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Objective: Women with HIV (WWH) have an increased risk to develop recurrent
cervical intraepithelial neoplasia grade 2/3 (rCIN2/3) after treatment compared with
HIV-negative women. Therefore, appropriate posttreatment monitoring of WWH is
important. This study evaluates the performance of ASCL1 and LHX8 methylation
analysis as posttreatment monitoring test in WWH treated for CIN2/3, as alternative
to cytology or human papillomavirus (HPV) as follow-up test.

Design: Prospective observational cohort study.

Methods: WWH treated for CIN2/3 by large loop excision of the transformation zone
(LLETZ) (n¼61) were invited for follow-up study visits at 1, 2.5 and 4 years after
baseline. Baseline and follow-up cervical scrapes were tested for cytology, HPV and
DNAmethylation of ASCL1 and LHX8 genes. The performance of these strategies for the
detection of rCIN2/3 was evaluated in the first follow-up cervical scrape.

Results: Thirteen (21.3%) rCIN2/3 lesions were detected within 4 years of follow-up. In
womenwithout rCIN2/3 in follow-up, methylation levels ofASCL1 and LHX8 decreased
significantly after LLETZ treatment (P¼0.02 and 0.007, respectively). In women with
rCIN2/3, methylation levels remained high after LLETZ treatment. The 4-year rCIN2/3
risk was 4.9% (95% CI: 0.6–16.5) for ASCL1/LHX8-negative women, 8.1% (95% CI:
1.7–21.9) for HPV-negative women and 7.7% (95% CI: 2.1–18.5) for cytology-
negative women.

Conclusion: A negative ASCL1/LHX8methylation test in follow-up is associated with a
low rCIN2/3 risk and could serve as an objective test of cure and well tolerated
alternative for HPV and/or cytology screening in the posttreatment monitoring of
WWH. Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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Introduction

Women diagnosed with cervical intraepithelial neo-
plasia grade 2 or 3 (CIN2/3) are treated by ablative
surgery (most commonly excision or cryotherapy) to
prevent progression to cervical cancer [1,2]. Despite
treatment, these women are at risk to develop recurrent
disease [3]. Recurrent CIN2/3 (rCIN2/3) can be
divided into residual lesions (i.e. incompletely excised)
or lesions caused by a new contracted HPV infection
(so-called incident or early-onset CIN2/3) [4–6].
Detection of residual CIN2/3 is of particular impor-
tance because of their potentially faster progression to
cancer compared with incident CIN caused by newly
contracted HPV infections [3,6]. Women with HIV
(WWH) are known to have two-fold higher rCIN2/3
risk compared with HIVnegative women [7–9].
Therefore, appropriate posttreatment monitoring of
WWH is especially important.

Cytology and HPV testing are most commonly used for
posttreatment monitoring but the length and frequency
of follow-up vary widely between countries [10]. In
Europe, three subsequent negative cytology tests at 6, 12
and 24months or two subsequent negative cytology and
HPV tests at 6 and 24months or combinations thereof are
recommended. After that period, women are referred
back to the screening program with intervals of3–5 years
[4,11–17]. In sub-Saharan African WWH, HPV inci-
dence rates are very high [18,19] and HPV testing will
result in a low specificity for rCIN2/3 [20]. Co-testing
with frequent follow-up visits may be a challenge in low-
income and middle-income countries (LMIC), often
short in supply of recourses and trained personnel.
Moreover, frequent follow-up visits are by many women
experienced as a burden, resulting in a high loss to follow-
up.

Methylation of promotor regions of tumour suppressor
genes is an epigenetic DNA alteration that leads to gene
silencing and is a crucial event in the cervical
carcinogenesis. Methylation levels increase with increas-
ing CIN grade, are particularly high in advanced CIN
lesions associated with a longstanding HPV infection and
in cervical cancer [21–23]. Therefore, high methylation
levels are assumed to be associated with CIN lesions with
a high cancer progression risk [24]. Recent data provide
further evidence for this hypothesis, showing that
methylation-negative CIN2/3 more often regress
compared with methylation-positive CIN2/3 (Kremer,
Dick et al., in preparation) and that a positive
methylation test was able to predict progressive CIN2
[25]. Moreover, a negative methylation test was shown
to provide reassurance against CIN3 and cervical cancer
[26–28]. Methylation analysis of several host-cell genes,
such as CADM1, EPB41L3, FAM19A4, MAL and
miR124-2 in cervical scrapes has been shown to provide
a promising strategy for the detection of CIN3 and
cervical cancer in WWH [29–32]. More recently,
ASCL1 and LHX8 genes have been identified as
promising triage markers in HPV-positive women in
both cervical scrapes as self-collected specimens [33–
35]. These markers have also been demonstrated to
enable CIN3 and cervical cancer detection in WWH
without prior HPV testing [36,37]. Furthermore,
methylation analysis has potential as a followup test
after treatment of CIN, as shown for CADM1 andMAL
genes [5].

Here, we present follow-up data of 61 WWH treated for
high-grade CIN and evaluated ASCL1 and LHX8
methylation analysis as an alternative test of cure, aiming
to simplify the follow-up scheme of posttreatment
monitoring for WWH.
Methods

Study population
The initial study cohort consists of 355WWHvisiting the
gynaecologic outpatient clinic for cervical screening,
included between November 2014 and March 2015 at
Tshwane District Hospital, Pretoria, South Africa. The
study was approved by the Research Ethics Committee of
the University of Pretoria, South Africa (protocol
numbers 100/2012, 155/2014 and 422/2018). Detailed
characteristics and inclusion criteria of the initial study
have been described previously [30]. In short, all women
underwent cytology screening, colposcopy and two
mandatory cervical biopsies at baseline. Women with
abnormal cytology (�HSIL) or CIN2 or worse (CIN2þ)
on biopsy were treated by large loop excision of the
transformation zone (LLETZ) or clinical cancer staging,
according to local guidelines.

Figure 1 shows the study flowchart. For this study, we
selected 92 women with a CIN2/3 detected at the
baseline study visit. Women who did not receive LLETZ
treatment or who were lost to follow-up after LLETZ
treatment were excluded, resulting in a final study
population of 61 women. All women in the study
population were on antiretroviral treatment (ART) and
their median CD4þ cell count was 475 cells/ml (IQR:
276–744 cells/ml) at baseline.

Study procedures
Baseline study visit
Cervical cells were collected using a Cervex Brush
(Rovers Medical Devices B.V, Oss, the Netherlands),
and after preparation of a conventional slide, stored in
Thinprep PreservCyt solution (Hologic, Marlborough,
Massachusetts, USA) for HPV and methylation analysis
in the Netherlands. The conventional cytology slide was
locally evaluated and used for patient management.
Colposcopy was performed on all participants and two
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Fig. 1. Study flowchart. �One case of rCIN3 was excluded from analysis with HPV and methylation data as no follow-up cervical
scrape was available. Ca, cervical carcinoma; CIN, cervical intraepithelial neoplasia; HPV, human papillomavirus; NTD, not to
determine; rCIN, recurrent CIN; WWH, women with HIV. Recurrent CIN was defined as a CIN2/3 diagnosed longitudinally after
treatment of a baseline CIN2/3.
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biopsies were taken from the most severe cervical lesion
or, if no lesion present, two random biopsies (0600 and
1200 h) were collected. Histology of the biopsies was
performed at the Department of Pathology, Amsterdam
University Medical Centers, location VUmc.

Follow-up study visits
All study participants were invited for follow-up study
visits at approximately 1, 2.5 and 4 years after baseline.
During each follow-up visit, cervical cells were collected
using a Cervex Brush and stored in Thinprep Preservcyt
solution for local liquid-based cytology evaluation. All
participants underwent colposcopy with biopsies in
accordance with the baseline study visit. Women with
abnormal cytology (�HSIL) were treated by (re-)
LLETZ, according to local guidelines.
High-risk human papilloma virus DNA and DNA
methylation testing
High-risk HPV DNA testing and DNA methylation
analysis of ASCL1 and LHX8 genes was performed on
DNA isolated from cervical scrapes as described
previously [30,36]. The presence of high-risk HPV
DNAwas determined using a clinically validated generic
HPV test (GP5þ/6þ PCR-EIA), that detects 14 high-
risk types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66
and 68) [38,39]. Subsequent genotyping of EIA-positive
samples was performed using a microsphere bead-based
assay (Luminex) [40]. Samples testing EIA-negative were
tested with b-globin PCR analysis to assure sample
quality.

Quantitative methylation-specific PCR (qMSP) for
ASCL1 and LHX8 genes was performed using
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bisulphite-converted DNA as described previously [41].
Target DNA methylation values were normalized to
reference gene b-actin and the calibrator using the
comparative Ct method (2-ddct � 100) to obtain ddCt
ratios [42]. Samples with a b-actin Ct value above 30 were
considered invalid.

Study endpoints
Baseline conventional cytology slides were assessed using
regular cervical screening procedures and classified
according to the Bethesda 2001 classification [43]. All
biopsies and LLETZ specimen were classified as no
dysplasia, CIN1, CIN2, CIN3 or invasive cancer,
according to international criteria [44]. Baseline histology
diagnoses are based on the worst histology outcome on
either the baseline cervical biopsy or the baseline LLETZ
specimen. Longitudinal histology diagnoses are based on
the worst histology outcome of either the follow-up
cervical biopsy specimen or the follow-up LLETZ
specimen. If no diagnosis could bemade based on baseline
biopsy or LLETZ specimen, a sample was excluded from
analysis. A rCIN2/3 was defined as a CIN2/3 diagnosed
longitudinally after treatment of a baseline CIN2/3. One
case of rCIN3 was excluded from analysis with HPVand
methylation data as no follow-up cervical scrape
was available.

Statistical analysis
Square root-transformed Ct ratios from methylation
testing were visualized in boxplots. The Wilcoxon
matched-pairs signed-ranks test was conducted to
compare baseline and follow-up methylation levels
within women. The Mann–Whitney U test was
conducted to assess differences in methylation levels
among baseline and follow-up samples between women.
Differences in lesion size were calculated using the
Fisher’s exact test. Previously defined thresholds were
used forASCL1 and LHX8methylation positivity [36]. A
sample was considered positive for the ASCL1/LHX8
marker panel when it exceeds the thresholds for both
ASCL1 and LHX8 genes. A sample was considered
negative for theASCL1/LHX8marker panel when it was
negative for either one or both genes. The performance
for rCIN2/3 detection was evaluated in terms of
sensitivity, specificity, positive-predictive value (PPV),
1-negative-predictive value (1-NPV, absolute rCIN2/3
risk) and referral rate with exact 95% confidence intervals
(Clopper-Pearson). Differences between sensitivities and
specificities were calculated using the McNemar test. In
case of 100% specificity of one of the tests, the exact
McNemar test was used, using R package exact2x2. To
compare PPVs and 1-NPVs, the method of Leisenring
et al. [45] was used in R package DTComPair. A p value
of 0.05 was considered statistically significant. All
statistical analysis were performed with R (V4.0.3), SPSS
Statistics (version 26; IBM Corp., Armonk, New York,
USA), and Graphpad Prism (Version 8.2.1.; San Diego,
California, USA).
Results

Study population
The study population consists of 61 HIV seropositive
women with a baseline CIN2/3 lesion (19 CIN2, 42
CIN3, Fig. 1), who were all treated by LLETZ. These
women were invited for follow-up visits at approximately
1, 2.5 and 4 years after baseline (T1, T2 and T3,
respectively) and all women attended at least one
followup visit. The median interval between LLETZ
treatment and first follow-up visit after LLETZ was
1.1 years (IQR 0.7–1.8years). Median age was 38 years
(IQR: 34.5–45 years).

Recurrent CIN2/3
In total, 13 rCIN2/3 lesions were detected within 4 years
of follow-up, resulting in a rCIN2/3 percentage of 21.3%
(13/61) up to 4 years of follow-up. No cervical cancer was
detected during 4 years of follow-up. Seven rCIN3 and
four rCIN2 were diagnosed after treatment for CIN3,
whereas 2 rCIN3 were diagnosed after treatment for
CIN2. Thirty-one women had CIN1 or less in follow-up
after treatment for a CIN3 and 17 women had CIN1 or
less in follow-up after treatment for CIN2. For one
woman with rCIN3 after treatment for CIN3, no follow-
up cervical scrape was available for HPVand methylation
analysis; this sample was excluded from further analysis.
The HPV genotyping results in women with rCIN2/3
are shown in Supplementary Table 1, http://links.lww.
com/QAD/C457. Six out of 12 women with rCIN2/3
(50%) had a persistent HPV infection with the same, or in
case of multiple infection at least one identical HPV type,
three out of 12 women (25%) had a genotype switch (i.e.
an incident HPV infection) and three out of 12 women
(25%) tested high-risk HPV negative at follow-up, of
whom one was HPV-positive (HPV51) at baseline. Four
out of 12 women with rCIN2/3 (33%) tested HPV16-
positive at baseline, of whom two had a persistent
HPV16 infection.

Methylation levels in women with and without
recurrent CIN2/3
Figure 2 shows ASCL1 and LHX8 methylation levels of
the baseline sample and of the first available follow-up
sample of women with CIN1 or less in follow-up and
women with rCIN2/3 in follow-up. In women with
CIN1 or less in follow-up, methylation levels of ASCL1
and LHX8 decreased significantly after LLETZ treatment
(P¼ 0.02 and 0.007, respectively). In women with
rCIN2/3 methylation levels remained high after LLETZ
treatment. Women with rCIN2/3 had significantly
higher ASCL1 and LHX8 methylation levels in their
first follow-up scrape compared with women with CIN1
or less in follow-up (P< 0.001 and P< 0.001, respec-
tively). Furthermore, baseline ASCL1 and LHX8
methylation levels of women with rCIN2/3 were higher
compared with baseline methylation levels of women
with CIN1 or less in follow-up (P¼ 0.005 and P¼ 0.003,

http://links.lww.com/QAD/C457
http://links.lww.com/QAD/C457
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Fig. 2. Baseline and follow-up ASCL1 and LHX8 methylation levels of women with a baseline CIN2 or 3, treated by large loop
excision of the transformation. CIN, cervical intraepithelial neoplasia; FUP, follow-up; LLETZ, large loop excision of the
transformation zone; rCIN2/3, recurrent CIN2/3. �P less than 0.05, ��P less than 0.01, ���P less than 0.001, ns, not significant
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respectively). The lesion size during baseline colposcopy
(reported as no lesion visible, <25% of transformation
zone, 25–50% of transformation zone and 50–75% of
transformation zone) was larger in women with rCIN2/3
compared with women without rCIN (P¼ 0.019),
Supplementary Table 2, http://links.lww.com/QAD/
C457. Supplementary Figure 1, http://links.lww.com/
QAD/C457 shows the longitudinal change in individual
ASCL1 and LHX8 methylation levels measured in
baseline and all follow-up cervical scrapes, stratified for
baseline and follow-up histology outcome. Individual
cytology, HPVand methylation results on each timepoint
are shown in Fig. 3.

Risk of recurrent CIN2/3
Table 1 shows the performance for the detection of
rCIN2/3 of ASCL1/LHX8 methylation analysis, HPV
testing, cytology and combinations of these tests. For this
analysis, we used the test result of the first available
followup sample. The median interval between the first
followup cervical scrape and the histological diagnosis of
rCIN2/3 was 1.2months (IQR 0–2.3months). The
absolute rCIN2/3 risk (1–NPV) was 4.9% (95% CI: 0.6–
16.5) for ASCL1/LHX8-negative women, 8.1% (95%
CI: 1.7–21.9) for HPV-negative women and 7.7% (95%
CI: 2.1–18.5) for cytology-negative (cut-off �HSIL)
women. Combining HPV and cytology as a follow-up
test resulted in a rCIN2/3 risk of 2.9% (95% CI: 0.0–
14.9) among test-negatives. Statistical comparison of
methylation analysis to the other strategies revealed a
significantly higher specificity and PPV for cytology, only
when the cut-off was at least HSIL (Supplementary Table
3, http://links.lww.com/QAD/C457).
Discussion

In this study, we evaluated the performance of ASCL1/
LHX8 methylation analysis as a test of cure in WWH
treated for CIN2/3. We showed that a negative ASCL1/
LHX8methylation test after LLETZ treatment results in a
low (4.9%) risk of developing rCIN2/3. Therefore, the
ASCL1/LHX8 methylation test could be used as a safe
alternative to cytology to rule out recurrent disease.

Although host-cell DNA methylation analysis has been
suggested as a biomarker for the detection of rCIN
[46,47], very limited evaluations for posttreatment
monitoring have been performed. Our findings are in
line with evaluations of the SIMONATH-trial, in which
Uijterwaal et al. [5] found a 2% rCIN3 risk in
HIVnegative women with a CADM1/MAL methyla-
tionnegative follow-up test 6 or 12months after

http://links.lww.com/QAD/C457
http://links.lww.com/QAD/C457
http://links.lww.com/QAD/C457
http://links.lww.com/QAD/C457
http://links.lww.com/QAD/C457
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Fig. 3. Overview of individual cytology, methylation and human papilloma virus test results per study visit. BL, baseline; T1,
follow-up study visit 1 (1 year); T2, follow-up study visit 2 (2.5year); T3, follow-up study visit 3 (4 years).
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treatment. We showed that methylation levels signifi-
cantly decreased in women with CIN1 or less after
treatment for CIN2/3, whereas methylation levels remain
increased in women with rCIN2/3. In addition, we
found that women with rCIN2/3 had significantly higher
methylation levels at the baseline study visit compared
with women without rCIN2/3, which may be explained
by larger baseline CIN2/3 lesions in women who
developed rCIN2/3. Larger CIN lesions are at risk of
incomplete excision [48] and the risk of rCIN is
significantly greater with involved margins on excisional
treatment [49]. Moreover, it has been shown that lesion
Table 1. Performance of follow-up strategies for the detection of rCIN2/

Sensitivity Specificity

Follow-up strategy n1/N1 % 95% CI n2/N2 %

ASCL1/LHX8 10/12 83.3% (51.6–97.9) 39/48 81.3% (6
HPV 9/12 75.0% (42.8–94.5) 34/48 70.8% (5
Cytology (�HSIL) 8/12 66.7% (34.9–90.1) 48/48 100.0% (9
Cytology (�ASCUS) 10/12 83.3% (51.6–97.9) 41/48 85.4% (7
HPV and/or cytology
(�HSIL)

11/12 91.7% (61.5–99.8) 34/48 70.8% (5

HPV and/or cytology
(�ASCUS)

11/12 91.7% (61.5–99.8) 31/48 64.6% (4

The first available follow-up sample was used. Cytology with threshold hi
atypical squamous cells-cannot exclude HSIL); cytology with threshold atyp
confidence interval; n1, number of screen-positive disease cases; N1, total
cases; N2, total number of nondisease cases; NPV, negative-predictive va
size is associated with disease severity [50,51] and that
invasive squamous carcinoma more often arises in large
CIN3 lesions [52].

Cytology is currently used as follow-up test after
treatment in South Africa. Women with at least HSIL
cytology are treated with re-LLETZ and women with
ASCUS/LSIL cytology are advised to be rescreened
until a normal cytology result is reached before they
return to regular screening intervals [53]. However, in
clinical practice these women are often lost to follow-
up as an active recall system is lacking. In the present
3.

PPV 1-NPV Referral rate

95% CI % 95% CI % 95% CI %

7.4–91.1) 52.6% (28.9–75.6) 4.9% (0.6–16.5) 31.7%
5.9–83.1) 39.1% (19.7–61.5) 8.1% (1.7–21.9) 38.3%
2.6–100) 100.0% (63.1–100) 7.7% (2.1–18.5) 13.3%
2.2–93.9) 58.8% (32.9–81.6) 4.7% (0.6–15.8) 28.3%
5.9–83.1) 44.0% (24.4–65.1) 2.9% (0.0–14.9) 41.7%

9.5–77.8) 39.3% (21.5–59.4) 3.1% (0.0–16.2) 46.7%

gh-grade squamous intraepithelial lesion or worse (�HSIL, includes
ical squamous cells of unknown significance (�ASCUS). 95% CI, 95%
number of disease cases; n2, number of screen-negative nondisease
lue; PPV, positive-predictive value.
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study, ASCL1/LHX8methylation analysis had a similar
performance compared with the other screening
strategies but showed a lower specificity and PPV
compared with cytology, only when the cut-off was
�HSIL. However, these women were treated based on
an abnormal cytology result, which may have caused a
preferential effect in favour of cytology. A negative
cytology test (cut-off <HSIL) resulted in a rCIN2/3
risk of 7.7% not only with a low referral rate (13.3%)
but also with moderate sensitivity (66.7%). Cytology
with cut-off ASCUS demonstrated a similar perfor-
mance as ASCL1/LHX8 methylation analysis. Yet, a
methylation-based follow-up strategy may have several
advantages over cytology: it is objective, can be directly
applied to both cervical scrapes and self-collected
samples and could be adapted to intermediate and low-
resource settings, without the need of experienced
cyto-pathologists. Our results show that the ASCL1/
LHX8 methylation test provided a low rCIN2/3 risk
(4.9%) among testnegatives, in combination with a
high rCIN2/3 detection rate (83.8%) and a referral rate
of 31.7%. ASCL1/LHX8 methylation analysis
could thus be a safe alternative to cytology for
posttreatment monitoring in which methylation-
negative women could be directly referred back to
screening at 3-yearly intervals advised as for WWH in
South Africa, thereby simplifying the follow-up
scheme [53]. The choice of follow-up strategy will
depend on local resources available and availability of
well trained cytotechnicians. Automated workflows for
methylation analysis are currently being developed,
which combined with robust and user friendly assays
can generate results within a day, thereby also impacting
costs [54,55].

A persistent HPV infection was found in 50% of women
with rCIN2/3, suggesting an incompletely excised lesion.
Twenty-five percent had an incident HPV infection
characterized by a HPV genotype switch and 25% tested
HPV negative. The use of HPVas follow-up test resulted
in the highest rCIN2/3 risk after a negative test of 8.1%,
the lowest specificity and the highest referral rate. This
low specificity because of the high HPV prevalence in
subSaharan Africa makes this strategy less practical [19].
Combining HPV with cytology (cut-off �HSIL)
increases the safety of the strategy with an increase in
sensitivity and a low rCIN2/3 risk of 2.9%; however, at
the cost of a decrease in specificity and a higher
referral rate.

The strengths of this study are the collection of histology
specimens during each follow-up visit, the high
attendance rates at follow-up and the long follow-up
period of 4 years. Baseline cervical scrapes were taken
before biopsy collection, enabling a good comparison
between methylation levels before and after treatment. A
limitation may be seen in that women were treated based
only on an abnormal cytology or biopsy result but not
based on a positive high-risk HPV test or methylation
result. This may have influenced the results in favour of
cytology. Numbers of rCIN2/3 in this study are low
because of the size of the initial study population, and
therefore, a larger implementation study of methylation
analysis in posttreatment surveillance is warranted.
However, inclusion of large numbers while minimizing
loss to follow-up remains challenging in LMIC.

In conclusion, this study shows that the ASCL1/LHX8
methylation test is associated with a low risk of rCIN2/3
after LLETZ treatment among test-negatives, while
maintaining a high detection rate of rCIN2/3. Therefore,
methylation analysis is potentially a safe, objective and
reproducible alternative for HPV screening and/or
cytology screening in posttreatment monitoring
in WWH.
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