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Authors, year Cancer type Methylated genes

Reinert, 2012 Bladder cancer ZNF154, HOXA9, POU4EF2, TWISTI1, VIM
de Groot et al, Breast cancer SLC5A8, AKRIB1,ALXI], GPX7,

2014 RASSGREF2, SFRP2, TM6SF1 and TMEFF2
Yi, 2021 Colorectal cancer TFPI2. FBN2, SEPT9, SMAPS, MLHI,

CDHI, TIMP3, O6-MGMT, SFRP1, SFRP2,
pl6, APC. HIC1, CHFR

Etcheverry et al, Glioblastoma SLCSAS, MGMT, SOX 10, RUNX3, WIF1,

2010: LeBlanc CDI33, HTATIP2, PDEAC, TES

and Marra, 2016

Zhang et al, 2016 Hepatocellular RASSFIA APC.GSTP1,CDHI, pl5.

carcinoma RUNX3,SOCS1, SFRP1, PRDM2, pl4,

RARP and p73

Shen et al. 2019 Lung cancer SLCSAR, HOXA9 KRTAPS-1, CCND1,
TULP2

Yang and Park, Prostate cancer CAV1,CDKN2A, CCND2, DAPK, HICI,

2012 LPL. PITX2, PTGS2. RASSFIA, SLC5A8

Albulescu A et al., Experimental and Therapeutic Medicine, 2021
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Table 4. Performance characteristics of selected DNA methylation
studies in exfoliated cervical cells for CIN2+. The combination tests
typically used any gene marker as positive, but see ref. 37 for spe-
cific details

Genes Sensitivity % Specificity % PPV %
C130RF18/AM3 74 76 MNA
ANKRDI1BCP
FAM19A4 70 1] 55
EPB&1L3 T4 65 28
HPV16/18/31/33
EPB41L3 Q0 49 51
HPV16/18/31/33
cADM1 89 50 52 N
MAL @UiCC I ] C
miR-124 b cances conval X J
PAX1 44 95 83 Internarional Journal of Cancer
PCDHA4 75 20 73
PCDHA13
- L -
buxt 77 s6 NA Eurogin roadmap 2017: Triage strategies for the management
LT - - - - -
RXFP3 of HPV-positive women in cervical screening programs
50X17
2;::; o s ” Kate Cuschieri (27, Guglielmo Ronco (27, Attila Lorincz 2, Laurie Smith®, Gina Ogilvie®, Lisa Mirabello®,
VAL Francesca Carozzi’, Heather Cubie®, Nicolas Wentzensen®, Peter Snijders”, Marc Arbyn'®, Joe Monsonego'® and
Jam3 = %0 < Silvia Franceschi®?
EPB41L3 a0 57 MNA
TERT 62 62 MNA
FAM19A4 69 70 42
MAL 72 49 29
Mir-124
CADM 1 48 281 MNA
MAL
miR-124
JAM3Z 65 77 MNA
TERT
EPB41L3
C130RF18
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Bl C www.nature.com/bjc

British Journal of Cancer

ugsinis

ARTICLE
Epidemiology

Performance of DNA methylation assays for detection of high-
grade cervical intraepithelial neoplasia (CIN2+): a systematic
review and meta-analysis

Helen Kelly (3", Yolanda Benavente®, Miquel Angel Pavon’, Silvia De Sanjose™*, Philippe Mayaud® and Attila Tibor Lorincz’

2019
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Table 1 continued

Authior, year Study ID Country Study design First screen test Sample Median age (IQR/ n CIN2+4 (%) n ICC (%) Genes studied Markers evaluated Threshold for
ranige) simghyfin methylation
combination positivity pre-
defined
Boers 2016 Eg The Netherands- Convenience Cytology ASCUS+ m 20-85 106 (62.00 0 (0.0%)" EPB41L2 Single Yes
Groningen

Rogeri 2018 Ei1 Brazil-5ao Faulo Cohort None (63% HR-HPV- 402 MR 126 (31.3) 0 (0.0) EPB41L3, SOK1 Single only Yes

peositive)

¥u 2015% P51 China-Shanghai Case-control Mone (HR-HPFV =>76%) B 3644 34 (36.2) 0 (0.0%)" PAXY Single only Obtained

from ROC

Kan 2014 P52 Taiwan-Taipei Cohort None 419 MR 43 (10.3) 4 (1.0) PAXT, S0X1 Single only es

Lai 2014 P53 Taiwan Case-control Abnormal cytology 346 46 92 (26.6) 3087 PAX1, 50X1 Single only Pre-defined +

ROC
Li 2015* P54 China-\Weifang Cohort Abnormal cytology 463 46 [25-68) 3473 2 [0.4%j) PAX1 Single only Pre-defined +
SCUS+) ROC
Lin 2011% P55 Taiwan Cohort Abnomal cytology 220 MR 42 (19.1) 11 (500 PAX1T Single only Yes-but
[ASCUS+) unclear how

Huang 20107 P56 Taiwan Convenience Abnormal cytology 59 32 (54.2) 0 (.00 PAX1 Single only Yes

Tian 2017 P58 Taiwan Cohort HR-HFV 173 MR 79 (45.7 17 (9.8) PAXT, 30X1 Combination Yes

Bryant 2015°% Hi&-1 UE-Cardiff Case-control HPV1& positive 200 21 [mean) 145 (F2.5) 2 (1.0%) HFV16-L1/L2 Single only Obtained
HPYV16+) fram ROC

Mirabello 2015% H1g-2 USA-California Case-control HFV16 positive 949 34 [21-64] 59 (59.6) 0 (0.0%) HFV16-L1 Single only Obtained
HPV16+) from ROC

Chiu 20155 Hig-3 China-Zhengzhou Convenience HPV16 positive 114 37 [25-74] 72632 11 [9.8) HFW16-L1 Single only fes
HPYV16+)

Simanavidens Hig-4 Lithuania-Vilnius Convenience HPV1& positive 126 MR a7 (69.0) T HFV16-L1 Single only Yes

2015 HPVIG+)

Brandsma 2014 H1g-5 Senegal-Dakar/ Convenience HPV16 positive 33 34 (23-85) 12 (36.4) 0 (0.0%)" HFV16-L1/L2/E2 Single only fes

USA-New Haven HPV1E+)

Brentnall 2014 Hig-6 UK-London Population-based Abnomal cytology 1493 MR 556 (37.2) 0 (0.0%) EPB41L3/HPV-16/- Combination only Obtained
screening- referral and HPV16+ 18/-31/-33 (55 from ROC
population classifier)

Lorincz 2013% Hig-7 UK-Wales Cohort (HPV1E+) HFV16 positive FE] MR 25 (34.) 0 [0.0%) HFViE-L1/L2 Single only Pre-defined +

ROC

Mirabello 2013 Hi6-8 Costa-Rica- Case-control Abnormal V1 or cyto 273 MR 109 (39.9) 13 (4.6%) HFV16 L1 Single only Obtained

Guanacaste HPVI6+) and HPV16+ fram ROC
Kottaridi 2017 Hig-49 Greece-Athens & Case-control HPV16 positive 150 36 [(21-62) 115 (Fa.6) 9 (78 HFW1a L1 Single only fes
UK-London HPVIG+)

ROC Receiver Operating Characteristics; ASCUS+ atypical sguamous cells of undetermined significance, or greater; W visual inspection; IOR interguartile range

*CIN2+ prevalence among women with a HR-HPV DNA positive test or cytology abnormality or among studies with high prevalence HR-HPV

ECancers were excluded from the analyses due to the high proportion (>10% of all samples)

“For Bu et al 2018 (F4), 61 (28% of all samples) were cervical cancer cases and were excluded to reduce bias ; Brentnall et al, 2014 (HPV16-6) is evaluated for HPV16 DMA methylation (restricted to HPV16-
positive women)

population
Cook 2018" EE Canada-British Case-control HR-HFW 57 MR 107 (41.8) O (0u0) EPB41L3/HPV-16/- Combination Obtained
Colombia 18/-31/-33 |55 from ROC
classifier)
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Table 2. Meta-analysis of the performance of DNA methylation assays for detection of CIN2+ and CIN3+
N studies N women Pooled CIN2+/ Pooled sensitivity, 2 Pooled specificity, 2
CIN3+ prevalence % (95% Cl) % (95% Cl)
CIN2+ detection
All studies, irrespective of threshold 38 12,552 36.7% 63.2 (56.4-69.5) 90.5 (88.2-92.8) 75.9 (71.9-79.5) 85.7 (81.9-89.6)
leve 10.24-31.33-40,4243,45-49,52-63,65 ab
Population-based screening studies 8 6589 27.2% 66.5 (56.8-75.0) 93.0 (89.6-96.5) 70.8 (69.4-72.2) 42.9 (0.0-89.5)
Cohort studies 7 2227 24.3% 68.0 (57.0-77.3) 83.0 (71.5-94.6) 76.7 (66.3-84.6) 95.3 (93.1-97.5)
Case-control studies® 5 1054 33.0% 58.7 (48.1-68.5) 34.2 (0.0-98.4) 78.2 (62.8-88.4) 76.5 (55.7-97.4)
Convenience studies® 9 1468 36.4% 45.9 (31.7-60.9) 87.2 (79.7-94.7) 84.1 (74.8-90.4) 83.5 (73.0-93.9)
HPV16-positive samples® 9 1214 58.3% 71.8 (54.5-84.4) 95.3 (93.3-97.4) 73.5 (66.6-79.4) 57.1(23.3-909)
Set threshold to achieve 70% 24 9646 35.9% 68.6 (62.9-73.8) 86.3 (81.7-90.9) 70.5 (69.3-71.6) 0.0 (0.0-59.1)
specificity! 0-24-2931.3335.37.35,42 46 4B.S5-60.6365
Set threshold to achieve 50% 17 7225 34.9% 80.3 (75.6-84.4) 83.5 (76.2-90.7) 50.1 (48.7-51.5) 0.0 (0.0-74.0)
specificity! 02527.28,33-35,37,39,41,48.49,557,58.60 ¢
CIN3+ detection
All studies, irrespective of threshold 30 7393 21.5% 70.5 (64.8-75.6) 80.0 (73.3-86.6) 74.7 (70.8-78.1) 86.2 (82.1-90.4)
leve|1025-27.29-32.34.35.36,40-4244,46-54,56.58,62.63.65 a, 1
Referral-population-based studies 6 2708 17.4% 67.6 (60.4-74.0) 67.2 (38.8-95.6) 70.1 (67.8-72.3) 382 (0.0-95.2)
Cohort studies 5 1331 17.7% 78.2 (68.3-85.7) 77.7 158.2-97.3) 76.4 (61.9-86.6) 97.0 (95.5-98.5)
Case-control studies 5 1306 14.8% 71.0 (60.0-80.0) 61.6 (24.0-99.2) 70.0 (67.0-73.0) 0.0 (0.0-100.0)
Convenience studies 10 1544 21.5% 72.2 (64.5-78.8) 54.0 (21.1-86.8) 76.6 (71.1-81.2) 73.1 (56.0-90.2)
HPV16-positive samples 4 504 43.1% 58.8 (34.7-79.3) 92.6 (86.9-98.2) 80.0 (59.4-91.6) 83.5 (68.2-98.9)
Set threshold to achieve 70% 19 5197 19.8% 71.1 (65.7-76.0) 64.0 (45.9-82.1) 69.8 (68.3-71.3) 0.0 (0.0-69.3)
specificity! 0-35-27-2931.3235.1.42,04 46.48.51.53.56,63.65
Set threshold to achieve 50% 14 4216 19.0% 82.3 (77.8-86.1) 53.6 (25.6-81.7) 49.7 (48.1-51.3) 0.0 (0.0-79.9)
specificity! ©25-2732.34.35,42,44,48,4951.58.65
*The sensitivity estimate derived based on 70% specificity is used in this analysis when multiple estimates are given and for all other studies, the sensitivity and specificity estimates as reported by authors
are used
One study”® provides estimates for two genes (EPB41L3 and SOX1); in this analysis only data for EPB41L3 are included so that data from the same population of women are considered only once; similarly for
ref. **—data for PAX1 and not SOX1 are included
“For analysis of case-control studies, ref. '* was removed from the analysis; and for convenience studies ref. * was removed from the analysis to allow best model fit in stata
4Among women with HPV16 infection; “24 studies allowed standardization of threshold-level for methylation positivity, which corresponded to a specificity of 70% for CIN2+ either by providing the raw data or
a ROC curve; 17 studies allowed estimation at a specificity of 50% for CIN2+; 19 studies allowed estimation at a specificity of 70% for CIN3+
“14 studies allowed estimation at a specificity of 50% for CIN3+
fOne study™ provides estimates for two gene combinations (CADM1/MAL and MAL/MIR-124-2) and only data for MAL/MiR-124-2 combination were used in the analysis (as authors conclude this was the best
combination of markers)
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Table 3. Pooled Positive Predictive Value (PPV) of DNA methylation assays for detection of CIN2+ and CIN3+

CIN2+ detection Model 1° Model 2°
Observed prevalence FPY (95% CI) Set prevalence
5% 1040 20% 30% 40% 50%
PPV (95% CI) PPV (95% CI) PPV (95% CI) PPV (95% CI) PPV (95% CI) PPY (95% CI)
All studies (n = 3§)1984 313404843430 3565 36.7% 57.6 (50.3-564.5) 121 (102-14.0) 226 (19.4-25.7) 396 (35.3-43.9) 529 (48.4-57.4) 636 [59.4.3-67.8) 724 [688-75.0)
p-heterogensity 25.1 (171-35.2)
Threshold to achieve 70% specificity (n = 35.7% 534 (44.4-82.1) 7.2 (4.5-9.8) 14.0 (92-18.8) 26,8 (19.0-34.7) 386 (29.1-48.1) 49.5 [30.4-59.5) 50.5 [49.8-88.1)
24 gtud'*s'l1&.14—11‘.51_554;.5-’_5 Al AdaH 5500105
p-heterogensity 275 (1F 1100
Threshold to achieve 50% S.PEEIFICI‘I:S',' {n = 17 studies) 34.9% 438 (35.2-2.7) LT (73-81) 150 {14.2-15.7) 28.4 (272-29.6) 404 (39.0-41.8) 514 [49.9-52.8) 61.3 (50.9-62.7)
speciﬁcity““'“'”““‘”""""w‘ 2 AH 40 55 57 E8 B0
p-heterogensity 55 (13842 1)
CIM3+4 detection Model 17 Model 2*
Observed prevalence PPV (95% CI) Estimated prevalence
5% 10% 20% 30% 40% 50%
Allstudies | Table 4. Pooled relative sensitivity and relative specificity of DNA methylation assays compared to cytology and HPV16/18 genotyping for detection of CIN2+ and CIN3+ following a HR-HPV-
;""’Emcf"e” positive result, and compared to HR-HPV DNA test
res
pheteroger CIN2+* CIN3+"
Threshald N studies Relative sensitivity (95% CI) pwalue Relative spedficity (95% CI) p-value N studies Relative sensitivity (95% CI) p-value Relative specificity (95% Cl) p-value
1.1]“-\14--'-'-1
p-heteroger Among HR-HPUY-positive women®
odel ' Cytology ASCUS:'BA4-20 213540215588 1 081 (0.63-1.04) 0102 125 (0.95-1.59) 0116 9 087 (065-1.17) 0.351 137 (1.02-1.85) 0.037
BModel . | Cytology LSIL+*5394= 4 065 (0.40-1.08) 0095 155 (0.92-261) (.06 5 071 (0.61-0.82) <0001 1.36 (D69-268) W EF]
HPV16/18 genotyping®!!=3-#7 3031553042 9 122 [1.05-1.42) 0.1 1.03 (0.94-1.13) 0.552 8 1.19 (0.97-1.45) 0.091 1.04 (0.97-1.12) 0234
Among all women irrespective of HR-HPV status?
HR-HPY DR A#SH30A0A58390472254 10 0.58 (D.47-0.72) <0001 1.63 (1.30-2.05) <0.001 9 071 (061-0.83) <0001 166 (1.23-2.25) 0.001

Twelve studies
nine!-25-27.30.21.35,36.42

s, =CIN1T
Bys. <CINZ

10,24-26,31,35,44,46,47,49,51 55,65

Test evaluated among women with HR-HPV-positive test result
“Test evaluated among all women, irespective of HR-HPV DNA status
“In the analyis comparing DNA methylation versus HPV16/18 genotyping, the combination of DNA methylation assays included human genes only

25,34 36 40,43 44 46,47 52 54

evaluated cytology (abnormalities defined as ASCUS+ in ten studies, LSIL+ in five studies) following a HR-HPV test or among women with high prevalence of HR-HPV;
evaluated HPV16/18 genotyping following a HR-HPV-positive test; ten studies

evaluated performance of HR-HPV testing (any type positive using Hybrid Capture Il or

genotyping methods); to ensure standardisation of the raw data across all of the three analyses, we used sensitivity estimates based on a set specificity of 70%, where available
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TABLE 2 | Comparison of host gene methylation markers alone or in combination for detecting CIN2+/CINS+ in HR-HPY-positive women.

Gene/gene panel Tissue type Sample number CIN2+ CIN3+ Ref
Sensitivity (%) Specificity (%) Sensitivity (%)  Specificity (%)
FAM19A4 Scrapes 218 69.2 6939 5.8 67.0 (42)
Fam19a4 Scrapes 508 57.8 7441 75.6 714 (43)
FaMI9A4 Vaginal lavage 450 444 828 65.3 81.3 (44)
JAME Scrapes 128 63.0 0.0 82.0 88.0 (45)
C130RF18 Scrapes 128 49.0 920 65.0 91.0 (45)
EPB41L3 Scrapes 128 67.0 570 83.0 61.0 (45)
TERT Scrapes 128 69.0 62.0 76.0 60.0 (45)
IMF582 Scrapes 230 MNA MA 83.0 1.0 (48]
FTPRR Scrapes 230 MA A g92.0 49.0 (48B)
P Scrapes 230,65 MNA MA 46.0.60.0 86.0,100.0 (46, 47
SOX1 Scrapes 230,55 MNA MA 62.0,63.0 76.0,74.0 {46, 47)
POU4F3 Scrapes 100 MNA MA 83.0 g82.0 (48)
POUAF3 Scrapes 55 MNA MA 74.0 89.0 {47
CADMA/MAL FFPE 281 MA MA 70.0 T8.0 (49
CADM1MAL Scrapes 236 MA A 60.5~100 833 (50
Fan19a4/miR124-2 Scrapes 2384 33.3~611 71.1-80.3 75.0-78.2 71.1-~803 (51)
CONAT/C130RF18 Scrapes 89 ar.0 96.0 A A, (52)
C130RF18/1AM3/ Scrapes 107 65.0 A 82.0 I (53)
EPB41L3/TERT
C130RF18/1aM3/ Scrapes 215 4.0 T6.0 A LA, (54)
ANKRD18CP
C130RF18/EPB41L3Y Scrapes 235 a0.0 66.0 95.0 64.0 (55)
JAMS
ANKRD18CP/ Scrapes 235 60.0 68.0 68.0 67.0 (55)
C130RF18/1AM3
SOX1/Z50AN1 Scrapes 235 63.0 84.0 9.0 81.0 (55)
DLX1ATGAL/RYXFPSY Scrapes 217 56.0 Ba.7 76.2 829
SOX¥17/ZNFET
AJAP1/MMAGT2/P0OUAF3 Scrapes 100 MA A 73.0 ar.o (57)
AJAR1/EDMNS/ERPDY Scrapes 100 MA A 73.0 a8.0
MAGIZ/S0X1T
DAPK1/RARB/TWIST1 Biopsy 319 NA MA, 52.0 95.0 {58)
At s e e e o 60 “ Zhang et al., Frontiers in Oncology, 2022
EFB41L3/50X1/DCC Scrapes 167 MA MA 70.0 91.0 (60)
EPB41L3/50x1 Scrapes 167 MA A 76.0 870 (60)
EPB41L3/DCC Scrapes 167 NA MA, 76.0 86.0 {60)
SOxX1/DCC Scrapes 167 MA A 75.0 84.0 (60)
SOX1/PAXTAMK A Scrapes 185 MNA MA 88.0 82.0 (67)
MNEXE-1
MNA, not avallabie.
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TABLE 3 | Companson of HFY ONA methylation markers for detecting CINZ4+/CIM34+.

Gene/Gene panel Tizssue type Sample CIN2+ AUC Ref
number
Sensitivity Specificity Sensitivity Specificity
(%) (%) (%) (%)

HFV18,31.45 genomes Cytology 188 Pl ML A A 0.B5/0.81/0.98 (107)
HFY1E genome Exfoliated cell 273 91.0 60.0 MNA A 0.82 [108)
HFYE L1 Cytology 145 L LA T8.7 7r.5 0.85 (103
HFE L1/LCR Cytology i LA LA 85.7 8.4 0.80 (110)
HR-HEY 16/18/31/33/35/38/45/51/52/56/58/59  Cytology 659 Pl ML 80.0 55.6 0.46 (111}
L1/A2

EFS41L3HFVIBM18/31 Cytology 14595 90.0 36.0 MNA NA 0.80 1112)
EFB41L3/HPV1E8M18/31/33 Cytology 1483 90.0 480 A A 0.82 (113)
EPB41L3HPV1618/31/33 Cytology 341 740 65.0 A A 0.78 (114}
EFB41L3/HF18M18/31/33 Cytology 257 7a.7 440 03.2 41.8 0.81/0.85 (113)
EPB41L3HPV1618/31/33 Exicliated cell 316 62.0 73.0 T70.3 766 73081 (73)

M4, not avallable; AUC, area under the cunve.

Zhang et al., Frontiers in Oncology, 2022

« Badal et al., J Virol, 2003

« Kalantari et al., Virology, 2009

 Mirabello et al., J Natl Cancer Inst, 2012
 Wentzensen et al., J Natl Cancer Inst, 2012
« Mirabello et al., Int J Cancer, 2013
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Table 3. Comparison of the performance established triage tests with a combined 12-type DNA methylation assay

Test positivity Sensitivity Specificity Youden index Risk in positives Risk in nnEhras
Cytology 4B.7% TB.E% 54.1% 0.31 14.3% 4.2%
Cytology OR HPV16/18 b3.7% 89.9% 38.8% 0.29 12.8% 2.5%
Methylation 12 types 38.5% a80.0% b5.6% 0.46 18.9% 3.0%
Methylation 10 types 29.0% 71.0% B65.7% 0.43 23.9% 3.3%
Methylation 5 types 17.5% B0 0% Bb5.7% 0.26 $0.8% 5.7%
Methylation 5 types with validation sites 20.5% 60.0% b2.4% 0.22 26.3% 6.0%

MOTE: We calculated the overall specificity of a combined 12-type DNA methylation assay by fixing the sensitivity at 80% for each type and used the resulting type-
specific specificity (shown in Fig. 2) to estimate the total number of true negatives across all types. Cytology positive is defined as ASC-US+, cytology or HPVIE/18 is
positive if either ASC-US4 OR HPV16" and/or HPVIB . As a sensitivity analysis, we also evaluated the performance of a 10-type HPV methylation assay (excluding
HPV51 and HPWS6) and a 5-type methylation assay (HPV16/18/31/33/45). As a validation step, we evaluated the top 5 sites reported in the literature (i.e., "validation
sites,” HPV16 CpGHR5611; HPVIB CpGa7041; HPV3 CpGR5524; HPVAS CpGRT76986; HPVAS CpGa7135).

Clarke et al., Clin Cancer Res, 2018
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EBioMedicine 50 (2019) 246-259

Contents lists available at ScienceDirect

EBioMedicine

journal homepage: www.elsevier.com/locate/ebiom

Research paper

The use of human pap!
intraepithelial neoplasi

Sarah ] Bowden®®, Ilkka Kalli
Kostas Lathouras®, Lisa Mirah
James M Flanagan®, Maria Ky

Table 3

not available, cytology was used.

. Pooled mean methylation levels for HPV16 in <CINT/LSIL vs. =CIN2/HSIL and pooled difference in mean methylation (MD). The grade was defined by histology; if this was

Gene Studies  Pooled mean % F [95%C1) tau? Pooled mean % ¥ [9s5%c1) tau? Pooled MD % F [95%00) tau? (95%CI)
(N} [D5%ECT) [B5%C1) [(D5%CT) [B5ECT) [B5%CT)

=CIN1/LSIL =CIN2/HSIL

El 1 30 MN/A N/A 14.8 M/A M/A 4.0 MN/A MN/A
(2.1=5.7) (9.1-20.4) [-1.6-9.5)

E2 4 56 89.0 13.7 14.1 87.9 67.9 8.8 88.0 67.5
[(1.6-9.5) (60.2-08.8) (2.6-137) (5.4-22.8) (EZ6-08.6) ([15.7- 679) ([0.2-175) [(61.5-88.7) [(14.7-675)

E5S 1 140 MN/A N/A 26.6 M/A M/A 12.7 MN/A MN/A
(0.8-18.1) (17.7-35.5) (2.0-22.4)

EG 3 2.1 72.0 09 48 57.0 43 25 13.3 0.53
(0.8-3.4) (5.1-99.2) (0.0-427) (1.7-7.9) (00-969)  (0-100) (0.5-4.4) (0.0-96.6) (0.00-100)

E7 1 5.4 M/A N/A 13.5 M/A M/A 75 MN/A MN/A
(4.0-7.9) (0.1-17.8) (2.4-2.7)

L1 12 10.8 96.3 329 233 96.7 87.3 113 93.0 63.4
(7.4-14.2) (922-98.8) (14.9-105) (17.8-28.7) (93.1-98.8) ([41.1-248) ([B6.5-16.1) [85.0-97.6) (27.2-196)

L2 5 9.0 99.4 22.1 15.4 96.0 6.6 56 88.0 145
(4.8-132) (982-000) (7.5-186)  (9.3-21.4) (87.8-00.6) (3.6-20.3) [1.8-9.4) (54.3-08.7) (2.4-145)

LCR 7 40 06.7 121 6.6 04.1 11.5 25 87.3 211
(1.4-6.7) (91.5-99.3) (4.5-57.3) (4.0-9.3) (85.2-98.8) (4.1-592) [-0.1-4.8) [64.4-97.9) (2.13-54.1)

CIN: cervical intraepithelial neoplasia; LCR: long control region; LSIL: low grade squamous intraepithelial lesion; HSIL: high grade squamouws intraepithelial lesion: Q-test:
Cochrane Q) test. Mean methylation levels in studies were determined by percentage mean or transformed median methylation per group of samples. and averaged by gene
(0-100% methylation). Mean difference values in studies were calculated by subtracting mean methylation values from low-grade disease samples from high-grade disease
samples, then average by gene (0-100%).
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Table 1. Overview of commercial or research host cell DNA methylation assays and their performance for the detection of CIN3 or worse in cervical scrapes or self-collected specimens in

different clinical settings

Marker (panel) Assay Reference HPV Sample type n CIN3 (%) ICC (%) Sens. Spec. NPV PPV Comment
Screening populations
FAM19A4/miRT24-2 OMSP  Bonde, HPV+ Cervical scrapes 2384 228 (9.69%) 20(0.8%) 7.2 783 969 283 End point CIN3; European
subrr. screening populations
FAM1944/miR124-2 QMsSP  Vink, HPV+ Cervical scrapes 979 109(11.1%) 6 (0.6%) 713 783 94 8 33.0 Cross-sectional data
in press 87.2 14-year NPV
FAM1944/miR124-2 QMsSP  [70] HPV+ Cervical scrapes 1025 192 (18.7%) 19 (1.9%) 837 60.2 14-year NPV and PPV
CADMTIMAL QMsSP  [64] HP+ Cervical scrapes 234 IB{(16.2%) 3(1.3%) 68 4 755 925 351 Consecutive series from
screening cohort
EPB41I3MHPV16L1HPV16L2S PSOQ [34) HFV+ Cervical scrapes 257 A4(171%) B8(3.1%) 93.2 418 24 8 Case-control within
HPY18L2/HPYVI1L1/HPV33L2 * screening cohort; end point
CINZ
EPB41L3MPVIBLI HPVIBL2S PSQ [66]) HPV+ Cervical scrapes 341 18 (5.3%) 1 (0.3%) 84 63 Selection of women from
HPV18L2Z/HPV31L1/HPV33L2* screening cohort; CIN2
{n = 20) lesions were
excluded from analyses
Mon-attendee population
FAM1944/miR124-2 QMSP [28] HPV+ Self-samples 254 B8 (26.8%) 4(1.6%) 69.4 76.4 863 538 Performance data from
{brushes) validation set; brush- and
Self-samples 389 72 (185%) & (1.5%) 70.5 67.8 90.2 355 lavage-collected samples
(lavage) from {mostly) same patients
CADM 1AL QMSP - [33] HPV+ Cervical scrapes 364 56(154%) 6 (1.6%) 69.4 712 919 331
Gynaecological referral populations/Selection of archived material
FAM1944/miR124-2 QMSP  [30] HPV+/—  Cervical scrapes 538 66 (12 3%) 6 (1.1%) 77.8** E93%*+ 0gg3b 3544 Wormen with abnormal
cytology referred for
colpascopy
CADMT/IMAL/miRT 24-2 QMsP [27] HP+ Cervical scrapes 247 16 (6.5%) 79(32.0%) 947 729 Selection of archived
material
EPB4TI3MHPVIBLTHPYV 1 6L2S PS0) [69) HP+ Cervical scrapes 1493 373 (25.0%) 490 45 51 Women with abnorrmal

HPV18L2/HPV3 1L1/HPV33L2*

cytology referred for
colposcopy; end point
CIN2/3 (n = 556)

Kremer et al., BJOG, 2020
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Table 1. (Continued)

Marker (panel) Assay Reference HPV Sample type n CIN3 (%) 1CC (%) Sens. Spec. NPV PPV Comment
ASTNT/DLX T ATGA4IRXFP3S OMSFE  [37] HPV+/—  Cervical scrapes 280 50 (17.9%) 5(1.8%) 64.8%+% Q4 g** 917%* T45%* Residual samples from
SOX17[ZNFEF1 routine screening (NILM

cytology) and from patients
with CIN1+ on histology

ASTNTIDLX T ATGALIRXFP3S OQMSP [39] HPV+/— Cervical scrapes 306 88 (28.8%) 5 (1.6%) G7.7** R) f** Waomen referred for
SOX17IZNFETT colposcopy
HPV+/— 64.5 88.7
POUAF3 QMSP  [40] HPV+ Cervical scrapes 1287 65 (5.1%) 12 (0.9%:) 896 60.9 Mixed screening population

and women referred for
cone biopsy or
hysterectomy; ICC cases
included Al5 and CIS

PAX1T QMSP  [44] HPV+/—  Cervical scrapes 449 87 (19.4%) 71 (15.8%) 69.6%* 81.8%*
PAX1 QMSP  [42] HPV+/— Cervical scrapes 346 42 (12.1%) 30 (8.7%) b g1%* Women with low- or high-
HP\V+— 57 96 grade cytology referred for

colposcopy and controls
from routine screening
(NILM cytology)

PAX1 OMSP [43] HPV+/—  Cervical scrapes 419 32 (7.6%) 4 (1.0%) BE** goee Mixed screening population
and women referred with
abnormal cytology

PAXT QMSP  [45] HPV+/—  Cervical scrapes 321 24 (7.5%) 1{0.3%) 52.0%* 90.3%* Women with ASC-US
cytology referred for
colposcopy

AlS, adenocarcinoma in situ; ASC-US, atypical squamous cells of unknown significance; CIM, cervical carcinoma in situ; CIS, cervical intraepithelial neoplasia, graded 1-3; HPFV, human
papillomavirus, ICC, invasive cervical cancer; n, samples size; NILM, negative for intraepithelial lesion or malignancy; NPV, negative predictive value; PPV, positive predictive value; PSQ,
pyrosequencing, OMSP, quantitative methylation-specific polymerase chain reaction; Sens., sensitivity; Spec., specificity.

*Combination of cellular and viral targets.

**Performance evaluated independent of HPV result.

Kremer et al., BJOG, 2020
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1. Triage nelle donne HPV+
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2. Triage secondario nelle donne HPV+ e citologia di basso grado
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3. Gestione delle lesioni CIN2

Table 1. National Guidelines on Active Surveillance of Cervical Intraepithelial Neoplasia Grade 2

Country

Year of Initiation

Age Group (y)

Eligibility Criteria

United States'®.1*

Australia'”

England?"
Denmark™
Finland'®

Norway?"

Sweden™

2012

2018

2020

2012

2019

2020

2016

Younger than 25

25 or older

Not specified

Mot specified
Mot specified
Younger than 30

Younger than 30

Younger than 25

Fully visualized SC] or upper limit of the lesion
« Endocervical sampling less than CIN 2 or worse
Fully visualized SC] or upper limit of the lesion
o Endocervical sampling less than CIN 2 or worse
e Concerns on future pregnancy outcome
Mot completed childbearing
e Cytology with ASCUS or LSIL
& Focal minor changes on colposcopy
» Recently treated for CIN 2
e Supervised by experienced colposcopist or at a tertiary
care center
Adequate colposcopy with exclusion of CIN 3 and invasive lesion
e Lesion 2 quadrants or less
» Patient agrees to follow-up every 6 mo
» All cases must be discussed at MDT
Fertile with childbearing desire
Naonsmoker
e Lesion 2 quadrants or less
Patient agrees to follow-up every 6 mo
Small and well-defined lesion
o Without inclusion of the cervical canal, ie,

. Lycke et al., Obstetrics and
l.r‘w;:}lﬁngﬂrﬁmne type 1 and 2 Gynecology, 2022

Cytology less than HSIL
e Colposcopy graded less than HSIL

5C), squamocolumnar junction; CIN 2, cervical intraepithelial neoplasia grade 2; HPV, human papilloma virus; CIN 3, cervical
intraepithelial neoplasia grade 3; ASC-H, atypical squamous cells, cannot exclude HSIL; HSIL, high-grade squamous intraepithelial
lesions; AGC, atypical glandular cells; ASC-US, atypical squamous cells of undetermined significance; LSIL, low-grade squamous
intraepithelial lesions; MDT, multidisciplinary team.
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3. Gestione delle lesioni CIN2
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4. Test di uscita dallo screening
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Conclusiont

 Test oggettivo
» Test per ogni tipo di campione: self-sampling

* Numero crescente di marcatori di metilazione con elevata sensibilita
e specificita non inferiore alla citologia

» Pochi studi con dati longitudinali

* Ancora nessuna approvazione per l'uso clinico nella pratica
guotidiana

» Migliorare l'efficienza del test per I'uso automatizzato nella pratica
guotidiana

Promettente predittore di progressione e/o regressione:
stratificazione del rischio
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