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Supplementary materials and methods 

 

Longitudinal sample series 

Samples of the longitudinal series, obtained between 2009-2019, were retrospectively identified and 

retrieved from the pathology archives of the Amsterdam UMC, and OLVG, Amsterdam, the 

Netherlands; Homerton University Hospital, London, United Kingdom; and Helios St Elisabeth 

Hospital, Oberhausen, Germany, as described previously in more detail.1 

 

Ethical considerations 

We adhered to the Declaration of Helsinki and Code of Conduct for Responsible Use of Left-over 

Material of the Dutch Federation of Biomedical Scientific Societies. Ethical approval was granted 

under reference numbers 07/318 (AIN biopsies) and 05/031 (normal control samples) and waived 

under reference number 17/151 (SCC) and 17/234 (longitudinal series) by the Institutional Review 

Board of the Amsterdam UMC.1, 2 For the longitudinal series, additional local ethical approval was 

granted by the NHS Health Research Authority, United Kingdom (IRAS ID 226196), and the Ethical 

Committee of the University Witten/Herdecke, Germany (reference no. 166/2017).1 

 

HPV testing 

HPV testing on these series was performed and reported previously.1, 2 In short, HPV detection and 

genotyping were performed using SPF10 DNA enzyme immunoassay (DEIA) (Labo Biomedical Products 

B.V., Rijswijk, The Netherlands), followed by reverse hybridisation Line Probe Assay25 (LiPA25; version 

1, Biomedical Products B.V., Rijswijk, The Netherlands). DEIA-positive samples that were negative for 

25 HPV types on the LiPA25 strip are referred to as undetermined. 
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Methylation analysis 

DNA methylation analysis on these series was performed using quantitative methylation-specific PCR 

(qMSP) on bisulphite-converted sample DNA and reported previously.1, 2 In the cross-sectional and 

longitudinal series methylation markers involved in HPV-induced carcinogenesis were evaluated 

using multiplex qMSP assays, each targeting multiple host cell genes and the reference gene, β-actin. 

Methylation values of the targets were normalised using the comparative Cq method (2-(Δ)ΔCq x 100), 

resulting in (Δ)ΔCq ratios.3 Using multivariable logistic regression analysis optimal methylation 

marker panels (combining ASCL1, ST6GALNAC3, WDR17, ZIC1, ZNF582 for cross-sectional and ASCL1, 

SST, ZNF582 for longitudinal series) were identified for the detection of [AIN3+] (AIN3 and anal SCC). 

The methylation result (i.e. the outcome of the multivariable logistic regression model for the panels) 

is expressed as predicted probabilities. The predicted probability values range from 0 to 1 and 

represent the risk for [AIN3+]; 0 indicates no risk and 1 indicates high risk. For samples with predicted 

probabilities above the Youden’s Index (J)-threshold (threshold that maximises the sum of sensitivity 

and specificity), the methylation result was considered methylation ‘positive’. Although the 

methylation marker panels and J-threshold slightly differed between the series (≥0.38 for cross-

sectional and ≥0.43 for longitudinal), the cross-validated diagnostic performance for [AIN3+] 

detection of the panels was similar.1, 2 
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Supplementary tables 

Supplementary table 1. Scoring of p16 and Ki-67 stratified by study diagnosis and E4 status. 

            p16 score   Ki-67 score 

Study diagnosis   Total   
No staining 

(score 0) 
Patchy 

(score 1) 
≤lower 1/3 
(score 2) 

≤lower 2/3 
(score 3) 

>lower 2/3 
(score 4) 

  
Normal 
basal 

(score 0) 

≤lower 1/3 
(score 1) 

≤lower 2/3 
(score 2) 

>lower 2/3 
(score 3) 

Normal    8                                         

  E4 negative 8   4 50.0% 4 50.0% 0 0.0% 0 0.0% 0 0.0%   0 0.0% 8 100.0% 0 0.0% 0 0.0% 

  E4 positive   0   0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0%   0 0.0% 0 0.0% 0 0.0% 0 0.0% 

AIN1      26                                         

  E4 negative 7   1 14.3% 4 57.1% 2 28.6% 0 0.0% 0 0.0%   0 0.0% 3 42.9% 4 57.1% 0 0.0% 

  E4 positive   19   3 15.8% 15 78.9% 1 5.3% 0 0.0% 0 0.0%   2 10.5% 8 42.1% 7 36.8% 2 10.5% 

AIN2  45                                         

  E4 negative 26   0 0.0% 0 0.0% 6 23.1% 11 42.3% 9 34.6%   1 3.8% 4 15.4% 14 53.8% 7 26.9% 

  E4 positive   19   0 0.0% 0 0.0% 3 15.8% 10 52.6% 6 31.6%   0 0.0% 0 0.0% 9 47.4% 10 52.6% 

AIN3      15                                         

  E4 negative 14   0 0.0% 0 0.0% 0 0.0% 1 7.1% 13 92.9%   0 0.0% 0 0.0% 3 21.4% 11 78.6% 

  E4 positive   1   0 0.0% 0 0.0% 0 0.0% 0 0.0% 1 100.0%   0 0.0% 0 0.0% 0 0.0% 1 100.0% 

 

Data are numbers, %. Abbreviations: AIN: anal intraepithelial neoplasia (grades 1-3); Normal: normal control samples.  
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Supplementary table 2. Scoring of p16 and Ki-67 stratified by study diagnosis and methylation status. 

 

Data are numbers, %. Abbreviations: AIN: anal intraepithelial neoplasia (grades 1-3); Normal: normal control samples.

            p16 score   Ki-67 score 

Study diagnosis   Total   
No staining 

(score 0) 
Patchy 

(score 1) 
≤lower 1/3 
(score 2) 

≤lower 2/3 
(score 3) 

>lower 2/3 
(score 4) 

  
Normal 
basal 

(score 0) 

≤lower 1/3 
(score 1) 

≤lower 2/3 
(score 2) 

>lower 2/3 
(score 3) 

Normal    8                                         

  Methylation negative   8   4 50.0% 4 50.0% 0 0.0% 0 0.0% 0 0.0%   0 0.0% 8 100.0% 0 0.0% 0 0.0% 

  Methylation positive   0   0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0%   0 0.0% 0 0.0% 0 0.0% 0 0.0% 

AIN1      26                                         

  Methylation negative   23   4 17.4% 16 69.6% 3 13.0% 0 0.0% 0 0.0%   2 8.7% 9 39.1% 10 43.5% 2 8.7% 

  Methylation positive   3   0 0.0% 3 100.0% 0 0.0% 0 0.0% 0 0.0%   0 0.0% 2 66.7% 1 33.3% 0 0.0% 

AIN2  45                                         

  Methylation negative   28   0 0.0% 0 0.0% 2 7.1% 14 50.0% 12 42.9%   0 0.0% 4 14.3% 11 39.3% 13 46.4% 

  Methylation positive   17   0 0.0% 0 0.0% 7 41.2% 7 41.2% 3 17.6%   1 5.9% 0 0.0% 12 70.6% 4 23.5% 

AIN3      15                                         

  Methylation negative   4   0 0.0% 0 0.0% 0 0.0% 0 0.0% 4 100.0%   0 0.0% 0 0.0% 2 50.0% 2 50.0% 

  Methylation positive   11   0 0.0% 0 0.0% 0 0.0% 1 9.1% 10 90.9%   0 0.0% 0 0.0% 1 9.1% 10 90.9% 
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Supplementary figures 

108 anal tissue samples of 93 
HIV+ MSM

Sandwich sectioning method
First and last sections for H&E, in-between sections for IHC and DNA isolation

Cross-sectional series Longitudinal series

40 anal tissue samples of 10 
cases of progression to SCC

Study diagnosis
n = 104

Normal: n=8
AIN1: n=26
AIN2: n=45
AIN3: n=15
SCC: n=10

HPV genotyping and 
methylation analysis on in-
between sections after DNA 

isolation

Excluded
NDS: n=4

Confirmation of lesion presence
Reviewing first and last H&E slide

Study diagnosis according to LAST project recommendations 
Extended to three-tiered (AIN1-3) grading based on morphology and p16 if indicated

Correlation IHC scoring and  
methylation statusStudy diagnosis

n = 40
Endpoint diagnoses: n=18
Preceding HSIL: n=22

Scoring of Ki-67, E4, and remaining p16

IHC staining for p16, Ki-67, and E4 on in-between sections

 

Supplementary figure 1. Schematic overview of study procedures. Abbreviations: AIN: anal 

intraepithelial neoplasia (grades 1-3); HSIL: high-grade squamous intraepithelial lesion; H&E: 

Haematoxylin & Eosin; IHC: immunohistochemistry; LAST project: Lower Anogenital Squamous 

Terminology Standardisation Project; NDS: non-diagnostic sample (IHC staining uninterpretable due 

to technical staining issue or no more lesion being present in the slide); Normal: normal control 

samples; SCC: anal squamous cell carcinoma. 
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Supplementary figure 2. Methylation result per sample stratified by E4 status and study diagnosis. 

Methylation result, i.e. predicted probability (PP; values ranging from low [PP=0] to high [PP=1], 

representing the risk for AIN3+), methylation positivity threshold based on Youden’s Index (J)-

threshold. Samples above the threshold (PP≥0.38) are considered methylation positive. E4 status 

(‘negative’: no staining [0] and focal [1]; or ‘positive’: extensive [2]). Abbreviations: AIN: anal 

intraepithelial neoplasia (grades 1-3); SCC: anal squamous cell carcinoma. 
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