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chapter 1

Introduction
The life-expectancy of HIV-infected patients has improved dramatically since the
introduction of combination antiretroviral therapy (cART) in 1996.1 However,
while acquired immune deficiency syndrome (AIDS) driven mortality decreased,
the prevalence of non-AIDS defining malignancies increased in HIV-infected
patients, leading to incidence rates significantly exceeding those in the general
population.2, 3 Anal squamous cell carcinoma (ASCC) is one of the most frequent
of these non-AIDS defining malignancies. The increase in anal cancer incidence
particularly affected HIV-positive men-who-have-sex-with-men (MSM), with an
increase in incidence of 13 to 37 per 100,000 person-years before the era of cART
to 65 to 109 per 100,000 person-years in the cART era.4, 5
The main etiologic factor for developing anal squamous cell carcinoma (ASCC) is
oncogenic human papillomavirus (HPV) infection. HPV-genotypes can be detected in
over 80% of invasive anal cancers and the causative HPV-genotypes are mainly HPVtype 16 and 18. However, although the causative HPV-types of ASCC in HIV-positive
patients are comparable to those found in cervical cancer in HIV-negative patients,
other high-risk (hr) HPV-types than HPV are also prevalent.6, 7
The introduction of cervical cancer screening programs that aim to identify and
treat precursor lesions of cervical cancer (cervical intraepithelial neoplasia; CIN),
have dramatically decreased the incidence of cervical cancer.8 Given the similarities in
etiology between cervical cancer and ASCC, experts advocate to screen high-risk
populations for precursor lesions of anal cancer called anal squamous intraepithelial
lesions (SIL).9 Anal SIL can be identified using cytology but this lacks sensitivity
because of incomplete mucosal sampling due to anatomical folds in the anal canal.
High-resolution anoscopy (HRA)-guided biopsies are therefore considered the ‘gold
standard’ for diagnosing anal SIL, also called anal intraepithelial neoplasia (AIN).
Biopsies are histopathologically examined and when dysplastic graded as AIN1
(mild-), AIN 2 (moderate-) or AIN 3 (severe dysplasia) and categorized in low-grade
squamous intraepithelial lesions (LSIL; AIN1) or high-grade squamous intraepithelial
lesions (HSIL; AIN2-3).10
The prevalence of biopsy proven anal HSIL ranges from 3 to 42% (overall 24%)
among HIV-positive MSM and from 0 to 25% (overall 15%) in HIV-negative MSM.4
Earlier studies on anal HSIL in both HIV-positive and negative MSM report a lower
prevalence than more recent publications, which can be partly explained by
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the learning curve for the detection of anal HSIL.11-14 The role of HIV-infection
in the development of anal HSIL is also seen in women, where anal HSIL was
found in 2 to 26% of HIV-positive women and 0 to 3% of HIV-negative women.15
The association between anal HSIL and anal cancer was demonstrated in a study
which reported direct progression of both anal canal and perianal HSIL to invasive
cancer in the area of previously biopsied HSIL.16 However, which patients with HSIL
will develop ASCC and the time interval for disease progression remains unclear.
Large prospective trials (ANCHOR, SPANC and LOPAC) are currently investigating the
natural history of anal HSIL, including the time to anal cancer and the influence of
viral and host factors.17-19 It is evident that, unlike cervical high-grade lesions, only
a minority of anal HSIL progresses to cancer.16 A systematic review from 2012
suggested a theoretical risk for 1 out of 377 HIV+ MSM with anal HSIL to develop cancer per year (0.3%) which is lower than the progression rate of 31% in 30 years for CIN 3
lesions in women.4, 20 In contrast to the cervical cancer screening program for women,
there are no definitive guidelines for anal cancer screening in HIV-positive MSM.
Many experts currently recommend screening and treating HIV-positive MSM 2535 years old for anal HSIL.9 Other high-risk groups have been identified for selective
screening, but these are not discussed in this thesis.
Treatment for AIN was initially offered to HIV-positive MSM with anal LSIL and HSIL.21
However, the prevalence of anal LSIL is high and the risk of progression to invasive
cancer is low. Many clinics have therefore limited treatment to HSIL, using ablative
and/or topical therapies.21 Alternatively, patients with anal HSIL can be ‘actively
monitored’ at 6 month intervals. Currently all available treatment options for anal
HSIL show low response rates and recurrence rates are high. Repeat HRAs aim to
monitor disease progression and allow for early treatment when invasion occurs.10
Screening for and treatment of anal dysplasia is therefore still under debate. In 1968,
Wilson and Junger formulated a set of 10 criteria that form the basis of screening
for disease.22 When these criteria are applied to anal HSIL screening in HIV-positive
MSM, the nature of the debate becomes more clear. Anal HSIL is a recognizable stage
of disease, but the high prevalence of anal HSIL in HIV-positive MSM and the relatively
low progression rate to anal cancer raises several questions regarding the accuracy
of the screening program.23 Also, the Wilson and Junger criteria state that a ‘suitable examination’ is required when screening for disease. The ‘gold standard’ highresolution anoscopy for the detection of anal HSIL is costly, time-consuming and
requires extensive training to reach acceptable detection rates.24 Moreover, the

12
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chapter 1

criteria demand an accepted treatment for patients with recognized disease, but
currently all available treatment options for anal HSIL show low to moderate response
rates and recurrence rates are high.21, 25, 26 Finally, studies reporting the effects of
these treatments on health-related quality of life are lacking.
In conclusion, several questions raised in the ongoing AIN screening debate urgently
need answers. In this thesis, we addressed a number of these questions.
Aims and outline of this thesis:
Part I: Diagnostics
- Are we screening the ‘right’ risk group?
We should only screen those HIV-positive MSM who are most at risk for anal HSIL.
Given that HRA is technically challenging, time consuming, costly and causes discomfort
in the patient, preferably only patients most at risk for HSIL should be screened by
HRA. Previous smaller studies reported risk factors for HSIL in HIV+ MSM, but the
results were not consistent.27-30 In Chapter 2 we report potential demographic and
HIV-related risk factors for the presence of histopathologically proven intra- and
perianal HSIL in 1681 HIV-positive MSM screened by HRA in Amsterdam, the Netherlands,
to help select HIV+ MSM most at risk for HSIL.
- Do we identify all high-grade lesions?
We should minimize the number of missed HSIL.
Internationally, anal HSIL prevalence in HIV+ MSM ranges from 2.7-54%.4 Experts agree
that this variation cannot be fully explained by differences in patient populations.
HRA is technically challenging and there is a slow learning curve for identifying anal
HSIL. In Chapter 3 we investigated the learning curves of seven high-resolution
anoscopists working in three clinics in Amsterdam, the Netherlands, to identify
possible differences in individual HSIL detection rates and to propose benchmark
values and quality indicators for HRA.

13
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- Are all HPV-related lesions potentially harmful?
We should try and prevent anal cancer by only investigating potentially harmful lesions.
Anogenital condylomata are generally considered benign, as they are often caused
by the low-risk HPV-types 6 and 11. However, a previous study showed that intraanal warts can contain regions with HSIL and that a single HPV-type is causative for
that specific region of dysplasia.31 In Chapter 4 we report the grade of dysplasia and
the causative HPV-type of 90 intra-anal condylomatous lesions from 67 HIV-positive
MSM.
Part II: Treatment
- Are we treating HSIL in the best way?
We should strive for a treatment with a high success rate and a minimum of discomfort
to the patient.
High-grade SIL (HSIL) is treated with topical- and/or ablative therapies. The goals of
treatment are eradication of dysplastic cells and activation of the immune system.
The treating physician should offer the treatment modality best suited for the patient.
Only one prospective, randomized controlled trial compared several treatment
modalities for anal SIL.21 The results showed a low response of AIN to treatment
and high recurrences rates. Currently, other premalignant- and HPV-related skin
diseases, like HPV-associated warts, actinic keratosis and basal cell carcinoma, are often
successfully treated with cryotherapy (spraying liquid nitrogen). In Chapter 5 we
report cryotherapy as a possible new treatment modality for anal HSIL and we report
on treatment success and recurrence rates as compared to electrocautery.
Part III: Quality of life
- Do patients tolerate anal HSIL treatment?
The benefits of treatment should justify the inherent discomfort and side effects.
Anal HSIL is asymptomatic. Patients undergoing treatment for anal SIL often experience
side-effects. Treatment modalities are self-application of irritative topical cremes,
three-weekly for several months, or ablative therapies at the outpatient clinic.

14
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Side-effects are an important reason for non-compliance and loss to follow-up.
Studies reporting interval carcinomas during HSIL treatment show that patients who
got lost to follow-up are most at risk for developing ASCC.32 In Chapter 6 we report
the impact of topical 5-fluorouracil crème, imiquimod crème and electrocoagulation
treatment for anal SIL on health-related quality of life (HRQL) and sexual functioning
(SF) in 148 HIV+ MSM.
In Chapter 7 the main results of this thesis are summarized and discussed.

15
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Chapter 2
Risk factors for anal HSIL in HIV-positive MSM:
chapter 2

is targeted screening possible?
Matthijs L. Siegenbeek van Heukelom*, Elske Marra*,
Henry J.C. de Vries, Maarten F. Schim van der Loeff, Jan M. Prins
AIDS 2017, 31:2295–2301

* Both authors contributed equally.
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Abstract
Objective – HIV-positive MSM are at increased risk for developing anal squamous cell
carcinoma. Detection of precursor lesions of anal cancer [anal high-grade squamous
intraepithelial lesions (HSIL)] is cumbersome and expensive. Our objective was to
identify potential risk factors for anal HSIL in HIV-positive MSM to develop more
stringent screening criteria.
Design – We studied a cohort of MSM screened by high-resolution anoscopy at three
HIV clinics in Amsterdam, the Netherlands.
Methods – For every first high-resolution anoscopy performed in a patient, we
analyzed five demographic and seven HIV-related potential risk factors for four
different outcome measures: histologically proven anal HSIL vs. no squamous
intraepithelial lesions (SIL), HSIL-anal intraepithelial neoplasia 2 vs. no SIL, HSIL-anal
intraepithelial neoplasia 3 vs. no SIL, and HSIL vs. no HSIL. We used univariable and
multilevel, multivariable logistic regression.
Results – From 2008 through 2015, 497 out of 1678 (30%) screened HIV-positive
MSM had anal HSIL. The mean age was 49 years (SD 9.6), 96% used combination
antiretroviral therapy, and median duration of combination antiretroviral therapy
use was 7.8 years (interquartile range 4.0–12.4). Increasing age [adjusted odds ratio
(aOR) 0.82, 95% confidence interval (CI) 0.70–0.94, P ¼ 0.006] and years living with
suppressed viral load [1–5 years suppressed aOR 0.52 (95% CI 0.34–0.80), 5.01–10
years aOR 0.47 (95% CI 0.29–0.74), >10 years aOR 0.54 [0.34–0.87], all compared to
less than 1 year suppressed, P ¼ 0.009] were found to be protective for HSIL vs. no
SIL.
Conclusion – Young HIV-positive MSM without viral suppression are statistically at
highest risk for anal HSIL, but given the high prevalence among all virally suppressed
men, we advise that all HIV-positive MSM should be screened for HSIL.
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HIV-positive MSM are increasingly at risk for developing anal squamous cell
carcinoma compared to the general population [1]. Clinics have been set up to detect
precursor lesions of anal squamous cell carcinoma, called squamous intraepithelial
lesions (SIL) [2-5]. High-resolution anoscopy (HRA)-guided biopsies are the gold
standard for identifying anal SIL. SIL is histopathologically graded anal intraepithelial
neoplasia (AIN) 1, 2 or 3 and categorized as low-grade SIL (LSIL; AIN1) or high-grade
SIL (HSIL; AIN 2 and 3). The prevalence of histological HSIL (hHSIL) in HIV-positive
MSM is around 40% [6] and, as HRA is a costly and cumbersome procedure, more
stringent screening criteria for HIV-positive MSM receiving HRA are needed.
Anal cytology can be used for the detection of HSIL (cytological HSIL), but its use is limited
by low sensitivity [7-11]. Several studies have identified risk factors for hHSIL in HIV-positive
MSM, but results are not always consistent and studied populations were often relatively
small [12-15], limiting their potential to identify the patients at highest risk for hHSIL.
We investigated potential demographic and HIV-related risk factors for the presence
of histopathologically proven intra- and perianal HSIL in 1681 HIV-positive MSM
screened by HRA in Amsterdam, the Netherlands.
Methods
Patients and setting HIV-positive MSM visiting one of three outpatient HIV clinics
in Amsterdam, the Netherlands, were offered AIN screening by their HIV-treating
physician. The only exclusion criterion was a life expectancy of less than 12
months. HRA was performed by individually trained anoscopists, did not include
anal cytology, sexually transmitted disease (STD), or human papillomavirus (HPV)
testing and consisted of a digital rectal exam followed by intra- and perianal
inspection with a colposcope (ZEISS opmi pico surgical microscope; Oberkochen,
Germany) after repeatedly applying acetic acid (3%-5% solution) and staining
with Lugol’s iodine when indicated. Lesions suspicious for SIL were biopsied
and graded by pathologists specialized in SIL. In clinics A and C pathologists used
p16 staining for AIN2 graded biopsies, as described by the College of American
Pathologists (CAP) in The Lower Anogenital Squamous Terminology (LAST)
standardization project, whereas, in clinic B, p16 staining was not always used in
accordance to the College of American Pathologists Lower Anogenital Squamous
Terminology criteria [16]. The highest grade biopsy defined the overall diagnosis.
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Data were extracted from the clinical records by two of the investigators
(MLSH and EM); behavioral data were patient self-reported to the clinician.
HIV-related data were obtained from the Stichting HIV Monitoring (SHM)
database [17]. Data collection was performed using the OpenClinica open source
software, version 3.6 (OpenClinica LLC and collaborators, Waltham, MA, USA).
The study (ref. W15_047 # 15.0058) was approved by the Medical Ethics Review
Committee of the Academic Medical Center, Amsterdam, the Netherlands.
Statistical analysis
Only data of the first HRA of each participant were included. Baseline characteristics
of the study population were explored using descriptive statistics, comparing
characteristics between participants with no dysplasia, LSIL and HSIL using x2-test
for categorical data and one-way analysis of variance, and Kruskal-Wallis test for
continuous data.
Assessed outcome variables were: HSIL vs. no SIL, HSIL-AIN2 vs. no SIL, HSIL-AIN3
vs. no SIL and HSIL vs. no HSIL. Five demographic- and seven HIV-related variables
were included in univariable logistic regression analysis Suppl. Table 1, ttp://
links.lww.com/QAD/B156). For CD4+ cell count and HIV viral load measurements,
the measurements closest to the date of HRA were selected. Years living with
viral suppression was defined as having a viral load of less than 200 copies/ml
in tests from August 1999 onwards, and allowing for one blip in viral load below
400 copies/ml between measurements with viral load less than 200 copies/
ml [18]. For samples tested prior to August 1999 the cut-off of detectability
of the laboratory assay was the cut-off used to define viral suppression.
Multivariable logistic regression analysis was used to determine independent
risk factors for HSIL among HIV-positive MSM. All variables that were significantly
associated in univariable logistic regression analysis with HSIL diagnosis (at P < 0.2,
Wald test) were included in the multivariable analysis, as well as the following a
priori selected parameters (risk factors for HSIL in other studies[10, 19-22]): age at time
of HRA, a history of at least one AIDS defining illness, nadir CD4+ count, current CD4+
count and years living with viral suppression. A backward selection method was
used to create a parsimonious model in which a priori selected variables were forced.
We conducted multilevel multivariable logistic regression analyses to correct for
potential similarities of participants within each clinic. Multicollinearity was tested
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with the variance inflation factor and if present, the most objective measurable
variable remained in the model, while the other variable was dropped. However,
the effect of this exclusion was checked in a sensitivity analysis. To assess whether
the effect of risk factors differed by clinic, interaction was tested in the multivariable
model. Also, risk factors for HSIL were assessed separately for intra-anal and perianal
HSIL. Variables were considered significantly associated when P value was less than
0.05. Statistical analyses was performed using Stata (version 13.1; Stata Corp, College
Station, Texas, USA).
Results
Characteristics of study population
Between 12 February 2008 and 24 November 2015, 1681 HIV-positive MSM
underwent their first HRA. Potential risk factors for histological (H)SIL of 311 HIVpositive MSM have been previously described [15]. Three participants were excluded
based on the diagnosis of SCC (two intra-anal and one perianal SCC). The mean
age was 49 years (SD 9.6) and 96% of participants used combination antiretroviral
therapy (cART). Median duration of cART use was 7.8 years [interquartile range
(IQR) 4.0-12.4], median nadir CD4+ count was 220 cells/µl (IQR 130-320) and
median current CD4+ count was 620 cells/µl (IQR 480-790). Only 354 (22%)
participants had at least one AIDS-defining illness prior to HRA (Table 1). There
were some statistically significant (but clinically not important) differences between
patients from the three clinics (Suppl. Table 2, http://links.lww.com/QAD/B156).
Of the 1678 HIV-positive MSM, 396 (24%) were diagnosed with AIN1, 289 (17%)
with AIN2 and 208 with AIN3 (12%). The prevalence of HSIL was 30% (497/1678
participants). The prevalence of HSIL did not differ significantly between clinics
(Suppl. Table 2, http://links.lww.com/QAD/B156). Compared to participants with no
dysplasia, participants with LSIL and HSIL were younger (P < 0.001), had more sex
partners in the preceding 6 months (P = 0.016), had a lower number of years on cART
(P < 0.001), had lower nadir CD4+ counts (P = 0.005), had more often a detectable HIV
viral load (P = 0.001) and had less years living with viral suppression (P < 0.001; Table 1).
Univariable logistic regression analyses
Associated variables for HSIL vs. no SIL in univariable logistic regression analyses
were age, duration of cART use, having had an STD in the preceding 6 months,
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Table 1. Characteristics of the study population of the anal intraepithelial neoplasia cohort study by histological high-grade squamous
intraepithelial lesions status, Amsterdam 2008-2015 (N =1678).
Total
No dysplasia
LSIL
HSIL
(N = 1678)

(N = 785)

(N = 396)

No.

%

No

%

No.

49

(9.6)

50

(9.4)

48

Europe

1279

82%

566

82%

Americas

188

12%

83

12%

(N = 497)

%

No.

%

(10.0)

48

(9.3)

305

81%

408

84%

50

13%

55

11%

P value

Demographic variables
Age in years (mean/SD)
Continent of birth

Smoking status

a

b

<0.001
0.710

Oceania

11

1%

5

1%

1

0%

5

1%

Asia

46

3%

22

3%

14

4%

10

2%

Africa

28

2%

13

2%

8

2%

7

1%

Never smoked

598

38%

275

38%

145

39%

178

39%

Previously smoking

379

24%

191

26%

83

22%

105

23%

Currently smoking

577

37%

256

35%

145

39%

176

38%

2

(1-6)

1

(1-5)

2

(1-6)

2

(1-7)

c

0.481

Number of sex partners in the preceding 6 months (median/IQR)
Number of sex partners in the preceding 6 months

d

d

0.016
0.166

0-1

598

49%

295

52%

141

48%

162

44%

2-5

304

25%

131

23%

77

26%

96

26%

≥6

316

26%

136

24%

73

25%

107

29%

No

1586

95%

750

96%

376

95%

460

93%

Yes

92

5%

35

4%

20

5%

37

7%

No

73

4%

26

3%

23

6%

24

5%

Yes

1580

96%

743

97%

368

94%

469

95%

7.8
620

(4.0-12.4)
(480-790)

8.9
620

Had an STD in the preceding 6 months

0.066

HIV-related variables
Currently using cART

e

0.124

Duration of cART use in years (median/IQR)
g
CD4 T-cell count cells/µl (median/IQR)
CD4 T-cell count cells/µl

f

(4.8-12.8)
6.6 (3.6-11.8) 7.5 (3.1-12.3)
(480-800) 605 (450-780) 630 (490-800)

g

Nadir CD4 T-cell count cells/µl (median/IQR)

<350

168

10%

75

10%

48

12%

45

9%

350-500

323

20%

153

20%

81

21%

89

18%

>500

1163

70%

541

70%

265

67%

357

73%

220

(130-320)

220

(130-310)

220

(120-320)

222

(130-351)

315

19%

146

19%

79

20%

90

18%

100-199

368

22%

168

22%

86

22%

114

23%

200-349

624

38%

315

41%

153

39%

156

>350

344

21%

138

18%

76

19%

130

26%

20

(1-40)

20

(1-40)

20

(1-40)

20

(1-40)

<50

1347

89%

620

92%

315

85%

412

88%

≥50

161

11%

51

8%

56

15%

54

12%

6.3

(2.6-11.1)

7.2

(3.7-11.8)

5.1

(2.0-10.1)

5.9

(1.9-11.0)

203

14%

61

9%

57

16%

85

18%
26%

h

h

Nadir CD4 T-cell count cells/µl

0.357
0.005

<100

HIV plasma viral load copies/ml (median/IQR)

i

32%

i

HIV viral load copies/ml

0.211
0.001

Years living with viral suppression (median/IQR)
Years living with viral suppression

<0.001
0.236
0.423

j,k

j,k

Having had an AIDS defining illness

<0.001
<0.001

<1 year

l

1-5 years

411

28%

172

26%

117

33%

122

5.01-10 years

393

27%

187

28%

94

26%

112

24%

>10 years

476

32%

238

36%

92

26%

146

31%

m,n

0.803
No

1280

78%

575

78%

313

79%

392

79%

Yes

354

22%

166

22%

83

21%

105

21%

Clinic A

710

42%

334

43%

163

41%

213

Clinic B

674

40%

288

37%

176

44%

210

42%

Clinic C

294

17%

163

21%

57

14%

74

15%

No dysplasia

785

47%

AIN1

396

24%

AIN2

289

17%

AIN3

208

12%

Intra-anal HSIL

474

28%

Clinic
Clinic where HRA was done

0.008
43%

AIN diagnosis

Location HSIL
Perianal HSIL
46
3%
AIN, anal intraepithelial neoplasia; cART, combination antiretroviral therapy; HSIL, high-grade squamous intraepithelial lesion; IQR, interquartile range; LSIL,
low-grade squamous intraepithelial lesion; STD, sexually transmitted disease.
a
Total - 1 missing; no dysplasia - 1 missing; LSIL - 0 missings; HSIL - 0 missings.
b
Total - 126 missings; no dysplasia - 96 missings; LSIL - 18 missings; HSIL - 12 missings.
c
Total - 124 missings; no dysplasia - 63 missings; LSIL - 23 missings; HSIL - 38 missings.
d
Total - 460 missings; no dysplasia - 223 missings; LSIL - 105 missings; HSIL - 132 missings.
e
Total - 25 missings; no dysplasia - 16 missings; LSIL - 5 missings; HSIL - 4 missings.
f
Total - 93 missings; no dysplasia - 39 missings; LSIL - 27 missings; HSIL - 27 missings.
g
Total 24 missings; no dysplasia - 16 missings; LSIL - 2 missings; HSIL - 6 missings.
h
Total 27 misisngs; no dysplasia - 18 missings; LSIL - 2 missings; HSIL - 7 missings.
i
Total 170 missings; no dysplasia - 113 missings; LSIL - 26 missings; HSIL - 31 missings.
j
Total 196 missings; no dysplasia - 127 missings; LSIL - 36 missings; HSIL - 33 missings.
k
Viral suppression was defined as having a viral load of less than 200 in tests from 1 August 1999 onwards allowing for a onetime blip in viral load between
200 and 400 copies/ml. For samples tested prior to 1 August 1999 the cut-off of detectability of the laboratory assay that was used for that sample is the cutoff for viral suppression.
l
Participants who never had an undetectable viral load are included in the category less than 1-year undetectable viral load.
m
Total 45 missings; no dysplasia - 44 missings; LSIL - 0 missings; HSIL - 1 missing.
n
Included AIDS defining illnesses: candidiasis esophageal, Kaposi's sarcoma, recurrent pneumonia, chronic intestinal microsporidiosis, pneumocystis carinii
pneumonia, Mycobacterium kansasii, pulmonary tuberculosis, chronic intestinal cryptosporidiosis, AIDS dementia complex/HIV encephalopathy,
toxoplasmosis of the brain, other species/unidentified extrapulmonary mycobacterium, cytomegalovirus (CMV) retinitis, non-Hodgkin's lymphoma, CMV
disease (other than lymph node, liver, spleen), herpes simplex virus, progressive multifocal leucoencephalopathy, extrapulmonary cryptococcosis, primary
lymphoma of central nervous system, extrapulmonary
tuberculosis, wasting syndrome because of HIV, disseminated or extrapulmonary histoplasmosis,
Proefschrift_TSvanHeukelom_Binnenwerk_DEF.indd
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AIN, anal intraepithelial neoplasia; cART, combination antiretroviral therapy; HSIL, high-grade squamous
intraepithelial lesion; IQR, interquartile range; LSIL, low-grade squamous intraepithelial lesion; STD,
sexually transmitted disease.
a
Total - 1 missing; no dysplasia - 1 missing; LSIL - 0 missings; HSIL - 0 missings.
b
Total - 126 missings; no dysplasia - 96 missings; LSIL - 18 missings; HSIL - 12 missings.
c
Total - 124 missings; no dysplasia - 63 missings; LSIL - 23 missings; HSIL - 38 missings.
d
Total - 460 missings; no dysplasia - 223 missings; LSIL - 105 missings; HSIL - 132 missings.
e
Total - 25 missings; no dysplasia - 16 missings; LSIL - 5 missings; HSIL - 4 missings.
f
Total - 93 missings; no dysplasia - 39 missings; LSIL - 27 missings; HSIL - 27 missings.
g
Total 24 missings; no dysplasia - 16 missings; LSIL - 2 missings; HSIL - 6 missings.
h
Total 27 misisngs; no dysplasia - 18 missings; LSIL - 2 missings; HSIL - 7 missings.
iTotal 170 missings; no dysplasia - 113 missings; LSIL - 26 missings; HSIL - 31 missings.
j
Total 196 missings; no dysplasia - 127 missings; LSIL - 36 missings; HSIL - 33 missings.
kViral suppression was defined as having a viral load of less than 200 in tests from 1 August 1999
onwards allowing for a onetime blip in viral load between 200 and 400 copies/ml. For samples tested
prior to 1 August 1999 the cut-off of detectability of the laboratory assay that was used for that sample
is the cut-off for viral suppression.
lParticipants who never had an undetectable viral load are included in the category less than 1-year
undetectable viral load.
mTotal 45 missings; no dysplasia - 44 missings; LSIL - 0 missings; HSIL - 1 missing.
ⁿIncluded AIDS defining illnesses: candidiasis esophageal, Kaposi’s sarcoma, recurrent pneumonia,
chronic intestinal microsporidiosis, pneumocystis carinii pneumonia, Mycobacterium kansasii, pulmonary
tuberculosis, chronic intestinal cryptosporidiosis, AIDS dementia complex/HIV encephalopathy,
toxoplasmosis of the brain, other species/unidentified extrapulmonary mycobacterium, cytomegalovirus
(CMV) retinitis, non-Hodgkin’s lymphoma, CMV disease (other than lymph node, liver, spleen), herpes
simplex virus, progressive multifocal leucoencephalopathy, extrapulmonary cryptococcosis, primary
lymphoma of central nervous system, extrapulmonary tuberculosis, wasting syndrome because of HIV,
disseminated or extrapulmonary histoplasmosis, visceral leishmaniasis, candidiasis of trachea/bronchi/
lungs, disseminated or extrapulmonary coccidioidomycosis, extrapulmonary pneumocystis, other CDC C
event.

HIV plasma viral load and number of years living with viral suppression.
Nadir and current CD4 count were not associated with HSIL. Univariable
associations between risk factors and outcome were largely similar between
the four outcome measures (Suppl. Table 1, http://links.lww.com/QAD/B156).
Multivariable logistic regression analyses
In multivariable logistic regression analysis, nested within clinic and comparing
HSIL vs. no SIL, increasing age [adjusted odds ratio (aOR) 0.82, 95% confidence
interval (CI) 0.70-0.94; P = 0.006], and years living with suppressed viral load
were significantly protective for HSIL [1 to 5 years viral suppression aOR 0.52
(95% CI 0.34-0.80), 5.01 to 10 years viral suppression aOR 0.47 (95% CI 0.290.74), >10 years viral suppression aOR 0.54 (0.34-0.87), all compared to <1
year viral suppression, P = 0.009). Outcome measures HSIL-AIN2 vs. no SIL,
HSIL-AIN3 vs. no SIL and HSIL vs. no HSIL yielded similar results (Table 2).
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Table 2. Risk factors of anal histologically proven high-grade squamous intraepithelial lesion.
(1) Multivariable
logistic regression
a
HSIL vs. no SIL
P
aOR
(95% CI)

(2) Multivariable
logistic regression
a
AIN2 vs. no SIL
aOR
(95% CI)

0.82

0.79

P

(3) Multivariable
logistic regression
AIN3 vs. no SIL
P
aOR
(95% CI)

(4) Multivariable
logistic regression
a
HSIL vs. no HSIL
P
aOR
(95% CI)

0.85

0.88

Demographic variables
Age in years

b

(0.70-0.94)

0.006

(0.66-0.93)

0.006

(0.70-1.04)

0.116

(0.77-1.00)

0.057

HIV-related variables
CD4 T-cell count, cells/µl

0.477
<350

REF

350-500

1.08

>500
c

Nadir CD4 T-cell count, cells/µl

Years living with viral suppression

1.29

(0.79-2.10)

0.97

(0.88-1.06)

d

<1 year

0.757
REF

(0.64-1.82)

1.05
0.507

1.18

(0.66-2.13)

1.02

(0.92-1.14)

0.009
e

1-5 years

REF
0.52

1.13
0.671

0.397
REF

(0.55-2.30)

1.50

(0.77-2.91)

0.89

(0.78-1.01)

0.070
REF

(0.34-0.80)

0.290
REF

(0.56-1.95)

1.15
0.076

(0.72-1.84)

1.31

(0.84-2.04)

1.00

(0.92-1.09)

0.006
REF

0.53

(0.32-0.86)

0.61

(0.42-0.88)

5.01-10 years

0.47

(0.29-0.74)

0.55

(0.32-0.94)

0.34

(0.19-0.64)

0.61

(0.41-0.92)

>10 years

0.54

(0.34-0.87)

0.54

(0.31-0.93)

0.51

(0.28-0.94)

0.73

(0.48-1.11)

Having had an AIDS defining illness

0.899

No

REF

Yes

0.98

(0.28-0.85)

0.779
REF

(0.73-1.32)

0.49

0.95

0.888
REF

(0.66-1.37)

1.03

0.924
0.039

REF

0.995
REF

(0.69-1.53)

1.00

(0.76-1.32)

(1) High-grade squamous intraepithelial lesion vs. no squamous intraepithelial lesion; (2) Anal intraepithelial neoplasia 2 vs. no squamous intraepithelial lesion; (3)
Anal intraepithelial neoplasia 3 vs. no squamous intraepithelial lesion; (4) High-grade squamous intraepithelial lesion vs. no high-grade squamous intraepithelial lesion
f
(including anal intraepithelial neoplasia 1) . CI, confidence interval; HRA, high-resolution anoscopy; HSIL, high-grade squamous intraepithelial lesion; IQR,
interquartile range; SIL, squamous intraepithelial lesion; STD, sexually transmitted disease.
a
Multivariable model HSIL vs. no SIL includes 1120 participants; multivariable model AIN2 vs. no SIL includes 929 participants; multivariable model AIN3 vs. no SIL
includes 847 participants; multivariable model HSIL vs. no HSIL includes 1480 participants.
b
Per 10-year increase in age.
c
Per 100 cells/ml increase.
d
Viral suppression was defined as having a viral load of less than 200 in tests from 1 August 1999 onwards allowing for a onetime blip in viral load between 200 and
400 copies/ml. For samples tested prior to 1 August 1999 the cut-off of detectability of the laboratory assay that was used for that sample is the cut-off for viral
suppression. This varies by time period (sensitivity of the assays increased over time) and hospital (based on the used assay).

(1) High-grade squamous intraepithelial lesion vs. no squamous intraepithelial lesion; (2) Anal
intraepithelial neoplasia 2 vs. no squamous intraepithelial lesion; (3) Anal intraepithelial neoplasia 3
vs. no squamous intraepithelial lesion; (4) High-grade squamous intraepithelial lesion vs. no high-grade
squamous intraepithelial lesion (including anal intraepithelial neoplasia 1)f
CI, confidence interval; HRA, high-resolution anoscopy; HSIL, high-grade squamous intraepithelial
lesion; IQR, interquartile range; SIL, squamous intraepithelial lesion; STD, sexually transmitted disease.
a
Multivariable model HSIL vs. no SIL includes 1120 participants; multivariable model AIN2 vs. no SIL
includes 929 participants; multivariable
model AIN3 vs. no SIL includes 847 participants; multivariable model HSIL vs. no HSIL includes 1480
participants.
b
Per 10-year increase in age.
c
Per 100 cells/ml increase.
d
Viral suppression was defined as having a viral load of less than 200 in tests from 1 August 1999
onwards allowing for a onetime blip in viral load between 200 and 400 copies/ml. For samples tested
prior to 1 August 1999 the cut-off of detectability of the laboratory assay that was used for that sample is
the cut-off for viral suppression. This varies by time period (sensitivity of the assays increased over time)
and hospital (based on the used assay).
e
Participants who never had an undetectable viral load are included in the category less than 1-year
undetectable viral load.
f
Individuals were nested within clinic where HRA was done (multilevel analysis).
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Supplementary table 1. Univariable risk factors for anal histology-proven HSIL: (1) HSIL vs no SIL; (2) AIN2 vs no SIL; (3) AIN3 vs noSIL; (4) HSIL
vs no HSIL (including AIN1).
Univariable
Univariable logistic
Univariable logistic
Univariable logistic
logistic regression
regression
regression
regression
HSIL vs no SIL
AIN2 vs no SIL
AIN3 vs no SIL
HSIL vs no HSIL
OR

(95% CI)

OR

(95% CI)

OR

(95% CI)

OR

(95% CI)

0.80

(0.70-0.90)

0.76

(0.66-0.88)

0.84

(0.71-0.99)

0.87

(0.78-0.97)

Demographic variables
Age in years

*

Continent of birth
Dutch

REF

non-Dutch

0.88

REF
(0.68-1.13)

0.95

REF
(0.70-1.29)

0.78

REF
(0.54-1.12)

0.84

(0.66-1.06)

Smoking status
REF
0.85

(0.63-1.15)

0.82

(0.57-1.19)

0.88

(0.59-1.33)

0.90

(0.68-1.20)

Currently smoking

1.06

(0.81-1.39)

REF
1.08

(0.79-1.50)

REF
1.03

(0.72-1.49)

REF
1.04

(0.81-1.33)

chapter 2

Never smoked
Previously smoking
Number of sex partners in the preceding 6 months
0-1

REF

2-5

1.33

(0.96-1.85)

REF
1.25

(0.84-1.85)

REF
1.46

(0.95-2.24)

REF
1.24

(0.92-1.68)

≥6

1.43

(1.04-1.97)

1.45

(1.00-2.12)

1.40

(0.91-2.16)

1.38

(1.03-1.85)

No

REF

Yes

1.72

Had a STD in the preceding 6 months
REF
(1.07-2.78)

1.68

REF
(0.96-2.94)

1.79

REF
(0.97-3.29)

1.65

(1.07-2.53)

HIV-related variables
Currently using cART

Duration of cART use in years

No

REF

Yes

0.68

Ϯ

REF

REF
(0.39-1.21)

0.80

REF
(0.40-1.61)

0.57

REF
(0.28-1.14)

0.86

(0.52-1.42)

¥

<1 year

REF

REF

REF

1-5 years

0.85

(0.49-1.45)

0.70

(0.38-1.26)

1.24

(0.56-2.75)

0.75

(0.46-1.23)

5.01-10 years

0.56

(0.32-0.96)

0.48

(0.27-0.88)

0.74

(0.33-1.67)

0.58

(0.36-0.96)

>10 years

0.54

(0.32-0.90)

0.41

(0.23-0.72)

0.87

(0.40-1.89)

0.61

(0.38-0.99)

<350

REF

350-500

0.97

(0.62-1.52)

0.98

(0.57-1.69)

0.95

(0.51-1.77)

1.04

(0.68-1.58)

>500

1.10

(0.74-1.63)

1.10

(0.69-1.77)

1.09

(0.64-1.87)

1.21

(0.84-1.74)

1.07

(0.99-1.15)

1.11

(1.02-1.21)

1.00

(0.905-1.11)

1.06

(0.99-1.13)

1.08

(0.97-1.20)

1.05

(0.92-1.20)

1.12

(0.98-1.29)

1.04

(0.94-1.14)

CD4 T-cell count, cells/µl

Nadir CD4 T-cell count, cells/µl

ǂ

HIV plasma viral load (in log10 copies/ml in regression)

REF

REF

REF

HIV viral load copies/ml

Years living with viral suppression

<50

REF

REF

≥50

1.59

Ϯ

REF

1-5 years

0.51

(0.34-0.76)

0.50

(0.31-0.79)

0.53

(0.31-0.89)

0.60

(0.42-0.85)

5.01-10 years

0.43

(0.29-0.64)

0.45

(0.29-0.71)

0.40

(0.23-0.68)

0.56

(0.39-0.80)

>10 years

0.44

(0.30-0.65)

0.37

(0.24-0.59)

0.54

(0.33-0.90)

0.62

(0.44-0.88)

(1.07-2.38)

1.28

REF
(0.78-2.11)

2.05

REF
(1.25-3.35)

1.15

(0.81-1.62)

§

<1 year

Having had an AIDS defining illness

**

REF

REF

REF

No REF
REF
REF
REF
Yes 0.93 (0.70-1.22)
0.83
(0.59-1.17)
1.07
(0.74-1.54)
0.96
(0.74-1.24)
abbreviations: CI - confidence Interval, SIL - squamous intraepithelial lesion, HSIL- high-grade squamous intraepithelial lesion, HIV - Human
Immunodeficiency Virus, STD - sexually transmitted disease, cART - combination antiretroviral therapy, AIDS - Acquired Immune Deficiency Syndrome* per
10 years increase in age
ǂ per 100 cells/µl increase
Ϯ participants who never had an undetectable viral load are included in the category <1 year undetectable viral load
§ viral suppression was defined as having a viral load of <200 in tests from 1-8-1999 onwards allowing for a onetime blip in viral load between 200 and 400
copies/ml. For samples tested prior to 1-8-1999 the cut-off of detectability of the laboratory assay that was used for that sample is the cut-off for viral
suppression. This varies by time period (sensitivity of the assays increased over time) and hospital (based on the used assay)
** included AIDS defining illnesses: esophageal candidiasis, Kaposi's sarcoma, recurrent pneumonia, chronic intestinal microsporidiosis, Pneumocystis
jeroveci pneumonia, M. kansasii, pulmonary tuberculosis, chronic intestinal cryptosporidiosis, AIDS dementia complex / HIV encephalopathy, toxoplasmosis of
the brain, other species/unidentified extrapulmonary mycobacterium, CMV retinitis, non-Hodgkin's lymphoma, CMV disease (other than lymph node, liver,
spleen), herpes simplex virus, progressive multifocal leucoencephalopathy, extrapulmonary cryptococcosis, primary lymphoma of central nervous system,
extrapulmonary tuberculosis, wasting syndrome due to HIV, disseminated or extrapulmonary histoplasmosis, visceral leishmaniasis, candidiasis of trachea /
bronchi / lungs, disseminated or extrapulmonary coccidioidomycosis, extrapulmonary pneumocystis, other CDC C-event

Abbreviations: CI - confidence Interval, SIL - squamous intraepithelial lesion, HSIL- high-grade squamous
intraepithelial lesion, HIV - Human Immunodeficiency Virus, STD - sexually transmitted disease, cART
- combination antiretroviral therapy, AIDS - Acquired Immune Deficiency Syndrome* per 10 years
increase in age ǂ per 100 cells/μl increase Ϯ participants who never had an undetectable viral load are
included in the category <1 year undetectable viral load § viral suppression was defined as having a
viral load of <200 in tests from 1-8-1999 onwards allowing for a onetime blip in viral load between 200
and 400 copies/ml. For samples tested prior to 1-8-1999 the cut-off of detectability of the laboratory
assay that was used for that sample is the cut-off for viral suppression. This varies by time period
(sensitivity of the assays increased over time) and hospital (based on the used assay) ** included
AIDS defining illnesses: esophageal candidiasis, Kaposi’s sarcoma, recurrent pneumonia, chronic
intestinal microsporidiosis, Pneumocystis jeroveci pneumonia, M. kansasii, pulmonary tuberculosis,
chronic intestinal cryptosporidiosis, AIDS dementia complex / HIV encephalopathy, toxoplasmosis of
the brain, other species/unidentified extrapulmonary mycobacterium, CMV retinitis, non-Hodgkin’s
lymphoma, CMV disease (other than lymph node, liver, spleen), herpes simplex virus, progressive
multifocal leucoencephalopathy, extrapulmonary cryptococcosis, primary lymphoma of central nervous
system, extrapulmonary tuberculosis, wasting syndrome due to HIV, disseminated or extrapulmonary
histoplasmosis, visceral leishmaniasis, candidiasis of trachea / bronchi / lungs, disseminated or
extrapulmonary coccidioidomycosis, extrapulmonary pneumocystis, other CDC C-event
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Supplementary table 2. Characteristics of the study population of the AIN cohort study by clinic, Amsterdam 2008-2015 (N=1678).

Demographic variables
(a)
Age in years (mean/SD)
(b)
Continent of birth

Smoking status

Total
(N=1678)
No.
%

No.

49

(9.6)

48

(9.9)

50

(9.1)

50

(9.7)

82%
12%
1%
3%
2%

503
71
4
16
12

83%
12%
1%
3%
2%

531
88
5
28
14

80%
13%
1%
4%
2%

245
29
2
2
2

88%
10%
1%
1%
1%

219
153
241
1.5

36%
25%
39%
(1-6)

272
130
252
2

42%
20%
39%
(1-6)

107
96
84
1

37%
33%
29%
(1-4)

149
70
79

50%
23%
26%

303
165
188

46%
25%
29%

146
69
49

55%
26%
19%

665
45

94%
6%

649
25

96%
4%

272
22

93%
7%

Europe 1279
Americas 188
Oceania 11
Asia 46
Africa 28

(c )

Never smoked 598
38%
Previously smoking 379
24%
Currently smoking 577
37%
(d)
Number of sex partners in the preceding 6 months (median/IQR)
2
(1-6)
(d)
Number of sex partners in the preceding 6 months
0 - 1 598
49%
2 - 5 304
25%
≥6 316
26%
Had an STD in the preceding 6 months
No 1586
95%
Yes 92
5%
HIV-related variables
(e )
Currently using cART
No 73
4%
Yes 1580
96%
(f)
Duration of cART use in years (median/IQR)
7.8 (4.0-12.4)
(g)
CD4 T-cell count cells/µl (median/IQR)
620 (480-790)
(g)
CD4 T-cell count cells/µl
<350 168
10%
350-500 323
20%
Nadir CD4 T-cell count cells/µl (median/IQR)
(h)
Nadir CD4 T-cell count cells/µl

HIV viral load copies/ml (median/IQR)
(i)
HIV viral load copies/ml

<100
100-199
200-349
>350

(i)

Years living with viral suppression (median/IQR)
§ (j)
Years living with viral suppression

Having had an AIDS defining illness

>500 1163
70%
220 (130-320)

(h)

§ (j)

(k) (l)

SIL
SIL diagnosis

Intra-anal HSIL

Perianal HSIL

315
368
624
344
20

19%
22%
38%
21%
(1-40)

<50 1347
89%
≥50 161
11%
6.3 (2.7-11.1)
Ϯ

<1 year
1-5 years
5.01-10 years
>10 years

Clinic A
(N=710)
%

No.

Clinic B
(N=674)
%

No.

Clinic C
(N=294)
%

61
9%
629
91%
7.5 (3.3-11.8)
580 (450-770)

8
1%
661
99%
7.6 (4.3-13.2)
630 (490-810)

4
1%
290
99%
9.9 (4.7-14.2)
650 (520-840)

84
155

63
120

21
48

12%
22%

9%
18%

7%
16%

456
66%
210 (100-300)

483
73%
240 (140-340)

224
76%
220 (150-310)

166
152
247
128
40

111
132
262
160
1

38
84
115
56
1

24%
22%
36%
18%
(40-40)

17%
20%
39%
24%
(1-20)

13%
29%
39%
19%
(1-20)

437
79%
116
21%
4.7 (1.3-10.2)

635
96%
29
4%
6.7 (3.3-11.2)

275
95%
16
5%
8.7 (3.7-13.1)

200
413
393
476

14%
28%
27%
32%

114
155
119
136

22%
30%
23%
26%

64
185
201
216

10%
28%
30%
32%

22
73
73
124

8%
25%
25%
42%

No 1279
Yes 354

78%
22%

519
146

78%
22%

520
154

77%
23%

240
54

82%
18%

785
396
289
208

47%
24%
17%
12%

334
163
125
88

47%
23%
18%
12%

288
176
133
77

43%
26%
20%
11%

163
57
31
43

55%
19%
11%
15%

No 1204
Yes 474

72%
28%

541
196

72%
28%

469
205

70%
30%

221
73

75%
25%

No 1632
Yes 46

97%
3%

674
36

95%
5%

665
9

99%
1%

293
1

100%
0%

no dysplasia
AIN1
AIN2
AIN3

P value
0.002
0.090

<0.001

<0.001
0.025

0.025

<0.001

<0.001
<0.001
0.005

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

0.291

0.001

0.183

<0.001

Abbreviations: SD: Standard Deviation; HIV: Human Immunodeficiency Virus; cART: combination
antiretroviral therapy; IQR: interquartile range; SIL - squamous intraepithelial lesion, HSIL- high-grade
squamous intraepithelial lesion; STD: sexually transmitted disease
a: total - 1 missings; clinic A - 0 missings; clinic B - 1 missing; clinic C - 0 missings
b: total - 126 missings; clinic A - 104 missings; clinic B - 8 missings; clinic C - 14 missings
c: total - 124 missings; clinic A - 97 missings; clinic B - 20 missings; clinic C - 7 missings
d: total 460 missings; clinic A - 412 missings; clinic B - 18 missings; clinic C - 30 missings
e: total - 25 missing; clinic A - 20 missings; clinic B - 5 missings; clinic C - 0 missings
f: total - 93 missings; clinic A - 64 missings; clinic B - 19 missings; clinic C - 10 missing
g: total - 24 missings; clinic A - 15 missings; clinic B - 8 missings; clinic C - 1 missing
h: total - 27 missings; clinic A - 17 missings; clinic B - 9 missings; clinic C - 1 missing
i: total - 170 misisngs; clinic A - 157 missings; clinic B - 10 missings; clinic C - 3 missings
j: total - 196 misisngs; clinic A - 186 missings; clinic B - 8 missings; clinic C - 2 missings
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k: total - 45 missings; clinic A - 45 missings; clinic B - 0 missings; clinic C - 0 missings
l: included AIDS defining illnesses: esophageal candidiasis, Kaposi’s sarcoma, recurrent pneumonia,
chronic intestinal microsporidiosis, Pneumocystis jeroveci pneumonia, M. kansasii, pulmonary
tuberculosis, chronic intestinal cryptosporidiosis, AIDS dementia complex / HIV encephalopathy,
toxoplasmosis of the brain, other species/unidentified extrapulmonary mycobacterium, CMV retinitis,
non-Hodgkin’s lymphoma, CMV disease (other than lymph node, liver, spleen), herpes simplex virus,
progressive multifocal leucoencephalopathy, extrapulmonary cryptococcosis, primary lymphoma of
central nervous system, extrapulmonary tuberculosis, wasting syndrome due to HIV, disseminated
or extrapulmonary histoplasmosis, visceral leishmaniasis, candidiasis of trachea / bronchi / lungs,
disseminated or extrapulmonary coccidioidomycosis, extrapulmonary pneumocystis, other CDC C-event
Ϯ participants who never had an undetectable viral load are included in the category <1 year
undetectable viral load
§ viral suppression was defined as having a viral load of <200 in tests from 1-8-1999 onwards allowing for a
onetime blip in viral load between 200 and 400 copies/ml. For samples tested prior to 1-8-1999 the cut-off
of detectability of the laboratory assay that was used for that sample is the cut-off for viral suppression
Supplementary table 3. Risk factors of anal histology-proven HSIL vs no SIL stratified by anatomical location
#
among HIV-positive MSM in Amsterdam, the Netherlands (AIN Cohort Study, 2016) .
Intra-anal
Φ
Multivariable logistic regression

Perianal
Φ
Multivariable logistic regression

aOR

(95% CI)

P

aOR

(95% CI)

0.83

(0.72-0.96)

0.014

1.10

(0.73-1.65)

P

Demographic variables
Age in years

*

Smoking status

0.659
0.006

Never smoked

REF

Previously smoking

2.41

(0.77-7.57)

Currently smoking

4.90

(1.80-13.35)

HIV-related variables
CD4 T-cell count

0.315
<350 REF
350-500 1.20

(0.70-2.05)

0.57

(0.17-1.96)

>500 1.42

(0.86-2.34)

0.48

(0.16-1.50)

0.99

(0.90-1.09)

0.94

(0.73-1.24)

ǂ

Nadir CD4 T-cell count, cells/µl

Years living with viral suppression

0.455
REF

§

0.855
0.013

<1 year

Ϯ

REF

0.517
REF

1-5 years 0.56

(0.37-0.85)

0.85

5.01-10 years 0.47

(0.30-0.75)

1.45

(0.39-5.44)

>10 years 0.56

(0.35-0.90)

1.88

(0.49-7.24)

Having had an AIDS defining illness

(0.22-3.25)

0.691
No REF
Yes 0.94

0.680

0.580
REF

(0.69-1.27)

1.25

(0.57-2.73)

abbreviations: CI - Confidence Interval, aOR - adjusted odds ratio, HIV - Human Immunodeficiency
Virus, AIDS - Acquired Immune Deficiency Syndrome, SD – standard deviation
# individuals were nested within clinic where HRA was done (multi-level analysis)
Φ Multivariable model intra-anal includes 1122 participants; perianal includes 1357 participants
* per 10 years increase in age
ǂ per 100 cells/μl increase
Ϯ participants who never had an undetectable viral load are included in the category <1 year
undetectable viral load
§ viral suppression was defined as having a viral load of <200 in tests from 1-8-1999 onwards allowing for
a onetime blip in viral load between 200 and 400 copies/ml. For samples tested prior to 1-8-1999 the
cut-off of detectability of the laboratory assay that was used for that sample is the cut-off for viral
suppression. This varies by time period (sensitivity of the assays increased over time) and hospital (based
on the used assay)
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Based on multicollinearity, we excluded a priori cART use, HIV viral load
and duration of cART use, because this is largely represented in number of
years living with viral suppression. We reran the model including duration
of cART use instead of years living with viral suppression, yielding similar
results. None of the interaction terms were significant, suggesting that the
effect of the included risk factors did not vary by clinic (data not shown).
Additionally, we assessed risk factors for intra- and perianal HSIL vs. no SIL separately.
Intra-anal HSIL showed results comparable to the overall model. Only being a
current smoker was found to be a significant risk factor of perianal HSIL in multilevel
multivariable logistic regression analyses [previously smoked aOR 2.41 (95% CI 0.777.57), current smoker aOR 4.90 (95% CI 1.80-13.35), compared to participants who
never smoked, P = 0.006; Supplementary table 3, http://links.lww.com/QAD/B156].
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Discussion

chapter 2

We analyzed potential risk factors for anal HSIL (AIN2-3) in 1678 HIV-positive MSM.
Of five demographic and seven HIV-related potential risk factors, only increasing
age and years living with suppressed viral load were significantly protective for HSIL
vs. no SIL. Sensitivity analyses, including duration of cART use instead of duration of
viral suppression, showed a similar relation.
In contrast to our results, several smaller studies, with less than 400 patients each,
reported various demographic and HIV-related risk factors that significantly increased
the risk for anal hHSIL: the number of specific HPV types and current use of cART
[13]
, increasing age and CD4+ cell counts less than 50/mm3 before starting cART [12],
and smoking [23, 24]. We found smoking to be a risk factor, but for perianal HSIL only.
We also confirmed that duration of cART use showed a reduced risk for hHSIL [12][25].
Living more than one year with viral suppression might reduce the risk for hHSIL as
it could be a proxy for immune restoration over time. We have no good explanation
how older age could be protective for anal HSIL.
The strength of this study is that it reports nearly 1700 patients from three HIV clinics,
using hHSIL as an endpoint. This allowed for an extensive multivariable analysis
without constraints in the number of covariates.
A limitation of our study is that no data were collected on anal HPV infections, but
given that 95% of all HIV-positive MSM have anal HPV present, the value of this risk
factor is debatable [13, 26]. More specific, HPV16 testing might be considered to have
more discriminatory power, but given that HPV16 was the causative HPV-type in
only 60% of anal carcinomas in HIV-positive MSM in another study by our group
[27]
, 40% of potential anal carcinomas would be missed. Also, patient populations
differed significantly between clinics, which may be explained by differences in
calendar year of starting with HRA screening and by the large study populations,
easily leading to statistically significant but not clinically important differences.
Furthermore, multiple anoscopists performed the HRAs, and given the long learning
curve for HRA, some HSIL lesions may have been missed [28, 29]. Also, in clinic B
p16 staining was not always used to confirm AIN2 graded biopsies. Finally, social
desirability bias might have occurred for self-reported STDs and sexual behavior.
Young HIV-positive MSM without viral suppression are statistically at highest risk for
HSIL, but given the high prevalence of HSIL among all virally suppressed men, we
advise that all HIV-positive MSM should be screened for the presence of anal HSIL.
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Chapter 3
Detection of high-grade squamous intraepithelial
lesions as a quality assurance metric for
high-resolution anoscopy in HIV-positive men.
chapter 3
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Abstract
Background – High-resolution anoscopy-guided biopsies are the gold standard
for identifying anal intraepithelial neoplasia, but diagnosing high-grade squamous
intraepithelial lesions is dependent on the skills of the anoscopist.
Objective – To validate the high-grade squamous intraepithelial lesions detection
rate as a quality assurance metric for high-resolution anoscopy in HIV-positive men.
Design – Retrospective study.
Setting – Three HIV outpatient clinics in Amsterdam, The Netherlands.
Patients – HIV-positive men-who-have-sex-with-men.
Main outcome measures – We analyzed the high-grade squamous intraepithelial
lesions detection rate per high-resolution anoscopy, the mean number of biopsies
taken and the mean high-grade squamous intraepithelial lesions rate per biopsy in
time-subsequent groups for seven anoscopists performing high-resolution anoscopy.
Results – Seven anoscopists performed high-resolution anoscopy in 1340 HIV-positive
men-who-have-sex-with-men. The overall high-grade squamous intraepithelial
lesions detection rate for all seven anoscopists combined increased significantly
over time, from 27% to 40% (p<0.001; odds ratio 1.15 [95% confidence interval 1.081.23] per 50 high-resolution anoscopies). The mean number of biopsies increased
significantly from 1.4 (22% high-grade squamous intraepithelial lesions per biopsy) to
2.0 biopsies per patient (29% high-grade squamous intraepithelial lesions per biopsy)
(p<0.001). Three anoscopists showed a significant increase in proportion of highgrade squamous intraepithelial lesions per biopsy with increasing experience.
Limitations – There were statistically significant differences, with limited clinical
significance, in characteristics of patient populations between anoscopists and clinics.
Conclusions – We found significant variations in high-grade squamous intraepithelial
lesions detection rate among anoscopists performing high-resolution anoscopy in
HIV-positive men-who-have-sex-with-men. High-grade squamous intraepithelial
lesions detection rate and mean high-grade squamous intraepithelial lesions rate per
biopsy can be used as quality assurance metric to follow-up the learning curve of
high-resolution anoscopists.
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Introduction
HIV-positive men who have sex with men (MSM) are at increased risk for developing
anal squamous cell carcinoma (aSCC).1 The precursor stage of aSCC is anal
intraepithelial neoplasia (AIN). High-resolution anoscopy (HRA)-guided biopsies are
the gold standard for identifying AIN and the level of dysplasia is histopathologically
graded as AIN 1, 2 or 3 and categorized as low-grade squamous intraepithelial lesions
(LSIL; AIN1) or high-grade squamous intraepithelial lesions (HSIL; AIN 2 and 3).
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The reported prevalence of HSIL in HIV-positive MSM ranges from 2.7% to 54%.1-3
Although diagnosing HSIL is dependent on the skills of the anoscopist, the ability
of the anosopist to identify HSIL is usually not taken into account in reports on HSIL
prevalence and treatment success.4-6 Missing HSIL leads to an underestimation of
HSIL prevalence, an overestimation of treatment success and a misunderstanding
of the natural history of AIN. In the worst case, it could lead to interval carcinomas.7
To assess the quality of care is common practice in many medical areas. For HRA,
several quality assurance (QA) metrics have been proposed.8 These QA metrics are
based on quality indicators (QI) used in similar medical procedures, like colonoscopy
or colposcopy, but before using those for HRA, they first need to be validated.
Assessing the individual anoscopist’s HSIL detection rate might be a relevant QA
metric for HRA and may help to improve HRA quality and the likelihood of identifying
HSIL.9
In this study, we assessed the HSIL detection rate in HIV-positive MSM over time
for seven anoscopists in Amsterdam, the Netherlands, and we propose to use a
standardized learning curve as a quality standard for performing HRA.
Materials and Methods
Subjects
At three HIV outpatient clinics in Amsterdam, the Netherlands, HRA is routinely
offered to MSM. From a database containing data on all 1681 HIV-positive MSM that
underwent HRA screening between 12 February 2008 and 24 November 2015 at one
of these three clinics, we selected the data of the first HRA of each patient. Data on
HRAs by anoscopists who had performed less than 100 HRAs were excluded from the
analyses. None of the anoscopists received training for, or practiced, colposcopy or
similar procedures prior to performing HRA. One anoscopist, a dermatologist,
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had previous experience in taking skin biopsies and performing electrocautery. Prior
to performing unsupervised HRA, all anoscopists received identical, hands-on HRA
training from an expert that has performed HRA in >300 unique patients. Nurses who
performed HRA had access to direct supervision from an MD at all times.
The HRA screening routine was identical for all anoscopists: a digital anal rectal
exam followed by peri- and intra-anal inspection using a colposcope (ZEISS
opmi pico surgical microscope) with repeated application of acetic acid (3%
or 5%) and staining with Lugol’s iodine when indicated. Anal cytology was not
performed. All lesions with clinical suspicion of AIN10, 11 were biopsied and
histopathologically graded by AIN-experienced pathologists. When multiple
biopsies were taken, the highest AIN grade defined the final diagnosis.
The Ethics review board of the Academic Medical Center in Amsterdam reviewed and
approved this study (reference nr. W15_047 # 15.0058). All anoscopists gave consent
for studying and anonymously publishing their individual HRA learning curves.
Study design
Baseline characteristics (age, smoking, number of sex partners in the past six months,
use of combination antiretroviral therapy (cART), nadir CD4+ cell count, CD4+ cell
count at time of HRA, and plasma HIV-RNA) were collected for each patient.
To evaluate the HSIL detection rate per anoscopist over time, we analyzed timesubsequent groups (TSGs), each containing a maximum of 50 patients. The first TSG
of an anoscopist contained the first 50 HRAs performed and the last TSG contained
the last HRAs performed by the anoscopist. If the last TSG of an anoscopist contained
less than 20 patients, it was excluded from the analysis. For each anoscopist, the
HSIL detection rate per HRA, the mean number of biopsies taken and the mean HSIL
rate per biopsy was assessed per TSG. This way, we evaluated the rate of progress
of anoscopists for identifying HSIL. Also, we measured HRA exposure by calculating
for each anoscopist the median time per TSG: the number of months required for
screening 50 patients. We created an average learning curve by combining data of
all anoscopists.
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Statistical analysis
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Differences between anoscopists, between clinics and between median time per
TSG per anoscopist were explored using Χ2-test and Fisher-exact test for categorical
data, and ANOVA and Kruskal-Wallis test for continuous data. For each anoscopist
the HSIL detection rate over time was analyzed using a nonparametric test for trend
across TSGs. We also assessed the associations between the number of biopsies
taken per patient and the proportion of HSIL per biopsy, and the number of HRAs
per anoscopist. Statistical analyses was performed using Stata Statistics/Analysis
software (IC version 14.2). α was set at P<0.05.
Results
In total 1340 men underwent a first-time HRA by an anoscopist who performed
>100 HRAs (range 102-359 first HRAs per anoscopist). These anoscopists were five
medical doctors (MD) and two registered nurses (RN), ranging in age from 30-58
years old and working at clinic A, B or C at either the department of Dermatology or
the department of Internal Medicine.
Patient populations differed statistically significant between anoscopists (Table 1) and
clinics (Table 2) on all included characteristics. Patient populations of the anoscopists
differed statistically significant between TSGs for anoscopist 7 with regard to age and
for anoscopists 1, 6 and 7 with regard to nadir CD4+ cell count (data not shown).
During 1340 first HRAs, 2236 biopsies were taken, of which 418 (19%) were
categorized as HSIL, leading to 389 HSIL diagnoses (29% of HRAs). The overall HSIL
detection rate for all seven anoscopists combined increased significantly over time,
from 27% in the first TSG to 40% in the seventh TSG (p<0.001; OR 1.15 [95%CI 1.081.23] per 50 HRAs)(Fig. 1A-B). The mean number of biopsies increased significantly
from 1.4 (22% HSIL per biopsy) in the first TSG to 2.0 biopsies per patient (29% HSIL
per biopsy) in the seventh TSG (p<0.001)(Fig. 1C).
The HSIL detection rate per outpatient clinic increased significantly over time for
clinics B and C, from 20% and 26% in the first TSG to 40% (p=0.002) in the fourth TSG
and 48% (p<0.001) in the seventh TSG, respectively. The HSIL detection rate in clinic
A increased non-significantly, from 33% in the first TSG to 40% (p=0.15) in the eighth
TSG.
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g: total - 156 missing; A1 - 96 missing; A2 - 8 missing; A3 - 9 missing; A4 - 5 missing; A5 - 7 missing; A6 - 18 missing; A7 - 13 missing
* = this anoscopist did not collect data on the number of sex partners in the preceding 6 months

Table 1. Characteristics of the patients included in the learning curve study of the 7 anoscopists (N=1340).
A1
A2
A3
A4
A5
A6
A7
(N=359)
(N=117)
(N=102)
(N=122)
(N=171)
(N=138)
(N=331)
Demographic variables
a
Age in years (mean/SD)
48 (9.5)
50 (10.3)
48 (9.3)
50 (9.7)
50 (9.5)
50 (10.5)
50 (8.6)
b
Smoking status (n/%)
Never smoked
101 (37%)
37 (33%)
33 (35%)
49 (43%)
55 (32%)
71 (52%)
124 (38%)
Previously smoking
73 (26%)
27 (24%)
21 (23%)
35 (30%)
61 (36%)
17 (13%)
77 (24%)
Currently smoking
102 (37%)
48 (48%)
39 (42%)
31 (27%)
55 (32%)
47 (35%)
125 (38%)
Number of sex partners in the preceding 6
*
1 (0-4)
1 (1-5)
1 (0-2)
2 (1-5)
1 (1-6)
2 (1-6)
c
months (median/IQR)
Number of sex partners in the preceding 6
c
months (n/%)
0-1
*
57 (54%)
51 (52%)
68 (71%)
76 (45%)
74 (54%)
144 (45%)
2-5
*
25 (24%)
24 (25%)
21 (22%)
50 (30%)
28 (20%)
90 (28%)
≥6
*
23 (22%)
23 (23%)
7 (7%)
42 (25%)
35 (26%)
89 (27%)
HIV-related variables
d
Currently using cART (n/%)
No
31 (9%)
3 (3%)
7 (7%)
1 (1%)
2 (1%)
0 (0%)
3 (1%)
Yes
304 (91%)
113 (97%)
94 (93%)
120 (99%)
169 (99%)
136 (100%)
327 (99%)
e
550 (420705 (530640 (480665 (500685 (470590 (460CD4 count cells/µl (median/IQR)
630 (470-810)
f
220 (130240 (120230 (150220 (150230 (120Nadir CD4 count cells/µl (median/IQR)
180 (70-270)
220 (130-320)
g
HIV plasma viral load, copies/ml (n/%)
<50
207 (79%)
104 (95%)
84 (90%)
113 (97%)
157 (96%)
116 (97%)
311 (92%)
≥50
56 (21%)
5 (5%)
9 (10%)
4 (3%)
7 (4%)
4 (3%)
7 (8%)
abbreviations: SD: standard deviation; HIV: human immunodeficiency virus; cART: combination antiretroviral therapy; IQR: interquartile range
a
Abbreviations:
SD:
standard
deviation;
HIV:
human
immunodeficiency
virus;
cART:
combination
antiretroviral
therapy;
IQR:
interquartile
range
total - 6 missing; A1 - 4 missing; A2 - 1 missing; A3 - 0 missing; A4 - 1 missing; A5 - 0 missing; A6 - 0 missing; A7 - 0 missing
a:b total
total-- 112
6 missing;
A1A1
- 4 -missing;
A2 - 1
A3 - 0A3
missing;
A4 - 1 A4
missing;
A5 - 0 missing;
A6 - 0 missing;
A7 - 0 missing
missing;
83 missing;
A2missing;
- 5 missing;
- 9 missing;
- 7 missing;
A5 - 0 missing;
A6 - 3 missing;
A7 - 5 missing
c
total
359missing;
missing;
12 missing;
- 4 missing;
- 26 missing;
A5 - 3 missing;
A6 - 1 missing;
A7 - 8 missing
b:
total--413
112 missing;
missing; A1 - 83
A2A2
- 5- missing;
A3 -A3
9 missing;
A4 - 7A4missing;
A5 - 0 missing;
A6 - 3 missing;
A7 - 5 missing
d
missing;
missing;
A3A3
- 1- 4
missing;
missing;
A5A5
- 0- 3missing;
c:e total
total -- 30
413missing;
missing;A1
A1- -24
359
missing;A2A2- -112
missing;
missing;A4
A4- -126
missing;
missing;A6
A6- -21missing;
missing;A7
A7 -- 18 missing
missing
total - 195 missing; A1 - 16 missing; A2 - 11 missing; A3 - 14 missing; A4 - 24 missing; A5 - 27 missing; A6 - 39 missing; A7 - 64 missing
d:
f total - 30 missing; A1 - 24 missing; A2 - 1 missing; A3 - 1 missing; A4 - 1 missing; A5 - 0 missing; A6 - 2 missing; A7 - 1 missing
total - 49 missing; A1 - 20 missing; A2 - 8 missing; A3 - 3 missing; A4 - 3 missing; A5 - 1 missing; A6 - 2 missing; A7 - 12 missing
e:g total - 195 missing; A1 - 16 missing; A2 - 11 missing; A3 - 14 missing; A4 - 24 missing; A5 - 27 missing; A6 - 39 missing; A7 - 64 missing
total - 156 missing; A1 - 96 missing; A2 - 8 missing; A3 - 9 missing; A4 - 5 missing; A5 - 7 missing; A6 - 18 missing; A7 - 13 missing
f:* total
49 missing; did
A1 -not
20 collect
missing;
A2 on
- 8 the
missing;
A3 -of3 sex
missing;
A4 - in
3 missing;
A5 - 1 6missing;
= this- anoscopist
data
number
partners
the preceding
monthsA6 - 2 missing; A7 - 12 missing
<0.001
<0.001
<0.001

<0.001

<0.001

<0.001

0.012
0.001

P value
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The individual HSIL detection rate increased significantly over time for anoscopists
1, 5 and 7, from 32%, 20% and 36% in the first TSG to 40%, 48% and 45% in the
last TSG (p=0.045, p=0.008, and p=0.02) respectively (Fig. 1B). All anoscopists had
an increasing mean number of biopsies taken per HRA, and this was significant
for anoscopists 1,5, 6 and 7. The mean number of biopsies taken ranged between
anoscopists in the first TSG from 0.9 to 2.1 per patient, with 22% (range 14% to 41%)
of their biopsies being HSIL. In the last TSG, the mean number of biopsies ranged
from 1.6 to 2.6 per patient, with 23% (range 10% to 28%) of biopsies being HSIL (Fig.
1C). Anoscopists 5, 6 and 7 showed a significant increase in the proportion of HSIL
per biopsy with increasing experience, while this proportion significantly decreased
for anoscopists 1, 2, 3 and 4 (data not shown).
The median time per TSG ranged between anoscopists from 1.7 to 21.7 months.
Anoscopists 1, 5 and 7 required a median of 4.5, 4.7 and 1.7 months per 50 HRAs,
anoscopists 2, 3, 4 and 6 required a median of 10.3, 21.7, 7.2 and 7.1 months.
Therefore, the anoscopists who showed a significant increase in HSIL detection rate
over time were also the ones with the shortest TSG.

Discussion and Conclusion
In this study we analyzed HSIL detection rates of seven anoscopists performing HRA in
HIV-positive MSM and found a wide variation between anoscopists in HSIL detection
rate, mean number of biopsies taken, and percentage of HSIL per biopsy. Over time
the number of biopsies per HRA increased and the percentage of biopsies with HSIL
detected remained stable, resulting in an overall increasing HSIL detection rate.
A minimum of 50 HRAs per year and identifying at least 20 cases of anal HSIL have
been proposed as QA metrics for HRA.8 This study validates the HSIL detection rate
and mean HSIL rate per biopsy as QA metric for HRA. The highest achievable HSIL
detection rate equals the true prevalence of HSIL in a population. It has not been
established what the true prevalence of anal HSIL is in HIV-positive MSM in the
Netherlands. Therefore, it is difficult to set benchmark values for HRA competence.
However, our study showed that three anoscopists (1, 5 and 7) achieved a significant
increase in HSIL detection rate over time, to at least 40% in their last TSG (Fig. 1B).
Following their HSIL detection rates, anoscopists in Amsterdam should strive for
an HSIL detection rate of at least 40%, which is comparable to that of experienced
clinics.12 Anoscopists 1, 5 and 7 performed their HRAs in a relatively short time period
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and showed a significant increase in HSIL detection rate over time. Other anoscopists
required more time for screening 50 patients and did not have a significant increase
in HSIL detection rate over time. This suggests that performing many HRAs in a short
amount of time might help to increase HSIL detection rates.
Mean HSIL percentage per biopsy reflects the accuracy of the anoscopist in recognizing
HSIL and is most useful as a QA metric when combined with HSIL detection rate. A
low accuracy rate (<20% HSIL biopsies) reflects too many normal tissue biopsies and
implicates an unnecessary increase in HRA time and cost and potentially leads to
increased comorbidity and discomfort for the patient, whereas high accuracy rates
(>80%) accompanied by low to moderate HSIL detection rates (10-30%) suggests that
not all lesions with characteristics of HSIL are being biopsied and therefore hHSIL
diagnosis might be missed.
The average learning curve developed in this study could be used as a reference for
anoscopists performing HRA in HIV-positive MSM (Fig. 1A). In case of a lower than
expected HSIL detection rate for the number of HRAs performed, identifying barriers
for HSIL detection and overcoming these barriers could increase the likelihood of
detecting HSIL. Such benefits of analyzing learning curves have been observed in
other, comparable procedures.13
Both nurses and doctors in this study showed similar learning curves for identifying
HSIL. Neither doctors nor nurses had prior experience with HRA or similar procedures.
In Figure 1B we observed that 5 out of 7 anoscopists had a lower HSIL detection rate
in the second TSG than in the first. This could partly be explained by the fact that the
anoscopists had, on average, their first 10 HRAs supervised by a more experienced
anoscopist. For anoscopist 3 we observed the lowest HSIL detection rate of all
anoscopists, for all TSG’s. This anoscopist had also the longest median time in months
per TSG: 21.7 months. The long median time in months per TSG of this anoscopist
and anoscopists 2, 4 and 6 supports the notion that performing only 1-2 HRAs weekly
is not sufficient for achieving acceptable HSIL detection rates. Anoscopists 1, 5 and
7 performed many HRAs in a short amount of time and significantly improved their
performance.
Anoscopists 5, 6 and 7 increased the percent of HSIL per biopsy, but only anoscopists
1, 5 and 7 diagnosed more HSIL over time (Figure 1B and C). This shows that anoscopist
6 improved her accuracy in distinguishing HSIL from LSIL and non-dysplastic lesions,
without identifying more patients with HSIL. Vice versa, anoscopist 1 improved in
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identifying patients with HSIL, but did not improve her accuracy in distinguishing HSIL
from LSIL and non-dysplastic lesions. There is no clear explanation as to why A5 and
A7 became more accurate in identifying HSIL per lesion and overall, while A6 only
became more accurate on a lesion level, and A1 on a population level. Anoscopists
1, 5 and 7 could have increased their HSIL detection rate due to having a high HRA
exposure, as shown by relatively short median time per TSG when compared to other
anoscopists. Future studies should prospectively investigate the characteristics of
anoscopists, and their learning curves, to help identify facilitators and barriers for
increasing HSIL detection rates.
chapter 3

This study is the first to propose a quality standard for HRA. This proposition is strong
as it reflects the learning curves of seven anoscopists who screened 1340 patients.
We recommend anoscopists who perform HRA in HIV-positive MSM to assess and
aggregate their learning curves, to allow the development of benchmark values. As
HSIL prevalence may vary per risk group, learning curves need to be assembled for
each separate patient population. A weakness of this study might be the statistically
significant differences in patient populations between anoscopists and clinics,
which could however be explained by the large study population, easily leading to
statistically significant but not clinically important differences. As no consistent risk
factors for HSIL have been identified, the variation between anoscopists cannot be
explained by these population differences.14 The difference in median nadir CD4+
cell count between TSG in one anoscopist is explained by the fact that she started
screening patients with the lowest cell count first, as this is a risk factor for aSCC.15
In conclusion, we demonstrate significant variations in HSIL detection rate among
anoscopists performing HRA in HIV-positive MSM. We recommend performing
sufficient HRAs per week for achieving an acceptable HSIL detection rate and to
use the individual HSIL detection rate and mean HSIL percentage per biopsy as QA
metric for HRA. We recommend clinics to evaluate their anoscopists, to ensure that
every anoscopist performs according to the average learning curve, and to explore
the causes of substandard performance.
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a

189 (39%)

Currently smoking

d

e

g

f

c

<50

511 (93%)

395 (85%)

200 (90-280)

590 (440-760)

Yes

46 (23%)*

≥6

41 (7%)

49 (24%)*

2-5

No

108 (53%)*

0-1

270 (96%)

220 (150-310)

670 (490-850)

289 (99%)

3 (1%)

49 (19%)

71 (27%)

144 (55%)

1 (1-4)

86 (30%)

96 (34%)

104 (36%)

50 (9.6)

Clinic C

427 (97%)

230 (130-320)

620 (470-810)

463 (99%)

3 (1%)

124 (27%)

118 (26%)

218 (47%)

2 (1-6)

172 (37%)

94 (20%)

195 (42%)

50 (9.2)

(N=469)

0.020

<0.001

<0.001

<0.001

0.002

0.006

0.001

0.019

P value

≥50
70 (15%)
11 (4%)
11 (3%)
abbreviations: SD: standard deviation; HIV: human immunodeficiency virus; cART: combination antiretroviral therapy; IQR: interquartile range
a
total - 6 missing; Clinic A - 5 missing; Clinic B - 1 missing; Clinic C - 0 missing
b
total - 112 missing: Clinic A - 97 missing; Clinic B - 7 missing; Clinic C - 8 missing
c
total - 413 missing; Clinic A - 375 missing; Clinic B - 29 missing; Clinic C - 9 missing
d
total - 30 missing; Clinic A - 26 missing; Clinic B - 1 missing; Clinic C - 3 missing
e
total - 195 missing; Clinic A - 41 missing; Clinic B - 51 missing; Clinic C - 103 missing
f
total - 49 missing; Clinic A - 31 missing; Clinic B - 4 missing; Clinic C - 14 missing
g
total - 156 missing; Clinic A - 113 missing; Clinic B - 12 missing; Clinic C - 31 missing
* excluding anoscopist 1 who did not collect data on the number of sex partners in the preceding 6 months

HIV plasma viral load, copies/ml (n/%)

Nadir CD4 count cells/µl (median/IQR)

CD4 count cells/µl (median/IQR)

Currently using cART (n/%)

HIV-related variables

Number of sex partners in the preceding 6 months (n/%)

1 (1-5)*

121 (25%)

Previously smoking
c

171 (36%)

48 (9.7)
Never smoked

Number of sex partners in the preceding 6 months (median/IQR)

Smoking status (n/%)

b

Age in years (mean/SD)

Demographic variables

Clinic B
(N=293)

Clinic A
(N=578)

Table 2. Characteristics of the patients included in the learning curve study of 7 anoscopists by clinic (N=1340).
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Table 2. Abbreviations: SD: standard deviation; HIV: human immunodeficiency virus; cART: combination
antiretroviral therapy; IQR: interquartile range
a: total - 6 missing; Clinic A - 5 missing; Clinic B - 1 missing; Clinic C - 0 missing		
b: total - 112 missing: Clinic A - 97 missing; Clinic B - 7 missing; Clinic C - 8 missing
c: total - 413 missing; Clinic A - 375 missing; Clinic B - 29 missing; Clinic C - 9 missing
d: total - 30 missing; Clinic A - 26 missing; Clinic B - 1 missing; Clinic C - 3 missing
e: total - 195 missing; Clinic A - 41 missing; Clinic B - 51 missing; Clinic C - 103 missing
f: total - 49 missing; Clinic A - 31 missing; Clinic B - 4 missing; Clinic C - 14 missing
g: total - 156 missing; Clinic A - 113 missing; Clinic B - 12 missing; Clinic C - 31 missing
* = excluding anoscopist 1 who did not collect data on the number of sex partners in the preceding 6
months
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Figure 1. HSIL detection rate and number of biopsies taken by seven high-resolution anoscopists
performing HRA in HIV-positive MSM
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A) Mean proportion of HRAs during which HSIL was detected, data of all anoscopists combined per timesubsequent group of at most 50 patients per anoscopist.
B) Proportion of HRAs during which HSIL was detected, for each anoscopist per time-subsequent group
of at most 50 patients.
C) Mean number of biopsies per HRA taken by each anoscopist, and by all anoscopists combined, in
time-subsequent groups of at most 50 patients.
* p-value of non-parametric trend test comparing indicated time-subsequent groups
A = anoscopist; M = male; F = female; MD = medical doctor; RN = registered nurse; HSIL = high-grade
squamous intraepithelial lesions
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Abstract
Background – Anogenital warts are often presumed to represent nondysplastic or
low-grade anal intraepithelial neoplasia (LGAIN).We previously demonstrated that
up to 20% of intra-anal warts in HIV-positive men who have sex with men (MSM) contain
regions of high-grade AIN (HGAIN).
Objectives – To determine the causative human papillomavirus (HPV) types of
low- and high- grade dysplastic areas in warts from HIV-positive MSM.
Methods – A total of 42 intra-anal warts from 41 HIV-positive MSM were graded as
nondysplastic, LGAIN or HGAIN. Whole-tissue sections (WTS) were analyzed with
the SPF10 polymerase chain reaction/LiPA25 HPV genotyping system. If the WTS
contained multiple HPV types, dysplastic regions were isolated by laser capture
microdissection (LCM) for HPV genotyping.
Results – Overall, 38 of 42 (91%) WTS tested positive for HPV DNA. Of these, 23 (61%)
contained a single HPV type and 15 (39%) contained multiple HPV types. All LCM-selected
regions contained no more than one HPV type. Ten of 42 (24%) WTS contained HGAIN
disease, of which six (60%) were associated with a high-risk HPV (hrHPV) genotype.
Twenty-three of 42 WTS contained LGAIN disease, of which two (9%) were associated
with hrHPV. AIN lesions containing hrHPV types were identified using p16 staining.
Conclusions – LGAIN lesions can be caused by high-risk HPV genotypes and vice
versa. We therefore recommend routine follow-up and treatment of all dysplastic
intra-anal warts for HIV-positive MSM .
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Introduction
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Human papillomavirus (HPV) infection is causally linked with the development
of anogenital warts, anal intraepithelial neoplasia (AIN) and anal squamous cell
carcinoma (aSCC).1,2 HPV genotypes 16 and 18 are considered high-risk HPV (hrHPV)
types, as they are causative in over 80% of cases of aSCC.3,4 HPV genotypes 6 and 11
are often referred to as low-risk HPV (lrHPV) types, because they cause over 90% of
the anogenital condylomata, but rarely cause aSCC.5 Anogenital warts, also known as
condylomata acuminata, are located on the anogenital skin, and/or on the vaginal,
cervical or anal mucosa as flat, dome- or comb-shaped verrucous papules or plaques.
The incidence rate in men is between 136 and 319 per 100 000 man-years for
European countries.6-8 HIV-positive men who have sex with men (MSM) are increasingly
at risk of developing aSCC, and incidence rates have increased from 13 to 37 per
100 000 person-years before the era of combination antiretroviral therapy (cART) to
65-109 per 100 000 person-years in the cART era.1 aSCC arises from precursor lesions
called AIN, which are graded from 1 to 3; AIN1 is referred to as low-grade AIN (LGAIN)
and AIN2 and3 as high-grade AIN (HGAIN).9 AIN lesions can be identified by means of
high-resolution anoscopy (HRA).
Until ongoing large, prospective randomized controlled trials [such as The Study of
the Prevention of Anal Cancer,10 Anal Cancer HSIL (High-grade Squamous
Intraepithelial Lesion) Outcomes Research Study and The LOPAC Trial: Laser Ablation
versus Observation to Prevent Anal Cancer] give more insight into the natural history
of AIN, close monitoring or treatment of LGAIN, and treatment of HGAIN lesions
in HIV-positive MSM is highly recommended in order to try and prevent progression
to aSCC.11,12 Although peri- and intra-anal warts in HIV-positive MSM are often
considered benign, we previously demonstrated that up to 20% of intra-anal
warts contain regions of HGAIN.13 Currently, the progression rate to aSCC of regions
of HGAIN in intra-anal warts is unknown, and data are limited with regard to their
causative HPV types. Previous studies used HPV polymerase chain reaction (PCR) on
whole-tissue section (WTS) to identify HPV types in intra-anal warts, but detection of
HPV DNA does not necessarily mean that it is causally related to the concurrent lesion,
especially when multiple HPV types are observed.14,15
We hypothesized that HGAIN regions in intra-anal warts are caused by hrHPV types.
Laser capture microdissection (LCM) combined with sensitive and type-specific PCR
has proved to be a reliable method to determine the lesion-specific HPV genotype
in cervical intraepithelial neoplasia, vulvar intraepithelial neoplasia and in AIN (the
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one lesion, one virus concept).15-18 Therefore, in this study we used LCM to determine
the causative HPV type of low- and high-grade dysplastic areas in intra-anal warts
obtained in HIV-positive MSM.
Materials and methods
Patients
This study is a substudy of a previously reported trial that evaluated the treatment of AIN
in HIV- positive MSM at the HIV outpatient clinic and the Department of Dermatology
of the Academic Medical Center in Amsterdam. This study was approved by the local
ethics committee and all patients gave written informed consent.19 During screening
with HRA, and after application of acetic acid 3%, 90 clinical intra-anal warts (flat,
dome- or comb-shaped verrucous papules or plaques) were identified and biopsied
in 67 HIV- positive MSM, and sent for histopathologic analysis.19 Forty-two clinical
intra-anal warts from 41 patients were randomly selected from this database and
included in the present study. One patient in this study had two biopsies taken from
distinct warts.
Sandwich Cutting
All biopsy blocks were sectioned according to the sandwich cutting method to give
one 4-µm-thick section for confirmation of diagnosis (haematoxylin and eosin before);
one 4-µm section for p16 immunohistochemistry, two 4–µm sections for evaluation
by LCM [collected on polyethylene naphthalate (PEN) membrane slides (Carl Zeiss,
Sliedrecht, the Netherlands)], two sets of 3 x 8-µm-thick (24 mm) sections for WTSPCR analysis and finally a 4-mm-thick section for pathological confirmation. 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 by PCR of WTS. Negative controls (paraffin
blocks) were used after every 10 blocks sectioned to check for cross-contamination.
Gold standard pathological diagnosis
All biopsy specimens were examined independently by two independent pathologists
(M.S. and E.C.P.). Diagnosis of AIN was made according to standard criteria by analysing
sections stained with hematoxylin and eosin.20 In case of discrepancy between the
two pathologists a third pathologist (S.B.) independently reviewed the slides. Gold
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standard diagnosis was obtained through a consensus between the first and second
pathologist’s diagnosis or that of either one of these pathologists and the third
pathologist. The overall diagnosis for the WTS was the highest dysplastic grade detected
in specific areas within the lesion. Nevertheless, specific regions that were selected
within the whole-tissue lesion for LCM could contain a lower dysplastic grade or even
normal mucosa.
p16 immunostaining and scoring

chapter 4

Immunostaining for p16 was carried out using mouse anti-p16 (Immunologic, Duiven,
the Netherlands) and the EnVisionTM kit (Dako A/S, Glostrup, Denmark) for
signal visualization. Slides were stained with diaminobenzidine chromogen and
counterstained with haematoxylin. Then p16 immunohistochemistry analysis was
used to support the grade of AIN observed in the haematoxylin and eosin slide.
The routine p16 scoring system was based on the p16 distribution through the
epithelium and intensity of the staining.
DNA Isolation
Total DNA from WTS and LCM specimens was isolated by proteinase K digestion.21
Briefly, 100 µL of proteinase K lysis solution was added to the WTS and incubated at
70 °C for 16–24 h. For LCM analysis 85 µL of proteinase K lysis solution was added to
the LCM sample and incubated at 56 °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
HPV-negative controls.
Human papillomavirus DNA detection and genotyping
A 10-μL volume of isolated DNA was added to 40 µL of PCR mix. The short PCR
fragment (SPF10) primer set amplifies a small fragment of 65 bp from the L1 region of
at least 64 mucosal HPV genotypes. Amplification products (HPV DNA) were detected
using a combination of conservative probes in the HPV SPF10 (version 1) DNA enzyme
immunoassay.22 Amplimers testing positive by DNA enzyme immunoassay were used
to identify the HPV genotype by reverse hybridization with the HPV line probe assay
(LiPA25), containing probes for the 25 most common mucosal HPV genotypes [i.e.
HPV6, 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)].23
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Polymerase chain reaction products were also tested with an in-house extended HPV
genotyping strip, additionally detecting the less common mucosal HPV types 26, 30, 55, 61, 62,
64, 67, 69, 71, 82–85, 87, and 89–91, as described previously.24 HPV55 and HPV64 are

now classified as subtypes of HPV44 and HPV34, respectively.25
Laser capture microdissection analysis
When multiple HPV genotypes were detected by WTS-PCR analysis, LCM was used
to obtain discrete areas of dysplastic epithelium from the AIN region of the lesions.
Those dysplastic regions were selected by an expert pathologist (M.S.) and the level
of dysplasia was independently scored by at least other pathologist (E.C.P. and by
S.B. if necessary). As a control, four biopsy specimens with a single HPV type were
analysed. Slides were scanned using digital microscopy (Aperio Technologies, Vista,
CA, U.S.A.). A minimum of one LCM sample was collected from each AIN lesion,
covering a representative part of the lesional area. Sample size was between 17 802
µm2 and 152 430 µm2. Selected regions were excised with the Zeiss PALM MicroBeam
ultraviolet LCM system and transferred to a cap of a 0.5µl tube containing 15 µl of a
proteinase K dilution buffer. Appropriate positive and negative controls were used
during the LCM procedure. DNA isolation and PCR for HPV DNA were performed as
described above.
Results
Participants and biopsies
We studied 42 warts obtained from 41 HIV-positive MSM. The median age of the
participants was 46 years [interquartile range (IQR) 39-51] and they were known to
be HIV- positive for a median of 8 years (IQR 4.5-13). The median CD4 cell count
was 540 cells per µl (IQR 440-675) and 85% were using antiretroviral therapy.
Pathological grading of whole-tissue sections
Overall, 79% (33 of 42) of the WTS that were graded by the two independent
pathologists concurred in diagnosis. A third pathologist graded the nine discrepant
WTS, leading to the final diagnosis of nine nondysplastic, 23 AIN1, seven AIN2
and three AIN3 (Fig. 1). The third pathologist’s grading was five times that of
pathologist 1 and four times that of pathologist 2. Therefore, 10 of 42 (24%)
intra-anal warts were found to show HGAIN by consensus pathological diagnosis.
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Human papillomavirus determination in whole-tissue sections
Human papillomavirus was detected in 38 of 42 (91%) WTS. A total of 19 different
HPV genotypes (6, 11, 16, 18, 26, 31, 33, 39, 40, 42, 45, 52, 53, 56, 58, 67, 70, 74,
91) were found. HPV genotyping analysis of the 38 HPV-positive WTS showed a
single HPV genotype infection in 23 (61%) WTS and two to three HPV types in 15
(39%) WTS. The median number of HPV types per WTS was one (range 1-3) (Table 1).
Pathological grading of laser capture microdissection-selected regions
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From the 15 WTS with multiple HPV types, 77 regions (51 dysplastic regions and
26 nondysplastic regions) were selected for LCM by pathologist 1 and reviewed
by pathologist 2. The median number of selected regions per WTS was five (range
2-8). Thirty discrepancies were found in LCM diagnosis and were presented
to a third pathologist, leading to a final diagnosis of 41 AIN1 regions, six AIN2
regions, four AIN3 regions and 26 regions with no dysplasia (see Fig. 2 for
an example of multiple regions in one WTS). The third pathologist’s grading
was 23 times that of pathologist 1 and seven times that of pathologist 2.
Human papillomavirus determination in laser capture microdissection-selected
regions
Of the 15 WTS containing more than one HPV type, eight showed a single HPV type in
all LCM-selected regions (n = 34, range 2-7). Three WTS showed two different HPV
types in separate LCM regions (Table 1; WTS numbers 1, 31 and 38). Furthermore,
two WTS showed an undetermined HPV type in one LCM region, and two WTS
contained only HPV-negative LCM-selected regions. No LCM region had an HPV type
that was not seen in the WTS (Fig. 3). From nine WTS (three not dysplastic, three
AIN1, two AIN2 and one AIN3) 26 nondysplastic regions were selected, of which 19
were negative for HPV and seven were positive for HPV. One of seven nondysplastic
HPV-positive regions showed the same HPV type 16 as an adjacent AIN3 region,
and one of seven (a nondysplastic area adjacent to AIN1) showed an undetermined
HPV type. The five remaining nondysplastic, HPV-positive regions contained
HPV 6, HPV 11, HPV 33 and HPV 45 (x 2), respectively (Table 1).
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Fig 1. Haematoxylin and-eosin stained and p16-stained slides of dysplastic regions in intra-anal warts of
HIV-positive men who have sex with men. (a) Anal intraepithelial neoplasia (AIN) 1 with a patchy p16
staining with a weak intensity (original magnification x 200). (b) AIN2 with a moderate intensity p16
staining throughout the epidermis (original magnification x 400). (c) AIN3 region with a strong intensity
p16 staining (original magnification x 200).
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Fig 2. Selection of dysplastic regions in an intra-anal wart for laser capture microdissection (LCM)
(original magnification x 50).
(a) High-resolution anoscopy-guided image of an intra-anal wart (indicated by an arrow) suspected of
dysplasia.
(b) Haematoxylin and eosin-stained biopsy section.
(c) Haematoxylin- and p16-stained biopsy section showing dysplastic regions annotated in green by a
histopathologist for LCM. Regional anal intraepithelial (AIN) diagnosis and human papillomavirus (HPV)
genotypes are illustrated for two specific regions.
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Table 1 Forty-two biopsies of intra-anal warts in HIV-positive men who have sex with men, including
77 laser capture microdissection (LCM)-selected regions

No.
1

Final diagnosis
No dysplasia

WTS HPV
types
11, 33, 39

LCM region
AIN grade
No dysplasia

LCM region
HPV types
11

No dysplasia

Neg

No dysplasia

33

No dysplasia

Neg

b

2

No dysplasia

6, 74

No dysplasia

Neg

No dysplasia

Neg

No dysplasia

Neg

No dysplasia

Neg

No dysplasia

6

a

Lesional HPV
11; 33

6

3

No dysplasia

11

NA

NA

11

4 -7 (4x)

No dysplasia

neg

NA

NA

NA

8

No dysplasia

16

NA

NA

16

9

No dysplasia

31, 45, 70

No dysplasia

45

45

No dysplasia

45

No dysplasia

Neg

No dysplasia

Neg

No dysplasia

Neg

10 - 21 (12x)

AIN1

6

NA

NA

6

22 - 24 (3x)

AIN1

11

NA

NA

11

25

AIN1

42, 56

AIN1

Neg

Undetermined

AIN1

Neg

AIN1

Neg

AIN1

Neg

AIN1

Undetermined

c

AIN1

Neg

26

AIN1

40

NA

NA

40

27

AIN1

52

NA

NA

52

28

AIN1

6, 16

No dysplasia

Neg

Not found

No dysplasia

Neg

No dysplasia

Neg

No dysplasia

Neg

29

30

AIN1

AIN1

39, 67, 70

31, 42

No dysplasia

Neg

AIN1

Neg

AIN1

Neg

No dysplasia

Neg

No dysplasia

Undetermined

No dysplasia

Neg

AIN1

Neg

AIN1

Neg

AIN1

Neg

AIN1

Neg

c

d

Undetermined

c

c

42
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32

33

34

AIN1

AIN1

AIN2

AIN2

11, 16

26, 91

26, 52

6, 18

Neg

AIN1

Neg

AIN1

Neg

AIN1

42

AIN1

42

AIN1

11

AIN1

11

AIN1

11

AIN1

11

No dysplasia

Neg

AIN1

16

AIN1

Neg

AIN1

Neg

AIN1

Neg

AIN1

Neg

AIN1

Neg

AIN1

Neg

AIN1

Neg

AIN1

Neg

AIN1

Neg

No dysplasia

Neg

AIN1

52

AIN1

52

AIN2

52

AIN2

52

AIN1

6

AIN2

6

AIN1

6

AIN1

6

11; 16

Not found

52

6

35 - 36 (2x)

AIN2

11

NA

NA

11

37

AIN2

6

NA

NA

6

38

AIN2

6, 16

AIN1

6

16

AIN1

6

AIN1

6

AIN1

6

AIN2

16

AIN2

33

AIN1

Neg

No dysplasia

Neg

AIN3

16

AIN2

16

39

40

AIN2

AIN3

6, 33

16, 70

d
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31

AIN1

33

16

41

AIN3

58

NA

NA

58

42

AIN3

16, 53

AIN3

16

16

AIN3

16

AIN3

16

No dysplasia

16
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WTS, whole-tissue section; HPV, human papillomavirus; AIN, anal intraepithelial neoplasia; NA, not
available; Neg, negative. aThe combined HPV results of WTS and LCM. bNot classifiable. cHPV DNA
detected, but not positive for genotypes 6, 11, 16, 18, 26, 30, 31, 33, 34, 35, 39, 40, 42, 43, 44, 45, 51,
52, 53, 54, 55, 56, 58, 59, 61, 62, 64, 66, 67, 68, 70, 71, 73, 74, 82, 83,84, 85, 87, 89, 90 or 91. dThe
causative lesional HPV type could not be found despite selecting several regions for LCM.

Human papillomavirus detection: combined results of whole-tissue section and laser
capture microdissection
In total, 23 WTS contained a single HPV type and 15 WTS contained multiple HPV
types, but in eight of the latter group all LCM-selected regions contained the same
HPV type. Therefore, 31 of 38 HPV-positive intra-anal warts were associated with
a single HPV type. In addition, three WTS showed more than one HPV type in the
LCM- selected regions, but all were restricted to a single region. Furthermore, the
LCM-selected regions of two WTS showed an undetermined HPV type while none
of the HPV types detected in the WTS were found. Consequently, in 36 of 38 warts
(95%), each lesion was associated with a single HPV type. In the remaining two WTS
with multiple HPV types, all LCM-selected regions were negative for HPV (Fig. 3).
High-risk versus low-risk human papillomavirus types
Combining WTS/PCR and LCM genotyping of selected regions, nine HPV types (6, 11,
16, 33, 40, 42, 45, 52, 58) were identified as genotype responsible for a lesion, based
on WTS and LCM analysis. In order of frequency, these HPV types were HPV 6 (40%),
followed by HPV 11 (21%) and HPV 16 (13%) (Table 1). Overall, 60% (six of 10) of
high-grade AIN WTS contained hrHPV types (16, 33, 52 and 58). We found that lrHPV
types (6, 11, 40 and 42) were present in 78% (18 of 23) of LGAIN WTS and in 40%
(four of 10) of HGAIN WTS (Table 1).

Fig 3. Single vs. multiple human papillomavirus (HPV) types in the 38 HPV-positive intra-anal wart
biopsies. Whole-tissue sections (WTS)/polymerase chain reaction (PCR): PCR and HPV genotyping on
WTS. Laser capture microdissection (LCM)/PCR: PCR and HPV genotyping on LCM-selected dysplastic
regions.
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Correlation between grade of dysplasia, p16 immunostaining and human
papillomavirus detection
Of 42 cases clinically diagnosed as warts, nine were nondysplastic in WTS. These
nine cases all stained negative for p16, but five were positive for HPV (two low-risk
and three high-risk). Twenty-three warts were graded as AIN1. Of these, two were
positive for p16 and both were associated with hrHPV types. The remaining 21 p16negative AIN1 cases were positive for low-risk or unidentified HPV types. Seven warts
were graded as AIN2. Three of these were positive for p16 and all three were positive
for hrHPV types. The four remaining cases were negative for p16 and were found to
be positive for lrHPV types. The three cases of AIN3 were positive for both p16 and
hrHPV types.
Discussion
chapter 4

We performed highly sensitive HPV genotyping on WTS and LCM-selected regions
of intra-anal warts in HIV-positive MSM. Ten of 42 investigated warts (24%) were
classified as HGAIN. Six of these 10 HGAIN lesions (60%) were associated with an
hrHPV genotype. Therefore, HGAIN is often, but not uniquely, caused by hrHPV
genotypes. We found that 78% of LGAIN lesions were associated with an lrHPV
type, but in two of 23 LGAIN warts (9%) we found a hrHPV genotype. Additionally,
positive p16 immunostaining showed better correlation with the detection of
hrHPV types in WTS with AIN than histologic grading using consensus diagnosis.
This study is unique, as it determined with LCM/HPV genotyping the lesional HPV
genotypes in intra-anal warts from HIV-positive MSM. Our data support findings that
in HIV-positive MSM low-grade AIN lesions can be caused by hrHPV genotypes and vice
versa.26,27 This study does not prove direct causality between the HPV infection and
the development of the dysplastic lesion, as the presence of E6/E7 mRNA transcripts
was not investigated in WTS or LCM-selected regions. Furthermore, ultradeep
sequencing of human skin recently revealed numerous new HPV types.28 It might
be interesting to perform ultradeep sequencing on the HPV-negative and HPVundetermined LCM region.29 Finally, one patient who participated in this study had two
biopsies that were taken from distinct warts, which could lead to a slight overestimation
of warts classified as LGAIN lesions positive for HPV 6.
Pimenoff et al.26 also investigated intra-anal warts containing areas of LGAIN and
HGAIN in HIV-positive MSM and found equal percentages of lrHPV types in LGAIN
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and HGAIN lesions (83% lrHPV types in LGAIN vs. 82% low-risk types in HGAIN). In
that study, each HPV type found in WTS was considered to contribute equally to
the development of dysplastic lesions, leading to an overestimation of HPV types
with the highest anal prevalence (lrHPV types).26 In our study, 19 HPV types were
identified by WTS/PCR of 42 biopsies, but only nine HPV types were presumed causative
after identifying the HPV types present in LCM-selected dysplastic regions, indicating
that many of the HPV types found in WTS are likely ‘passenger’ HPV types and should
not be considered causative of the lesion. This is in accordance with the ‘one lesion,
one virus’ theory.15
In this study, four warts contained regions of AIN2 that stained negative for p16 and
were caused by the lrHPV genotypes 6 or 11 (Table 1; numbers 34, 35, 36 and 37).
It has been reported that lrHPV genotypes have been found in aSCC in patients who
were positive for HIV,27 suggesting the potential for progressive disease in HGAIN
lesions caused by lrHPV types. Future studies should investigate the natural history
of AIN2 lesions caused by lrHPV genotypes in HIV-positive MSM.
Quadrivalent HPV vaccination (types 6, 11, 16 and 18) of boys and young men
(ages 16-26 years) has been shown to prevent related external genital lesions.30 The
incidence of AIN caused by related HPV genotypes was also reduced by quadrivalent
vaccination of boys and young men (aged 16-26 years) who were HIV negative
MSM.31 Swedish et al. demonstrated a reduction in recurrence of HGAIN lesions
in HIV-negative MSM who received quadrivalent HPV vaccination after successful
HGAIN treatment.32 In our study, 27 of 41 (67%) HIV-positive MSM had intra-anal
warts presumably caused by HPV genotypes (types 6, 11 and 16) covered by the
quadrivalent vaccine, and 34 of 41 (83%) had warts presumably caused by genotypes
(6, 11, 16, 33, 45, 52, and 58) for which the nonavalent vaccine covers protection.
Fuchs et al. have found similar coverage percentages (67% with quadrivalent, 79%
with nonavalent vaccination) based on anal swab data in 392 HIV-positive MSM.33
Future studies should investigate whether the incidence of anogenital warts and AIN
is reduced after quadrivalent or nonavalent HPV vaccination in HIV- positive MSM
with established HPV-related disease.
In conclusion, our results show regions of severe dysplasia in 24% of the intra-anal
warts caused by lrHPV or hrHPV genotypes. Furthermore, p16 staining may help
identify lesions containing hrHPV types, but, although rare, infection with a single
lrHPV type 6 or 11 has also been associated with peri- and intra-aSCC in HIV-positive
men.27 We therefore recommend, for HIV-positive MSM, routine histopathological
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evaluation of intra-anal warts and follow-up and treatment of all dysplastic warts,
irrespective of the causative HPV type.
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Cryotherapy for intra- and perianal high-grade
squamous intraepithelial lesions in HIV-positive
men-who-have-sex-with-men.
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Abstract
Background – Available treatment options for anal high-grade squamous
intraepithelial lesions (HSIL) in HIV-positive men who have sex with men (MSM) are
limited by low response rates and frequent recurrences. Cryotherapy is an established
therapeutic option for several pre-malignant skin disorders.
Methods – This retrospective, non-randomized study included HIV-positive MSM
who received intra- and/or perianal HSIL cryotherapy treatment between 30
December 2008 and 23 April 2015. Cryotherapy was applied in sessions 4-6 weeks
apart for a maximum of five sessions. Patients received a follow-up high-resolution
anoscopy (HRA) to assess the treatment response. Complete and partial treatment
responders were followed-up after 6 months and then every 6-12 months to
investigate recurrent HSILs.
Results – Of 64 patients [median age 48 years; interquartile range (IQR) 42-56]
included in the study, six were lost to follow. In total, 35 (60%) of 58 patients
responded to treatment. Of 64 patients, 31 (48%) reported one or more side effects,
of which anal pain or tenderness and mild blood loss were reported most frequently.
A total of 19 patients who responded to cryotherapy were adequately followed-up
for over 18 months, of whom 13 (68%) had recurrent HSILs.
Conclusion – Cryotherapy is capable of clearing HSIL in HIV-positive MSM, and
treatment success rates are comparable with those reported for current treatment
modalities. The treatment is well tolerated, and side effects are relatively mild.
Future studies should therefore compare the efficacy and tolerability of cryotherapy
with those of current treatment modalities in randomized controlled trials.
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1 Introduction
HIV-positive men who have sex with men (MSM) are at risk for developing anal
squamous cell carcinoma. Incidence rates have increased from 13-37 per 100,000
person-years in the pre-combination antiretroviral therapy (cART) era to 65-109 per
100,000 person-years in the cART era [1]. Anal intraepithelial neoplasia (AIN) is a
precursor stage of anal squamous cell carcinoma and follows infection with
human papillomavirus (HPV). High-resolution anoscopy (HRA)- guided biopsies are
the gold standard for identifying AIN, and the prevalence of low-grade squamous
intraepithelial lesions (LSILs or AIN 1) and high-grade squamous intraepithelial
lesions (HSILs or AIN 2- 3) is high in HIV-positive MSM: 31.3 and 29,1%, respectively
[1]. Treatment of HSIL in HIV-positive MSM is highly recommended to prevent
progression towards invasive disease [2]. Large randomized controlled trials are
currently investigating the natural history of AIN [3-5].
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Several treatment modalities for the treatment of HSIL have been described. Treatment
varies from targeted destruction of areas of HSILs using infrared coagulation,
electrocautery, cryosurgery or surgical excision to immunomodulation and
photodynamic therapy, but with little consensus between the guidelines [6-8].
Electrocautery is currently the treatment of choice for intra-anal HSIL in many
centers, but response rates of all HSIL treatment modalities are disappointingly
low and recurrence rates are high [9, 10]. Therefore, new treatment modalities or
techniques should be considered.
Cryotherapy is an old technique [11] which was first introduced in dermatology in 1899
[12], and is currently still widely used for treatment of HPV-induced pre-malignant
and malignant skin disorders such as HPV-associated warts, actinic keratosism and
basal cell carcinoma [13-15]. Anogenital condylomata are commonly treated with
liquid nitrogen, because it is easily applied, is cheap, leaves no scar tissue when
applied correctly, and achieves acceptable clearance rates [16].
In this retrospective study, we describe the response- and recurrence rates of
cryotherapy for intra- and perianal HSIL in HIV-positive MSM.
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2 Materials and methods
2.1 Patients
We studied HIV-positive MSM aged ≥30 years who underwent AIN screening with
HRA and were diagnosed with intra- and/or perianal HSIL, as described earlier by
Richel et al [17]. In short, screening was performed by one of three expert anoscopists
(having performed more than 200 HRAs each) and consisted of a digital rectal exam
followed by peri- and intra-anal inspection with a colposcope (ZEISS opmi pico surgical
microscope) after repeatedly applying acetic acid (3% solution) and staining with
Lugol’s iodine when indicated. All lesions suspicious for AIN were biopsied and graded
by one of two pathologists specialized in squamous intraepithelial lesions. The extent of
intra-anal HSIL was analyzed by describing the number of quadrants containing HSIL
disease. No anal cytology was performed in any of the patients. Patients diagnosed
with intra- and/or perianal HSIL were offered standard electrocoagulation therapy and
cryotherapy, with the latter introduced as a new treatment modality with unknown
efficacy.
2.2 Cryotherapy
Patients scheduled for cryotherapy at the Academic Medical Center (Amsterdam, the
Netherlands) between 30 December 2008 and 23 April 2015 attended a maximum
of five treatment visits, each visit 4-6 weeks apart. Treatment for intra- and perianal
lesions consisted of office-based HRA-guided liquid nitrogen application in three
freeze-thaw cycles using a spray gun with an standard 0.56 mm aperture, spraying
10 s per lesion (Fig. 2). At each treatment visit, self-reported side effects were noted
and inquiries were made regarding blood loss and pain that may have resulted from
the previous treatment, followed by inspection with HRA and guided cryotherapy for
remaining HSIL lesions. If no lesions were seen, treatment response was defined as a
complete response (CR), no further treatments were given, and a 6-month follow-up
visit was scheduled.
Treatment response was assessed 4-6 weeks after the final treatment. During this
session, the intra- and perianal region was again inspected and all remaining lesions
were biopsied. If no lesions were seen, treatment response was defined as CR and no
biopsies were taken. If histological resolution of all AIN lesions was achieved, treatment
response was also defined as CR. If all HSIL lesions had regressed to at least LSIL
(AIN1) , treatment response was defined as partial response (PR), and, if invasion
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had occurred, response was defined as progressive disease. In all other cases, the
outcome was rated as stable disease (SD), which was analyzed in more detail to
distinguish between persistent HSIL (in the same location) or metachronous HSIL (in
a new location). Patients with CR or PR were scheduled for a follow-up HRA in 6
months. Patients with SD were again offered treatment with one of the remaining
treatment modalities described, and patients with progressive disease were referred
for oncologic treatment options.

Fig. 1 Intra-anal high-grade squamous intraepithelial lesion precryotherapy treatment

Fig. 2. Intra-anal high-grade squamous intraepithelial lesion post-cryotherapy treatment
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Patients who received cryotherapy and completed at least one follow-up visit were
included in the analyses. Patients lost to follow-up before a treatment response could
be evaluated were excluded from the analyses. Patients who were lost to followup after the treatment response was evaluated, and patients who participated in a
quadrivalent HPV vaccination trial (VACCAIN-P study) were excluded from recurrence
rate analyses.
2.3 Statistical analysis
Potential risk factors for cryotherapy reatment success— nadir cluster of differentiation
(CD)-4 cell count and ever smoking—were tested using univariable logistic regression
analysis. Variables were considered significantly associated when the p value was
<0.05. Statistical analyses were performed using SPSS software (version 23.0.3 IBM,
Armonk, NY, USA). Data were expressed as medians with interquartile ranges.
Table 1 Characteristics of HIV-positive men who have sex with men with anal high-grade
squamous intraepithelial lesions treated with cryotherapy
Characteristic
Dataa
Patients (N)
64
Age (years)
48 (42-56)
Patients using cART at first cryotherapy
60/64 (94)
Nadir CD4+ cell count (cells μL-1)
290 (150-410)
Current CD4+ cell count (cells μL-1)
640 (480-800)
Ever smoker
35/59 (59)
Pack-years
5 (0-20)
Number of biopsies
3 (2-4)
Perianal HSIL
12/64 (19)
Intra-anal HSIL
63/64 (98)
One quadrant
45/63 (71)
Two quadrants
12/63 (19)
Three quadrants
5/63 (8)
Four quadrants
1/63 (2)
cART combination antiretroviral therapy, CD cluster of differentiation, HSIL high-grade
squamous intraepithelial lesions
a
Data are presented as median (interquartile range) or n/N (%) unless otherwise indicated
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3 Results
3.1 Patient characteristics
Between 30 December 2008 and 23 April 2015, 64 patients were treated with
cryotherapy and included in the present study. Their median age was 48 years, the
median CD4+ T-cell count during treatment was 640 cells/μl, and 60 of 64 patients
(94%) were using cART. OF the patients receiving cryotherapy, 52 (81%) received it
for intra-anal HSIL only, one (2%) for perianal HSIL only, and 11 patients (17%) for
both intra- and perianal HSIL. Baseline characteristics are listed in Table 1.
3.2 Treatment response
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Six of 64 patients were lost to follow-up before a treatment response could be
evaluated (Fig. 3). Of 58 patients, 35 (60%) had either a CR (n = 20) or PR (n = 15)
(Table 2). Of 12 patients treated for perianal HSIL, four (33%) had either a CR (n
= 1) or PR (n = 3). Of 57 patients treated for intra-anal HSIL, 34 (60%) had either
a CR (n = 19) or PR (n = 15). In total, 27 of 40 patients (68%) with intra-anal HSIL
in one quadrant, 6 of 12 patients (50%) with HSIL in two quadrants and one of
four patients (25%) with HSIL in three quadrants had either a CR or PR response.
The only patient with HSIL in four quadrants had SD. Of the 23 patients with SD,
11 (40%) had persistent HSIL, seven (30%) showed only metachronous HSIL,
and five (21%) showed both persistent and metachronous HSIL after treatment.
None of the patients had progressive disease during the course of this study.
Nadir CD4 cell count was not significantly associated with CR, PR or SD. Ever smoking
was not significantly associated with CR (p = 0.493) or PR (p = 0.087), but did
significantly increase the odds of SD [odds ratio (OR) 0.26; 95% confidence interval
(CI) 0.078-0.871; p = 0.029].
3.3 Recurrence rate
Of the 35 patients with a CR or PR, 14 were screened and selected to participate in
the VACCAIN-P study at their first follow-up visit and were therefore excluded from
further analyses. Of the 21 remaining patients, 19 (seven CR, 12 PR) were adequately
followed-up, meaning they received a follow-up HRA 6 months after their initial
treatment response was evaluated. Of these 19 patients, seven (37%; four CR and
three PR) had an HSIL recurrence at first follow-up. Thereafter, 11 of the 12 remaining
patients received a second follow-up visit in the next 6-19 months, and five (all PR)
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had a recurrence of HSIL. Of the remaining six patients (three CR, three PR), three had
no HSIL recurrence at their third follow-up (one CR, two PR), one (CR) had recurrent
HSIL and two got lost to follow-up (one CR and one PR). Overall, 13 of the 19 patients
(68%) who experienced a CR or a PR after cryotherapy, were not vaccinated against
HPV, and had at least one follow-up visit after 6 months, had a documented HSIL
recurrence within 18 months.

Fig. 3. Flowchart of treatment intervals and treatment results in HIV-positive men who have sex with
men receiving cryotherapy as treatment for anal high-grade squamous intraepithelial lesions.
CR complete response, LTFU lost to follow-up, n number of study participants, PR partial response, SD
stable disease, T time in weeks
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3.4 Side effects
In total, 31 of 64 patients (48%) reported one to three side effects during the
cryotherapy treatment period: 19 (30%) reported one side effect, nine (14%)
reported two, and three (5%) reported three. Of the 64 patients, 20 (31%) reported
anal pain or tenderness during and/or following treatment, 14 (22%) reported mild
blood loss for a few days, four (6%) had psychological problems (erectile dysfunction,
stress, anxiety) and eight (13%) reported other side effects (anal fissure, constipation,
temporary fecal incontinence, diarrhea, hemorrhoid). None of the treated
patients required additional medical attention because of side effects. One patient
with a history of anal carcinoma discontinued treatment because of anal pain and
psychological stress.

All HSIL
HSIL grading
AIN 2
AIN 3
Perianal HSIL
Intra-anal HSIL
Quadrants with intra-anal HSIL
One
Two
Three
Four

CR
20/58 (34)

PR
15/58 (26)

SD
23/58 (40)

12/34 (35)
8/24 (33)
1/12 (8)
19/57 (33)

10/34 (29)
5/24 (21)
3/12 (25)
15/57 (26)

12/34 (35)
11/24 (46)
8/12 (66)
23/57 (40)

16/40 (40)
3/12 (25)
0
0

11/40 (28)
3/12 (25)
1/4 (25)
0

13/40 (32)
6/12 (50)
3/4 (75)
1/1 (100)
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Table 2 Response to treatment of HIV-positive men who have sex with men with anal highgrade squamous intraepithelial lesions treated with cryotherapy

Data are presented as n/N (%)
AIN anal intraepithelial neoplasia, CR complete response, HSIL high-grade squamous
intraepithelial lesions, PR partial response, SD stable disease
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4 Discussion
In this study, we investigated cryotherapy for the treatment of HSIL in HIV-positive
MSM. Cryotherapy resulted in a complete- or partial treatment response in 60% of
patients. Half of the patients reported side effects from cryotherapy, most reported
side effects were mild pain and blood loss.
The World Health Organization recommends cryotherapy for the treatment of
cervical intraepithelial neoplasia (CIN) when loop electrosurgical excision procedure
(LEEP) is not available [18]. LEEP is more effective, as it allows the treating physician to
remove the entire transitional zone in one procedure; however, the transitional zone
of the anal canal is anatomically unfit for LEEP. Esophageal high-grade intraepithelial
neoplasia at the pectinate line (Barrett’s HG dysplasia) can be effectively and safely
treated by endoscopic application of liquid nitrogen [19]. Studies showed high rates
of clearance with endoscopic cryotherapy [19], but recurrence rates were higher
than with photodynamic therapy or endoscopic mucosal resection [20].
Response rates for available HSIL treatment modalities (trichloroacetic acid [TCA],
imiquimod, infrared coagulation, electrocautery) are similar to our rates for
cryotherapy (61% [21], 61% [22], 64% [23], and 69% [9], respectively). However, if
we observe the effect of cryotherapy on a lesional level in patients with SD, seven
of 23 patients could be considered ‘partial responders’ because they developed
metachronous lesions and all original HSIL lesions cleared; thus, the overall response
rate would increase to 42 of 58 patients (72%). In this small group of patients,
univariate analysis showed that ever smoking was positively associated with SD.
Future studies with larger patient groups should perform multivariate analysis to
assess whether smoking is a consistent risk factor for treatment failure. Cryotherapy
for HSIL in one intra-anal quadrant showed a higher treatment response (68%)
than for HSIL in two quadrants (50%) or three quadrants (25%). For perianal HSIL,
imiquimod treatment still shows a better treatment response than cryotherapy (91
vs. 36%), making imiquimod the more effective choice for perianal HSIL.[9]
Side effects of electrocautery, imiquimod and 5-fluorouracil, and cryotherapy were
reported 76, 47 and 65, and 50% of patients, respectively; however this was not a
randomized controlled trial [9]. In the British Association of Dermatologists’ guidelines
for the management of Bowens disease, Morton et al. [24] recommend cryotherapy
as a generally good choice of treatment for single or multiple small (<2cm), good
healing lesions (refers to the clinician’s perceived potential for good healing at the
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affected site). None of the possible complications following cryotherapy described
by Morton et al. [24] (poor healing and hypopigmented scarring) were observed in
our study.
The recurrence rate following a CR or PR after cryotherapy for HSIL appeared to be
lower after treatment with electrocautery, but follow-up visits in our study were less
stringent than in prospective studies, and recurrence rates may therefore have been
underestimated [9, 25]
To our knowledge this is the first study to describe the treatment effects of cryotherapy
for intra- and perianal HSIL in HIV-positive MSM. Although the retrospective,
non-comparative design is a limitation of this study, this is a first step in finding a new
possible treatment modality for HSIL. The inclusion of several patients with persistent
(n = 2) or recurrent (n = 22) HSIL after electrocoagulation and other treatment
options (5-fluorouracil, imiquimod or TCA) could have introduced selection bias;
therefore, the reported treatment response could underestimate the true potential
of cryotherapy.

5 Conclusion
chapter 5

Cryotherapy is capable of clearing HSIL in HIV-positive MSM. Cryotherapy is well
tolerated and side effects are common and mostly mild, but HSIL recurrences
were frequent. A prospective, randomized study comparing electrocautery and
cryotherapy should further investigate the efficacy and tolerability of cryotherapy as
a new treatment modality for intra-anal HSIL.
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Chapter 6
Health-related quality of life and sexual functioning
of HIV-positive men who have sex with men who
are treated for anal intraepithelial neoplasia.
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Abstract
Background – The impact of treatment of precursor lesions of anal cancer (anal
intraepithelial neoplasia) on health-related quality of life has not been investigated.
Objective – This study aimed to evaluate the impact of 3 treatment options for anal
intraepithelial neoplasia on health-related quality of life and sexual functioning in
HIV-positive men who have sex with men.
Design – The prospective cohort was embedded in a randomized clinical trial
evaluating the optimal treatment of anal intraepithelial neoplasia.
Setting – This study was performed at the HIV outpatient clinic of the Academic
Medical Center, Amsterdam, the Netherlands.
Patients – Included in the study were HIV-positive men who have sex with men with
anal intraepithelial neoplasia.
Intervention – Treatment with imiquimod (n = 54), topical fluorouracil (n = 48), or
electrocautery (n = 46) was given for 16 weeks.
Main outcome measures – Health-related quality of life and sexual functioning were
assessed before, during and 4 weeks after treatment. Health-related quality of life
was assessed using the EQ5D, sexual functioning was assessed using items derived
from the International Index of Erectile Function and the female sexual function
index adapted for anal intercourse.
Results – One hundred forty-five patients (98%) completed at least 1 questionnaire.
There was a significant different pattern of change over time in health-related
quality of life among the 3 treatment groups. Patients in the imiquimod group
were more likely to report pain/discomfort at week 8 than patients in the
electrocautery group. Patients in the electrocautery group were more likely to
report anxiety/depression and were less satisfied with their overall sex life at
week 16 than patients in the imiquimod and fluorouracil groups, and patients
in the electrocautery group were also more likely to report pain/discomfort and
problems with usual activities at week 20 than patients in the fluorouracil group.
Limitation – The follow-up method differed slightly between treatment groups. There is
no standardized, validated sexual functioning questionnaire for HIV-positive men who
have sex with men.
Conclusions – All treatment options have a negative impact on aspects of healthrelated quality of life. Electrocautery has significantly more negative effects on
health-related quality of life than imiquimod and fluorouracil and also has a negative
effect on sexual functioning.
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Introduction
Anal squamous cell carcinoma (ASCC) is an increasing problem for HIV-positive men
who have sex with men (MSM). Since the introduction of combination antiretroviral
therapy, the incidence of ASCC has increased from 13 to 36 per 100,000 person-years
to 65 to 109 per 100,000 person-years, rates that are higher than those of cervical
cancer in the general female population before the introduction of national cervical
screening programs.1,2
As with cervical cancer, anal carcinoma is preceded by precursor lesions, called anal
intraepithelial neoplasia (AIN), graded from 1 to 3: AIN 1 is referred to as low-grade
AIN and AIN 2 and 3 as high-grade AIN (HGAIN). Anal intraepithelial neoplasia lesions
can be identified by means of high-resolution anoscopy (HRA). Similar to screening
programs for the early detection of cervical, breast and prostate cancer, screening for
AIN may have a negative impact on quality of life. Indeed, specific worry about anal
cancer was demonstrated to increase throughout the screening process.3 However,
screening was shown not to be associated with high levels of adverse psychological
impact in most patients, although younger patients and those who had more HIVrelated symptoms and distress at baseline were more at risk to experience increased
levels of psychological distress.

chapter 6

Treatment of HGAIN is invasive and can cause side effects like anal blood loss and
pain.4 Several treatment sessions are often required, and lesions tend to reoccur
frequently. As a result, patients withdraw from further screening and treatment
and are potentially at risk for progression to ASCC.5 Previous studies that focused
on AIN treatment did not compare treatment modalities with regard to their impact
on health-related quality of life (HRQL) and sexual functioning (SF). Assessing SF in
addition to HRQL is important because sexual well-being is a crucial part of overall
quality of life.6
We earlier reported a prospective trial comparing 3 currently available treatment
modalities for (HG)AIN in HIV-positive MSM.4 The results showed that electrocautery
is better than topical imiquimod and fluorouracil for the treatment of intraanal HGAIN.
Here, we compare the impact of these currently available treatment modalities on
HRQL and SF.
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Methods
Subjects
For the present study we approached consecutive participants as they enrolled in
the Treatment of Anal Intraepithelial Neoplasia (TRAIN) trial (n = 156).4 The openlabel TRAIN trial compared electrocautery, topical fluorouracil and imiquimod for
the treatment of AIN in HIV-positive MSM older than 18 years. Exclusion criteria
were a history of anal cancer, treatment of AIN or condylomata in the past 30 days,
active IBD, a life expectancy of less than 12 months, and active intravenous drug use.
Study design
Patients that enrolled in the TRAIN trial were screened by HRA and suspect
lesions were biopsied for histopathological analysis.4 Patients with histologically
confirmed AIN underwent open-label block randomization with random block
sizes of 3 and 6, stratified for AIN grade (3 categories: AIN 1, 2 and 3) and location
(perianal versus intraanal). For all participants, the treatment period was 16
weeks. If patients showed progressive disease (low-grade AIN to HGAIN) or
persistence of HGAIN after treatment at time (T) = 20 weeks, they were referred
for additional treatment and excluded from further study assessments. Patients
showing a complete or partial response (HGAIN to low-grade AIN) returned
for HRA 24, 48 and 72 weeks after treatment. The study was approved by the
local ethics committee and all participants gave written informed consent.
Assessments
Health-related quality of life was assessed using the EQ5D. Patients completed
the EQ5D and SF questions at randomization and after 16 and 20 weeks.
The EQ5D was also completed at week 8. Questionnaires were given to the
patients and were filled in by the patient himself. Patients randomly assigned to
imiquimod or fluorouracil were contacted by telephone by the study coordinator
at weeks 8 and 16 to be reminded to complete and return both questionnaires
by post or at the next visit. Patients randomly assigned to electrocautery
completed the questionnaires directly after treatment visits at the outpatient
clinic. The completed questionnaires were identifiable by study number only.
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Questionnaires
The EQ5D is a widely applied and validated generic measure of HRQL.7,8 The
EQ5D encompasses 5 different domains: mobility, self-care, usual activities, pain/
discomfort and anxiety/depression. Each domain is rated at 3 levels: no problems,
some problems, or severe problems. The EQ5D also encompasses a visual analogue
scale (VAS) on which patients are requested to rate their health on a scale from 0
(worst imaginable health) to 100 (best imaginable health).
To measure SF, there is no questionnaire specifically designed for HIV-positive MSM.
The only questionnaire that includes sexual health questions for HIV-positive patients
is the WHOQOL-HIV questionnaire.6 Of these questions, 4 assess sexual health in
general and only one question assesses sexual dysfunction. For this reason, in the
present study SF was assessed by using items derived from the International Index of
Erectile Function (IIEF) and from the Female Sexual Function Index.9,10 The content of
the items was rephrased for the purpose of the study, so that it referred to receptive
anal intercourse (Appendix 1, http://links.lww.com/DCR/A213).
Statistical analysis
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Responses on the 5 dimensions of the EQ5D were dichotomized into “reporting
any problems” versus “reporting no problems”. We compared the percentages of
patients reporting any problems among the 3 groups over time using generalized
estimating equations for binary responses. For the EQ5D-VAS , International Index
of Erectile Function, and Female Sexual Function Index scores with a nonnormal
distribution, we compared the scores in the 3 groups over time using generalized
estimating equations for ordinal responses. Scores with a normal distribution
were compared among the 3 groups over time using mixed linear models with the
baseline measurement included as covariate. Generalized estimating equations and
mixed linear models take into account that multiple measurements from a single
patient over time are correlated. In all models, we included a treatment group, time
and a treatment group-by-time interaction effect. Two-sided p values <0.05 were
considered to indicate statistical significance. Statistical analyses were conducted
using SPSS version 20 (IBM, Armonk, NY).
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Results:
One-hundred forty-eight patients were included in the modified intention-totreat analysis of the TRAIN trial and were randomly assigned to receive either
imiquimod (54 participants), topical fluorouracil (48 participants), or electrocautery
(46 participants).4 Participants had a median age of 47 (interquartile range, 40-55)
years, and were known HIV+ for a median of 7 (interquartile range, 3-16) years. Of
the participants, 86% were on combination antiretroviral therapy. Other patient
characteristics have been reported elsewhere.4
One hundred forty-five patients (98%) completed at least one questionnaire and were
included in the present study (Table 1). One hundred thirty-one of these 145 patients
(90%) completed at least 2 questionnaires. Twenty-four patients left the randomized
clinical trial during the course of the study because of side effects (n = 10), they were
lost to follow-up (n = 6), or other reasons (n = 8).4 However, the patients who left the
study because of side effects were not excluded from the present analysis.
Table 1. Number of returned questionnaires by study arm and evaluation moment (weeks) from
patients who returned at least 1 questionnaire during the study.
Start of treatment
T= 0

T= 8

End of treatment
T= 16

Follow-up
T= 20

Electrocautery (n = 44)

36

36

31

34

137

Imiquimod (n = 54)

48

46

37

45

176

Topical fluorouracil (n = 47)
Total (n = 145)

42

40
a

126

35
b

122

39
b

103

Total

156
c

118

469

T = time in weeks.
a
patients
did not fill
out a questionnaire
baseline.
T =Nineteen
time in weeks.
aNineteen
patients
did not fill outata questionnaire
at baseline. bTwenty-seven patients
b
Twenty-seven
patients
fornot
each
treatment
arm) did not
fill out8 aand/or
questionnaire
at week
8 and/or
(9 for
each treatment
arm)(9did
fill out
a questionnaire
at week
at week 16.
The remainder
week 16.
The remainder
of missing
explained
by dropout
during
the fill
study.
ofatmissing
questionnaires
is explained
byquestionnaires
dropout duringisthe
study. cThree
patients
did not
out a
c
Three patients
did not
a questionnaire
at during
week 20,
patients
dropped
during
questionnaire
at week
20,fill
24out
patients
dropped out
the24
course
of the
study; out
10 of
themthe
dropped
course
of the
study;
10 of them dropped out because of side effects.
out
because
of side
effects.
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Quality of Life (EQ5D):
Pain/Discomfort
The change in pain/discomfort over time differed significantly (p = 0.001) between
the three treatment groups (group-by-time interaction effect). Patients in the
imiquimod group were more likely to report pain/discomfort at week 8 than patients
in the electrocautery group, because the increase in pain/discomfort from screening
to week 8 was greater in the imiquimod group than in the electrocautery group (OR,
3.6; 95% CI,1.2-11.3; p = 0.03). Patients in the electrocautery group were more likely
to report pain/discomfort at week 20 than patients in the fluorouracil group because
pain/discomfort was increasing from screening to week 20 in the electrocautery
group and decreasing in the fluorouracil group (OR, 3.6; 95% CI, 1.1-12.1; p = 0.04)
(Fig. 1A).
Usual Activity
The change in problems with usual activities over time differed marginally significant
(p = 0.05) between the 3 treatment groups (group-by-time interaction effect).
Patients in the electrocautery group were more likely to report problems with usual
activities at week 20 than patients in the fluorouracil group, because problems were
increasing from screening to week 20 in the electrocautery group and decreasing in
the fluorouracil group (OR, 5.5; 95% CI, 1.4-21.8; p = 0.02) (Fig. 1B).
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Anxiety/Depression
The change in anxiety/ depression over time differed significantly (p = 0.03)
among the 3 treatment groups (group-by-time interaction effect). Patients in the
electrocautery group were more likely to report anxiety/depression at week 16 than
patients in the imiquimod (OR, 3.7; 95% CI,1.2-11.4; p = 0.03) and fluorouracil group
(OR, 3.8; 95% CI,1.2-11.8; p = 0.02) because anxiety/depression was increasing from
screening to week 16 in the electrocautery group and decreasing in the imiquimod
and fluorouracil groups (Fig. 1C). We found no significant differences in change over
time among the 3 groups on the domains mobility and self-care and in the mean
EQ5D-VAS scores.
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Overall Satisfaction with Sex Life in the Last 4 weeks
No differences were found between the three treatment groups for 6 of the 7
items from the sexual functioning questionnaire. However, there was a significant
treatment group-by-time interaction effect (p=0.04) for satisfaction with overall sex
life. Post-hoc tests revealed that at week 16 patients in the electrocautery group
had significantly lower scores on satisfaction with overall sex life than patients in
the imiquimod group (p=0.01) and also tended to have lower scores than those in
the fluorouracil group (p=0.08) (Figure 1d). More than half of the patients in the
three treatment groups responded that they did not have sexual intercourse at any
evaluation point.
Discussion
We prospectively compared the impact on HRQL and SF of 3 currently
available treatment modalities for (HG)AIN in HIV-positive MSM. Treatment
with imiquimod and fluorouracil caused a temporary increase of problems
within certain domains of HRQL, but electrocautery caused significantly more
persistent problems than treatment with imiquimod or fluorouracil (Table 2).
Sexual functioning was only mildly affected by all treatments, but, remarkably,
most patients reported not having sexual intercourse during treatment.
The peak in pain/discomfort reports for treatment with topical fluorouacil and
imiquimod was reported after 8 weeks. In the case of side effects, the treatment
design allowed the treating physician to reduce the treatment frequency to twice
or once a week.4 Lowering treatment frequency because of pain/discomfort for
the electrocautery treatment group was only possible by means of skipping a
maximum of 1 treatment session. This could very well explain that, after 20 weeks of
treatment, electrocautery was reported to cause significantly more pain/discomfort
than imiquimod and topical fluorouracil treatment. More problems regarding
usual activities were reported after 20 weeks of treatment by patients treated with
electrocautery. The fact that electrocautery is the only treatment modality that
requires the patient to visit the clinic for treatment every 4 weeks might explain this.
Electrocautery also caused more problems of anxiety/depression during treatment
than the other treatment modalities. This could be a direct result of the side-effects
caused by this treatment, like bleeding and pain. The TRAIN trial showed that 31 of
45 (69%) of patients experienced anal bleeding when treated with electrocautery,
whereas only 16 of 53 (30%) in the imiquimod group and 19 of 48 (40%) in the
fluorouracil group reported this.4 Nevertheless, there is an apparent
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FIGURE 1. A, EQ-5D scores for the dimension pain/discomfort before treatment, during treatment, and after treatment for AIN, per treatment
arm. B, EQ-5D scores for the dimension usual activity before treatment, during treatment, and after treatment for AIN, per treatment arm. C, EQ5D scores for the dimension anxiety/depression before treatment, during treatment, and after treatment for AIN, per treatment arm. AIN = anal
intraepithelial neoplasia; before treatment = screening; during treatment = 8, 16 weeks; after treatment = 20 weeks. D, Overall satisfaction with
sex
life in the
pastEQ-5D
4 weeksscores
before treatment,
treatment,
and after treatment for
AIN, pertreatment,
treatment armduring
(mixed linear
model). AIN = anal
Figure
1. A,
for theduring
dimension
pain/discomfort
before
treatment,
intraepithelial neoplasia; before treatment = 0 weeks; during treatment = 16 weeks; after treatment = 20 weeks.

and after treatment for AIN, per treatment arm. B, EQ-5D scores for the dimension usual activity
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(p =for
0.01)
andper
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treatment,
during with
treatment,
and
for AIN, per treatment arm (mixed linear model).
Overall
Satisfaction
Sex Life in
theafter
Last 4treatment
Weeks
DISCUSSION
no
were found among
the 3 treatment
groups
AINdifferences
= anal intraepithelial
neoplasia;
before treatment
= 0 weeks; during treatment = 16 weeks; after
for
6
of
the
7
items
from
the
sf
questionnaire.
however,
We
prospectively compared the impact on hRQl and sf
treatment = 20 weeks.
there was a significant treatment group-by-time interaction
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lack of correlation between the mostly mild and short-lasting side effects reported
by the electrocautery group during the original trial and the self-reported impact
on HRQL and SF. An explanation for this could be that, next to having had more
HRAs, patients treated with electrocautery were allowed to skip only 1 treatment
session, while patients treated with imiquimod or topical fluorouracil were allowed
to lower the treatment frequency when experiencing side effects. However, we could
not establish a clear relationship between the overall number of electrocautery
treatments, and specifically treatment at week 16, and the impact on HRQL and
SF. Electrocautery treatment had a relatively high impact on HRQL in comparison
with to the other 2 treatment modalities. In comparison, reports of pain/discomfort
and anxiety/depression were also seen in women who got large loop excision of
the transformation zone for high-grade cervical intraepithelial neoplasia.11 Reports
of pain, bleeding and discharge were highest following a colposcopy and large loop
excision of the transformation zone, and those women had a significant drop in HRQL
in the first year after treatment compared with women undergoing colposcopy only.
Table 2. Treatment schedule for the 3 treatment modalities.
Treatment
Electrocautery

N

Topical fluorouracil
(50mg/g)

48

Imiquimod (50mg/g)

54

46

Dosage
Perianal: 20-22 W
Intra-anal: 20-22 W
Perianal: 1 gram
Intra-anal: 1 gram

Frequency
Peri- and intra-anal AIN:
5 treatments, each 4 weeks apart
Perianal AIN: twice daily, twice a week
Intra-anal AIN: once daily, twice a week

Perianal: ½ sachet (6.25mg Aldara)
Intra-anal: 1 g imiquimod/lanette II
cream, containing 6.25mg Aldara

Peri- and intra-anal AIN:
once daily, 3 times per week

AIN = anal intraepithelial neoplasia; W = watt.

Although sexual activity before first HRA was not evaluated, more than half of the
patients randomly assigned for AIN treatment reported not having anal intercourse
during the treatment period, regardless of the treatment modality. Electrocautery
negatively influenced satisfaction with overall sex life. Patients were instructed to
refrain from anal intercourse after electrocautery treatment for 1 week. In contrast,
patients treated with topical fluorouracil or imiquimod were recommended to use
condoms in case of receptive anal intercourse during treatment.
To our knowledge, this is the first study that assessed the impact of AIN treatment
on HRQL and SF in HIV-positive MSM. The strong points of this study are the
prospective design, randomization of treatments, the number of patients, and
their complete clinical follow-up. A limitation was that the participants in the
electrocautery group were treated with HRA-guided ablation every 4 weeks. Other
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studies currently use longer treatment intervals and require fewer than 5 treatments
before histopathological evaluation.12,13 Such treatment schemes possibly lead to
fewer negative effects. Furthermore, 4 weeks after the final treatment patients filled
out the HRQL and SF questionnaires not knowing their treatment outcome, other
than the physician’s clinical impression. This could have affected the way patients
reported their HRQL and SF. Also, patients treated with electrocautery completed the
questionnaires directly after treatment, whereas patients treated with imiquimod
and fluorouracil completed the questionnaires at home. Furthermore, a standardized
and validated questionnaire is lacking for assessing sexual functioning in HIV-positive
MSM. By selecting relevant items from 2 existing questionnaires, we believe that
we have created a decent, clinically significant questionnaire for assessing SF in
HIV-positive MSM. Future studies should use longer treatment intervals between
electrocautery treatments and could compare HRQL and SF of patients who show
persistent AIN after treatment with those of patients who have a complete or partial
response to treatment. In addition, studies should focus on creating and validating
a standardized questionnaire, where the various domains of sexual functioning are
covered by multiple questions, making the assessments more accurate and reliable.
Conclusion

chapter 6

This study shows that treatment for AIN, in particular, electrocautery, results
in significant negative effects on certain aspects of HRQL and SF in HIV-positive
MSM. Taking this into account, electrocautery treatment of AIN is nevertheless
strongly advised. By way of comparison, early detection and treatment of
cervical carcinoma in situ saves about 6.48 years of life loss and prevents chronic
reduced HRQL in the physical and psychological domains as well as in sexual life.14
Physicians can use these results to inform patients in more detail with regard to the
psychological and sexual effects of AIN treatment with electrocautery, imiquimod and
topical fluorouracil. In addition, AIN treatment with imiquimod or topical fluorouracil
has a significantly lower response rate when compared to electrocautery treatment,
but could be considered in those patients who are already experiencing low quality
of life and/or psychological problems affecting their SF to try and prevent loss to
follow-up during treatment.
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General discussion
Introduction
The increasing anal cancer incidence in HIV-positive men who have sex with men
(MSM) after the introduction of combination antiretroviral therapy (cART) has led
to screening for anal cancer, including early detection and treatment of high-grade
squamous intraepithelial lesions (HSIL).1 However, gaps in our knowledge on the
natural history of this condition and limitations in the identification and treatment
of anal HSIL resulted in an ongoing debate with regard to such screening.2-4
In this thesis we contributed to the debate by investigating several aspects of diagnosing
and treating anal HSIL in HIV-positive MSM. Our main findings are summarized in
Chapter 8. This discussion will focus on our main findings in conjunction with current
relevant topics of the debate on anal cancer screening in HIV-positive MSM, which
correspond with a number of the classical criteria of Wilson and Junger required to
justify a screening programme.5
There should be a recognizable latent or early symptomatic stage
The prevalence of histologically proven anal HSIL in HIV-positive MSM ranges between
clinics from 3 to 54%, but is highest in experienced clinics.1, 6, 7 In Chapter 2 we
report a biopsy-proven anal HSIL prevalence of 30% in HIV-positive MSM screened
from 2008 to 2015 in three clinics with comparable equipment in Amsterdam, the
Netherlands and found no significant difference in anal HSIL prevalence between
the clinics. We found no clinically useful risk factors of anal HSIL in this large group
of HIV-positive MSM. Future research should focus on other potential predictors to
help select HIV-positive MSM most at risk for anal HSIL. Potential risk factors worth
investigating are (persistent) presence of hrHPV in anal swabs, or serological markers.
Possible synergy with other sexually transmitted diseases has also been described.8
We do not only need markers for presence of HSIL, but also markers for the potential
of HSIL to progress to anal cancer. Serological markers for HPV infection could be
investigated for their predictive value of anal HSIL progression to anal squamous cell
carcinoma (ASCC). Likewise, analysis of DNA methylation markers could possibly help
stratify anal HSIL into HSIL with low, moderate or high risk for progression to ASCC,9
and its application in anal swabs should be studied. Also, new immunohistochemical
stainings could be useful by defining AIN2 lesions as productive, with a high chance of
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spontaneous regression, or transforming, with a high chance of progression to cancer.
(Annemiek Leeman, DDL; ms in preparation). However, one single diagnostic tool
might not do it all. Future studies should investigate the accuracy of a combination
of new and improved diagnostic tools to detect high-risk anal HSIL, allowing a risk
assessment on disease progression.
Condylomata acuminata are often considered benign lesions by definition. In Chapter 4
we report that 10 of 42 (24%) intra-anal condylomatous lesions from 41 HIV-positive
MSM contained HSIL regions, which were caused by a single low- or high-risk HPV type.
Low-risk HPV types have been reported as causative for ASCC in multiple cases.10-12
We therefore recommend histopathological evaluation of all intra-anal warts in HIVpositive MSM and follow-up and treatment of all warts containing HSIL irrespective
of the causative HPV type. A similar study found comparable results in HIV-positive
MSM with anogenital warts, whereas all anogenital warts in HIV-negative MSM were
non-dysplastic.13 Additionally, we report that positive p16 immunostaining showed
better correlation with the detection of high-risk HPV types in dysplastic whole-tissue
sections than histological grading using consensus diagnosis. Prospective studies
could further investigate this correlation. Also the use of p16 staining of anal smears
could be investigated when anal cytology is improved with new techniques that
increase its sensitivity.14
The natural history of the condition, including development from latent to declared
disease, should be adequately understood.

chapter 7

At the National Women’s Hospital, Auckland, New Zealand, treatment of CIN3 was
withheld from a substantial number of women between 1965 and 1974 as part of an
unethical clinical study. Follow-up revealed the development of invasive carcinoma
in 31% of women over 30 years of follow-up.15 In contrast, one percent of women
receiving conventional treatment developed carcinoma. Given the similarities
in etiology of CIN and AIN, screening for and treatment of AIN was initiated.16
The potential of anal HSIL to progress to ASCC was documented by Berry et al.17
but spontaneous anal HSIL regression has been seen in 23% (1 year), 27–62% (2
years) and 51–81% (5 years).7, 18, 19 The estimated anal carcinoma progression rate
of 1 in 377 HIV-positive MSM per year (cumulative 8% in 30 years of follow-up)
seems lower compared to that for cervical cancer in women.1 The lack of data
makes HIV-physicians ambivalent regarding the necessity to screen for anal cancer.20
Therefore, two prospective studies are underway: the ANCHOR study (USA)
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plans to screen over 17000 HIV-positive patients and randomize 5058 HIVpositive patients with HSIL between treatment and active monitoring, and
the SPANC study (Australia) follows 600 HIV-positive and HIV-negative MSM
to evaluate the natural history of HPV and LGAIN and HGAIN for 3 years.21, 22
If results show that anal squamous cell carcinoma (ASCC) incidence rates are
comparable in the treatment arm and the active monitoring arm, screening for HSIL
would not be useful and less invasive anal cancer screening would be recommended
for HIV-positive patients. As an alternative to HRA, anal cancer screening could be
restricted to periodic (self or by partner) digital anal rectal examinations (DARE) only.23, 24
A significantly higher incidence of (early) anal cancers in the monitoring arm would
support the implementation of screening and treatment guidelines for the prevention
of ASCC.
Diagnostics
There should be a suitable test or examination.
High-grade anal dysplasia can be diagnosed through anal cytology or histology.
The ‘gold standard’ is high-resolution anoscopy (HRA)-guided biopsies, because
of low sensitivity and specificity for anal cytology: the sensitivity of cytology
to detect AIN2/3 was 62.9%, and the specificity 60.0%.25, 26 For anal high-risk HPV testing,
the sensitivity was 94.1% for detecting AIN2/3, but the specificity was very low at
16.9%.25, 26 Given the very high rate of high-risk HPV DNA in anal smears of MSM,
high-risk HPV testing is of limited use in defining the risk population to be referred
for HRA.27 In addition, anal HPV types in smears are not necessarily the causative
types of anal HSIL.28 Better materials or techniques are also needed to increase anal
swab potential: improving mucosal sampling of the anal canal might increase the
sensitivity and specificity.14
In Chapter 3 we report a wide variation in HSIL detection rate, mean number of
biopsies taken and percentage of HSIL per biopsy for high-resolution anoscopists
and showed a significant increase in HSIL detection rate only for those anoscopists
with high HRA exposure. We recommend for clinicians already performing HRA to
evaluate their HSIL detection rates, because low detection rates (as compared to
experienced HRA clinics, for example in MSM <40%) should be an incentive for the
anoscopist to evaluate current practice. Reaching out to experts and periodic HRA
training is strongly recommended for those seeking to improve their HRA skills and
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anal HSIL detection rate. Differences in anal HSIL prevalence between clinics can be
explained by differences between patient populations, experience in histopathological
grading or the quality and experience of the anoscopist. Future studies should
include (individual) HSIL detection rate as a quality assurance metric to establish the
true prevalence of anal HSIL in different populations.29 These results may also help to
develop more accurate HRA educational programs.
As discussed above, future studies should also investigate new diagnostic tools to
limit anal HSIL screening to HIV-positive patients most at risk for HSIL and anal cancer.
Treatment
There should be an accepted treatment for patients with recognized disease.

chapter 7

The goal of anal HSIL treatment is eradication of all (high-grade) dysplastic cells.
Retrospective and prospective studies show low to moderate response rates and
high recurrence rates.30-33 Therefore, we conducted the study reported in Chapter 5
investigating the potential of cryotherapy as a new treatment option for anal HSIL.
Cryotherapy is an old technique, but is still widely used today for the treatment of
HPV-induced pre-malignant and malignant skin disorders such as HPV-associated
warts, actinic keratosis, and basal cell carcinoma.34-36 Although our study showed that
cryotherapy was able to clear anal HSIL in 60% of HIV-positive MSM, the recurrence
rate of 68% after 18 months is still too high. This is in accordance with several other
studies reporting high recurrence rates after HSIL treatment, which may also indicate
that the anal mucosa is HSIL-prone in the majority of patients.30, 32, 37 New treatment
options with high success rates and low recurrence rates are clearly needed. Future
studies on new treatment options include therapeutic HPV-vaccination for anal HSIL
in HIV-positive MSM.38 Also, radio frequent ablation (RFA) will need to be tested
on a bigger scale for its potential to clear anal HSIL and prevent recurrences in HIVpositive MSM.39
Treatment for anal HSIL should give a minimum of discomfort to the patient.
High-resolution anoscopy is an invasive and cumbersome procedure for the patient,
but inevitable for finding and treating HSIL. In Chapter 6 we describe the first study
reporting health-related quality of life (HRQL) during anal HSIL treatment. We showed
that during treatment electrocautery caused significantly more problems (pain/
discomfort, usual activities, anxiety/depression) than imiquimod or 5-fluorouracil crème. Given the fact that anal HSIL treatment with imiquimod or topical fluorouracil has
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a significantly lower response rate in comparison with electrocautery, we recommend
the latter. The results can be used to inform patients on possible side effects of
electrocautery and help to make a more informed decision.
Following these results, the treatment regimen for electrocoagulation in our clinic
was adapted from a maximum of five treatments (4 to 6 weeks apart), to two
treatments (12 to 14 weeks apart). Internationally, most clinics have already adopted
these treatment intervals. Future studies should investigate clinical outcomes for
several treatment intervals per treatment modality, aiming to reduce physical and
psychological stress in patients while maintaining acceptable success rates. Moreover,
the effect on HRQL of active monitoring instead of treating anal HSIL should be
investigated, as it could be hypothesized that abstaining from anal HSIL treatment
could induce stress. More than half of HIV-positive MSM in our anal HSIL treatment
study reported not having attempted anal sex during treatment intervals. Future
studies are encouraged to use a standardized, validated sexual functioning
questionnaire for HIV-positive MSM to further investigate the effects of anal HSIL
treatment on sexual functioning.
Future perspectives on anal HSIL prevention.
The highest risk group for ASCC are HIV-positive MSM. The prevalence of anal HPV
in HIV-positive MSM has been reported to be as high as 90%.1, 27 There is no cure
for HPV infection. Available HPV (bivalent, quadrivalent and nonavalent) vaccines
offer some protection against specific HPV-types, but in many countries the uptake
is low (<50%).40 Also, in many countries, including the Netherlands, only women
are vaccinated against HPV, for the prevention of cervical cancer. Heterosexual men
might benefit from herd immunity with such a regimen, but MSM do not.40 Quadrivalent HPV vaccination reduced AIN incidence by 50% in a double-blind randomized trial in healthy young MSM.41 Future studies should investigate if early vaccination of boys and young men lowers the anal cancer incidence in HIV-positive
MSM and other high risk groups. One retrospective study reported a significant
reduction in anal HSIL recurrence after adjuvant quadrivalent HPV vaccination of
successfully treated HIV-negative MSM.42 Conventional treatment of anal HSIL
combined with quadrivalent vaccination could be cost-effective43, 44, however,
the theoretical model used was based on the assumed reduction of 50% in recurrence rate in this post-hoc analysis of observational data in HIV-negative men42,
and more accurate analyses of cost-effectiveness require prospective data.43, 45
Ideally, HPV vaccination should prevent all anal cancer cases, but a study on the causative
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types of ASCC in HIV-positive MSM showed that quadrivalent vaccination could
potentially prevent 75% and nonavalent vaccination 89% of HPV-caused ASCCs.11
Although the potential for reducing anal cancer incidence by gender neutral HPV
vaccination with current available HPV vaccines seems high, at least 11% of anal
cancers may not be preventable with these HPV vaccines.
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Summary in English
Part I: Diagnostics
In Chapter 2 we describe a cohort of HIV-positive MSM screened by high-resolution anoscopy
(HRA) at three HIV clinics in Amsterdam, the Netherlands, and report on potential risk factors for
anal HSIL. For every first HRA performed in a patient, we analyzed five demographic and seven
HIV-related risk factors for four different outcome measures: histologically proven anal HSIL vs.
no SIL, HSIL-AIN2 vs. no SIL, HSIL-AIN3 vs. no SIL, and HSIL vs. no HSIL. We used univariable and
multilevel, multivariable logistic regression. From 2008 through 2015, 1678 HIV-positive MSM
were screened with HRA and 497 (30%) patients were diagnosed with anal HSIL. Increasing
age [aOR 0.82 (95% CI 0.70–0.94), P = 0.006] and years living with suppressed viral load [1–5
years suppressed aOR 0.52 (95% CI 0.34–0.80), 5.01–10 years aOR 0.47 (95% CI 0.29–0.74),
>10 years aOR 0.54 [0.34–0.87], all compared to less than 1 year suppressed, p = 0.009] were
found to be protective for HSIL vs. no SIL. Although young HIV-positive MSM with a detectable
viral load have statistically the highest risk for anal HSIL, virally suppressed men also have a high
prevalence of HSIL, and we advise that all HIV-positive MSM should be screened for anal HSIL.
In Chapter 3 we report on the HSIL detection rate per HRA, the mean number of biopsies
taken and the mean HSIL rate per biopsy in time-subsequent groups (TSG) each containing a
maximum of 50 patients for seven anoscopists performing HRA in three clinics in Amsterdam,
the Netherlands. The anoscopists screened a total of 1340 HIV-positive MSM and their
combined HSIL detection rate increased significantly over time, from 27% to 40% (p < 0.001;
odds ratio 1.15 [95% CI 1.08-1.23] per 50 high-resolution anoscopies). The mean number of
biopsies increased significantly from 1.4 (22% HSIL per biopsy) to 2.0 biopsies per patient (29%
HSIL per biopsy) (p < 0.001). Three anoscopists showed a significant increase in HSIL detection
rate with increasing experience. Although some statistically significant differences were
observed in characteristics of patient populations between anoscopists and clinics, they were
of limited clinical significance. The significant variations in HSIL detection rate of anoscopists
performing HRA in HIV-positive MSM and the mean HSIL rate per biopsy can be used as quality
assurance metric to follow-up the learning curve of high-resolution anoscopists.
In Chapter 4 we report on low- and high-grade dysplasia in intra-anal condylomatous lesions
and their causative HPV-types in HIV-positive MSM. In total, 42 intra-anal warts from 41 HIVpositive MSM were histopathologically graded as nondysplastic, LSIL or HSIL. Whole-tissue
sections (WTS) were analyzed with the SPF10 PCR/LiPA25 HPV genotyping system. If the WTS
contained multiple HPV types, dysplastic regions were isolated by LCM for genotyping. Overall,
38 of 42 (91%) WTS tested positive for HPV DNA. Of these, 23 (61%) contained a single HPV
type and 15 (39%) contained multiple HPV types and were selected for LCM. All LCM-isolated
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regions contained no more than one HPV type. Ten of 42 WTS contained HSIL, of which 6 (60%)
were associated with high-risk HPV types 16, 33, 52 and 58. Twenty-three of 42 WTS contained
LSIL, of which 2 (9%) were associated with high-risk HPV. Additionally, all SIL associated with
high-risk HPV was identified using p16 staining. Physicians should be aware that intra-anal
warts in HIV-positive MSM can contain regions of high-grade dysplasia, justifying routine
follow-up and treatment of intra-anal warts in HIV-positive MSM.
Part II: Treatment
In Chapter 5 we report on a retrospective, non-randomized study assessing cryotherapy as
a potential treatment modality for anal HSIL in HIV-positive MSM. Between 30 December
2008 and 23 April 2015 HRA-guided cryotherapy was applied in sessions 4-6 weeks apart for
a maximum of five sessions as treatment for intra- and/or perianal HSIL. Patients received
follow-up with HRA and we assessed treatment response: stable disease, partial response or
complete response. Of 64 patients [median age 48 years; IQR 42–56] included in the study, six
were lost to follow-up. In total, 35 (60%) of 58 patients responded to treatment. Of 64 patients,
31 (48%) reported one or more side effects, of which anal pain or tenderness and mild blood
loss were reported most frequently. A total of 19 patients who responded to cryotherapy were
adequately followed-up for over 18 months, of whom 13 (68%) had recurrent HSIL. Although
cryotherapy is capable of clearing anal HSIL in HIV-positive MSM, treatment success rates and
side effects seem comparable with those reported for other treatment modalities. Future
studies should therefore investigate new treatment strategies and could compare the efficacy
and tolerability of these treatments with cryotherapy and other modalities in randomized
controlled trials.
Part III: Quality of life
In Chapter 6 we report on a prospective cohort study, embedded in a randomized clinical
trial, on the health-related quality of life (HRQL) and sexual functioning (SF) of patients
before, during and after anal HSIL treatment with electrocoagulation, 5-fluorouracil crème or
imiquimod crème. HRQL and SF were assessed before, during, and 4 weeks after treatment.
HRQL was assessed using the EQ5D questionnaire and SF was assessed using items derived
from the International Index of Erectile Function, and the female sexual function index adapted
for anal intercourse. One hundred forty-five patients (98%) completed at least 1 questionnaire.
chapter 8

There was a significant different pattern of change over time in HRQL among the 3 treatment
groups. Patients in the imiquimod group were more likely to report pain/discomfort at week
8 than patients in the electrocautery group. Patients in the electrocautery group were more
likely to report anxiety/depression and were less satisfied with their overall sex life at week
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16 than patients in the imiquimod and fluorouracil groups, and patients in the electrocautery
group were also more likely to report pain/discomfort and problems with usual activities
at week 20 than patients in the fluorouracil group. Although the follow-up method differed
slightly among treatment groups, all treatment options had a negative impact on aspects of
HRQL. Electrocautery has significantly more negative effects on HRQL than imiquimod and
fluorouracil and also has a negative effect on sexual functioning.
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Nederlandse samenvatting
Na de introductie van een effectieve behandeling voor human immunodeficiency virus (hiv) is
de gemiddelde levensverwachting van hiv-positieve patiënten sterk toegenomen. Opvallend is
echter dat anuskanker nu veel vaker voorkomt bij hiv-positieve mannen die seks hebben met
mannen (MSM). Anuskanker wordt veroorzaakt door het humaan papillomavirus (HPV). Het kent
analoog aan baarmoederhalskanker voorstadia, genaamd anale squameuze intra-epitheliale
laesies (SIL). Deze voorstadia kunnen worden opgespoord met hogeresolutieanoscopie (HRA).
Hooggradige SIL (HSIL) kunnen vervolgens op verschillende manieren behandeld worden, in
de hoop anuskanker te voorkomen.
Het screenen van hiv-positieve MSM op aanwezigheid van HSIL en het behandelen van HSIL is
echter aan discussie onderhevig. Dit proefschrift beschrijft enkele van deze discussiepunten en
geeft nieuwe en inzichten, welke hieronder beschreven staan.
Deel I: Diagnostiek
In Hoofdstuk 2 beschrijven we een cohort van hiv-positieve mannen die seks hebben met
mannen (MSM) en gescreend zijn met HRA in drie hiv-klinieken in Amsterdam, en rapporteren
we potentiële risicofactoren voor de aanwezigheid van anale HSIL. Voor elke eerste HRA van
een patiënt analyseerde we vijf demografische- en zeven hiv-gerelateerde risicofactoren
voor vier verschillende uitkomstmaten: histologisch bewezen anale HSIL vs. geen SIL, HSILAIN2 vs. geen SIL, HSIL-AIN3 vs. geen SIL en HSIL vs. geen HSIL. We hebben voor onze analyse
univariate, multilevel en multivariate logistische regressie gebruikt. Van 2008 tot en met 2015
zijn 1678 hiv-positieve MSM gescreend met HRA en is in 497 (30%) van de patiënten anale HSIL
gediagnosticeerd. Toename in leeftijd (aOR 0.82 (95% CI 0.70–0.94), p = 0.006] en het aantal
jaren met een onderdrukte virale load [1–5 jaren onderdrukt aOR 0.52 (95% CI 0.34–0.80),
5.01–10 jaren aOR 0.47 (95% CI 0.29–0.74), >10 jaren aOR 0.54 [0.34–0.87], vergeleken met
<1 jaar onderdrukt, p = 0.009] waren beschermend voor HSIL vs. geen HSIL. Ondanks het feit
dat jonge hiv-positieve MSM met een detecteerbare virale load statistisch de hoogste kans
op anale HSIL hebben, adviseren we dat alle hiv-positieve MSM gescreend zouden moeten
worden, omdat de prevalentie van anale HSIL onder viraal onderdrukte en oudere mannen
ook erg hoog is.

chapter 8

In Hoofdstuk 3 rapporteren we 1340 hiv-positieve MSM die in drie klinieken in Amsterdam
een eerste HRA ondergingen. Voor de zeven anoscopisten die in deze studie HRA’s uitvoerden
analyseerden we per anoscopist, binnen chronologisch op elkaar volgende groepen (TSG) van
elk maximaal 50 patiënten per groep, de volgende uitkomstmaten: het percentage MSM met
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HSIL, het gemiddelde aantal biopten per patiënt en het gemiddelde percentage HSIL per biopt.
Het percentage MSM met HSIL nam significant toe door de tijd heen: van 27% HSIL-detectie
naar 40% (p < 0.001; odds ratio 1.15 [95% CI 1.08-1.23] per 50 HRA’s). Het gemiddelde aantal
biopten nam significant toe van 1.4 (22% HSIL per biopt) naar 2.0 biopten per patiënt (29%
HSIL per biopt) (p < 0.001). Drie anoscopisten hadden met toenemende ervaring een statistisch
significante toename in het gevonden percentage HSIL per patiënt. We vonden enkele
statistisch significante verschillen tussen karakteristieken van de patiëntenpopulaties van de
anoscopisten en klinieken, maar deze waren klinisch niet van belang voor de uitkomsten. Het
gevonden percentage MSM met HSIL en het gemiddelde HSIL percentage per biopt kunnen
gebruikt worden als kwaliteitsmaat om de leercurve van de endoscopist die HRA verricht te
beoordelen.
In Hoofdstuk 4 beschrijven we laag- en hooggradige dysplasie in intra-anale condylomateuze
laesies in hiv-positieve MSM, en de veroorzakende HPV-types van deze laesies. In totaal
werden 42 intra-anale wratten van 41 hiv-positieve MSM histopathologisch gegradeerd als
niet dysplastisch, laaggradige SIL (LSIL) of HSIL. Volledigeweefselsecties (whole tissue sections,
WTS) werden geanalyseerd met het SPF 10 PCR/LiPA25 HPV-genotypering systeem. Als een
WTS meerdere HPV-types bevatte, dan werden de dysplastische regio’s geïsoleerd met laser
capture microdissection (LCM) voor genotypering. In totaal werden 38 van de 42 (91%) WTS
positief getest voor HPV-DNA. Van deze positieve WTS bevatte er 23 (61%) een enkel HPVtype en 15 (39%) meerdere HPV-types, welke vervolgens werden geselecteerd voor LCM.
Alle LCM-geïsoleerde regio’s bevatten hoogstens één HPV-type. Tien van de 42 WTS bevatte
HSIL, waarvan er 6 (60%) werden veroorzaakt door de hoogrisico HPV-types 16, 33, 52 en
58. Drieëntwintig van de 42 WTS bevatte LSIL, waarvan er 2 (9%) werden veroorzaakt door
hoogrisico HPV. Daarnaast werden alle SIL met hoogrisico HPV geïdentificeerd door middel van
een p16-kleuring. Behandelaren zouden zich er van bewust moeten zijn dat intra-anale wratten
bij hiv-positieve MSM regio’s kunnen bevatten met hooggradige dysplasie. Dit rechtvaardig
het vervolgen van patiënten met intra-anale wratten, evenals het behandelen van dergelijke
wratten bij hiv-positieve MSM.
Deel II: Behandeling
In Hoofdstuk 5 rapporteren we een retrospectieve, niet gerandomiseerde studie naar
cryotherapie als potentiële behandeling voor anale HSIL in hiv-positieve MSM. Tussen
30 december 2008 en 23 april 2015 werd in het Academisch Medisch Centrum elke 4-6
weken tijdens HRA cryotherapie toegepast (met een maximum van vijf behandelingen) als
behandeling voor intra- en/of perianale HSIL. Tijdens een vervolgbezoek werd met HRA
beoordeeld of sprake was van stabiele ziekte, een gedeeltelijke respons of een complete
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respons na behandeling. Van de 64 patiënten (gemiddelde leeftijd 48 jaar; IQR 42-56) die
geïncludeerd waren voor deze studie waren er zes zonder vervolgbezoek na behandeling, zodat
het effect bij hen niet beoordeeld kon worden. In totaal hadden 35 (60%) van de 58 patiënten
een behandelrespons. Van de 64 patiënten rapporteerden er 31 (48%) één of meerdere
bijwerkingen, waarvan anale pijn en mild bloedverlies het meest gerapporteerd werden. In
totaal hadden negentien patiënten met een behandelrespons een adequaat vervolgbeleid
gedurende 18 maanden, waarbij er bij 13 (68%) opnieuw HSIL werd gediagnostiseerd.
Cryotherapie is in staat is om anale HSIL te behandelen bij hiv-positieve MSM, maar het matige
behandelsucces en de bijwerkingen zijn vergelijkbaar met huidige bestaande behandelopties.
Toekomstige studies zouden daarom nieuwe behandelstrategieën moeten onderzoeken in
gerandomiseerde en gecontroleerde trials, waarbij deze dan vergelijken kunnen worden met
cryotherapie en andere behandelopties.
Deel III: Kwaliteit van leven
In Hoofdstuk 6 rapporteren we een prospectieve cohortstudie (welke ingebed was in een
gerandomiseerde klinische trial) naar de gezondheidsgerelateerde kwaliteit van leven (health
related quality of life, HRQL) en seksueel functioneren (SF) van patiënten tijdens en na anale
HSIL-behandeling met elektrocoagulatie, 5-fluorouracilcrème of imiquimodcrème. HRQL en SF
werden gemeten voor, tijdens en 4 weken na behandeling. HRQL werd gemeten met de EQ5D
vragenlijst. SF werd gemeten met onderdelen uit de International Index of Erectile Function en
de Female Sexual Function Index, welke waren aangepast voor anale geslachtsgemeenschap.
Honderdvijfenveertig patiënten (98%) vulde tenminste 1 vragenlijst in. Er was een significant
ander patroon van verandering in HRQL over de tijd tussen de drie behandelgroepen.
Patiënten in de imiquimodgroep rapporteerden in week 8 vaker pijn/ ongemak dan patiënten
in de elektrocoagulatiegroep. Patiënten in de elektrocoagulatiegroep rapporteerden vaker
angst/ depressie en waren minder tevreden met hun algemene seksleven in week 16 dan
patiënten in de imiquimod- en 5-fluorouracilgroepen. Ondanks het feit dat de methode
van vervolgbezoeken en planning iets verschilde tussen de behandelgroepen hadden alle
behandelopties een negatieve impact op onderdelen van de HRQL. Electrocoagulatie had
significant meer negatieve effecten op HRQL dan imiquimod en 5-fluorouracil en had tevens
een negatief effect op het seksueel functioneren.
De discussie over het screenen van hiv-positieve MSM op anuskanker is nog niet ten einde.
chapter 8

Totdat grote prospectieve studies aantonen dat behandeling van anale HSIL daadwerkelijk
anuskanker voorkomt, zullen diverse artsen terughoudend zijn in het doorverwijzen voor
screening. Verder bestaat er momenteel geen behandeling voor HPV-infectie, terwijl diverse
onderzoeken laten zien dat rond de 90% van hiv-positieve MSM anale HPV bij zich draagt.
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Mogelijk kan in de toekomst het aantal HPV-infecties worden verminderd met behulp van
vaccinaties. Echter, in diverse landen (waaronder Nederland) zijn jongens geen onderdeel
van het HPV-vaccinatieprogramma, en zal dit dus geen effect zal hebben op preventie van
anuskanker bij hiv-positieve MSM. Toekomstige studies kunnen onderzoeken of HPV vaccinatie
van meisjes én jongens inderdaad anuskanker kan voorkomen.
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Dankwoord
Het is fantastisch om mijn proefschrift met woorden van dank te mogen afsluiten.
Met veel plezier ging ik de afgelopen 3,5 jaar naar het AMC waar ik een prachtige
balans vond tussen klinische werkzaamheden, wetenschappelijk onderzoek en
onderwijs. Hierbij wil ik alle betrokkenen bedanken voor hun bijdrage aan deze fijne
periode, waarbij ik een aantal personen in het bijzonder wil noemen.
Allereerst gaat mijn dank uit naar de patiënten op de AIN poli die het onderzoek
mogelijk maken en voor de wijze levenslessen die zij mij hebben geleerd.
Vervolgens veel dank voor hen die aan de basis van dit proefschrift staan,
Mijn promotores, Jan Prins en Henry de Vries.
Beste Jan, ontzettend veel dank voor jouw vertrouwen in mij. Jij gaf mij de vrijheid
om mezelf te ontplooien. Ik genoot van jouw supervisie en kon altijd hard lachen
om jouw oneliners. Bedankt dat ik me ook mocht ontwikkelen op het gebied van
onderwijs en medezeggenschap. Ik heb veel geleerd van je probleem oplossende
vermogen, heb veel respect voor jouw geduld en hoe je het grotere plaatje ziet maar
op belangrijke momenten toch aandacht hebt voor details.
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artikelen steeds weer iets beter. Van jouw balans tussen werk en privé heb ik veel
geleerd. Vakinhoudelijk hoop ik nog meer van je te leren.
Mijn copromotoren, Olivier Richel en Maarten Schim van der Loeff,
Beste Olivier, jouw continue positiviteit en betrokkenheid bij het mijn onderzoeken
heb ik erg gewaardeerd. Met jou kan ik alles relativeren, waarvoor veel dank.
Als voorbeeld kijk ik naar hoe jij en Willemijn carrière met het gezinsleven
verenigen. Je bent in veel opzichten een mentor van wie ik graag leer.
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Beste Maarten, jij hield mij op een zeer aangename manier bij de les als ik statistisch
een bocht probeerde af te snijden. Jouw vermogen om reviewer commentaar
voor te zijn is geweldig. Veel dank voor jullie bijdragen aan dit proefschrift.
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Geachte leden van de promotiecommissie, het is een eer dat jullie deel hebben
willen uitmaken van deze dag.
Many thanks to Naomi Jay, Michael Berry and Joel Palefsky, for the warm welcome
at UCSF and for making me feel at home in San Francisco. Special thanks to
Jack & Gila, I have never felt more at home, away from home.
Mijn steun en toeverlaat bij de colorectale chirurgie, Christianne Buskens, jij was
altijd laagdrempelig benaderbaar als ik er poliklinisch niet meer uit kwam. Veel dank
voor je continue vriendelijkheid.
En dan mijn onmisbare statistiek collega en unieke bron van nuchterheid, Elske
Marra a.k.a. the unicorn. Onze samenwerking was een geschenk uit de hemel. Jouw
statistische kwaliteiten waren voor mij onmisbaar. Voor jouw vermogen om zonder
zeuren door te gaan heb ik veel respect.
Waarde AIN collega’s, Hans-Erik, je bent geweldig. Jouw verantwoordelijkheidsgevoel is een groot goed. Op mijn eerste poli dag wist ik al dat je naast een collega
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nog lopende onderzoeken in goede banen te leiden.
Collega’s op F4, Lieve Emelie, Hanneke, Marlot, Frederike, Matty, Bart, Josephine en
Thomas, jullie zijn allemaal te gek. Er was geen dag dat ik geen zin had om naast jullie
in 106 te zitten. Het knisperende haardvuur , de botte uitspraak op post-its, de ‘verse’
dweillucht in de kamer en de 5-meter-sprints van BJ zal ik nooit meer vergeten.
OLVG collega’s, Stef, jij maakte mij tijdens mijn promotietijd in het OLVG
enthousiast voor de dermatologie, waarvoor veel dank. Irina, ik leerde je kennen op
een AIN congres in Atlanta en was meteen verkocht. Bedankt voor je openheid,
humor en vertrouwen in mij. Jacqueline, bedankt voor de gastvrijheid in de stafkamer tijdens de dataverzameling, dat je mij enthousiast hebt gemaakt voor de
opleiding en dat je het avontuur met mij aan hebt willen gaan.
Pim en Per, van een afstand altijd betrokken. Veel dank voor jullie vriendschap en steun.
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Gijs en Jim, jullie hebben mij gesterkt in het starten van deze promotie. Dank voor
jullie vriendschap.
Koen, Maarten, Bryan, Emiel en Nico, veel dank voor de nodige afleiding.
Geachte Heren 1, voor de grote intellectualiteit, voor de prachtige vriendschappen
en de onvergetelijke hilarische momenten tussendoor.
Lieve schoonouders, Jan & Marijke, bedankt voor jullie warmte en liefde. Bij jullie
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Lieve Maartje, zonder jou is alles kleurloos. Zonder jou was dit proefschrift
er nooit gekomen. Lieve Guus, het onbeschrijfelijk hoeveel ik van jou houd.
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PhD portfolio
Year

ECTS

Basics of Rules and Regulations for Clinical Researchers (BROK) / Good
Clinical Practice (GCP)

2014

0,9

Clinical Data Management

2014

0,3

Scientific Writing in English for Publication

2014

1,5

Practical Biostatistics

2015

1,1

Infectious Diseases

2016

1,3

ASCCP HRA Training Course Denver, Colorado

2014

2,0

Basis Kwalificatie Onderwijs (BKO) Training

2016

3,0

2014
–
2017

4,5

2014

0,5

Minisymposium: ‘Newest developments in: Anal HPV infection & Intraepithelial
Neoplasia’. Vrijzaal, 9 oktober 2014, AMC.

2015

0,5

HIV Masterclass – Virology educations

2016

3,0

AIN Journal Club meetings

2016

0,5

General courses

Specific courses

Seminars, workshops and master classes
Weekly department seminars: Internal Medicine ‘Infectieziekten & HIV
bespreking’ and Dermatology ‘Klinische Wetenschappelijke Bespreking’ (KWB)
Klinische avond Tropische Geneeskunde (nascholing | NIGA), Collegezaal 4,
AMC.
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Presentations
Oral: Low- or high-risk HPV genotype infections in intra-anal condylomatous
lesions containing areas of AIN in HIV+ MSM. International Anal Neoplasia
Society (IANS) scientific meeting, Atlanta, USA.

2015

0,5

Oral: Health-Related Quality of Life and Sexual Functioning of HIV+ MSM who
are treated for AIN. International Anal Neoplasia Society (IANS) scientific
meeting, Atlanta, USA.

2015

0,5

Oral: Health-Related Quality of Life and Sexual Functioning of HIV+ MSM who
are treated for AIN. Klinische Wetenschappelijke Bespreking (KWB), Dept.
Dermatology, AMC.

2015

0,5

Oral: Lr- or hr HPV genotype infections in intra-anal condylomatous lesions
containing areas of AIN in HIV+ MSM. Nederlandse Vereniging voor
Experimentele Dermatologie (NVED), Lunteren.

2016

0,5

Oral: Lr- or hr HPV genotype infections in intra-anal condylomatous lesions
containing areas of AIN in HIV+ MSM. Rijksinstituut voor Volksgezondheid en
Milieu (RIVM).

2016

0,5

Oral: Quality measurement of your HRA skills.
3rd European Anoscopy Course. Tropenmuseum, Amsterdam, The
Netherlands.

2016

0,5

Oral: Learning curves of High Resolution Anoscopists identifying HGAIN in
HIV-positive MSM in Amsterdam, The Netherlands. International Anal
Neoplasia Society (IANS) scientific meeting, San Francisco, USA.

2016

Oral: Cryotherapy for intra- and perianal HGAIN in HIV-positive MSM.
International Anal Neoplasia Society (IANS) scientific meeting, San Francisco,
USA.

2016

0,5

Oral: Cryotherapy for intra- and perianal HGAIN in HIV-positive MSM.
Klinische Wetenschappelijke Bespreking (KWB), Dept. Dermatology, AMC.

2016

0,5

Poster: Risk factors for HGAIN among HIV-positive MSM in Amsterdam, the
Netherlands. NCHIV, Tropenmuseum, Amsterdam.

2016

0,5

Oral: Quality measurement of your HRA skills.
4th European Anoscopy Course. Artis, Amsterdam, The Netherlands.

2017

0,5

Oral: Anal HSIL and Comorbidity
4th European Anoscopy Course. Artis, Amsterdam, The Netherlands.

2017

0,5
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(Inter)national conferences
8th Netherlands Conference on HIV Pathogenesis, Epidemiology, Prevention
and Treatment, Tropenmuseum, Amsterdam

2014

0,5

2015

0,5

2016

0,5

Nederlandse Vereniging voor Dermatologie Jaarlijkse Wetenschapsdag,
Lunteren

2016

0,5

International Anal Neoplasia Society (IANS) Scientific meeting, San
Francisco, 2016

2016

0,5

3rd European High-resolution Anoscopy Course, Tropenmuseum, Amsterdam

2016

0,5

10 Netherlands Conference on HIV Pathogenesis, Epidemiology, Prevention
and Treatment, Tropenmuseum, Amsterdam

2016

0,5

Infectieziekten Symposium Amsterdam 2016 (XXI), AMC

2016

0,5

EUROGIN 2017

2017

0,5

4th European High-resolution Anoscopy Course, Artis, Amsterdam

2017

0,5

20142016

3,0

International Anal Neoplasia Society (IANS) Scientific meeting, Atlanta 2015
Infectieziekten Symposium Amsterdam 2015 (XX), AMC

th

Other
Councillor at the Employees Council AMR BV

Teaching
Year

ECTS

Weekly teaching High Resolution Anoscopy (HRA)

2014 - 2017

6,0

Specialist training in High Resolution Anoscopy (HRA)

2014 - 2017

3,0

Teacher of ‘Coach de Co’ training module – OMSO

2015 - 2017

5,0

2015

1,0

2015 - 2017

2,0

Lecturing

Tutoring, Mentoring
Scientific internship Nursing student
Supervising
High Resolution Anoscopists
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Parameters of Esteem
Year
Grants
AMC Young Talent Fund 2017

2017

Awards and Prizes
Best Short Presentation. International Anal Neoplasia Society
(IANS) Scientific meeting, San Francisco, USA.

2016

Miscellaneous activities
Visiting Anal Neoplasia Clinic, Research and Education (ANCRE),
clinic Mount Zion, University of California San Francisco, USA..
Supervisors: Naomi Jay, Michael Berry, Joel Palefsky

April-June
2017

List of publications
Year
Peer reviewed
2015

Low- and high-risk human papillomavirus genotype infections in
intra-anal warts in HIV-positive men-who-have-sex-with-men

2016

Cryotherapy for intra- and perianal high-grade intraepithelial
neoplasia in HIV-positive men-who-have-sex-with-men, a
retrospective study

2017

Learning curves of High Resolution Anoscopists identifying highgrade AIN in HIV-positive MSM in Amsterdam, The Netherlands.

2017

Risk factors for HGAIN among HIV-positive MSM in Amsterdam,
the Netherlands.

2017

chapter 8

Health-related quality of life and sexual functioning of HIV-positive
men who have sex with men who are treated for anal intraepithelial
neoplasia
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Curriculum Vitae
Thijs Siegenbeek van Heukelom was born in Alkmaar, the Netherlands, on April
28th, 1987. After completing secundary school in 2004 and pre-university school in
2006 at the Petrus Canisius College (PCC) in Alkmaar, he studied Medicine at the
University of Amsterdam. As an advanced scientific internship he worked in 2011
at The Netherlands Cancer Institute under the supervision of Prof. Piet Borst on a
BRCA1-deficient mammary tumor mouse model. During his rotations in 2013 he
visited the department of HIV Medicine/Infectious Diseases at St Vincent’s Hospital
in Sydney, Australia, where he was supervised by Prof. David Cooper. After his
graduation in 2014 he started his PhD research on anal squamous intraepithelial
lesions in the Academic Medical Center under supervision of Prof. Jan Prins and Prof.
Henry de Vries. Since February 2018 he is resident Dermatology at the Onze Lieve
Vrouwe Gasthuis (OLVG) in Amsterdam.
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