Huang etal. BMC Cancer ~ (2024) 24:913 BMC Cancer
https://doi.org/10.1186/s12885-024-12696-7

Evaluating PAXT methylation for cervical 2
cancer screening triage in non-16/18 hrHPV-
positive women

Meiyuan Huang', Taoli Wang', Ming Li?, Mei Qin®, Shuang Deng' and Dongliang Chen'”

Abstract

Background In China, the national cervical cancer screening protocol involves initial testing for high-risk human
papillomavirus (hrHPV), followed by cytology for hrHPV-positive cases. This study evaluates the effectiveness of
PAXT methylation (PAX1™) analysis in identifying precancerous or cancerous lesions in cervical samples from Chinese
women positive for non-16/18 hrHPV strains.

Methods Between February 2022 and March 2023, 281 cervical samples from non-16/18 hrHPV-positive women
underwent cytological examination and PAX1™ analysis. The study assessed the statistical relationship between PAXT™
levels and the presence of cervical lesions, comparing the diagnostic performance of PAX1™ to conventional cytology.

Results A significant association was found between PAXT methylation levels and the risk of CIN2 +and

CIN3 +lesions, with 47 instances of CIN2 + detected. Odds ratios (ORs) for moderate and high PAX1™ levels were

8.86 (95% Cl: 2.24-42.17) and 166.32 (95% Cl: 47.09-784.97), respectively. The area under the ROC curve for PAX7T™

in identifying CIN2 + lesions was 0.948 (95% Cl: 0.895-0.99). PAX1" demonstrated similar sensitivity and negative
predictive value (NPV) to cytology but reduced the colposcopy referral rate from 47.7% with cytology alone to 25.6%
with PAX1™, showing superior specificity and positive predictive value across age groups.

Conclusions PAXT methylation is a strong indicator of CIN2 +and CIN3 +risk, offering diagnostic performance
comparable to cytology with the added benefit of reduced unnecessary colposcopy referrals. These findings support
the use of PAX1™ analysis as a reliable tool for triaging non-16/18 hrHPV-positive women in outpatient settings.
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Introduction

Cervical cancer represents a significant public health
challenge worldwide, with persistent human papillomavi-
rus (HPV) infection identified as a key etiological factor.
In 2022, China witnessed 150,659 new cervical cancer
cases and 55,694 related deaths [1], reflecting its status as
a major concern within the national public health agenda.
These figures underscore the pressing need for effective
screening and triage strategies to manage the burden of
this disease. Given China’s population comprises approx-
imately 17.7% of the global total, the proportion of cer-
vical cancer cases and mortalities closely aligns with its
demographic footprint, highlighting the disease’s global
relevance and the importance of targeted prevention
efforts. A multicenter randomized controlled clinical
study in China showed that HPV testing outperformed
cytological examination in detecting a greater number
of high-grade squamous intraepithelial lesions (CIN2+),
underscoring the effectiveness of an HPV-based primary
screening approach for cervical cancer [2]. Consequently,
the ‘Chinese Cervical Cancer Screening Guidelines (Part
I)’ now expressly advocate for hrHPV testing as the pri-
mary screening method for cervical cancer in China [3].

While 90% of high-risk HPV (hrHPV) infections natu-
rally resolve within two years, a positive HPV test can
still lead to significant patient anxiety, unnecessary fol-
low-ups, colposcopies, and the risk of overtreatment. [4].
At present, cervical cytology following a positive HPV
test is the standard for triaging women. Yet, the low spec-
ificity of this method, starting from the ASC-US +thresh-
old, leads to an elevated rate of colposcopy referrals [5].
Cytology is also highly subjective given that it is based
on morphological examination, contributing to findings
that suffer from poor reproducibility [6]. For cytology
findings categorized as ASC-US, the subsequent risk of
a CIN2+diagnosis in cervical biopsies is below 10%, with
the risk of progressing to invasive cancer being notably
low (between 0.1% and 0.2%) [7]. In January 2023, the
National Health Commission and 10 other departments
jointly issued the “Action Plan to Accelerate the Elimi-
nation of Cervical Cancer (2023-2030),” urging for the
expansion of free cervical cancer screening coverage.
However, cytological examination requires the services
of specialized cytopathologists with appropriate profes-
sional qualifications, adversely affecting the expansion of
screening in China.

The methylation of host tumor suppressor genes
(TSGs) is a common epigenetic finding associated with
cervical cancer in patients persistently infected with HPV
[8-10]. High levels of CpG island methylation within the
promoter regions upstream of TSGs often result in the
silencing of these genes, thereby modulating the odds
of cancer onset and progression [11]. Many studies have
observed increased methylation of the PAX1 gene in
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precancerous lesions and invasive cervical cancer cases,
suggesting that the methylation status of this gene may
offer utility as a biomarker for the early diagnosis of
this cancer type [12—14]. PAXI™ can also predict cervi-
cal lesion progression [15, 16], and has been shown to
exhibit favorable clinical performance when used for the
triage of hrHPV-positive cases, with a sensitivity level of
~85% and a specificity level of ~80% [17—19]. At present,
however, there remains a lack of comparative analyses
of the use of PAXI™ and cytology tests in an outpatient
setting.

The present study was conducted as an evaluation of
the clinical performance of PAXI™ relative to cytology
for women positive for non-16/18 hrHPV in a hospital
outpatient setting. The aim of these analyses is to provide
an evidence-based foundation in support of the potential
replacement of cytology with PAX1"™ as a triage tool.

Materials and methods

Study design and population

This cross-sectional analysis was conducted in a hospi-
tal outpatient clinic and was designed to assess the util-
ity of PAXI™ testing analyses performed using exfoliated
cervical cells from non-16/18 hrHPV-positive women.
Between February 2022 and March 2023, all non-16/18
hrHPV-positive participants in this study underwent
cytologic examination and were referred for colposcopy;,
with the residual cytological specimens then being used
to test for PAXI methylation status. The Trial Ethics
Committee of Zhuzhou Hospital Affiliated to Xiangya
School of Medicine, Central South University approved
this study (No: ZD2022001-01), and all participants pro-
vided written informed consent.

For cases where cytological examination results were
classified as “Negative for Intraepithelial Lesion or Malig-
nancy” (NILM) and colposcopy revealed normal findings,
the pathological findings for these samples were classified
as cervicitis. Any patients exhibiting abnormal cytology
or colposcopy findings who failed to undergo biopsy were
excluded from this study. Pathological results were used
to determine the diagnostic performance of PAX1" test-
ing and cytology.

To be eligible for study inclusion, subjects had to be
women from among the outpatient population who were
positive for non-16/18 hrHPV. Inclusion criteria were
(1) non-16/18 hrHPV positive and (2) 18 years of age
or older. Women were excluded if they were: (1) preg-
nant, (2) not willing to participate, (3) lacking sufficient
cytology specimens, (4), or (5) declined to undergo col-
poscopy-biopsy when colposcopy was indicated. The cri-
teria of exclusion were (1) previous diagnosis of ICC, (2)
diagnosed with other genital tract tumors or after LEEP
or CKC, (3) current pregnancy, (4) insufficient mate-
rial for cytology and methylation analysis, (5) declined
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to undergo colposcopy-biopsy when colposcopy was
indicated.

High-risk HPV genotyping

In total, hrHPV DNA genotyping was performed for 21
HPV genotypes, including 14 hrHPV genotypes (HPV16,
18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68), 1
suspected hrHPV genotype (HPV53), and 5 low-risk
genotypes (HPV®6, 11, 42, 43, 44, and 81). Genotyping
was performed with the HPV gene array detection kit
(HybriBio Ltd, Guangzhou, China).

Cytology and histology

Gynecologists harvested exfoliated cervical cells from
patients for cytological evaluation. Cytological analyses
were performed via liquid-based cytology (LBC) tests,
as per the ThinPrep Papanicolaou test and imaging sys-
tem manual (Hologic, Inc., MA, USA). LBC results were
categorized by trained cytologists in accordance with the
2014 Bethesda system guidelines.

Biopsy specimens were stained with hematoxylin and
eosin (H&E), after which slides were initially reviewed
by a pathologist, followed by an independent secondary
review by another pathologist. In cases where these first
two evaluations were inconsistent, a third pathologist
was consulted to make a final determination.

Quantitative methylation-specific PCR (QMSP) analysis of
PAX1 methylation

The remaining cytological specimens were sent to the
pathology department, where DNA was extracted and
treated with bisulfite using the DNA Methylation Pre-
treatment Kit (Hoomya, Changsha, China) as instructed.
The resultant bisulfite-converted DNA (B-DNA) was
used as a template for PAXI gene methylation analy-
ses that were performed with the PAX1 Methylation kit
(Hoomya, Changsha, China) and a real-time PCR instru-
ment (LC4800 II).

Collagen type II alpha 1 chain (COL2A1) served as a
reference to confirm that bisulfite conversion was suc-
cessful, evaluate sample quality, and enable normaliza-
tion. The ACp value was used to measure the degree of
PAXI™, where ACppsx; = CpPpax: - CPcoroa; Smaller
ACp values were considered indicative of a higher degree
of PAX1™, whereas larger ACp values were indicative of
lower methylation levels.

Statistical analysis

R v 4.3.1 was used for all statistical analyses, using pack-
ages including pROC, gmodels, DescTools, and DTCom-
Pair. Clinical characteristics were summarized using
descriptive statistics. The performance of PAX1 meth-
ylation as a tool to detect CIN2+and CIN3+lesions
was assessed using receiver operating characteristic
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(ROC) curves, establishing the two most optimal cut-
off values based on maximum Youden index values.
The degree of PAXI™ (ACp) was categorized into three
levels: low (ACp>15), medium (7.2<ACp<15.0), and
high (ACp<7.2) using the cut-off values for CIN3+and
ACp=15. Fisher’s exact test was used to calculate odds
ratios (ORs) when evaluating associations, while trends
were analyzed using the Cochran-Armitage test. A
PAX1™ cut-off value of ACp=10.1 was established for the
triage of non-16/18 hrHPV positive women. Sensitivity,
specificity, positive predictive value (PPV), and negative
predictive value (NPV) for the detection of CIN2+and
CIN3+were calculated with corresponding 95% Wil-
son score confidence intervals (95% CIs). The Clopper-
Pearson method was used to compute the 95% CI for the
colposcopy referral proportion. The McNemar test was
employed to assess differences in sensitivity and specific-
ity, while relative predictive values were used to explore
differences in PPV and NPV. The clinical performance of
triage strategies was also assessed by stratifying patients
into age groups. A two-sided P<0.05 was used to assess
significant difference.

Results

Case series

This study enrolled 558 total subjects positive for non-
16/18 high-risk HPV, with these participants being
infected with types including HPV31, HPV33, HPV35,
HPV39, HPV45, HPV51, HPV52, HPV53, HPV56,
HPV58, HPV59, HPV66, and HPV68. Of these cases, 227
were excluded, while 281 cases were retained for statis-
tical analyses (Fig. 1). The age of participants spanned
from 19 to 75 years, with a median age of 42. The median
PAX1™ level was 19.2 (IQR: 9.7-21.0). The proportions
of cytological and histological results are presented in
Table 1. Cytology results included ASC-US in 31.7% of
cases (n=89), LSIL in 11.4% of cases (#=32), ASC-H in
3.2% of cases (#=9), and HSIL in 1.4% of cases (n=4). In
this patient group, cervicitis was diagnosed in 208 indi-
viduals (74.0%), followed by 26 cases (9.3%) of CIN1, 23
cases (8.2%) of CIN2, 21 cases (7.4%) of CIN3, and 3 cases
(1.1%) of cervical cancer. Overall, 47 patients (16.7%) had
a diagnosis of CIN2 or more severe.

The relationship between the methylation of PAX1 and
high-grade cervical lesions

PAXI™ distributions among cytological results and path-
ological results are presented in Fig. 2A and B. PAX1"
was separated into three levels based on the degree
of methylation: low [ACp>15.0] (#=188), moderate
[7.2<ACp<15.0] (n=49), and high [ACp<7.2] (n=44).
Cytology results were similarly separated into three
groups, including NILM (n=147), ASC-US (n=89), and
LSIL+ (n=45). Linear trends were observed between
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Non-16/18 hrHPV postive

Page 4 of 10

(n=558)

A4

A 4

* Not willing to participate in the study (n=181)
* Patients after LEEP or CKC (n=11)
* Patients with endometrial cancer (n=1)

Exclusion (n=193)

Cytology test
(n=365)

A 4

A 4

* No enough cytology residual for methylation
test (n=7)

Exclusion (n=7)

Colposcopy directed-biopsy
(n=358)

A 4

A 4

* Not willing to do a colposcopic biopsy (n=77)

Exclusion (n=77)

Participants included in the
analysis(n=281)
* Cervicitis (n=208)
* CIN1 (n=26)
* CIN2 (n=23)
* CIN3 (n=21)
* Ca (n=3)

Fig. 1 Study flow chart. Abbreviations LEEP, loop electrosurgical excision procedure; CKC, cold knife conization; CIN1, cervical intraepithelial neoplasm
grade 1; CIN2, cervical intraepithelial neoplasm grade 2; CIN3, cervical intraepithelial neoplasm grade 3; Ca, cervical cancer

both PAXI1™ and cytology results and biopsy pathol-
ogy findings (<CIN2 vs., CIN2+(P<0.001, P<0.001), <
CIN3 vs. CIN3+ (P<0.001 P=0.002, respectively)). In
cases of moderate and high levels of PAXI", respective
ORs for CIN2+/CIN3+were 8.86(95%CI1=2.24-42.17,
P<0.001)/1.87(95%CI=0.03-36.68, P=0.512) and 166.32
(95%CI1=47.09-784.97, P<0.001)/ 196.31(95%CI=29.11-
7990.65, P<0.001) (Table 2). When cytology find-
ings were ASC-US and LSIL+, the respective ORs
for CIN2+/CIN3 +were 6.27(95%Cl1=2.66—16.14,
P<0.001)/10.42(95%CI=2.85-57.56, P<0.001) and
5.51(95%CI=1.95-16.18, P<0.001) / 5.93(95%CI=1.10-
39.80, P=0.018).

Clinical performance of PAX7 methylation and cytology
results for women positive for non-16/18 hrHPV

The AUC values for PAX1™ status when used to diagnose
CIN2+and CIN3+were 0.948 (95%CI=0.895-0.999) and
0.927 (95%CI1=0.876—0.977) respectively (Fig. 2C and D).
The performance of PAX1™ and cytology results as tools

for the triage of non-16/18 hrHPV-positive women is
detailed in Table 3. No significant differences in the sen-
sitivity of these two triage tools were evident (89.4% vs.
80.9% for CIN2+, P=0.206; 95.8% vs. 87.5%, P=0.317).
With respect to specificity, PAX1™ (CIN2+: 87.2% and
CIN3+: 80.9%) was significantly superior to cytology
findings (CIN2+: 59.0% and CIN3+: 56.0%) (all P<0.001).
The negative predictive performance of PAXI™ and
cytology was comparable (97.6% vs. 93.9% for CIN2+,
P=0.056; 99.5% vs. 98.0%, P=0.216), but the positive pre-
dictive value of PAX1™ was significantly higher than that
of cytology results (58.3% vs. 28.4% for CIN2+, P<0.001;
31.9% vs. 15.7%, P<0.001).

Table 4 shows that 47.7% (134/281) of women test-
ing positive for non-16/18 hrHPV had abnormal cyto-
logical results, necessitating colposcopy referrals, with
a 95% confidence interval of 41.7-53.7%. Based on tri-
age according to PAXI™ status, 25.6% required colpos-
copy referral (95%CI=20.6-31.1%). Neither PAXI1™ nor
cytology analyses missed cervical cancer diagnoses, with



Huang et al. BMC Cancer (2024) 24:913

Table 1 Basic patient clinical characteristics

Characteristics n Proportion

Total 281 100.0%

Age 42(19-75)

Median (min-max)

Cytology
-NILM 147 52.3%
-ASC-US 89 31.7%
-LSIL 32 11.4%
-ASC-H 9 3.2%
-HSIL 4 14%

PAX1™ (ACp) 19.2(9.7-21.0)

Median (IQR)

Pathology
-Cervicitis 208 74.0%
-CIN1 26 9.3%
-CIN2 23 8.2%
-CIN3 21 7.4%
-Ca 3 1.1%

Abbreviations: NILM, negative for intraepithelial lesions or malignancy; ASC-
US, atypical squamous cells of undetermined significance; LSIL, low-grade
squamous intraepithelial lesion; ASC-H, atypical squamous cells cannot
exclude HSIL; HSIL, high-grade squamous intraepithelial lesion; CIN1, cervical
intraepithelial neoplasm grade 1; CIN2, cervical intraepithelial neoplasm grade
2; CIN3, cervical intraepithelial neoplasm grade 3; Ca, cervical cancer

respective requirements for 3.13 and 6.18 referrals to
detect one instance of CIN3+.

Predictive performance of different triage tools in non-
16/18 hrHPV positive women of different ages

An additional analysis of the clinical performance of
PAX1 and cytology results was also conducted accord-
ing to age group (Table 5). For CIN2+, no significant dif-
ferences in sensitivity or NPV were detected between
the two for individuals under 45 years of age (P=0.414,
P=0.197, respectively), whereas significant differences
in specificity and PPV were detected (all P<0.001). The
same was also true for individuals 45+years of age. The
respective sensitivity and NPV values of PAXI™ for the
45+age group were 90.9% (20/22) and 97.7% (86/88).

Discussion

The HPV test, recommended for cervical cancer screen-
ing, lacks specificity without subsequent triage, poten-
tially leading to an excessive number of colposcopy
examinations [20]. Thus, triage tools play a crucial role
in minimizing unnecessary colposcopy referrals [21, 22].
For women testing positive for non-16/18 hrHPYV, cytol-
ogy is the primary triage method used in most countries.
However, alternatives like extended genotyping [23], dual
staining (p16/Ki67) [24], and HPV E6/E7 mRNA testing
[25] are currently being explored. Here, PAXI" analyses
of cytology specimens and compared to the correspond-
ing cytology results in order to gauge the triage perfor-
mance of PAXI™. This study included 13 HPV genotypes
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among non-16/18 high-risk HPV-positive patients, with
the three most common being HPV52 (34.52%), HPV58
(25.27%), and HPV53 (11.39%) (Supplementary Table 1).
This distribution is generally in line with the rates of HPV
infection observed across various regions of China [26,
27].

In this study cohort, we found that elevated PAXI
methylation levels were associated with an increased
risk of both CIN2+and CIN3+lesions, as detailed in
Table 2. Among the 188 and 49 enrolled patients with
low-degree PAXI1™ [ACp>15] and moderate-degree
PAX1™ [7.2<ACp<15], there were a total of 1 and O cases
of CIN3+, respectively. Among 147 cytologically normal
and 89 cytologically ASC-US women, there were 3 and 16
cases of CIN3+, respectively. This suggests that triaging
patients according to low- and moderate-degree PAX1"
is potentially safer than doing so based on NILM and
ASC-US cytology findings. Relative to patients exhibit-
ing low-degree PAX1"™, the OR for patients with high-
degree PAXI™ [ACp<7.2] was 196.31 (29.11-7990.65),
which was markedly higher than the corresponding OR
when comparing the cytology LSIL+and NILM designa-
tions. This suggests a potential correlation between high-
degree PAXI™ in CIN3+incidence. High methylation
of the PAX1 gene is associated with an increased risk of
cervical intraepithelial neoplasia grade 3 or more severe
(CIN34). Clinically available methylation tests can be
utilized in the following ways [28]: (1). For the prelimi-
nary classification of high-risk HPV (HRHPV)-positive
women to detect cervical cancer and advanced cervical
intraepithelial neoplasia (CIN). (2). As a secondary triage
for women with mild cytological abnormalities to deter-
mine their risk of CIN3 or more severe disease. (3). As
an exit test for women who opt out of the screening pro-
gram to identify those with cervical cancer or advanced
CIN. (4). To support the management of CIN. There have
been several reports demonstrating that TSGs are associ-
ated with the incidence of cervical lesions [29-32]. Spe-
cifically, the expression of high levels of the hrHPV E6/E7
oncogenes can regulate methyltransferase activity, result-
ing in the aberrant methylation of many TSGs. This, in
turn, can result in the silencing or inactivation of these
TSGs such that their antitumor functions are absent
[11, 33, 34]. This mechanism can lead to the incidence
of transformed cervical intraepithelial neoplasia (tCIN),
including certain cases of CIN2 and CIN3 [8-10, 35].
This may explain the increased risk of CIN3+that was
found to be associated with high-degree PAXI™. High
expression of PAXI"™ positivity correlated with increased
severity of lesions, as shown in Supplementary Tables
2-3.

With respect to the clinical performance of these
two approaches to triaging non-16/18 high-risk HPV-
positive women, PAXI™ and cytology results yielded
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Fig. 2 PAXT methylation distribution plots and ROC curves for CIN2+/CIN3 +detection. A, Violin plots of PAX1™ (ACp) levels grouped according to cy-
tology results. B, Violin plots of PAX1™ (ACp) levels grouped according to biopsy results. C, ROC curve for the PAX1™-based detection of CIN2 +lesions.
D, ROC curve for the PAX1™-based detection of CIN3 +lesions. Abbreviations: NILM, negative for intraepithelial lesions or malignancy; ASC-US, atypical
squamous cells of undetermined significance; LSIL, low-grade squamous intraepithelial lesion; ASC-H, atypical squamous cells cannot exclude HSIL; HSIL,
high-grade squamous intraepithelial lesion; CINT, cervical intraepithelial neoplasm grade 1; CIN2, cervical intraepithelial neoplasm grade 2; CIN2+, cervi-
cal intraepithelial neoplasm grade 2 or worse; CIN3, cervical intraepithelial neoplasm grade 3; CIN3+, cervical intraepithelial neoplasm grade 3 or worse;
Ca, cervical cancer; ROC, receiver operator characteristic curve; AUC, area of under the ROC. Statistical identification: NS., no significance; *, P<0.05; **,

P<0.01;***, P<0.001

comparable sensitivity for the detection of CIN2+and
CIN3+ (P=0.206, P=0.317, respectively), but PAXI"
offered greater specificity than cytology (Table 3). In
cervicitis and CIN1 cases, cytological abnormality rates
were also higher than PAXI™ positivity rates (37.5% vs.
11.5%, 69.2% vs. 23.1%) (Supplementary 2). All partici-
pants in this study were women who were positive for
hrHPV, and cellular abnormalities caused by hrHPV
infection can contribute to cytological abnormalities
being more frequently present in cervicitis and CIN1
cases (cytology>ASC-US) [36]. The NPV of PAXI™ in
this study was comparable to that of cytology, underscor-
ing the reliability of this alternative triage strategy. In
addition, the PPV of PAX1" was superior to that of cytol-
ogy, suggesting that those women with positive PAX1"

results may face a higher risk of CIN2+/CIN3+incidence
as compared to those women with positive cytology find-
ings. These methylation results thus offer a higher degree
of clinical accuracy that can be leveraged to guide colpos-
copy. When stratifying participants according to age, for
both individuals =245 and <45 years, PAX1"™ and cytology
exhibited comparable sensitivity and NPV for the detec-
tion of CIN2+, while the specificity and PPV of PAX1"™
were superior to those for cytology. These results support
previously published results suggesting that methylation
testing can serve as a more effective criterion for the dis-
continuation of further screening in older women [28].
The management of cervical cancer remains a signifi-
cant challenge. Tertiary prevention strategies for cervi-
cal cancer include HPV vaccination, screening methods



Huang et al. BMC Cancer (2024) 24:913

Table 2 PAXT methylation odds ratios and cytology results for
CIN2+/CIN3 + patients

Tests OR (95%CI)t Prortrena®
PAXT™ Low (n=188) Moderate High (n=44)
[ACp>150] (n=49) [ACp<7.2]
[72<ACp<150]
Neeno/ 184/4 41/8 9/35 <0.001
NN+
OR (95%Cl) 1.0 8.86(2.24-42.17) 166.32(47.09-
784.97)
P <0.001 <0.001
Neeny/ 187/1 49/0 21/23 <0.001
NeiN3+
OR (95%Cl) 1.0 1.87(0.03-36.68) 196.31(29.11-
7990.65)
P 0512 <0.001
Cytology ~ NILM(n=147) ASC-US(n=89)  LSIL+(n=45)
Neeno/ 138/9 63/26 33/12 <0.001
NN+
OR (95%Cl) 1.0 6.27(2.66-16.14)  5.51(1.95-
16.18)
P <0.001 <0.001
Neeny/ 144/3 73/16 40/5 0.002
NeiN3+
OR (95%Cl) 1.0 1042(2.85-57.56) 5.93(1.10-
39.80)
P <0.001 0.018

Abbreviations: NILM, negative for intraepithelial lesions or malignancy; ASC-
US, atypical squamous cells of undetermined significance; ASC-US+, atypical
squamous cells of undetermined significance or worse; CIN2+, cervical
intraepithelial neoplasm grade 2 or worse; CIN3+, cervical intraepithelial
neoplasm grade 3 or worse; OR, odds ratio. Statistical annotation: 1, Fisher’s
exact test, using low PAXT™ or NILM cytology results as the reference; #,
Cochran-Armitage test for trend

Table 3 Comparisons of the performance of PAX1" status and
cytology results for the triage of non-16/18 hrHPV-positive
women (n=281)

Tests Cut-off Sensitiv-  Specificc PPV % NPV %
ity % ity % (95%Cl)  (95%Cl)
(95%Cl) (95%Cl)

CIN2 +versus < CIN2

PAXT™ ACp<10.1 894(774- 87.2(82.3- 583(46.8—- 97.6(94.5-
95.4) 90.9) 69.0) 99.0)

Cytology  ASC-US+  809(674- 59.0(52.6— 284(21.4- 93.9(88.8-
89.6) 65.1) 36.5) 96.8)

P 0.206 <0.001 <0.001 0.056

CIN3 +versus <CIN3

PAXT™ ACp<10.1 958(79.7- 80.9(75.7- 31.9(22.3- 99.5(97.3-
99.3) 85.3) 43.4) 99.9)

Cytology  ASC-US+  87.5(69.0- 56.0(49.9- 15.7(10.5- 98.0(94.2—
95.7) 62.0) 2248) 99.3)

P 0317 <0.001 <0.001 0216

Abbreviations: ASC-US+, atypical squamous cells of undetermined significance
or worse; PAX1™, PAX1 methylation; PPV, Positive Predictive Value; NPV, Negative
Predictive Value
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for early detection, and treatments for CIN and cancer,
such as surgery, minimally invasive surgery (MIS), and
diathermy therapy. The highly immunogenic nature of
the HPV vaccine has led to its promotion by the WHO,
resulting in a worldwide decrease in the incidence of cer-
vical cancer. The efficacy of the bivalent, quadrivalent,
and non-valent vaccines against HPV 16/18 has been
found to be similar. Real-world data shows a significant
reduction of HPV 6/11/16/18 in vaccinated women com-
pared to unvaccinated women, indicating that the vac-
cine is highly effective. Moreover, the direct effect of the
non-valent vaccine with the cross-protection of bivalent
and quadrivalent vaccines results in the reduction of
HPV 6/11/16/18/31/33/45/52/58. HPV vaccination has
also been shown to provide herd protection as well [37].
Surgical treatment of CIN and cervical cancer is impor-
tant according to global guidelines recommendations;
however, it may pose a risk of adverse outcomes for preg-
nant women. Furthermore, women who undergo hyster-
ectomy are more likely to develop high levels of lesions
in the vulva, vagina, and anus - including a 6% increased
risk of HPV-related lesions, a 9% increased risk of vagi-
nal HPV-related lesions, and a 20% risk of vaginal can-
cer [38]. According to LACC study MIS had four times
higher recurrence rates and six times higher all-cause
mortality rates than laparotomy [39]. A growing body of
evidence supports introducing vaccination in an “adju-
vant” setting after initial treatment for CIN. Preliminary
data suggest that vaccination after conization reduces the
50-80% risk of CIN recurrent. HPV vaccination can also
prevent lower reproductive tract dysplasia and high lev-
els of lesions in the vulva, vagina, and anus [38]. Given
the dominance of the bivalent HPV vaccine worldwide,
it underscores the importance of methylation testing in
women with high-risk HPV genotypes other than HPV
16 and 18 for detecting high-grade cervical lesions and
cancers. The integration of vaccination and methylation
testing as part of post-treatment management for cervi-
cal lesions and cancers is increasingly crucial, and war-
rants further investigation through larger clinical studies.

There are some limitations to these analyses. For one,
many of the women eligible for enrollment did not com-
plete the entirety of the trial, with 181 non-16/18 hrHPV-
positive women declining to participate, potentially
owing to the novelty of the PAXI™ analysis strategy. In
addition, 77 participants refused to undergo colpos-
copy-guided biopsy. These factors may have introduced
bias into the study results. In addition, this study was
not a randomized controlled trial and instead relied on
residual cytological specimens, potentially contributing
to the underestimation or overestimation of the clinical
performance of PAX1™-based triage strategies. Lastly, no
follow-up was conducted for patients who did not reach
the clinical study endpoint (CIN2+), and as such, the
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Table 4 Colposcopy referral percentages and referrals required for the detection of one CIN2+/CIN3 +case when using two triage

strategies for non-16/18 hrHPV-positive women (n=281)

Tests Colposcopy referral Colposcopy referral (%) Referrals needed to Referrals needed to Missed
indicators (95%Cl) detect one CIN2+ detect one CIN3+ CIN2/
CIN3/
Ca
PAXT™ ACp<10.1 25.6(20.6-31.1) 1.71 3.13 4/1/0
Cytology ASC-US+ 47.7(41.7-53.7) 353 6.38 6/3/0

Abbreviations: ASC-US+, atypical squamous cells of undetermined significance or worse; PAX1™, PAX1 methylation; CIN2, cervical intraepithelial neoplasm grade
2; CIN3, cervical intraepithelial neoplasm grade 3; Ca, cervical cancer; CIN2+, cervical intraepithelial neoplasm grade 2 or worse; CIN3+, cervical intraepithelial

neoplasm grade 3 or worse

Table 5 Sensitivity, specificity, PPV, and NPV of cytology- and
PAX1™-based triage strategies for the detection of CIN2+among
non-16/18 hrHPV-positive women in different age groups

Tests Cut-off Sensitiv-  Specificc  PPV% NPV %
ity % ity % (n/N) (n/N)
(n/N) (n/N)

Age <45 years (n=150)

PAXT™ ACp<10.1 880 944 759 97.5
(22/25) (118/125)  (22/29) (118/121)

Cytology ~ ASC-US+ 800 65.6 31.7 943
(20/25) (43/125) (20/63)  (82/87)

P 0414 <0.001 <0.001 0.197

Age =45 years (n =131)

PAXT™ ACp<10.1 909 789 46.5 97.7
(20/22) (86/109)  (20/43) (86/88)

Cytology ~ ASC-US+ 818 514 254 933
(18/22) (56/109) (18/71)  (56/60)

P 0317 <0.001 <0.001 0.155

Abbreviation ASC-US+, atypical squamous cells of undetermined significance
or worse; PAX1", PAX1 methylation; CIN2+, cervical intraepithelial neoplasm
grade 2 or worse; PPV, Positive Predictive Value; NPV, Negative Predictive Value

long-term reliability of negative PAXI" results remains
to be assessed.

Even with these limitations, the results of this study
have profound implications for cervical cancer screen-
ing efforts in China. At present, the standard cervical
cancer screening strategy at the national level in China
consists of initial hrHPV testing with subsequent cytol-
ogy. However, cytology is dependent on prolonged and
comprehensive training such that cytologist shortages in
different healthcare systems represent an important bar-
rier to the widespread implementation of cervical cancer
screening. Integrating artificial intelligence systems, such
as the Hologic Genius Al into cervical cytology could
alleviate the impact of cytologist shortages and facilitate
broader implementation of cervical cancer screening.
PAXI™ analyses, in contrast, are based on a fluorescent
qPCR technique that has matured significantly such
that it can be performed in a largely automated manner,
thereby abrogating this dependence on specialized cytol-
ogists to gauge patient risk. Among non-16/18-positive
patients, the cytological indication for colposcopy refer-
ral is ASC-US or higher, contributing to high rates of col-
poscopy referral. In this study, cytological abnormalities

were detected in 47.7% of non-16/18-positive patients,
indicating that almost half of this cohort would require
colposcopy referral. In contrast, the PAX1™ testing posi-
tivity rate was just 25.6%, representing a 46.3% reduction
in the colposcopy referral rate (Table 4). The implemen-
tation of PAXI™ testing would thus enable to imple-
mentation of fully automated molecular testing-based
cervical cancer screening while also reducing the number
of unnecessary colposcopy referrals, thereby preventing
the inefficient use of medical resources.

Conclusions

In summary, the present results revealed that PAXI1™
is significantly associated with cervical lesion severity.
PAX1™ exhibited good diagnostic performance for the
detection of CIN2+and CIN3+lesions in women positive
for non-16/18 hrHPV. As such, the use of PAXI™ analy-
ses of cervical specimens represents a viable approach to
triaging non-16/18 hrHPV-positive women, especially
in areas where shortages of cytologists or large-scale
screening concerns exist.

Abbreviations

ASC-US Atypical squamous cells of undetermined significance
ASC-US+  Atypical squamous cells of undetermined significance or worse
ASC-H Atypical squamous cells cannot exclude HSIL

AUC Area of under the ROC

Ca Cervical cancer

CIN1 Cervical intraepithelial neoplasm grade 1

CIN2 Cervical intraepithelial neoplasm grade 2

CIN3 Cervical intraepithelial neoplasm grade 3

CIN2+ Cervical intraepithelial neoplasm grade 2 or worse
CIN3+ Cervical intraepithelial neoplasm grade 3 or worse
CKC Cold knife conization

HSIL High-grade squamous intraepithelial lesion

LEEP Loop electrosurgical excision procedure

LSIL Low-grade squamous intraepithelial lesion

NILM Negative for intraepithelial lesions or malignancy

NPV Negative Predictive Value

OR Odds ratio

PAXT™ PAXT methylation

PPV Positive Predictive Value

ROC Receiver operator characteristic curve
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