 For those with a diagnosis of AIDS the rates are even higher at 

137/100,000.5 Furthermore, when compared to HIV-negative subjects the rate of 

progression for the development of anal cancer appears faster in HIV-positive MSM.354 

Several studies have demonstrated that a proportion of subjects with precursor lesions 

of anal intraepithelial neoplasia (AIN) will progress to invasive carcinoma if left 

untreated.8,9 It is anticipated that screening programs and early disease detection may 

be associated with better survival outcomes and contribute to limiting the number of 

patients affected by the poor prognosis associated with late stage disease.3 Cytology 

screening for anal carcinoma and AIN is now being performed in some high-risk 

individuals based on the belief that HPV associated lesions in the anal canal behave 

similarly to cervical disease. It is anticipated that early intervention will show results 

that parallel cervical screening programme outcomes that have dramatically reduced 

the incidence of cervical carcinoma.10  Sampling anal canal lesions is a more complex 

process than cervical Pap smear collection and the optimum diagnostic algorithm for 

confirmation of the level and extent of intraepithelial changes is still under 

development. 

Where anorectal cytology has been used as a screening procedure, results have 

demonstrated good sensitivity for the detection of abnormal cells although when 

compared to biopsy outcomes the specificity of the test for predicting the grade of 

abnormality was low.11,12 We have previously reported a similar relationship for 

cytology in a study of high-risk patients. Those results were based on reported cytology 

outcomes from direct smears.13 We were interested to see if collecting anal samples 
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into a liquid based medium would improve the accuracy of the test for predicting the 

presence and level of disease as a determinant for management. We undertook a pilot 

study to evaluate the agreement between split sample cytology specimens collected as 

direct smears and liquid based preparations, and the sensitivity and specificity of 

cytology in patients attending a sexual health clinic. 

 

METHODS AND RESULTS 

The investigation was conducted following approval of the Royal Perth Hospital Ethics 

Committee. Formal informed consent was secured from each of the patients enrolled 

in the study. Demographic data relating to age, sex, HIV status and sexual preference 

were collected. The patient population included referrals to the sexual health clinic for 

suspected anal disease, or high-risk patients with anal disease or abnormal cytology 

being routinely followed in the clinic. On each occasion high resolution anoscopy was 

performed with specimens collected for sexually transmitted infections (STI) studies, 

diagnostic cytology (conventional and TP) and HPV assay. Tests for STI’s included rectal 

culture and sensitivity studies for NG and PCR testing for CT. Cytology specimens were 

collected using a cervical brush device through a proctoscope (Figure 1). 

The brush was rotated from the anal canal to the anal verge as the proctoscope was 

withdrawn. A conventional smear was made first, and immediately fixed in 95% 

ethanol. To preserve the remaining cellular material the brush was vigorously rinsed in 

a TP collection vial for cytology and adjunct testing. An aliquot of this specimen was 

removed for high-risk HPV assay by the Digene HC2 method before the cytology 

preparation took place. The conventional and TP anal cytology specimens were 

screened and reported separately by experienced cytologists and pathologists. In this 

way the result for the TP specimen was unknown to the team assessing the 

conventional smear and vice versa. Collation of the result for the two investigations 

was made by one person (VW). Anal cytology samples were routinely reported using a 

modified Bethesda classification with results categorised as unsatisfactory, negative, 

atypical squamous cells of uncertain significance (ASCUS), HPV, AIN 1, AIN 2 or AIN 3. 

For the purpose of this investigation results were classified as unsatisfactory, negative, 

ASCUS, low-grade squamous intra-epithelial lesion (LSIL) which includes HPV+/-AIN1 or 
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high-grade squamous intra-epithelial lesion (HSIL) which includes AIN2 and AIN3. Early 

in the study a few unsatisfactory TP smears were identified that showed an artefact 

associated with the lubricant used at anoscopy. This was immediately changed and no 

further interference to the cytology preparations was observed.  

 

Four patients were examined twice over this period. Three patients were excluded: 

one in whom directly observed cytology could not be performed due to anal stenosis, 

another because of laboratory contamination of the sample and a third with 

unsatisfactory samples for both conventional and TP specimens, resulting in 119 

patients and 123 paired samples. 

Statistical methods 

Descriptive analysis used percentages for categorical and ordinal variables and 

medians and range for continuous variables. Agreement between histology, TP and 

conventional cytology was assessed using the weighted kappa statistic for the 

complete range of lesions and unweighted kappa was used for the dichotomous range 

of high-grade disease/HSIL. Confidence intervals for kappa were estimated using the 

method of Fleiss (1980) and for weighted kappa using the method of Lee and Fung 

(1993).14,15 The symmetry of cross-tabulations of the three methods was assessed 

using the exact symmetry test.16  

 

For bivariate analysis of categorical and ordinal variables the related samples Wilcoxon 

sign-rank test was used. Analysis of the degree of AIN used procedure as the unit of 

investigation and because observations are clustered within patients the assumption 

of independent sampling is violated. Estimates of standard error and p values were 

based upon a robust estimation of standard errors for the clustered data. 

 

The assessment of equivalence between the two methods used reduced major axis 

regression.17  
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A p-value less than 0.05 was regarded as statistically significant for all analyses. The 

analysis was conducted using the Stata statistical package (Version 12, StataCorp, 

College Stn, Tx, 2009). 

Results 

After exclusion of the three ineligible samples there were no unsatisfactory 

conventional cytology samples and 5 unsatisfactory TP samples, three of which 

occurred early in the study and 2 much later. 

 

The median age of the subjects was 46 (range 19-75) years. Of the male subjects 55% 

(61/110) were HIV-positive and 97% MSM. Microbiological studies found 3.4% of 

subjects were positive for gonorrhoea and 2.6% for chlamydia. The prevalence of anal 

warts visible at proctoscopy was high with 28% of men and 11% of women positive. 

(Table 1)  

 

The results for conventional and TP smears showed there was no significant difference 

in cytological abnormalities between HIV-positive and HIV-negative men for both 

methods (p = 0.74 and 0.26 respectively), nor was there any significant difference 

between men and women (p = 0.91 and 0.58 respectively) (Table 2). Conventional 

cytology identified 0% unsatisfactory, 12% negative, 33% ASCUS, 7% HPV effect, 9% 

AIN 1, 25% AIN 2 and 15% AIN 3. ThinPrep cytology identified 4% unsatisfactory, 15% 

negative, 28% ASCUS, 11% HPV effect, 11% AIN 1, 20% AIN 2 and 10% AIN 3. The 

unsatisfactory smears with TP were a consequence of: unsuitable lubricant (3 

samples), low cellularity, (1 sample) and obscuration by faeces (1 sample). 

Conventional cytology showed 99% of samples had glandular cells (121/122) and 94% 

of TP samples had glandular cells (116/123). Eighty six percent of patients were high-

risk HPV positive. 

Description of biopsy data 

Seventy eight biopsies were taken (63%) and high-grade IN was found in 46 (59%) of 

these samples. There was no association between the availability of a biopsy specimen 
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and age (p = 0.52), gender (p = 0.059), sexual preference (p = 0.11) and anal warts (p = 

0.61). There was a significant association between biopsy sample availability and HIV 

positivity (OR=0.24, p < 0.001). A comparison was conducted of cytology samples for 

patients who were biopsied and those who were not. When a biopsy was not taken 

there were two cases with high-grade cytology (4.00%, 95% CI: 0.97-15.0%) and when 

a biopsy was taken 96% of samples showed high-grade cytology (95% CI: 85-99%). 

 

Comparison of both conventional and TP cytology with histology 

Table 3 shows that both conventional cytology and ThinPrep are significantly 

associated with histology results based upon the 80 samples from biopsies. If histology 

is regarded as the gold standard, both methods have moderate sensitivity for high-

grade IN (conventional: 60.9 (95% CI 45.4-74.9), ThinPrep 54.3 (39.0-69.1)) but low 

specificity (conventional: 62.5 (95% CI 43.7-78.9), ThinPrep 84.4 (67.2-94.7)) resulting 

in reasonably accurate positive predictive values of 70% and 83% and poor negative 

predictive values of 53% and 56%. (see Table 3).  

 

The difference in the area under the ROC curve (AUC) is not significant (p = 0.14), but 

ThinPrep can be described as acceptable discrimination (AUC>0.70) using the 

categories of Hosmer and Lemeshow (2004) whereas conventional cytology cannot. 

(Figure 3) 

 

If the cytology results are regarded as valid, both cytology methods detected high-

grade AIN that was missed either by histology classifying the biopsy as negative (11 

(33%) according to conventional or 4 (12%) according to ThinPrep) or by not being 

biopsied at high-resolution anoscopy (10 (20%) according to conventional or 7 (14%) 

according to ThinPrep). The latter cases suggest failure of lesion detection by high 

resolution anoscopy. (Table 4) 
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Comparison of conventional cytology and Thin Prep 

Overall the results of the two methods are significantly different (Wilcoxon sign-rank 

test, p = 0.006). There is a significant departure from symmetry (Exact method, p = 

0.017) which is an indicator of asymmetry with conventional cytology detecting more 

high-grade cases than TP (48 for conventional compared with 36 for ThinPrep). The 

weighted kappa statistic shows fair agreement for high grade disease (κ = 0.48 (95% CI: 

0.36-0.64)). 

The difference between TP and conventional cytology (Figure 2) shows that the line of 

observed agreement crosses the line of equality. This suggests that the difference is 

related to the reported level of cellular abnormality with more TP samples showing 

low levels of abnormality and fewer high grade results where high-grade abnormalities 

were reported in conventional smears. 

 

A longitudinal regression analysis showed that there was no significant trend in the 

detection of abnormality (p = 0.90) over the study time period. This also showed that 

the small cluster of unsatisfactory TP samples close to the start of the study was not 

significant (p = 0.21). 

 

The degree of concordance between the two cytology methods (Table 5) is asymmetric 

as would be expected given the previous results. There are 30% of cases where 

conventional cytology revealed a higher grade abnormality than TP and 19% where the 

reverse occurred. In terms of high-grade disease versus low-grade disease there are 19 

paired samples where conventional cytology gave a high-grade result and TP gave a 

low grade result and five paired samples where the reverse occurred (Table 6). There 

were no observed variables (HIV status, gender, age or presence of anal warts) that 

were significantly associated with concordance. Cases where conventional cytology 

and TP differed and one method gave a high-grade result are listed in Table 7 along 

with the histopathology result. 
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What should happen if the gold standard is not available? 

As we discuss below, the primary question relates to which of the two methods should 

be used if there is no biopsy/histology data since the latter would be used for clinical 

decisions if it is available. In this study there are 46 such cases. The two methods do 

not differ in their ability to detect high risk SIL (Wilcoxon sign-rank test, p=0.17), and 

when they do differ there is no bias towards one of the methods (Exact test of 

symmetry, p=0.66), but the two methods do not agree well (κw=0.39, 95% CI: 0.14-

0.53). 

 

DISCUSSION.  

Overall the results reported above suggest that neither of the cytology methods can be 

regarded as a ‘Gold Standard’ for anal IN.  The term ‘Gold Standard’ has been used in 

the context of assessment of the validity of diagnostic or screening tests since 1979. 

Claassen18 suggested that the term denotes the best, i.e. most accurate, tool available 

at the time to compare different measures. It is incorrect to suggest that this test is 

perfect. Our results show that HRA with tissue biopsy should be regarded as the ‘gold 

standard’.  The results of targeted biopsy of the anal canal at high resolution anoscopy 

compare favourably with directed punch biopsy of the cervix where metaanalytic data 

has estimated a pooled sensitivity to detect CIN2 or more as 91.3% (95% CI 85.3–

94.9%) and specificity 24.6%.19 

 

The diagnosis of AIN by cytology or histology is based on identification of cellular and 

morphologic criteria that can be categorised in the same way as CIN in the cervix.  

Lesions with AIN are categorised as AIN grade 1, 2 or 3 corresponding with decreasing 

levels of differentiation and increasing morphological abnormality in the sampled 

epithelium.20 Although anal cytology uses similar criteria to those of the cervix, 

microscopic interpretation of anal specimens in comparison to cervical smears, 

requires familiarisation with samples from an anatomically different transformation 

zone that can present a different set of difficulties in terms of specimen adequacy and 

preservation. Interobserver variability is recognised to vary between 10-15% but the 
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design of our study meant this factor could not account for the differences seen in our 

study. 

 

Unlike cervical cytology where TP has been reported to be superior compared to 

conventional cytology in many studies there are limited comparative studies in anal 

cytology. In the study by Darragh et al,21 TP and conventional cytology performed 

similarly which agrees with our results. There are two essential differences between 

the studies. In our study we collected specimens using directly observed sampling 

whereas the samples reported by Darragh et al were collected using blind sampling; 

we used a cytobrush to collect the cells whereas they used a moistened Dacron swab. 

Cytobrush collection of anal samples has been previously reported to yield a lower 

inadequacy rate compared to Dacron swabs.22  

 

Bentz et al23 have suggested that if TP is found to be unsatisfactory the samples should 

be reprocessed however that has not been done in this study due to the underlying 

causes for the inadequacy of the samples. Despite TP being reported in cervical 

cytology to increase the sensitivity of cytology,24,25 a systematic review found no 

evidence that it reduced the unsatisfactory rate or that it performed better than 

conventional cytology. In the systematic review conventional cytology classified more 

high-grade abnormalities than TP which is similar to our current findings in anal 

specimens.26 Three of the unsatisfactory TP results were reported to be due to 

lubricant artefact and because of this the lubricant used on the proctoscope inserted 

was changed for the study as soon as we were aware of the problem. Lubricants have 

been previously reported to interfere with cellularity of smears,27,28 due to the 

carbomer or carbopol polymers.28,29 Despite laboratories being aware of lubricant 

contamination it is a relevant issue for clinicians inserting proctoscopes. For women 

having Pap smears water is consequently recommended as a lubricant to avoid the 

contamination problems, however water is not satisfactory as a lubricant for insertion 

of proctoscopes and hence clinicians need to be sure the lubricant they are using 

cannot interfere with the liquid based cytology. 
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The comparison of both cytology methods with histology is illuminating and our results 

show that HRA with biopsy is the current ‘Gold Standard’. HRA is a complex procedure 

and it depends on the ability of the anoscopists to identify the appropriate areas for 

biopsy. Both cytology methods perform similarly with respect to histology with a small 

difference which favours TP. It appears from our results that conventional cytology is 

biased towards the more severe end of the scale and TP towards the less severe 

categories (Table 6). The problem however is that it is clear that the biopsy/histology 

process as a whole is not perfect. How should patients be classified where there is no 

biopsy?  

 

As the rates of anal cancer are increasing, particularly in MSM and HIV-positive men 

detection of anal cancer precursors remains important in the drive to improve health 

outcomes. Larger studies need to be performed to establish the best cytological 

method for examining cellular material and to further examine whether cytobrush 

collection is indeed superior to the Dacron swab for collection of anal samples. 

 

Conclusion 

No single cytological method for the morphological diagnosis of anal disease is reliable 

enough alone and HRA with biopsy provides a definitive diagnosis in most cases. This 

outcome is similar to the experience of cervical screening and colposcopy. The use of 

molecular or genetic markers to identify patients at risk of disease progression may be 

the way forward. The findings suggest further investigation is needed to determine if 

repeated cytological screening will improve anal IN detection. 
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FIGURE LEGENDS 

Figure 1.  Photograph of cytobrush used (Digene PAP sampler) 

 

Figure 2.  Agreement between conventional cytology and ThinPrep 

(unsatisfactory samples excluded) 

 

Figure 3.  ROC curve for comparison of ThinPrep and Conventional cytology 
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Table 1: Description of patients (n=119) 

 Men P 

HIV +ve 
vs.  

HIV –ve 
men 

All men 

n = 110 (%) 

Women 

n = 9 

(%) 

P 

HIV –ve 
Men vs. 
women 

 

HIV positive 

n = 61 (%) 

HIV 
negative 

n = 49 (%) 

Median age 

(years) 

48.4 42.3 0.026 45.6 35.2 0.26 

Range 23.4-74.7 18.7 – 72.3  18.7-74.7 28.0 – 72.7  

Sexual preference 

Heterosexual 1 (1.6) 2 (4.1) 0.59 3 (2.7) 11 (100) NA 

MSM 60 (98.4) 47 (95.9) 107 

(97.3) 

NA 

STDs  present at examination 

Gonorrhoea 3 (4.9) 1 (2.0) 0.63 4 (3.6) 0 1.00 

Chlamydia 0 3 (6.1) 0.088 3 (2.8) 0 1.00 

Anal warts 14 (23.3) 16 (32.7) 0.29 30 (27.5)   1 (11.1)  0.44 

Note: NA – not applicable. 
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Table 2: Cytology results for conventional and ThinPrep methods, all samples* 

Modified 
Bethesda grade 

Men P 

HIV +ve 
vs.  

HIV –ve 
men 

All men 

n (%) 

Women 

n (%) 

P 

HIV –ve Men 
vs. women 

 

HIV positive 

n (%) 

HIV 
negative 

n (%) 

Conventional cytology 

Unsatisfactory 0 0 0.74 0 0 0.91 

Negative 6 (9.8) 7 (13.7) 13 (11.6) 2 (18.2) 

ASCUS 17 (27.9) 19 (37.3) 36 (32.1) 4 (36.4) 

HPV 5 (8.2) 3 (5.9) 8 (7.1) 0 

AIN 1 7 (11.5) 3 (5.9) 10 (8.9) 1 (9.1) 

AIN 2 16 (26.2) 13 (25.5) 29 (25.9) 2 (18.2) 

AIN 3 10 (16.4) 6 (11.8) 16 (14.3) 2 (18.2) 

ThinPrep cytology 

Unsatisfactory 3 (4.9) 2 (3.9) 0.24 5 (4.5) 0 0.58 

Negative 11 (18.0) 6 (11.8) 17 (15.2) 2 (18.2) 

ASCUS 11 (18.0) 19 (37.3) 30 (26.8) 5 (45.5) 

HPV 6 (9.8) 7 (13.8) 13 (11.6) 1 (9.1) 

AIN 1 10 (16.4) 4 (7.8) 14 (12.5) 0 

AIN 2 15 (24.6) 8 (15.7) 23 (20.5) 1 (9.1) 

AIN 3 5 (8.2) 5 (9.8) 10 (8.9) 2 (18.2) 

* Four patients provided two samples at different times. 
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Table 3: Accuracy of conventional cytology and ThinPrep against histology for 

detection of high grade AIN 

Accuracy 

measure 

Conventional cytology ThinPrep 

Estimate LCL95% UCL95% Estimate LCL95% UCL95% 

Sensitivity 60.9 45.4 74.9 54.3 39.0 69.1 

Specificity 62.5 43.7 78.9 84.4 67.2 94.7 

PPV 70.0 53.5 83.4 83.3 65.3 94.4 

NPV 52.6 35.8 69.0 56.3 41.2 70.5 

ROC AUC(%) 0.625 0.512 0.738 0.703 0.604 0.802 
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Table 4: Comparison of ThinPrep and conventional cytology with histology 

Histology/biopsy  

high-grade result 

                   N (%) 

Conventional ThinPrep 

-ve 

N (%) 

+ve 

N (%) 

-ve 

N (%) 

+ve 

N (%) 

Negative 47 (36.4) 22 (66.7) 11 (33.3) 29(87.9) 4(12.1) 

Positive 33 (25.6) 18 (38.3) 29 (61.7) 21(44.7) 26(55.3) 

Not biopsied 46 (38.0) 36 (73.5) 10 (20.4) 39(79.6) 7(14.3) 

Total 126 (100) 76 (58.9) 50 (38.8) 89(69.0) 37(28.7) 
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Table 5: Agreement between Conventional cytology and Thin Prep for the 

reduced range of cytology categories 

Conventional 

cytology result 

Thin-Prep result (n (% of total samples)) 

Unsatisfactory Negative ASCUS LSIL HSIL Total 

Unsatisfactory 0 0 0 0 0 0 

Negative 2 (1.6) 8 (6.5) 5 (4.1) 0 0 15 (12.2) 

ASCUS 2 (1.6) 6 (4.9) 17 (13.8) 13 (10.6) 2 (1.6) 40 (32.5) 

LSIL 0 3 (2.4) 5 (4.1) 7 (5.7) 4 (3.3) 19 (15.5) 

HSIL 1 (0.8) 2 (1.6) 8 (6.5)  8 (6.5) 30 (24.4) 49 (39.8) 

Total  5 (4.1) 19 (15.5) 35 (28.5) 28 (22.8) 36 (29.3) 123 (100) 

Wilcoxon sign-rank test, p = 0.038 

Symmetry (exact significance probability)  p = 0.017 

Kappa (weighted) = 0.47 (CI95%: 0.36-0.58), p < 0.0001 
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Table 6: Concordance level between conventional cytology and Thin-prep  

Concordance  Interpretation n % % 

-2 Thin-prep grade greater than 
Conventional cytology 

2 1.6 
19.5 

-1 22 17.9 

0 No difference 62 50.4 50.4 

1 

Conventional cytology grade greater 
than Thin-prep 

21 17.1 

30.1 
2 13 10.6 

3 2 1.6 

4 1 0.8 

 

 

Concordance  Interpretation n % % 

-2 Thin-prep grade greater than 
Conventional cytology 

2 1.6 
19.2 

-1 22 17.6 

0 No difference 62 49.6 49.6 

1 

Conventional cytology grade greater 
than Thin-prep 

23 18.4 

31.2 
2 12 9.6 

3 2 1.6 

4 2 1.6 
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Table 7: Cases where conventional cytology and Thin-prep differed and one 

method gave a high-grade result 

Gender Age 
HIV 

status 
Anal wart 

status 
Conventional 

cytology 
Thin-prep 
cytology 

Histologic 
grade 

Conventional cytology high-grade & Thin-prep low-grade or less, n=19 
Male 36.0 Yes No AIN2 Negative AIN3 
Male 49.9 No No AIN2 Negative AIN1 
Male 40.8 No No AIN2 Negative No biopsy 
Male 18.7 No Yes AIN2 Negative No biopsy 
Male 23.4 Yes Yes AIN2 Ascus AIN2 
Male 52.2 Yes No AIN2 AIN1 AIN2 
Male 54.2 No Yes AIN3 AIN1 AIN3 
Male 68.4 Yes Yes AIN3 AIN1 AIN1 
Male 48.6 No Yes AIN2 Ascus No biopsy 
Male 48.8 Yes No AIN2 Ascus HPV 
Male 53.2 Yes Yes AIN2 Ascus AIN1 
Male 56.0 Yes No AIN2 Ascus Normal 
Male 36.1 No No AIN2 Ascus AIN2 
Male 23.4 No No AIN2 Ascus AIN2 
Female 60.9 No No AIN2 Ascus No biopsy 
Male 52.6 Yes No AIN3 Ascus AIN3 
Male 61.7 Yes No AIN2 Negative AIN1 
Male 62.0 Yes No AIN2 Negative Normal 
Male 31.8 No Yes AIN3 Unsatisfactory No biopsy 
Thin-prep high-grade & conventional cytology low-grade or less, n=5  
Male 29.6 Yes Yes Ascus AIN2 No biopsy 
Male 52.4 Yes No Ascus AIN2 AIN3 
Male 39.1 Yes Yes Negative AIN2 AIN2 
Male 27.4 No No AIN1 AIN2 AIN2 
Male 74.7 Yes No AIN1 AIN3 AIN3 
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Figure 1. Photograph of cytobrush used (Digene PAP sampler). 
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Figure 2. Agreement between conventional cytology and ThinPrep 
(unsatisfactory samples excluded) 
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Figure 3.  ROC curve for comparison of ThinPrep and Conventional cytology 
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CHAPTER 8- PAPER 7  EXPLORATION OF OTHER RISK VARIABLES WITH 
ANAL INTRAEPITHELIAL NEOPLASIA 

8.1 INTRODUCTION 

Having studied intraepithelial neoplasia in warts, the question arose as to what other 

factors may be contributing to the high frequency of intraepithelial neoplasia being 

detected.  Since the database contains large numbers of variables, including serology 

results for hepatitis A, B and C, syphilis, HIV and herpes simplex 2 as well as a history of 

gonorrhoea and chlamydia, and the Digene Hybrid Capture 2 result for high-risk stains 

of human papillomavirus taken at the time of surgery.  Prior to HPV being found to be 

the causative agent of cervical cancer links with genital chlamydia and genital herpes 

had been observed.  Even though HPV is regarded as the necessary cause of cervical 

cancer, other factors are thought to be cofactors, and because of the anatomical 

similarity of both the anal canal and cervix having similar embryological derivations 

and cellular transformation zones we wanted to explore the possibility of other 

cofactors contributing to the development of intraepithelial neoplasia using our 

comprehensive wart database. 
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ABSTRACT 

 

Background 

Anal intraepithelial neoplasia is thought to be associated with human papillomavirus 

(HPV) and be precursor to anal cancer. Anal warts are associated with high rates of 

intraepithelial neoplasia especially in HIV infection.1, 2 Factors other than HPV may be 

associated with the development of anal cancer and its precursors, and further study 

of possible cofactors is required. 

 

Methods 

Three hundred and fifty-five patients (271 male, 84 female) underwent 468 operations 

under general anaesthesia for removal of anogenital warts (435), mapping biopsies 

(20) and both (13) between 15 December 1995 and 20 January 2012. Directly observed 

anal cytology and HPV testing was performed using the Digene Hybrid Capture 2 (HC 2) 

method for high-risk types prior to tissue removal from June 2005. Demographic data 

including a history of sexually transmissible infections was collected as well as 

serostatus for HIV, hepatitis A, B, C, syphilis and herpes simplex type 2 (HSV2). 

 

Results  

An analysis of the joint effect of high-risk HPV (hrHPV) and HIV showed that HIV alone 

was not significantly associated with HGAIN (OR =4.64 (95% CI: 0.71-30.4), p = 0.11), 

whereas hrHPV infection was significantly associated with HGAIN (OR =8.70 (95% CI: 

3.22-23.5), p < 0.001). A significant interaction was found when HIV infection occurred 

with hrHPV infection (OR = 34.8, 95% CI: 12.3-98.5, p < 0.001). These estimates were 

only slightly reduced when adjusted for lifetime number of sexual partners: HIV 

adjusted OR =4.78 (95% CI: 0.63-36.6), p = 0.13; hrHPV adjusted OR = 6.33 (95% CI: 

2.29-17.5), p < 0.001; hrHPV plus HIV; adjusted OR =29.4 (95% CI: 9.51-91.0), p < 0.001.  

No other indicators of infection were alone associated with HGAIN when hrHPV and 

HIV were controlled for, but many showed some modification of the risk associated 
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with hrHPV and/or HIV. A history of chlamydia, positive syphilis serology was 

associated with reduced odds ratios for hrHPV, HIV and their interaction, whereas HBV 

infection and HCV seropositivity were associated with increased odds ratios for the 

interaction of hrHPV and HIV. 

 

A history of gonorrhoea in the presence of HIV was associated with an increased risk of 

HGAIN (OR =9.02 (95% CI: 4.15-19.7), p < 0.001), and also in the absence of HIV (OR 

=2.30 (95% CI: 1.01-5.21), p = 0.046). An increased risk of HGAIN in HIV patients was 

seen for HSV 2 (OR = 37.5 (95%CI: 8.31-169) < 0.001; and for a history of chlamydia (OR 

=12.7 (95% CI: 2.83-57.2), p = 0.001). 

 

Conclusions 

These results suggest that hrHPV is a sufficient cause of HGAIN independent of HIV 

infection whereas HIV is not a sufficient cause. It is, however, a very powerful 

amplifying factor increasing the risk of HGAIN more than fivefold above the risk with 

HR-HPV alone. These results are only slightly modified by including lifetime number of 

sexual partners in the analysis. The risk of HGAIN was increased with the following 

variables: history of gonorrhoea, herpes type 2 infection, and reduced with previous 

exposure to syphilis or a history of chlamydia.  

 

KEY WORDS: intraepithelial neoplasia, warts, sexually transmissible infections, HIV, 

anal 
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Introduction 

Anal cancer is increasing in many parts of the world in both men and women, 

particularly in men with HIV infection. Screening of the anal canal to detect probable 

precursors is being promoted for men with HIV infection where the standardised 

incidence rate (SIR) of anal cancer has increased 4 fold since 1992 to 78.2/100,000 

person years.3 In addition the introduction of antiretroviral therapy (ART) has not been 

demonstrated to reduce the prevalence of anal intraepithelial neoplasia (AIN)4 except 

in one study.5 Anal warts are also recognised to be linked to the development of anal 

cancer.6 Acquisition of genital warts has also been linked to progression to a higher 

level of AIN in both HIV-positive and negative men.7 Gonorrhoea was found to be 

associated with the development of anal cancer but to date no association with anal 

pre-cancer has been described.8 Because of the high rates of intraepithelial neoplasia 

(IN) associated with anal warts1 and the fact HPV has not been found in all anal 

cancers,9 we explored other possible associations with HGAIN. This paper explores 

cofactors for HGAIN in a case series of men and women with genital warts requiring 

surgical treatment. 

 

Objectives 

We examined the Royal Perth Hospital anogenital wart database established in 

December 1995 for variables that may be associated with HGAIN. 

 

Materials and methods 

In this case series 448 samples were obtained from patients undergoing scissor 

excision of perianal/anal condylomata acuminata under general anaesthesia between 

December 2005 and January 2012. An additional 20 samples were obtained from 

patients undergoing mapping biopsies. Patients with immunosuppression or missing 

surgical material were excluded from the analysis. Demographic data were collected 

on each patient including sex, sexual preference, lifetime sexual partners (0-10, 11-50, 

>50), cigarette smoking (current, ever, never), and a history of sexually transmissible 

infections (gonorrhoea, chlamydia) at the time they were enrolled for surgery. 
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Serological data was obtained for the following infections: HIV 1 and 2 antibody, 

syphilis [Treponema pallidum haemaglutination assay (TPHA), rapid reagin index 

(RPR)], hepatitis B status (HBsAb, HBsAg, HBcAb), herpes type 2 antibody (EIA), 

hepatitis C antibody, and hepatitis A total antibody  

 

HPV testing of the anal canal by Digene Hybrid Capture-2 (HC2) was introduced as a 

standard part of the surgical procedure from 5/6/2005. Just prior to surgery, a 

proctoscope was inserted and using direct visualisation a HC2 sampler for hrHPV was 

then rotated from just above the dentate line to the anal and perianal skin as the 

proctoscope was removed. The Digene brush was placed into the Digene Transport 

buffered container for HPV testing. Biopsies labelled by site (perianal, anal) were 

placed in formalin and then processed in paraffin. No material was discarded at the 

bedside and all the tissue was embedded in paraffin. 

 

Biopsy material was stained with haematoxylin and eosin and reported by the duty 

histopathologist. Cases of HGAIN were reviewed by another pathologist. AIN was 

graded using the same concepts and criteria as those used to grade cervical IN.10 

HGAIN in this study was comprised of AIN 2 and AIN 3 grouped together with anal 

cancer. 

 

Statistical analysis 

Cases with genital warts and mapping biopsies with hrHPV results were examined for 

associations between hrHPV, HIV and HGAIN. This approach was adopted to provide a 

contrast between absence of IN and HGAIN.  Statistical analysis used percentages and 

means for descriptive purposes. For variables that have a log-normal distribution the 

geometric mean was used because it is an unbiased estimate of the average under 

these circumstances. The likelihood ratio chi-squared statistic and linear logistic 

regression analysis were used to determine p-values with interaction terms to examine 

the interaction of possible predictive variables. Multivariable analysis was used to 

control for possible confounding factors. A p-value less than 0.05 was considered to be 
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statistically significant. Statistical analysis was conducted using the Stata package 

(Version 12.1, ref). The research was approved by the Royal Perth Hospital Ethics 

Committee as part of a clinical audit. 

 

Results 

General characteristics 

In this study the majority of the samples were from men (271) compared to women 

(84), with samples from 471 operations available for analysis.  The demographic data is 

presented in Table 1. The majority of the men in the study were homosexual or 

bisexual (78%). HIV positive men were significantly older than HIV negative men and 

women (p < 0.0001). Fifty-nine per-cent of HIV negative men were current or ex-

smokers and 41% of HIV positive men were current or ex-smokers (p = 0.005) however 

there was no association between smoking status and high-grade dysplasia when 

hrHPV and HIV were controlled in a multivariable analysis (odds ratio (OR) = 0.92 for 

never smoked vs. current smokers, p = 0.78). 

 

The number of lifetime sexual partners was significantly and positively associated with 

HIV infection in men (p < 0.001) and with male gender for HIV negative patients (p < 

0.001). The number of lifetime sexual partners was also significantly associated with: 

older age (p < 0.001), men-who have sex with men (MSM) behaviour (p < 0.001), a 

history of syphilis infection (p = 0.014), gonorrhoea infection (p < 0.001), hepatitis B 

(HBV) infection (HBcAb positive) (p < 0.001), HSV2 sero-positivity (p = 0.003), anal 

operation site (p < 0.001) and increased IN grade (p < 0.001). There was no association 

between lifetime sexual partners and smoking history, chlamydia infection or hepatitis 

C (HCV) infection. 

 

HIV positive men had a history of more sexually transmissible infections (STIs) 

compared to the HIV negative men after adjustment for age and lifetime number of 

sexual partners (odds ratio = 2.9, p < 0.001). Furthermore, HSV2 seropositivity in HIV 
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positive men was more than twice that of HIV negative men. (Table 1).  The average 

CD4 cell count was 356 X 106/L (geometric mean) and average HIV RNA viral load was 

513 viral copies/ml (geometric mean) in the time frame closest to date of surgery. 

There was no association between CD4 count and HGAIN (Wilcoxon rank-sum test, 

p=0.66). High rates of IN were found in HIV positive men with 53.0% having some 

grade of IN on histology and 41.0% high-grade. Two cases of anal cancer were 

detected. 

 

Association of HGAIN with HPV and HIV 

Overall 73% of the samples tested positive for hrHPV. Seventy-eight percent of the 

male cases tested positive compared to 44% of the female cases (p < 0.001). For HIV 

positive men 92% were hrHPV positive, compared to 68% of HIV negative men, thus 

HIV positive patients were 7 times more likely to be hrHPV positive than HIV negative 

patients (OR = 6.98, p < 0.001). Conversely, 7.7% of HIV positive men and 32% of HIV 

negative men tested negative to hrHPV. 

 

For all cases, hrHPV positivity was significantly associated with the risk of HGAIN (OR 

12.0 (95% CI: 5.22-27.6); p < 0.001). IN was found in the biopsy specimens of 27% of 

hrHPV negative samples (AIN1 14.1%, AIN2 9.4%, AIN3 1.6%, anal cancer 1.6%). 

 

When the joint association of hrHPV and HIV was examined a significant association 

was observed between HGAIN and hrHPV status in HIV negative cases (OR 8.7 (95% CI: 

3.2-23.5); p < 0.001) but no significant association was seen between HGAIN and HIV 

status in hrHPV negative cases (OR 4.6 (95% CI: 0.71-30.3); p = 0.11). There was, 

however, a significant statistical interaction between HIV and hrHPV positivity, with 

those who were both HIV and hrHPV positive having a very strong association with 

HGAIN (OR 34.8 (95% CI: 12.3-98.3); p < 0.001). 
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Association of HGAIN with other infectious agents 

Table 2 shows a summary of the individual and joint action of hrHPV and HIV with 

other infections. None of the other infections alone were significantly associated with 

HGAIN when HIV and hrHPV status was controlled in the analysis (column 2 of Table 2). 

High-risk HPV was always a significant predictor of HGAIN (column 3 of Table 2) as was 

HIV except in the presence of HSV2 (p = 0.091) (column 4 of Table 2).  For the two-way 

interactions hrHPV plus HIV is always significantly associated with HGAIN after 

adjustment for any of the other infections with the odds ratio ranging from 25 to 47 

(column 5 of Table 2). High-risk HPV plus the other infections are also all significant 

after adjustment for HIV status with odds ratios ranging from 4 to 10 (column 6 of 

Table 2). For the interaction of HIV with other infections after controlling for hrHPV 

status there is a very mixed pattern with significantly high odds ratios for HSV2, HAV, 

HBV and gonorrhoea (ORs range: 3 – 7) but not for HCV, syphilis and chlamydia (ORs 

range: 1.5 – 8) (column 7 of Table 2). Perhaps the most striking feature of Table 2 is the 

very high odds ratios shown when there is a combination of HIV, hrHPV and another 

infection (column 7 of Table 2). As shown above, those who were both HIV and hrHPV 

positive showed a very strong association with HGAIN (odds ratio = 34.8, p < 0.001) 

and this is increased in the three-way interactions for all three of the hepatitis viruses 

and gonorrhoea which are associated with increased odds ratios compared with the 

two-way interaction of hrHPV and HIV (HAV OR = 54.3, HBV OR = 43.1, HCV OR = 51.6, 

gonorrhoea OR = 36.0). Other three-way interactions are lower than the two-way 

interaction of hrHPV and HIV particularly for chlamydia which shows no interaction 

with HIV and where the association with HGAIN is much lower than would be expected 

for those with HIV plus hrHPV exposure (OR = 12.7 (95% CI: 2.8-57.2); p = 0.001). A test 

of the equality of the hrHPV plus HIV interaction and the chlamydia plus HIV 

interaction showed that they are significantly different to each other (HIV x HPV OR = 

36.2, HIV x chlamydia OR = 1.47, p = 0.0014). A similarly low three-way interaction is 

also shown by syphilis (OR = 26.1 (95% CI: 5.9-116); p < 0.001). It should be noted that 

the estimates for the odds ratios for the interactions have wide confidence intervals 

and the study generally does not have sufficient power to determine whether the 

interactions are significantly different to each other. 
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Control of confounding factors 

One obvious explanation for these results is that a confounding covariate is associated 

with the outcome and all or many of the infections. Multivariable analysis with HGAIN, 

hrHPV and HIV infection identified the following variables as potential confounding 

factors: age, lifetime sexual partners (10 or less vs. more than 10), operation site (anal 

vs. perianal only), number of operations (Table 3). When these potential confounders 

are used to adjust the odds ratios and p-values for HGAIN the association for hrHPV is 

reduced but still significant (crude OR = 8.7, p < 0.001;  adjusted OR = 5.24, p = 0.009), 

the association with HIV is clearly still not significant (crude OR 4.6, p = 0.11; adjusted 

OR = 2.43, p = 0.50) and the interaction between hrHPV and HIV remains significant 

(crude OR 34.8, p < 0.001; adjusted OR = 20.5, p < 0.001). Table 4 shows the estimation 

of the three-way interactions with adjustment for all of the potential confounders. It 

shows that some of the estimates for the three-way interactions are influenced by the 

confounding variables but it also shows that such bias is not a total explanation of the 

magnification of the effect of hrHPV by HIV and other infections except chlamydia. It 

also suggests that the three-way interaction including HSV2 is particularly strong.  

 

Discussion 

General factors and the association with genital warts 

There are many risk factors associated with the development of anal cancer.  In 

addition to HPV infection,11-14 other risk factors reported include receptive anal 

intercourse (before the age of 30),6, 14, 15 lifetime number of sexual partners,6, 15 female 

gender,16 current cigarette smoking,13, 17, 18 genital warts,6, 18 immunosuppression post-

organ transplantation and HIV infection.14, 19-21 Anal fistulae and epithelial trauma are 

also associated, possibly because of access of HPV to the basement membrane.22-24 

 

A history of genital warts on the anus has a strong association with the development of 

anal cancer (OR 15.1, 95%CI: 6.8-33.5).6  Anal warts preceded anal cancer by about ten 

years with a shorter time interval for homosexual men compared to heterosexual men 

and women.6 Anal squamous cell carcinoma has been demonstrated to arise out of 
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anal warts.25-30 In addition the presence of  HGAIN in association with anal warts has 

been under-recognised, with HGAIN being present in 52% of HIV positive men, 

compared to 20% high-grade IN in HIV negative men, and 2.8% in HIV negative women 

with warts. Furthermore, in HIV positive men, 78% had any grade of IN.1 Further 

evidence of an interaction between high and low risk viruses comes from the EXPLORE 

study where the odds of developing high-grade squamous intraepithelial lesions in 

HIV-negative men was 23 times higher (95% CI 9.6 – 53) with combined high and low- 

risk HPV, compared to lower risks for high-risk HPV alone OR 6.4 (95% CI 2.7 – 15) and 

low-risk HPV alone OR 5.8 (95% CI 2.3 – 14).31 Similarly Hessol has also found an 7.7 

times increased risk (95% CI 5 – 38) of developing high-grade intraepithelial neoplasia 

in women infected with both low and high-risk HPV.32 The increase in anal cancer in 

the last 30 years has been attributed to changed sexual patterns33, 34 including 

increased anal sex34, 35 and increased partner number for both MSM, women, and HIV 

infection.36 All of our data presented in our patients is in patients with warts which is 

an additional variable to those which have been stated. 

 

The interaction of HIV and hrHPV 

MSM have high rates of HPV in the anal canal (47.2-88.9%; pooled 63.9% (55.2-72.6) 

and HIV-positive men have even higher rates (74.6-97.7, pooled 92.6 (90.8-94.5)%).37, 

38  Anal HPV infection is almost universal in HIV-positive MSM.4, 38-40 Rates of anal HPV 

have been consistently demonstrated to be higher in HIV positive men compared to 

HIV-negative men,5, 37, 39, 41-45 and in studies that compare HIV-positive to negative 

men, HPV has been associated with HIV infection.  In our study we found more hrHPV 

positivity in HIV-positive men compared to HIV-negative men comparable to published 

studies.38 Whether ART alters the risk of anal cancer remains to be determined with 

some studies describing progression,46 others regression.47, 48 A more recent study 

found there may be some benefit if ART is given for longer than 4 years OR 0.28 (95% 

CI: 0.07- 1.06). 

Our analysis demonstrated that HIV alone was insufficient to be associated with 

HGAIN, but hrHPV was a sufficient cause, and the combination of HIV and hrHPV in the 

presence of warts substantially magnified the risk of HGAIN OR = 34.8, 95% CI: 12.3-
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98.5, p < 0.001, with no significant change when adjusted for partners. How HIV and 

hrHPV interact at a cellular level is not clearly understood.  One hypothesis is that 

advancing HIV immunosuppression allows reactivation of HPV and increased 

replication of oncogenic HPV with subsequent epithelial abnormality development.42 

 

Increased risk of HGAIN with a history of gonorrhoea 

The risk of HGAIN was increased in both HIV-positive and HIV-negative individuals with 

a history of gonorrhoea in our study. Gonorrhoea has been linked to an increased risk 

of anal cancer and hence it is not surprising we have found an association with HGAIN. 

The fact we were only able to use a history of gonorrhoea further strengthens the 

observation we have and as it is likely some patients may have forgotten they had the 

infection or it had gone unnoticed thus the recall bias would reduce our observations 

towards the null value.  Gonorrhoea causes an inflammatory extracellular infection. In 

HIV patients with acute gonococcal infection HIV virus can be detected in urethral 

infections, and the viral load in semen is reduced by treatment.49 Of the STIs observed 

gonorrhoea is associated with the highest concentrations of HIV detected in semen.49 

It is plausible to assume increased HIV levels also occur in anal gonococcal infection. It 

is not known whether gonorrhoea or HIV infection may increase the HPV viral load in 

the anal canal, thus accelerating the effects of HPV infection. Various mechanisms for 

the interaction of gonorrhoea and HIV have been postulated, including increased local 

levels of HIV interacting with hrHPV. Gonococcal infection of the urinary tract has 

previously been demonstrated to increase the level of inflammatory cytokines and 

tumour necrosis factor50 and this may be an alternative mechanism which could 

explain the observed findings in both HIV positive and negative men. 

 

Increased risk of HGAIN with positive herpes simplex type 2 serology 

The finding of herpes seropositivity in our study being strongly associated with the risk 

of HGAIN in the presence of warts is an interesting observation. HSV is a known 

mutagen51 and is recognised to cause micro-ulceration thus stimulating epithelial 

proliferation. Increased cell turnover is recognised to be a key factor for oncogenesis, 
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with increased possibility for cell mutations and transformational events to occur 

within cells. The role of herpes simplex type 2 and an association with HGAIN needs to 

be further studied. Herpes simplex type 2 seropositivity has been linked to an 

increased risk of anal cancer among MSM, but not heterosexual men,52 and women.6  

In a study of archival tissue HSV DNA was found in anal pre-cancer (3 of 4 specimens) 

and anal cancer specimens (5/15 specimens) and a role in disease progression has 

previously been proposed.53 

 

Other variables 

We did not find an association with current smoking and HGAIN however other 

researchers have found an association with anal cancer.6, 17, 18, 52, 54-56  As only two of 

our patients had anal cancer, to demonstrate an association of HGAIN with cigarette 

smoking a longer duration of follow-up may be required.  

 

Our research found an increased risk with both hepatitis B infection and hepatitis C 

antibody. The mechanism of this finding is not clear however those with hepatitis B 

infection have been found to have increased hepatotoxicity in the presence of HIV.57 

Similarly HIV and HCV coinfection have been found to be associated with increased 

progression of liver disease,58 so there may be some mechanism whereby hrHPV is also 

affected. It could also be postulated that with multiple viral infections, the body is not 

able to effectively control them all at the same time, and viruses like hrHPV and genital 

herpes could proliferate in these circumstances. 

 

Daling found women with a history of Chlamydia trachomatis infection had an elevated 

relative risk of anal cancer.6 Conversely Chlamydia has been found more commonly 

amongst those without HPV DNA detection in a study by Kiviat.59 Our study found 

reduced risk of HGAIN with previous exposure to syphilis and a history of chlamydia. As 

chlamydia is an intracellular infection the inflammatory reaction produced may also 

stimulates the immune system against hrHPV. Further studies to examine this 

hypothesis are required. 
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Study limitations 

The limitations of our study are that despite data being collected prospectively at the 

time of the first patient operation either from the patient or from the clinical record, 

the evidence for gonorrhoea or chlamydia is based on patient recall in most cases and 

may be an underestimation. In addition many cases of anal gonorrhoea or chlamydia 

may go unnoticed because of a lack of symptoms or failure to present for testing. 

Additionally the infection site was not recorded; however as the majority of the 

patients were MSM it is reasonable to assume a significant proportion of the infection 

was rectal. The underestimation of both of these infections is likely to reduce the risk 

of HGAIN observed in this study. An additional limitation is we do not know the time 

frames from when the infections occurred or how many times an infection occurred. 

Another limitation of our study is the relatively small number of patients, and hence 

the wide confidence estimates for some of our variables due to a limited number of 

observations; however we are continuing to accrue patients to the database. 

 

Hepatitis infection status was based on the presence of hepatitis B core antibody being 

detected. Hepatitis C serology is based on the presence of hepatitis C antibodies and 

the presence of RNA levels was not recorded, so some patients with hepatitis C may 

have cleared their infection, thus diluting any observed association with HCV. 

 

Hepatitis A seropositivity would be unlikely to be associated with HGAIN, however we 

have seen an association with HGAIN in our data. If there is no plausible explanation or 

hypothesis for the observations with hepatitis A (many of the patients would have 

been vaccinated and we are unable to determine the proportion vaccinated or 

previously infected), the serological observations could serve as a surrogate marker for 

the risk of HGAIN associated with the presence of genital warts which were surgically 

removed. It cannot however negate the observation of the interaction of HIV and 

hrHPV, nor the observations that the associations are altered with multiple infections. 
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One potential confounding factor we were not able to exclude was a history of anal 

receptive intercourse which is a recognised risk factor for anal cancer.6 The association 

with anal intercourse may be through transmission of an infective agent such as HPV, 

or alternatively some substance within semen.60 Prostaglandins are found in high 

concentrations in semen have been demonstrated to enhance tumour production, and 

further research remains to be done in this area.61 

 

The data is interesting as each variable by itself did not produce an increased risk of 

HGAIN except for hrHPV, but the more variables that were examined together the risk 

for HGAIN increased especially for gonorrhoea and herpes simplex type 2 

seropositivity. Conversely one of the strengths of our research is that all the patients 

had warts whereas in other studies if the patients did not have an anoscopy or genital 

examination that information would not be known. Gonorrhoea rates have been 

reported to be increasing in MSM,35 and there are emerging serious concerns about 

the increasing levels of antimicrobial resistance, with the possibility of the infection 

being untreatable in the future.62 Given the association we have found of gonorrhoea 

being associated with an increased risk of HGAIN, we are concerned about the future 

risk of untreatable gonorrhoea further escalating the prevalence of HGAIN and hence 

possibly further increasing the rates of anal cancer in men which are already perceived 

to be epidemic. Similarly warts are florid manifestations of increased cell turnover and 

may consequently accelerate HGAIN because of increased cell turnover. The 

combination of multiple infections appears to be one of the keys to unravelling the 

mysteries of cofactor interaction with hrHPV and is a complex issue.  As developing 

gonorrhoea resistance is raising serious concerns,62 the combination of untreatable 

gonorrhoea and HGAIN, possibly escalating the anal cancer epidemic in men poses a 

new problem. 
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Table 1: Description of patients 

 Men 
n = 271 (%) 

P 
HIV +ve 

vs.  
HIV -ve 

Women 
n = 84 (%) 

P 
Men vs. 
women 

(HIV –ve) 
HIV status HIV +ve 

81 (29.9) 
HIV - ve 

190 (70.1) 
 HIV +ve 

2 (2.4) 
HIV - ve 

82 (97.6) 
<0.001 

Median age 
(years) 

42.6 29.9 <0.0001 22.4 25.5 0.002 

Range 22.9 – 71.8 13.7 – 71.7  19.4 – 25.4 16.0 – 
65.0 

 

Sexual preference  
Heterosexual 3 (3.8) 64 (34.0) <0.001 2 (2.4) 82 (97.6)  
MSM 77 (96.3) 124 (66.0)   
Lifetime Number of Sexual Partners  
1 - 10 6 (9.1) 40 (30.1) <0.001 2 39 (73.6) <0.001 
11 - 50 22 (33.3) 49 (36.8) 0 8 (15.1) 
>50 38 (57.6) 44 (33.1) 0 6 (11.3) 
Smoking status  
Current 44 (54.3) 81 (42.6) 0.18 0 41 (50.0) 0.50 
Ex-smoker 7 (8.6) 16 (8.4) 0 7 (8.5) 
Never smoked 30 (37.0) 93 (49.0) 2 34 (41.5) 
History of STDs  
Gonorrhoea 21 (25.9) 18 (9.5) 0.001 1 3 (3.7) 0.083 
Chlamydia 11 (13.6) 20 (10.5) 0.48 1 7 (8.6) 0.63 
Digene HC2 (high-risk)  
hrHPV status 74 (92.5) 74 (65.5) <0.001 0 14 (40.0) 0.008 
Serology 
Syphilis 12 (14.8) 5 (2.7) <0.001 0 0 0.058 
HSV-2  
seropositive 

27 (40.9) 24 (17.5) <0.001 0 7 (13.7) 0.53 

HAV 41 (54.0) 67 (44.4) 0.17 1 5 (15.2) 0.001 
HBV infection 23 (43.4) 11 (9.7) <0.001 1 0 0.003 
HCV 7 (9.6) 7 (4.3) 0.13 0 1 (2.2) 0.49 
Wart site for first operation  
Anal only  28 (36.8) 47 (26.0) 0.001 0 5 (6.7) <0.001 
Perianal only 6 (7.9) 48 (26.5) 1 43 (57.3) 
Perianal & anal 42 (55.3) 86 (47.5) 1 27 (36.0) 
Number of operations  
1 50 (37.6) 149 (60.6) <0.001 1 (33.3) 76 (85.4) <0.001 
2 34 (25.6) 60 (24.4) 2 (66.7) 10 (11.2) 
3 24 (18.1) 24 (9.8) 0 3 (3.4) 
4 20 (15.0) 8 (3.3) 0 0 
5 5 (3.8) 5 (2.0) 0 0 
 
  

267 
 



Table 2: Association between HGAIN and hrHPV, HIV and other infections and warts 

Other infection Other 
infection 

only 

HR-HPV 
only 

HIV only HR-HPV + 
HIV 

HR-HPV + 
other 

HIV + 
other 

HR-HPV + 
HIV + 
other 

HSV2 OR 
95% CI 

p 

0.83  
0.39-1.79 

0.64 

9.71 
3.21-29.3 

< 0.001 

5.39 
0.76-38.0 

 0.091 

46.7 
14.2-154 

< 0.001 

7.66 
2.40-24.5 

0.001 

3.06 
1.22-7.73 

0.018 

37.5 
8.31-169 

< 0.001 
HBVa OR 

95% CI 
p 

1.53 
0.52-4.54 

0.44 

4.69 
1.65-13.3 

0.004 

5.42 
2.24-13.1 

< 0.001 

32.5 
8.46-125 

< 0.001 

6.52 
1.47-29.0 

0.014 

6.84 
2.15-21.8 

0.001 

43.1 
9.21-201 

< 0.001 
HCV OR 

95% CI 
p 

1.12 
0.37-3.39 

0.84 

6.72 
2.82-16.0 

< 0.001 

3.41 
1.85-6.30 

< 0.001 

24.6 
8.58-70.5 

< 0.001 

8.97 
1.90-42.4 

0.006 

7.83 
0.90-67.7 

0.062 

51.6 
5.09-523 

0.001 
Syphilis OR 

95% CI 
p 

0.79 
0.26-2.38 

0.68 

8.35 
3.55-19.6 

< 0.001 

4.22 
2.27-7.83 

< 0.001 

36.1 
12.6-104 

< 0.001 

4.22 
2.27-7.83 

0.007 

2.84 
0.89-9.02 

0.077 

26.1 
5.86-116 

< 0.001 
HAV OR  

95% CI 
p 

1.80 
0.97-3.35 

0.062 

8.35 
3.07-22.7 

< 0.001 

4.36 
2.28-8.35 

< 0.001 

29.7 
9.37-94.2 

< 0.001 

8.40 
2.76-25.6 

< 0.001 

7.31 
3.07-17.5 

< 0.001 

54.3 
12.9-229 

< 0.001 
Gonorrhoea OR 

95% CI 
p 

1.30 
0.61-2.74 

0.50 

8.14 
3.45-19.2 

< 0.001 

3.86 
2.11-7.08 

< 0.001 

32.8 
11.5-93.3 

< 0.001 

10.3 
3.51-30.4 

< 0.001 

4.71 
1.73-12.8 

0.002 

36.0 
9.86-132 

< 0.001 
Chlamydia OR 

95% CI 
p 

0.61 
0.27-1.42 

0.25 

8.25 
3.54-19.3 

< 0.001 

4.16 
2.26-7.68 

< 0.001 

36.2 
12.8-102 

< 0.001 

5.23 
1.65-16.6 

0.005 

1.47 
0.46-4.76 

0.52 

12.7 
2.83-57.2 

0.001 
a Patients who were vaccinated against HBV were excluded from the analysis. 

 

Table 3: Multivariable analysis of HGAIN in patients with warts– linear logistic regression 
analysis 

Variable 
Odds 
ratio 

95% confidence 
interval 

p LCL UCL 
Age 1.04 1.02 1.07 0.002 
Lifetime number of sexual 
partners     

0-10         1.00 (reference)  
More than 10  2.44 1.11 5.41 0.027 

Site of surgery/sample     
Peri-anal only         1.00 (reference)  

Anal or anal & perianal 2.78 1.20 6.40 0.017 
Operation number     

1          1.00 (reference)  
2 2.48 1.77 4.93 <0.001 
3 3.95 1.34 11.6 0.013 

4+ 9.11 1.25 66.6 0.029 
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Table 4: Three-way interaction of high-grade dysplasia with hrHPV plus HIV and genital warts 
plus other infections adjusted for potential confounding factors 

HIV + hrHPV + 
variable 3 

HIV only HR-HPV only Variable3 only All variables n 
OR p OR p OR p OR p  

+ HSV2 9.09 0.15 9.95 0.009 3.52 0.40 38.2 0.001 144 
+ HAV NA  6.58 0.049 1.01 0.99 28.8 0.001 138 
+ HBV NA  5.50 0.075 NA  15.0 0.012 84a 

+ HCV 2.14 0.57 4.58 0.020 NA  16.0 0.031 148 
+ syphilis 4.47 0.27 5.01 0.011 NA  10.7 0.015 161 
+ gonorrhoea 2.23 0.55 4.38 0.024 NA  24.8 <0.001 159 
+ chlamydia 5.63 0.27 5.03 0.014 NA  7.65 0.043 155 
NA - data not available because there were too few cases for estimation. 
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CHAPTER 9  OVERALL CONCLUSIONS AND DISCUSSION 
 

Anal HPV infection is far more common than previously recognised and the 

epidemiology of the infection is becoming clarified, however more research into anal 

infection in heterosexual men and women needs to be undertaken.  The association of 

anal warts with anal cancer is evident, however despite the evidence of mixed 

infection with warts (low-risk and high-risk HPV), and the evidence that low risk HPV 

can be associated with anal cancer in a proportion of cancers, the role of warts in 

contributing to the process of cancer development has not been seriously considered 

with a paucity of reasonable sized genotyping studies of warts in the literature.  

Further wart genotyping studies need to be undertaken and collaboration with the 

Institute d’Oncologica in Barcelona to genotype the Royal Perth Hospital wart database 

is occurring with preliminary findings just becoming available. 

 

Despite a small proportion of cancers containing only low-risk types, and despite clear 

epidemiological evidence of an association between genital warts and genital cancer, 

the possibility that low-risk viruses may play in accelerating or promoting the 

development of intraepithelial neoplasia has not been seriously considered.  Further 

evidence of an interaction between high and low risk viruses comes from the EXPLORE 

study where the odds of developing high-grade squamous intraepithelial lesions in 

HIV-negative men was 23 times higher (95% CI 9.6 – 53) with combined high and low- 

risk HPV, compared to lower risks for high-risk HPV alone OR 6.4 (95% CI 2.7 – 15) and 

low-risk HPV alone OR 5.8 (95% CI 2.3 – 14).58  Similarly Hessol found a 7.7 times 

increased risk (95% CI 5 – 38) of developing high-grade intraepithelial neoplasia  in 

women infected with both low and high-risk HPV.81  An argument analogous to this, is 

to understand the scene of a car accident which for our purposes would be the cancer 

being studied.  At the site of the accident there is no speed as the crash has occurred.  

This does not mean speed did not cause or contribute to the accident, and in fact our 

understanding of car accidents is that speed is a significant cause.  So with the analogy 

of cervical or anal cancer, low-risk viruses which may contribute to the acceleration of 

oncogenesis are not present when cancer occurs, does not mean they are not 

important in contributing to the end result.  A wart histologically is an increased 

number of proliferating cells with a significant production of virions.  As cancer 
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development by HPV is related to increased cell cycling with mutations, further 

increases in cell cycling by low-risk HPV could produce an additive or exponential 

effect.  So if there is a combination of many types of virus that cause increased cell 

turnover, then there is a plausible hypothesis for an interaction of low and high-risk 

HPV types.  Studies in cell tissue are required to further study the hypothesis that 

amplification and acceleration of oncogenesis by low-risk types in the presence of 

high-risk types may occur.  Chapter 8 Paper 7 “Do herpes, HPV, HCV, HBV, chlamydia, 

& gonorrhoea have a role together with HIV in high-grade anal intraepithelial 

neoplasia?” explores possible cofactors for the development of HGAIN in patients with 

anogenital warts, using the Royal Perth Hospital anogenital wart database that was 

established in 1996. 

 

The association of gonorrhoea with anal intraepithelial neoplasia found in the analysis 

of the RPH wart database is important particularly because there are now reports of 

the infection becoming highly antibiotic resistant and possibly untreatable.  The 

combination of HPV infection and untreatable gonorrhoea poses a possible large 

public health burden. 

 

Screening for anal intraepithelial neoplasia in high-risk groups need to be performed, 

and ideally cytology registries could expand their role to perform recall.  Large scale 

studies need to be undertaken to establish which is the best way to screen with 

cytology, and further work to delineate the role of HPV testing in the anal canal needs 

to occur.  HPV testing the anal canal needs to be optimised and the best ways to treat 

high-grade anal intraepithelial neoplasia need to be defined through clinical trials. 

 

The current HPV vaccines are limited to preventing infection with only a few strains of 

HPV.  Therapeutic vaccines are still in the pipeline.  There is a need for treatment of 

persistent infection, and the treatments planned with the patents developed should go 

ahead. 
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