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Introduction

Chapter 1

Since the introduction of combination antiretroviral therapy (cART), the
incidence of AIDS-deﬁning infections and malignancies in HIV-infected patients
has decreased markedly, whereas the incidence of certain non-AIDS-deﬁning
malignancies has increased.1 The increased life expectancy, the reduction of
competing causes of death and increased rates of high-risk behaviors, such as
tobacco use, might contribute to the increased incidence of these non–AIDSrelated malignancies.2 The largest increase in incidence is seen for anal cancer.
While in the general population anal cancer is a rare disease with incidence
rates between 0.5 and 2 per 100,000 person-years3, in HIV patients the incidence
has increased from 11-40 in the pre-cART era up to 40-80 in the cART era.4,5
Although an increase is seen in all HIV subgroups, the highest incidence by far is
seen in HIV+ men who have sex with men (MSM), with incidence rates between
65 and 144 per 100,000 person-years in the cART era.6-9
Like cervical cancer, human papillomavirus (HPV) is the main etiologic factor
of anal cancer10, and progression from healthy mucosa to anal cancer occurs
likewise through several precancerous stages. In analogy with cervical
intraepithelial neoplasia (CIN), the anal precursor is called anal intraepithelial
neoplasia (AIN), and AIN commonly occurs at the anal transformation zone,
where the squamous epithelium of the anal canal transitions in the columnar
epithelium of the distal rectum. Depending on the extent of spread of the
dysplastic cells within the epithelial layer, AIN is graded from 1 tot 3.11 More
and more AIN 1 is referred to as low grade (LG) AIN and AIN2/3 as high grade
(HG) AIN.
The gold standard in AIN diagnostics is histopathological evaluation of suspect
lesions visualized via high resolution anoscopy (HRA). Anal cytology does not
seem to be useful for the screening of AIN. It underestimates the presence of
HGAIN and the speciﬁcity is low.12 11 Unfortunately, HRA is time-consuming and
cumbersome for the patient.
It is assumed that only a minority of (HG)AIN undergoes malignant
transformation to anal cancer. However, data on progression are very limited.
Two small studies show rates of progression in HIV+ MSM of around 15%
during median follow-up periods of 2 and 5 years.13,14 A recent review
calculated a theoretical progression rate per year of 1 in 377 in the cART era.9
By way of comparison, inadequately treated CIN 3 progresses tot cervical
cancer in 30% of patients over a period of 30 years.15
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AIN is present in 50-80% of HIV+ MSM. About half of these lesions are HGAIN.9,16
Given the similarities with CIN, AIN-screening and –treatment might be useful
to prevent anal cancer.17 Unfortunately, this has only recently attracted the
attention of the medical community, and many issues regarding AIN diagnostics,
screening strategies and treatment are at present unresolved.
In this thesis we approached this subject on four levels: Epidemiology of anal
cancer (part I), Risk factors and diagnostics of AIN (part II), Treatment of AIN (part
III) and Pathophysiology of anal HPV infection (part IV).

Part I: Epidemiology
The anal cancer incidence has been increasing in the general population in
Western countries in the last two decades. Chapter 2 is a review of the literature
on anal cancer incidence in Western countries. We tried to explain the grounds
of this increasing incidence by identifying known risk factors and risk groups
of anal cancer. The focus is on changes in anal cancer incidence among these
risk groups, to see whether such changes, if present, could explain the overall
increase in anal cancer incidence.
Despite the use of cART, the anal cancer incidence in HIV+ men continues to
increase.6 In Chapter 3 we explored the incidence of anal cancer in the Dutch
HIV+ population in the cART era, and we analyzed a range of potential risk
factors in relation to anal cancer.

Part II: Diagnostics
Screening for AIN requires a proper screening method. HRA is time-consuming
and cumbersome for the patient, and in addition, there is a lack of HRAexperienced physicians and nurses. Identiﬁcation of risk factors could be a way
to pre-select a population at higher risk for AIN. Chapter 4 is a cross sectional
clinical study in which we investigated a wide range of potential risk factors
for AIN in 311 HIV+ MSM, with HRA as primary screening tool. Our goal was
to establish factors that might help to identify HIV+ MSM at greatest risk for
having AIN.
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Currently, only a limited number of physicians are experienced in HRA, and
training programs should be implemented to facilitate future AIN screening.
However, HRA is a complicated procedure, and a systematic comparison
between clinical features and the histopathology of suspect lesions is lacking.
In Chapter 5 we analyzed interobserver agreement in classifying features
of intra-anal lesions suspect for AIN and compared these features with their
histopathological outcome.
HRA anoscopists need extensive training and they have a long learning curve18.
However, to date no studies have been conducted to quantify this learning
curve. Chapter 6 reports on the HRA-learning curve of the author of this thesis,
by analysing AIN prevalence with increasing experience.

Part III: Treatment
Screening for a disease is only sensible if eﬀective treatment is available. So far,
no treatment guidelines exist. Current treatment options have low to moderate
response rates and the majority of lesions recurs. In addition, most studies are
retrospective and only a few small prospective studies have been performed.19-23
Previous studies have shown that topical 5-FU is eﬀective in several
anogenital premalignant intraepithelial lesions, such as CIN, vaginal
intraepithelial neoplasia (VAIN) and penile intraepithelial neoplasia
(PIN).24-26 Given the biological similarities between these entities and
AIN, we hypothesized that 5-FU might be beneﬁcial in AIN. In Chapter 7
we report a multicentre single-arm trial evaluating the eﬃcacy and
safety of topical 5-ﬂuorouracil for the treatment of intra-anal AIN.
In previous (retrospective) studies electrocautery and infrared cautery
seem to be the best treatment options.21,22 Topical treatments might be a
good alterative23, given the fact that patients can treat themselves at home.
Moreover, electrocautery has side eﬀects, like anal stenosis, incontinence,
scarring and disﬁguration. In Chapter 8 we report a randomized triple-arm
trial in 148 HIV+ MSM comparing the eﬃcacy and side eﬀects of topical
5-ﬂuorouracil, imiquimod and electrocautery for the treatment of AIN.
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Part IV: Pathophysiology

1

Knowing which HPV types cause disease is essential for vaccination programs
and understanding the aetiology of AIN. In addition, identiﬁcation of the
causative HPV type might help to predict the malignant potential of an AIN
lesion. In the vast majority of HIV+ MSM anal swabs contain multiple HPV types,9
and AIN whole tissue sections (WTS) also often contain multiple HPV types.27 The
question is which of these HPV types is causing the lesion and which are innocent
bystanders. Laser-capture micro-dissection (LCM) combined with sensitive and
type-speciﬁc PCR has proven to be a reliable method to identify the lesionspeciﬁc HPV genotype in cervical and vulvar (VIN) intraepithelial neoplasia.28,29
In Chapter 9 we investigated the hypothesis that individual components of
HGAIN lesions are associated with one single HPV type. Secondary goals were
to survey the spectrum of HPV types responsible for HGAIN in HIV+ MSM and to
compare HPV types found in swabs, WTS and LCM-selected regions.
Interaction between HIV and other viral pathogens might inﬂuence viral
dynamics in both directions. It has been shown that HIV-1 positive individuals
are less prone to clear their HPV infection compared to uninfected individuals.
In addition, higher HIV-1 viral shedding was reported among both men and
women co-infected with HPV.30 Prolonged HPV infection of the anal mucosa
will result in inﬂammation that will undoubtedly increase the numbers of
immune cells both carrying HIV-1 as well as uninfected cells with heightened
susceptibility for infection. In Chapter 10 the hypothesis that HPV infection can
inﬂuence the HIV-1 load in anal mucosa is addressed, by comparing HIV-DNA
and –RNA levels in HGAIN lesions and in adjacent normal anal mucosa.
In the Chapter 11 we summarize the main results and implications of this thesis
and discuss recommendations for future research.
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The increasing incidence of anal
cancer: can it be explained by
trends in risk groups?
Ramon P. van der Zee, Olivier Richel, Henry J.C. de Vries, Jan M. Prins
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Abstract
Background: Anal cancer incidence is gradually increasing. The cause of this
increase is not exactly known. This systematic literature review aimed to
investigate the trend in time of anal cancer incidence and to ﬁnd an explanation
for the supposed increase. Methods: The TRIP database and PubMed were
searched for trends in time in incidence of anal cancer in the general population,
for risk factors and risk groups for anal cancer, and for incidence trends in time
in these risk groups.
Results: Age-adjusted incidence rates have increased in all Western countries
during the last decades, up to 2,2% per year. Infection with the oncogenic human
papilloma virus is the most important aetiological factor. Besides increasing
age, other risk factors have been identiﬁed: smoking, sexual practices, in
particular receptive anal intercourse, and being human immunodeﬁciency virus
(hiv)- positive. The standardized incidence risk (SIR) is signiﬁcantly increased
in hiv-positive men who have sex with men (MSM) (SIR 77.8), organ transplant
recipients (SIR approx. 6) and women with a history of cervical cancer (SIR 6)
or cervical intraepithelial neoplasia (SIR 16). Absolute numbers of hiv-positive
MSM and organ transplant recipients have increased signiﬁcantly in the last
decades. Conclusion: The increasing incidence of anal cancer can be partially
explained by an increase of the incidence rate in and absolute number of the
most important risk group: hiv-positive MSM. The increasing number of renal
transplant recipients probably also contributes. Further studies should answer
the question whether these risk groups would beneﬁt from preventive screening
for anal cancer.
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Introduction
Anal cancer originates from or nearby the transition zone in the anal canal.
The squamous cell carcinoma is the most common form of anal cancer. Other,
more rare, tumours of the anal canal are adenocarcinomas, anal melanomas,
anal sarcomas and anal neuroendocrine tumours. As with cervical cancer, anal
squamous cell carcinoma is caused by a persistent infection with the sexually
transmitted oncogenic human papillomavirus (HPV). [1,2,3,4] Several studies
from diﬀerent countries have reported an increase in anal cancer incidence
during the last 20 years. [5,6,7,8,9,10] In the Netherlands, for example, the
incidence of anal cancer has doubled during the last decennia. [3] Although
anal cancer remains relatively rare in the general population, it accounts for a
signiﬁcant burden of disease in certain risk groups. [5,6,10] The cause of this
reported increasing incidence of anal cancer is relatively unknown, but an
important role is attributed to the increase in number of immunocompromised
persons. Studies have shown that human immunodeﬁciency virus (hiv) positive
persons and men who have sex with men (MSM) are at increased risk for anal
cancer. Organ transplant recipients and women with a history of cervical cancer
or cervical intraepithelial neoplasia are also known to have a greater risk for anal
cancer. [1,4,10] This literature review aimed to investigate the trend in time of
anal cancer incidence in Western countries and to ﬁnd an explanation for the
supposed increase. We therefore explored whether there is indeed a change in
incidence of anal cancer since 1970. Next, we tried to explain the grounds of this
change by identifying known risk factors and risk groups of anal cancer. Finally,
we focussed on changes in anal cancer incidence among these risk groups,
to see whether such changes, if present, could explain the overall increase in
anal cancer incidence. The ﬁndings of this literature review might be of help in
identifying risk groups who could beneﬁt from adequate prevention measures,
including screening for anal cancer by high-resolution anoscopy.

Methods
Two comprehensive literature searches were performed. For the ﬁrst search,
focussing on trends in the incidence of anal cancer, theTRIP database was searched
in February 2012, using the term ‘anal cancer’ and the combination ‘anal cancer’
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and ‘incidence’. The Medline/PubMed database was searched for data from
1970 onwards on the incidence of anal cancer. This search was restricted to the
English and Dutch language. The exact search was: ((“Anus Neoplasms”[Mesh])
OR (anal cancer[tiab]) OR (anal carcinoma[tiab]) OR (anal intraepithelial
neoplasia[tiab])) AND ((“Incidence”[Mesh]) OR (incidence[tiab])) Limits: English,
Dutch, Publication Date from 1970/01/01 From both the TRIP and PubMed
searches, relevant studies on trends in time in the incidence of anal cancer in
the general population were identiﬁed, as well as speciﬁc studies on the trends
in time among the risk groups hiv-positive persons, men who have sex with
men, organ transplant recipients and women with a history of cervical cancer
or cervical intraepithelial neoplasia.
For the second search, focussing on risk factors and risk groups, the TRIP database
was searched in February 2012, using the terms ‘anal cancer’ and ‘etiology’,
‘anal cancer’ and ‘risk factors’ and ‘anal cancer’ and ‘risk group’. The Medline/
PubMed database was searched for reviews (from 2007 through June 2012)
on risk factors and risk groups for anal cancer. This search was restricted to the
English and Dutch language. Initially, this search included original studies from
1970 onwards. This yielded too many articles on risk factors and risk groups.
Therefore, we restricted the search to reviews from 2007 onwards. We assumed
that data published before this date will have been covered by these recent
reviews.
The exact search was: ((“Anus Neoplasms”[Mesh]) OR (anal cancer[tiab]) OR (anal
carcinoma[tiab]) OR (anal intraepithelial neoplasia[tiab])) AND ((“Epidemiologic
Factors”[Mesh]) OR (Etiology[Subheading])
OR (Etiology[tiab]) OR (Risk factor[tiab]) OR (Risk group[tiab])) Filters: Publication
date from 2007/01/01; Review; English; Dutch
Reference lists of the retrieved articles were reviewed to identify the original
studies on risk factors and risk groups. These studies were also retrieved. Studies
on the incidence of anal intraepithelial neoplasia (AIN) and HPV infections only,
studies that did not report population-based incidence rates, and studies that
did not distinguish between colorectal cancer and anal cancer were excluded.
Studies on incidence rates of anal cancer from other than Western countries
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(i.e. Northern America, Western Europe and Australia) were also excluded, since
most of these countries lack nationwide databases that go back in time for
suﬃcient years to see trends.
Additional data on the incidence of anal cancer in The Netherlands were obtained
from the Dutch Cancer Registry (NKR) database (http://cijfersoverkanker.nl/).
Incidence data of anal cancer in the United States were obtained from the
Surveillance, Epidemiology and End Results (SEER) Program database of the
US National Cancer Institute (http://seer.cancer.gov/). We did not ﬁnd other
easily accessible national cancer registries. Additional data on the proportion
of hiv-infected MSM in the total hiv-positive population in follow-up in The
Netherlands were obtained from the 2007 and 2011 Monitoring Reports of the
Dutch HIV Monitoring Foundation (http://www.hiv-monitoring.nl/).
Interpretation of data

Most commonly used to classify anal tumours is the International Classiﬁcation
of Diseases for Oncology, Third Revision, (ICD-O-3) codes C21.0–C21.8, which
corresponds with International Classiﬁcation of Diseases for Oncology, Tenth
edition, (ICD-10) codes C21.0–C21.8. [11] All studies reported used this or similar
histological and topographical classiﬁcations of anal cancer, unless otherwise
speciﬁed. Age-adjustment of anal cancer rates is necessary, since cancer is more
prevalent among the elderly (Figure 1). Countries or regions with an increasing
number of elderly people would therefore get erroneously increasing incidence
rates without age-adjustment. All studies used age-adjustment, unless
otherwise speciﬁed. Diﬀerences in incidence rates over time were considered
signiﬁcant at P-value < 0.05. [12,13]
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Figure 1. Age-speciﬁc SEER incidence rates by sex. Anus, anal canal and anorectum, all ages, all races
1992-2009. Derived from reference 13.

Results
Incidence of anal cancer and trends in time

The ﬁrst search in the TRIP database, using the term ‘anal cancer’, yielded
291 articles of the level of secondary evidence, from which 3 studies seemed
relevant after selection of the title and abstract, and they were used. The other
search in the TRIP database, combining the terms ‘anal cancer’ and ‘incidence’,
yielded 129 articles, none of which seemed relevant. The ﬁrst Medline/PubMed
search, focussing on the incidence of anal cancer, identiﬁed 453 articles, from
which 104 articles seemed relevant by title and abstract. Eventually twelve
articles were used for the general incidence rates of anal cancer (Figure 2). One
additional article was found by checking the reference lists of retrieved articles
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Figure 2. Results of systematic literature search on general incidence rates of anal cancer and incidence
rates among speciﬁc risk groups for anal cancer

2

We found that recent age-adjusted incidence rates of anal cancer diﬀer
between Western countries, with rates ranging from 0.7 per 100,000/year in
the United Kingdom [7], 0.83 in The Netherlands [14], 1.35 in Australia [10] to
1.7 per 100,000/year in the United States [13]. In most countries, incidence rates
are higher for women. Incidence rates have increased in all Western countries
during the last decades (Table 1). Except for Canada [15], incidence rates of anal
cancer increased in both sexes for the studied countries.
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Table 1. Age-adjusted incidence rates of anal cancer and changes over time in anal cancer incidence by
country, gender and period.
Country

Diagnose

All histological types of cancer of
USA [12, 13] the anus, anal canal and anorectum (except sarcomas) (ICD-10
C21.0-C21.8)
Squamous cell carcinomas of
Canada
the anus, anal canal and anorec(Quebec)
tum (except sarcomas) (ICD-10
[15]
C21.0-C21.8)
All histological types of cancer of
Netherlands the anus, anal canal and anorec[14]
tum (except sarcomas) (ICD-10
C21.0-C21.8)
All histological types of cancer of
Southeast
the anus, anal canal and anorecEngland [7] tum (except sarcomas) (ICD-10
C21.0-C21.8)
Squamous cell carcinomas of
Scotland [8] the anus, anal canal and anorectum (except sarcomas) (ICD-10
C21.0-C21.8)
All histological types of cancer of
Denmark
the anus, anal canal and anorec[9, 70]
tum (except sarcomas) (ICD-10
C21.0-C21.8)

Australia
[10]

All histological types of cancer of
the anus, anal canal and anorectum (except sarcomas) (ICD-10
C21.0-C21.8)
Squamous cell carcinomas of
the anus, anal canal and anorectum (except sarcomas) (ICD-10
C21.0-C21.8)

Age-adjusted incidence rates per
100.000 per year/period

Total
Female
Male
Total
Female
Male
Total
Female
Male
Total
Female
Male
Total
Female
Male
Total
Female
Male

1978-1982:
Total
Female 0.68
Male
0.45

2003-2008:
1.48
0.80

1978-2008:
2.9 (95% CI,
2.2-3.6) †
1.4 (95% CI,
0.6-2.2) †
1982-1987: 2000-2005: Total
0.91
1.35
Female 1.01
1.40
Male
0.77
1.30
Total
0.65
Female 0.78
Male
0.48

1.00
1.10
0.88

* No conﬁdence interval available; † P < 0.05; ‡ P < 0.001
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Annual
percentage
change per
period (%)
1975:
2005-2009: 1975-2009:
0.8
1.7
2.2 *
0.9
1.9
2.0 *
0.7
1.5
2.6 *
1984-1986: 1999-2001: 0.4
0.7
0.3
0.4
1989:
2010:
0.45
0.83
0.42
0.85
0.49
0.82
1960-1964: 2000-2004: 0.50
1.10
0.45
1.18
0.79
1.06
Late 1970s: 1998-2002: 0.23-0.27
0.55
0.14-0.17
0.37
1943:
1983-1987: 0.25
0.74
0.20
0.38

1.88 (95% CI,
1.18–2.58) ‡
3.42 (95% CI,
2.49–4.35) ‡
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Data for The Netherlands

Incidence data of anal cancer in The Netherlands was retrieved from the Dutch
Cancer Registry (NKR) database. It includes all cancer diagnoses of the anal canal
and anus and is age-adjusted using the European standard population. [14] The
age-adjusted incidence rate of anal cancer in the Netherlands in 1989 for both
sexes combined was 0.45 per 100,000 inhabitants and the gender-speciﬁc rate
was higher for men than for women. The incidence has increased signiﬁcantly
(84%) between 1989 and 2010, with the increase being more prominent in
women than in men (102% versus 67%) (Figure 3). In 2010 the overall incidence
was 0.83 per 100.000, and it is slightly higher for women (0.85 per 100,000) than
for men (0.82 per 100,000). In 2011, 40 persons died from anal cancer in The
Netherlands. [14]
Figure 3: Age-adjusted incidence rates of cancer of the anus and anal canal in The Netherlands 19892010. Derived from reference 14.

Aetiology, risk factors and risk groups

The searches in TRIP database, using the terms ‘anal cancer’ and ‘etiology’, ‘anal
cancer’ and ‘risk factors’ and ‘anal cancer’ and ‘risk group’ yielded 60, 137 and 178
articles of the level of secondary evidence, respectively. None of these articles
seemed relevant. The Medline/PubMed search, focussing on risk factors and risk
groups, identiﬁed 95 reviews, from which 37 reviews seemed relevant by title
and abstract. Eventually 22 reviews were used (Figure 4).
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For a long time anal cancer was thought to develop as a result of chronic
irritation from hemorrhoids, anal ﬁssures, ﬁstulae and inﬂammatory bowel
disease. More recent studies have rejected these ideas and identiﬁed certain
aetiological factors, risk factors and risk groups. [1,4]
Figure 4. Results of systematic literature search on aetiology, risk factors and risk groups of anal cancer

Smoking

Several studies have conﬁrmed cigarette smoking to be a risk factor for the
development of anal cancer. A study in 1992 estimated the Odds Ratio’s (OR)
for anal cancer among smokers versus non- smokers at 3.0 (95% CI, 1.9–5.0)
for women and 5.0 (95% CI, 1.6–16.1) for men, with the risk decreasing after
cessation of smoking. [16] More recently, a study conﬁrmed the risk of smoking
for anal cancer for men (adjusted OR = 3.9; 95% CI, 1.9–8.0) and women (adjusted
OR = 3.8; 95% CI, 2.3–6.2), without variation in age. [17] A population-based
case-control study from Denmark and Sweden found that the risk increased
linearly by 6.7% per pack-year. [18] An earlier study already found a correlation
between pack-years of smoking and anal cancer (RR = 1.9 for 20 pack-years, Pvalue < 0.001; RR = 5.2 for 50 pack-years, P-value < 0.001). [19,20,21]
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HPV infection

Infection with human papillomavirus is the most prevalent sexually transmitted
disease with approximately 75% of all sexually active people infected during
lifetime. [22] Normally the virus is rapidly cleared and only in 1% of infected
patients genital warts (caused by the non-oncogenic HPV types 6 and 11) will
develop. [1,23] Infection with oncogenic HPV types (HPV-16 and HPV-18) is the
most important aetiological factor for anal cancer. [2,24] A population-based
case-control study in Denmark and Sweden tested 386 patients with anal
cancer and found oncogenic HPV types in 90% of women and 64% of men. [25]
A similar study in the United States detected oncogenic HPV in 87.9% of 262
anal cancers. No diﬀerences were reported between sexes. [17] Of the more
than 120 subtypes of HPV, HPV-16 was shown to be the most frequently (70%)
detected in patients with anal cancer. [1,17,18,26] A recent systematic review,
combining worldwide data, found a prevalence of 65.6% of HPV-16 and 5.1%
of HPV-18 in anal cancer. [27] Similar to cervical cancer, anal cancer seems to
be preceded by a premalignant lesion, called anal intraepithelial neoplasia
(AIN), which is also associated with HPV infection. [1,28] Anal condylomata are
associated with anal cancer as well. [17,18,29] Because genital warts are caused
by HPV-6 or HPV-11, which are not oncogenic, the association of genital warts
with anal cancer is more likely to be a marker for high-risk sexual behaviour
resulting in co-infection with oncogenic HPV-subtypes. [19,30]
Sexual practices

Several studies have investigated the relationship between sexual practices
and the risk for anal cancer. Early population-based case-control studies in
1987 and 1989 have shown that men who were never married, who not have
been exclusively heterosexual and men who have practiced receptive anal
intercourse had higher risks for anal cancer. [19,29] Another population-based
case-control study in 2004 conﬁrmed these ﬁndings by showing that the risk
of anal cancer was higher in men who were not exclusively heterosexual (OR =
17.3; 95% CI, 8.2–36.1). Among these men, practicing receptive anal intercourse
was independently strongly related to the risk of anal cancer (OR = 6.8; 95% CI,
1.4–33.8). Men who have had more than 15 sexual partners were also at risk
for anal cancer (for heterosexual men: OR = 3.9, for homosexual men: OR =6.6).
[17] These ﬁndings suggest that men who have sex with men (MSM) can be
considered a risk group for anal cancer. Women with anal cancer were more
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likely to report a history of anal intercourse (16.9%) compared with women
without anal cancer (11.0%). The risk for anal cancer was especially high in
women who had more than 10 sexual partners. [17,31]
A history of sexually transmitted diseases is correlated with a higher risk for anal
cancer. [17,19,29,31] This is prone to confounding, since it is hard to distinguish
from the increasing risk that is already caused by receptive anal intercourse.
Hiv-positive persons

Immunosuppression is reported to be an important factor in the development
of anal cancer. The association between anal cancer and hiv infection is diﬃcult
to conﬁrm because of confounders. The relationship between anal cancer
and receptive anal intercourse has been mentioned above. In addition, hivpositive individuals are reported to be detected with an HPV infection more
often than hiv-negative individuals and when infected, often with more than
one subtype. [32,33,34,35] On the other hand, patients infected with HPV are
seen to have higher rates of hiv infections. [36] Hiv-positive persons are more
likely to be detected with AIN [32,33,37,38], and have a more rapid progress
from AIN to anal cancer. It is suggested that the greater risk for anal cancer
in hiv-positive as compared to hiv-negative persons is caused by diﬀerences
between hiv-positive and hiv-negative persons in biology of anal HPV infection
and anal cancer. [38,39] Immunosuppression probably plays a role: a negative
correlation was found between CD4+ T cell-counts and the appearance of AIN
[32,37,40] and anal cancer [41,42,43] in hiv-positive persons. There are also
studies that suggest an independent correlation between anal cancer and hiv
infection itself. [44] A decrease of incidence has not been seen during the last
years and it has been suggested that the widespread use of cART makes hivpositive individuals live longer and makes them prone to infection with HPV
for a longer period, leaving more time for developing anal cancer. According to
this explanation, anal cancer is more associated with a persistent HPV infection
than with hiv. [1,32,45]
One study reported that even during an early stage of hiv infection the incidence
of anal cancer was increased signiﬁcantly. This ﬁnding also suggests that severe
immunosuppression caused by the hiv infection is not the only explanation
for the development of anal cancer. [46] Two recent meta-analyses, combining
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data from 6 [47] and 8 [48] individual studies respectively, showed an increased
risk for anal cancer in hiv-infected patients of approximately 30-fold compared
with the general population ((SIR = 28.75; 95% CI, 21.6-38.3) [47], (SIR = 28; 95%
CI, 21-35) [48]). Before the introduction of combination Antiretroviral Therapy
(cART) in 1996, the incidence of anal cancer was 6.8-fold higher among hivpositive women compared with the general population. [39] Hiv-infected MSM
were reported to have the highest risk for anal cancer. [38,49,50,51] A recent
meta-analysis, including 9 individual studies, revealed that the incidence of anal
cancer among hiv- positive MSM was 46 per 100,000 person-years and therefore
much higher (P = 0.011) than the incidence among hiv-negative MSM, which
was 5 per 100,000 person-years (Figure 5). The incidence rate found in hivnegative MSM is still higher than the incidence in the general population. [35]
Figure 5. Incidence of anal cancer in men who have sex with men, by HIV status and before and after the
introduction of combination Antiretroviral Therapy (cART) (= HAART). Derived from reference 35.

31

2

Chapter 2

Organ transplant recipients

Chronic immunosuppressive therapy, for example following solid organ
transplantation, is known to be a risk factor for several types of squamous
cell carcinomas. Since the most common type of anal cancer is squamous cell
carcinoma, several studies have found a high risk for anal cancer for patients
receiving immunosuppressive therapy. [52,53] It is thought that the increased risk
is the result of persistent HPV infection, caused by chronic immunosuppression.
[54,55,56,57,58] A recent meta-analysis in 2007 estimated the risk of anal cancer
for solid organ transplant recipients at 6-times higher compared with the general
population (SIR = 5.85; 95% CI, 1.36–17.3), based on two studies from Sweden
and Australia/New Zealand. [47] A Danish nationwide cohort study published in
2010 revealed a 14-fold higher risk for anal squamous cell carcinoma compared
with the general Danish population (SIR = 14.4; 95% CI, 7.0-26.4) [59], and a
comprehensive cohort study (1987- 2008) in the United States reported a 6-fold
higher risk compared with the US general population (SIR = 5.84; 95% CI, 4.77.18) (P-value <0.001). The incidence of anal cancer among organ transplant
recipients was 11.6 per 100,000 person-years according to this study. [60]
Women with a history of cervical cancer or cervical intraepithelial neoplasia

As mentioned above, population-based studies have found a link between
cervical cancer and anal cancer. [61] This link is explained by HPV infection.
[3] Women with anal cancer are more likely of having had a history of vulvar/
vaginal cancer (OR = 15.4; 95% CI 4.9-48.0) or cervical cancer (OR = 4.3; 95% CI
2.7-6.9) according to data from the Danish Cancer Registry for the period 19431989. [21] In a prospective population-based study of all Swedish women aged
18–50 years the incidence rate ratios of anal cancer in women with a history of
cervical intraepithelial neoplasia (CIN) grade 3 was investigated for the period
1968-2004. Women with such history had a 5-fold higher risk for anal cancer.
[62] A more recent study in the United States using data from the SEER program
from the period 1973-2007, reported a 16-fold higher risk for anal cancer for
women with a history of cervical intraepithelial neoplasia and a 6-fold higher
risk for women with a history of cervical cancer. Women with histories of vulvar
intraepithelial neoplasia and vulvar cancer had higher risks as well: SIR = 22.2
and SIR = 17.4, respectively. [63] The increased risks could not be explained by
therapeutic interventions for cervical cancer, such as radiation, in any of the
studies.
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Incidence and trends in incidence of anal cancer among risk groups

The ﬁrst literature search focussing on the incidence of anal cancer was used
to identify articles on the speciﬁc incidence rates and trends in time of anal
cancer among risk groups as well (Figure 2). From this search 10 articles were
useful concerning the hiv-positive persons and men who have sex with men,
one concerning the speciﬁc incidence rates and trends in time of anal cancer
among organ transplant recipients, and no articles were useful for the risk group
women with a history of cervical cancer or cervical intraepithelial neoplasia.
If signiﬁcant changes can be seen in the incidence of anal cancer for these
risk groups, this might (partly) explain the increasing incidence of anal cancer
world-wide. Studies that describe trends in time in anal cancer incidence
among these groups are rare. Therefore we also used an alternative way to
determine whether a risk group contributes to the increase in anal cancer. The
(increasing) incidence of anal cancer in a risk group can be estimated by a simple
multiplication using the two factors increased risk for anal cancer (deﬁned by
standardized incidence ratios, for example) in that particular risk group and the
increase in absolute number of persons in that risk group.
Hiv-positive persons

A meta-analysis combining incidence data from 4 studies of the pre-cART
era (before 1996) and 5 studies of the cART era (from 1996 onwards), showed
that the standardized incidence ratio increased from 37 (95% CI, 19-75) in the
pre-cART era to 47 (95% CI, 22-100) in the cART era. [48] A prospective cohort
study in England, not included in this meta-analysis, found similar data. [64]
The standardized incidence rate of anal cancer compared with the general
population in this cohort, including 8640 hiv-positive patients, has risen from 35
per 100,000 person-years in the period before the introduction of cART (1984–
1995) to 92 per 100,000 in the cART era (1996–2003) (P-value > 0.05), which
is signiﬁcantly higher than the incidence in the general population (P-value <
0.001 for both). [64]
Hiv-positive MSM

As discussed above, hiv-positive MSM are the most prominent risk group for anal
cancer. One meta- analysis, investigating the incidence of anal cancer among
hiv-positive MSM before and after the introduction of cART, combines data from
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nine individual studies (six hiv/AIDS and cancer registries linkage studies and
three observational cohort studies). The incidence of anal cancer among hivpositive MSM was higher from 1996 onwards (after introduction of cART) (78
per 100,000 person- years), than it was before 1996 (22 per 100,000) (P-value =
0.013) (Figure 5). The authors of this meta-analysis remark that incidence rates
of the pre-cART era are not age-adjusted and some of the increase might be
explained by aging of the hiv-positive population. [35]
One of the studies in above meta-analysis, based on combined incidence
data of 13 cohorts in North America from 1996 and 2007, reports a plateau
phase in the increase of incidence among hiv-positive MSM for recent years.
Standardized incidence rates for hiv-positive MSM have developed from 90 per
100,000 in the period 1996-1999 to 159 per 100,000 in the period 2000-2003
and 131 per 100,000 in the period 2004-2007. [65] For the Netherlands, we
also observed such a plateau in incidence, with approximately 20 cases of anal
cancer diagnosed annually in hiv-positive MSM (Richel O, unpublished data).
Since hiv-positive MSM have a 80-fold higher risk for anal cancer, an increase
in the proportion of hiv-positive MSM in the population will contribute to a
higher incidence of anal cancer in the general population. If we look further into
the MSM population in The Netherlands, by means of the Monitoring Reports
of the Dutch HIV Monitoring Foundation, we see that the hiv-infected MSM
population in follow-up has increased with 51.7% from 5619 in 2007 to 8523
in 2011. This means that the proportion of hiv-positive MSM in the population
is increasing over time. Registration diﬀered for the years before 2007. [66,67]
Organ transplant recipients

No studies on the trend in time in incidence of anal cancer among organ transplant
recipients could be found. As already discussed, organ transplant recipients have
a much higher risk for anal cancer compared with the general population. If the
proportion of organ transplant recipients in the population increases, this is
likely to increase the incidence of anal cancer. A recent Dutch population-based
retrospective cohort-study, based on data from the Dutch Foundation for Renal
Replacement Therapy Registration (Renine), showed that the number of renal
transplant recipients has increased in the period 1995-2009, from 3,640 renal
transplant recipients in 1995 to 8,400 recipients in 2009. [68]
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Discussion
Incidence rates have increased in practically all Western countries during the
last decades. Whereas infection with oncogenic HPV is the most important
etiological factor, several risk factors and risk groups for anal cancer have been
identiﬁed during the last decennia, in particular smoking (OR = 3.9 – 5 for
men, OR = 3 – 3.8 for women), men who have sex with men (MSM) (OR = 17.3),
MSM practising receptive anal intercourse (additional OR = 6.8), a history of
sexually transmitted diseases, having had more than 15 sexual partners, human
immunodeﬁciency virus (hiv)-positivity (OR = 28 - 28,75), hiv-positive MSM
(SIR = 77.8), organ transplant recipients (SIR = 5.85) and women with a history
of cervical cancer (SIR = 6.2) or cervical intraepithelial neoplasia (SIR = 16.4).
We showed that incidence rates of anal cancer among hiv-positive persons
have signiﬁcantly increased over time in multiple countries. Such data are not
available for other risk groups.
The increasing incidence of anal cancer could be caused by an increased risk
for anal cancer in speciﬁc risk groups and in addition by increasing numbers of
patients belonging to these risk groups. If the absolute number of these risk
groups in the population increases, this is likely to contribute to the increasing
incidence of anal cancer. We found that the number of hiv-positive MSM in the
Dutch population has increased with 51.7% from 2007 to 2011. Since hiv-positive
MSM have a signiﬁcant risk for anal cancer, this supports our hypothesis that
this risk group contributes to the overall increase in incidence. Hiv-positive MSM
account for approximately 50% (20 deaths per year) of the total of 40 people
dying annually from anal cancer in the Netherlands. The increased number of
renal transplant recipients probably contributes to the increased incidence of
anal cancer as well: in the Netherlands, the number of renal transplant recipients
has increased from 3,640 in 1995 to 8,400 in 2009. This probably also applies
to other countries. Other factors are also likely to inﬂuence the incidence of
anal cancer. In The Netherlands, for example, the number of people smoking
cigarettes has decreased with 20% from 2000 through 2007.
[69] Based on these ﬁgures one would expect the incidence of anal cancer to
decrease, since smokers have an 3-5-fold increased risk for anal cancer.
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Limitations of this review mostly result from limitations in the studies used
in this review. One of the limitations is the diﬀerence in deﬁning anal cancer
between studies from individual countries. Most, but not all, studies used
identical topographical codes from the International Classiﬁcation of Diseases
for Oncology (ICD) to classify cancer of the anus, anal canal, and anorectum
(C21.1-C21.8). Another limitation is that distinction between histological
types of anal cancer (e.g. squamous cell carcinoma or adenocarcinoma) is not
always made in articles we used. Furthermore, the studies reported incidence
data for diﬀerent periods of time and used diﬀerent standard populations for
age-adjustment. Therefore a direct comparison of the results was sometimes
diﬃcult. One factor that should be considered is the use of more and/or better
diagnostic methods for the detection of anal cancer over time. However, studies
that support this suggestion have not been found.
In conclusion, we have shown that an increased risk for anal cancer in certain
risk groups, in particular hiv-positive MSM and organ transplant recipients, and
increasing numbers of people belonging to these risk groups contributes to
the overall increase in anal cancer incidence. Further studies should answer the
question to what exact extent these risk groups contribute to the overall anal
cancer incidence, and whether these risk groups would beneﬁt from preventive
screening for anal cancer.
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Abstract
The anal cancer incidence in Dutch HIV+ MSM has increased to 116 (95% CI
95-140) per 100,000 person-years in the cART era (1995-2012). However, after
a peak of 168 (103-259) in 2005-2006, the incidence gradually decreased to 100
(56-164) in 2011-2012. Low nadir CD4, alcohol and smoking were signiﬁcant
riskfactors.
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Introduction
Since the introduction of combination antiretroviral therapy (cART), anal cancer
is a highly prevalent problem in the HIV positive population, especially in men
who have sex with men (MSM).1, 2 Given the similarities between anal and
cervical cancer, screening for and treatment of premalignant lesions to prevent
anal cancer is now subject of discussion. Premalignant anal lesions (anal
intraepithelial neoplasia, AIN) are highly prevalent in HIV+ MSM.1 Unfortunately
the gold standard for screening, high resolution anoscopy, is time consuming
and cumbersome for the patient. Identiﬁcation of risk factors could be a way
to focus screening programs. So far, risk factors for (HG)AIN in HIV+ MSM do
not seem to be reliable to guide a screening program.3 Since we assume that
only a minority of AIN will undergo malignant transformation and the goal of
screening is to prevent anal cancer, identiﬁcation of risk factors for anal cancer
might be an alternative to identify those who most need screening.
In this study we explored the incidence of anal cancer in the Dutch HIV+
population in the cART era, and we analyzed a range of potential risk factors in
relation to anal cancer.

Methods
Data were selected from the ongoing AIDS Therapy Evaluation in the Netherlands
(ATHENA) national observational HIV cohort, which includes anonymized data
from all HIV-1 infected patients who receive medical care in the 26 Dutch HIV
treatment centres. Epidemiological, clinical, virological and immunological data
are collected retrospectively at entry in the cohort and prospectively thereafter.4
For the present study, cases of anal cancer were identiﬁed for the period 19952012 and incidence rates of anal cancer were calculated per 100,000 personyears of follow-up. Follow-up time was from the date of HIV diagnosis till the
date of diagnosis of anal cancer, death, last clinical visit, lost-to-follow-up or
closure of the database (Feb 1st 2013). Incidence rates were calculated for the
whole cohort and for MSM, heterosexual men, men infected otherwise and
women separately. Trends in time were calculated per blocks of two years for
the whole cohort and MSM separately. Each treatment center was visited to
verify the source documents and conﬁrm pathological diagnoses.
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To determine risk factors for anal cancer, we included all HIV-infected MSM in the
ATHENA cohort. We estimated hazard ratios for progression to anal cancer using
univariable and multivariable cox proportional hazard modeling including the
following parameters: follow-up period (<2004, ≥2004), age at HIV diagnosis
(<36 years, ≥36 years), time between HIV diagnosis and start cART (<14 months,
≥14 months), cumulative time on cART (per 6 months increase), nadir CD4
count (<110, 110-230, 230-338, ≥338 cells) cumulative time spent below 200
CD4 cells (<4, 4-19, ≥19 months), cumulative time spent with plasma HIV-RNA
over 1000 copies/ml (<18, ≥18 months, no time spent above 1000 copies/ml),
alcohol abuse (>28 glasses per week), and ever smoking (yes, no, unknown).
Categorical variables were classiﬁed based on the median, tertiles or quartiles of
the total MSM population. A multivariable model was used to adjust for potential
confounders. Factors with a p-value <0.05 were considered signiﬁcant.

Results
Between 1995 and 2012 20,765 HIV+ patients were under surveillance in the
26 Dutch HIV centers, with 164,101 person-years of follow-up. 137 cases of anal
cancer were identiﬁed. The anal cancer incidence in the whole HIV positive
population was 83 (95% CI 70-99) per 100,000 person-years. 109/137 cases
of anal cancer were found among HIV+ MSM, leading to an incidence rate
of 116 (95% CI 95-140) per 100,000 person-years. The incidence rate among
heterosexual men was 44 (95% CI 21-83), among women 12 (95% CI 3-30),
and in men infected otherwise or with unknown cause 97 (95% CI 53-164) per
100,000 person-years.
Analysis of trends in time showed an anal cancer incidence in the overall HIVinfected population of 14 (95% CI 0-77) per 100,000 person-years in 1995/1996
and 72 (95% CI 43-113) in 2011/2012, with a peak incidence in 2005-2006:
114 (95% CI 74-169) per 100,000 person-years (ﬁgure 1). In HIV+ MSM these
incidence rates were 22 (95% CI 1-127) for 1995/1996 and 100 (95% CI 56-164)
for 2011/2012, with a peak of 168 (95% CI 103-259) per 100,000 person-years
in 2005/2006 (ﬁgure 1).
Univariable analysis showed a signiﬁcant correlation of a low nadir CD4 cell
count with anal cancer (Hazard ratio (HR) 2.38 (95% CI 1.59-3.56) for nadir CD4
<110 cells/mm3), alcohol abuse (HR 1.96; 95% CI 1.13-3.39) and smoking (HR
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1.64; 95% CI 1.10-2.45). Multivariable analysis showed the same signiﬁcant
parameters with hazard ratios of 2.41 (95% CI 1.5-3.89), 2.23 (95% CI 1.28-3.89)
and 1.60 (95% 1.07-2.41) respectively.
Figure
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Anal cancer incidence per 100,000 person- years (with 95% conﬁdence intervals) for nine consecutive
2-year blocks in all HIV+ patients and HIV+ MSM separately.

Discussion
In this study we found a remarkable increase in the incidence of anal cancer
among HIV+ patients since the introduction of cART, predominantly among
HIV+ MSM, followed by a slight decrease since 2006. Conﬁdence intervals of
the anal cancer incidence in MSM and heterosexual men and women did not
overlap. This means that the incidence of anal cancer among MSM is signiﬁcantly
higher. Furthermore, a low nadir CD4 cell count, smoking and alcohol abuse are
associated with an increased risk of anal cancer.
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In the last decade, several studies showed an increase in anal cancer incidence,
predominantly among HIV+ MSM, despite the widespread use of cART.1,2 This
seems conﬂicting with the ﬁnding that long-term use of cART is negatively
associated with the risk of the anal cancer precursor AIN 3, 5 and the ﬁnding
that a high current CD4 cell count decreases the risk of anal cancer.6 Possibly, the
increased anal cancer risk caused by a longer lifespan in the cART era outweighs
the presumed protective eﬀect of immune restoration. Our study showed for
MSM a peak incidence of 168 per 100,000 person-years in 2006. This is one of
the highest incidence rates reported to date in this risk group. A review from
2012 reported incidences between 65 and 109 per 100,000 person-years in the
cART era (evaluation periods ending in 2003-2007).1 So, widespread use of cART
is not slowing the rising incidence.2
Our ﬁndings with regard to risk factors are in line with previous studies. A very
low nadir CD4 cell count increases the risk of AIN 2/3.5 A study among HIV+ men
showed a signiﬁcant correlation between low nadir CD4 cell counts and anal
cancer. Taking a nadir CD4 cell count <200 as reference, a nadir CD4 cell count
between 200 and 350 cells/mm3 showed a hazard ratio of 0.42 (p<0.0001) for
anal cancer and a nadir CD4 cell count of >350 a hazard ratio of 0.34.7 Another
recent study showed a hazard ratio of 0.87 for anal cancer risk per log2 increase
in nadir CD4 cell count.8 We found a hazard ratio for anal cancer of 2,42 in
patients with a nadir CD4 cell count <110.
What is new in our study is that we found a decrease in anal cancer incidence
after 2006. One previous study also suggested a plateau in the anal cancer
incidence. The peak incidence in this study of 159 in 2000-2003 in HIV+ MSM
was followed by a decrease to 131 in 2003-2007.9 Our study shows a continuing
decreasing trend, to an incidence in HIV+ MSM of 100 in 2011/2012. The gradual,
small-scale introduction of AIN screening programs in the Netherlands cannot
explain this. A more likely explanation might be that the long-term use of cART
is negatively associated with the risk of the anal cancer precursor AIN 3,5 which
in time might gradually aﬀect anal cancer incidence, and furthermore, given the
tendency to start cART with higher CD4 counts, the HIV+ MSM population less
and less suﬀers from low nadir CD4 cell counts. For cervical cancer no decrease
in incidence has been observed yet in the cART era.10.
We found a hazard ratio of 1.60 for anal cancer in current or previous smokers.
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Smoking has previously been associated with an increased risk of anal cancer.11
Smoking is much more common in the HIV positive population, and HIV-infected
smokers lose more life-years to smoking than to HIV.12 To our knowledge no
previous studies showed a link between alcohol (ab)use and anal cancer. We
found a hazard ratio of 2.23 for HIV+ MSM drinking more than 28 glasses of
alcohol per week. Since alcohol use has as disinhibiting eﬀect, it possibly leads
to increased sexual risk behavior, which in turn is a risk factor for anal cancer.
Strong points of our study are the use of a nationwide database including all
patients under HIV care in the Netherlands, conﬁrmation of all histological
diagnoses, and careful documentation of risk factors. We have possibly missed
cases if the diagnosis anal cancer was not reported by the treating physician, but
this means that the incidence of anal caner we found is likely an underestimation.
In conclusion, this study conﬁrms the high incidence of anal cancer among HIV+
patients, predominantly among HIV+ MSM. Furthermore, our data suggest that
continued use of cART, and starting cART at higher CD4 counts, might in time
lead to a decrease in anal cancer incidence. In the meantime, the very high anal
cancer incidence justiﬁes screening programs for AIN among HIV+ MSM.
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Abstract
Objective: Anal Intraepithelial Neoplasia (AIN) is present in the majority of HIV+
men who have sex with men (MSM) and routine AIN-screening is subject of
discussion. In this study we analysed a wide range of potential risk factors for
AIN in order to target screening programs.
Methods: We screened 311 HIV+ MSM by high resolution anoscopy, with
biopsies of suspect lesions. HIV-parameters, previous sexual transmitted
infections (STI’s), anal pathology, sexual practices and substance use were
analysed in relation to AIN by uni- and multivariable logistic regression.
Results: AIN (any grade) was found in 175/311 MSM (56%), high grade (HG)
AIN in 30%. In the univariable analysis, years since HIV diagnosis, years of
antiretroviral therapy (cART) and anal XTC use decreased AIN risk, while a
history of anogenital warts and use of GHB (γ-hydroxybutyric acid) increased
this risk. In the multivariable analysis three parameters remained signiﬁcant:
years of cART (OR=0.92 per year, p=0.003), anal XTC use (OR=0.10, p=0.002) and
GHB use (OR=2.60, p=0.003). No parameters were signiﬁcantly associated with
HGAIN, but there was a trend towards increased risk with anal enema use prior
to sex (>50 times ever; p=0.07) and with a history of AIN (p=0.06). CD4 count,
STI’s, anal pathology, smoking, number of sex partners and anal ﬁsting were not
associated with (HG)AIN.
Conclusion: GHB use increases the risk for AIN, while duration of cART and anal
XTC use are negatively correlated with AIN. Given the high prevalence of AIN
in HIV+ MSM, these associations are not helpful to guide a screening program.
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Background
During the last two decades the incidence of anal cancer in the HIV-infected
population has increased signiﬁcantly [1,2], especially among HIV+ men who
have sex with men (MSM), with incidence rates between 65 and 109 per 100,000
person year.[3] This is much higher than the incidence of cervical cancer in HIV
negative women before standard cytological screening was introduced [4],
and therefore routine screening for anal premalignant lesions is subject of
discussion. In analogy with cervical intraepithelial neoplasia (CIN), premalignant
anal lesions are called anal intraepithelial neoplasia (AIN), graded as AIN 1 (low
grade (LG)AIN) and AIN 2/3 (high grade (HG)AIN). AIN is present in the majority
of HIV+ men who have sex with men (MSM). AIN of any grade is found in 68%81%, HGAIN in 25-52% [5-7]. For HGAIN, progression rates to anal cancer have
been reported to be 14% and 16% among HIV+ MSM, with median follow-up
periods of 2 and 5 years respectively [8,9].
Like in CIN, screening and treatment of AIN may be helpful to prevent the
development of cancer. The gold standard for AIN detection is high resolution
anoscopy (HRA) with biopsies of suspect lesions [10]. Given the high prevalence
of HGAIN and low speciﬁcity of anal cytology [7], HRA in combination with
histopathological examination of lesional biopsies is the preferable ﬁrst line
(HG)AIN screening method.
Since HRA is time consuming and therefore expensive, not generally available
and cumbersome for the patient, it would be useful to identify risk factors for AIN, in
order to identify a high-risk population. Previous studies addressing this question
used cytological abnormalities as endpoint or cytology as ﬁrst screening
step before HRA [11-18]. The main risk factors identiﬁed were receptive anal
intercourse (RAI) and HIV infection. The outcomes on other risk factors were
conﬂicting. Two studies performed HRA as primary screening method [19,20].
The presence of high-risk HPV types, in particular HPV16, was a signiﬁcant risk
factor [20]. However, testing for the presence of high-risk HPV types is expensive
and not generally available. In addition, these studies did not evaluate other
potential risk factors like sexually transmitted infections (STI), anal enemas,
sexual habits and drug use, and one of the two only included patients who
were HPV 16 positive [19].
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In the present study, we investigated a wide range of potential risk factors for
AIN, with HRA as primary screening tool. Our goal was to identify factors that
might help to identify HIV+ MSM at greatest risk for having premalignant anal
(AIN) lesions.

Methods
Setting and patients
The study was performed at the HIV and dermatology outpatient clinics of the
Academic Medical Center in Amsterdam, the Netherlands. All HIV+ MSM in care
over 18 years of age were eligible if they did not have a history of anal cancer or
current active inﬂammatory bowel disease. The study procedures followed were
in accordance with the ethical standards of the Helsinki Declaration and the study
was approved by the local ethical committee (METC, Academic Medical Center
Amsterdam, January 3rd, 2008). All patients provided written informed consent.
Diagnostic procedures and data collection
Screening for AIN was performed by HRA, as described previously [21,22],
by a single HRA experienced physician (O.R.). Suspect lesions were biopsied
for histopathological analysis, including Ki-67 and p16 immunostaining [23].
A single pathologist (C.v.N.) evaluated all biopsies. Further, all patients were
screened for anal chlamydia and gonorrhoea infection.
From the patients’ records, demographic, clinical and laboratory data were
collected, including previous STIs, previous anal pathology, year of HIV diagnosis,
cART use, nadir CD4 count and current CD4 count and plasma HIV-RNA level,
both obtained within the previous 6 months. At the time of HRA, patients were
asked for anal complaints and they had to complete a questionnaire addressing
number of lifetime sex partners with whom they had receptive anal intercourse,
the use of anal enemas, receptive anal ﬁsting (anal insertion of a ﬁst), recreational
drug use and anal drug use (anal insertion of recreational drugs).
Statistical analysis
Statistical analyses were performed using SPSS software (version 16.0.2 for
Windows; SPSS Inc., Chicago, IL, U.S.A.). Diagnosis at HRA was the outcome
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of interest. In case no suspicious lesions were seen a patient was classiﬁed as
having no AIN. In case of biopsies, the histopathological diagnosis was used:
normal, LGAIN (AIN 1) or HGAIN (AIN 2 or 3). If more than one biopsy was taken,
the highest AIN grade was considered as outcome.
Each parameter described above was analysed in univariable logistic regression
models with AIN (versus no AIN) or HGAIN (versus no or LGAIN) as independent
variable. Parameters with p<0.1 were entered in a stepwise backward
multivariable regression model, in which at every step the parameter with
the highest p-value larger than 0.05 was removed from the model, until all
remaining parameters were signiﬁcant with p<0.05.
We ﬁnally investigated if these signiﬁcant parameters would be helpful to
identify a population at low risk for having (HG)AIN. Based on the regression
equation signiﬁcant multivariable parameters were combined in one predictor
for having (HG)AIN. To estimate the proportion of HIV+ MSM that can be safely
excluded from a screening program, the cut-oﬀ value of the predictor was
calculated for a negative predictive value of 100%.

Results
Patients
Between August 2008 and December 2010, 650 HIV+ MSM were screened for
eligibility. 191 were not interested, 14 fulﬁlled the exclusion criteria and 57 had
signiﬁcant comorbidity according to their treating physician. The ﬁrst 73 patients
who underwent HRA were excluded since they participated in a pilot study
which has been reported elsewhere [24]. So, for the present study 315 patients
underwent HRA. Four patients were excluded from the analysis because the
HRA was judged to be of insuﬃcient quality. The median age of the remaining
311 participants was 47 years, and the median duration since HIV diagnosis was
10 years. Eighty-nine percent was using cART, with a median duration of 9 years.
Median nadir CD4+ cell count was 200 cells/μl, median current CD4+ cell count
was 550 cells/μl and plasma HIV-RNA load was undetectable in 86%. Anal STI
screening at inclusion showed in 21/304 (7%) a chlamydia proctitis (of which 4
lymphogranuloma venerum genovar) and gonorrhoea proctitis in 2%.
Of the patients who answered questions on anal sex, two out of 282 (0,7%)
reported that they never had practiced receptive anal intercourse (RAI). Forty-
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four percent reported RAI with over 50 partners. The majority of participants
had used anal enemas prior to RAI, 34% had used over 50 enemas lifetime. Eight
patients had been diagnosed with AIN in the past. Baseline characteristics and
other details on sexual habits, sexually transmitted diseases, past or present
anal pathology, smoking and substance use are given in Table 1.
High resolution anoscopy
One hundred and seventy-ﬁve (56%) of 311 participants had histopathologically
conﬁrmed AIN. Eighty- three patients (27%) had AIN 1, 54 (17 %) AIN 2 and 38
(12%) AIN 3. This means that 92 of 311 patients (30%) had HGAIN. The remaining
136 (44%) did not have suspect lesions on HRA, or AIN was ruled out in biopies
taken from suspect lesions.
Logistic regression
In the univariable analysis (table 1) three factors were signiﬁcantly associated
with a lower risk for AIN: number of years since HIV diagnosis (odds ratio (OR)
0.96 per year (p=0.01), duration of cART treatment with an OR of 0.93 per year
(p=0.006) and anal XTC (ecstasy, 3,4-Methylenedioxy-methamphetamine) use
ever (OR=0.24; p=0.03). Two factors were associated with a higher risk for AIN:
the oral use of GHB (γ-Hydroxybutyric acid) prior to or during sex (OR= 2.11;
p=0.009) and a history of anogenital warts (OR= 1.91; p=0.006). Previously
reported AIN (n=8) was associated with AIN (OR=5.63), which was not signiﬁcant
(p=0.1), probably because of the low number of cases.
In multivariable analysis (table 2) three factors remained signiﬁcant. The
duration of cART use (OR of 0.92 per year; 95% conﬁdence interval [CI] 0.870.97; p=0.003) and anal XTC use (OR=0.10; 95% CI 0.03-0.45; p=0.002) were
negatively associated with AIN and the use of GHB resulted in an increased
risk for AIN (OR= 2.60; 95% CI 1.39-4.85; p=0.003). These three parameters
were combined into one multivariable predictor for AIN. To reach a negative
predictive value of 100%, the cut-oﬀ value for the combined predictor was 0.24,
with patients scoring below this value being considered as not at risk for AIN.
Using this cut-oﬀ value, only 3 % of all patients could be rightfully excluded for
further screening.
We repeated logistic regression for HGAIN as compared to no AIN/ LGAIN. No
parameters were signiﬁcantly associated with HGAIN. However, there was a
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trend towards increased HGAIN risk for anal enema use prior to sex (>50 times
ever; p=0.07) and for a history of AIN (p=0.06).
Nadir CD4 count, current CD4 count, plasma HIV-RNA, previous STIs or anal
pathology, lifetime number of RAI partners, and receptive anal ﬁsting were not
signiﬁcantly associated with (HG)AIN. Complaints like diarrhoea, constipation,
bloody stool, slimy stool, anal pain, anal itching and erosions could also not be
linked to (HG)AIN.
Table 1 Baseline characteristics and univariable logistic regression for AIN (any grade) versus no AIN
Characteristic
Age, years

All

No AIN

AIN

OR

p

47 (41-55)

47 (42-56)

46 (40-54)

0.98

0.1

Years since HIV diagnosis
cART

10 (5-15)
276/311 (89%)

11 (6-15)
126/136 (93%)

7 (4-14)
150/175 (86%)

0.96
0.48

0.01*
0.06

Duration of cART, years

9 (2-12)

10 (5-12)

7 (2-12)

0.93

0.006*

Nadir CD4 count, cells/μl

200 (100-280)

180 (83-268)

200 (110-293)

1.00

0.096

Most recent CD4 count,
cells/μla
Detectable plasma HIV-RNA
loada
Plasma HIV-RNA viral load,
copies/mla
Smoking

550 (430-718)

570 (440-750)

540 (410-703)

1.00

0.4

40/290 (14%)

15/129 (12%)

25/161 (16%)

1.65

0.1

2376 (90-34521) 4619 (61-62778) 1519 (102-80815) 1.00

0.4

112/300 (37%)

50/133 (38%)

62/167 (37%)

0.98

0.9

0-50

153/272 (56%)

72/121 (60%)

81/151 (54%)

NA

NA

>50

119/272 (44%)

49/121 (40%)

70/151 (46%)

1.27

0.3

Lifetime no. of anal enemas
prior to sex:
0
111/271 (41%)
1-50
66/271 (24%)

55/120 (26%)

56/151 (37%)

NA

NA

30/120 (25%)

36/151 (24%)

1.18

0.6

>50

35/120 (29%)

59/151 (39%)

1.66

0.08

Lifetime no. of RAI partners:

94/271 (34%)

Lifetime no. of receptive anal ﬁsting:
0

205/278 (74%)

87/120 (73%)

118/158 (75%)

NA

NA

1-50

53/278 (19%)

21/120 (18%)

32/158 (20%)

2.12

0.7

>50

20/278 (7%)

12/120 (10%)

8/158 (5%)

0.49

0.1

Lifetime no. of drug use
prior/during to sex:
0

33/257 (13%)

13/103 (13%)

20/154 (13%)

NA

NA

1-50

89/257 (35%)

37/103 (36%)

52/154 (34%)

0.91

0.8

>50

135/257 (53%)

53/103 (51%)

82/154 (53%)

1.01

1
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Characteristic

All

No AIN

AIN

OR

p

Drug types prior/during sex (ever):
Poppers

213/235 (91%)

88/98 (90%)

125/137 (91%)

1.18

0.7

Marihuana

129/235 (55%)

56/98 (57%)

73/137 (53%)

0.86

0.6

Amphetamine

49/235 (21) %

15/98 (15%)

34/137 (25%)

1.80

0.08

Metamphetamine

32/235 (14%)

14/98 (14%)

18/137 (13%)

0.90

0.8

Cocaine

103/235 (44%)

39/98 (40%)

64/137 (47%)

1.34

0.3

XTC use

118/235 (50%)

43/98 (44%)

75/137 (55%)

1.50

0.1

GHB use

88/235 (37%)

27/98 (28%)

61/137 (45%)

2.11

0.009*

Ketamine

55/235 (23%)

19/98 (19%)

36/137 (26%)

1.48

0.2

Lifetime no. of anal drug
use:
0

223/272 (82%)

96/116 (83%)

127/156 (81%)

NA

NA

1-50

42/272 (15%)

14/116 (12%)

28/156 (18%)

1.51

0.2

>50

7/272 (3%)

6/116 (5%)

1/156 (1%)

0.13

0.06

Anal XTC

12/277 (4%)

9/119 (8%)

3/158 (2%)

0.24

0.03*

Anal Amphetamine

10/277 (4%)

6/119 (5%)

4/158 (3%)

0.49

0.3

Anal Cocaine

34/277 (12%)

14/119 (12%)

20/158 (13%)

1.09

0.8

Anal GHB

4/277 (1%)

3/119 (3%)

1/158 (1%)

0.25

0.2

Anal Ketamine

14/277 (5%)

5/119 (4%)

9/158 (6%)

1.38

0.6

13/134 (10%)

12/170 (7%)

0.71

0.4

Anal drug use types (ever):

Current chlamydia/gonnor- 25/304 (8%)
roea infection
Previous STI”s:
Chlamydia

126/311 (41%)

48/136 (35%)

78/176 (47%)

1.48

0.099

Gonorroea

163/311 (52%)

67/136 (49%)

96/175 (55%)

1.25

0.3

Genital/anal herpes

57/311 (18%)

29/136 (21%)

28/175 (16%)

0.70

0.2

Anogenital warts

130/311 (42%)

45/136 (33%)

85/175 (49%)

1.91

0.006*

Syphilis

124/311 (40%)

54/136 (40%)

70/175 (40%)

1.01

1

Hepatitis Bb

141/311 (45%)

69/136 (51%)

72/175 (41%)

0.68

0.09

Hepatitis Cb

28/311 (9%)

16/136 (12%)

12/175 (7%)

0.56

0.1

Hemorrhoids

66/311 (21%)

30/136 (22%)

36/175 (21%)

0.92

0.8

Fissures

25/311 (8 %)

8/136 (6%)

17/175 (10%)

1.72

0.2

Fistulas

18/311 (6%)

8/136 (6%)

10/175 (6%)

0.97

1

Abcess

15/311 (5%)

7/136 (5%)

8/175 (5%)

0.89

0.8

AIN

8/311 (3%)

1/136 (1%)

7/175 (4%)

5.63

0.1

Previous anal pathology:

Data are medians (interquartile range) or proportions. Proportions are calculated in relation to the no. of
patients for which the speciﬁc parameter was applicable and available; awithin the previous 6 months;
b
Active or cleared/treated infection; cART= combination antiretroviral therapy; NA=not applicable;
RAI=Receptive Anal Intercourse; GHB=γ-Hydroxybutyric acid; XTC=ecstasy, 3,4-Methylenedioxy-methamphetamine; OR=Odds Ratio; *signiﬁcant (p<0,05)
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Table 2 Signiﬁcant predictors of AIN after multivariable logistic regression
Characteristic

OR

95%CI

p

Duration of cART, per year

0.92

0.87-0.97

0.003

GHB use prior/during sex (ever)

2.60

1.39-4.85

0.003

Anal XTC use (ever)

0.10

0.03-0.45

0.002

OR=Odds Ratio; CI=conﬁdence interval; cART=combination antiretroviral therapy;
GHB=γ-Hydroxybutyric acid; XTC=ectasy, 3,4 Methylenedioxy-methamphetamine

Discussion
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In this study, we analysed a wide range of potential risk factors for AIN and
HGAIN in 311 HIV+ MSM. The goal was to identify a high-risk subgroup in order
to target future screening programs more eﬃciently. This is the largest study of
its kind in the cART era and the ﬁrst study in which HRA as primary screening
method (without preceding cytology) is combined with both medical history
and detailed questionnaires addressing sexual habits and substance use.
AIN was found in 56% and HGAIN in 30% of 311 participants. In a multivariable
analysis, duration of cART and anal XTC use were negatively associated with
AIN and GHB signiﬁcantly increased the risk for AIN. However, a combined
multivariable predictor of these three parameters showed that in only 3 %
of patients screening could be skipped. No parameters were signiﬁcantly
associated with HGAIN.
The negative association of duration of cART use with AIN is in line with two
recent studies in which HRA was also used as primary AIN screening method.
The ﬁrst study showed a lower risk for AIN 2-3 in men using cART: an odds ratio
(OR) of 0.28 for receiving cART > 4 years [20]. The second study, which reported
odd ratios in relation to absence of AIN instead of presence, showed a positive
association of the use of cART (but not duration of cART) with the absence
of AIN, with an OR of 2.28 (p=0.045) [25]. However, this study found an AINprevalence among HIV+ MSM of only 16%, which is remarkably low given the
current epidemiological data on AIN [3]. Two studies with cytology as primary
screening method also reported a relation with cART. The ﬁrst study showed
an OR of 0.18 for receiving cART[17], but in the latter study it was found that
in only 4% of patients high grade lesions regressed after initiating cART [14].
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Other studies do not show any beneﬁcial eﬀect of ART on AIN [11,12,15,16,19].
Likewise, contradictory results are reported on the inﬂuence of cART on CIN in
HIV positive women [26-28]. In contrast to the inﬂuence of cART, we did not ﬁnd
any association between presence of AIN and the CD4 count, suggesting that
the beneﬁt of cART is not directly mediated by immune restoration as measured
by CD4+ cells. Also, we did not ﬁnd an association with nadir CD4+ cell count.
Some previous studies showed a signiﬁcant correlation between a low nadir
CD4 count and AIN [12,15,20], whereas other studies did not [11,16,19].
Besides cART use, also anal XTC use (ever) was negatively associated with AIN.
Anal administration of XTC consists of injecting XTC dissolved in water with
a blunt syringe into the anal canal/distal rectum. We did not ﬁnd any data on
mucosal eﬀects of XTC. However, XTC is known to have immune-inhibitory
rather than immune stimulating eﬀects [29]. Given the low absolute number
of patients reporting anal XTC (n=12), we suspect that the ‘protective’ eﬀect of
anal XTC use is most likely a coincident ﬁnding. One previous study looked into
anal drug use in general, but did not ﬁnd an association [18].
Although there was a suggestion of increased risk of AIN with a history of
(non anal) XTC and amphetamine use, the only recreational drug that showed
a signiﬁcant association with AIN was GHB. GHB is known to have strong
disinhibiting behavioural and sexual arousal eﬀects [30]. This might result in
more risky sexual behaviour. However, we did not see any inﬂuence of GHB use
on the number of RAI partners. Therefore, if there is a connection with increased
risk behaviour, this might be explained by more unprotected sex and resulting
increased exposure to HPV. However, this is speculative since we did not collect
data on condom use.
Participants who reported more than 50 anal enemas in their life showed a (nonsigniﬁcant) higher risk for HGAIN. One previous study analysed enema use as a
potential risk factor, but did not ﬁnd an association with AIN [18]. Other studies
showed that enema use is signiﬁcantly associated with lymphogranuloma
venereum proctitis, hepatitis B and hepatitis C infection [31-33]. Usually, the
enemas contain water, and no irritant substances [31], suggesting that the
irrigation procedure itself increases the risk of pathogen transmission, possibly
through disruption of the mucosal barrier. Also, sharing of enema equipment
with others might play a role. In the case of AIN, enema use might possibly
facilitate the transmission of HPV.

62

Risk factors for AIN

Other characteristics, previous STIs, anal pathology, number of RAI partners, anal
ﬁsting, anal complaints and smoking were not associated with (HG)AIN. Various
other studies investigated one or more of these, but none has been consistently
identiﬁed as an important risk factor. Older age has been associated with an
increased risk of AIN [20], but also the opposite has been found [17]. Although
the increase in anal cancer is often attributed to an increased lifespan with HIV,
duration since HIV diagnosis is not automatically associated with AIN [20]. Some
studies showed a history of anogenital warts as a risk factor, but no other STI
seems to be related to AIN [11,18]. Also data on number of sex partners are not
conclusive [17,34]. To our knowledge one previous study collected data on anal
ﬁsting but, like in this study, did not ﬁnd an association with AIN [18].
Strong points of our study are the use of HRA with biopsies as primary screening
tool, the large number of unselected patients and the wide range of data
collected.
Our study has also limitations. Although the physician who performed all
HRA’s was suﬃciently trained, lesions might have been missed. In that case,
the prevalence found in our study is an underestimation. However, the AIN
prevalence found is in line with previous data3. Further, we did not collect data
on condom use. Condom use reduces the risk for anal HPV infection[36], but to
our knowledge there are no data on a negative (or positive) correlation between
condom use and the presence of AIN. Unsafe sex could also be a confounding
factor for both GHB use and anal enemas. Finally, we did not analyse anal
HPV. Our goal was to select a target population among HIV+ MSM based on
readily available data and questionnaires, without any diagnostic procedure.
It is possible that the detection of oncogenic HPV types, the number of HPV
types or speciﬁc HPV types may contribute to identify those at risk for (HG)AIN.
Two recent studies showed that subtyping and load determination of HPV in
anal swabs can be useful in predicting (progression to) HGAIN [20,35]. Yet, the
vast majority of HIV+ MSM carries multiple oncogenic HPV types [5,7] and HPV
analysis is expensive and not generally available. Given the high prevalence of
HGAIN, the contribution of HPV analysis needs further investigation, including
an evaluation of its cost eﬀectiveness. If only a limited proportion of HIV+
MSM can be excluded from HRA by performing HPV analyses, it might be costeﬀective to skip this intermediate step and examine all HIV+ MSM by HRA.

63

4

Chapter 4

In conclusion, we think that none of the risk factors we found will be useful to
target future AIN screening programs in HIV+ MSM. The odds ratios we found
were too small to reliably identify those with a low risk of AIN. Given the very
high prevalence of HGAIN, screening seems warranted for all HIV+ MSM.
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Abstract
Background High resolution anoscopy (HRA) is increasingly advocated to
screen HIV+ men who have sex with men (MSM) for anal cancer and its precursor
lesions, anal intraepithelial neoplasia (AIN). A systematic comparison between
clinical features and the histopathology of suspect lesions is lacking.
Objective To analyse interobserver agreement in classifying features of
intra-anal lesions suspect for AIN and to compare these features with their
histopathological outcome.
Design Cross sectional survey regarding high resolution anoscopy (HRA) with
images and biopsies of suspect lesions. Two HRA-experienced dermatologists,
blinded for histopathological outcome, independently classiﬁed the lesions on
clinical features.
Setting Dermatology outpatient clinic of the Academic Medical Center in
Amsterdam, The Netherlands
Patients 163 HIV+ men who have sex with men (MSM), older than 18 years, with
no history of anal cancer
Main outcome measures Kappa coeﬃcient for interobserver agreement and
proportions of AIN per clinical feature.
Results In 163 patients 304 biopsies were taken. 168 biopsies (55%) showed
AIN and 67/304 (22%) high grade (HG)AIN. The kappa-coeﬃcient was 0.65 for
condylomatous lesions, 0.14 for surface conﬁguration, 0.54 for punctation, 0.08
for mosaicism, 0.43 for atypical vessels. Condylomatous lesions showed HGAIN
in 18% (95%CI 11-27%). In lesions with ﬂat
leukoplakia, punctation and atypical vessels, HGAIN was seen in 25%, 30% and
23% respectively. In lesions with the combination punctation/atypical vessels
and punctation/ﬂat leukoplakia/atypical vessels HGAIN was found in 38% and
40% respectively.
Limitations We did not take biopsies of healthy looking mucosa. Further,
real time description of features during HRA, instead of using images, would
improve the recognition of subtle mucosal abnormalities.
Conclusions A moderate to substantial interobserver agreement was
demonstrated in recognising condylomas, punctation and atypical vessels.
Further, HGAIN is present in a high proportion of intra-anal condylomata. A
combination of punctation, ﬂat leukoplakia and atypical vessels is the best
predictor for HGAIN.
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Introduction
Anal cancer is an increasing problem among patients with HIV, especially
among HIV positive men who have sex with men (MSM) with incidence rates
of 65-109 per 100,000 person-years.1 This is much higher than the incidence of
cervical cancer in HIV-negative women before standard cytological screening
was introduced, and therefore routine screening for anal premalignant lesions is
subject of discussion.2 Like cervical cancer, anal cancer is preceded by a precursor,
called anal intraepithelial neoplasia (AIN). This is graded as AIN 1 (mild), AIN 2
(moderate) and AIN 3 (severe).3-5 AIN 1 is increasingly being referred to as low
grade AIN (LGAIN) and AIN 2/3 as high grade AIN (HGAIN). The majority of HIV+
MSM has AIN and HGAIN is seen in 25-52%.6-8 For HGAIN progression rates to anal
cancer have been reported to be 14 and 16% in HIV+ MSM, with median followups of 2 and 5 years.9;10 The gold standard for AIN detection is high resolution
anoscopy (HRA) in combination with biopsies and histopathological analysis of
suspect lesions.11 Given the high prevalence of HGAIN and low speciﬁcity of anal
cytology8, HRA in combination with histopathological examination of lesional
biopsies is likely to be the preferable ﬁrst line (HG)AIN screening method in
HIV+ MSM. Currently only a limited number of physicians are experienced in
HRA, and training programs should be implemented to facilitate future AIN
screening. However, HRA is a complicated procedure and no guidelines exist to
identify lesions suspect for AIN. To our knowledge, only one clinically relevant
paper on systemic comparison of clinical features with pathological outcome
has been published.12
More information on challenges and pitfalls in HRA are needed for the
development of screening algorithms and guidelines. Until now, HRA evaluation
of anal mucosa is based on guidelines for the colposcopic detection of cervical
intraepithelial neoplasia (CIN). Yet experience from CIN screening cervical
colposcopy is of limited use for HRA. For example, in the evaluation of CIN
lesions, an overview image of the complete cervix can be obtained, allowing
the evaluation of suspected lesions in one picture. In contrast, in the evaluation
of AIN lesions an overview of the complete transformation zone in the anal
canal cannot be obtained due to the folded nature of the anal mucosa. As a
consequence, the anal transformation zone has to be evaluated in consecutive
images to get a full picture of possible AIN involvement.
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In this study of HRA in HIV+ MSM, we analysed interobserver agreement in
classifying features of intra-anal lesions suspect for AIN and compared the
features of lesions suspect for AIN with their histopathological outcome.

Methods
The study was performed at the HIV and dermatology outpatient clinics of the
Academic Medical Center in Amsterdam, the Netherlands. HIV+ MSM older than
18 years were eligible if they did not have a history of anal cancer or current
active inﬂammatory bowel disease. Patients who fulﬁlled the criteria were asked
by their HIV physician to participate in our HRA cohort. They were not speciﬁcally
referred for anal complains or previous anal pathology. Eligible for the present
sub-study were participants in whom biopsies were taken from suspect lesions
and good-quality images were available. All patients provided written informed
consent and the study was approved by the local ethics committee.
A single HRA-experienced physician (OR) performed HRA as described
previously, with magniﬁcation up to 17,7x.13;14 After application of acetic acid
3%, suspect intra-anal lesions (if present) were photographed and biopsied for
histopathological analysis. A single pathologist (CVN) evaluated all biopsies,
using Ki-67 and p16 immunostaining.15 The physician who performed HRA was
not participating in the analysis of interobserver agreement, because of his
knowledge of the participants and pathological outcomes. He blinded all images
and marked the locations where biopsies were taken. Images that were out of
focus were left out of the analysis. Two dermatologists experienced in HRA (HDV,
AK), from two diﬀerent centres, judged the images on macroscopic appearance
of the suspect lesions without knowledge of the pathological outcome. Lesions
were classiﬁed as being condylomatous or ﬂat (non-condylomatous). This was
followed by a sub-classiﬁcation of ﬂat lesions, distinguishing abnormal surface
conﬁguration (acetowhitening, ﬂat leukoplakia, hyperkeratotic leukoplakia),
punctation, mosaicism and atypical vessels as previously described for cervical
suspect lesions.16
In a ﬁrst round, classiﬁcation was performed by the two dermatologists
independently from each other. These data were used in the interobserver
agreement analysis. In a second classiﬁcation round (consensus meeting), the
two dermatologists jointly characterised the lesions they disagreed on in the
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ﬁrst round. After this second round, all lesions they agreed upon were linked
to their pathological outcome. If no agreement was reached, lesions were
excluded from further analyses.
For each characteristic interobserver agreement was analysed by
Cohen’s kappa coeﬃcient, with standard error.17 For all lesional
characteristics on which agreement was reached, the positive
predictive value (PPV) for LGAIN and HGAIN was calculated, with 95%
conﬁdence intervals. This was repeated for clusters of characteristics.
Statistical analyses were performed using SPSS software (version 16.0.2 for
Windows; SPSS Inc., Chicago, IL, U.S.A.).

Results

5

Between March 2008 and December 2010, 650 HIV+ MSM were screened for
eligibility, of which 191 were not interested, 14 fulﬁlled the exclusion criteria
and 57 had signiﬁcant comorbidity according to their treating physician. The
remaining 388/650 (60%) HIV+ MSM were screened for AIN. Patients in whom
no biopsies were taken (n=19) were left out, as well as patients in whom no HRAguided images were taken (n=180) because no visual recording equipment
was yet available, or images were of insuﬃcient quality (n=26). The remaining
163/388 (42%) patients were included in the present analysis (Figure 1).
Figure 1. Inclusion ﬂowchart. HRA=High Resolution Anoscopy
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AIN was found in 116/163 patients (71%), HGAIN in 62/163 (38%). Baseline
characteristics of the patients can be found in Table 1. In total 304 biopsies
were taken. One-hundred and sixty eight (55%) showed AIN, and HGAIN was
seen in 67/304 (22%). 301 pictures of the 304 lesions were analysed. The study
ﬂowchart is presented in Figure 2.
Table 1 Characteristics of participants. Data are medians (interquartile range) or proportions. cART=
combined antiretroviral therapy; aas measured around the time of HRA
Characteristic

Value

Number of patients

163

Age (years)

46 (41-52)

Duration since HIV diagnosis (years)

8 (3-14)

Percentage on cART

140/163 (86%)

CD4, in cells/μla
Detectable plasma HIV-RNA load

550 (430-710)
a

34/163 (21%)

Plasma HIV-RNA load, in copies/mla

4702 (243-28615)

AIN

116/163 (71%)

HGAIN

62/163 (38%)

Figure 2. Study ﬂowchart

In the ﬁrst, independent classiﬁcation round, the two dermatologists agreed
in 85% (259 of 304) of cases in classifying a lesion as condylomatous or ﬂat.
After correction for expected agreement this leads to a kappa coeﬃcient of
0.65. In non-condylomatous (ﬂat) lesions, surface conﬁguration, punctation,
mosaicism and atypical vessels showed kappa coeﬃcients of 0.14, 0.54, 0.08
and 0.43 respectively. The observed agreement for both surface conﬁguration
and mosaicism was 72% and 92% respectively, but the expected agreement
was almost similar, leading to the poor kappa coeﬃcient (Table 2).
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Table 2 Kappa-coeﬃcient between the two dermatologists per characteristic. SE=Standard Error;
Surface conﬁguration = acetowhitening, ﬂat leukoplakia, hyperkeratotic leukoplakia.
Characteristic
Condyloma yes/no (n=304)

Observed
agreement

Kappa

SE

85%

0.65

0.05

72%

0.14

0.07

Agreed non-condyloma (n=190):
Surface conﬁguration
Punctation

83%

0.54

0.05

Mosaicism

92%

0.08

0.10

Atypical Vessels

83%

0.43

0.08

In the second, joint round of classiﬁcation the two dermatologists agreed upon
all lesions but two (both healthy mucosa on histopathologial analysis), which
were excluded from the following analyses. Of the 302 lesions, 90 (30%) were
classiﬁed as condylomatous. Of those, 13 (14%) did not show AIN, 61 (68%)
showed LGAIN and HGAIN was seen in 16 (18%). Reversely, 24% of all HGAIN
lesions were condylomatous.
Two hundred and twelve lesions of 302 (70%) were classiﬁed as ﬂat. Of those,
acetowhitening was seen in 28 (13%), ﬂat leukoplakia in 161 (76%), hyperkeratotic
leukoplakia in 20 (9%), punctation in 151 (71%), mosaicism in 9 (4%) and atypical
vessels in 44 (21%). Histopathological analysis showed HGAIN in 51/212 of all
ﬂat lesions (PPV: 24%). None of the lesions with mosaicism showed HGAIN,
whereas lesions with punctation showed a PPV of 30% for HGAIN, lesions with
ﬂat leukoplakia a PPV of 25% for HGAIN and atypical vessels a PPV of 23% for
HGAIN. Reversely, 70% of all HGAIN lesions showed punctation and 61% ﬂat
leukoplakia. Among ﬂat (non-condylomatous) HGAIN lesions only, this was even
92% and 80% respectively. When combining characteristics, the combination
of punctation, ﬂat leukoplakia and atypical vessels showed the highest PPV for
HGAIN (40%) (Table 3). Examples of clinical features with pathological diagnosis
are presented in ﬁgure 3.
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Table 3 Positive predictive value (PPV) for LGAIN (low grade AIN) and HGAIN (high grade AIN) per clinical
feature.
Clinical Features

Condylomatous lesions

Total N

PPV for LGAIN
per feature
(95%CI)

PPV for HGAIN
per feature
(95%CI)
18% (11-27)

90

68% (57-77)

212

19% (14-25)

24% (18-30)

Acetowhitening

28

21% (10-40)

21% (10-40)

Flat Leukoplakia

161

17% (12-24)

25% (19-32)

20

25% (11-47)

15% (4-37)
30% (24-38)

Flat lesions

Hyperkeratonic Leukoplakia
Punctation

151

19% (13-26)

Mosaicism

9

56% (27-81)

0% (0-27)

44

18% (9-32)

23% (13-37)

Atypical vessels
Punctation and ﬂat leukoplakia

119

18% (12-26)

32% (24-41)

Punctation and atypical vessels

21

24% (10-45)

38% (21-59)

Punctation, ﬂat leukoplakia and atypical vessels

15

13% (2-39)

40% (20-64)

Discussion
In this study, we analysed the inter-observer agreement in classifying features
of intra-anal lesions suspect for AIN, and compared these features with their
histopathological outcome.
To our knowledge, no previous studies exist for HRA evaluating the interobserver agreement in classifying lesions. Here, we found a substantial interobserver agreement on condylomatous lesions, with a kappa coeﬃcient of
0.65. In ﬂat lesions, the kappa varied between poor to moderate agreement
(kappa from 0.08-0.54), with moderate consensus being reached for punctation
and atypical vessels. This is better than the poor agreement seen in classifying
cervical lesions suspect for CIN.18;19
After the independent classiﬁcation, consensus between the 2 observers was
reached on all lesions but 2. In the 90 condylomatous lesions found in this study,
18% showed HGAIN, which is considerable for an assumed benign abnormality.
Two previous studies retrospectively looked at surgically removed anal
condylomata in HIV+ MSM and found HGAIN in 47% and 52% respectively.20;21
However, these studies only involved surgically removed condylomata
classiﬁed as ‘large, multiple’ and ‘severe condylomatous disease’. In our study,
all condylomatous lesions were intra-anal and smaller than 1 cm.
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Figure 3. High resolution anoscopy-guided images of suspect lesions with clinical features and
pathological outcome
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A third study showed HGAIN in 22% of recurrent condylomata in HIV+ patients.22
We found one study comparable to ours, which showed a HGAIN rate of 22%
(8/37) in discrete warts and 30% (7/23) in extensive warts, in asymptomatic HIV+
and HIV- men.23 Our study conﬁrms this considerable degree of HGAIN in discrete,
asymptomatic condylomata in a large cohort HIV+ MSM. The implication of these
observations is that condylomata in this group should always be biopsied and
examined by histopathology. It seems justiﬁed to always treat asymptomatic
condylomata in HIV+ individuals, not to miss HGAIN. Presently, both the 2010
CDC guideline on anogenital warts and the 2012 IUSTI European guideline on
anogenital warts do not recommend this.24;25
In ﬂat (non-condylomatous) lesions, punctation as a single characteristic was the
best predictor for HGAIN, with a percentage of 30 %, followed by ﬂat leukoplakia
(25%) and atypical vessels (23%) as single characteristics. A combination of
punctation, ﬂat leukoplakia and atypical vessels had the highest PPV of HGAIN
(40%), followed by punctation and atypical vessels (38%). Alternatively, the vast
majority of HGAIN lesions had punctation.
A recent study in HIV+ patients showed that HGAIN was associated with dense
acetowhitening and ﬂat, smooth, non-papillary lesions. However, HGAIN was
only seen in 18 of 128 participants and the ratio of men and women was not
speciﬁed.26 In a much larger study from 1997, macroscopic features of 385
biopsies of 152 MSM (vast majority HIV+) were compared with pathological
outcome.12 It showed HGAIN in 43% of lesions with punctation. A combination
of ﬂat acetowhitening and ﬁne punctation showed HGAIN in 50% and in case of
ﬂat acetowhitening and coarse punctation 49% contained HGAIN. In the same
study, 8% of lesions with punctation represented normal mucosa, while in our
study 51% was non-dysplastic. We took more biopsies of ﬁne, regular punctation,
which, like on the cervix, can be a feature of normal metaplastic epithelium of
the transformation zone. In our experience, patterns of punctation are diﬃcult
to recognise and sub-characterising could lead to lower reproducibility.
Another diﬀerence with our study is the frequency of mosaicism. We only found
mosaicism in 3%, none of which represented HGAIN. In contrast, Jay et al found
mosaicism in 20%, 47% of which was HGAIN. We think that this diﬀerence, as
well as the diﬀerence in non-dysplastic punctation mentioned above, might be
explained by the fact that in our study features were described using images of
abnormalities, while in Jay’s study features were described during HRA. In this
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case the lesion can be looked at in real time, which obviously leads to better
recognition of subtle vascular abnormalities.12
Strong points of our study are the high number of patients, a single, well trained
pathologist evaluating all biopsies and the fact that two HRA experienced
dermatologists independently characterised all lesions. A limitation of our
study is that we did not take biopsies of healthy looking mucosa. In addition, we
did not evaluatie the use of Lugol-staining of the mucosa, which is an alternative
for acetic acid. Further, describing features in real time during high resolution
anoscopy, instead of using images, would improve the recognition of subtle
mucosal abnormalities.
In conclusion, our study shows that moderate to substantial inter-observer
agreement between two HRA-experienced physicians can be reached.
Secondly, our study underscores the need of histopathological evaluation of
anal condylomatous lesions in HIV+ men and shows that ﬂat lesions, punctation
and ﬂat leukoplakia are important signs for HGAIN. These ﬁndings may be
helpful in establishing evidence-based HRA screening guidelines.
To improve knowledge on clinical features of AIN, we think that future studies
should focus on real time description of lesions with more than two independent
observers. Furthermore, besides suspect lesions, also biopsies of normal looking
mucosa should be taken for the development of a solid predictive model for AIN.
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Anal cancer is an increasing problem in HIV+ men who have sex with men (MSM),
with incidence rates exceeding those of cervical cancer before the introduction
of cervical screening programs.1, 2 Both cervical and anal cancer are preceded by
a precursor lesion, respectively cervical and anal intraepithelial neoplasia (AIN).
AIN is categorized in low grade (AIN 1; LGAIN) and high grade (AIN 2-3; HGAIN).3
AIN is highly prevalent in HIV+ MSM and AIN-screening is subject of discussion.1
Unfortunately, screening with anal cytology underestimates the presence of
HGAIN.4 Therefore, screening with high resolution anoscopy (HRA) seems the
preferred screening method. HRA combines proctoscopy with camera-assisted
magniﬁcation and is in many respects comparable to cervical colposcopy, as
described previously.5, 6
Currently, the lack of experienced HR-anoscopists is a major obstacle for the
expansion of AIN screening programs. The quality of HRA depends on the
experience of the anoscopist in recognizing abnormal mucosa and adequately
targeting biopsies. Since the early nineties, HRA is practiced at the University of
California, San Francisco (UCSF). This group reports that HRA anoscopists need
extensive training and that they have a long learning curve.6 However, to date
no studies have been conducted to quantify this learning curve. In this report
we analyzed the HRA learning curve of the ﬁrst author.
Between Aug 12, 2008, and Dec 1, 2010, one physician (OR) screened 388 HIVpositive MSM for AIN, of which 383 were included in the current study (5 HRA’s
were of insuﬃcient quality). Prior to inclusion, OR was trained 4 afternoons
by an experienced HRA anoscopist (A. Kreuter, St. Joseph Hospital, Bochum,
Germany). Patients were invited at the HIV outpatient clinic to participate and
all participants were screened by HRA, with biopsies of suspect lesions. Patients
with AIN were treated in a study setting, as reported elsewhere.7 Patients
without AIN were invited for a second screening after one year. To evaluate the
learning curve, we analysed prevalence trends in time. Therefore, we divided
the 383 participants into six time-subsequent groups of 64 participants, and
analysed AIN and HGAIN prevalence for each group at ﬁrst screening. Next, for
the patients without AIN at the ﬁrst screening, we did the same for each group
at the second screening.
At baseline (ﬁrst screening), 208/383 (54%) had biopsy proven AIN, of which 94
(25%) had LGAIN and 114 (30%) HGAIN. Both the AIN and HGAIN prevalence
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increased over time, from 42% and 31% respectively in the ﬁrst group to 67%
and 41% in the last group (ﬁgure).
The 175 patients that did not have AIN at baseline were invited for the second
screening after one year. 33 patients were lost to follow up (19 patients could
not be reached, 1 patient had died [not study related], 13 refused a second HRA),
leading to 142 evaluable patients for the second screening. 37/142 (26%) had
AIN, of which 24 (17%) LGAIN and 13 (9%) HGAIN, with a gradual decrease in AIN
and HGAIN prevalence over time, from 44% and 9% to 7% and 0% respectively
(ﬁgure). The increasing/decreasing trends over time appear to level oﬀ after the
third patient group i.e. after approx. 200 patients.
So, for both AIN and HGAIN prevalence an obvious increasing trend over time
is seen at the baseline screening and, although a peak is seen in the ﬁfth group,
a decreasing trend at the second screening.
We do not think that the increasing AIN prevalence at baseline is caused by a
changing study population. All patients were HIV+ MSM, selected in the same
way over the whole study period. We think that the increasing prevalence is
caused by the HRA-learning curve of OR. This is also reﬂected by the decreasing
AIN prevalence at the second screening of patients who were “AIN-negative” at
baseline. Probably, a part of these AIN-cases were missed at the ﬁrst screening.
In addition, the prevalence numbers at baseline in the last group (67% AIN, 41%
HGAIN) are among the highest prevalence numbers ever reported in HIV+ MSM.1
We therefore think that over time we reached a high quality of performance of
HRA. Although our analysis only involves one anoscopist, our data support and
now quantify the previously reported experience that HRA practitioners show
a long learning curve.6
HRA is a complicated procedure, which should not be underestimated. It
requires extensive training and experience. Given the lack of other qualitative
screening methods, training programs need to be expanded to facilitate further
introduction of AIN-screening programs.
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Figure: (HG)AIN prevalence with increasing experience
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(HG)AIN prevalence of six time-subsequent groups of patients screened by HRA by one single anoscopist. Patients without AIN were invited for a second HRA-screening after one year. (HG)AIN = (high
grade) anal intraepithelial neoplasia; HRA = high resolution anoscopy.
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Abstract
Background Anal intraepithelial neoplasia (AIN), a human papillomavirus
(HPV)-induced potential precursor lesion of anal cancer, is frequent among
human immunodeﬁciency virus (HIV)-positive men who have sex with men
(MSM). So far, only a few prospective studies have been performed on the
topical treatment of AIN, especially at the intra-anal location. Objectives To
evaluate the eﬃcacy and safety of self-administered topical 5-ﬂuorouracil (5FU) treatment of AIN in HIV-positive MSM.
Methods High-resolution anoscopy (HRA) was performed and patients with
AIN (grade 1–3) were treated with 5-FU twice weekly for a total of 16 weeks.
HRA-guided lesional biopsies were repeated after 5-FU treatment for
histopathological evaluation. Lesional swabs were obtained before and after
treatment for HPV typing and HPV-DNA load determination of the high-risk
types HPV16, 18, 31 and 33. Responding patients returned 6 months after
treatment for follow-up.
Results A total of 46 patients with AIN were included in this open prospective
pilot study; 76% had multifocal disease and 74% had high-grade lesions (AIN
2 or 3). In an intention-to-treat analysis, 26 of 46 patients (57%) responded to
5-FU treatment. Eighteen patients (39%) had a complete clearance of AIN and
eight patients (17%) had a partial response. Seventeen patients (37%) did not
respond (unchanged grade of AIN in 16 patients and progression from low- to
high-grade AIN in one patient). 5-FU treatment led to a signiﬁcant decrease of
HPV16-DNA load and cumulative high-risk HPV-DNA load in both responding
and nonresponding patients. Thirty-nine patients (85%) experienced sideeﬀects during therapy, but only two discontinued 5-FU treatment. One patient
was lost to follow-up. Six months later, 50% of the complete responders had a
recurrence.
Conclusions A substantial proportion of HIV-positive MSM with AIN completely
cleared their lesions with topical 5-FU treatment. In those with partial response,
pretreatment with topical 5-FU might facilitate subsequent ablative therapy.
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Background
Since the introduction of highly active antiretroviral therapy (HAART), human
immunodeﬁciency virus (HIV)-related morbidity and mortality have considerably
decreased.1 However, as a result of the signiﬁcantly prolonged life span of HIVpositive patients in the HAART era, new causes of morbidity and mortality
have become evident. Several malignancies, in particular anal carcinoma, are
observed in excess among HIV-positive patients. Between the early 1990s and
2001–2004, the incidence of anal cancer in HIV-positive individuals has risen
from 11–19 per 100 000 in the pre-HAART era to 40–78 per 100 000 person-years
in the post-HAART era.2,3 Particularly in HIV-positive men, annual anal cancer
incidences have increased dramatically, from 11–49 to 128–144 per 100 000, and
the relative risk of anal carcinoma development in HIV-positive men on HAART
has been reported to be 352 times higher compared with HIV-negative men.4,5
Like cervical cancer, anal cancer is causally linked to infections with high-risk
α-human papillomaviruses (HPV), and is preceded by cancer precursor lesions
called anal intraepithelial neoplasia (AIN).6–8 Increasing evidence indicates
that high-grade anal dysplasia might progress to invasive anal carcinoma over
time.7,9,10 Considering the biological similarities of cervical cancer and anal cancer,
anal cytology in at-risk populations has been recommended by several research
groups according to the principles of cervical screening. However, the most
appropriate way to diagnose AIN is high-resolution anoscopy (HRA) followed by
lesional biopsy for histopathological evaluation in the case of abnormal ﬁndings.6
Anal HPV infection and AIN are highly prevalent in HIV-positive men who have
sex with men (MSM). Over 90% of HIV-positive MSM have anal HPV infection,
and in 88% of patients, high-risk HPV is present. AIN of any grade has been
reported to be present in 68–81% of HIV-positive MSM, and high-grade disease
(AIN 2 or 3) in 25–52%.7,8,11
As in cervical intraepithelial neoplasia (CIN), early diagnosis and treatment of AIN
have been advocated to prevent malignancy.12 Several treatment options exist
for AIN, but there is a lack of controlled studies and treatment guidelines have
so far not been implemented. The mainstay of AIN management is ablative or
surgical treatment.13,14 Intra-anal dysplasia, especially in patients with extensive
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circumferential disease, is a therapeutic challenge because of possible severe
post-treatment side-eﬀects such as anal stenosis, incontinence, scarring or
disﬁguration.14 Thus, there is a need for additional strategies in AIN management.
A promising alternative option for AIN treatment might be topical application
of 5-ﬂuorouracil (5-FU). Topical 5-FU treatment is licensed for the treatment of
actinic keratosis, Bowen disease and superﬁcial basal cell carcinoma. 5-FU is a
pyrimidine analogue, which inhibits DNA synthesis through inhibition of the
enzyme thymidylate synthase in neoplastic tissue.
In previous smaller pilot studies, topical 5-FU has been demonstrated to be
eﬀective in several anogenital premalignant intraepithelial lesions such as CIN,
vaginal intraepithelial neoplasia (VAIN) and penile intraepithelial neoplasia
(PIN).15–17 Considering the biological similarities between these entities and
AIN, we hypothesized that topical 5-FU might be beneﬁcial in anal dysplasia
as well. The present open prospective pilot study was initiated to evaluate the
eﬃcacy and safety of topical 5-FU treatment in HIV-positive MSM with intra-anal
dysplasia. Moreover, we assessed the eﬀects of 5-FU treatment on the number
of HPV types and HPV-DNA load in these patients.

Material and Methods
Patient population and baseline examination with high-resolution anoscopy

Between October 2007 and December 2008, a total of 135 HIV-positive MSM
were screened for AIN at two medical centres (Amsterdam and Bochum) by
using HRA, as previously described.7 In brief, a disposable plastic anoscope
was inserted into the anal canal after the application of 5% acetic acid.
HRA was performed using a conventional colposcope (Kolposkop 150 FC;
Zeiss, Oberkochen, Germany). In the case of abnormal clinical ﬁndings (e.g.
punctuation, mosaicism, leucoplakic lesions or neovascularization) suspicious
for anal dysplasia, lesional biopsies were taken for histopathological evaluation
using an endoscopic forceps (Hildyard postnasal forceps 3·5 mm; GYRUS ENT
LCC, Bartlett, TN, U.S.A.). Patients with clinical signs of proctitis were screened
for anal gonorrhoea and anal chlamydia infection and if present, were treated
before 5-FU therapy was initiated.
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Topical 5-ﬂuorouracil treatment

In the case of histologically conﬁrmed intra-anal dysplasia (AIN grade
1–3), topical 5-FU treatment (Efudix® cream; MEDA Pharma, Bad Homburg,
Germany) was initiated for a total of 16 weeks. One gram of 5-FU cream was
self-applied intra-anally by the patient twice weekly at night with a standard
anal applicator for cream. During 5-FU treatment, clinical control visits with
HRA were performed every 4–8 weeks depending on the side-eﬀects of 5-FU
treatment and if necessary, the frequency of 5-FU application was adjusted. In
the case of strong side-eﬀects related to 5-FU application (anal pain, strong urge
to defecate), treatment was allowed to be interrupted for a week. In the case
of mild side-eﬀects (mild local irritation or minor urge to defecate), frequency
of 5-FU application was allowed to be reduced to once weekly. Patients that
inquired about the possibility of having sexual intercourse during the study
were recommended to refrain from insertive anal intercourse during the 16week 5-FU treatment period.
The eﬃcacy of 5-FU treatment was assessed 4 weeks after the end of treatment.
HRA was performed, and biopsies were taken from the same location as the
previously diagnosed lesions. Complete response was deﬁned as clinical and
histological resolution of AIN and partial response was deﬁned as regression
from high-grade anal dysplasia (AIN 2 or 3) to low-grade AIN (AIN 1). Persisting
high-grade or low-grade AIN was considered stable disease, and increase
from low-grade to high-grade AIN was considered progressive disease.
Nonresponding patients, i.e. those with stable disease or progressive disease,
at the end of 16 weeks of 5-FU treatment were treated with a conventional
ablative approach (electrocautery of residual AIN lesions).
In the case of complete or partial response, patients returned to the respective
centre 6 months after the end of treatment for a ﬁnal follow-up visit. At this
visit, HRA was performed again with biopsies in the case of abnormal clinical
ﬁndings. Residual AIN lesions were then treated with electrocautery. All patients
provided written informed consent at study entry, and the study was approved
by the local ethics committee and conducted according to Declaration of
Helsinki principles.
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Human papillomavirus analysis

Lesional swabs for quantitative and qualitative HPV analysis were taken before
and after 16 weeks of 5-FU treatment. HPV typing was performed by polymerase
chain reaction (PCR) and hybridization of PCR products with type-speciﬁc
probes as previously described.18 HPV16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56,
58, 59, 66, 68, 73 and 82 were considered high-risk α-HPV-types. HPV6, 11, 34,
40, 42, 43, 44, 54, 55, 57, 61, 70, 71, 72, 81, 83, 84 and 89 were considered lowrisk α-HPV-types.19 Real-time PCR was performed for determination of HPV-DNA
loads of high-risk HPV types 16, 18, 31 and 33. HPV-DNA load was expressed as
HPV-DNA copies per β-globin gene copy. If more than one quantiﬁed HPV-type
was present, cumulative HPV-DNA loads were calculated.18
Statistical Analysis

Statistical analyses were performed using SPSS software (version 16.0.2 for
Windows; SPSS Inc., Chicago, IL, U.S.A.). Non-normally distributed data were
expressed as medians including the range. The χ2 test was used to compare
response rates between patients with multifocal and monofocal disease. HPV
data were analysed using the Wilcoxon test for paired samples. Corrected values
of P < 0·05 were considered signiﬁcant.

Results
Clinical response to topical 5-ﬂuorouracil treatment

Forty-six patients with histologically conﬁrmed intra-anal dysplasia were included
in this study. The patients’ median age was 46 years (range, 32–72 years) and their
median CD4+ cell count was 526 cells μL−1 (range, 33–1160 cells μL−1); 38 (83%)
patients had a plasma HIV-RNA below 40 copies mL−1 and 41 (89%) patients were
on HAART. All patients’ baseline characteristics are detailed in Table 1.
Thirty-ﬁve (76%) had multifocal disease (AIN lesions were present in two or more
quadrants of the anal circumference) and 11 patients (24%) had monofocal
disease (a single lesion was present in one quadrant of the anal circumference).
All lesions were located at the transformation zone (close to the linea dentata).
Twelve patients had AIN 1, 17 patients had AIN 2 and 17 patients AIN 3.
Accordingly, 74% of all included patients had high-grade disease.
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Table 1. Patients’ baseline characteristics
Description

Data

No. of patients

46

Age (years)

46 (32–72)a

Years since ﬁrst diagnosis of HIV

9 (0–25)

No. of patients on HAART

41

–1

526 (33–1160)a

CD4+ cell count (cells +L )
–1

No. of patients with plasma HIV-RNA < 40 copies mL
Median (range)

38

a

In an intention-to-treat analysis, 26 of 46 patients (57%) had a complete or
partial response. Eighteen patients (39%) had a complete response, and eight
patients (17%) had a partial response. Six of 12 (50%) patients with AIN 1, 11 of
17 (65%) patients with AIN 2, and nine of 17 (53%) patients with AIN 3 showed
a complete or partial response (Table 2). There were no diﬀerences between
patients with multifocal and monofocal disease in the overall (complete and
partial) and complete response rates (P = 0·88 and P = 0·82), respectively. Overall,
17 patients (37%) did not respond. Of these nonresponding patients, 16 (35%)
had a stable grade of AIN and one progressed from low- to high-grade AIN
during 5-FU treatment. There was no progression to invasive anal carcinoma
under 5-FU treatment. Three patients dropped out before the early evaluation,
two of whom discontinued treatment because of side-eﬀects. The third patient
did ﬁnish the treatment but refused evaluation (Table 2).
Table 2. Response rates after 16 weeks of 5-ﬂuorouracil treatment in all patients and by baseline grade
of AIN

All patients (n = 46)
AIN 1 (n = 12)
AIN 2 (n = 17)
AIN 3 (n = 17)

CR
18 (39%, CI
25–53%)
6 (50%, CI
21–79%)
6 (35%, CI
12–58%)
6 (35%, CI
12–58%)

PR
8 (17%, CI
6–28%)
–
5 (29%, CI
7–51%)
3 (18%, CI
0–37%)

SD
16 (35%, CI
21–49%)
3 (25%, CI
0–50%)
6 (35%, CI
12–58%)
7 (41%, CI
17–65 %)

PD
1 (2%, CI
0–6%)
1 (8%, CI
0–24%)
–

Drop-out
3 (7%)

–

1 (6%)

2 (17%)
–

AIN, anal intraepithelial neoplasia; CR, complete response; PR, partial response; SD, stable disease; PD,
progressive disease; CI, 95 % conﬁdence interval
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At the 6-month follow-up visit, two further patients were lost to follow-up. In the
remaining 24 completely or partially responding patients, HRA was repeated
6 months after treatment for ﬁnal follow-up examination. Eight of 16 (50%)
patients who completely responded had a recurrence of their AIN, of which
four had AIN 1, two had AIN 2, and two AIN 3. Of the eight patients who had
initially partially responded, at the 6-month follow-up visit three had completely
cleared their AIN lesions, three patients were stable (no changes in the grade of
AIN) and two patients had progressed from low- to high-grade AIN. All patients
with residual AIN at the last follow-up visit were treated with electrocautery.
Changes in the number of human papillomavirus (HPV) types and high-risk HPVDNA loads

In 44 of 46 (96%) patients, HPV-analysis was performed before 5-FU treatment.
Forty-three patients (98%) were HPV-DNA positive and 42 (95%) carried highrisk HPV types. Thirty-four (77%) patients had more than one high-risk HPV type.
The median number of high-risk HPV types was 2·0. Overall, 33 diﬀerent HPV
types were found (Fig. 1).

Fig 1. Human papillomavirus (HPV) types found in the study population. LR, low risk; HR, high risk

In 42 of 46 (91%) patients, anal swabs for HPV analysis were available before and
after 5-FU treatment. After 5-FU treatment, for the whole group a signiﬁcant
decrease was found in the total number of HPV types (P = 0·03), the number of
high-risk HPV types (P = 0·03), HPV16-DNA load (P = 0·004) and cumulative high-
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risk HPV-DNA load (evaluated for HPV16, 18, 31 and 33; P = 0·004). Completely
and partially responding patients had a signiﬁcant decrease in HPV16-DNA load
and cumulative high-risk HPV-DNA load. In these patients the total number of
HPV types and the number of high-risk HPV types was lower after 5-FU therapy,
but the decrease was not signiﬁcant. Nonresponding patients showed not only
a signiﬁcant decrease in HPV16-DNA load and cumulative high-risk HPV-DNA
load, but also a signiﬁcant decrease in the number of high-risk HPV types and
the total number of HPV types. In most patients with detectable HPV18, 31 and
33 before 5-FU therapy, a (nonsigniﬁcant) decrease in HPV-DNA load was seen
(Tables 3 and 4).
Table 3. HPV-DNA loads before and after 5-FU treatment

Before treatment

After treatment

Median

IQR

Median

IQR

P-valuea

HPV16 VL (n = 30)

4.35

0.10–17.18

0.08

0.00–1.67

0.00a

HPV18 VL (n = 10)

23.61

1.67–78.14

5.54

0.003–39.23

0.24

HPV31 VL (n = 5)

36.25

10.67–42.48

0.00

0.00–26.08

0.08

HPV33 VL (n = 4)

3.77

0.05–51.59

0.00

0.00–37.50

0.11

Cum. VL (n = 35)b

9.33

3.09–36.00

0.94

0.004–12.82

0.00a

HPV16 VL (n = 15)

0.44

0.07–9.75

0.10

0.00–1.46

0.00a

HPV18 VL (n = 4)

31.29

7.96–162.43

48.40

10.91–133.90

1.00

HPV31 VL (n = 3)

36.26

–

12.75

–

0.29

HPV33 VL (n = 3)

7.35

–

0.00

–

0.18

9.75

0.93–49.74

2.29

0.13–34.39

0.04a

HPV16 VL (n = 14)

7.68

2.33–22.28

0.01

0.01–1.71

0.04a

HPV18 VL (n = 5)

20.6

0.72–342.24

0.004

0.00–4.51

0.08

HPV31 VL (n = 2)

28.38

–

–

–

0.18

HPV33 VL (n = 1)

–

–

–

–

–

Cum. VL (n = 16)b

12.77

3.25–31.03

0.24

0.00–3.39

0.01a

All patients

7

Responding patients

b

Cum. VL (n = 17)

Nonresponding patients

HPV viral load is expressed as HPV-DNA copies per `-globin gene copy; VL, HPV-DNA viral load; –, not
done; IQR, interquartile range
a
Wilcoxon analysis for paired samples; bCumulative viral load of HPV types 16, 18, 31 and 33
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Table 4. Overall number (median) of human papillomavirus (HPV) types and number of high-risk (HR)
HPV types before and after 5-ﬂuorouracil treatment

All patients
Responding patients
Nonresponding patients

All HPV types (n = 42)
HR HPV types (n = 42)
All HPV types (n = 23)
HR HPV types (n = 23)
All HPV types (n = 16)
HR HPV types (n = 16)

Before tx
4
2
4
2
4
2.5

After tx
3
2
3
2
3
2

P-value
0.03a
0.03a
0.25
0.20
0.03a
0.02a

tx, treatment; HR = high-risk; aWilcoxon analysis for paired samples

Side-eﬀects

Thirty-nine patients (85%) experienced side-eﬀects during 5-FU treatment.
Seventeen patients (37%) had mild side-eﬀects, consisting of mild local
irritation or minor urge to defecate. Moderate to strong side-eﬀects were
seen in 22 patients (48%). They reported anal pain, a strong urge to defecate
and/or had clinical signs of proctitis (mucosal oedema, discharge, fragile or
bleeding mucosa) on HRA. Severe side-eﬀects (acute anal bleeding or anal/
rectal perforation) did not occur. Because of strong side-eﬀects, two patients
stopped 5-FU application after approximately 4 weeks of treatment; all other
patients completed the 16-week treatment period. Five patients interrupted
the treatment for a maximum of 3 weeks and/or reduced treatment frequency
to once a week.

Discussion
Anal dysplasia is present in a high proportion of HIV-positive MSM.
Accumulating evidence exists that high-grade AIN is the precursor of anal
carcinoma, and progression from anal dysplasia to invasive cancer in HIVpositive MSM might occur within a short period of time.7,9,10 Experts therefore
generally recommend treating high-grade lesions in order to prevent cancer
development.14 Treatment options for AIN can be divided into ablative (e.g.
electrocautery, laser therapy, surgical excision or infrared coagulation) and
topical (85% trichloroacetic acid, liquid nitrogen or imiquimod) therapy.13,14,20
In the majority of patients, monofocal AIN lesions can be eﬀectively treated with
HRA-guided electrocautery or infrared coagulation in an outpatient setting.21,22
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In contrast, widespread disease remains a therapeutic challenge inasmuch as
extensive surgery or electrocautery is frequently associated with considerable
side-eﬀects. Accordingly, there is need for alternative approaches.
The present prospective study is one of few studies of topical therapy of AIN.
Patients with multi- and monofocal disease as well as high- and low-grade
lesions were included, reﬂecting the entire spectrum of anal dysplasia. Several
previous studies have shown that topical 5-FU is an eﬀective treatment option
for CIN, VAIN and PIN.15–17 However, there is a paucity of data on topical 5-FU
treatment of AIN. In a case series of eight patients with anal Bowen disease
treated with topical 5-FU for a total of 16 weeks, seven (88%) had cleared their
lesions. The only nonresponding patient was HIV-positive.23 In a recent poster
presentation shown at the 25th International Papillomavirus Conference in 2009,
Jay et al.24 reported the results of a case series of 28 patients (25 HIV-positive,
three HIV-negative; 25 men, three women) treated with topical 5-FU for diﬀuse
high-grade AIN aﬀecting more than 75% of the entire anal circumference. Of
the 20 patients who ﬁnished at least three cycles of topical 5-FU, 15% (three
of 20) had a complete response and 80% (16 of 20) had a partial response.
All partially responding patients were subsequently treated successfully with
infrared coagulation. Although these observations are basically in line with our
results, we found a higher rate of complete responders (39%) and a lower rate of
partial responders (17%). This discrepancy might be explained by diﬀerences in
the application schedule (5 g of 5-FU per site twice daily in up to four cycles of
5 days on and 9 days oﬀ vs. 1 g of 5-FU twice weekly for 16 weeks) and disease
severity (100% multifocal and 100% high-grade AIN vs. 76% multifocal and 74%
high-grade AIN).
Comparing the complete response rates of the present study with those
of previous investigations, topical 5-FU therapy is slightly less eﬀective. For
example, a retrospective study of infrared coagulation in 68 HIV-positive MSM
showed a 35% complete response rate after the ﬁrst, 42% after the second,
and 60% after the third treatment session.21 Similarly, a small prospective study
of infrared coagulation in 16 HIV-positive men and two HIV-positive women
revealed a complete response in 62·5% of patients.22 An ‘overall response’
of 81% has been reported in a prospective study of surgical excision of AIN
lesions in 37 men (29 were HIV-positive and eight were HIV-negative).25 A
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recent retrospective review of treatment with 85% trichloroacetic acid for AIN
grade 1–3 in 54 men (35 were HIV-positive and 19 were HIV-negative) revealed
a complete clearance of AIN 2 or AIN 3 in 32%.26 A prospective study by our
group of treatment with imiquimod 5% cream in 28 patients with AIN grade
1–3 demonstrated a complete response in 61% of patients.27 Compared with
the 5-FU results of the present study it should be considered that most studies
included much less severely aﬀected cases of AIN (e.g. 60% of patients in the
study of 85% trichloroacetic acid had one or two lesions; 50% of the patients
in the imiquimod study had monofocal disease and 82% had perianal lesions),
whereas in the present study, 76% of patients had multifocal disease and 74%
of patients had high-grade AIN.
Recurrences of anal dysplasia after treatment are common, especially in HIVpositive individuals. The recurrence rate of 50% of all complete responders in
this study is slightly lower than those of other treatment options for intra-anal
dysplasia (trichloroacetic acid: 75% recurrences after a mean period of 6 months;
surgical excision: 79% recurrences after 12 months; infrared coagulation: 37·5%
and 65% recurrences after 12 and 18 months, respectively).21,22,25,26 However, the
follow-up period (6 months) was shorter in the present study.
To our best knowledge, only two previous studies have evaluated the changes
of HPV types and HPV-DNA load in the course of AIN treatment. Infrared
coagulation aﬀected neither the number of HPV types nor the HPV-DNA loads.22
In contrast, imiquimod signiﬁcantly decreased both the number of lesional
HPV types and the high-risk HPV-DNA loads in patients who responded to
treatment, and resulted in long-term depression of high-risk HPV-DNA loads.27,28
Surprisingly, the decrease of HPV16-DNA loads and cumulative high-risk HPVDNA loads following 5-FU treatment in this study was independent of the
clinical/histological response. It is tempting to speculate that, in contrast to an
imiquimod-induced speciﬁc anti-HPV immune response, 5-FU decreases HPVDNA load via unspeciﬁc mucosal cell destruction.
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The results reported herein should be viewed in light of the limitations of the
study. This was an uncontrolled open pilot study including a relatively small
number of patients with multi- and monofocal as well as high- and low-grade
AIN, and the follow-up period of 6 months was relatively short. Moreover,
comparing our results with those of Jay et al.,24 the optimal dosage and
application schedule of 5-FU in AIN still needs to be determined.
In conclusion, this prospective study of topical 5-FU treatment for intra-anal
dysplasia in HIV-positive MSM demonstrated a reasonable complete and partial
response rate. Considering the potential side-eﬀects, 5-FU should be used
primarily in severe multifocal disease which is inaccessible to primary ablative
therapy. Given the increasing number of open pilot studies of AIN treatment,
a large controlled multicentre study comparing diﬀerent ablative and topical
treatment options (including topical 5-FU) for AIN is mandatory.
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Abstract
Background Anal cancer is an increasing issue in HIV-positive men who have
sex with men (MSM). Screening for its precursor, anal intraepithelial neoplasia (AIN), is subject of discussion. Current treatment options are suboptimum
and have not been compared in a prospective trial. We compared eﬃcacy and
side-eﬀects of imiquimod, topical ﬂuorouracil, and electrocautery for the treatment of AIN.
Methods In this open-label randomised trial, we included HIV-positive MSM
older than 18 years visiting the HIV outpatient clinic of the Academic Medical
Center, Amsterdam, Netherlands. Patients with histologically conﬁrmed AIN
were randomly assigned to receive either 16 weeks of imiquimod (three times a
week), 16 weeks of topical ﬂuorouracil (twice a week), or monthly electrocautery
for 4 months. Randomisation was done with random block sizes of three and six,
stratiﬁed for AIN grade (AIN grades 1, 2, or 3) and AIN location (peri-anal or intraanal). Participants were assessed by high-resolution anoscopy 4 weeks after
treatment. Responding patients returned for follow-up 24 weeks, 48 weeks, and
72 weeks after treatment. The primary endpoint was histological resolution of
AIN measured 4 weeks after treatment and AIN recurrence at week 24, week
48, and week 72 after treatment. The primary analysis was done in a modiﬁed
intention-to-treat population, including all patients who had received their
assigned treatment at least once. The trial is registered at the Netherlands Trial
Register, number NTR1236.
Findings Between Aug 12, 2008, and Dec 1, 2010, we screened 388 HIVpositive MSM for AIN by high resolution anoscopy. Of the 246 (63%) patients
who had AIN, 156 (63%) were randomly assigned to either receive imiquimod
(54 patients), topical ﬂuorouracil (48 patients), or electrocautery (46 patients)
following withdrawing of consent by eight patients. Modiﬁed intention-to-treat
analysis showed a complete response in 13 (24%, 95% CI 15–37) patients in
the imiquimod group, eight (17%, 8–30) of patients in the ﬂuorouracil group,
and 18 (39%, 26–54) of patients in the electrocautery group (p=0·027). At week
24, 11 (22%) of 50 responders had recurrence; at week 48, 22 (46%) of 48 had
recurred; and at week 72, 30 (67%) of 45 had recurred. Recurrence was observed
at 72 weeks in 10 (71%) of 14 patients treated with imiquimod, seven (58%)
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of 12 patients treated with ﬂuorouracil, and 13 (68%) of 19 patients treated with
electrocautery. Grade 3–4 side-eﬀects were noted in 23 (43%) of 53 patients
in the imiquimod group, 13 (27%) of 48 patients in the ﬂuorouracil group, and
eight (18%) patients in the electrocautery group (p=0·019). The most common
side-eﬀects were pain, bleeding, and itching. Seven serious adverse events
occurred, all not related to the study.
Interpretation Electrocautery is better than imiquimod and ﬂuorouracil in the
treatment of AIN, but recurrence rates are substantial.

Introduction
The incidence of anal cancer is increasing in patients with HIV.1 and 2 In particular,
men who have sex with men (MSM) who are HIV positive are at risk, with incidence
rates of 65–109 per 100 000 person-years.3 As in cervical cancer, oncogenic
human papillomavirus (HPV) has an important role, and anal cancer is likewise
preceded by a precursor lesion: anal intraepithelial neoplasia (AIN), graded
from 1 to 3.4 AIN of grade 1 is referred to as low-grade AIN and AIN of grades 2
and 3 as high-grade AIN. A study in HIV-positive men before the introduction
of combination antiretroviral therapy (cART) showed a progression rate of
52% from low to high grade dysplasia during a follow-up period of 4 years.5
Progression rates from high-grade AIN to anal cancer have been reported to
be around 15% for HIV-positive MSM, during median follow-up periods of 2
and 5 years.6 and 7 By way of comparison, malignant progression of inadequately
treated cervical intraepithelial neoplasia 3 is 30% in 30 years.8
Since anal cancer incidence in HIV-positive MSM is substantially higher than
the incidence of cervical cancer before the introduction of standard cytological
screening,9 and screening for cervical intraepithelial neoplasia is eﬀective in
preventing cervical cancer, AIN screening is subject of discussion. However, the
eﬃcacy of known treatment options for AIN is poor and the recurrence rate is
high. Moreover, most studies of AIN treatment are retrospective single-arm case
series. At present, infrared coagulation and electrocautery seem to be the best
options for treatment of AIN, with moderate response rates.10 and 11 However,
electrocautery and infrared coagulation require an outpatient setting and,
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given the high recurrence rates, often need to be repeated. Therefore, topical
therapies, which can be applied by the patient at home, could be an attractive
alternative. A prospective study12 on imiquimod showed a complete response
rate of 61% for (mainly peri-anal) AIN. In a more recent, placebo-controlled
study13 the complete response rate of imiquimod treatment for intra-anal AIN
was 14% after 4 months of treatment. Another topical option is ﬂuorouracil.
Results from a study14 from our group showed a complete response rate of 39%
for intra-anal AIN.
Since, to our knowledge, electrocautery and topical therapies have not yet
been compared, we did a randomised trial comparing eﬃcacy and tolerability
of imiquimod, topical ﬂuorouracil, and electrocautery for the treatment of AIN
in HIV-positive MSM.

Methods
Patients
HIV-positive MSM older than 18 years visiting the HIV outpatient clinic of the
Academic Medical Center, Amsterdam, Netherlands, were oﬀered screening for
AIN. Exclusion criteria were a history of anal cancer, treatment of AIN or anal
condylomas, or both, in the past 30 days, active inﬂammatory bowel disease, a
life expectancy of less than 12 months, and active intravenous drug use because
of decreased reliability in follow-up studies. All consenting patients were
screened by high resolution anoscopy using a video colposcope as described
previously.15 Suspect lesions were biopsied for histopathological analysis. One
pathologist (CJMvN) assessed all biopsies.
At baseline, we screened patients for anal chlamydia and gonorrhoea and
demographic variables, and collected characteristics related to HIV infection.
We retrieved from the electronic patient record the most recent CD4 count and
plasma concentrations of HIV-1 RNA, obtained within a maximum of 6 months
before inclusion.
The research protocol was approved by the local ethics committee and all
participants gave written informed consent.
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Randomisation and masking
Patients with histologically conﬁrmed AIN underwent open-label block
randomisation with random block sizes of three and six, stratiﬁed for AIN grade
(three categories: AIN grades 1, 2, and 3) and AIN location (two categories: perianal and intra-anal). The allocation sequence was generated by the Clinical
Research Unit of the Academic Medical Center. Participants were enrolled by OR.
The treatment groups were imiquimod, topical ﬂuorouracil, and electrocautery.
For all participants, the treatment period was 16 weeks. Participants and
investigators were not masked for treatment assignment except for the
pathologist assessing biopsy samples.
Procedures
Electrocautery, guided by high resolution anoscopy, was done every 4 weeks
up to a maximum of ﬁve times. Lesions were ablated with the ERBE ICC 50
electrosurgical unit on 20–22 W with 2–5 mm spheres. All visible lesions were
treated at every visit. Patients underwent local anaesthesia (artiacaine and
epinephrine) if necessary. Adverse events were recorded at every visit. Patients
were recommended to refrain from receptive anal intercourse for 1 week after
an electrocautery session.
The patient randomly allocated to receive imiquimod applied the drug three
times weekly. Peri-anal AIN was treated with imiquimod (half a sachet, 6·25
mg, of Aldara, Meda Pharma, Amstelveen, Netherlands) in the evening. For
intra-anal lesions, the volume of imiquimod was increased by an indiﬀerent
cream, lanette II, for a ﬁnal concentration of 6·25 mg of imiquimod per g. This
cream was manufactured and sent to the patients every 4 weeks. A standard
dose consisted of 1 g of cream (6·25 mg of imiquimod; a similar dose to half a
sachet of Aldara), which was applied with a standard applicator for cream in the
evening. The applicator had to be inserted 3–5 cm beyond the anal sphincter
before emptying it.
Patients randomly assigned to receive topical ﬂuorouracil had to apply Efudix
2% cream twice a week (Efudix, Meda Pharma, Amstelveen, Netherlands). On
those days, peri-anal lesions had to be treated twice (morning and evening).
For intra-anal lesions, one dose of 1 g Efudix cream was inserted in the evening
with a standard applicator for cream, as described above.
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Patients on imiquimod and ﬂuorouracil were recommended to use condoms
in case of receptive anal intercourse during treatment. We contacted patients
assigned to imiquimod or ﬂuorouracil after 8 and 16 weeks for assessment of
side-eﬀects, and if deemed necessary by the study coordinator or the patient,
patients were seen at the outpatient clinic. Patients with both peri-anal and
intra-anal disease were treated at both locations according to the instructions
given for treatment of peri-anal or intra-anal AIN.
Side-eﬀects were graded 1–4 as reported by the patients, with grade 1 indicating
mild events and grade 4 indicating potentially life-threatening events, according
to the severity scale adopted in December, 2004, by the Division of AIDS at
the National Institutes of Health.16 A serious adverse event was deﬁned as any
medical condition being fatal, life threatening, disabling, incapacitating or
requiring hospital admission, or both.
In case of severe side-eﬀects, one electrocautery session could be skipped, or
local treatment could be interrupted for a week, with a maximum cumulative
duration of 4 weeks. Alternatively, for patients treated with imiquimod or
ﬂuorouracil, treatment frequency could be reduced to twice or once a week
respectively, guided by severity of side-eﬀects, at the discretion of the treating
physician.
We took evaluation biopsy samples 4 weeks after the last electrocautery or 4
weeks after ending topical therapy (20 weeks after inclusion). These samples
were taken from the areas where AIN had been reported previously and if
necessary from other suspect lesions. Patients with progression (low-grade to
high-grade AIN) or persisting high-grade AIN were referred for further treatment
and excluded from further study assessments. Patients with a complete
response or a partial response (from high-grade to low-grade AIN) returned for
high resolution anoscopy 24, 48, and 72 weeks after treatment.
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Statistical analysis
At initiation of the study, in cross-section studies on average 15% of patients
were expected to have AIN of grade 1, 30% of patients AIN of grade 2, and 10%
AIN of grade 3.17, 18 and 19 Progression rates of AIN of grades 1 or 2 are high, at least
50%. Spontaneous regression of AIN lesions of grades 2 or 3 can occur in 10%
of cases.20, 21 and 22 We assumed that, at week 20, eﬃcacy of electrocautery was
50%, eﬃcacy of imiquimod 77%,12 and, on the basis of eﬃcacy of ﬂuorouracil in
vaginal intraepithelial neoplasia,23 we assumed eﬃcacy of topical ﬂuorouracil
also to be 77%. We required an eﬃcacy of alternative treatment of at least
50%: a decrease in persistence of (or progression to) high-grade AIN or anal
carcinoma from 50% (electrocautery: standard treatment) to 25% (imiquimod
or ﬂuorouracil). A three-group χ2 test with a 0·05 two-sided signiﬁcance level
and 80% power to detect such a diﬀerence between electrocautery and each
of the topical treatment groups (odds ratio [OR] of 0·333) required a sample size
in each group of 51.
The primary outcome was histological resolution of AIN at 4 weeks after end of
treatment, and recurrence rate at 24, 48, and 72 weeks after treatment. We deﬁned
complete response as resolution of AIN and partial response as regression from
high-grade to low-grade AIN. We deﬁned recurrence as recurrent low-grade or
high-grade AIN. Secondary endpoint was tolerability of the treatment.
We included in the modiﬁed intention-to-treat analyses all participants
randomly assigned to treatment that had received at least one electrocautery,
or one dose of imiquimod or ﬂuorouracil. We excluded from the per-protocol
assessment patients who interrupted imiquimod or ﬂuorouracil for more than
4 weeks, or missed more than one electrocautery session. We calculated CIs
(adjusted Wald) for response rates and used χ2 analysis to test diﬀerences in
response rates between treatment groups.
We analysed the association with treatment response for the following variables:
treatment group, duration since HIV diagnosis, duration of cART use, current CD4
count (lower or higher than 500 cells per μL), and AIN grade. We analysed each
parameter univariably in a log-binomial regression (a generalised linear model
with a logarithmic link function and binomial distribution for the residual) in
relation to (complete or partial) response versus no response to treatment as
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dependent variable. Subsequently, we performed a multivariable log-binomial
regression to assess the eﬀect of each variable adjusted for the presence of
the other potential predictors. We report results from the regression models as
relative risks (RR) along with their 95% CIs. We did the statistical analysis using
PASW Statistics software (Release 18.0.2). This trial is registered with Nederlands
Trial Register, number NTR1236.
Role of funding source
The funding source had no role in study design, data collection, data analysis,
data interpretation, or writing of the report. The corresponding (OR) and senior
(JMP) author had full access to the raw data. The senior author (JMP) had the
ﬁnal responsibility to submit for publication.

Results
Between Aug 12, 2008, and Dec 1, 2010, we screened 388 HIV-positive MSM for
AIN by high resolution anoscopy (ﬁgure). The study period, including all followups, ended in May 15, 2012. 246 (63%) men had AIN, of whom 128 (52%) had highgrade AIN. 156 HIV-positive MSM were randomly assigned to a treatment group,
but eight patients withdrew informed consent before start of treatment (the
main reason given was too much hassle of the study procedures or interference
with study or work). The remaining 148 patients were included in the mITT
analysis and randomly assigned to receive either imiquimod (54 participants),
topical ﬂuorouracil (48 participants), or electrocautery (46 participants; ﬁgure).
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8
Figure. Trial proﬁle
AIN=anal intraepithelial neoplasia. *Patients were excluded for the per-protocol analysis if they interrupted imiquimod or ﬂuorouracil for more than 4 weeks or if they skipped more than one cautery session. † One refused assessment, one patient left the study because of interference with work. ‡Protocol
violation: patient was treated with a barron ligature for haemorrhoids before assessment. §One patient
died (not study related), one patient started anticoagulant therapy, three patients left the study because
of interference with work.
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63 (43%) of the 148 randomised participants had low-grade AIN and 85 (57%)
had high-grade AIN (table 1). Their median age was 47 years, the median
time since HIV diagnosis for participants was 7 years, and 126 (86%) of 147
participants were using cART at inclusion (one patient record was incomplete).
12 (8%) patients had an anal infection at inclusion, which was treated before the
start of study treatment: eight patients had chlamydia, three had gonorrhoea,
and one had both. Table 1 shows other characteristics per treatment group.
24 patients were excluded for the per-protocol analysis because of drop-out
during the study, in ten (4%) of 24 cases the reason for drop-out was side-eﬀects
(ﬁgure).
Table 1. Characteristics of participants
imiquimod
No. of patients
Age, years
Years since HIV diagnosis
Using cART
Undetectable plasma HIV-RNA

5-ﬂuoruracil

Electrocautery

54

48

46

45 (41-51)

47 (40-54)

47 (42-55)

7 (3-10)

9 (4-15)

10 (5-16)

82% (44/54)

85% (41/48)

91% (41/45)

76% (41/54)

81% (39/48)

84% (38/45)

Current CD4 cell count (cells/μl)

535 (395-695)

560 (410-755)

590 (410-785)

Nadir CD4 cell count (cells/μl)

222 (110-300)

175 (100-280)

190 (110-270)

Current smoker

41% (20/49)

35% (16/46)

36% (16/44)

HGAIN

57% (31/54)

60% (29/48)

54% (25/46)

Peri-anal AIN

20% (11/54)

15% (7/48)

15% (7/46)

Intra-anal AIN

93% (50/54)

98% (47/48)

93% (43/46)

Multifocal AIN

59% (32/54)

48% (23/48)

46% (21/46)

Data are median (IQR) or n/N (%). cART=combination antiretroviral therapy. AIN=anal intraepithelial
neoplasia. *Some data were missing because of incomplete patient records.

In the mITT analysis, a complete response at 4 weeks following the end of
treatment was recorded in 13 (24% [95% CI 15–37]) of the 54 patients in the
imiquimod group, eight (17%, 8–30) of the 48 patients in the ﬂuorouracil group,
and 18 (39%, 26–54) of the 46 patients in the electrocautery group (table 2). The
diﬀerence in complete response rate between the three groups was signiﬁcant
(p=0·027, table 2). Comparing electrocautery to imiquimod or ﬂuorouracil
separately, electrocautery resulted in signiﬁcantly more complete responses
than ﬂuorouracil (χ2, p=0·008), but not compared with imiquimod (p=0·10).
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9-29%

NA

43-71%

35-61%

17% (9)

58% (26)

6-27%

5-23%

48% (26)

13% (6)

18-43%

11% (6)

15-37%*

NA

54% (13)

25% (6)

NA

62% (13)

NA

14% (6)
6-28%
67% (29)
52-80%
NA

13% (6)
5-25%
60% (29)
46-73%
10% (5)
4-23%

9-33%

8-30%

NA

57% (16)

21% (6)

NA

87% (13)

NA

12-36%

22% (10)

21-47%

33% (15)

2-18%

7% (3)

26-54%

PP HGAIN PP LGAIN
mITT
(n=28)
(n=15)
(n=46)
21% (6)
13% (2)
39%a (18)

5-ﬂuorouracil
PP
(n=43)
19%b (8)
34-66%

NA

27-58%

42% (15)

2-23%

8% (3)

NA

32% (6)

16% (3)

NA

53% (9)

NA

PP HGAIN PP LGAIN
(n=19)
(n=17)
53% (10)
47% (8)

Electrocautery
PP
(n=36)
50% b (18)

mITT=modiﬁed intention to treat. PP=per protocol. AIN=anal intraepithelial neoplasia. NA=not applicable (in case of low-grade AIN partial response is not an option).*Diﬀerence between the three groups in complete response rate was signiﬁcant in the mITT analysis (p=0·027).†Diﬀerence between the three groups in complete
response rate was signiﬁcant in the PP analysis (p=0·010).

Lost

No Response

Partial Response

Complete Response

imiquimod

mITT
PP
PP HGAIN PP LGAIN
mITT
(n=54)
(n=45)
(n=24)
(n=21)
(n=48)
38% (8)
17% a (8)
24%a (13) 29%b (13) 21% (5)

Table 2. Response to Treatment
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Per-protocol analyses are shown in table 2; the diﬀerence in complete response
rate was signiﬁcant (p=0·010). Comparing complete response rates in the
per-protocol population showed that electrocautery was not signiﬁcantly
better than imiquimod (χ2, p=0·052), but signiﬁcantly better than ﬂuorouracil
(p=0·0031).
Responding patients were invited for follow-up high resolution anoscopy,
which was scheduled 24 weeks, 48 weeks, and 72 weeks after treatment. The
cumulative recurrence was 22% (11 of 50) at week 24, 46% (22 of 48) at week
48, and 67% (30 of 45) at week 72 (table 3). Median time to recurrence was 48
weeks in the imiquimod group, 24 weeks in the ﬂuorouracil group, and 48 weeks
in the electrocautery group. The diﬀerence in recurrence rate at week 72 was
not signiﬁcant (p=0·76). Because of relatively small numbers, we did not analyse
recurrence rates for peri-anal lesions separately.
Table 3. Cumulative recurrence rates

24 weeks
48 weeks
72 weeks

All patients
22% (11/50)
46% (22/48)
67% (30/45)

Imiquimod
19% (3/16)
47% (7/15)
71% (10/14)

Flurouracil
38% (5/13)
50% (6/12)
58% (7/12)

Electrocautery
14% (3/21)
43% (9/21)
68% (13/19)

Data are % (n/N). Cumulative recurrence rates at weeks 24, 48, and 72 after treatment. Of the 54 patients initially responding to treatment, 50 patients returned for a follow up high resolution anoscopy
24 weeks after treatment. An additional two and three patients were lost to follow up at the 48-week
and 72-week visits.

Table 4 shows response rates reported for intra-anal and peri-anal lesions
separately. A post-hoc analysis (mITT) restricted to peri-anal AIN showed a
complete response rate of 91% (95% CI 60–100; ten of 11 patients) for imiquimod,
57% (25–84; four of seven patients) for ﬂuorouracil, and 43% (16–75; three of
seven patients) for electrocautery.
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Table 4. Response to treatment (per protocol) for peri-anal and intra-anal lesions separately
Intra-anal lesions
Complete
Response

%(n)
95% CI

Peri-anal lesions

Imiquimod 5-FU

ECA

Imiquimod 5-FU

22% (9/41)

17% (7/42)

47% (16/34) 100% (9/9)

57% (4/7) 75% (3/4)

ECA

(12-37%)

(8-31%)

(31-63%)

(73-100%)

25-84%

29-97%

Partial
Response

15% (6/41)

17% (7/42)

9% (3/34)

-

-

-

(7-29%)

(8-31%)

(2-24%)

No Response

63%
(26/41)
(48-76%)

67%
(28/42)
(51-79%)

44% (15/34) 0% (0/9)

43% (3/7) 25% (1/4)

(29-61%)

16-75%

0-28%

3-71%

Assessment of response by localisation. The cumulative number of peri-anal and intra-anal lesions exceeded the total number of patients, because some patients had both peri-anal and intra-anal lesions.
For intra-anal lesions, groups diﬀered signiﬁcantly in complete response (p=0·0080) and overall (complete+partial) response (p=0·045). For peri-anal lesions, groups did not diﬀer signiﬁcantly in response
(p=0·36).

In the multivariable log-binomial regression on complete or partial response,
ﬂuorouracil resulted in a signiﬁcantly lower response, whereas imiquimod
resulted in a non-signiﬁcant slightly lower response than electrocautery
(table 5). Additionally, years of cART and high-grade AIN were associated with
complete or partial response to treatment (table 5). The positive association of
a current CD4 count of more than 500 cells per μL was not signiﬁcant (table 5).
Table 5. Univariable and multivariable log-binomial regression
Responding Non-respondpatientsa
ing patientsa
(n=57)
(n=91)
Treatment
imiquimod
5-ﬂuoruracil
electrocautery
Years of HIV
infection
Years using
cARTb
Current CD4
>500 cells/μl
HGAIN

Univariable
relative risk

P

Multivariable
relative risk

p

37% (21/57)
25% (14/57)
39% (22/57)
9

36% (33/91)
37% (34/91)
26% (24/91)
7

0.81 (0.52-1.28)
0.61 (0.36-1.04)
reference
1.01 (0.99-1.04)

0.37
0.07

0.71 (0.48-1.03) 0.069
0.59 (0.36-0.97) 0.037

0.33

0.97 (0.92-1.03)

7

2

1.05c (1.01-1.08)

0.01 1.07 c (1.01-1.13) 0.026

72% (41/57)

53% (48/90)

1.67 (1.04-2.68)

0.03 1.58 (0.998-1.13) 0.051

68% (39/57)

51% (46/91)

1.61 (1.02-2.53)

0.04

0.31

1.61 (1.04-2.48) 0.032

Data are n (%) or median unless otherwise stated. Log-binomial regression (a generalised linear model
with a logarithmic link function and binomial distribution for the residual) of ﬁve parameters in relation
to treatment response. We deemed p<0·05 signiﬁcant. Three randomised patients who left the study
prematurely (see ﬁgure) but had a complete response at the latest study high resolution anoscopy were
in this analysis classiﬁed as responding patients. cART=combination antiretroviral therapy. AIN=anal
intraepithelial neoplasia.*Including patients not on cART as 0 years.†Per year. ‡Of 90 patients, data missing for one patient
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Side-eﬀects were reported by 48 (91%) of 53 patients treated with imiquimod,
by 44 (92%) of 48 patients treated with ﬂuorouracil, and by 42 (93%) of 45
patients treated with electrocautery (χ2, p=0·88; table 6). Two patients (one in
the imiquimod group and one in the electrocautery group) were not available
for evaluation of side-eﬀects. Five (9%) of 53 patients in the imiquimod
group, two (4%) of 48 patients in the ﬂuorouracil group and three (7%) in the
electrocautery group stopped because of side-eﬀects (p=0·59). In most cases,
these side-eﬀects were related to pain or irritation, or bleeding. Inﬂuenza-like
symptoms and fatigue were more frequent in the imiquimod group than in
the other groups, whereas increased urge to defecate was more often reported
(54%) by patients in the ﬂuorouracil group (table 6). Bleeding occurred most
frequently after electrocautery (table 6). Side-eﬀects of electrocautery were
mostly mild (grade 1) and lasted only a few days after treatment, whereas sideeﬀects lasted for a mean of 5 weeks for imiquimod and 7 weeks for ﬂuorouracil.
Table 6 Side eﬀects
Imiquimod (n=53)

5-ﬂuorouracil (n=48)

Electrocautery (n=45)

grade 1/2 grade 3/4 grade 1/2 grade 3/4 grade 1/2 grade 3/4
any side eﬀect, highest grade

25 (47%)

23 (43%)

31 (65%)

13 (27%)

34 (76%)

8 (18%)

pain

20 (38%)

17 (32%)

25 (52%)

7 (15%)

19 (42%)

8 (18%)

itching

8 (15%)

2 (4%)

5 (10%)

1 (2%)

1 (2%)

0 (0%)

bleeding

16 (30%)

0 (0%)

19 (40%)

0 (0%)

31 (69%)

0 (0%)

slimy stool

2 (4%)

1 (2%)

1 (2%)

1 (2%)

3 (7%)

0 (0%)

urge

2 (4%)

1 (2%)

22 (46%)

4 (8%)

5 (11%)

1 (2%)

incontinence

2 (4%)

0 (0%)

3 (6%)

1 (2%)

0 (0%)

0 (0%)

diarrhoea

2 (4%)

1 (2%)

3 (6%)

2 (4%)

3 (7%)

0 (0%)

ﬂatulence

1 (2%)

0 (0%)

5 (10%)

2 (4%)

0 (0%)

0 (0%)

ﬂu like symptoms

6 (11%)

1 (2%)

1 (2%)

0 (0%)

1 (2%)

0 (0%)

fatigue

6 (11%)

1 (2%)

2 (4%)

0 (0%)

1 (2%)

0 (0%)

Data are number (%). Severity of side-eﬀects that occurred in at least 5% of participants in one treatment group. Diﬀerence between the three treatment groups in side-eﬀects of grades 3–4 was p=0·019
(χ2 test). Two patients (one in the imiquimod group and one in the electrocautery group) were not available for evaluation of side-eﬀects.
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All patients treated for peri-anal AIN reported side-eﬀects, predominantly
pain. Grade 3 side-eﬀects were noted in ﬁve (50%) of ten patients treated with
imiquimod, and three (43%) of seven patients in both the ﬂuorouracil and
electrocautery groups (p=0·94). Inﬂuenza-like symptoms were reported by two
(20%) of the ten patients treated with peri-anal imiquimod and by no one in
the other groups. Additionally, 25 patients temporarily interrupted treatment
because of side-eﬀects: 14 treated with imiquimod and 11 with ﬂuorouracil.
Overall, seven serious adverse events were recorded (one operation of herniated
cervical disc, one operation of strabismus, one rectal perforation caused by a
corpus alienum, two syphilis, one myocardial infarction, and one prostatitis). All
serious adverse events were deﬁned as such because of hospital admission of
the patient, and all were unrelated to the study medication or study procedures.
No treatment-related deaths were recorded.

Discussion
In this study, we compared imiquimod, topical ﬂuorouracil, and electrocautery
for the treatment of AIN in HIV-positive MSM. The number of patients with a
complete response at 4 weeks following end of treatment was signiﬁcantly
lower for patients in the imiquimod and ﬂuorouracil groups than for those
treated with electrocautery. Additionally, side-eﬀects were more serious and
longer lasting in patients treated with imiquimod and ﬂuorouracil than in
patients treated with electrocautery. Although the study was not designed or
powered to assess diﬀerences in response based on location of the AIN, the
response for peri-anal lesions turned out to be substantially higher than those
of intra-anal lesions.
To our knowledge, this is the largest prospective study on AIN treatment and the
ﬁrst one comparing currently available treatment options (panel). Two prospective
studies have been published with imiquimod for AIN. The ﬁrst study examined 28
patients,12 who mostly had peri-anal AIN. Complete response was noted in 61%
of patients and, after a mean follow-up of 30 months, 74% of patients who had
achieved a complete response remained disease-free at the previously treated
site, although 58% developed cytological abnormalities at previously untreated

121

8

Chapter 8

areas.24 In our study, in the pre-protocol analysis all nine patients treated for perianal AIN with imiquimod had a complete response. In the second study,13 which
examined 53 patients with intra-anal high-grade AIN, participants were randomly
assigned to receive either imiquimod or placebo. In a per-protocol analysis,13 only
14% of patients treated with imiquimod had a complete response and 29% a
partial response after 4 months of treatment, which was even lower than the
response seen in our study. Apparently peri-anal AIN responds better than intraanal AIN to imiquimod treatment. This diﬀerence might be explained by the fact
that the cream can be more eﬀectively applied on the peri-anal skin than on the
intra-anal mucosa. However, in our study, most patients experienced local sideeﬀects such as itching and pain. This is caused by contact with the squamous
mucosa, which suggests correct application of the cream.
In a recent prospective study14 from our group in 46 patients with AIN, topical
ﬂuorouracil was moderately eﬀective for intra-anal AIN, with an overall response
of 57% and a complete response rate of 39% 4 weeks after completion of
treatment. However, side-eﬀects were substantial and 50% of patients had a
recurrence 6 months after treatment. In the current study, the overall response
was signiﬁcantly lower. CIs of the responses observed in the two studies, however,
overlap, and side-eﬀects in both studies are similar. In a study25 presented at
the International Papillomavirus Conference 2009, 28 patients with diﬀuse
high-grade AIN were treated with topical ﬂuorouracil. 11% cleared the lesions
and 57% showed a decrease in disease burden. Although the clearance rate is
low, these data suggest that ﬂuorouracil could have a role in making extensive
AIN lesions more amenable to ablative therapy. Like imiquimod, ﬂuorouracil
showed a better response rate for peri-anal AIN, although the numbers are
small. This again leads to the question whether the poor responses of intraanal treatment are explained by suboptimal exposure of intra-anal lesions to
the cream. However, since most patients had local side-eﬀects, we think that
the cream was applied in a correct way.
To our knowledge, two studies have been published on the eﬃcacy of
electrocautery for AIN. A prospective trial in 37 patients26 in an operating
room setting showed that 79% of HIV-positive patients had persistent or
recurrent disease (mean time to recurrence 12 months), but no recurrence was
noted in eight HIV-negative participants. The authors concluded that several
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electrocautery sessions might be necessary for HIV-positive patients. More
recently, a retrospective study10 was published reporting the results in 232 MSM
who were treated with electrocautery. In the 132 HIV-positive participants, the
cure rate after the ﬁrst electrocautery session was 75%. However, 61% had a
recurrence during a mean follow-up of 9·1 months.10 The electrocautery scheme
used in our study diﬀers from that of these two studies.10 and 26 All participants
were treated with ﬁve high resolution anoscopy guided electrocautery
sessions, every 4 weeks, and at each visit all visible lesions were treated. It
is therefore surprising that the complete response rate we recorded (mITT:
39%) was lower than that reported in the study by Marks and colleagues.10 An
important diﬀerence is the prospective design of our study and the fact that all
areas where previously AIN was reported were biopsied after treatment, also
in the absence of visible lesions. Further, the electrocautery technique could
diﬀer: Marks and colleagues10 used a blade, we used small pinpoint spheres for
treatment of lesions.
Years on cART and a high CD4 count were associated with response to treatment.
The previously mentioned study on imiquimod treatment of intra-anal highgrade AIN13 did not show that a high CD4 count was related to treatment
success. Data are likewise conﬂicting for the association of the CD4 count with
the presence of AIN. Some studies showed a signiﬁcant correlation between a
low nadir CD4 count and the prevalence of AIN,27, 28 and 29 whereas other studies
did not.30 and 31
We did not prespecify subgroup analyses of response by grade of AIN, and the
study is not powered for such analyses. However, the response rate of lowgrade AIN was lower than that of high-grade AIN, and in the multivariable
analysis high-grade AIN was signiﬁcantly associated with a successful response
to treatment. The question is whether low-grade AIN should be treated at all.
However, progression to high-grade AIN is seen in a substantial proportion
of patients.5 and 32 Given our results, we think that in cases of low-grade AIN a
wait-and-see policy might be suﬃcient, but future studies should focus on the
progression rate of low-grade AIN lesions.
The prospective design, randomisation of treatments, the number of patients,
and the long follow-up of our study are all strengths. One physician did all
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high resolution anoscopies and one pathologist assessed all biopsies, which
precluded interobserver variability. Additionally, our series of patients was
unselected, and participants were treatment-naive. A limitation of the study is
that spontaneous regression of AIN lesions is possible,33, 34 and 35 although rates of
regression of high-grade AIN lesions probably do not exceed 10%. Additionally,
this issue is more relevant in uncontrolled single-arm trials. Furthermore, we did
not assess the size of lesions or presence of HPV. Reduction in extent of disease
and clearance of HPV could be an additional outcome measure in assessing
response.
Finally, besides assessing clinical eﬃcacy, analysing cost-eﬀectiveness is
important. For the current treatment options this analysis is probably less
relevant, since electrocautery is signiﬁcantly superior to imiquimod and
ﬂuorouracil. A cost-eﬀectiveness analysis will be the subject of a separate paper.
Likewise, the inﬂuence of host genetics on treatment response will be assessed
separately.
In conclusion, our ﬁndings suggest that electrocautery is better than the topical
imiquimod or ﬂuorouracil for the treatment of AIN in HIV-positive MSM. Infrared
coagulation has shown similar responses to electrocautery,11 and since both
methods can easily be done in an outpatient setting, both could serve as ﬁrstchoice treatment of AIN. Our data also suggest that imiquimod may be the
best choice for peri-anal AIN; however, further study is needed since subgroup
analyses by AIN location were limited by very small patient numbers and were
not prespeciﬁed. Our study also conﬁrms the previously reported low response
of AIN to treatment, and the high rates of recurrence. Since the prevalence of
high-grade AIN in HIV-positive MSM is very high, future studies should explore
new and better treatment methods before AIN screening programmes be
initiated.
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Abstract
Background High-grade anal intraepithelial neoplasia (HGAIN) is present in
many HIV+ men-who-have-sex-with-men (MSM). The major etiologic factor
is infection with an oncogenic human papilloma virus (HPV). We investigated
whether individual components of HGAIN are caused by single HPV types.
Methods DNA was isolated from 31 HGAIN whole tissue sections (WTS) of 21
HIV+ MSM and analysed by the SPF10 PCR/LiPA25 HPV genotyping system.
In WTS with multiple HPV types, PCR was repeated in regions of AIN sampled
by laser-capture-microdissection (LCM). The results were compared with HPV
types in anal swabs.
Results A single HPV type was observed in 15 (48%) of 31 WTS. In an additional
14 WTS, one HPV type was found in each LCM lesion sample. Consequently, in
29/31 (94%) biopsies a single HPV type was found in each lesional component
studied. 2 WTS contained collision regions with each 2 HPV types. HPV 16 was
presumed causative in 14/31 biopsies (45%). More than half of the anal swabs
did not contain all causative HPV types.
Conclusions Individual components of HGAIN are caused by single HPV types
(“one lesion, one virus”). HPV 16 is causative in less than 50%. Anal swabs are
not useful for detecting lesion speciﬁc HPV types.
Keywords: anal intraepithelial neoplasia, anal cancer, human papillomavirus,
human immunodeﬁciency virus, laser capture microdissection
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Introduction
The incidence of anal cancer among HIV+ men who have sex with men
(MSM) is increasing. Incidence rates exceed those of cervical cancer before
the introduction of cervical screening programs.1, 2 Like cervical cancer, anal
cancer is believed to arise from a squamous precursor, called anal intraepithelial
neoplasia (AIN), and has been causally linked to infection with oncogenic human
papillomavirus (HPV).3-5
Given the successful HPV-vaccination program in women to prevent cervical
cancer, prophylactic vaccination to prevent anal cancer is under investigation.
Prophylactic HPV vaccination was shown to be eﬀective in preventing AIN
among young HIV negative MSM, reduced recurrence of high grade (HG)AIN in
HIV negative men, and was also highly immunogenic in HIV-1 infected men.6,
7 8
Therapeutic vaccination, aiming at strengthening the HPV-speciﬁc T cell
response, is also a subject of discussion.9 For both prophylactic and therapeutic
vaccination it is essential to know which HPV types cause AIN and anal cancer.
Furthermore, in AIN screening programs it could be valuable if the malignant
potential of an AIN lesion were assessed through determination of the causative
HPV type.
Previously it has been shown that HPV 16 is present in the majority of anal cancer
and HGAIN lesions.10, 11 However, in anal swabs obtained from of HIV+ patients
who are the highest risk group, HPV16 is less common and often multiple HPVgenotypes are found.12, 13 The question is whether it is possible to link a speciﬁc
HPV type to the HGAIN lesion in cases with multiple HPV genotypes in a swab.
Laser-capture micro-dissection (LCM) combined with sensitive and typespeciﬁc PCR has proved to be a reliable method of ﬁnding the lesion-speciﬁc
HPV genotype in cervical and vulvar (VIN) intraepithelial neoplasia. 14-16 We
recently demonstrated that every CIN lesion or every individual component of
a CIN lesion contains one speciﬁc HPV type.15 This study also showed that in 94%
of the whole tissue sections (WTS) containing a single HPV type, the same HPV
type was found by LCM in the dysplastic area within the WTS. When multiple HPV
types were present by WTS-PCR, the LCM-PCR technique was found to be very
accurate for high-resolution HPV genotyping and for assigning an individual
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HPV type to an area of CIN, resulting in the concept of “one lesion, one virus”.
In the present study, we investigated the hypothesis that individual components
of HGAIN are associated with one single HPV type in HIV+ MSM. Secondary
goals were to survey the spectrum of HPV types responsible for HGAIN in this
high-risk group and to compare HPV types in swabs, WTS and LCM-selected
regions with each other.

Materials and methods
Patients

This study is a substudy of a larger trial on AIN treatment at the HIV outpatient
clinic and department of Dermatology of the Academic Medical Center (AMC)
in Amsterdam, where a screening program for anal precancer is in place since
2008. The study was approved by the local ethical committee and all patients
gave written informed consent.17 Patients were screened by high-resolution
anoscopy (HRA) with biopsies of suspect lesions for histopathological analysis.17
Twenty-one patients with histologically proven HGAIN (AIN 2 or 3) were included
in the present sub-study. All biopsies were taken during HRA and in the majority
of patients anal swabs (Dacron) were taken for HPV analysis within 4 weeks after
biopsy. Selection of patients took place without knowledge of HPV status. The
swabs were collected retrospectively and not all swabs were taken on the same
day as the biopsy (see the result section for further details).
Pathological diagnosis and grading

All biopsies were examined independently by two pathologists (CVN and JL).
Diagnosis of AIN was made according to standard criteria on haematoxylin and
eosin (H&E)-stained sections (CVN).18 P16 immunohistochemistry (p16 IHC) was
used to support the diagnosis of HGAIN. The overall diagnosis was the highest
grade detected in a lesion. Biopsies could also include areas of low grade (LG)
AIN and normal anal mucosa.
After routine diagnosis by the pathology department of the AMC, the slides,
blocks and swabs were sent to DDL Diagnostic Laboratory for the second
examination (JL) and further molecular analyses.
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Sandwich cutting

All biopsy blocks were sectioned according to the sandwich cutting procedure
as described previously:15 a 4 μm section for HGAIN diagnosis (H&E before); two
sets of 3 x 4 μm for whole tissue section (WTS)-PCR analysis, 2 x 4 μm sections
for LCM (collected on PEN-membrane slides from Carl Zeiss B.V., Sliedrecht, The
Netherlands), then 2 x 4 μm sections for p16 IHC; and finally, a 4 μm section for
pathological confirmation (H&E after). After sectioning each block, the microtome
was cleaned and a new knife was used for the next block. The haematoxylin
stained PEN-membrane slides were used for LCM PCR when multiple HPV types
were found in the WTS-PCR. Negative controls (paraffin blocks) were used after
every ten blocks sectioned to check for cross-contamination.
Laser Capture Micro-dissection

When multiple HPV genotypes were detected in the WTS-PCR, LCM was used
to obtain discrete areas of dysplastic anal epithelium from HGAIN lesions. As
a control four biopsies with a single HPV type were analyzed. Slides were
scanned using digital microscopy (Aperio Technologies Inc, Vista, CA, USA). An
expert pathologist (JL) selected areas of AIN for sampling. A minimum of one
LCM sample was taken of each HGAIN lesion, covering a representative part of
the lesional area. Sample size was between 12,000 and 1,000,000 μm2.
Selected regions were excised with Zeiss P.A.L.M. microbeam UV laser microdissection system and transferred to an AdhesiveCap500 opaque tube (Carl
Zeiss B.V., Sliedrecht, The Netherlands). In addition, LCM was performed on a
negative control block (human placenta) for each case examined. DNA isolation
and PCR for HPV DNA were performed as described below. An example of LCM
is shown in ﬁgure 1.
DNA isolation

Total DNA was isolated from formalin-ﬁxed paraﬃn-embedded material
by proteinase K digestion.19 Brieﬂy the tissue sample was added to 100 μl of
proteinase K lysis buﬀer and incubated at 70 °C for 16-24 h. Proteinase K was
heat-inactivated by incubation at 95 °C for 10 min. Each DNA isolation run
contained HPV positive and negative controls.
The DNA isolation in swabs was performed using the QIAamp DNA mini kit
(Qiagen GmbH, Hilden, Germany), including pre-treatment with proteinase K,
according to the manufacturer’s instructions.
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HPV DNA detection and genotyping

Ten microlitres of isolated DNA were added to 40 μl of PCR mix. The SPF10 PCR
primer set ampliﬁes a small fragment of 65 bp from the L1 region of mucosal
HPV genotypes. Ampliﬁcation products (HPV DNA) were detected using the
HPV SPF10 PCR (version 1) DNA enzyme immunoassay (DEIA).20 DEIA positive
amplimers were used to identify the HPV genotype by reverse hybridisation
with the HPV line probe assay (LiPA25), containing probes for 25 most common
mucosal HPV genotypes [HPV genotypes 6, 11, 16, 18, 31, 33, 34, 35, 39, 40, 42,
43, 44, 45, 51, 52, 53, 54, 56, 58, 59, 66, 68/73, 70, and 74; SPF10 HPV LiPA25
version 1 (Labo Biomedical Products, Rijswijk, The Netherlands, based on
licensed Innogenetics technology)]. 21
PCR products were also tested with an in-house extended RHA strip, additionally
detecting less common mucosal HPV types 26, 30, 55, 61, 62, 64, 67, 69, 71, 8285, 87, 89-91, as described previously.22 HPV55 and HPV64 are now classiﬁed as
subtypes of HPV44 and HPV34, respectively.30

Results
Participants and biopsies

We studied 31 HGAIN (AIN 2/3) lesions obtained from 21 HIV+ MSM. The median
age of the participants was 48 years (interquartile range (IQR) 41-60) and they
were known to be HIV positive for a median of 11 years (IQR 5-16). The current,
median CD4 cell count was 480 cells/μl (IQR 350-665) and 95% were using
antiretroviral therapy. For patients with multiple biopsies, the biopsies were
taken from distinct macroscopic lesions. In 12 patients one biopsy was taken,
in 8 patients two biopsies and in one patient three biopsies.
Whole tissue sections

HPV was detected in all 31 (100%) WTS. HPV genotyping analysis of WTS of the 31
biopsies showed a single HPV genotype in 15 (48%) WTS and multiple HPV types in
16 (52%) WTS, as shown in ﬁgure 2. The median number of HPV types per WTS was 2
(range 1-7). In total 20 diﬀerent HPV genotypes were found. The predominant HPV
type in the WTS was HPV 16 (present in 16/31), followed by HPV 31 (6/31) and HPV
18 and 51 (both present in 4/31). Further details are presented in table 1.
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Figure 2 Single vs. multiple HPV types in the 31 HGAIN biopsies
29/31 (94%)
single HPV type in (all
components of) HGAIN

15/31 (48%)
single HPV type
31 HGAIN biopsies

14/16 single HPV type
in all regions

WTS/PCR

16/31 (52%)
multiple HPV types

LCM/PCR

2/31 (6%): 2 HPV types
in collision lesions

WTS/PCR: PCR and HPV genotyping on whole tissue sections. LCM/PCR: PCR and HPV genotyping on
laser capture micro-dissection (LCM) selected dysplastic regions.

Laser-capture micro-dissection

In the 16 WTS containing more than one HPV type, 53 dysplastic regions
(including LGAIN (AIN 1) regions) were selected by LCM and analysed. The
median number of captured dysplastic regions per WTS was 3 (range 2-6). In
14 /16 WTS with more than one HPV type a single HPV type was found in each
LCM-selected region: in 10 only one HPV type was found in all regions and in
4 WTS diﬀerent regions of the lesions contained diﬀerent HPV types. Two WTS
with more than one HPV type contained two HPV types in a single LCM-region.
These were HPV 16 and 26 (biopsy no. B5) and 11 and 31 (biopsy no. B8) (table
1, ﬁgure 3 and ﬁgure 4).
In 15/16 WTS, all HPV types found in the LCM regions were also present in the
WTS/PCR. One biopsy had a lesion speciﬁc HPV type that was not seen in the
WTS/PCR. It was an HPV of undetermined type (X-type) (biopsy B22).
Figure 1 Selection of dysplastic regions for laser capture micro-dissection (LCM)

9

A) HE stained biopsy B) multiple p16 positive dysplastic regions. C) Haematoxylin-stained slide with
dysplastic regions selected for LCM: the two p16 positive regions contained HPV 53 and 31. The p16
negative region did not contain HPV DNA.
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Figure 3 Multiple HPV types in two regions

H-stained membrane slides. Two, possibly colliding, regions containing two HPV genotypes. A: LGAIN
with HPV 16 and 26 (biopsy ID 5). B: HGAIN with HPV 11 and 31 (biopsy ID 8).
Figure 4 Whole tissue section with a collision region

Biopsy ID 5 (see table 1) with a collision lesion containing both HPV 16 and 26. Both were also found in
separate regions. HPV 31 was found in another separate region.
Figure 5 Two non-dysplastic control lesions containing HPV 74.

Biopsy ID 31 in table 1.
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As controls, we performed LCM in four WTS containing only one HPV type
(biopsy no. B14, B16, B17 and B20). All LCM regions contained the same single
HPV type as observed in the WTS (table 1).
Furthermore, in 11 WTS, LCM was used to select 15 non-dysplastic regions, of
which 10 were HPV negative. Four non-dysplastic regions showed the same
HPV type as adjacent dysplastic regions (as shown in ﬁgure 5 for biopsy no. B31).
One non-dysplastic region contained a HPV type (HPV 91) that was not present
in the adjacent dysplastic regions.
HPV detected in lesions: combined result of WTS and LCM
In summary, 15 WTS contained a single HPV type, and 16 WTS contained multiple
HPV types. In 10 of those, LCM selected lesional regions contained the same HPV
type in all dysplastic regions of the WTS. Therefore, 25 (15+10) of 31 AIN lesions
were associated with a single HPV type. In addition, 4 WTS showed more than
one HPV type, but all restricted to a single region within the WTS, adding up to a
total of 29/31 biopsies (94%) in which a single HPV type was found either on its
own in the WTS or in a separate component of the HGAIN lesion. The remaining
two showed 2 HPV types in a single LCM selected region (ﬁgure 3), although
the surrounding lesional regions showed single HPV infections with each of the
types (ﬁgure 4). The regions with two HPV types are therefore collision regions
of two separate single HPV infection regions.
In the WTS we found 20 diﬀerent HPV types, whereas in total 17 diﬀerent lesional
HPV types were found. HPV 16 was a lesional HPV type in 14/31 (45%), followed
by HPV 18, 31 and 58 (all 3 present in 3 lesions) (table 1).

9

HPV analysis of anal swabs

Anal swabs for HPV analysis were available for 15 patients: in 6 the anal swabs
were taken on the same day as the biopsy, in 9 participants the swab was taken
within 4 weeks after biopsies. In total 28 diﬀerent HPV genotypes were found.
The median number of HPV types per swab was 4 (range 1-13). The predominant
HPV type was HPV 16 (present in 7/15 swabs), followed by HPV 18, 39, 51, 52 and
70 (all present in 4/15 swabs) (table 1).
Eight of the 15 anal swabs did not contain all the lesional HPV types found in
the WTS or selected LCM areas. For patients with anal swabs taken on the same
day, 3/6 swabs did not contain all lesional types.
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Table 1 31 anal biopsies in 21 HIV+ men, with HPV genotyping results of anal swabs, whole tissue
sections (WTS) and laser-capture micro-dissection (LCM) selected regions.
Patient
no.

Analswabs
HPVtypes

Biopsy WTSAIN
no.
grade

WTS
HPVtypes

LCMregion LCMregion
Lesional
AINgrade HPVtypes
HPVd

1

31, 33, 52, 68/73

B1

AIN2

31, 52,
53

AIN2
noAIN
AIN2

53
neg
31

2

-

B2

AIN2

16, 35

AIN2
AIN2

16
16

16

NoAIN
AIN1
AIN1
AIN1
AIN2
AIN1
AIN1

91
39
39
39
39
39
39

39

67
neg

67

16+26c
neg
16
26
31

16;26;31;
16+26c

3

6, 16, 18, 39, 40, 74, 91

B3

AIN2

39, 91

4

6, 35, 51

B4

AIN2

6, 16, 31, AIN2
43, 67
AIN1

31;53

5

-

B5

AIN2

16, 31,
26

AIN1
noAIN
AIN1
AIN1
AIN2

6

-

B6

AIN3

16

NA

NA

16

7

16, 44, 53, 61, 67

B7

AIN2

16

NA

NA

16

AIN2

11, 31

AIN1
AIN1
AIN2
AIN2
AIN2
AIN2

11
11
c
11+31
negneg
31

11;31,
11+31c

noAIN
AIN2
AIN2
AIN2

neg
16
16
18

16;18

8

11, 31, 33, 51, 52, 66, 55, 89

B8

9

18, 35, 39, 52, 53, 56, 70

B9

AIN2

16, 18,
35, 39,
52, 53

10

-

B10

AIN3

11, 16

AIN2
AIN3
AIN2

16
16
16

16

11

6, 11, 16, 35, 66, 26

B11

AIN3

16

NA

NA

16

18
18
18neg
18

18

neg
59
59

59

12
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B12

AIN2

18, 51

AIN1
AIN1
AIN1
AIN1
AIN2

B13

AIN2

18, 31,
39, 51,
59, 70,
74

no AIN
AIN2
AIN1

18, 31, 39, 51, 70, 74a
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Patient
no.

13

14

15

16

Analswabs
HPVtypes

WTS
HPVtypes

16, 55

AIN2

35

AIN2
AIN2
AIN2

35
35
35

35

B15

AIN2

11, 16

AIN2
AIN2
AIN2
noAIN

16neg
16
neg

16

B16

AIN2

16

AIN2
noAIN
noAIN

16
neg
neg

16

B17

AIN2

16

AIN2
AIN2
AIN2

neg
16
16

16

B18

AIN2

16

NA

NA

16

B19

AIN2

16

NA

NA

16

neg
neg
neg
52
52
52
52

52

NA

26

a

16, 56a

16, 18, 39, 44, 51, 52, 53,
54, 56, 70, 26, 30, 61a

16, 58a

18

-

70

LCMregion LCMregion
Lesional
AINgrade HPVtypes
HPVd

B14
11, 54a

17

19

Biopsy WTSAIN
no.
grade

B20

AIN2

52

AIN1
AIN1
AIN2
AIN2
AIN2
AIN2
AIN2

B21

AIN2

26

NA

B22

AIN2

AIN2
AIN2
6, 16, 51
AIN2
AIN1

undet.b
neg
neg
neg

undet. b

B23

AIN2

16

NA

NA

16

B24

AIN2

18

NA

NA

18

53
53
58
neg
neg
53

53;58

NA

91

B25

AIN2

51, 53,
58

AIN2
AIN1
AIN2
noAIN
noAIN
AIN1

B26

AIN2

91

NA

9
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Patient
no.

20

Analswabs
HPVtypes

-

Biopsy WTSAIN
no.
grade

LCMregion LCMregion
Lesional
AINgrade HPVtypes
HPVd

B27

AIN2

68/73

NA

NA

68/73

B28

AIN3

58

NA

NA

58

31, 58

AIN3
AIN2
noAIN

58
58
58

58

16, 69

neg
noAIN
69
AIN3
16
AIN3
16
AIN3noAIN
16

16;69

6, 74

AIN3
AIN2
noAIN
noAIN

74

B29

B30
21

WTS
HPVtypes

AIN3

AIN3

74, 69
B31

AIN3

neg
74
74
74

LCM was performed in the 16 WTS containing multiple HPV types and in 4 WTS containing one HPV
type (controls). A HGAIN biopsy occasionally contained both HGAIN and LGAIN regions. aSwab taken
on de same day as biopsy. bOne HPV type could not be determined. cCollision lesions. dThe combined
HPV-results of WTS and LCM.

Discussion
In this study we performed HPV genotyping on WTS and LCM selected regions of
HGAIN lesions in HIV+ MSM. We were able to identify the single and presumably
causative HPV types in all regions of HGAIN lesions, although 2 LCM-PCR samples
contained a collision region. We showed that analysis of WTS is not suﬃcient
to determine the causative HPV type if multiple HPV types are present, and
anal swabs often do not contain the causative HPV type. Finally, we found that
almost half of the lesions are not caused by the two oncogenic HPV types (HPV
16 and 18) targeted by current prophylactic vaccines.
These results cast doubt on the biological signiﬁcance of HPV genotypes in anal
swabs in relation to the question which HPV type is causing the AIN. In previous
studies the vast majority of anal swabs taken in HIV+ MSM showed multiple HPV
types.23, 24 Our study shows similar data in a group with conﬁrmed HGAIN and
in addition we found that more than half of the anal swabs did not contain the
HPV type present in the lesion. Unfortunately, most swabs were not taken on
the same day as the biopsy. However, we do not consider that this inﬂuenced
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our ﬁndings since the HGAIN lesions had not yet been treated between the time
of biopsy and swab collection, and swabs taken on the same day showed the
same proportion of lesional HPV types not present in the swab.
Although our numbers are small, anal swabs are possibly not useful in HIV+
MSM in predicting (HG) AIN or detecting the causative HPV type. Given the
high number of (oncogenic) HPV types in the anal canal in HIV+ MSM and the
possible presence of a lot of “passenger” or “transient” infections, the ability to
identify the causative type might be lower than in cervical screening programs
in HIV negative women. In our study we used a very sensitive SPF10/DEIA/
LiPA25 (version1) technology to identify the HPV types present (high analytical
sensitivity). In general, very low levels of HPV do not reﬂect a clinically meaningful
infection i.e. an infection associated with CIN3+ or cervical cancer, but rather a
transient or latent infection. To investigate whether anal HPV screening could
be relevant, we think a less sensitive HPV-test should be used. Testing with a
too sensitive test will result in lower speciﬁcity and a low positive predictive
value, that is, the diagnosis of more irrelevant infections, which could result
in an excess of follow-up tests, referrals and treatment. On the other hand,
despite the use of this very sensitive technology, testing of anal swabs had still
insuﬃcient sensitivity to detect the causative HPV type.
HPV genotyping of whole tissue sections of biopsies has also been used to
identify HPV causing a lesion. However, it has previously been shown that HGAIN
biopsies often contain more than one HPV type.11 The question is whether all
HPV types found in a WTS play a role in the dysplasia or that some are a casual
infection of the lesion in the mucosa or have been deposited on the epithelial
surface. HPV genotyping of LCM-selected areas of CIN lesions was shown to
eliminate irrelevant HPV types.14-16 In the current study we established that in
case of multiple HPV types observed in WTS, a single HPV type was found in
each component of the HGAIN lesion in 29 of the 31 cases. In addition, the two
lesions with a double HPV infection in an LCM sample appeared to represent
collision regions between two lesions each infected with a single HPV type.
This conﬁrms that the “one lesion, one virus” theory previously proven for VIN
and CIN lesions in immunocompetent women14-16, is also valid for AIN lesions
in HIV+ MSM.
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In addition to the dysplastic areas, we found that ﬁve of 15 LCM-selected nondysplastic areas were HPV positive. Four of those showed the same HPV type
as adjacent dysplastic areas in the same tissue section. In one non-dysplastic
area we found an HPV type which was not present in the dysplastic LCM areas
in the same tissues section. From our cervical experience we also see HPV DNA
in normal epithelium in a small proportion of cases.31 We have evidence that this
form of “latency” occurs in resolving HPV infections and we would expect it not
to be uncommon in HIV+ men.
Both AIN and anal cancer are far more prevalent in HIV+ MSM than CIN and
cervical cancer in immunocompetent women 1, 25 and HGAIN in HIV+ MSM
is more often caused by non-HPV16/18 types.12 More information is needed
on the oncogenic capacity of these HPV types. If the pattern of genotype
distribution found here in HGAIN is seen in anal cancer, vaccination programs
with the current available bivalent and quadrivalent HPV vaccine might not be
suﬃcient to prevent anal cancer in this important risk group. A recent study
showed that 55% of 52 anal cancer specimens in HIV+ patients contained
multiple HPV types. In the same study, 26/52 contained a non-vaccine HR HPV
type.26 Two smaller studies show a comparable proportion of non-vaccine HPV
types in anal cancers of HIV+ patients.27, 28 Future multivalent HPV vaccinations,
like the nona-valent vaccine currently evaluated in clinical trials, might be more
appropriate for preventive programmes focused on anal cancer.29
Studies are needed of the relationship between HPV types in lesions and
progression from low to high grade AIN and anal cancer. In AIN screening
programs it would be of value to discriminate between low-risk and high-risk
HGAIN lesions based on the malignant potential of the speciﬁc HPV type in the
lesion. For these purposes HPV genotyping of WTS and, in the case of multiple
HPV types, of LCM selected regions is needed.
In conclusion, almost each morphologically distinct area of HGAIN can be
attributed to a single HPV type, as previously seen in CIN and VIN. With sensitive
PCR for HPV on WTS and LCM-selected regions the lesional HPV type can be
identiﬁed. The prevalence of HGAIN is very high among HIV+ MSM, and future
studies should focus on the malignant potential of diﬀerent HPV types in order
to target AIN prevention and treatment more eﬃciently.

144

One lesion, one virus

References
1.

2.
3.

4.
5.

6.
7.
8.

9.

10.
11.

12.

13.
14.
15.
16.
17.

18.
19.

20.

Machalek DA, Poynten M, Jin F et al. Anal human papillomavirus infection and associated
neoplastic lesions in men who have sex with men: a systematic review and meta-analysis. Lancet
Oncol 2012;13(5):487-500.
Gustafsson L, Ponten J, Bergstrom R, Adami HO. International incidence rates of invasive cervical
cancer before cytological screening. Int J Cancer 1997;71(2):159-165.
Palefsky JM, Holly EA, Ralston ML, Jay N, Berry JM, Darragh TM. High incidence of anal high-grade
squamous intra-epithelial lesions among HIV-positive and HIV-negative homosexual and bisexual
men. AIDS 1998;12(5):495-503.
Frisch M, Glimelius B, van den Brule AJ et al. Sexually transmitted infection as a cause of anal cancer.
N Engl J Med 1997;337(19):1350-1358.
Palefsky JM, Holly EA, Gonzales J, Berline J, Ahn DK, Greenspan JS. Detection of human
papillomavirus DNA in anal intraepithelial neoplasia and anal cancer. Cancer Res 1991;51(3):10141019.
Palefsky JM, Giuliano AR, Goldstone S et al. HPV vaccine against anal HPV infection and anal
intraepithelial neoplasia. N Engl J Med 2011;365(17):1576-1585.
Wilkin T, Lee JY, Lensing SY et al. Safety and immunogenicity of the quadrivalent human
papillomavirus vaccine in HIV-1-infected men. J Infect Dis 2010;202(8):1246-1253.
Swedish KA, Factor SH, Goldstone SE. Prevention of recurrent high-grade anal neoplasia with
quadrivalent human papillomavirus vaccination of men who have sex with men: a nonconcurrent
cohort study. Clin Infect Dis 2012;54(7):891-898.
van der Burg SH, Palefsky JM. Human Immunodeﬁciency Virus and Human Papilloma Virus - why
HPV-induced lesions do not spontaneously resolve and why therapeutic vaccination can be
successful. J Transl Med 2009;7:108.
Hoots BE, Palefsky JM, Pimenta JM, Smith JS. Human papillomavirus type distribution in anal
cancer and anal intraepithelial lesions. Int J Cancer 2009;124(10):2375-2383.
De Vuyst H., Cliﬀord GM, Nascimento MC, Madeleine MM, Franceschi S. Prevalence and type
distribution of human papillomavirus in carcinoma and intraepithelial neoplasia of the vulva,
vagina and anus: a meta-analysis. Int J Cancer 2009;124(7):1626-1636.
Wong AK, Chan RC, Aggarwal N, Singh MK, Nichols WS, Bose S. Human papillomavirus genotypes
in anal intraepithelial neoplasia and anal carcinoma as detected in tissue biopsies. Mod Pathol
2010;23(1):144-150.
Abramowitz L, Jacquard AC, Jaroud F et al. Human papillomavirus genotype distribution in anal
cancer in France: the EDiTH V study. Int J Cancer 2011;129(2):433-439.
van der Marel J, Quint WG, Schiﬀman M et al. Molecular mapping of high-grade cervical intraepithelial
neoplasia shows etiological dominance of HPV16. Int J Cancer 2012;131(6):E946-E953.
Quint W, Jenkins D, Molijn A et al. One virus, one lesion--individual components of CIN lesions
contain a speciﬁc HPV type. J Pathol 2012;227(1):62-71.
Ueda Y, Enomoto T, Miyatake T et al. Analysis of clonality and HPV infection in benign, hyperplastic,
premalignant, and malignant lesions of the vulvar mucosa. Am J Clin Pathol 2004;122(2):266-274.
Richel O, de Vries HJ, van Noesel CJ, Dijkgraaf MG, Prins JM. Comparison of imiquimod, topical
ﬂuorouracil, and electrocautery for the treatment of anal intraepithelial neoplasia in HIV-positive
men who have sex with men: an open-label, randomised controlled trial. Lancet Oncol. 2013
Apr;14(4):346-53
Jenkins D. Histopathology and cytopathology of cervical cancer. Dis Markers 2007;23(4):199-212.
Quint KD, de Koning MN, van Doorn LJ, Quint WG, Pirog EC. HPV genotyping and HPV16 variant
analysis in glandular and squamous neoplastic lesions of the uterine cervix. Gynecol Oncol. 2010
May;117(2):297-301.
Kleter B, van Doorn LJ, ter SJ et al. Novel short-fragment PCR assay for highly sensitive broadspectrum detection of anogenital human papillomaviruses. Am J Pathol 1998;153(6):1731-1739.

145

9

Chapter 9

21. Kleter B, van Doorn LJ, Schrauwen L et al. Development and clinical evaluation of a highly sensitive
PCR-reverse hybridization line probe assay for detection and identiﬁcation of anogenital human
papillomavirus. J Clin Microbiol 1999;37(8):2508-2517.
22. Ateenyi-Agaba C, Franceschi S, Wabwire-Mangen F et al. Human papillomavirus infection and
squamous cell carcinoma of the conjunctiva. Br J Cancer 2010;102(2):262-267.
23. Palefsky JM, Holly EA, Eﬁrdc JT et al. Anal intraepithelial neoplasia in the highly active antiretroviral
therapy era among HIV-positive men who have sex with men. AIDS 2005;19(13):1407-1414.
24. Salit IE, Lytwyn A, Raboud J et al. The role of cytology (Pap tests) and human papillomavirus testing
in anal cancer screening. AIDS 2010;24(9):1307-1313.
25. Gustafsson L, Ponten J, Zack M, Adami HO. International incidence rates of invasive cervical cancer
after introduction of cytological screening. Cancer Causes Control 1997;8(5):755-763.
26. Abramowitz L, Jacquard AC, Jaroud F et al. Human papillomavirus genotype distribution in anal
cancer in France: the EDiTH V study. Int J Cancer. 2011 Jul 15;129(2):433-9.
27. Kreuter A, Potthoﬀ A, Brockmeyer NH et al. Anal carcinoma in human immunodeﬁciency viruspositive men: results of a prospective study from Germany. Br J Dermatol. 2010 Jun;162(6):1269-77.
28. Wong AK, Chan RC, Aggarwal N, Singh MK, Nichols WS, Bose S. Human papillomavirus genotypes
in anal intraepithelial neoplasia and anal carcinoma as detected in tissue biopsies. Mod Pathol.
2010 Jan;23(1):144-50.
29. Sahasrabuddhe VV, Castle PE, Follansbee S et al. Human papillomavirus genotype attribution and
estimation of preventable fraction of anal intraepithelial neoplasia cases among HIV-infected men
who have sex with men. J Infect Dis. 2013 Feb 1;207(3):392-401.
30. de Villiers EM, Fauquet C, Broker TR, Bernard HU, zur Hausen H. Classiﬁcation of papillomaviruses.
Virology. 2004 Jun 20;324(1):17-27.

146

Chapter

10

Increased HIV-1 activity in Anal
Intraepithelial Neoplasia foci
compared to unaﬀected anal
mucosa in MSM
Georgios Pollakis, Olivier Richel, Joost D Vis, Jan M Prins, William A Paxton,
Henry JC de Vries
Clin Infect Dis. 2014 In press

Chapter 10

Abstract
HPV related anal carcinoma is an increasing health problem amongst HIV-1
positive individuals. We studied 3 patients with focal intra-anal high grade anal
intraepithelial neoplasia (HGAIN, AIN-3). In all 3, higher levels of HIV-1 RNA and
DNA were detected in HGAIN lesions compared to healthy mucosal tissue. In
2 patients, HIV-1 episomal DNA could be found in CD4+ and CD14+ fractions
in plasma, indicative of ongoing viral replication. Furthermore, in 1 patient
we found HIV-1 episomal DNA in HGAIN lesions but not healthy mucosa. Our
ﬁndings indicate heightened HIV-1 activity in anal HGAIN lesions, not in healthy
neighboring anal mucosa.
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Introduction
there is increasing evidence that successful HIV-1 antiretroviral therapy (ART),
with sustained undetectable plasma RNA load, does not completely suppresses
residual virus replication.1 The continual reseeding of cellular reservoirs with
virus, especially within multiple sequestered anatomical sites, has major
implications when considering eﬀorts aimed at eradication of HIV-1 infection.
Co-infection with other pathogens might inﬂuence both the dynamics of viral
reservoirs and the shedding of HIV-1 at sites of inﬂammation.
Amongst HIV-1 positive men having sex with men (MSM) up to 95% have
been reported with anal HPV infection.2,3 Anal HPV infection is independently
associated with HIV acquisition.4 Reversely, the rate of HPV diagnosis was shown
to increase in a group of women from South Africa during their ﬁrst year of HIV1 infection, indicating mucosal immune dysfunction from the early stages of
HIV-1 disease.5 Infection with HPV is considered to be a risk for the induction of
anal cancer in MSM.6 Invasive anal cancer is preceded by mucosa abnormalities
known as high grade anal intraepithelial neoplasia (HGAIN). Unlike most other
opportunistic infections, the introduction of ART has not reduced the rates of
diagnosed anal cancer.5 Longer life expectancy of ART treated individuals, with
an already impaired immune system, could be one possible contributing factor.7
It has been shown that HIV-1 positive individuals are less prone to clear their
HPV infection compared to uninfected individuals.2 In addition, higher HIV-1
viral shedding was reported among both men and women co-infected with
HPV.8 Prolonged HPV infection of the anal mucosa will result in inﬂammation
that will undoubtedly increase the numbers of immune cells both carrying HIV1 as well as uninfected cells with heightened susceptibility for infection. Here
we aimed to address whether HPV infection can inﬂuence HIV-1 burden at the
anal mucosa.

Methods
This study was reviewed and approved by the Medical Ethical Committee of the
Academic Medical Centre, University of Amsterdam, Netherlands. After written
consent, HIV-positive MSM were included with recently diagnosed focal HGAIN
(AIN-3) lesions as described elsewhere.9 Under high resolution anoscopic vision,
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2 adjacent biopsies were taken from a suspected AIN lesion and 2 adjacent
biopsies from unsuspicious normal appearing anal mucosa. From each location
1 biopsy was processed for histopathology to conﬁrm AIN and normal mucosa,
respectively. The other 2 biopsies from respective locations were snap frozen in
liquid nitrogen and cryopreserved at -150oC. At time of sample collection, plasma
HIV-1 RNA was measured using the Abbott Molecular, m2000 Real-Time System
(DES PLAINES, Ill. and ROCKVILLE, Md.). CD4+ T-lymphocyte count was carried
out with standard ﬂuorescent activated cell sorting (FACS), using commercially
available ﬂuorescent-labeled antibodies (Becton-Dickinson Immunocytometry,
CA, USA). Additionally, approximately 20 ml blood was drawn in BD Vacutainer®
CPTTM (with sodium citrate) cell preparation tubes the same day as the biopsies
were collected. PBMCs were isolated from the blood and cryopreserved (-150oC)
as was 10 ml of plasma (stored -80oC).
Thawed tissue was fully digested with proteinase K (Roche Applied Science) at
56oC overnight. In order to prevent RNA loss the proteinase K deactivation step
at 95oC was skipped following treatment and was replaced by a nucleic acid
isolation procedure using the “QIAamp Viral RNA kit” (QIAGEN). The MACS cell
separation system was used to isolate CD14+ monocytes and CD4+ lymphocytes
from PBMC followed by nucleic acid isolation utilizing the Boom method. The
plasma was ultra centrifuged (2 hours at 32,000 rpm) after which the pellet was
collected for nucleic acid isolation again utilizing the Boom extraction method.
Nucleic acid detection was performed by an ultrasensitive protocol using highly
conserved primers and probe located within the RU5 long terminal repeat region
of the viral genome and which was performed by the QIAGEN OneStep RTPCR Kit according to instructions10. This assay detects all forms of viral RNA and
DNA, however, a pre-ampliﬁcation step and choice of speciﬁc oligonucleotide
primers allows for diﬀerentiation between linear and circular viral forms. The
pre-ampliﬁcation primers {5’GAGCCTGGGAGCTCTCTGGCTA/5’AGCAAGCCGA
GTCCTGCGTC} recognize all forms of RNA and DNA while {5’TAACCCTCAGATGCTG
CATAwAAGCAGCyGCT/5’AGCAAGCCGAGTCCTGCGTC} only amplify fully reverse
transcribed HIV-1 DNA. Linear versus circular or integrated versus non-integrated
viral DNA could not be distinguished by this assay; however, including a DNAse
incubation step (Ambion® TURBO™ DNAse from Life Technologies) we could
diﬀerentiate between RNA as well as both RNA and fully reverse transcribed
viral DNA. Episomal HIV-1 DNA was pre-ampliﬁed with the primer-pair {5’GAGC
CTGGGAGCTCTCTGGCTA /5’TCCACAGATCAAGGAT ATCTTGTC}. The tissue
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isolate input in the ampliﬁcation reaction was expressed in mg of tissue with
equal tissue input quantities utilized in all experiments.
Table 1 Characteristics of paricipants
Patient ID

AIN grade

Present
Nadir
CD4+
CD4+
Cell count
Cell count
(cells/106ml) (cells/106ml)

HIV-RNA
(copies/ml)

Antiretroviral
therapy
(ART)

Duration
of ART
(years)

1

AIN 3

610

180

<40

Atripla

1.3

2

AIN 3

580

190

<40

Truvada
atazanavir

14.1

3

AIN 3

718

320

<40

Truvada
atazanavir
ritonavir

3.6

Results
Three individuals previously diagnosed with AIN 3 were included in the study.
All were receiving successful ART, as evidenced by an undetectable plasma
RNA load, and their CD4+ cell-counts had recovered to relatively high numbers
(Table 1). In all 3 participants AIN 3 could be reconﬁrmed by histopathology
upon inclusion. Biopsies from normal appearing mucosal lining showed
normal diﬀerentiation and no signs of neoplasia. First, we used a sensitive PCR
(described in 10) that ampliﬁed a 122nt LTR HIV-1 DNA fragment from fully
reverse transcribed viral RNA to detect virus in the leukocyte fractions. Both
CD14+ and CD4+ fractions were positive for viral DNA with the exception of
the CD14+ cell fraction from patient 3 (data not shown). Virus RNA was then
investigated in the plasma as indication of de-novo virus production With our
sensitive PCR assay we could detect fully reverse transcribed viral DNA in all
three study participants, indicating that the ultracentrifugation of the plasma
had pelleted DNA-containing cell-debris (Fig. 1A). However, in order to avoid
HIV-1-DNA contamination from infected cells during RT-PCR, the assay input
was subjected to a DNAse I treatment prior to reverse transcription. The
ampliﬁcation procedure under these conditions revealed the presence of
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HIV-1 RNA in the plasma samples of patients 2 and 3 but not patient 1 (Fig.
1A), indicating that virus is indeed replicating within the blood compartment,
shedding virus in the plasma.
We next determined whether HIV-1 RNA or DNA could be detected in the
anal mucosa despite successful ART. We analyzed in parallel the healthy and
lesional mucosa samples from all 3 study participants. Here the choice of
oligonucleotides (and depending on whether the sample was treated with
DNAse or not) enabled us to detect viral RNA and DNA or alternatively RNA
alone (Fig. 1B). For all 3 study participants we found HIV-1 RNA and DNA in
both healthy and lesional mucosal tissues and using density quantiﬁcation of
the ampliﬁed product, we found higher quantities of RNA in the lesional HGAIN
biopsies for all subjects (Fig. 1C). Utilizing tissue from patient 1 (from whom
suﬃcient material was available) we performed a quantitative TaqMan assay
utilizing the same conditions and again identiﬁed higher levels of both HIV-1
RNA and DNA in lesional AIN versus healthy mucosal tissue (Fig. 1D).
The presence of HIV-1 RNA does not allow us to conclude whether the de-novo
produced virus originates from recently or historically quiescently infected cells
nor indicate the presence of infectious virus particles. We addressed this by
testing for the presence of episomal HIV-1 DNA, which is indicative of recently
infected cells. We found HIV-1 episomal DNA in the PBMC from patients 1
and 2 in both the CD14+ and CD4+ cell fractions. Furthermore, from patient
2, diagnosed as HIV-1 positive since 1995 we found episomal DNA in the
lesional HGAIN biopsy whilst the healthy mucosa sample was negative (Fig.
1E), indicating both increased viral activity and the presence of recently infected
cells in the lesion.

Discussion
It is well established that there is interplay between HIV-1 and HPV viruses,
since infection by one is associated by increased infection rates of the other.
HIV-1 infected individuals do not clear their HPV infection despite suppressive
antiretroviral therapy and HPV/HIV-1 positive individuals shed higher levels of
HIV-1 at the anal mucosa than those who are HIV-1 positive alone.2-5 We have
shown here increased levels of HIV-1 viral RNA in HGAIN intra-anal lesions
compared with the adjacent healthy mucosa. This could provide one explanation
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why HIV-1/HPV co-infected individuals shed higher levels of HIV-1 in their anal
mucus.5 Although our study sample is small, the presence of higher levels of HIV1RNA in HGAIN lesions compared to normal adjacent mucosa in all 3 participants
is an indication that neoplastic lesions are indeed associated with viral activity.
This could be caused by increased virus replication due to heightened T cell
activation locally, or alternatively, by the recruitment of infected T cells (infected
with HIV-1) to the lesional tissue. We found both increased viral RNA as well as
DNA load in HGAIN lesions, as indication of increased local viral activity. We
do not know how ever whether it is due to the local immune activation or the
recruitment of virus producing cells at the site of inﬂammation.
Since all study participants were under suppressive ART for as long as 15 years,
the presence of HIV-1 RNA in AIN lesions clearly supports the concept that
continuous virus replication is ongoing.1 Zucherman et.al could measure among
MSM higher levels of HIV-1 RNA in rectal mucosa secretions than in blood and
in seminal plasma, whether they received ART or not.11 Here we provide further
evidence that antiretroviral therapy may not be able to completely suppress
HIV-1 replication and that this can occur in rectal mucosal tissue and even more
so in AIN lesions where localized inﬂammation is likely ongoing.
The local presence of HIV-1 RNA does not allow us to conclude whether the denovo produced virus originates from recently or historically quiescently infected
cells nor indicate the presence of infectious virus particles. The viral RNA could
be produced either by a reactivated long lived latently infected reservoir or
by recently infected cells that ART failed to protect. Episomal HIV-1 DNA is
believed to have a short half-life suggesting recent infection.12 It is important
to note that 1 of the patients has received therapy for over 14 years with plasma
viral loads consistently below 40 copies/ml. We found episomal DNA both in
peripheral CD4+ lymphocytes and CD14+ monocytes, suggesting that the de
novo produced HIV-1 particles are infectious despite successfully suppressive
ART. We also found episomal DNA in the lesional HGAIN biopsy of one of the
patients.
Cage et al. have shown that supernatant from HPV-associated cervical cells could
induce HIV-1-p24 and reduced IL-6 production, implying that HPV infection can
aﬀect HIV-1 pathogenesis.13 Increased levels of immunoregulatory cytokines
were also associated with HPV infection at the genital site suggesting increased
immune activation and inﬂammation in women co-infected with HPV/HIV.14
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Pro-inﬂammatory cytokines may play a key role in the HIV life cycle, especially
at the level of gene transcription, favoring the ability of HIV to establish latent
reservoirs.
The 3 patients described here all showed increased HIV-1 activity in HGAIN
lesions in comparison to non-lesional anal mucosa. Cell populations typically
targeted by HIV-1 may be recruited to the infection site through alteration of
the local cytokine/chemokine environment such (MIP)-3a, IL-7, MIP-1B, IL-8 and
RANTES, all of which are known to aﬀect HIV-1 infection and replication.15 It is
also possible however that the lesion represents an anatomical site where drug
concentrations are lower and where residual HIV-1 replication is increased. An
increase in the concentrations of HIV-1 in HGAIN lesions will most likely lead to
an increased transmission risk of HIV via receptive anal intercourse. Although
the complex interaction of other pathogens with HIV-1 is not well understood
at the level of the anal mucosa, the interaction between the viruses and the
resultant induced immune responses may play a critical role in inﬂuencing HIV1 replication and/or transmission.
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Figure 1:
A: HIV-1 LTR ampliﬁcation in Plasma of patients 1, 2 and 3 with or without DNAse I in order to distinguish
RNA from DNA. When DNAse is added (+), right panel only RNA is detected.
B: HIV-1 LTR ampliﬁcation from anal mucosa healthy tissue (M) and lesional AIN biopsies (L). Oligonucleotides able to amplify all forms of RNA and DNA (left panel) will always amplify the virus, however,
in the presence of DNAse only RNA will be detected. With Oligonucleotides able to amplify only fully
reverse transcribed DNA (Only Viral DNA) in the presence of DNAse only DNA will be detected while RNA
remains undetectable. With Oligonucleotides able to amplify both viral RNA and DNA, in the presence
of DNAse only RNA will be detected (1,2 and 3 indicate the three study subjects).
C: HIV-1 RNA comparison between the healthy tissue (M) and the AIN lesion (L). The HIV-1 LTR RNA was
ampliﬁed as described in panel B prior to quantiﬁcation. RNA ampliﬁed from the lesion was set at 100%
(black bars) and compared to the amount found in the adjacent healthy area of the mucosa (grey bars).
D: Real time TaqMan quantiﬁcation of HIV-1 LTR DNA and/or RNA from the anal mucosa of patient 1. The
nucleic acids were subjected to a 15 cycle preampliﬁcation with oligonucleotides able to amplify either
all forms of RNA and DNA or fully reverse transcribed DNA alone. The healthy tissue (M) is shown in grey
and the lesion (L) in black bars.
E: Episomal HIV-1 DNA ampliﬁcation from patient 2. The CD4+ lymphocyte and CD14+ monocyte PBMC
fractions were analyzed along with the lesional and healthy areas of the anal mucosa. DNA equivalents
of 2.5x105 cells were used for the ampliﬁcation from the blood fractions and of 400 micro-grams of
tissue for the ampliﬁcation from the anal mucosa.
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In this thesis we investigated several aspects of anal intraepithelial neoplasia
(AIN) in HIV+ men who have sex with men (MSM). This condition has gained
clinical interest because of the impressive increase of the anal cancer incidence
in HIV+ MSM since the introduction of combination antiretroviral therapy
(cART).1 The incidence of anal cancer among HIV+ MSM is now much higher
than the incidence of cervical cancer in HIV- negative women before standard
cytological screening was introduced1,2, and given the similarities between anal
and cervical cancer3, screening for and treatment of AIN to prevent anal cancer
is presently subject of debate.4

Part I: Epidemiology
In Chapter 2 we found that during the last decades the incidence of anal cancer
has increased in the general population of most Western countries. Infection
with oncogenic human papillomavirus (HPV) is the most important risk factor,
but anal cancer is also associated with increasing age, smoking, receptive anal
intercourse, a history of sexually transmitted infections, having had more than
15 lifetime sexual partners, and a history of cervical intraepithelial neoplasia
or cervical cancer. The main risk groups are HIV positive patients, men who
have sex with men, and organ transplant recipients. Increasing numbers of
people belonging to these risk groups contribute to the increase in anal cancer
incidence. Further studies should answer in more detail to what extent these
risk groups contribute to the overall anal cancer incidence, and whether these
risk groups would beneﬁt from preventive screening for anal cancer.
In Chapter 3 we describe that since the introduction of cART in 1996 the anal
cancer incidence in the HIV positive population in The Netherlands has increased,
to a peak incidence rate of 114 per 100,000 person-years in 2005/2006. In HIV+
MSM this peak incidence was even 168 per 100,000 person-years. However,
after 2006 a steady decrease to an incidence of 72 and 100 per 100,000 personyears respectively was found. Main risk factors were a low nadir CD4 cell count,
alcohol abuse and smoking.
This is the second study that shows that the incidence rates are levelling oﬀ.5 An
explanation might be that long-term use of cART is negatively associated with
the risk of the anal cancer precursor AIN6 and furthermore, given the tendency
to start cART with higher CD4 counts, the HIV+ MSM population is less and less
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exposed to low nadir CD4 cell counts. cART is initiated at higher levels in the last
10 years compared to the beginning of the cART era. In time, this might lead to
a decrease in anal cancer incidence.
Our ﬁndings support early initiation of cART in all patients. In the coming years
we will see whether the incidence of anal cancer in HIV+ MSM will continue
to decrease. In the meantime, the very high anal cancer incidence justiﬁes
screening programs for AIN among HIV+ MSM.

Part II: Diagnostics
In Chapter 4 we found several risk factors for AIN in HIV+ MSM. GHB use increased
the risk for AIN, while duration of cART and anal XTC use were negatively
correlated with AIN. These parameters were combined into one multivariable
predictor to select HIV+ MSM for AIN screening. To reach a negative predictive
value of 100%, only 3% of the participating patients could be rightfully excluded
from screening. In other words: no predictor or set of predictors that is useful to
guide an AIN-screening program was found.
Chapter 5 showed that a moderate to substantial interobserver agreement
can be reached between two experienced high resolution anoscopists
in recognising anal lesions suspect for AIN in HIV+ MSM. Furthermore,
HGAIN was present in almost 20% of anal condyloma, a presumed benign
abnormality. Condylomatous lesions should therefore always be biopsied for
histopathological evaluation in this high-risk group. In non-condylomatous
lesions, a combination of punctuation, ﬂat leukoplakia and atypical vessels was
the best predictor for HGAIN.
In Chapter 6 we established a learning curve for high resolution anoscopy (HRA)
for the ﬁrst author. 383 HIV+MSM (with identical inclusion criteria and selection
procedures) were divided in 6 consecutive groups of 63 men. In the ﬁrst group,
an AIN prevalence of 40% was found. In the last two groups, the AIN prevalence
levelled oﬀ at 70%, with a concomitant gradual decrease in AIN and HGAIN
prevalence over time for the second screening in patients who were presumed
AIN-negative at baseline. These data support and quantify the previously
reported lengthy learning curve required for HRA practitioners.7
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Given the very high prevalence of (HG)AIN and the absence of a useful (set of )
predictor(s), screening seems warranted for all HIV+ MSM. However, given the
association of low nadir CD4 counts with anal cancer (chapter 3), it is reasonable
to give priority to those with a low nadir CD4 cell count, especially in situations
of limited screening capacity. Anal cytology does not seem to be useful for the
screening of AIN. It underestimates the presence of HGAIN and its speciﬁcity is
low.3,8 HRA is a complicated procedure, which requires extensive training and
experience. Given the lack of other qualitative screening methods, HRA-training
programs need to be extended to facilitate future AIN-screening programs.

Part III: Treatment
In 48 HIV+ MSM with intra-anal AIN we found after treatment with topical
5-ﬂuorouracil (5-FU) a complete clearance rate of 39% (Chapter 7). In addition,
5-FU caused a decrease of the viral load of oncogenic HPV in both responding
and non-responding patients.
Chapter 8 describes an RCT in 148 HIV+MSM, who were treated for (HG)AIN with
imiquimod, 5-FU or electrocautery. The number of patients with a complete
response at 4 weeks following end of treatment was signiﬁcantly lower for
patients in the imiquimod and ﬂuorouracil groups than for those treated with
electrocautery. Additionally, side-eﬀects were more serious and longer lasting
in patients treated with imiquimod and ﬂuorouracil than in patients treated with
electrocautery. However, in 70% of responding patients in all three treatment
arms AIN lesions recurred within 18 months after treatment.
Future studies should focus on new treatment modalities. The high recurrence
rates are unsatisfying and will absorb the scarce HRA-capacity. To our knowledge,
currently no new promising local treatment is under investigation. Possibly,
therapeutic vaccination, inducing speciﬁc T-cell responses, might be an option.
This has previously been shown to be eﬀective for the treatment of VIN.9 There
might also be a role for prophylactic vaccines. A recent retrospective study
showed less recurrences of HGAIN in patients who received the quadrivalent
HPV vaccine after successful treatment.10 Both strategies are currently under
investigation in the Academic Medical Center of the University of Amsterdam.
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Part IV: Pathophysiology
In Chapter 9 we performed HPV genotyping on Whole Tissue Sections (WTS)
and Laser Capture Microscopic (LCM)-selected regions of 31 HGAIN lesions
obtained in 21 HIV+ MSM. We were able to identify the single and presumably
causative HPV types in all regions of the HGAIN lesions, although 2 LCM-selected
samples consisted of 2 colliding lesions. We showed that analysis of WTS is not
suﬃcient to determine the causative HPV type if multiple HPV types are present,
and anal swabs often do not contain the causative HPV type. Finally, we found
that approximately half of the lesions are not caused by the two oncogenic HPV
types (16 and 18) targeted by current prophylactic vaccines.
The question rises whether, based on the lesional HPV type, a diﬀerentiation
can be made in malignant potential of a HGAIN lesions. HPV analysis of WTS and
LCM-selected regions in anal cancer specimens of HIV+ patients might help to
answer this question. In addition, information on the HPV types that will ﬁnally
lead to malignant progression is essential for evaluation of the possible role of
therapeutic and prophylactic HPV vaccines.
In Chapter 10 we analysed HGAIN lesions and healthy mucosa of 3 HIV+ MSM for
HIV-1 viral load. Despite a suppressed plasma viral load, increased levels of HIV1 RNA were found in intra-anal HGAIN lesions as compared with the adjacent
healthy mucosa. This provides further evidence that antiretroviral therapy may
not be able to completely suppress HIV-1 replication and that this can occur
even more so in AIN lesions where localized inﬂammation is likely ongoing. It
is also possible that drug concentrations are lower in AIN lesions, resulting in
residual HIV-1 replication.

Recommendations
In conclusion, anal cancer is a serious problem in HIV+ MSM. Given the similarities
with cervical cancer, screening for AIN with subsequent treatment might avert
development of anal cancer. As shown in this thesis, all HIV+ MSM are at risk,
as there are no parameters that can help to identify MSM more or less at risk for
AIN, although given the association of low nadir CD4 counts with anal cancer,
it is reasonable to give priority to those with a low nadir CD4 cell count. High
Resolution Anoscopy (HRA) is the preferable ﬁrst line screening method, but the
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optimal screening interval still needs to be established.
Electrocautery is presently the preferred treatment, but future research should
focus on new treatment modalities. The high recurrence rates are problematic
and repeated visits and treatments are logistically diﬃcult and cumbersome
for the patient. The contribution of therapeutic and prophylactic vaccination
should be explored.
In addition, more knowledge is needed on the malignant potential of AIN.
Is LGAIN a real precursor of anal cancer, or should the focus be on HGAIN?
Can knowledge of the causing HPV type guide treatment decisions? Natural
progression studies of HGAIN are needed, in combination with qualitative HPV
analysis.
In the meantime, current available data plead for further introduction of
AIN-screening programs. This means that HRA training programs need to be
expanded.
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Nederlandse samenvatting
Sinds de introductie van de eﬀectieve HIV-behandeling in het midden van de
jaren negentig is HIV voor veel mensen veranderd in een chronische ziekte.
Met de langere levensduur zijn er nieuwe ziektes zichtbaar geworden die
eerder nog op de achtergrond stonden. Het meest opvallende is een toename
van anuskanker, vooral onder mannen de seks hebben met mannen (MSM,
homoseksuele mannen) met HIV.
Anuskanker wordt net als baarmoederhalskanker veroorzaakt door het humaan
papillomavirus (HPV) en voorafgegaan door een voorstadium. Dit voorstadium
heet anale intraepitheliale neoplasie (AIN) en wordt onderverdeeld in laaggradige
AIN (LGAIN; mild) en hooggradige AIN (HGAIN; matig tot ernstig). De meerderheid
van de HIV+ MSM heeft AIN en tussen de 30% en 50% heeft zelfs HGAIN.
Sinds enkele decennia bestaat er een succesvol screeningsprogramma
op voorstadia van baarmoederhalskanker. Dit heeft geleid tot een sterke
afname van deze ziekte. Gezien de overeenkomsten van anuskanker met
baarmoederhalskanker gaan er stemmen op om HIV+ MSM te screenen op AIN
en deze voorstadia te behandelen, met het doel anuskanker te voorkomen.
Echter, het onderzoek naar AIN staat nog in de kinderschoenen en veel vragen
zijn nog onbeantwoord. Dit heeft geleid tot een samenwerking tussen de
afdeling Infectieziekten en de afdeling Dermatologie in het AMC, resulterend
in dit proefschrift.

Deel I Epidemiologie
Sinds enkele decennia neemt de incidentie van anuskanker in westerse landen
langzaam toe in de algehele populatie. Door middel van literatuuronderzoek
zijn we in hoofdstuk 2 tot de conclusie gekomen dat deze toename deels
verklaard kan worden door een toename van de belangrijkste risicogroep voor
anuskanker: HIV+ MSM. Maar ook de toename van het aantal mensen met een
donornier levert waarschijnlijk een bijdrage. Deze groep heeft een verhoogd
risico op anuskanker door het gebruik van afweeronderdrukkende medicatie.
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In samenwerking met de Stichting HIV Monitoring hebben we in hoofdstuk 3
de incidentie van anuskanker onder mensen met HIV in kaart gebracht in
Nederland van 1995 tot en met 2012. Net als in buitenlandse studies zien we een
verontrustende toename in de incidentie van anuskanker, vooral onder HIV+
MSM. Na 2006 lijkt er echter sprake te zijn van een lichte afname. We denken
dat dit komt door het feit dat HIV-medicatie steeds vroeger in de infectie wordt
gestart, als de afweer nog niet ernstig is beschadigd. We hebben in deze studie
namelijk gevonden dat mensen die ooit een lage afweer hebben gehad (laag
nadir CD4 getal), ook al is deze nu hersteld, een verhoogd risico hebben op
anuskanker. Ook roken en fors alcoholgebruik verhogen kans op anuskanker.

Deel II Diagnostiek
Voorstadia van baarmoederhalskanker kunnen opgespoord worden door
middel van een uitstrijkje op afwijkende cellen. Bij HIV+ MSM is een anaal
uitstrijkje helaas weinig zinvol. HGAIN wordt op deze manier vaak gemist. De
beste methode om AIN op te sporen is middels hoge resolutie anoscopie (HRA).
Bij HRA wordt het anusslijmvlies onder vergroting bekeken en kunnen biopten
(“hapjes”) van het slijmvlies genomen worden voor nader onderzoek. HRA is
echter een vervelend onderzoek, het neemt veel tijd in beslag en is daardoor
duur. Bovendien zijn er zijn nog maar weinig zorgverleners die HRA beheersen,
omdat het relatief nieuwe diagnostische methode is.
In hoofdstuk 4 hebben we onderzocht welke factoren het risico op het krijgen
van AIN bij HIV+ MSM verhogen of verlagen. Dit zou je kunnen gebruiken om
doelgerichter te kunnen screenen, en mogelijk sommige mensen zelfs (nog) niet
te screenen. We hebben 311 HIV+ MSM nagekeken met hoge resolutie anoscopie
en met behulp van vragenlijsten en de medische voorgeschiedenis een reeks aan
mogelijke risicofactoren in kaart gebracht. Van de onderzochten had 56% AIN, en
we hebben enkele associaties gevonden (o.a. een hoger risico op AIN bij recreatief
gebruik van de partydrug GHB en een lager risico op AIN bij langdurig gebruik van
HIV medicatie). Echter, de verbanden die we hebben gevonden zijn te klein om
een bepaalde groep uit te sluiten van AIN screening. Dit betekent dat alle HIV+
MSM een sterk verhoogd risico hebben op AIN en gescreend moeten worden.
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Omdat er geen richtlijnen bestaan voor hoge resolutie anoscopie hebben we
in hoofdstuk 5 de kenmerken van het afwijkende slijmvlies van AIN in kaart
gebracht. We hebben onder andere gevonden dat punctatie (en patroon van
puntjes op het slijmvlies) de beste voorspeller is van HGAIN. Ook hebben we
aangetoond dat 1 op de 5 genitale wratten, een afwijking waarvan over het
algemeen wordt aangenomen dat het onschuldig is, HGAIN bevat. Daarnaast
hebben we gevonden dat er in classiﬁcatie van het afwijkend slijmvlies een
redelijke overeenstemming tussen twee beoordelaars bestaat. Dit hebben we
onderzocht door twee HRA deskundigen onafhankelijk van elkaar foto’s van
afwijkingen te laten beoordelen.
Omdat onvoldoende zorgverleners HRA beheersen is het belangrijk om te
weten hoeveel tijd iemand nodig heeft om HRA onder de knie te krijgen. In
hoofdstuk 6 hebben we de leercurve in het herkennen van AIN van de schrijver
van dit proefschrift geanalyseerd, waarbij de 388 HIV+ MSM die hij gescreend
heeft in 6 opeenvolgende groepen zijn ingedeeld. Aanvankelijk was de AIN
prevalentie 40%, bij de laatste drie groepen stabiliserend rond de 70%. Hiermee
is voor het eerst de lange leercurve voor HRA vastgelegd. Dit betekent dat
HRA niet onderschat moet worden en trainingsprogramma’s moeten worden
uitgebreid.

Deel III Behandeling
In samenwerking met het St Joseph Hospital in Bochum, Duitsland, hebben
we in hoofdstuk 7 48 HIV+ MSM met AIN behandeld met 5-ﬂuoruracil zalf
(Efudix ®). Bij 39% van de deelnemers waren de afwijkingen verdwenen en 17%
liet een gedeeltelijke reactie (afname van HGAIN naar LGAIN) zien. Daarnaast
was er sprake van een afname van hoeveelheid HPV, bij zowel patiënten die
reageerden als bij patiënten die niet reageerden op de behandeling.
Hoofdstuk 8 beschrijft het belangrijkste onderzoek van dit proefschrift. In
deze studie hebben we bij 148 HIV+ MSM drie verschillende behandelingen
van AIN met elkaar vergeleken: electrocauterisatie (het “wegbranden” van de
afwijkingen), imiquimod zalf (Aldara ®), en 5-ﬂuorouracil zalf (Efudix ®). Patiënten
die met electrocauterisatie werden behandeld lieten een betere reactie zien
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(in 50% verdween de AIN) dan de twee andere behandelingen. Bovendien
had deze groep veel minder last van bijwerkingen. Bij zowel imiquimod als
5-ﬂuoruracil waren de bijwerkingen ernstiger en langer durend. Alle patiënten
die gereageerd hadden op de behandeling werden elke 6 maanden terug
gezien, tot anderhalf jaar na het einde van de behandeling. Na anderhalf jaar
had helaas 70% weer AIN. Dit gold voor alle drie de behandelarmen.

Deel IV Pathofysiologie
Zoals eerder genoemd worden anuskanker en AIN veroorzaakt door het
humaan papillomavirus (HPV). Er bestaan meer dan honderd HPV types,
waarvan de meesten onschuldig zijn. Daarnaast zijn er een aantal kunnen
kanker veroorzaken. HPV 16 is de belangrijkste veroorzaker van zowel
baarmoederhalskanker als anuskanker. Echter, er zijn aanwijzingen dat bij
mensen met HIV zowel AIN als anuskanker minder vaak wordt veroorzaakt door
HPV 16. De veroorzakende HPV types zijn niet altijd makkelijk te achterhalen.
Als je een anaal uitstrijkje doet bij HIV+ MSM zijn er vaak meerdere HPV types
aanwezig. Ook in het afwijkende slijmvlies (AIN) zelf vind je vaak meerdere
types. In beide gevallen weet je niet welk(e) HPV type(s) heeft/hebben
bijgedragen tot de afwijking. In hoofdstuk 9 hebben we in samenwerking
met een gespecialiseerd laboratorium in Rijswijk (DDL diagnostic laboratory)
de veroorzakende HPV types kunnen achterhalen in 31 HGAIN samples. Als
er meerdere types werden aangetroﬀen in een HGAIN sample, kon door
middel van een speciale techniek (laser capture microdissection: LCM) alsnog
achterhaald worden welk HPV types daadwerkelijk de boosdoeners waren en
welke onschuldige voorbijgangers. In maar 45% van de gevallen was HPV16
de veroorzaker. De overige afwijkingen werden veroorzaakt door een reeks
aan andere HPV types. Daarnaast hebben we aangetoond dat in de helft van
de gevallen het veroorzakende HPV type wordt gemist in het anale uitstrijkje.
Een belangrijke vraag is waarom HPV gerelateerde ziektes, zoals anuskanker
en baarmoederhalskanker, zo vaak voorkomen bij mensen met HIV, zelfs bij
patiënten waarbij HIV goed onder controle lijkt te zijn. In Hoofdstuk 10 heeft het
Laboratorium voor Experimentele Virologie van het AMC in 3 HGAIN samples
gekeken naar HIV. Dit werd vergeleken met gezond slijmvlies bij dezelfde
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patiënten. In alle drie gevallen was er sprake van verhoogde HIV activiteit in
de HGAIN samples. Dit zou veroorzaakt kunnen worden door de HGAIN, wat
leidt tot een ontstekingsreactie en mobilisatie van door HIV geïnfecteerde
afweercellen. Anderzijds kan de aanwezigheid van HIV het slijmvlies mogelijk
vatbaarder maken voor infectie met HPV en ontwikkeling van AIN.

Tot slot
Anuskanker is een serieus probleem, vooral voor HIV+ MSM. Gezien de
overeenkomsten met baarmoederhalskanker zou screening op en behandeling
van AIN, anuskanker kunnen voorkomen. Met de huidige kennis loopt elke HIV+
MSM een verhoogd risico. Gezien de sterke associatie van anuskanker met een
laag nadir CD4 aantal (lage afweer in het verleden) zou ervoor gekozen kunnen
worden om hierop te selecteren bij beperkte screeningscapaciteit. Hoge
resolutie anoscopie is de screeningsmethode bij voorkeur, maar het optimale
screeningsinterval moet nog vastgesteld worden.
Electrocauterisatie is de beste behandeling, maar we moeten verder blijven
zoeken naar nieuwe behandelmogelijkheden, inclusief HPV vaccinatie. Het
hoge percentage recidieven is problematisch. De herhaalde bezoeken en
behandelingen zijn vervelend voor de patiënt en absorberen de beperkte HRAcapaciteit die er momenteel is.
Verder zou het zinvol zijn om te kunnen voorspellen welke afwijking wel
en welke afwijking uiteindelijk niet in anuskanker verandert. Net als bij
baarmoederhalskanker, zal uiteindelijk maar een klein deel van de voorstadia
in kanker veranderen. Je behandelt dus een grote groep om maar bij een deel
kanker te voorkomen. Het ontstaan van kanker is een dynamisch proces. Verder
onderzoek is nodig om de voorstadia die in kanker dreigen te veranderen te
onderscheiden. Mogelijk dat kennis over het veroorzakende HPV type of andere
eigenschappen van AIN in de toekomst hierbij behulpzaam zouden kunnen
zijn. In de tussentijd pleit de huidige kennis over AIN en anuskanker voor het
verder introduceren van screening op de aanwezigheid van AIN.
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Allereerst wil ik mijn twee promotoren prof. dr. Jan Prins en prof. dr. Henry de
Vries bedanken. Ik had het met dit duo niet beter kunnen treﬀen! Het was een
leerzame weg voor me, we hebben met z’n drieën een hoop meegemaakt. Via
politiek gedoe, eindeloze HRA-poli’s en mooie congressen naar dit proefschrift.
Ik hoop dat we ook in de toekomst nog vaak zullen samenwerken!
Beste Jan, ik heb veel geleerd van jouw analytisch vermogen en manier waarop
jij altijd tot de kern van de zaak komt. Jij weet de structuur weet aan te brengen
die ik weleens mis. Als ik met jou in overleg ga, weet ik van te voren al dat je een
oplossing hebt. Maar eigenlijk heb je me voor een groot deel vrij gelaten, wat
ervoor heeft gezorgd dat ik me het AIN-vakgebied eigen heb kunnen maken.
Beste Henry, ik heb veel geleerd van jouw brede kennis en enthousiasme.
Daarnaast is jouw optimisme in tijden van full-time hoge resolutie anoscopieen
onmisbaar geweest. Jij wist me altijd weer een hart onder de riem te steken,
waardoor ik het volhield.
Verder wil ik de overige leden van de promotiecommissie bedanken. Prof.
dr. J..J.G.H.M. Bergman, prof. dr. R. Hoekzema, prof. dr. G.G. Kenter, prof. dr. A.
Kreuter, prof. dr. C.J.L.M. Meijer, prof. dr. P. Reiss, hartelijk dank dat u zitting heeft
willen nemen in de promotiecommissie en mijn proefschrift heeft beoordeeld
op wetenschappelijk waarde.
I would like to express special thanks to prof. dr. A Kreuter en prof. dr. U. Wieland.
Dear Alex and Ulrike, thank you for your help with the start up of our project.
Without the HRA training sessions in Bochum and your intellectual input, we
wouldn’t be where we are today.
Zonder deelnemers, geen onderzoek! Ik wil de patiënten hartelijk bedanken
voor hun vertrouwen. Jullie deelname heeft veel bijgedragen aan de kennis
over AIN en geleid tot AIN-screening in 4 HIV centra in Amsterdam.
Zonder infectiologen, geen deelnemers! Ik wil Suzanne Geerlings, Jan
van der Meer, Jeanine Nellen, Jan Prins, Tom van der Poll, Peter Reiss,
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Jan-Karel Schattenkerk, Marc van der Valk, Michèle van Vugt en Ferdinand Wit
hartelijk bedanken voor het dag in, dag uit beantwoorden van mijn mails en
enthousiasmeren van patiënten voor deelname.
Ook onze HIV-consulenten Aaﬁen, Hans-Erik, Frank, Hans, en Michelle, heel erg
bedankt voor de hulp met het werven van patiënten en hulp op de HRA poli.
Hans-Erik en Aaﬁen, ik vind het geweldig dat jullie het met zoveel enthousiasme
overgenomen hebben!
Beste medewerkers van de afdeling Dermatologie, jullie zijn een onmisbare
schakel geweest voor het lopen van de HRA-poli. Ik wil de staf, arts-assistenten,
verpleging en het ondersteunende personeel hartelijk bedanken.
Gedurende een jaar heb ik op de poli veel hulp gehad van Rita Sprengers. Rita, je
hebt me veel werk uit handen genomen. Bedankt voor je geweldige assistentie
en communicatie met patiënten. Het gaf me altijd een hoop rust als jij me hielp.
Dr. Marcel Dijkgraaf en prof. dr. Carel van Noesel zijn onmisbaar geweest voor
het project en wil ik hartelijk bedanken voor hun intellectuele input op het
gebied van respectievelijk de statistiek en de pathologie.
One of the extra projects was a study on HIV activity in AIN: I would like to thank
dr. Georgios Pollakis and prof. dr. Bill Paxton for the fruitful cooperation.
Ook hebben we heel prettig samengwerkt met Stichting HIV Monitoring. Hier
wil ik dr. Colette Smit hartelijk voor bedanken.
We hebben goed samengewerkt met Peter Luchtenveld en Nico Wierper van
de Linnaeusapotheek in Amsterdam oost. Bedankt voor jullie hulp en expertise!
In de laatste periode van mijn promotietraject is er een mooie samenwerking
tot stand gekomen met DDL diagnostic laboratories in Voorschoten. Beste Koen
en Wim (Quint), wat een treﬀer dat we jullie zijn tegengekomen! We hebben erg
prettig samengewerkt en ik hoop dat we dat blijven doen.
Tijdens mijn promotietraject heb ik twee studenten mogen begeleiden bij
hun bachelor thesis: Noortje Hallensleben en Ramon van der Zee. Beiden wil ik
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bedanken voor de goede samenwerking en het werk dat jullie me uit handen
hebben genomen!
In 2013 is het afronden van mijn promotie in een stroomversnelling geraakt.
Dit was niet mogelijk geweest als ik niet een maand de opleiding interne
geneeskunde stil had kunnen leggen. Hier wil ik mijn opleider in het
Slotervaartziekenhuis dr. Jan-Willem Mulder hartelijk voor bedanken!
Een jaar na mijn vertrek heeft Karien Gosens het overgenomen. Karien, ik vind
het jammer dat we niet een periode hebben samengewerkt. Ik hoop dat je er
ondertussen goed in zit, je hebt twee geweldige projecten onder je hoede.
Lieve Saskia, bedankt dat ik mijn voeten altijd op jouw bureau mocht leggen. Je
hebt een hoop van mij moeten tolereren maar ik heb een geweldige tijd met je
gehad op A3! Lieve Judith, je bent het ideale congresgezelschap. Ik hoop dat er
nog wat ﬁetstochten in verre steden in het verschiet liggen. Ook wil ik Marlous,
Nienke, Joost, Radjin, beide Carolines en Niekie bedanken voor de leuke tijd
in het T-gebouw, A3, danwel F4 en op de congressen! En natuurlijk Oda, Anne
Christa en Sanna, bedankt voor de gezelligheid op de dermatologie!
Jorrit-Jan en Joris, waarde paranimfen, goede vrienden! Ik vind het geweldig
dat jullie mijn paranimf willen zijn en het overnemen als ik er niet uit kom.
Lieve pap, mam, Maarten en Judith. Wat is het ﬁjn om uit zo’n gezellig nest te
komen!
Pap en Mam, dank jullie wel voor de warmte thuis en de vrijheid die jullie ons
gegeven hebben. Jullie hebben je nooit bemoeid met mijn keuzes, maar altijd
gesteund.
Pap, jou aanstekelijk enthousiasme over “het vak” heeft mij getriggerd. Mam,
gelukkig ben jij een goed tegenwicht. Meer en meer realiseer ik me hoe
waardevol de muzikale opvoeding is die jij ons gegeven hebt. Maarten en
Judith, wat is het toch heerlijk om met z’n drieën te zijn. Hoe ouder we worden,
hoe meer we naar elkaar toe groeien.
Allerliefste Willemijn, wat ben ik blij dat ik je vier jaar geleden ben tegengekomen! Ik houd van je en we gaan een hele mooie toekomst tegemoet met
onze lieve Julian!
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PhD portfolio
ECTS
Courses AMC Graduate School
2008
Clinical Epidemiology
2008
Practical Biostatistics
2008
Infectious Diseases
2007
BROK/Good Clinical Practice

0,6
1,1
1,3
0,9

Student coaching bachelorthesis
2013
Ramon van der Zee, Epidemiology of Anal Cancer
2011
Noortje Hallensleben, Clinical Features of AIN

1
1

Teaching
2012/2013 Training in high resolution anoscopy

2

Conferences
2013 IANS annual meeting, San Francisco.
0,5
2013 14th European Aids Conference (EACS), Brussels.
0,75
2013 Internistendagen, Maastricht.
0,5
th
2012 28 International Papillomavirus Conference, San Juan, Puerto Rico. 1
2012 19th Conference on Retroviruses and Opportunistic Infections, Seattle. 1
2012 13th Annual scientiﬁc meeting of the NVED
0,25
1
2011 27th International Papillomavirus Conference, Berlin.
2010 11th Annual scientiﬁc meeting of the NVED, Lunteren
0,25
th
1
2010 26 International Papillomavirus Conference, Montreal.
th
2010 18 Conf on Retroviruses and Opportunistic Infections, San Francisco. 1
Oral presentations at scientiﬁc conferences or meetings
Jan 2014 Invited Lecture: Treatment of anal intraepithelial neoplasia, a
Triple arm randomized clinical trial. Oncology AMC VUmc
researchdag, Amsterdam.

0,5

Nov 2013 One lesion, one virus: Individual components of High Grade Anal 0,5
Intraepithelial Neoplasia in HIV+ men contain a single HPV type.
IANS annual meeting, San Francisco.
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Nov 2013 Gradually decreasing anal cancer incidence in the HIV+ population 0,5
in the Netherlands after a decade of cART. IANS annual meeting,
San Francisco.
Okt 2013 Invited Lecture: HPV associated malignancies in HIV.
14th European Aids Conference (EACS), Brussels.

0,5

Apr 2013 Invited Lecture: Het HPV geïnduceerd anuscarcinoom bij HIV+
mannen. Internistendagen, Maastricht.

0,5

Jan 2013 Invited Lecture: Anal Intraepithelial Neoplasia and HIV.
0,5
Conference “HIV and HPV”, Danks Selskab For Infectionmedicin,
Copenhagen.
Dec 2012 Treatment of Anal Intraepithelial Neoplasia in HIV+ MSM:
A Triple Arm Randomized Clinical Trial. 28th International
Papillomavirus Conference, San Juan, Puerto Rico.

0,5

Mar 2012 Late breaker session: Treatment of Anal Intraepithelial Neoplasia 0,5
in HIV+ MSM: A Triple Arm Randomized Clinical Trial of Imiquimod,
Topical 5-Fluoruracil and Electrocautery. 19th Conference on
Retroviruses and Opportunistic Infections, Seattle.

Feb 2012 Clinical Features of Anal Intraepithelial Neoplasia and Anoscopic 0,5
Interobserver Agreement in HIV+ MSM. 13th annual scientiﬁc
meeting of the NVED (Nederlandse Vereniging voor Experimentele
Dermatologie), Lunteren.
Dec 2011 Invited lecture: HPV in Men. Infectieziekten Symposium AMC,
Amsterdam.

0,5

Sep 2011 Risk factors for Anal Intraepithelial Neoplasia in HIV+ MSM.
27th International Papillomavirus Conference, Berlin.

0,5
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Sep 2011 Intra-anal condyloma frequently contain high-grade dysplasia. 0,5
27th International Papillomavirus Conference, Berlin.
Jun 2011 Risicofactoren voor Anale Intraepitheliale Neoplasie bij HIV+ MSM. 0,5
27e NVHB (Nederlandse vereniging van HIV behandelaren)
vergadering, Utrecht.
Okt 2010 Invited lecture: Anale intraepitheliale neoplasie.
Jaarlijks symposium endoscopie verpleegkundigen NVGE
(Nederlandse Vereniging voor Gastroenterologie), Veldhoven.

0,5

Apr 2010 Invited lecture: Anale Intraepitheliale Neoplasie.
0,5
Nieuwe Ontwikkelingen in de Endoscopie 2010, AMC, Amsterdam.
Feb 2010 Behandeling van AIN met Efudix bij HIV+ MSM. 11th Annual
scientiﬁc meeting of the NVED (Nederlandse Vereniging voor
Experimentele Dermatologie), Lunteren.

0,5

Poster presentations at scientiﬁc conferences
Dec 2012 HPV in Anal Intraepithelial Neoplasia: One Lesion, One Virus.
0,5
th
28 International Papillomavirus Conference, San Juan, Puerto Rico.
Feb 2012 Risk Factors for Anal Intraepithelial Neoplasia in HIV+ Men.
13th Annual scientiﬁc meeting of the NVED, Lunteren.

0,5

Jul 2010 Prospective study of topical 5-Fluorouracil Treatment of Anal
0,5
th
Intraepithelial Neoplasia in HIV-Positive men. 26 International
Papillomavirus Conference, Montreal.
Mar 2010 Topical 5-Fluorouracil-Treatment of Anal Intraepithelial
Neoplasia in HIV-Positive Men: Results from a Prospective
Multicentre Study. 18th Conference on Retroviruses and
Opportunistic Infections, San Francisco.
Total ECTS
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