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Abstract 

Objective Referring all women who tested positive for human papillomavirus (HPV) 16/18 to colposcopy may lead 
to potential over-referral issues. Triage tests based on cytology results face challenges in achieving accurate diag-
noses. Our study aims to assess the clinical effectiveness of PAX1/JAM3 methylation (CISCER) test as a triage method 
for HPV 16/18-positive women.

Methods From November 2021 to December 2022, a total of 334 women who tested positive for HPV 16/18 
and were referred to colposcopy at The Second Affiliated Hospital of Zhejiang University School of Medicine were 
studied. The clinical utility of the CISCER test, cytology, and the combination of CISCER with cytology as potential tri-
age tests was compared.

Results We observed a significant increase in the methylation levels of PAX1 gene and JAM3 gene in women 
with cervical intraepithelial neoplasia (CIN) grade 2 or severe (CIN2+). The CISCER test demonstrated superior triage 
performance over cytology, even when used in combination with cytology, showing a high sensitivity of 89.0% (95% 
confidence interval [CI] 82.9–95.1%) and specificity of 95.3% (95% CI 92.6–98.0%). It achieved an area under the curve 
of 0.921 (95% CI 0.877–0.966) and an odds ratio of 164.02 (95% CI 68.64–391.95). The immediate CIN2+ risk based 
on positive CISCER results would be 89.0% (95% CI 80.8–94.1%), with an estimated average of 1.12 referrals needed 
to detect one CIN2+ case. Moreover, CISCER triaging successfully identified all cancer patients and did not miss any 
CIN3+ cases among women aged ≥ 30.

Conclusions The PAX1/JAM3 methylation detection exhibited excellent accuracy in identifying cervical precancerous 
lesions in HPV 16/18-positive women and could be considered as a triage tool to reduce excessive referrals for colpos-
copy and overtreatment.
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Introduction
Cervical cancer remains a significant global public health 
concern, with an estimated annual incidence of approxi-
mately 660,000 new cases and over 340,000 deaths world-
wide [1]. The disease is mainly caused by persistent 
infection with high-risk human papillomavirus (hrHPV). 
The most cervical cancer-related human papillomavirus 
(HPV) types comprise a spectrum of high-risk oncogenic 
genotypes, encompassing up to 14 types. These include 
HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59, classi-
fied as Group 1 carcinogens by the International Agency 
for Research on Cancer, along with HPV66 and 68 [2]. 
Among these, HPV 16 and 18 pose the greatest threat, 
responsible for approximately 70% of all cervical cancer 
cases [3]. Early detection and accurate treatment strate-
gies for hrHPV infection are crucial for the prevention of 
cervical cancer.

HPV nucleic acid testing is recommended as the pri-
mary screening method [4–6]. Women who test positive 
for HPV 16/18 are advised to undergo immediate referral 
for colposcopy in some countries, including China [7–
10]. The World Health Organization (WHO) guidelines, 
specifically Algorithm  4, recommend that women who 
test positive for HPV16 or HPV18 should undergo visual 
inspection with acetic acid (VIA) to determine their eligi-
bility for ablative treatment. This involves applying 3–5% 
acetic acid to the cervix, with or without magnification, 
to identify potential precancerous lesions [4]. The 2019 
ASCCP Risk-Based Management Consensus Guidelines 
recommend immediate colposcopy for HPV16-positive 
women. For HPV18-positive women, the guidelines sug-
gest co-testing (HPV and cytology) in 1 year [11]. How-
ever, HPV 16/18 infections do not invariably progress to 
severe lesions in the short term. Most HPV infections are 
transient, with the majority of women clearing the virus 
within 1–2  years post-exposure [12]. Referring women 
without high-grade lesions for colposcopy can result 
in unnecessary psychological distress, overtreatment, 
and inefficient utilization of medical resources [13]. The 
peak incidence of HPV16/18 infection typically occurs 
in women under 25 years old. However, most infections 
in this age group are transient, with approximately 70% 
clearing within 1–2  years. Consequently, immediate 
intervention for all HPV16/18-positive young women 
could potentially lead to overtreatment, posing unneces-
sary risks to future fertility [12, 14].

The latest WHO guidelines on screening and treatment 
of cervical precancerous lesions recommend consider-
ing emerging technologies, such as methylation tests, for 
triaging women after a positive HPV DNA test [4]. Gene 
methylation has been proven to be an effective molecu-
lar marker for early identification of individuals at high 
risk of cervical cancer [15–18]. Paired box gene1 (PAX1), 

an epithelial carcinoma-associated gene, has consistently 
shown value in detecting cervical cancer in numerous 
studies [19, 20]. Combining PAX1 with the junctional 
adhesion molecule 3 (JAM3) gene in a methylation 
panel demonstrates outstanding performance in cervical 
screening [21–23]. In this article, we attempted to utilize 
PAX1/JAM3 methylation for triaging HPV 16/18-positive 
women, to assess the impact of methylation detection on 
colposcopy referral guidance for this population.

Materials and methods
Study population
Patients who visited The Second Affiliated Hospital of 
Zhejiang University School of Medicine between Novem-
ber 2021 to December 2022 and tested positive for HPV 
16/18 in outpatient opportunistic screening were enrolled 
in this study. The inclusion criteria included: (1) aged 18 
years or older; (2) agreed to participate in the study and 
signed the informed consent form. The exclusion criteria 
were as follows: (1) history of HIV infection or immuno-
deficiency disease, or ongoing immunosuppressive drug 
treatment within the past 6 months; (2) history of repro-
ductive tract-related tumors or organ transplantation; 
(3) currently pregnant or lactating; (4) vaginal douching, 
medication in the last 7 days, or sexual intercourse in the 
last 3 days. All participants were referred for colposcopy. 
Biopsies were conducted for abnormal lesions identified 
during colposcopy. For those with normal colposcopic 
findings, young women with normal/low-grade cytology 
results did not undergo biopsy following a comprehen-
sive assessment of patient history, physical examination, 
and auxiliary tests; follow-up was recommended. In 
other cases, a random 1- to 2-point biopsy was per-
formed with their consent. Biopsy specimens were eval-
uated by two experienced pathologists. Lesion staging 
included no cervical intraepithelial neoplasia (no-CIN), 
CIN1, CIN2, CIN3, and cervical cancer. The management 
of CIN and cancer cases followed the standard guidelines 
[5]. The final analysis excluded samples with insufficient 
DNA concentration in the cytology and methylation tests 
(Fig. 1).

This study strictly followed institutional and National 
Research Council ethics guidelines for research involv-
ing human subjects and was approved by the Human 
Research Ethics Committee of The Second Affiliated 
Hospital of Zhejiang University School of Medicine 
(IR2021001217).

Cytology tests
Cervical exfoliated cell specimens were collected using 
Rovers Cervex-Brush ((Rovers Medical Devices, Oss, 
The Netherlands) to collect cells from the cervix, which 
were then stored in of PreservCyt® liquid-based cytology 
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medium (Hologic Inc, MA, USA). ThinPrep Cytologic 
Test (TCT) and imaging system were used for cytology 
testing [24]. Liquid-based cytology (LBC) results were 
classified according to the Bethesda 2014 classification 
criteria. The diagnoses in this study included: negative 
for intraepithelial lesion or malignancy (NILM), atypical 
squamous cells of undetermined significance (ASC-US), 
low-grade squamous intraepithelial lesion (LSIL), atypi-
cal squamous cells which cannot exclude HSIL (ASC-H), 
high-grade squamous intraepithelial lesion (HSIL), squa-
mous cell carcinoma (SCC), and adenocarcinoma (AD).

High‑risk HPV testing
The residual cervical specimens collected in the Pre-
servCyt® medium were subsequently subjected to Cobas 
4800 HPV testing (Roche Diagnostics, GmbH, Man-
nheim, Germany) following the manufacturer’s instruc-
tions. The results of the Cobas 4800 test differentiate 
between HPV16/18 and other high-risk cancer-causing 
HPV genotypes (31/33/35/39/45/51/52/56/58/59/66/68).

PAX1/JAM3 methylation tests
The JH-DNA Isolation and Purifying kits (OriginPoly 
Bio-Tec Co., Ltd., Beijing, China) were used to extract 
Genomic DNA (gDNA) from the exfoliated cervical sam-
ple. Quantification of DNA concentration was performed 
using the NanoDrop 2000c spectrophotometer (Thermo 
Fisher Scientific, DE, USA). Bisulfite conversion of 
200–1000 ng of gDNA was conducted with the JH-DNA 

Methylation-Lightning MagPrep (OriginPoly Bio-Tec 
Co., Ltd., Beijing, China). Following the manufacturer’s 
instructions, the CISCER® DNA Methylation Detection 
Kit (OriginPoly Bio-Tec Co., Ltd., Beijing, China), which 
is approved by the China National Medical Products 
Administration (NMPA) as a Class III medical device 
(No. 20233400253), was utilized with the SLAN-96S real-
time PCR System (Shanghai Hongshi Medical Technol-
ogy Co., Ltd, China) to determine the methylation levels 
of PAX1 (PAX1m) and JAM3 (JAM3m). Using GAPDH 
as the internal control, the hypermethylation levels of 
the PAX1 and JAM3 genes were determined by calcu-
lating the difference between their respective Ct values 
(ΔCtP =  CtPAX1−CtGAPDH and ΔCtJ =  CtJAM3−CtGAPDH). A 
positive result of the CISCER (PAX1m/JAM3m) test was 
defined as ΔCtP ≤ 6.6 or ΔCtJ ≤ 10.0. Methylation tests 
were conducted in a certified laboratory where techni-
cians were blinded to the clinical information and other 
detection results of the patients.

Statistical analyses
Categorical variables were expressed as numbers with 
percentages, while continuous variables were pre-
sented as medians with interquartile ranges (Q1–Q3). 
Group comparisons for continuous variables utilized the 
Kruskal–Wallis rank sum test, whereas categorical vari-
ables were analyzed using Pearson’s Chi-squared test or 
Fisher’s exact test as appropriate. A significance threshold 
of P < 0.05 was applied. Receiver operating characteristic 

Fig. 1 Flowchart of recruitment for women tested positive for human papillomavirus (HPV) 16/18. CIN cervical intraepithelial neoplasia
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curves (ROC), along with the corresponding areas under 
the curve (AUC) and their 95% confidence intervals, were 
generated using the pROC package (version 1.18.5). The 
report ROC (version 3.6) and epiR (version 2.0.75) pack-
ages were used to calculate sensitivity, specificity, positive 
predictive value (PPV), negative predictive value (NPV), 
and odds ratio (OR), and the 95% confidence intervals, 
respectively. All statistical analyses were performed with 
R version 4.4.1.

Results
Characteristics of participants
According to the HPV genotyping results from out-
patient opportunistic screening, a total of 938 women 
who tested positive for HPV 16 or 18 were enrolled 
in this study. All of these women were referred for 
colposcopy, and colposcopy-directed biopsies were 
performed in 345 cases. The remaining 593 women, 
who had normal colposcopic results, did not undergo 
biopsy due to their young age, normal or low-grade 
cytological findings, or refusal to consent to the 

procedure. Their clinical characteristics were detailed 
in Table  S1. After excluding those with unavailable 
cytologist results (n = 3) and invalid methylation tests 
(n = 8), the final analysis included 334 women (Fig. 1). 
Among them, the majority (n = 245, 73.4%) were 
infected with HPV 16, while 77 (23.0%) were infected 
with HPV 18. Additionally, twelve women (3.6%) 
tested positive for both HPV 16 and 18. The median 
age of the patients was 36  years (range 29–48), and 
there were no significant differences in age (P = 0.083) 
observed among women with different HPV types 
(Table  1). Histopathological results showed that out 
of 334 cases, 169 (50.6%) were reported as normal, 65 
(19.5%) were CIN1, 47 (14.1%) were CIN2, 32 (9.6%) 
were CIN3, and 21 (6.3%) were diagnosed with cervi-
cal cancer. Women infected with HPV 16 had a signifi-
cantly higher prevalence of CIN2+ compared to those 
with HPV 18 (34.6% vs. 16.9%, P = 0.005) (Table  1). 
However, Fisher’s exact test indicated no statistically 
significant difference in cytological results between the 
two groups (P = 0.402), with 57.6% of HPV 16-positive 

Table 1 Characteristics of human papillomavirus (HPV) 16/18-positive women in this study

CIN, cervical intraepithelial neoplasia; SCC, squamous cell carcinoma; AD, adenocarcinoma; intraepithelial lesion or malignancy (NILM); ASC-US, atypical squamous 
cells of

Overall
(N = 334)

HPV 16
(N = 245)

HPV 18
(N = 77)

HPV 16&18
(N = 12)

P value

Age
Median (Q1–Q3)

36 (29, 48) 37 (29, 49) 35 (27, 46) 32 (27, 36) 0.083

Pathology 0.005

 Normal 169 (50.6%) 122 (49.8%) 39 (50.6%) 8 (66.7%)

 CIN1 65 (19.5%) 38 (15.5%) 25 (32.5%) 2 (16.7%)

 CIN2 47 (14.1%) 38 (15.5%) 8 (10.4%) 1 (8.3%)

 CIN3 32 (9.6%) 29 (11.8%) 2 (2.6%) 1 (8.3%)

 SCC 18 (5.4%) 16 (6.5%) 2 (2.6%) 0 (0%)

 AD 3 (0.9%) 2 (0.8%) 1 (1.3%) 0 (0%)

Cytology 0.402

 NILM 146 (43.7%) 104 (42.4%) 33 (42.9%) 9 (75.0%)

 ASC-US 94 (28.1%) 63 (25.7%) 29 (37.7%) 2 (16.7%)

 LSIL 56 (16.8%) 45 (18.4%) 10 (13.0%) 1 (8.3%)

 ASC-H 6 (1.8%) 5 (2.0%) 1 (1.3%) 0 (0%)

 HSIL 25 (7.5%) 22 (9.0%) 3 (3.9%) 0 (0%)

 Cervical cancer 7 (2.1%) 6 (2.4%) 1 (1.3%) 0 (0%)

PAX1m  < 0.001

 Negative 251 (75.1%) 171 (69.8%) 70 (90.9%) 10 (83.3%)

 Positive 83 (25%) 74 (30%) 7 (9.1%) 2 (16.7%)

JAM3m  < 0.001

 Negative 255 (76.3%) 177 (72.2%) 67 (87.0%) 11 (91.7%)

 Positive 79 (23.7%) 68 (27.8%) 10 (13.0%) 1 (8.3%)

CISCER  < 0.001

 Negative 234 (70.1%) 158 (64.5%) 66 (85.7%) 10 (83.3%)

 Positive 100 (29.9%) 87 (35.5%) 11 (14.3%) 2 (16.7%)
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women and 57.1% of HPV 18-positive women display-
ing cytological abnormalities. In terms of methylation 
testing, positivity rates for PAX1m (30.0% vs. 17.0%, 
P < 0.001), JAM3m (28.0% vs. 8.3%, P < 0.001), and their 
combination (CISCER: 35.5% vs. 14.3%, P < 0.001) were 
markedly higher in the HPV16-positive group than in 
the HPV18-positive group. This suggests a concord-
ance between the results of methylation testing and 
histopathological findings.

PAX1/JAM3 methylation in women with different grades 
of cervical lesions
The methylation results in women with different grades 
of cervical lesions are shown in Fig.  2. In the normal 
and CIN1 groups, 95.9% (162/169) and 93.9% (61/65) 
of women had no methylation in both PAX1 and JAM3 
(Fig.  2a), respectively. However, the methylation levels 
of these two genes exhibited a significant increase from 
CIN1 to CIN2 stages, and escalated with the severity 
of the lesion (Fig.  2b, c). In women with CIN2, 78.7% 
(37/47) showed methylation in at least one gene, and 

Fig. 2 The methylation of PAX1 and JAM3 gene in women with different grades of cervical lesions. a 0 marker positive: PAX1 and JAM3 methylation 
results were negative; 1 marker positive: PAX1 or JAM3 methylation results was positive; 2 marker positive: PAX1 and JAM3 methylation results 
were positive; b, c ΔCtP The ΔCt values of PAX1 gene, ΔCtJ The ΔCt values of JAM3 gene, CIN cervical intraepithelial neoplasia, SCC squamous cell 
carcinoma, AD adenocarcinoma
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40.4% (19/47) exhibited methylation in both genes. In 
women with CIN3, these proportions increased to 96.9% 
(31/32) for at least one gene and 62.5% (20/32) for both 
genes positive, respectively. Furthermore, the meth-
ylation levels of PAX1 and JAM3 were slightly lower in 
younger women with advanced CIN2/3 lesions compared 
to older women, although these differences were not sta-
tistically significant (Figure S1).

Among the 18 women had squamous carcinoma and 3 
women had AD, the positivity rate of CISCER methyla-
tion reached 100%. PAX1 methylation was detected in all 
squamous carcinoma cases, while JAM3 methylation was 
negative in one case (with cytological results indicating 
HSIL). In contrast, one woman with AD showed nega-
tive PAX1 methylation (with LSIL cytological findings), 
whereas markedly high levels of JAM3 methylation were 
observed in all AD cases. These findings underscore the 
complementary roles of PAX1 and JAM3 methylation, 
indicating a stronger association of JAM3 with AD.

Clinical performance of PAX1/JAM3 methylation for triage
We further analyzed the clinical efficacy of methyla-
tion and cytology tests for triaging HPV 16/18-positive 
women (Table  2). For detecting CIN2+, PAX1 methyla-
tion showed a sensitivity of 75.0% (95% CI 66.5–83.5%) 
and a specificity of 96.6% (95% CI 94.3–98.9%). JAM3 

methylation demonstrated a sensitivity of 72.0% (95% 
CI 63.2–80.8%) and a specificity of 97.0% (95% CI 94.8–
99.2%). Combining both biomarkers increased the sen-
sitivity to 89.0% (95% CI 82.9–95.1%), while maintaining 
a high specificity of 95.3% (95% CI 92.6–98.0%). Such 
high specificity is particularly important in the triage of 
hrHPV-positive women.

When triaging with cytology ≥ ASC-US (including 
ASC-US, LSIL, ASC-H, HSIL, SCC and AD), its sensi-
tivity (72.0%, 95% CI 63.2–80.8%) was inferior to CIS-
CER test and exhibited lower specificity (50.4%, 95% 
CI 44.0–56.8%). For cytology ≥ HSIL, despite achieving 
higher specificity (97.9%, 95% CI 96.0–99.7%), sensitivity 
was notably low at 27.0% (95% CI 18.3–35.7%). Triaging 
with combination of CISCER and Cytology ≥ ASC-US 
achieved a higher sensitivity of 91.0% (95% CI 85.4–
96.6%) for CIN2+, but its specificity dropped to 49.1% 
(95% CI 42.7–55.6%). In addition, the AUC (0.921: 95% 
CI 0.877–0.966) and odds ratio (164.02, 95% CI 68.64–
391.95) of CISCER alone were higher compared to the 
combination of CISCER and cytology tests (≥ ASC-US 
or ≥ LSIL, ≥ HSIL).

Similar results were observed for CIN3+ outcomes, 
with CISCER test showing a sensitivity of 98.1% (95% CI 
94.5–100%), specificity of 82.9% (95% CI 78.5–87.3%), an 
AUC of 0.905 (95% CI 0.865–0.945), and a odds ratio of 

Table 2 Performance of methylation, cytology, and methylation/cytology to detect CIN2 + lesions among human papillomavirus 
(HPV) 16/18-positive women

CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value; AUC, area under the curve; OR, odds ratio; CISCER, PAX1m/JAM3m; PAX1m, the 
methylation of PAX1 gene; JAM3m, the methylation of JAM3 gene;  CytologyASC-US, the positive cytology results were defined as cytology ≥ ASC-US (ASC-US, LSIL, ASC-
H, HSIL, SCC and AD);  CytologyLSIL, the positive cytology results were defined as cytology ≥ LSIL (LSIL, ASC-H, HSIL, SCC and AD);  CytologyHSIL, the positive cytology 
results were defined as cytology ≥ HSIL (HSIL, SCC and AD); CISCER +  CytologyASC-US. The positive results were defined as positive CISCER results or cytology ≥ ASC-US; 
CISCER +  CytologyLSIL. The positive results were defined as positive CISCER results or cytology ≥ LSIL; CISCER +  CytologyHSIL. The positive results were defined as 
positive CISCER results or cytology ≥ HSIL

Sensitivity (%)
(95% CI)

Specificity (%)
(95% CI)

PPV (%)
(95% CI)

NPV (%)
(95% CI)

AUC 
(95% CI)

OR
(95% CI)

CISCER 89.0
(82.9–95.1)

95.3
(92.6–98.0)

89.0
(82.9–95.1)

95.3
(92.6–98.0)

0.921
(0.877–0.966)

164.02
(68.64–391.95)

PAX1m 75.0
(66.5–83.5)

96.6
(94.3–98.9)

90.4
(84.0–96.7)

90.0
(86.3–93.7)

0.858
(0.804–0.912)

84.75
(36.66–195.90)

JAM3m 72.0
(63.2–80.8)

97.0
(94.8–99.2)

91.1
(84.9–97.4)

89.0
(85.2–92.9)

0.845
(0.790–0.900)

83.39
(34.95–198.96)

CytologyASC-US 72.0
(63.2–80.8)

50.4
(44.0–56.8)

38.3
(31.3–45.2)

80.8
(74.4–87.2)

0.612
(0.536–0.688)

2.62
(1.58–4.34)

CytologyLSIL 50.0
(40.2–59.8)

81.2
(76.2–86.2)

53.2
(43.1–63.3)

79.2
(74.0–84.3)

0.656
(0.582–0.730)

4.32
(2.59–7.20)

CytologyHISL 27.0
(18.3–35.7)

97.9
(96–99.7)

84.4
(71.8–97.0)

75.8
(71.0–80.7)

0.624
(0.572–0.677)

16.94
(6.29–45.59)

CISCER +  CytologyASC-US 91.0
(85.4–96.6)

49.1
(42.7–55.6)

43.3
(36.6–50.0)

92.7
(88.2–97.3)

0.701
(0.641–0.761)

9.77
(4.70–20.3)

CISCER +  CytologyLSIL 89.0
(82.9–95.1)

78.2
(72.9–83.5)

63.6
(55.6–71.5)

94.3
(91.1–97.6)

0.836
(0.779–0.893)

29.03
(14.43–58.41)

CISCER +  CytologyHSIL 89.0
(82.9–95.1)

93.6
(90.5–96.7)

85.6
(78.8–92.3)

95.2
(92.5–98.0)

0.913
(0.867–0.959)

118.13
(52.23–267.16)
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252.42 (95% CI 34.06–1870.65) (Table  S2). These find-
ings indicate that PAX1/JAM3 methylation can effec-
tively stratify low- and high-grade cervical lesions in 
HPV16/18-positive women, irrespective of cytology 
results.

Assessment of CIN2+ risk stratified by PAX1/JAM3 
methylation and potential impact on colposcopy referrals
Without triage, all HPV 16/18-positive women were 
referred to colposcopy. However, the immediate 
CIN2+ risk was 29.9%, requiring an average of 3.34 
referrals to detect one CIN2+ case. Incorporating cytol-
ogy ≥ ASC-US as a criterion for colposcopy referral 
would reduce this number to 2.61, but it would introduce 
a 28.0% (95% CI 19.7–38.0%) missed detection rate for 
CIN2+, including 14.3% (95% CI 3.8–37.4%) of women 
with cancer. Ignoring women with ASC-US could fur-
ther increase the missed diagnosis rate to 50.0% (95% CI 
40.4–59.6%).

By triaging with CISCER test, the estimated colpos-
copy referral rate would be reduced by nearly 70%, 
with an average of 1.12 referrals required to detect one 
CIN2+ case. The immediate CIN2+ risk based on posi-
tive CISCER results would be 89.0% (95% CI 80.8–94.1%), 
significantly higher than cytology (≥ ASC-US: 38.3% [95% 
CI 31.4–45.7%]; ≥ LSIL: 53.2% [95% CI 42.7–63.5%]), and 
even higher than the combining methylation and cytol-
ogy (CISCER and Cytology ≥ ASC-US: 43.3% [95% CI 
36.6–50.3%]; CISCER & Cytology ≥ LSIL: 63.6% [95% CI 
55.0–71.4%]). Meanwhile, CISCER triaging accurately 
identified all cancer patients, 96.9% (31/32) of CIN3 
patients and 78.8% (37/47) of CIN2 patients. When com-
bining CISCER with cytology (≥ ASC-US), however, the 
number of referrals per CIN2+ detection would increase 
to 2.31 though the missed CIN2+ rate slightly decreased 
(11.0% [95% CI 5.9–19.2%]–9.0% [95% CI 4.5–16.8%]) 
(Table 3).

Among the 11 CIN2+ women who tested nega-
tive with CISCER test, 10 (90.9%) were under the age 
of 45. Analyzing results across different age groups, it 
was found that women aged < 30 has the lowest colpos-
copy referral rate (27.1%, 95% CI 18.8–37.3%) after CIS-
CER triage, and the highest CIN2+ risk (96.2%, 95% CI 
78.4–99.8%) with positive CISCER results. Moreover, no 
cancer cases were missed among these individuals, and 
9 out of 10 CIN3 patients were successfully detected. 
On the other hand, women aged ≥ 45 exhibited the low-
est rates of missed CIN2+ cases (2.9%), with the esti-
mated unnecessary referral rate being less than 10%. 
Among women aged ≥ 30, CISCER triaging did not miss 
any CIN3+ patients. Overall, PAX1/JAM3 methylation 
resulted in the lowest number of referrals needed to 

detect advanced lesions, while minimizing missed diag-
noses in elder women.

Discussion
In our current cohort of 334 women positive for 
HPV 16/18, we assessed the clinical performance of 
PAX1/JAM3 methylation across different grades of cervi-
cal lesions, and its effectiveness in triaging diagnosis. The 
methylation detection exhibited a good balance of sensi-
tivity and specificity in CIN2 and CIN3 lesions, achieving 
AUC values of 0.921 and 0.905, respectively, outperform-
ing cytology alone or cytology combined with meth-
ylation tests. Importantly, triaging using PAX1/JAM3 
methylation in HPV16/18-positive women can markedly 
reduce excessive colposcopy referrals without increasing 
the risk of missing high-grade lesions.

Given the high risk of HPV16/18 infections progress-
ing to precancerous lesions, as evidenced by a 10-year 
follow-up study which found a progression rate of 20.7% 
for women infected with HPV16 and 17.7% for those 
infected with HPV18 [25], it is recommended that indi-
viduals who test positive for HPV 16 or 18 should be 
directly referred for colposcopy [7–10]. However, approx-
imately 70% of HPV16/18-positive women in this study 
showed no lesions or only CIN1, consistent with find-
ings from some larger cohort studies [26–28], suggesting 
that many women may not require immediate colpos-
copy referral. Using methylation tests to triage these 
populations can effectively reduce colposcopy referral 
rates. This approach is supported by previous reports on 
other gene methylation tests in hrHPV-positive women, 
such as WID-qCIN [29], FAM19A4/miR124-2 [30], 
ZNF671/ASTN1/ITGA4/RXFP3/SOX17/DLX1 [31], and 
PAX1/SOX1 [32]. Particularly notable is the performance 
of PAX1/JAM3 methylation in our study, demonstrat-
ing 89.0% sensitivity and 95.3% specificity in detecting 
CIN2+ lesions.

The clinical significance of the methylation of PAX1 
and JAM3 in cervical cancer screening has been previ-
ously reported [19, 33–35]. PAX1 gene expression can 
epigenetically activate a series of phosphatases, which 
subsequently suppress signaling pathways such as EGF/
MAPK, thereby inhibiting malignant phenotypes. HPV 
infection can lead to high methylation of the PAX1 
gene, resulting in downregulation or loss of its expres-
sion [36, 37]. JAM3 is involved in the formation of tight 
junctions between cells, facilitating the regulation of 
vascular permeability and the migration of leukocytes 
across endothelial surfaces [38]. Combining PAX1 
and JAM3 into a methylation panel has demonstrated 
promising efficacy in studies involving patients with 
persistent HPV infection and self-sampling methods 
[21, 23, 39]. In this cohort, we highlight its triage value 
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Table 3 Estimation of colposcopy referrals for human papillomavirus (HPV) 16/18-positive women

N (%) CIN2+ 
Immediate 
risk %
[95% CI]

CIN3+ 
Immediate 
risk %
[95% CI]

Cervical 
cancer 
Immediate 
risk %
[95% CI]

Estimated 
colposcopy 
referral rate

Colposcopy 
referrals 
required per 
CIN2+ detection

Missed 
CIN2+ % 
[95% CI]

Missed 
CIN3+ %
[95% CI]

Missed 
cervical 
cancer %, 
[95% CI]

Total

HPV16/18 + 334 29.9
(100/334) 
[25.1–35.2]

15.9
(53/334) 
[12.2–20.3]

6.3
(21/334) 
[4.0–9.6]

100
(334/334)
[98.6–100]

3.34
(334/100)

0
(0/100) 
[0–4.6]

0
(0/53) [0–8.4]

0
(0/21) [0–19.2]

Cytol-
ogy ≥ ASC-US

188 38.3
(72/188) 
[31.4–45.7]

22.9
(43/188) 
[17.2–29.7]

9.6
(18/188) 
[5.9–14.9]

56.3
(188/334)
[50.8–61.7]

2.61
(188/72)

28.0
(28/100) 
[19.7–38.0]

18.9
(10/53) 
[9.9–32.4]

14.3
(3/21) 
[3.8–37.4]

Cytol-
ogy ≥ LSIL

94 53.2
(50/94) 
[42.7–63.5]

36.2
(34/94) 
[26.7–46.8]

16.0
(15/94) 
[9.5–25.3]

28.1
(94/334)
[23.5–33.3]

1.88
(94/50)

50.0
(50/100) 
[40.4–59.6]

35.8
(19/53) 
[23.5–50.3]

28.6
(6/21) 
[12.2–52.3]

PAX1m 83 90.4
(75/83) 
[81.4–95.4]

55.4
(46/83) 
[44.1–66.2]

24.1
(20/83) 
[15.7–35.0]

24.9
(83/334)
[20.4–29.9]

1.11
(83/75)

25.0
(25/100) 
[17.1–34.8]

13.2
(7/53) 
[5.9–26]

4.8
(1/21) 
[0.2–25.9]

JAM3m 79 91.1
(72/79) 
[82.0–96.1]

57.0
(45/79) 
[45.4–67.9]

25.3
(20/79) 
[16.5–36.6]

23.7
(79/334)
[19.3–28.7]

1.1
(79/72)

28.0
(28/100) 
[19.7–38]

15.1
(8/53) 
[7.2–28.1]

4.8
(1/21) 
[0.2–25.9]

CISCER + 100 89.0
(89/100) 
[80.8–94.1]

52.0
(52/100) 
[41.8–62.0]

21
(21/100) 
[13.8–30.5]

29.9
(100/334)
[25.1–35.2]

1.12
(100/89)

11.0
(11/100) 
[5.9–19.2]

1.9
(1/53) 
[0.1–11.4]

0
(0/21) [0–19.2]

CISCER + or 
Cytol-
ogy ≥ ASC-US

210 43.3
(91/210) 
[36.6–50.3]

24.8
(52/210) 
[19.2–31.3]

10.0
(21/210) 
[6.4–15.1]

62.9
(210/334)
[57.4–68.0]

2.31
(210/91)

9.0
(9/100) 
[4.5–16.8]

1.9
(1/53) 
[0.1–11.4]

0
(0/21) [0–19.2]

CISCER + or 
Cytol-
ogy ≥ LSIL

140 63.6
(89/140) 
[55.0–71.4]

37.1
(52/140) 
[29.3–45.8]

15.0
(21/140) 
[9.7–22.2]

41.9
(140/334)
[36.6–47.4]

1.57
(140/89)

11.0
(11/100) 
[5.9–19.2]

1.9
(1/53) 
[0.1–11.4]

0
(0/21) [0–19.2]

Age < 30

HPV16/18 + 96 30.2
(29/96) 
[21.5–40.6]

11.5
(11/96) 
[6.1–20.0]

1.0
(1/96) 
[0.1–6.5]

100
(96/96)
[95.2–100]

3.31
(96/29)

0
(0/29) 
[0–14.6]

0
(0/11) 
[0–32.1]

0
(0/1) [0–94.5]

Cytol-
ogy ≥ ASC-US

42 38.1
(16/42) 
[24.0–54.3]

16.7
(7/42) 
[7.5–32.0]

0
(0/42) 
[0–10.4]

43.8
(42/96)
[33.8–54.2]

2.62
(42/16)

44.8
(13/29) 
[27.0–64.0]

36.4
(4/11) 
[12.4–68.4]

100
(1/1) [5.5–100]

Cytol-
ogy ≥ LSIL

17 41.2
(7/17) 
[19.4–66.5]

23.5
(4/17) 
[7.8–50.2]

0
(0/17) 
[0–22.9]

17.7
(17/96)
[10.9–27.1]

2.43
(17/7)

75.9
(22/29) 
[56.1–89.0]

63.6
(7/11) 
[31.6–87.6]

100
(1/1) [5.5–100]

PAX1m 19 94.7
(18/19) 
[71.9–99.7]

42.1
(8/19) 
[21.1–66.0]

5.3
(1/19) 
[0.3–28.1]

19.9
(19/96)
[12.6–29.4]

1.06
(19/18)

37.9
(11/29) 
[21.3–57.6]

27.3
(3/11) 
[7.3–60.7]

0
(0/1) [0–94.5]

JAM3m 21 95.2
(20/21) 
[74.1–99.8]

33.3
(7/21) 
[15.5–56.9]

4.8
(1/21) 
[0.2–25.9]

21.9
(21/96)
[14.3–31.7]

1.05
(21/20)

31
(9/29) 
[16.0–51.0]

36.4
(4/11) 
[12.4–68.4]

0
(0/1) [0–94.5]

CISCER + 26 96.2
(25/26) 
[78.4–99.8]

38.5
(10/26) 
[20.9–59.3]

3.8
(1/26) 
[0.2–21.6]

27.1
(26/96)
[18.8–37.3]

1.04
(26/25)

13.8
(4/29) 
[4.5–32.6]

9.1
(1/11) 
[0.5–42.9]

0
(0/1) [0–94.5]

CISCER + or 
Cytol-
ogy ≥ ASC-US

52 48.1
(25/52) 
[34.2–62.2]

19.2
(10/52) 
[10.1–33.0]

1.9
(1/52) 
[0.1–11.6]

54.2
(52/96)
[43.7–64.3]

2.08
(52/25)

13.8
(4/29) 
[4.5–32.6]

9.1
(1/11) 
[0.5–42.9]

0
(0/1) [0–94.5]

CISCER + or 
Cytol-
ogy ≥ LSIL

36 69.4
(25/36) 
[51.7–83.1]

27.8
(10/36) 
[14.8–45.4]

2.8
(1/36) 
[0.1–16.2]

37.5
(36/96)
[28.0–48.0]

1.44
(36/25)

13.8
(4/29) 
[4.5–32.6]

9.1
(1/11) 
[0.5–42.9]

0
(0/1) [0–94.5]

Age >  = 30 & < 45

HPV16/18 + 135 26.7
(36/135) 
[19.6–35.1]

15.6
(21/135) 
[10.1–23.0]

6.7
(9/135) 
[3.3–12.6]

100
(135/135)
[96.6–100]

3.75
(135/36)

0
(0/36) 
[0–12.0]

0
(0/21) 
[0–19.2]

0
(0/9) [0–37.1]
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in HPV 16/18-positive women. Assuming that a posi-
tive result would trigger a colposcopy referral, an aver-
age of only 1.12 referrals would be needed to detect 
one CIN2+ case. The findings of the study suggest 
that HPV16/18-positive women who test negative for 

PAX1m/JAM3m may not immediately require referral to 
colposcopy, especially young women.

As women age, there is a decline in hormone levels 
which leads to gradual changes in the cervix. This leads 
to the inward movement of the transformation zone into 

CIN, cervical intraepithelial neoplasia; CI, confidence interval; cytology ≥ ASC-US, cytology results of ASC-US, LSIL, ASC-H, HSIL, SCC and AD; cytology ≥ LSIL, cytology 
results of LSIL, ASC-H, HSIL, SCC and AD; PAX1m, the methylation of PAX1 gene; JAM3m, the methylation of JAM3 gene

Table 3 (continued)

N (%) CIN2+ 
Immediate 
risk %
[95% CI]

CIN3+ 
Immediate 
risk %
[95% CI]

Cervical 
cancer 
Immediate 
risk %
[95% CI]

Estimated 
colposcopy 
referral rate

Colposcopy 
referrals 
required per 
CIN2+ detection

Missed 
CIN2+ % 
[95% CI]

Missed 
CIN3+ %
[95% CI]

Missed 
cervical 
cancer %, 
[95% CI]

Cytol-
ogy ≥ ASC-US

79 30.4
(24/79) 
[20.8–41.9]

21.5
(17/79) 
[13.4–32.5]

10.1
(8/79) 
[4.8–19.5]

58.5
(79/135)
[49.7–66.8]

3.29
(79/24)

33.3
(12/36) 
[19.1–51.1]

19
(4/21) 
[6.3–42.6]

11.1
(1/9) [0.6–49.3]

Cytol-
ogy ≥ LSIL

40 42.5
(17/40) 
[27.4–59.0]

32.5
(13/40) 
[19.1–49.2]

15
(6/40) 
[6.2–30.5]

29.6
(40/135)
[22.2–38.2]

2.35
(40/17)

52.8
(19/36) 
[35.7–69.2]

38.1
(8/21) 
[19.0–61.3]

33.3
(3/9) [9.0–69.1]

PAX1m 31 83.9
(26/31) 
[65.5–93.9]

58.1
(18/31) 
[39.3–74.9]

25.8
(8/31) 
[12.5–44.9]

23.0
(31/135)
[16.4–31.1]

1.19
(31/26)

27.8
(10/36) 
[14.8–45.4]

14.3
(3/21) 
[3.8–37.4]

11.1
(1/9) [0.6–49.3]

JAM3m 29 82.8
(24/29) 
[63.5–93.5]

65.5
(19/29) 
[45.7–81.4]

31.0
(9/29) 
[16.0–51.0]

21.5
(29/135)
[15.1–29.5]

1.21
(29/24)

33.3
(12/36) 
[19.1–51.1]

9.5
(2/21) 
[1.7–31.8]

0
(0/9) [0–37.1]

CISCER + 37 81.1
(30/37) 
[64.3–91.4]

56.8
(21/37) 
[39.6–72.5]

24.3
(9/37) 
[12.4–41.6]

27.4
(39/135)
[21.6–37.4]

1.23
(37/30)

16.7
(6/36) 
[7.0–33.5]

0
(0/21) 
[0–19.2]

0
(0/9) [0–37.1]

CISCER + or 
Cytol-
ogy ≥ ASC-US

88 35.2
(31/88) 
[25.5–46.2]

23.9
(21/88) 
[15.7–34.4]

10.2
(9/88) 
[5.1–19.0]

65.2
(88/135)
[56.5–73.0]

2.84
(88/31)

13.9
(5/36) 
[5.2–30.3]

0
(0/21) 
[0–19.2]

0
(0/9) [0–37.1]

CISCER + or 
Cytol-
ogy ≥ LSIL

58 51.7
(30/58) 
[38.3–64.9]

36.2
(21/58) 
[24.3–49.9]

15.5
(9/58) 
[7.8–27.9]

43.0
(58/135)
[34.6–51.8]

1.93
(58/30)

16.7
(6/36) 
[7.0–33.5]

0
(0/21) 
[0–19.2]

0
(0/9) [0–37.1]

Age >  = 45

HPV16/18 + 103 34.0
(35/103) 
[25.1–44.1]

20.4
(21/103) 
[13.3–29.7]

10.7
(11/103) 
[5.7–18.7]

100
(103/103)
[95.5–100]

2.94
(103/35)

0
(0/35) 
[0–12.3]

0
(0/21) 
[0–19.2]

0
(0/11) [0–32.1]

Cytol-
ogy ≥ ASC-US

67 47.8
(32/67) 
[35.6–60.2]

28.4
(19/67) 
[18.3–40.9]

14.9
(10/67) 
[7.8–26.2]

65.0
(67/103)
[55.0–74.0]

2.09
(67/32)

8.6
(3/35) 
[2.2–24.2]

9.5
(2/21) 
[1.7–31.8]

9.1
(1/11) 
[0.5–42.9]

Cytol-
ogy ≥ LSIL

37 70.3
(26/37) 
[52.8–83.6]

45.9
(17/37) 
[29.8–62.9]

24.3
(9/37) 
[12.4–41.6]

35.9
(37/103)
[26.9–46.0]

1.42
(37/26)

25.7
(9/35) 
[13.1–43.6]

19.0
(4/21) 
[6.3–42.6]

18.2
(2/11) 
[3.2–52.2]

PAX1m 33 93.9
(31/33) 
[78.4–98.9]

60.6
(20/33) 
[42.2–76.6]

33.3
(11/33) 
[18.6–51.9]

32.0
(33/103)
[23.4–42.1]

1.06
(33/31)

11.4
(4/35) 
[3.7–27.7]

4.8
(1/21) 
[0.2–25.9]

0
(0/11) [0–32.1]

JAM3m 29 96.6
(28/29) 
[80.4–99.8]

65.5
(19/29) 
[45.7–81.4]

34.5
(10/29) 
[18.6–54.3]

28.2
(29/103)
[20.0–38.0]

1.04
(29/28)

20.0
(7/35) 
[9.1–37.5]

9.5
(2/21) 
[1.7–31.8]

9.1
(1/11) 
[0.5–42.9]

CISCER + 37 91.9
(34/37) 
[77.0–97.9]

56.8
(21/37) 
[39.6–72.5]

29.7
(11/37) 
[16.4–47.2]

35.9
(37/103)
[26.9–46.0]

1.09
(37/34)

2.9
(1/35) 
[0.1–16.6]

0
(0/21) 
[0–19.2]

0
(0/11) [0–32.1]

CISCER + or 
Cytol-
ogy ≥ ASC-US

70 50.0
(35/70) 
[38.6–61.4]

30.0
(21/70) 
[19.9–42.3]

15.7
(11/70) 
[8.5–26.8]

67.9
(70/103)
[57.9–76.6]

2
(70/35)

0
(0/35) 
[0–12.3]

0
(0/21) 
[0–19.2]

0
(0/11) [0–32.1]

CISCER + or 
Cytol-
ogy ≥ LSIL

46 73.9
(34/46) 
[58.6–85.2]

45.7
(21/46) 
[31.2–60.8]

23.9
(11/46) 
[13.1–39.1]

44.7
(46/103)
[35.0–54.8]

1.35
(46/34)

2.9
(1/35) 
[0.1–16.6]

0
(0/21) 
[0–19.2]

0
(0/11) [0–32.1]
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the cervical canal and thinning of the cell layer, which 
poses challenges for the accuracy of cytology and col-
poscopy in detecting CIN2+ lesions. Perimenopausal 
or postmenopausal women experience reduced natural 
clearance of HPV, making detection of HPV 16/18 infec-
tion in this age group of heightened clinical concern 
[40, 41]. Colposcopy poses challenges due to atrophy, 
retraction, and limited visualization of the transforma-
tion zone, potentially leading to misdiagnosis in cytology 
and biopsy [42]. Guidelines in some countries suggest 
considering diagnostic endocervical curettage (ECC) or 
large loop excision of the transformation zone (LLETZ) 
in women with abnormal screening results when visuali-
zation of the transformation zone is incomplete [43, 44]. 
LLETZ and excessive ECC not only increase the financial 
burden on patients, but also pose a higher risk of post-
operative complications such as adhesions, pain, cervi-
cal stenosis, and others. Additionally, they decrease the 
likelihood of patients attending follow-up appointments. 
The CISCER triage strategy has demonstrated the abil-
ity to effectively identify high-risk patients without over-
treating and to reduce missed diagnoses, particularly in 
women aged 45 and older. The promising efficiency of 
PAX1/JAM3 methylation detection in our study suggests 
it could serve as a valuable risk marker to guide clinical 
management of older women, independent of cytological 
results.

Following CISCER triage, the colposcopy referral rate 
was lowest in the youngest age group, and the incidence 
of false-positive PAX1/JAM3 methylation was lowest 
among these women. Regression rates for CIN2 are nota-
bly high in young women (< 30 years), reaching estimates 
of up to 70% at 3 years [45, 46]. Hence, women at this age 
are at higher risk of over-referral, which can be effectively 
minimized by methylation triage. A recent study demon-
strated a marked decline in methylation positivity rates 
with decreasing age [47]. In our research, we observed 
lower PAX1/JAM3 methylation levels in younger women. 
The difference in methylation levels by age may be cor-
relate with spontaneous CIN2 regression rate and the 
duration of HPV infection [23]. Women with lower 
methylation levels may be less prone to progressing to 
higher-grade lesions [48]. For young women with higher 
HPV infection rates, CISCER triage indeed can alleviate 
potential anxiety and unnecessary surgical treatments. In 
China, where fertility rates have declined in recent years, 
more clinical data could be gathered on methylation test-
ing as a triage method for HPV 16/18-positive young 
women with CIN2 lesions in the future.

All of the cervical cancer patients were identified 
through our methylation tests. The methylation of the 
PAX1 and JAM3 genes showed high consistency in 
risk stratification of women infected with HPV16/18. 

However, we observed that PAX1m was negative in one 
adenocarcinoma patient, while the patient was not mis-
diagnosed due to positive result of JAM3m. The incidence 
of cervical adenocarcinoma is lower than that of cervi-
cal squamous cell carcinoma, but its occurrence has 
been gradually rising in recent years. It usually originates 
within the cervical canal, characterized by multifocal or 
skip lesions. Conventional clinical examination meth-
ods have limited sensitivity, thereby increasing the risk 
of missed diagnoses and misdiagnosis [11, 49–51]. With 
advancements in molecular technology, an increasing 
number of markers and commercial tests are available for 
cancer detection. Nonetheless, it remains elusive whether 
certain markers are more closely associated with specific 
types of cancer. In future studies, we will expand our 
sample size of adenocarcinoma patients to more compre-
hensively evaluate the relationship between JAM3 meth-
ylation and the development of adenocarcinoma.

In this study, PAX1m/JAM3m showed superior per-
formance compared to cytology, and the combined 
effect of both was not significantly better than that of 
PAX1m/JAM3m alone. Higher levels of methylation 
directly correspond to more advanced cervical disease 
[48], while the cytology results rely on pathologists’ inter-
pretation [52]. The 8th National Congress of Colposcopy 
and Cervical Pathology (CSCCP) indicated that ASC-
US/LSIL accounts for about 90% of cytological abnor-
malities in China. However, the incidence of high-grade 
lesions among these cases is generally below 30% [53–
56], as observed in this study. Due to the low specificity 
of Cytology ≥ ASC-US/LSIL and the low sensitivity of 
Cytology ≥ HSIL, combining cytology with CISCER does 
not significantly enhance the triage performance.

With the WHO’s strategy to eliminate cervical cancer 
introduced [57], prophylactic HPV vaccines have been 
recommended as a pivotal preventive measure. Their 
adoption has proven effective in reducing disease rates 
and the prevalence of HPV 16/18 [58, 59]. Despite this, 
HPV vaccine coverage remains notably low in China. The 
cumulative vaccination rate among women aged 9–45 
was estimated to be less than 3% between 2018 and 2020 
[60]. Therefore, cervical screening is still necessary. Early 
diagnosis and management strategies for women infected 
with hrHPV, especially HPV16/18, are currently focal 
points deserving significant attention. We propose that 
PAX1/JAM3 methylation triage strategies can be instru-
mental in addressing these challenges.

There are also some limitations in this study. Histopatho-
logical results from biopsies, which may not always be 
conducted at the punctum maximum rather than through 
surgical procedures, could potentially introduce some bias 
into the outcomes of this study. Additionally, as a real-
world study, not all referred colposcopy patients underwent 
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biopsies. This may cause a clinical selection/bias that 
could affect the performance of the methylation test and 
the accuracy of immediate CIN2/CIN3+ risk assessment. 
Future directions will involve expanding the sample size 
of patients with AD and conducting more rigorous clinical 
trials to evaluate the clinical value of methylation testing.

Conclusions
Overall, the PAX1/JAM3 methylation test demonstrated 
high accuracy in identifying cervical CIN2 and severe 
lesions. Our data suggest that employing PAX1/JAM3 
methylation detection to further stratify HPV 16/18-pos-
itive women can decrease unnecessary referrals for col-
poscopy and the risk of overtreatment.
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