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High-risk human papillomavirus
genotyping in women with atypical
squamous cells of undetermined
significance
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We conducted a prospective study to evaluate the prevalence of high-risk human papillomavirus
(hr-HPV) positivity in women with atypical squamous cells of undetermined significance (ASC-US).
Additionally, we assessed the association of hr-HPV positivity with the pathology of high-grade
squamous intraepithelial lesions or worse (HSIL*) and the risk of subsequent detection of squamous
intraepithelial lesions. A total of 376 women were included, with 242 (64.4%) exhibiting hr-HPV
positivity. The predominant HPV genotypes were 16, 52 and 58. Factors associated with the
immediate detection of HSIL* pathology included a colposcopic impression of high-grade lesions,
hr-HPV positivity, HPV 16 positivity, HPV 18 positivity, HPV 58 positivity, age less than 40 years,

and biopsy of two or more pieces. However, only the first three factors were statistically significant

in multivariate analysis. Among the 291 women who continued surveillance for 6 months or more,
the median follow-up period was 41.8 months (interquartile range [IQR] 26.5-54.0). The prevalence
of subsequent HSIL in women with hr-HPV positivity versus negativity was 3.6% versus 0.98%,
respectively. The median time to the subsequent detection of SIL was 28.7 months (IQR 14.9-41.7). In
conclusion, women with ASC-US in our study had a high proportion of hr-HPV positivity. Type-specific
HPV testing could play a pivotal role in the development of specific management protocols for women
with ASC-US.

Clinical trial registration: https://thaiclinicaltrials.org, TCTR20161017002.

Cervical cancer ranks as the fourth most common cancer and the fourth leading cause of cancer-related death
in women globally, with 56.8% of cervical cancer cases resulting in mortality’. The screening tests available
include (i) high-risk human papillomavirus (hr-HPV) DNA/mRNA tests, (ii) cytology, (iii) co-testing, and (iv)
visual inspection with acetic acid (VIA)>?. In Thailand, cytology screening remains principal approach, yielding
abnormal results in 1.5-4% of cases. The most frequently identified cytological abnormality is atypical squamous
cells of undetermined significance (ASC-US)**.

According to 2019 American Society for Colposcopy and Cervical Pathology (ASCCP) consensus on risk-
based management, ASC-US with negative hr-HPV should be followed by a co-testing evaluation after three
years. However, ASC-US cases with positive hr-HPV without genotype-specific strategy, necessitate as immediate
colposcopy®. In a prior report involving 1756 Thai women with ASC-US, 221 (12.6%) demonstrated immediate
pathology of high-grade squamous intraepithelial lesion (HSIL) or adenocarcinoma in situ (AIS) or invasive
cancer identified in 41 women (2.3%)’. Given such a high incidence of immediate HSIL or worse (HSIL"), the
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direct costs of colposcopy are borne by government public health security schemes, rending immediate colpos-
copy the primary triage method for Thai women with ASC-US.

Different types of hr-HPV exhibit varied oncogenicity. The two types accepted worldwide as the most
oncogenic are HPV 16 and 18%-'°. Geographic variation exists concerning the most common hr-HPV geno-
types associated with HSIL* pathology in women with ASC-US. Black women with ASC-US have significantly
higher hr-HPV positivity rates and lower HPV 16 positivity than white women'!. Two studies reported that the
most common HPV types detected in women with ASC-US were types 16, 58, and 52, in descending order of
prevalence'®!*. Conversely, another study listed HPV types 16, 18, and 31 as the most common, in that order*.
An additional study indicated that HPV types 16, 33, 58, and 51 were most associated with detected HSIL*'®. The
presence of specific hr-HPV types may significantly impact the triage of women with ASC-US during diagnostic
colposcopy.

The aims of this study were to compare the proportions of HSIL* pathology among women with ASC-US
cytology for each hr-HPV genotype, to identify factors that are associated with immediate HSIL* pathology, and
to investigate the prevalence of subsequent squamous intraepithelial lesion (SIL) pathology during follow-up
and explore its associated factors.

Subjects and methods

Before this research begun, the Siriraj Institutional Review Board authorized the protocol (approval number
Si 615/2016). The work was also registered at the Thai Clinical Trials Registry (TCTR20161017002). Informed
consent was obtained from all participants. Enrollment of study subjects occurred between March 2016 and
March 2018. The authors confirm that all methods were performed in accordance with relevant guidelines and
regulations. The inclusion criteria for this study included non-pregnant women aged 21 years or older presenting
with ASC-US cytology. Participants were required to have no history of abnormal cervical cytology or treatment
for cervical neoplasia, and to provide written informed consent before attending the colposcopy clinic.

Colposcopy was performed within six weeks by gynecologic oncologists. At the beginning step of the colpos-
copy, a cervical smear was collected for hr-HPV DNA testing using a Wallach broom and preserved in PreservCyt
solution (Hologic, Marlborough, MA, USA). For the detection of L1 DNA, we utilized the Anyplex II hr-HPV
Detection Kit (Seegene Inc, Seoul, Korea). This kit has been validated by the European Commission and is capa-
ble of detecting 14 hr-HPV genotypes: HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68. Colposcopic
impressions were classified into three categories: normal-lacking acetowhite epithelium or other abnormalities,
low-grade—thin acetowhite lesion or rapidly fading acetowhitening or fine type of abnormal vessels, and high-
grade—rapid appearance and dense acetowhitening, coarse type of abnormal vessels or sharp border. Up to four
colposcopy-directed biopsies were obtained from all visible lesions, including those of the cervix, vagina, and
vulva. If the squamocolumnar junction (SCJ) appeared normal, a random biopsy was performed at 12 oclock.
Endocervical curettage (ECC) was performed when the SCJ could not be fully visualized. Pathologic diagnoses
were made by a gynecologic pathologist (SH), according to the 2012 classification of cervical pathology by the
International Federation for Cervical Pathology and Colposcopy (IFCPC). Women with HSIL* pathology under-
went treatment following standard protocols. On the other hand, women diagnosed with LSIL pathology or less
were scheduled for repeating cervical cytology every six months for two years or hr-HPV based-testing at one
and two years. Subsequent routine screening was scheduled for women who showed all negative tests. During
the follow-up period, the threshold for colposcopy was any abnormal cytology or positive hr-HPV.

Demographic data, results of the hr-HPV DNA testing, colposcopy findings, and pathology reports were col-
lected. The proportion of HSIL* pathology, including HSIL, AIS, or cancer was calculated. Follow-up outcomes
were collected until September 30, 2022, and participants who completed follow-up tests for six months or longer
were analyzed for subsequent detection of SIL.

The sample size calculation was based on the prevalence of hr-HPV detection in women with ASC-US, which
stood as 56%°. With a delta error of 0.05, a total of 376 women were required for this study.

PASW Statistics, version 18 (SPSS Inc. Chicago, IL, USA), was employed for all statistical analyses. The
data are presented as number and percentage or median and interquartile range (IQR). The Chi-square test or
Fisher’s exact test was used to compare categorical variables. Stepwise logistic regression analysis was conducted
to identify variables independently associated with HSIL* pathology. The disease-free interval analysis was per-
formed using the Kaplan-Meier method and Cox proportional hazards model. The results of associated factors
are reported as odds ratios (OR) with corresponding 95% confidence interval (CIs). A P value of 0.05 or less was
considered to be statistically significant.

Results

In total, we enrolled 376 women. Baseline demographic data, results of hr-HPV DNA testing, colposcopy impres-
sions, and pathological report are presented in Table 1. The median age was 40.5 years (IQR 32.0-49.0). None
of the study participants had received an HPV vaccination. The proportion of positive hr-HPV was 64.4%. The
common HPV genotypes were HPV 16, 52, 58, and 51, respectively. Single HPV genotype infection was found
in 168 women, the most common genotypes being HPV 16, 52, 51, and 58, respectively. The two most common
HPV genotypes coexisting in multiple infections were HPV 16 and 58. Only one woman diagnosed with squa-
mous cell carcinoma (SCCA), was detected with a single infection by HPV 18.

Immediate HSIL" pathology was found in 55 women (14.7%). No woman was diagnosed with AIS. In the
case of the one woman who was diagnosed with SCCA, her conization specimen pathology revealed a depth of
invasion of 1 mm without lymphovascular space invasion (LVSI). As a result, she underwent a hysterectomy,
and the subsequent pathology report indicated no residual cancer. Among the 54 women diagnosed with HSIL
pathology, treatment was successfully completed through cryotherapy, laser ablation, or loop electrosurgical
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Characteristics Number (%)

Age (years), median [IQR] 40.5 [32.0-49.0]

Status of hr-HPV

Negative hr-HPV 134 (35.6)

Positive hr-HPV 242 (64.4)
Single genotypes 168
Multiple genotypes 74

HPV types, n=242

HPV 16 64

HPV 52 51

HPV 58 44

HPV 51 28

HPV 18 21

HPV 39 21

HPV 68 21

HPV 66 19

HPV 31 15

HPV 56 10

HPV 35 8

HPV 33 7

HPV 45 4

HPV 59 4

Colposcopic impression

Normal 82(21.8)

Low-grade lesion 243 (64.6)

High-grade lesion 49 (13.0)

Inadequate or inconclusive 2(0.5)

Pathology

Normal, metaplasia, atrophy 117 (31.1)

Cervicitis 59 (15.7)

LSIL 145 (38.6)

HSIL 54 (14.4)

Invasive cancer 1(0.3)

Follow-up for =6 months, n=291

Subsequence SIL detection 22(7.6)
LSIL 14
HSIL 8

Table 1. Clinical and pathological reports of 376 women with cervical cytology screening results of atypical
squamous cells of undetermined significance. hr-HPV High-risk human papillomavirus; HSIL High-grade
squamous intraepithelial lesion; IQR Interquartile range; LSIL Low-grade squamous intraepithelial lesion.

excision procedure (LEEP). One of 54 women with HSIL pathology underwent subsequent hysterectomy and
upper vaginectomy due to not-free conization margins and confirmed vaginal HSIL. Factors associated with
immediate HSIL* pathology by univariate analysis are presented in Table 2. Multivariate analysis revealed that
independent factors significantly associated with immediate HSIL* pathology were a colposcopy impression of
high-grade lesions (OR 35.26, 95% CI 4.44-279.83, P=0.001), positive hr-HPV (OR 3.91, 95% CI 1.43-10.64,
P=0.008), and positive HPV 16 (OR 2.19, 95% CI 1.08-4.44, P=0.029).

Among the 291 women who continued follow-up for at least six months, the initial pathology was one woman
was diagnosed with invasive cancer, 40 women with HSIL, 120 women with LSIL, and 130 women with inflam-
mation/normal cervical pathology. The median follow-up time was 41.8 months (IQR 26.5-54.0). Subsequent
detection of SIL pathology occurred in 22 women (7.6%), including 14 cases of LSIL and 8 cases of HSIL (Table 3).
The median time to subsequent detection of SIL was 28.7 months (IQR 14.99-41.7). When examining the median
time to subsequent detection of HSIL, it was 31.5 months (IQR 17.8-53.6), and the median time to subsequent
detection of LSIL was 19.0 months (IQR 13.7-28.3). However, no significant risk factors were identified in asso-
ciation with the subsequent detection of SIL. Additionally, the Cox proportional hazards model, which aimed to
predict the time to recurrence, did not yield statistically significant results. Based on immediate pathology, the
woman with invasive cancer was successfully treated without recurrence. Among the 40 women with immediate
HSIL pathology, three showed subsequent detection of LSIL pathology during follow-up (ranging from 14.0 to
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Variables HSIL', N (%) Odds ratio [95% confidence interval] P
Age (years)
<40,n=176 33(18.8) Reference
>40,n=200 22 (11.0) 0.54 (0.29-0.96) 0.034
HPV status
hr-HPV status

Negative hr-HPV, n=134 5(3.7) Reference

Positive hr-HPV, n=242 50 (20.7) 6.72 (2.61-17.30) <0.001
HPV 16

Negative, n=312 35(11.2) Reference

Positive, n=64 20 (31.3) 3.59 (1.91-6.79) <0.001
HPV 18

Negative, n=355 49 (13.8) Reference

Positive, n=21 6(28.6) 2.49 (0.93-6.75) 0.102
HPV 31

Negative, n=361 52 (14.4) Reference

Positive, n=15 3(20.0) 1.49 (0.41-5.45) 0.469
HPV 33

Negative, n=369 54 (14.6) Reference

Positive, n=7 1(14.3) 0.97 (0.12-8.24) 1.000
HPV 35

Negative, n=368 55 (15.0) Reference

Positive, n=8 0 0.85 (0.82-0.89) 0.610
HPV 39

Negative, n=355 53(14.9) Reference

Positive, n=21 2(9.5) 0.60 (0.14-2.65) 0.752
HPV 45

Negative, n=372 55(14.8) Reference

Positive, n=4 0 0.85 (0.82-0.89) 1.000
HPV 51

Negative, n=348 50 (14.4) Reference

Positive, n=28 5(17.9) 1.29 (0.47-3.57) 0.581
HPV 52

Negative, n=325 46 (14.2) Reference

Positive, n=51 9(17.6) 1.30 (0.59-2.85) 0.512
HPV 56

Negative, n=366 54 (14.8) Reference

Positive, n=10 1(10.0) 0.64 (0.80-5.17) 1.000
HPV 58

Negative, n=332 44 (13.3) Reference

Positive, n=44 11 (25.0) 2.18 (1.03-4.63) 0.038
HPV 59

Negative, n=372 54 (14.5) Reference

Positive, n=4 1(25.0) 1.96 (0.20-19.22) 0.470
HPV 66

Negative, n=357 51(14.3) Reference

Positive, n=19 4(21.1) 1.60 (0.51-5.01) 0.500
HPV 68

Negative, n=355 50 (14.1) Reference

Positive, n=21 5(23.8) 1.91 (0.67-5.44) 0.211
Biopsy (pieces)
1,n=182 17 (9.3) Reference
>2,n=19%4 38 (19.6) 2.36 (1.28-4.36) 0.005
Colposcopic impression, n=374
Low-grade lesion or normal, n=325 33(10.2) Reference
High-grade lesion, n=49 22 (44.9) 6.98 (3.59-13.56) <0.001

Table 2. Associated factors for the pathology of 55 study women who diagnosed with a high-grade squamous
intraepithelial lesion or invasive cancer (HSIL*). hr-HPV High-risk human papillomavirus; HSIL* High-grade
squamous intraepithelial lesion or worse; SCCA Squamous cell carcinoma.
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Pathology
Variables Subsequent SILN (%) | 14LSIL | 8 HSIL
Age (years)
<40,n=127 12 (9.4) 9 3
>40,n=164 10 (6.1) 5 5
HPYV status
Negative hr-HPV, n=102 6(5.9) 5 1
Positive hr-HPV, n=190 16 (8.4) 9 7
High-risk HPV genotyping
HPV 16
Negative, n=239 17 (7.1) 12 5
Positive, n=52 5(9.6) 2 3
HPV 18
Negative, n=274 20 (7.3) 12 8
Positive, n=17 2(11.8) 2 0
HPV 31
Negative, n=280 21(7.5) 14 7
Positive, n=11 1(9.1) 0 1
HPV 33
Negative, n=285 21(7.4) 14 7
Positive, n=6 1(16.7) 0 1
HPV 35
Negative, n=285 22(7.7) 14 8
Positive, n=6 0 0 0
HPV 39
Negative, n=275 20(7.3) 12 8
Positive, n=16 2 (12.5) 2 0
HPV 45
Negative, n=287 22(7.7) 14 8
Positive, n=4 0 0 0
HPV 51
Negative, n=268 19 (7.1) 11 8
Positive, n=23 3(13.0) 3 0
HPV 52
Negative, n=252 18 (7.1) 12 6
Positive, n=39 4(10.3) 2 2
HPV 56
Negative, n=282 21(7.4) 13 8
Positive, n=9 1(11.1) 1 0
HPV 58
Negative, n=260 19 (7.3) 14 5
Positive, n=31 3(9.7) 0 3
HPV 59
Negative, n =288 22(7.6) 14 8
Positive, n=3 0 0 0
HPV 66
Negative, n=278 21 (7.6) 14 7
Positive, n=13 1(7.7) 0 1
HPV 68
Negative, n=275 19 (6.9) 13 6
Positive, n=16 3(18.8) 1 2
Biopsy (pieces)
1,n=132 13 (9.8) 7 6
>2,n=159 9(5.7) 7 2
Colposcopic impression
Low-grade or normal, n=252 18 (7.1) 11 7
High-grade, n=39 4(10.3) 3 1
Continued
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Pathology
Variables Subsequent SILN (%) | 14LSIL | 8 HSIL
Immediate pathology
No SIL, n=130 8(6.2) 5 3
LSIL, n=120 10 (8.3) 6 4
HSIL, n=40 4(10.0) 3 1
Invasive carcinoma, n=1 0 0 0

Table 3. Associated factors for 22 study women who had a subsequent occurrence of the squamous
intraepithelial lesions out of 291 women who continued follow-up for > 6 months. hr-HPV High-risk human
papillomavirus; HSIL High-grade squamous intraepithelial lesion; IQR Interquartile range; LSIL Low-grade
squamous intraepithelial lesion; SIL Squamous intraepithelial lesion.

53.3 months), and one exhibited vaginal HSIL post-hysterectomy at 15.1 months of follow-up. Furthermore,
among the 120 women initially diagnosed with LSIL, six women were subsequently detected LSIL within a
follow-up period of 7.4 to 24.9 months, and four women were detected with HSIL within a follow-up period of
16.8 to 26.9 months. Among 130 women initially diagnosed with inflammation/normal cervical pathology, five
showed subsequent LSIL pathology within a follow-up time range of 12.1-49.0 months and 3 HSIL pathology
were detected in the follow-up period of 13.4 to 21.5 months (Table 3). It is important to note that all women in
the study remained free of disease at the last visit date.

Discussion

Cervical cancer is preventable, and cytology-based screening test has played a crucial role for decades. The most
common cytology abnormality is ASC-US, accounting for 1.5-5.7% of all screening results>'>!>!7. Pathology
diagnoses in women with ASC-US cytology include normal, cervicitis, LSIL, HSIL, or invasive cancer. The cur-
rent study revealed that the proportion of immediate HSIL* pathology in women with ASC-US was quite high,
which aligns with previous studies reporting ranges of 5.1-17.0%”'+17-1%, A triage test for women with ASC-US
before referral to colposcopy is necessary to counterbalance benefits and harm.

The randomized Atypical Squamous Cells of Undetermined Significance/Low-Grade Squamous Intraepi-
thelial Lesion Triage Study (ALTS), which utilized hybrid capture® (HC) II in women with ASC-US, reported
proportion of positive hr-HPV, immediate CIN 2%, and CIN 3* of 50.6%, 11.4%, and 5.1%, respectively. The per-
formance of hr-HPV in detecting CIN 2* had a high sensitivity of 95.9% and a negative predictive value (NPV)
of 98.9%'8. Furthermore, hr-HPV testing is an economic strategy for classifying ASC-US with a colposcopy
referral rate of 50.6%. In addition to the ALTS study, the Kaiser Permanente Northern California (KPNC)
research program conducted a similar investigation. In this cohort, the proportion of positive hr-HPV by HCII®
in women with ASC-US was 48.4%, and immediate CIN 2* was 7.7%. Among women with ASC-US, those posi-
tive for hr-HPV had a higher proportion of immediate CIN 2* (14.8%) than those negative for hr-HPV (0.1%).
Similarly, the proportion of immediate CIN 3* in hr-HPV positive women was 4.9%, whereas it was 0.03% in
hr-HPV negative women".

Thus, from 2012 through to the most recent update of the 2019 ASCCP recommendations, two preferred
management strategies for women with ASC-US cytology have emerged. The first strategy involves reflex hr-
HPYV testing, where a positive result leads to colposcopy, while a negative result permits HPV-based test in the
next three years®. The alternative strategy suggests repeating cytology at one year. The WHO 2021 guidelines
specifically recommend immediate colposcopy for women with ASC-US who test positive for hr-HPV?. None
of the international guidelines have yet addresses the role of specific hr-HPV genotypes in triaging women with
ASC-US cytology.

The higher the prevalence of hr-HPV infection, the higher the proportion of HSIL* detection. Variations
exist in the proportion of hr-HPV detection, which ranges from 32.0% to 85.3%, the proportion of initial HSIL*
pathology, and the diversity of hr-HPV genotyping across various studies of woman with ASC-US!>!31517-1921-24,
The ATHENA study, conducted with 1578 women with ASC-US using the cobas® test, found the proportion of
positive hr-HPV to be 32.0% and the immediate CIN 2* was 5.1% (or expressed as immediate CIN 3%, 2.9%).
No cases of AIS or invasive cancer were diagnosed'®. Three other studies presented the proportion of positive
hr-HPV in women with ASC-US as 33.7%, 41.0%, and 67.2%. The immediate CIN 2*/HSIL* pathology was
reported at 7.3%, 7.4%, and 23.1%'*'*%, The NPV of the hr-HPV test was reported to be 100%*°. The current
study showed a proportion of positive hr-HPV consistent with the range of previous studies, and the hr-HPV
test demonstrated the capability to predict immediate HSIL* with a sensitivity of 90.6%, an NPV of 96.3%, and
a colposcopy referral rate of 64.4%.

Each hr-HPV type delivers different risks for the development of CIN 2" and varies geographically. The
proportion of CIN 2* in women with ASC-US who tested positive for hr-HPV was 13.3-35.6%'>141>1723_ ALTS
reported that CIN 2* in women with ASC-US who tested positive for hr-HPV was 26.2%, with the highest for
HPV 16 positive women being 48.5%**. The ATHENA trial reported CIN 2* in hr-HPV-positive women as 14.0%.
They presented the risk of CIN 2* in women positive for HPV 16, HPV 18, non-HPV 16/18, and negative for
hr-HPV as 31.5%, 4.3%, 8.6%, and 0.8%, respectively'”. A study of 1620 women with ASC-US found 75.3% to be
positive for hr-HPV. And total immediate CIN 2* prevalence was 33.6%, which broke down into positive hr-HPV
16/18 at 46.9% and hr-HPV non-16/18 at 30.3%?. Another study displayed a prevalence of CIN 2* in ASC-US
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women who detected HPV 16, 18/45, another hr-HPV and negative hr-HPV at 31.6%, 10.9%, 6.4%, and 0.6%,
respectively®. A retrospective study performed in China demonstrated that the common hr-HPV genotypes
detected in ASC-US women were HPV 16, 52, 58, 18, 53/56, and 51, respectively. The proportion of HSIL* was
highest in women positive for HPV 16 (63.9%), followed by HPV 33, 51, 58, 52, and 18 (57.5%, 36.1%, 36.1%,
58.3%, and 26.4%), respectively'>. Wang et al. reported HPV 52, 58, 16, 51, and 39 as the five most common
hr-HPV genotypes detected in ASC-US women. They found the independent factor in predicting immediate
CIN 2+ was HPV 16 (OR 37.38, 95% CI 20.58-67.88, P<0.001). Other independent factors were HPV 58 (OR
6.97,95% CI 3.35-14.48, P<0.001), HPV 18 (OR 4.62, 95% CI 1.63-13.11, P=0.004), HPV 52 (OR 4.49, 95% CI
2.42-8.31, P<0.001), HPV 31 (OR 3.39, 95% CI 1.07-10.70, P=0.038), and HPV 33 (OR 2.22,95% CI 1.46-8.11,
P=0.043). The study also suggested using the HPV 16/18/31/33/52/58 model for triage in women with ASC-
US to detect CIN 2* with sensitivity, specificity, PPV, and NPV at 93.1%, 73.0%, 18.0%, and 99.4%, respectively,
and a referral rate to colposcopy of 30.9%'2. The current study found that the most common hr-HPV types in
women with ASC-US were 16, 58, and 52, respectively. However, the highest proportion of HSIL* was found
in those infected with HPV types 16, 18, 58, and 59, respectively. These results, partially align with the ASCCP
2019 recommendations and suggest that hr-HPV genotyping should be integrated into triage management for
women with ASC-US cytology.

In terms of the cumulative risk of CIN2*/CIN 3* in women with ASC-US who tested positive for hr-HPV,
a study by Schiffman et al. suggested that the 3-year cumulative risk of CIN 3* was 5.2%. Additionally, the risk
was 16.0%, 7.4%, 7.0%, and 7.1% in women who tested positive for HPV 16, HPV 18, HPV 31, or HPV 33/58,
respectively. Therefore, women who carrying these five genotypes should be referred for immediate colposcopy,
whereas those carrying other hr-HPV types could wait a year before retesting®. The ALTS reported the 2-year
cumulative rates of CIN 2 and CIN 3 in women with ASC-US as 6.7% and 8.8%, respectively?’. Furthermore,
when stratified by hr-HPV testing, the 2-year cumulative risk of CIN 3* in women with ASC-US carrying hr-
HPV was 15%, and this rate increased to 32.5% if they were carrying HPV 16%. The KPNC cohort reported that
the 5-year risk for developing a CIN3* pathology in women with ASC-US who tested positive for hr-HPV was
6.8%, compared to 0.4% in those who tested negative!*?®. Thus, the surveillance interval for women with ASC-
US should be specified based on the genotyping of hr-HPV prevalent in of the individual country. Based on the
genotyping of hr-HPV and the timing of subsequent SIL detection reported in the current study, surveillance
by cytology or hr-HPV testing at 12, 24, 36, and 48 months could be suitable.

Age has been previously reported as a significantly associated factor with an increased risk of developing
CIN 2* pathology. A study in New York of 2145 women with ASC-US who tested positive for the Aptima HPV
mRNA test and underwent colposcopic directed biopsy found that the proportion of CIN 2* was 8.8%. When
considering age groups, the highest incidence of CIN 2* was found in those younger than 25 years compared to
the age group 50-59 years, with rated of 15.4% versus 4.8%, respectively”. The highest detection proportion of
HSIL* was in those aged < 30 years (40.5%) and the lowest in the age group 51-60 years (21.7%). Invasive cancer
was most often detected in those aged > 60 years (3.4%) and second most in the age group 51-60 years (2.7%).
This is similar to the current study, which found HSIL* to be more prevalent in individuals < 40 years and invasive
cancer was detected more often in those older than 40 years'. On the contrary, the authors reported a positive
trend with age groups of < 30 years, 30-44 years, and > 45 years, in relation to the risk of non-HPV 16/18 CIN 3
(23.6% vs 32.1% vs 38%, P<0.001).

Optimal integrated screening and classification strategy for selected women at highest risk of having HSIL*
pathology to refer for colposcopy at the right time is necessary. Strategies for managing ASC-US with other
secondary tests, such as E6/7 mRNA or p16/Ki67 dual stain, have been proposed to identify these women.
The European Equivocal or Mildly Abnormal Pap Cytology Study (EEMAPS) reported that the proportion of
positive p16/Ki-67 in ASC-US women who detected CIN 2* was 20% compared to positive hr-HPV which was
69.5%. Moreover, p16/Ki-67 had a higher performance for CIN 2* detection with a sensitivity and specificity of
92.2% (hr-HPV 90.9%) and 80.6% (hr-HPV 36.3%), respectively®'. The Primary ASC-US LSIL Marker Study
(PALMS) stated that p16/Ki-67 had a comparable sensitivity but higher specificity compared to HCII® for CIN
2* detection in the ASC-US subgroup®. Zhu et al., compared the performance of three tests; the p16/Ki67, the
hr-HPV DNA testing and the HPV E6/E7 RNA test, for detection CIN 2* in women with ASC-US. They stated
that the sensitivity was 98.2%, 98.2%, and 87.0%, respectively. Furthermore, the specificity was 82.5%, 17.5%,
and 42.7%, respectively?. Further studies should be conducted to determine factors, such as, p16/Ki67 or DNA
methylation, that could be added to the selection criteria to identify women with ASC-US for the highest benefit
and the best cost-effective protocols for colposcopy.

The strength of the current study is the prospective study that collected complete clinical data, colposcopy
findings, hr-HPV testing, and pathology diagnosis were achieved within one month of the cytology examination
date and have long-term follow-up data. The drawback of the current study is the fact that we did not measure
the quantitative assay of hr-HPV or HPV E6/E7 mRNA testing, we did not evaluate inter- or intra-observer
variation among the three colposcopists, and we did not perform cost-utility analysis.

In conclusion, hr-HPV genotyping may play a role in the immediate management and follow-up schedule
for women with ASC-US.

Data availability

Correspondence and requests for materials should be addressed to L.R.

Received: 18 March 2023; Accepted: 21 July 2023
Published online: 26 July 2023

Scientific Reports |

(2023) 13:12134 | https://doi.org/10.1038/s41598-023-39206-2 nature portfolio



www.nature.com/scientificreports/

References

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Sung, H. et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185
countries. CA Cancer J. Clin. 71, 209-249. https://doi.org/10.3322/caac.21660 (2021).

Fontham, E. T. H. et al. Cervical cancer screening for individuals at average risk: 2020 guideline update from the American cancer
society. CA Cancer J. Clin. 70, 321-346. https://doi.org/10.3322/caac.21628 (2020).

. WHO guideline for screening and treatment of cervical pre-cancer lesions for cervical cancer prevention. WHO Guidelines

Approved by the Guidelines Review Committee. 2nd edn, Geneva (2021).

. Ploysawang, P. et al. National cervical cancer screening in Thailand. Asian Pac. J. Cancer Prev. 22, 25-30. https://doi.org/10.31557/

APJCP.2021.22.1.25 (2021).

. Sangkarat, S. et al. Performance of Siriraj liquid-based cytology: A single center report concerning over 100,000 samples. Asian

Pac. ]. Cancer Prev. 15, 2051-2055. https://doi.org/10.7314/apjcp.2014.15.5.2051 (2014).

. Perkins, R. B. et al. 2019 ASCCP risk-based management consensus guidelines for abnormal cervical cancer screening tests and

cancer precursors. J. Low. Genit. Tract Dis. 24, 102-131. https://doi.org/10.1097/LGT.0000000000000525 (2020).

. Kietpeerakool, C., Tangjitgamol, S. & Srisomboon, J. Histopathological outcomes of women with abnormal cervical cytology: A

review of literature in Thailand. Asian Pac. ]. Cancer Prev. 15, 6489-6494. https://doi.org/10.7314/apjcp.2014.15.16.6489 (2014).

. Khan, M. J. et al. The elevated 10-year risk of cervical precancer and cancer in women with human papillomavirus (HPV) type 16

or 18 and the possible utility of type-specific HPV testing in clinical practice. J. Natl. Cancer Inst. 97, 1072-1079. https://doi.org/
10.1093/jnci/djil87 (2005).

. Schiffman, M. et al. A long-term prospective study of type-specific human papillomavirus infection and risk of cervical neoplasia

among 20,000 women in the Portland Kaiser Cohort Study. Cancer Epidemiol. Biomarkers Prev. 20, 1398-1409. https://doi.org/
10.1158/1055-9965.EPI-11-0206 (2011).

Sherman, M. E. et al. Baseline cytology, human papillomavirus testing, and risk for cervical neoplasia: a 10-year cohort analysis.
J. Natl. Cancer Inst. 95, 46-52. https://doi.org/10.1093/jnci/95.1.46 (2003).

Risley, C. et al. Racial differences in HPV type 16 prevalence in women with ASCUS of the uterine cervix. Cancer Cytopathol. 128,
528-534. https://doi.org/10.1002/cncy.22267 (2020).

Wang, Y. et al. The efficiency of type-specific high-risk human papillomavirus models in the triage of women with atypical squa-
mous cells of undetermined significance. Cancer Manag. Res. 12, 5265-5275. https://doi.org/10.2147/CMAR.S254330 (2020).
Wang, W. et al. Efficient combination of human papillomavirus genotyping for the triage of women with atypical squamous cells
of undetermined significance in Chinese rural population: A population-based study. J. Cancer 12, 2815-2824. https://doi.org/
10.7150/jca.55771 (2021).

Abdulaziz, A. M. A. et al. Clinicopathologic significance and treatment of ASC-US in cervical cytology. Int. J. Clin. Exp. Pathol.
13, 307-316 (2020).

Wang, Z. et al. Distribution of cervical lesions in high-risk HPV (hr-HPV) positive women with ASC-US: A retrospective single-
center study in China. Virol. J. 17, 185. https://doi.org/10.1186/s12985-020-01455-2 (2020).

Schiffman, M. & Solomon, D. Findings to date from the ASCUS-LSIL Triage study (ALTS). Arch Pathol Lab Med. 127, 946-949.
https://doi.org/10.5858/2003-127-946-FTDFTA (2003).

Stoler, M. H. et al. High-risk human papillomavirus testing in women with ASC-US cytology: Results from the ATHENA HPV
study. Am J Clin Pathol. 135, 468-475. https://doi.org/10.1309/AJCPZ5]Y6FCVNMOT (2011).

Solomon, D., Schiffman, M. & Tarone, R. Comparison of three management strategies for patients with atypical squamous cells
of undetermined significance: Baseline results from a randomized trial. J. Natl. Cancer Inst. 93,293-299. https://doi.org/10.1093/
inci/93.4.293 (2001).

Demarco, M. et al. Risks of CIN 2+, CIN 3+, and cancer by cytology and human papillomavirus status: The foundation of risk-
based cervical screening guidelines. J. Low. Genit. Tract Dis. 21, 261-267. https://doi.org/10.1097/LGT.0000000000000343 (2017).
Kulasingam, S. L. et al. Cost-effectiveness analysis based on the atypical squamous cells of undetermined significance/low-grade
squamous intraepithelial lesion triage study (ALTS). J. Natl. Cancer Inst. 98, 92-100. https://doi.org/10.1093/jnci/djj009 (2006).
Wang, M. et al. Diagnostic value of high-risk human papillomavirus viral load on cervical lesion assessment and ASCUS triage.
Cancer Med. 10, 2482-2488. https://doi.org/10.1002/cam4.3653 (2021).

Zhu, Y. et al. Performance of p16/Ki67 immunostaining, HPV E6/E7 mRNA testing, and HPV DNA assay to detect high-grade
cervical dysplasia in women with ASCUS. BMC Cancer 19, 271. https://doi.org/10.1186/s12885-019-5492-9 (2019).

Castle, P. E.,, Solomon, D, Schiffman, M. & Wheeler, C. M. Human papillomavirus type 16 infections and 2-year absolute risk of
cervical precancer in women with equivocal or mild cytologic abnormalities. J. Natl. Cancer Inst. 97, 1066-1071. https://doi.org/
10.1093/jnci/dji186 (2005).

Wang, J. et al. Performance of human papillomavirus (HPV) mRNA testing and HPV 16 and 18/45 genotyping combined with
age stratification in the triaging of women with ASC-US cytology. Gynecol. Oncol. 164, 607-614. https://doi.org/10.1016/j.ygyno.
2021.12.033 (2022).

Khunamornpong, S. et al. Performance of HPV DNA testing with hybrid capture 2 in triaging women with minor cervical cytologic
abnormalities (ASC-US/LSIL) in Northern Thailand. Asian Pac. J. Cancer Prev. 15, 10961-10966. https://doi.org/10.7314/apjcp.
2014.15.24.10961 (2014).

Schiffman, M. et al. A study of HPV typing for the management of HPV-positive ASC-US cervical cytologic results. Gynecol Oncol.
138, 573-578. https://doi.org/10.1016/j.ygyno.2015.06.040 (2015).

ASCUS-LSIL Traige Study (ALTS) Group. Results of a randomized trial on the management of cytology interpretations of atypi-
cal squamous cells of undetermined significance. Am. J. Obstet. Gynecol. 188, 1383-1392. https://doi.org/10.1067/mob.2003.457
(2003).

Katki, H. A. et al. Five-year risks of CIN 3+ and cervical cancer among women with HPV testing of ASC-US Pap results. J. Low.
Genit. Tract Dis. 17, $36-42. https://doi.org/10.1097/LGT.0b013e3182854253 (2013).

Wang, T., Pradhan, D., Zhang, H., Matsko, J. & Zhao, C. Clinical performance of the aptima HPV assay in 4196 women with posi-
tive high-risk HPV and ASC-US cytology: A large women hospital experience. Diagn Cytopathol. 49, 5-10. https://doi.org/10.
1002/dc.24592 (2021).

Giannella, L. et al. Age-related distribution of uncommon HPV genotypes in cervical intraepithelial neoplasia grade 3. Gynecol.
Oncol. 161, 741-747. https://doi.org/10.1016/j.ygyno.2021.03.025 (2021).

Schmidt, D., Bergeron, C., Denton, K. ], Ridder, R. & European, C. C. S. G. p16/ki-67 dual-stain cytology in the triage of ASCUS
and LSIL papanicolaou cytology: Results from the European equivocal or mildly abnormal Papanicolaou cytology study. Cancer
Cytopathol. 119, 158-166. https://doi.org/10.1002/cncy.20140 (2011).

Bergeron, C. et al. Prospective evaluation of p16/Ki-67 dual-stained cytology for managing women with abnormal Papanicolaou
cytology: PALMS study results. Cancer Cytopathol. 123, 373-381. https://doi.org/10.1002/cncy.21542 (2015).

Acknowledgements
The authors gratefully acknowledge Mr. Suthipol Udompunturak for assistance with statistical analysis.

Scientific Reports |

(2023) 13:12134 | https://doi.org/10.1038/s41598-023-39206-2 nature portfolio


https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21628
https://doi.org/10.31557/APJCP.2021.22.1.25
https://doi.org/10.31557/APJCP.2021.22.1.25
https://doi.org/10.7314/apjcp.2014.15.5.2051
https://doi.org/10.1097/LGT.0000000000000525
https://doi.org/10.7314/apjcp.2014.15.16.6489
https://doi.org/10.1093/jnci/dji187
https://doi.org/10.1093/jnci/dji187
https://doi.org/10.1158/1055-9965.EPI-11-0206
https://doi.org/10.1158/1055-9965.EPI-11-0206
https://doi.org/10.1093/jnci/95.1.46
https://doi.org/10.1002/cncy.22267
https://doi.org/10.2147/CMAR.S254330
https://doi.org/10.7150/jca.55771
https://doi.org/10.7150/jca.55771
https://doi.org/10.1186/s12985-020-01455-2
https://doi.org/10.5858/2003-127-946-FTDFTA
https://doi.org/10.1309/AJCPZ5JY6FCVNMOT
https://doi.org/10.1093/jnci/93.4.293
https://doi.org/10.1093/jnci/93.4.293
https://doi.org/10.1097/LGT.0000000000000343
https://doi.org/10.1093/jnci/djj009
https://doi.org/10.1002/cam4.3653
https://doi.org/10.1186/s12885-019-5492-9
https://doi.org/10.1093/jnci/dji186
https://doi.org/10.1093/jnci/dji186
https://doi.org/10.1016/j.ygyno.2021.12.033
https://doi.org/10.1016/j.ygyno.2021.12.033
https://doi.org/10.7314/apjcp.2014.15.24.10961
https://doi.org/10.7314/apjcp.2014.15.24.10961
https://doi.org/10.1016/j.ygyno.2015.06.040
https://doi.org/10.1067/mob.2003.457
https://doi.org/10.1097/LGT.0b013e3182854253
https://doi.org/10.1002/dc.24592
https://doi.org/10.1002/dc.24592
https://doi.org/10.1016/j.ygyno.2021.03.025
https://doi.org/10.1002/cncy.20140
https://doi.org/10.1002/cncy.21542

www.nature.com/scientificreports/

Author contributions

All authors contributed to the concept and design of study. N.H. responsibility for HPV testing. PI., R.P. and PK.
conducted and collecetd data. P.I, N.J., R.P,, S.K,, S.H., N.H. and I.R. performed data analysis and interpretation.
PI. wrote the draft. L.R. and S.K. revised the draft. All author approved the final manuscript.

Funding
This study was funded by the Siriraj Research Development Fund (R016033001).

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to L.R.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Scientific Reports |

(2023) 13:12134 | https://doi.org/10.1038/s41598-023-39206-2 nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	High-risk human papillomavirus genotyping in women with atypical squamous cells of undetermined significance
	Subjects and methods
	Results
	Discussion
	References
	Acknowledgements


