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Background. High-grade squamous intraepithelial lesions (HSIL) or cervical intraepithelial neoplasia (CIN) grade 2/3 lesions 
in human papillomavirus (HPV)–positive women ,30 years of age have high spontaneous regression rates. To reduce 
overtreatment, biomarkers are needed to delineate advanced CIN lesions that require treatment. We analyzed the FAM19A4/ 
miR124-2 methylation test and HPV16/18 genotyping in HPV-positive women aged ,30 years, aiming to identify CIN2/3 
lesions in need of treatment.

Methods. A European multicenter retrospective study was designed evaluating the FAM19A4/miR124-2 methylation test and 
HPV16/18 genotyping in cervical scrapes of 1061 HPV-positive women aged 15–29 years (690 ≤CIN1, 166 CIN2, and 205 CIN3+). 
A subset of 62 CIN2 and 103 CIN3 were immunohistochemically characterized by HPV E4 expression, a marker for a productive 
HPV infection, and p16ink4a and Ki-67, markers indicative for a transforming infection. CIN2/3 lesions with low HPV E4 expression 
and high p16ink4a/Ki-67 expression were considered as nonproductive, transforming CIN, compatible with advanced CIN2/3 
lesions in need of treatment.

Results. FAM19A4/miR124-2 methylation positivity increased significantly with CIN grade and age groups (,25, 25–29, and 
≥30 years), while HPV16/18 positivity was comparable across age groups. FAM19A4/miR124-2 methylation positivity was HPV 
type independent. Methylation-positive CIN2/3 lesions had higher p16ink4a/Ki-67-immunoscores (P= .003) and expressed less 
HPV E4 (P= .033) compared with methylation-negative CIN2/3 lesions. These differences in HPV E4 and p16ink4a/Ki-67 
expression were not found between HPV16/18–positive and non-16/18 HPV–positive lesions.

Conclusions. Compared with HPV16/18 genotyping, the FAM19A4/miR124-2 methylation test detects nonproductive, 
transforming CIN2/3 lesions with high specificity in women aged ,30 years, providing clinicians supportive information about 
the need for treatment of CIN2/3 in young HPV-positive women.
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Human papillomavirus (HPV) infections are very common in 
young women aged ,30 years [1–4]. Although HPV infections 

are often transient and many associated cervical intraepithelial 
neoplasia (CIN) lesions resolve spontaneously, surgical treat-
ment of women with CIN2/3 or high-grade squamous intraepi-
thelial lesions (HSIL) is very common [5–7]. The regression 
rate of CIN2 lesions is estimated up to 50%, while data in young 
women aged ,30 years show even higher rates of regression [8, 
9]. Consequently, cytology and/or HPV screening in young 
women often results in the detection of regressive CIN2/3 cer-
vical lesions and unnecessary treatments [10]. On the other 
hand, recent data show how young women would benefit 
from HPV screening in terms of better cancer protection 
[11]. Improved triaging biomarkers are therefore needed to 
identify HPV-positive young women with advanced CIN le-
sions in need of treatment.
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Hypermethylation of tumor suppressor genes is seen as a hall-
mark of cervical carcinogenesis. Recent clinical studies showed 
that the CE-In Vitro Diagnostic marked and standardized 
FAM19A4/miR124-2 methylation test detects virtually all cervi-
cal cancers (.98%) [12] and reliably detects advanced CIN le-
sions [13]. Advanced CIN lesions were earlier defined as 
CIN2/3 lesions with a cancer-like methylation profile that are 
associated with a longstanding HPV infection and are presumed 
to have a high short-term cancer progression risk [12, 13]. In 
women aged ≥30 years, this test showed a 77% sensitivity for 
CIN3 detection [14]. Finally, in a prospective clinical cohort 
study, absence of FAM19A4/miR124-2 methylation is associated 
with a high regression rate of CIN2/3 lesions [15, 16]. HPV16/18 
genotyping is a currently recommended triage strategy based on 
the understanding that carcinogenic potential differs between 
different HPV types [17, 18].

An earlier study reported that FAM19A4 methylation testing 
resulted in a relatively low positivity rate for CIN2/3 in young 
HPV-positive women aged ,30 years compared with women 
≥30 years, while the positivity rate of HPV16/18 genotyping re-
mained similar [19]. From these data we hypothesized that in 
this young age group the FAM19A4/miR124-2 methylation 
test could better (ie, with a higher specificity) reassure against 
the above-described advanced CIN lesions in need of treatment 
in comparison to HPV16/18 genotyping. In this study, we eval-
uate the FAM19A4/miR124-2 methylation test and HPV16/18 
genotyping in a large European multicenter cohort of 
HPV-positive women aged ,30 years, and relate findings to 
underlying histology.

METHODS

Study Design and Cohort

A multicenter retrospective study was designed within the 
VALID-SCREEN (European Union Horizon 2020) framework 
to evaluate the FAM19A4/miR124-2 methylation test in cervical 
scrapes from HPV-positive women aged ,30 years and relate 
findings to histologic outcome [12, 14, 20–22]. Samples were de-
rived from cervical screening and referral settings from Scotland, 
Slovenia, Denmark, Germany, Spain, and the Netherlands. 
Samples were selected ensuring inclusion of a sufficient amount 
of CIN2/3 lesions (for details, see the Supplementary Materials). 
Data on cytology, HPV status, and local pathology diagnoses 
were provided by the parent institutes. Sample collection media, 
HPV screening assay, and DNA extraction for methylation testing 
are summarized in Supplementary Table 1.

Inclusion criteria were (1) HPV-positive cervical scrapes 
from women ,30 years of age derived from a screening or 
outpatient population; (2) adequate baseline cytology and 
HPV test results obtained with a clinically validated test; and 
(3) containing sufficient cytology material for methylation 
analysis.

Molecular Analysis

All partners used clinically validated HPV DNA assays to deter-
mine HPV status and partial HPV genotyping [23]. FAM19A4/ 
miR124-2 methylation analysis and sample preprocessing (ie, 
DNA extraction and bisulphite conversion) was performed lo-
cally with cytology specimens as described previously [20]. The 
EZ DNA Methylation Kit was used for bisulphite conversion 
according to the manufacturer’s specifications (Zymo 
Research, Irvine, California) with a standard DNA input of 
250 ng. For samples with insufficient DNA yield to accomplish 
an input of 250 ng, a minimal input of 100 ng was used. 
Bisulphite-converted DNA was subsequently used as input 
for quantitative methylation-specific polymerase chain reac-
tion analysis of the FAM19A4 and miR124-2 genes using the 
QIAsure Methylation Test (Qiagen, Hilden, Germany). The 
QIAsure Methylation Test has been evaluated in several 
European study cohorts and no indication of influence of eth-
nicity on performance of the assay was found [14, 24–26]. In all 
laboratories, the assay was performed on a Rotor-Gene Q mdx 
5plex HRM instrument (Qiagen). The housekeeping gene 
β-actin (ACTB) was used as a reference to assure successful bi-
sulphite conversion, sample quality, and normalization. 
Methylation status was labeled positive if the QIAsure 
Methylation Test result exceeded the preset ΔΔ cycle threshold 
(Ct) value threshold for methylation positivity for FAM19A4 
and/or miR124-2 according to the manufacturer’s instructions.

Immunohistochemistry

For a subset of 175 women diagnosed with CIN2/3 lesions (62 
CIN2, 113 CIN3), formalin-fixed, paraffin-embedded (FFPE) 
tissue blocks were available for further characterization by 
p16ink4a, Ki-67, and HPV E4 immunohistochemistry. HPV 
E4 is a marker for a productive HPV infection that may give 
rise to mild or moderate cellular abnormalities usually regress-
ing spontaneously within 1–2 years [27, 28]. P16ink4a is a mark-
er for a transforming HPV infection and Ki-67 is a cell cycle 
activity marker [29], both widely used to guide CIN grading 
by pathologists.

Serial sections of 3 μm were cut from all available tissue 
blocks. Sections were stained with mouse monoclonal antibod-
ies (mAbs) against Ki-67 antigen (Clone MIB-1, DAKO, 
Agilent Technologies, Santa Clara, California), or p16ink4a anti-
gen (Clone E6H4, CINtec, Roche, Basel, Switzerland) by the au-
tomated IHC Ventana staining machine (Ventana Medical 
Systems, Roche, Oro Valley, Arizona). Sections were also 
stained with the mAb panHPVE4 (developed in the laboratory 
of J. Doorbar, Cambridge, England, available through Labo 
Bio-medical Products B.V., Rijswijk, The Netherlands), as de-
scribed previously [30, 31].

Two expert pathologists who were blinded to HPV genotyp-
ing and methylation results independently rendered a p16ink4a 

score (0–3), Ki-67 score (0–3), and HPV E4 score, as described 
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previously [21, 30]. The cumulative score of Ki-67 and p16ink4a 

(ranging from 0 to 6) was referred to as the “immunoscore.” 
Immunoscore 0–4 is considered a low to intermediate score, 
and immunoscore 5–6 is considered a high score. 
Membranous and/or cytoplasmic HPV E4 staining was scored 
as either negative (score 0), focally positive (ie, limited staining 
of some cells restricted to the superficial layer of the epithelium, 
score 1), or extensively positive (ie, widespread positive stain-
ing in the superficial layers of the epithelium extending to 
half of the epithelial width, score 2). For dichotomous scoring, 
only extensive HPV E4 staining was considered HPV E4 
positive.

Study Endpoints

Cytological specimens were classified according to the Bethesda 
classification as no evidence of intraepithelial lesion or malig-
nancy (NILM), atypical squamous cells with undetermined sig-
nificance or cannot exclude high-grade lesion (ASC-US/ 
ASC-H), low-grade squamous intraepithelial lesion (LSIL), 
and HSIL [32]. All histological specimens were classified as 
no dysplasia, CIN1, CIN2, CIN3, or cancer according to inter-
national criteria by local pathology departments [33]. To study 
the age trends of FAM19A4/miR124-2 methylation test and 
HPV16/18 genotyping in cervical scrapes and immunohisto-
chemical p16ink4a, Ki-67, and E4 expression, a reference popu-
lation of 2264 women aged ≥30 years of the same European 
multicenter study was used (reference population 1) [14, 21]. 
Moreover, 12 cervical squamous cell carcinomas or adenocar-
cinomas from women aged 25–29 years, of which the corre-
sponding cervical scrape was tested for FAM19A4/miR124-2 
methylation [12], was used to enable comparison of methyla-
tion levels between CIN3 and cervical cancer (reference popu-
lation 2).

Data and Statistical Analysis

Log10-transformed Ct ratios were visualized in boxplots. 
Trends in FAM19A4/miR124-2 methylation and HPV16/18 
genotyping positivity rates among age groups were evaluated 
with a χ2 test for trend, separately for different histological out-
comes. Methylation and HPV16/18 genotyping positivity rates 
among disease categories were compared using McNemar test. 
The Kruskal-Wallis omnibus test was performed on each meth-
ylated gene to assess differences in methylation levels among 
disease categories. Following a significant result from the om-
nibus test, post hoc testing was performed using 
Mann-Whitney U test. Bonferroni correction was used to cor-
rect P values for multiple testing. The associations between 
HPV16/18 genotyping, methylation, and the p16ink4a/Ki-67 
immunoscore and E4 immunohistochemistry were corrected 
for CIN grade using a Mantel-Haenszel analysis. A P value of 
.05 was considered statistically significant. All statistical 

analyses were performed using SPSS version 26.0 software 
(IBM, Armonk, New York).

RESULTS

Study Population

In total, 1061 cervical scrapes from HPV-positive women were 
evaluated in this study (Supplementary Table 1). Mean age of 
women was 25.3 years (range, 15–29 years). Cytology data 
were the following: 211 women with NILM, 184 women with 
ASC-US, 74 women with ASC-H, 256 women with LSIL, and 
336 women with HSIL. In total, 385 women had no histology 
endpoint, 163 women had no CIN, 142 women had CIN1, 
166 women had CIN2, 204 women had CIN3, and 1 woman 
had cervical squamous cell carcinoma.

Methylation Analysis and HPV16/18 Genotyping

Table 1 shows FAM19A4/miR124-2 methylation test and 
HPV16/18 positivity rates stratified for histology and age. 
Reference population 1 (women ≥30 years) is added to this ta-
ble to compare age-related trends. While FAM19A4/miR124-2 
methylation test positivity increased significantly from women 
,25 years, to women 25–29 years and women ≥30 years in 
both CIN2 and CIN3 (both P , .001), no significant differences 
in HPV16/18 positivity rates between women ,25 years, 25–29 
years, and ≥30 years were found in either CIN2 or CIN3. 
Supplementary Figure 1 shows methylation levels of 
FAM19A4 and miR124-2 genes, stratified for age groups of 
women ,25 years, women 25–29 years, and the reference pop-
ulations 1 (women ≥30 years) and 2 (women 25–29 years with 
cervical cancer). Although not significant for every age catego-
ry, a trend is seen that for CIN2 and CIN3, methylation levels 
increase with age.

Table 2 shows the correlation between HPV16/18 genotyp-
ing and methylation analysis. Stratified for histological disease 
category, methylation positivity rates are similar in cervical 
scrapes of women being HPV16/18–positive vs non-16/18 
HPV–positive (P= .253), indicating that methylation positivity 
in women ,30 years is HPV type independent.

Immunohistochemistry

Table 3 shows cumulative p16ink4a/Ki-67 immunoscores strat-
ified for methylation status or HPV16/18 status. Corrected for 
disease category, methylation-negative CIN2 and CIN3 lesions 
had significantly lower p16ink4a/Ki-67 immunoscores com-
pared with methylation-positive CIN2 and CIN3 lesions (P=
.003). No difference in p16ink4a/Ki-67 immunoscores in 
HPV16/18–positive CIN2 and CIN3 lesions vs non-16/18 
HPV–positive CIN2 and CIN3 lesions was found (P= .822). 
Similarly, Table 4 shows that stratified for CIN grade, 
methylation-negative CIN2 and CIN3 lesions were significantly 
more often E4-positive compared with methylation-positive 
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CIN2 and CIN3 lesions, respectively (P= .033). No difference 
in E4 expression in HPV16/18–positive CIN2 and CIN3 lesions 
vs non-16/18 HPV–positive CIN2 and CIN3 lesions was found 
(P= .588).

Figure 1 presents proportions of women based on their 
FAM19A4/miR124-2 methylation test results and p16ink4a/ 
Ki-67 immunoscores and their FAM19A4/miR124-2 methyla-
tion test and E4 results, stratified for histology. Women from 
reference population 1 (women aged ≥30 years) for whom im-
munohistochemical staining was available were added to this 
figure (n= 402). Figure 1 illustrates that both CIN2 and 
CIN3 of women aged ,30 years are less often methylation 

positive, have lower p16ink4a/Ki-67 immunoscores, and show 
more often E4 staining compared with women aged ≥30 years.

DISCUSSION

This study showed that the FAM19A4/miR124-2 methylation test 
positivity rates increased with age (,25 vs 25–29 vs ≥30 years) 
and CIN grade, while HPV16/18 genotyping positivity rates 
were similar among age groups. In addition, FAM19A4/ 
miR124-2 methylation positivity rates were independent of 
HPV type. FAM19A4/miR124-2 methylation-positive CIN2/3 le-
sions appeared to be associated with low HPV E4 and high 
p16ink4a/Ki-67 expression in young women (Figure 1). These non-
productive, transforming immunohistochemical features are 
compatible with earlier defined advanced CIN lesions associated 
with a persistent HPV infection [13, 29]. Consistently, in a recent 
prospective clinical cohort study of women with untreated CIN2/3, 
higher regression rates were observed in women with a negative 
FAM19A4/miR124-2 test than in women with a positive methyla-
tion test [15] (Kremer et al.). Taken together, the FAM19A4/ 
miR124-2 methylation test result reflects the nature (ie, high or 
low short-term cancer progression risk) of the underlying CIN, 
thereby providing guidance to the treatment policy in women 
with CIN2/3. Particularly in young women in whom a high pro-
portion of methylation-negative CIN2/3 is found, avoidance of 
overtreatment will be beneficial.

To further characterize methylation-positive and 
methylation-negative CIN lesions in our study, histology sec-
tions of a subset of CIN2/3 were immunohistochemically 
stained for p16ink4a/Ki-67 and HPV E4, indicative for trans-
forming and productive HPV infections, respectively. 
FAM19A4/miR124-2 methylation-negative lesions as found in 

Table 1. FAM19A4/miR124-2 Methylation and Human Papillomavirus 16/18 Detection Rates per Histology Category, Stratified by Age Group

Histology

Age Group

,25 y 25–29 y
Overall 
,30 y

Reference Population 1 
≥30 ya

P ValuebNo. (%) Total No. (%) Total No. (%) Total No. (%) Total

FAM19A4/miR124-2 methylation positivity rate

≤CIN1 60 (18) 330 86 (24) 360 146 (21) 690 418 (22) 1884 .236

CIN2 6 (12) 51 40 (35) 115 46 (28) 166 57 (48) 120 .000

CIN3 14 (40) 35 112 (66) 169 126 (62) 204 171 (77) 222 .000

Carcinoma 0 (0) 0 1 (100) 1 1 (100) 1 19 (95) 20 NA

HPV16/18 positivity rate

≤CIN1 47 (14) 330 104 (29) 360 151 (22) 690 542 (29) 1884 .000

CIN2 22 (43) 51 56 (49) 115 78 (47) 166 60 (50) 120 .449

CIN3 20 (57) 35 101 (60) 169 121 (59) 204 143 (64) 222 .268

Carcinoma 0 (0) 0 1 (100) 1 1 (100) 1 18 (90) 20 NA

The ≤CIN1 category consists of the no histology, CIN0, and CIN1 groups.  

Abbreviations: CIN, cervical intraepithelial neoplasia; HPV, human papillomavirus; NA, not applicable.  
aReference population 1 of women aged ≥30 years of the same European multicenter study was included [14, 27].  
bTrends in FAM19A4/miR124-2 methylation and HPV16/18 genotyping positivity rates among age groups (,25 years, 25–29 years, and ≥30 years) were evaluated with a χ2 test for trend.

Table 2. FAM19A4/miR124-2 Methylation Positivity in Non-16/18 Human 
Papillomavirus (HPV)–Positive and HPV16/18–Positive Cervical Lesions 
in Women ,30 Years of Age

Histology
HPV16/18 

Genotyping

Methylation 
Negative

Methylation 
Positive

Total P ValueaNo. (%) No. (%)

≤CIN1 Non-16/18 positive 431 (80) 108 (20) 539 .253

16/18 positive 113 (75) 38 (25) 151

CIN2 Non-16/18 positive 63 (72) 25 (28) 88

16/18 positive 57 (73) 21 (27) 78

CIN3 Non-16/18 positive 34 (41) 49 (59) 83

16/18 positive 44 (36) 77 (64) 121

Carcinoma Non-16/18 positive 0 (0) 0 (0) 0

16/18 positive 0 (0) 1 (100) 1

The ≤CIN1 category consists of the no histology, CIN0, and CIN1 groups.  

Abbreviations: CIN, cervical intraepithelial neoplasia; HPV, human papillomavirus.  
aThe association between HPV16/18 genotyping and methylation was corrected for CIN 
grade using a Mantel-Haenszel analysis. Stratified for histological disease category, 
methylation positivity rates are similar in cervical scrapes of women being non-16/18 HPV 
positive vs HPV16/18 positive (P= .253).
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the young women of this study showed decreased p16ink4a/ 
Ki-67 immunoscores and increased E4 expression compared 
with methylation-positive lesions, consistent with our premise 
that absence of host-cell methylation is associated with regress-
ing CIN lesion.

Especially in young women (,30 years), CIN2 regression 
rates are high, with estimates up to 70% at 36 months [8, 9]. 
Consistently, in our study, we observed in particular a relatively 
low positivity rate of the methylation test in women with CIN2 
(28%). In addition, we observed a trend that methylation posi-
tivity rates in women with CIN2/3 were even lower in women 
,25 years than in women aged 25–29 years. Further compari-
son of CIN2/3 lesions of women ,30 years and women ≥30 
years of age showed that lesions in women aged ,30 years 
have fewer transforming features (ie, lower p16ink4a and Ki-67 
immunoscores) and rather show productive characteristics (ie, 
higher rates for E4 positivity). This finding further supports 
the hypothesis that absence of FAM19A4/miR124-2 methylation 
analysis is associated with CIN2/3 lesions early in development.

In this study, non-16/18 HPV–positive CIN lesions had sim-
ilar p16ink4a and Ki-67 immunoscores and HPV E4 expression 
compared with HPV16/18–positive lesions. This indicates that 
in women aged ,30 years, HPV16/18 genotyping cannot reli-
ably differentiate between CIN2/3 lesions with a high vs low 
short-term cancer progression risk. Consequently, HPV16/18 
genotyping seems no reliable biomarker to prevent overtreat-
ment of regressing CIN2/3 lesions in these young women. 
Presently HPV16/18 genotyping is used in certain settings as a 

strategy to identify CIN2/3 in screening [34–36]. With the en-
trance of vaccinated cohorts in screening programs, numbers 
of HPV16/18–positive women will be substantially lower [37], 
and consequently HPV16/18 genotyping for CIN2/3 detection 
will be less informative. Given the retrospective nature of our 
study with samples collected between 2010 and 2017, the major-
ity of women in our study are presumed to be unvaccinated. In 
contrast to HPV16/18 genotyping, FAM19A4/miR124-2 methyl-
ation constitutes an HPV type and cytology independent bio-
marker for advanced CIN2/3 and cervical cancer and may 
therefore be a valid tool to detect CIN2/3 in HPV-vaccinated 
cohorts.

At present, performance data of methylation markers in 
women aged ,30 years are very limited. To our knowledge, 
this is the largest cohort of young women evaluated to date 
showing that the FAM19A4/miR124-2 methylation test is a 
compelling biomarker test for the detection of advanced 
CIN2/3 lesions. A limitation of the study is that FFPE samples 
for immunohistochemical staining and revision could only be 
retrieved from a subset of women. Furthermore, for some sam-
ples with abnormal cytology, the histological endpoint is miss-
ing, potentially overestimating methylation levels in this group.

In conclusion, we have shown in a large cohort of young 
women ,30 years, that in contrast to HPV16/18 genotyping, 
FAM19A4/miR124-2 methylation test-positive CIN lesions 
were associated with nonproductive, transforming CIN in 
need of treatment. The lower fraction of FAM19A4/miR124-2 
methylation-positive CIN2/3 in young women compared 

Table 3. p16ink4a and Ki-67 Immunoscores in Methylation-Negative and Methylation-Positive Lesions and in Non-16/18 Human Papillomavirus (HPV)– 
Positive and HPV16/18–Positive Lesions, in Women ,30 Years of Age

Histology Methylation

Immunoscore

Total P Valuea0–4 (%) 5–6 (%)

CIN2 MM negative 27 (69) 12 (31) 39 .003

MM positive 11 (48) 12 (52) 23

CIN3 MM negative 21 (51) 20 (49) 41

MM positive 19 (26) 53 (74) 72

Subtotal MM negative 48 (60) 32 (40) 80

MM positive 30 (32) 65 (68) 95

Total 78 (45) 97 (55) 175

Histology HPV Genotyping

Immunoscore

Total P Valuea0–4 (%) 5–6 (%)

CIN2 Non-16/18 HPV positive 25 (63) 15 (38) 40 .822

HPV16/18 positive 13 (59) 9 (41) 22

CIN3 Non-16/18 HPV positive 17 (37) 29 (63) 46

HPV16/18 positive 23 (34) 44 (66) 67

Subtotal Non-16/18 HPV positive 42 (49) 44 (51) 86

HPV16/18 positive 36 (40) 53 (60) 89

Total 78 (45) 97 (55) 175

Abbreviations: CIN, cervical intraepithelial neoplasia; HPV, human papillomavirus; MM, methylation marker.  
aThe associations between methylation, HPV16/18 genotyping, and the p16ink4a and Ki-67 immunoscore were corrected for CIN grade using a Mantel-Haenszel analysis. Corrected for disease 
category, methylation-negative CIN2 and CIN3 lesions had significantly lower p16ink4a/Ki-67 immunoscores compared with methylation-positive CIN2 and CIN3 lesions (P= .003). No 
difference in p16ink4a/Ki-67 immunoscores in HPV16/18–positive CIN2 and CIN3 lesions vs non-16/18 HPV–positive CIN2 and CIN3 lesions was found (P= .822).

Methylation Markers in Young HPV-Positive Women • CID 2023:76 (1 February) • e831



with older women is consistent with a shorter duration of the 
associated HPV infection, and a likely lower cancer progression 
risk in these women. The high specificity of FAM19A4/ 

miR124-2 methylation test for advanced CIN2/3 lesions in 
young women makes this test a promising tool to guide clini-
cians in management of women with CIN2/3 lesions. 

Table 4. E4 Expression in Methylation-Negative and Methylation-Positive Lesions and in Non-16/18 Human Papillomavirus (HPV)–Positive and HPV16/18– 
Positive Lesions

Histology Methylation E4 Negative (%) E4 Positive (%) Total P Valuea

CIN2 MM negative 17 (44) 22 (56) 39 .033

MM positive 16 (70) 7 (30) 23

CIN3 MM negative 32 (78) 9 (22) 41

MM positive 63 (88) 9 (13) 72

Subtotal MM negative 49 (61) 31 (39) 80

MM positive 79 (83) 16 (17) 95

Total 128 (73) 47 (27) 175

Histology HPV Genotyping E4 Negative (%) E4 Positive (%) Total P Valuea

CIN2 Non-16/18 HPV positive 22 (55) 18 (45) 40 .588

HPV16/18 positive 11 (50) 11 (50) 22

CIN3 Non-16/18 HPV positive 36 (78) 10 (22) 46

HPV16/18 positive 59 (88) 8 (12) 67

Subtotal Non-16/18 HPV positive 58 (67) 28 (33) 86

HPV16/18 positive 70 (79) 19 (21) 89

Total 128 (73) 47 (27) 175

Abbreviations: CIN, cervical intraepithelial neoplasia; HPV, human papillomavirus; MM, methylation marker.  
aThe associations between HPV16/18 genotyping, methylation, and E4 immunohistochemistry were corrected for CIN grade using a Mantel-Haenszel analysis. Corrected for disease category, 
methylation-negative CIN2 and CIN3 lesions were significantly more often E4 positive compared with methylation-positive CIN2 and CIN3 lesions, respectively (P= .033). No difference in E4 
expression in HPV16/18–positive CIN2 and CIN3 lesions vs non-16/18 HPV–positive CIN2 and CIN3 lesions was found (P= .588).

Figure 1. The proportions of women aged ,30 years and ≥30 years, grouped based on their methylation and immunoscores (A) and methylation and E4 status (B), strat-
ified for histologic outcome. *A reference population was included of women aged ≥30 years of the same European multicenter study for which immunohistochemical 
stainings were available [26]. Abbreviations: CIN, cervical intraepithelial neoplasia; IS, immunoscore; MM, methylation marker.
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In agreement with recently observed increased regression rates 
in FAM19A4/miR124-2 methylation-negative women com-
pared with methylation-positive women [15] (Kremer et al.), 
a wait-and-see policy for methylation-negative CIN2/3 could 
be especially beneficial in young HPV-positive women.
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