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Abstract

Introduction: Methylation analysis of the promoter region of tumor-suppressor genes
has previously shown high sensitivity for detection of high-grade cervical intraepithe-
lial neoplasia (CIN) and cancer. HPV-testing has a high sensitivity to identify women
at risk to develop cancer, and has been implemented in cervical screening programs in
several countries. But in most HPV-positive women the infection will clear and they
will not develop cancer. Testing for methylation could help to identify women who
have potentially progressive cervical disease and need closer follow-up. The goal of
the present study was to investigate the potential use of methylation as a triage test
of HPV-positive women in the screening program.

Material and methods: A collection of liquid-based cytology (LBC) samples from 106
women, collected between 4 months and 8years before histologically confirmed
cervical cancer or CIN3, was analyzed for hypermethylation of the human genes
FAM19A4 and miR124-2.

Results: Methylation was detected in 45% (33/73) of normal LBC samples from
women who later developed CIN3+, compared with 10% (3/31) of normal LBC sam-
ples from women without subsequent dysplasia (P=0.0006). Overall, methylation
was detected in 39% (14/36), 51% (19/37), 61% (14/23) and 70% (7/10) of LBC samples
from women who later developed CIN3, adenocarcinoma in situ (AlS), squamous cell
carcinoma (SCC) and adenocarcinoma (ADC), respectively. Positive methylation anal-
ysis was not significantly more frequent than abnormal cytology of atypical squamous
cells of unclear significance or worse (ASCUS+) in LBC samples collected 4 months to
8years before SCC or AlS; however, prior to the development of ADC, methylation
was observed in 7/10 LBC samples, despite normal cytology. Overall, LBC samples

collected before invasive cancer (ADC and SCC) were more frequently positive in the

Abbreviations: ADC, adenocarcinoma; AlS, adenocarcinoma in situ; ASCUS, atypical squamous cells of unclear significance; ASCUS+, ASCUS or more severe cytology; CIN2, cervical
intraepithelial neoplasia grade 2; CIN3, cervical intraepithelial neoplasia grade 3; CIN3+, CIN3 or worse (ie CIN3, cancer in situ or cancer); HPV, human papilloma virus; HSIL, high-grade
squamous intraepithelial lesion (includes CIN2 and CIN3); LBC, liquid-based cytology; SCC, squamous cell carcinoma.
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1 | INTRODUCTION

Cervical cancer screening has been successful in decreasing the
number of cervical cancer cases.! Human papilloma virus (HPV)
testing is more sensitive than cytology for finding women at risk of
developing severe dysplasia or cancer.® For this reason, primary
HPV testing has been implemented in the screening program in most
parts of Sweden, as well as in other countries. However, in most of
the HPV-positive women, the infection will clear and they will not
develop cancer. Only persisting HPV infections increase the cancer
risk.* Therefore, to avoid follow-up of healthy women, which could
cause unnecessary anxiety among the women as well as inefficient
use of resources, an additional test is needed. Cytology is often used
for triage to help identify the fraction of HPV-positive women in
need of closer follow-up.® According to Swedish guidelines, HPV-
positive women who have abnormal cytology of atypical squamous
cells of undetermined significance or worse (ASCUS+) are referred
for colposcopy, whereas HPV-positive women with normal cytology
are retested after 18 months when positive for HPV 16 or 18, and
after 3years when positive for other high-risk HPV types. Continued
evaluation of the screening program has shown that extremely few
HPV-negative women have severe histology-confirmed dysplasia,
even if the cytology is abnormal.®™8

Cytology has a relatively low sensitivity and requires long train-
ing and continuous work to maintain high quality, which is a chal-
lenge for some laboratories.” Another problem with cytology triage
is that cytotechnologists are hesitant to label the cytology as normal
if they are aware that the woman is high-risk HPV-positive.}*2 In
addition, cytology has a low sensitivity to identify dysplasia in post-
menopausal women.*?"* Since the introduction of cytology screen-
ing in Sweden in the late 1960s, the incidence of adenocarcinoma
has not decreased, unlike the incidence of squamous cell carcinoma,
illustrating the difficulty of the cytology-based screening program to
prevent adenocarcinoma.®

Genetic and epigenetic changes of the host cells are important
parts in the oncogenic process, and DNA methylation of promoter
regions can silence tumor suppressor genes.'® Several human genes
such as CADM1, EPB41L 3, FAM19A4, MAL, miR-124, PAX1 and SOX1
have been found to be hypermethylated in cervical cancer as well as
in CIN2 and CIN3.Y” Methylation of certain nucleotides of the L1 and

methylation analysis than in cytological analysis of ASCUS+ (P=0.048). For LBC sam-
ples collected more than 2years before the development of AlS, SCC or ADC, meth-
ylation analysis showed a higher positivity rate than cytology did.

Conclusions: Testing for methylation of FAM19A4/miR124-2 as a triage for HPV-
positive women would be useful to identify women at risk of cancer development,
especially adenocarcinoma. Further studies are needed to estimate the cost-effec-

tiveness before introducing methylation testing in the screening program.

cervical cancer, cervical dysplasia, cytology, HPV, methylation

Key message

Analysis of methylation of the human genes FAM19A4/
miR124-2 in LBC samples from HPV-positive women
showed the same sensitivity as cytology to predict future
squamous cell carcinoma and adenocarcinoma in situ, and

a higher sensitivity for detection of adenocarcinoma.

L2 genes of the HPV16 have also been associated with cancer devel-
opment. The S5-classifier gives a score by combination of methyla-
tion data from the human gene EPB41L3 and the HPV*® and has been
shown to identify women with CIN2/3 as well as to predict progres-
sion of untreated lesions.'? Pyrosequencing is needed for the S5-
classifier, which can be a challenge for clinical laboratories with large
volumes of screening samples. We have chosen to evaluate hyper-
methylation (in the following text referred to as “methylation”) of the
genes FAM19A4 and miR124-2, available as a commercial test, which
has in several studies shown high sensitivity for detection of cervical
intraepithelial neoplasia or worse (CIN3+).20-28

The aim of this study was to determine the proportion of meth-
ylation in liquid-based cytology (LBC) samples, collected prior to the
development of histologically confirmed CIN3 and cervical cancer.
We also wanted to evaluate how the methylation analysis performed
in comparison with cytology, at different time points before the di-

agnosis of CIN3+.

2 | MATERIAL AND METHODS

2.1 | Large LBC collection from women who
developed CIN3+

We have a collection of 1225 LBC samples, stored at -80°C, from
women who developed cervical intraepithelial neoplasia (CIN3) or
cancer (CIN3+) diagnosed by histology at Clinical Pathology Malmé,
between November 2007 and December 2015 (Table 1). At sam-
pling, the women were between 15 and 85years of age, average
33years, and 94% within the screening age, defined as 23-70years.
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TABLE 1 Characteristics of the biobanked LBC samples,® n

Time between LBC sample and histologic diagnosis

4 months to 8years

>2to5years >5to 8years

4months-2years

ASCUS+/total % ASCUS+ ASCUS-+/total % ASCUS+

% ASCUS+

% ASCUS+ ASCUS+/total

ASCUS+/total

Histological diagnosis

54
49

589/1094¢

22/45
18/32
2/18
6/36

18

21/115°¢
1/11
0/1

0/5

0/5

93 97/472 21
4/17

100

471/507
17/17

CIN3
AlS
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24

56
11

0/11
0/8

90

40

18/20
2/5

SCC

ADC

17
52

13
20

2/16

27
91

4/15

Other cancers”

16 637/1225

22/137

103/524

512/564

Total

Abbreviations: ADC, adenocarcinoma; AlS, adenocarcinoma in situ; ASCUS+, atypical squamous cells of unclear significance or worse; CIN3, cervical intraepithelial neoplasia grade 3; SCC, squamous cell

carcinoma.

Number of samples in different time intervals between histological samples (differentiated by histological diagnosis) that defined the cohort (collected between November 2007 and December 2015) and

the preceding LBC sample (collected between May 2007 and January 2012), and the share of LBC samples with ASCUS+ cytology.

bOther cancers than cervical carcinoma, eg metastases, lymphoma, transitional epithelium, endometrioid adenocarcinoma and sarcoma.

“One sample was collected 8years and 4 months before histological diagnosis of CIN3+, with ASCUS+ cytology.

The LBC samples were taken 4 months to 8 years prior to the CIN3+
diagnosis and were collected between May 2007 and January 2012.
Information on cytological and histological diagnoses, date of sam-
pling and age of the women, was available in the pathology patient
registry. The samples (n=1225) had previously been used to evalu-
ate HPV-mRNA and HPV-DNA tests and 85% were positive for
HPV-mRNA, HPV-DNA or both.?* The histological diagnoses of the
women with stored LBC samples were as follows: CIN3 n=1094,
squamous cell carcinoma (SCC) n=32, adenocarcinoma in situ (AlS)
n=45, adenocarcinoma (ADC) n=18 (Table 1).

2.2 | Selection of LBC samples for
methylation assay

Some of the LBC samples from women with invasive cancer (n=>50)
and AIS had been used in other experiments and did not contain
enough volume for methylation testing. All available LBC samples from
women who developed AIS (n=37), SCC (n=23) or ADC (n=10), were
analyzed for methylation, together with a fraction of samples from
women who developed CIN3 (n=36). The mean age of the tested
women was 38.0years at the time of the LBC sample. The ages of the
women with different histological diagnoses are presented in Table S1,
along with the mean time between the cytology sample and the histo-
logical diagnosis CIN3+. To test whether normal cytology samples col-
lected before histological CIN3+ would be methylation-positive, the
majority of the selected samples had normal cytology (73/106; 69%).
Analysis of LBC samples collected before histological diagnoses of AlS,
SCC, ADC or CIN3 found benign cytology in 54% (20/37),48% (11/23),
100% (10/10) and 89% (32/36) of the cases, respectively.

2.3 | Healthy controls

LBC samples from women in the Malmo area who took part in the
screening program between 2007 and 2012 were used as controls
(n=31). These women had normal cytology in the methylation-an-
alyzed sample, as well as normal cytology and/or a negative HPV
result in the subsequent round of screening 3-5years later. The
pathology patient registry was checked to ensure that there were
no subsequent (abnormal) histological results for these women until
2022. The samples were anonymized prior to the testing. The healthy
controls were of similar age as the women with CIN3+ (41.4 years on

average; Table S1).

2.4 | Dynamics of methylation and cytology in LBC
samples collected prior to CIN3+

To investigate the dynamics of methylation and cytology, the time
from sampling of LBC to histological diagnosis of CIN3+ was calcu-
lated, and stratified in periods of 4months to 2years, 2-5years and
5-8years (Table 3, Table S2). The cytology diagnoses for all samples
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in the large collection (n=1225) at these time intervals before histol-

ogy CIN3+, are presented in Table 1.

2.5 | DNA extraction

The LBC samples were originally collected in SurePath medium,
pelleted and stored at -80°C. Before DNA extraction, the sam-
ples were resuspended in 420pL of Digene Specimen Transport
Medium (STM, Qiagen) and 4 plL Proteinase K (50 mg/mL, Qiagen)
was added to the solution following incubation overnight at
37°C. The pretreatment with Proteinase K is said to reduce pro-
tein cross-linking which occurs in samples stored in SurePath
medium.?> A portion of this study, 41 samples, did not undergo
Proteinase K treatment before DNA extraction. Low DNA concen-
trations (<10 ng/uL) were observed for these samples, whereas for
samples with Proteinase K treatment we achieved DNA concen-
trations >200ng/pL. DNA was extracted from a 400-uL sample,
diluted 1:4 in H,0O, and eluted in 50 L, using a routine standard
operating DNA extraction protocol, based on the magLEAD 12cG
(PSS bio system net). DNA concentrations were measured in
Qubit® 2.0 (Invitrogen).

2.6 | Bisulfite conversion
Bisulfite conversion was performed with the EZ DNA Methylation

kit (Zymo Research) according to the manufacturer's instructions.

2.7 | Methylation analysis

Bisulfite-converted DNA was used as input for QIAsure
Methylation test (Qiagen). The standard DNA input was 2000 ng,
but for samples with reduced DNA concentrations, as low as
100 ng was used. The methylation test was performed according to
the manufacturer's instructions, where 2.5 pL bisulfite-converted
DNA was used as input for the PCR, conducted on the Rotor-Gene
Q MDx 5plex HRM instrument (Qiagen). The ASSAYMANAGER

software enables automated interpretation of the results and uses

the housekeeping gene p-actin (ACTB) as a quality control and
reference for successful bisulfite-conversion. The software calcu-
lates the ddCt values for both FAM19A4 and hsa-miR124-2, and a
sample is positive for hypermethylation if either FAM19A4 or hsa-
miR124-2 or both are above the cutoff point. When ACTB was not
detected, the analysis was invalid according to the manufacturer's
instructions.

LBC samples (n1=113) from women who developed CIN3+ were

analyzed, along with 31 healthy controls (described above).

2.8 | Statistical analyses

Associations between proportions of methylated samples and de-
velopment of CIN3+, and between proportions of methylated sam-
ples and abnormal cytology, were calculated using Fisher's exact
test, GRAPHPAD Software (https://www.graphpad.com). P<0.05
was considered statistically significant. Confidence intervals were
calculated by the modified Wald method, using the GRAPHPAD
Software. The Chi-square test for trend was performed to assess the
increased proportion of methylated samples with increasing sever-
ity of histological diagnosis, using Epitools (https://epitools.ausvet.

com.au).

3 | RESULTS

Valid methylation results were obtained from 94% (106/113) of the
samples. Overall, 51% (54/106) of the tested samples, 45% (33/73)
of samples with normal cytology and 64% (21/33) of samples with
ASCUS+, showed hypermethylation of either FAM19A4 (n=28) or
miR124-2 (n=3) or both genes (n=23) (Table 2).

Ten percent (3/31) of the healthy controls were positive for
methylation, giving a specificity of approximately 90% (95% Cl| 74%-
98%). Methylation was significantly more frequent in samples from
women who developed CIN3+ than in samples from the healthy
controls (P<0.0001). This also applied to samples with normal cytol-
ogy from women with later CIN3+ (P<0.001).

LBC samples from women with subsequent CIN3, AIS, SCC
and ADC histology were positive for methylation in 39% (14/36),

TABLE 2 Methylation results for normal and abnormal LBC samples collected 4 months to 8 years before histologically confirmed CIN3+,

with results for the subset with cancer shown separately.

Women with histology CIN3+ 4 months to 8years later

Women with histologically verified cancer (SCC, ADC) 4 months
to 8years later

Methylation-
Cytology positive Methylation- negative Total Methylation-positive Methylation-negative Total
ASCUS+ 21 12 33 (31%) 9 3 12 (36%)
Normal & 40 73 (69%) 12 9 21 (64%)
Total 54 (51%) 52 (49%) 106 (100%) 21 (64%) 12 (36%) 33 (100%)

Abbreviations: ADC, adenocarcinoma; ASCUS+, atypical squamous cells of unclear significance or worse; CIN3+, CIN3, cancer in situ or cancer; SCC,
squamous cell carcinoma.
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W metylation positive (n=83)
m cytology ASCUS+ of methylation tested samples (n=83)
M cytology ASCUS+ of all samples (n=1 057)
90%
o 80%
2 70% -
B 60% -
8 50% -
S 40% A
5 30% -
T 20% -
" 10% A
0% A

CIN3 AlS scc ADC
Histology

FIGURE 1 Percentage of LBC samples methylation-positive,
positive for ASCUS+ cytology among samples tested for
methylation, and positive for ASCUS+ cytology among all samples
in the large collection, respectively, from women with histological
diagnosis of CIN3+, 4-60months later. ADC, adenocarcinoma;
AIS, adenocarcinoma in situ; ASCUS+, atypical squamous cells

of unclear significance or worse; CIN3, cervical intraepithelial
neoplasia grade 3; SCC, squamous cell carcinoma.

3.4 | Dynamics of methylation and ASCUS+
cytology prior to CIN3+

The proportion of methylated samples, stratified for different time
spans before the histological diagnosis, is shown in Table 3. Among
women who developed CIN3+, methylation was detected in 57%
(27/51) and 27% (6/22) of LBC samples with normal cytology, col-
lected 4-60months and 61-95months before CIN3+, respectively.
The proportion of methylated normal cytology samples, collected
4months to 5years before CIN3+, was higher than the propor-
tion of methylation in samples from the healthy controls (57% vs
10%, P<0.0001), whereas no statistical difference was observed
between normal cytology samples taken more than 5years before
CIN3+ and samples from the controls (27% vs 10%).

Generally, samples collected up to 5years prior to the histolog-
ical diagnosis were methylation-positive slightly more often than
samples collected up to 8years earlier. LBC samples were positive
for methylation in 46% (12/26), 58% (15/26), 64% (14/22) and 78%
(7/9) of the cases up to 5years before a histological diagnosis of
CIN3, AlS, SCC and ADC, respectively (Table 3).

A comparison of the proportion of samples with ASCUS+ cytol-
ogy and the proportion of methylation-positive samples is shown in
Figure 2 and Table S2.

Between 2 and 5years before the diagnosis of AIS, methylation
was more frequent than ASCUS+ cytology (67% vs 24%; P=0.03). No
samples had abnormal cytology 2-5years before the diagnosis of can-
cer, but 44% (4/9) were methylation-positive before the diagnosis of
SCC and 86% (6/7) before ADC (Figure 2). Also for samples collected
up to 8years before ADC, a positive methylation test was more com-
mon than ASCUS+ cytology (70% vs 11%; P=0.002). For AIS and SCC,
up to 8years before the diagnosis, the proportion of methylation- and
cytology-positive samples was similar, but more than 2years before

B cytology ASCUS+
120% -

B metylation positive

100%
80%
60%
40%

Fraction positive

20%
0%

25-60 months
Histology / Time before diagnosis

4-24 months

FIGURE 2 Dynamics of ASCUS+ and methylation in women
who developed AlS and cancer. The proportions of ASCUS+
cytology were derived from a large LBC collection of samples
(n=1225), whereas corresponding proportions of methylated
samples were calculated from the samples analyzed for methylation
(n=106). ADC, adenocarcinoma; AlS, adenocarcinoma in situ;
ASCUS+, atypical squamous cells of unclear significance or worse;
CINS3, cervical intraepithelial neoplasia grade 3; SCC, squamous cell
carcinoma.

the diagnosis, methylation was more frequent than ASCUS+ cytology
(AIS, P=0.0016; SCC, P=0.029) whereas up to 2years before diag-
nosis of AlS, ASCUS+ cytology was more frequent (P=0.0013). No
significant difference was seen between methylation and cytology for
samples collected up to 2years prior to SCC (Figure 2, Table S2).

For samples taken >5years before histological diagnosis of
CIN3+, there was no statistical difference between the proportion
of methylation (27%, 6/22) and ASCUS+ (16%, 22/127).

3.5 | Sensitivity for CIN3+ for cytology combined
with methylation

In all, 31% (33/106) of the methylation-tested samples showed
ASCUS+ cytology, 51% (54/106) were positive for methylation
(Table 2), and 61% (66/106) were positive for either cytology (de-
fined as ASCUS+) or methylation.

4 | DISCUSSION

LBC samples collected 4months to 8years before histological diag-
nosis CIN3+ were methylation-positive and positive for ASCUS+
cytology in similar proportions. The methylation assay identified as
many cases of future SCC and a higher number of future ADC than
did cytology. Testing methylation of FAM19A4/miR124-2 for triage
of HPV-positive women could therefore be considered, especially
in settings without access to cytology, for instance in low-income
countries.?

The proportion of methylated LBC samples increased with
the severity of the developed lesions, which is in agreement with
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previous studies.?”?8 The elevated methylation levels are suggestive
of progressive CIN disease and may be related to a higher number of
methylated cells, and larger and more genetically aberrant lesions.?’
Concerning our cancer cases (SCC and ADC), 73% (11/15) had meth-
ylated LBC samples up to 2years prior to the cancer, which is similar
to that in a large European multicenter study where 95% (19 of 20)
of cervical cancers were methylated.3°

Only about half of the LBC samples collected within 24 months
before CINS histological diagnosis were methylation-positive. This
is in agreement with previous studies which have shown that only
about two-thirds of CIN3 lesions are methylated, and that meth-
ylation is more common in CIN3 lesions that have persisted for a
long time, and in those that are likely to progress.?’ 27 If CIN3 le-
sions that are likely to regress are not detected in the methylation
test, this could actually be an advantage. Treatment of precancer-
ous lesions can be associated with an increased risk for premature
birth®! and it is therefore crucial to avoid overtreatment. In this
study, we were not able to investigate whether CIN 3 would have
regressed more often in women with a negative methylation test,
since all women with CIN3 all underwent conization, according to
routine practice.

Within 2years before the histological diagnosis of CIN3+,
the vast majority (91%) of LBC samples showed ASCUS+ cytol-
ogy, whereas the percentage of methylation-positive samples was
lower (55%). But the fact that many of the women with dysplasia
were diagnosed thanks to an abnormal cytology sample, means
that there will be a selection towards a higher percentage of ab-
normal cytology than if a different test, for example methylation,
had been used primarily. No abnormal cytology was seen in sam-
ples taken 2-5years before the diagnosis of SCC (n=11) or ADC
(n=8). The probable explanation for this is that if abnormal cy-
tology had been detected, the women would have been referred
for prompt follow-up and would not have waited until the next
cytology sample.

Another explanation could be that the total number of ASCUS+
diagnoses is high, about 50% of HPV-positive women participating
in the screening in 2017 had ASCUS+ cytology,®2 but the specificity
for severe dysplasia is low. The majority (77%) of cytology samples
with ASCUS+ have the diagnoses ASCUS and LSIL.*? Data from
the Swedish National Cervical Screening Registry (https://nkcx.se/
index_e.htm) shows that only 4% of women with ASCUS cytology
in 2020 had a histological diagnosis of HSIL, AIS or cancer within
12months. The corresponding number for LSIL was 10%.

Methylation was seen in LBC samples collected 2-5years
before the diagnosis, to a greater extent than abnormal cytol-
ogy (ASCUS+). For samples taken more than 5years before his-
tological diagnosis of CIN3+, there was no statistical difference
between the proportions of methylation-positive and ASCUS+
cytology, or between women who developed CIN3+ and healthy
controls. Thus, it seems this methylation assay can detect dyspla-
sia earlier than cytology, but not >5years ahead. Since only one
LBC sample of each SCC and ADC was taken more than 5years
before cancer, it was not possible to draw any conclusions on the

possibilities to detect methylation >5years prior to invasive can-
cer. However, De Strooper et al. reported that substantial propor-
tions of cancer cases had methylated cytology samples 5-9 years
(64% methylated) and 10-14 (33% methylated) years prior to
cancer, indicating that methylation can be detected early during
cancer development, when the cytology is frequently classified as

normal.??

Identification of women several years before develop-
ment of cancer or severe dysplasia may not be purely beneficial,
since it would create the need for long-term follow-up of these
women and could cause unnecessary anxiety.

Even though methylation was frequently seen in LBC samples
collected 2-5years before CIN3+, the proportion of methylation
was generally higher among samples collected a short time before
the diagnosis. There was a higher proportion of methylated samples
collected within 5years before the CIN3+ diagnosis, than among
samples taken a longer time before the diagnosis, consistent with
the accumulation of methylated promoter tumor suppressor genes
during cancer and pre-cancer development.?®

Methylation was detected in the majority (7/10) of LBC samples
from women with normal cytology who subsequently developed
ADC. Only 11% (2/18) of all cases of ADC had abnormal cytology
in LBC samples collected 4 months to 5years before the diagno-
sis. Even within 2years from the diagnosis, only two of five ADC
cases showed abnormal cytology, illustrating the difficulty of finding
these cases through cytology. The prevalence of adenocarcinoma
has not decreased since the introduction of cytological cervical
cancer screening in Sweden in the 1960s.2 In fact, the incidence
of adenocarcinoma was 31% higher during 2014-2015 than during
2002-2013.% A probable reason for this is the difficulty of identify-
ing adenocarcinoma and its precursors through cytology, even when
searching carefully. In a nationwide Swedish review of cytology sam-
ples taken before CIN3+, the diagnosis was changed from normal to
atypical glandular cells or adenocarcinoma in only 6% of the cases.”

Overall, we observed low agreement (Kappa 0.157) between
ASCUS+ cytology and methylation among the women with fu-
ture CIN3+ lesions. This could probably be explained by mod-
erate sensitivity and low specificity for cytology.” As mentioned
previously, for the samples tested in this study, the proportion
of methylation was similar for samples with ASCUS+ and sam-
ples with normal cytology (64% vs 45%). Since methylation was
detected in nearly half of the samples with normal cytology, our
study indicates that methylation could identify a substantial pro-
portion of cases that will develop CIN3+ but which are missed by
cytology. However, approximately 10% of the LBC samples from
the healthy controls were also found to be methylated (for a more
exact estimation of the specificity of the assay, a larger number
of samples from healthy controls would need to be analyzed).
This is in line with previous data with methylation of 9.3% among
HPV-negative cervical scrapes with no evidence of CIN2+.28 A
substantially lower methylation rate (1.5% by GynTect) among
normal cytology screening samples has also been described.?’
Overall, this may reflect that a small subset of normal cytology
samples harbor methylation that is not clinically relevant. It is
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possible that older women more often would test positive in the
FAM19A4/miR124 methylation assay, since the degree of methyla-
tion tends to increase with age.34 This could either mean that the
test is less specific for older women or that cancer in general is
more common at older ages. We have not studied methylation in
older women particularly, but that would be an interesting future
project.

Testing HPV-positive women with normal cytology for methyl-
ation would increase the sensitivity to find cancer, especially ade-
nocarcinoma. Extensive testing of normal cytology samples would
increase the cost of the screening, so the cost-effectiveness has
to be considered before implementation, given that many sam-
ples would probably need to be analyzed to prevent one case of
adenocarcinoma.

For our methylation-tested samples, the proportion of samples
with abnormal cytology was approximately 30%, whereas the pro-
portion of samples positive for either cytology or methylation was
about 60%. However, since we only analyzed relatively few samples,
and since the analyzed samples had a higher percentage of normal
cytology than the entire group of women who developed CIN3+
(69% vs 46%), it is not possible to estimate how much the sensitivity
would increase.

Even though addition of methylation would increase the cost for
testing, a higher specificity could lower the cost for colposcopies, for
example, if women with ASCUS or LSIL would not need follow-up
immediately if they are methylation-negative. But this strategy could
not be implemented unless the methylation assay has a high sensi-
tivity to predict CIN3+.

A limitation of our study is the relative low number of samples an-
alyzed, which makes it difficult to make any robust conclusions. We
are currently planning a larger prospective study analyzing LBC sam-
ples from 2017, to estimate the sensitivity and specificity for meth-
ylation, to identify high-grade dysplasia and cancer within 5years, in

HPV-positive women participating in the screening program.

5 | CONCLUSION

Our results indicate that almost half of normal cytology samples
collected prior to development of severe cervical dysplasia, mani-
fest methylation. In addition, our data indicate that methylation can
be detected earlier than abnormal cytology among women who
develop severe cervical dysplasia. We propose testing for methyl-
ation of FAM19A4/miR124-2 among HPV-positive women with nor-
mal cytology to attempt to improve detection of cancer, especially

adenocarcinoma.
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