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Objective: This study aimed to investigate the risk of cervical intraep-
ithelial neoplasia grade 2 or worse (CIN2+) according to high-risk
(HR) human papilloma virus (HPV) genotypes in women with nega-
tive cytology. Methods: A total of 33,531 Korean women who received
Pap cytology + HPV co-testing for cervical cancer screening were ret-
rospectively collected. To evaluate the risk of CIN2+ according to HR-
HPV genotypes, odds ratios (ORs) and 95% confidence intervals (95%
CIs) were calculated by a logistic regression model. Results: Of 1337
women with negative Pap result but HR-HPV positive included in the
analysis, 160 (12.0%) women were infected by HPV16 or HPV18, while
1177 (88.0%) women were had other HR-HPVs infections. The preva-
lence of CIN2+ diseases was 3.7% (50 of 1337). In women with HPV16-
negative, HPV18-negative, but other HR-HPV-positive (n = 1177), the
risk for CIN2+ lesion was significantly increased in women with mul-
tiple HR-HPV infections (OR, 5.40; 95% CI, 2.37–12.73), those with
HPV58 (OR, 4.83; 95% CI, 2.17–10.74), and those with HPV35 (OR, 4.77;
95% CI, 1.36–16.77). Conclusion: Colposcopy should also be referred to
women with multiple HR-HPVs, HPV35, or HPV58 infections, as well
as those with HPV16 and HPV18.
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1. Introduction
Human papilloma viruses (HPVs) are DNA viruses etio-

logically implicated in development of cervical, vaginal, and
vulvar cancer and its precursors [1]. More than 200 types
HPV ranging from HPV1 to HPV205 have been found and
are classified as high-risk (HR) or low-risk types according

to their oncogenicity [2]. HPV16 and HPV18 cause 70% of
cervical cancers and cervical intraepithelial neoplasia (CIN)
whereas HPV6 and HPV11 cause most of genital warts or
condylomas [3, 4].

Overall HPV infection prevalence worldwide was esti-
mated to be 10% [5]. However, the HR-HPVs prevalence
in women with cervical cancer was as high as approximately
95% (range, 91%–99.7%) [6, 7]. Therefore, detection of HR-
HPV is becoming increasingly attractive as a primary screen-
ing tool for cervical cancer because of its sensitivity and cost-
effectiveness [8, 9]. In 2014, theUnited States Food andDrug
Administration (FDA) approved the first assay to be used as
a first-line cervical cancer screening to detect HR-HPV in
women 25 years of age or older. Approval was based on re-
sults from the Addressing THE Need for Advanced HPV Di-
agnosis (ATHENA) observational clinical trial that assessed
HPV-alone screening in 42,209 women [10].

The 2019 American Society for Colposcopy and Cervi-
cal Pathology (ASCCP) guideline for cervical cancer screen-
ing recommends that women with negative Pap cytology
but HPV16 or HPV18 positive should undergo colposcopy
[11, 12]. In women with cytology negative but other HR-
HPVs positive except HPV16 and HPV18 types, the 2019 AS-
CCP guidelines recommend co-testing of Pap cytology and
HPV test again in one year without the immediate referral to
colposcopy [11, 12]. However, this can be lead to a significant
problem in the diagnosis and treatment for cervical cancer
women with a false-negative error of Pap cytology. Because
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understanding the natural history of HPV infection is impor-
tant to identify high risk population of cervical cancer and
guide the prevention of cervical cancer, this study aimed to
evaluate the risk of CIN grade 2 or worse (CIN2+) according
to specific HR-HPV type infection in women with negative
cytology.

2. Materials andmethods
This cross-sectional study retrospectively analyzed data of

the private clinics/hospitals and health examination centers
of university hospital for 29,282 women who had undergone
Pap +HPV co-testing for the cervical cancer screening in Ko-
rea from January 2015 toDecember 2016. Colposcopic exam-
ination was carried out if co-testing revealed any abnormal
results. Inclusion criteria were as follows: age between 18
and 80 years, HPV genotyping data available, and the pres-
ence of data of colposcopic cervical biopsy as the gold stan-
dard diagnostic test. Exclusion criteria were: history of oper-
ative hysterectomy, current or prior history of CIN or worse
within the recent two years, or pregnant status. This retro-
spective study was approved by the local ethics committee of
Kangbuk Samsung Hospital (Approval No.: KBSMC 2018-
05-023; Approval date: 15 May 2018), and the need for writ-
ten informed consent was waived.

HPV DNA test was carried out for cervical swab samples
with nucleic acid amplification assays (DNA chip array, Ahn-
gookbio, Chuncheon, Korea; PCR-RFMP assay, EONE Lab-
oratories, Incheon, Korea; RT-PCR assay, Seegene, Seoul,
Korea) to detect the HR-HPV (types 16, 18, 26, 31, 33, 35,
39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 69, 73, 82). In this study,
HPVDNA tests were considered to be positive for other HR-
HPV if type 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66,
68, 69, 73, or 82 was detected on swab sample. Colposcopic
punch biopsy was carried out when any HR-HPV positive
was found on cervical swab sample.

SPSS 20.0 (SPSS Inc., Chicago, IL, USA) was used for all
statistical analyses. Qualitative data were presented as fre-
quencies (percentages) whereas quantitative variables were
presented as means ± standard deviations (SDs) or medians
(interquartile ranges) after checking for normality of data dis-
tribution. To evaluate the risk of CIN2 or worse (CIN2+)
according to specific HR-HPV types, odds ratios (ORs) and
95% confidence intervals (CIs) were calculated by a logistic
regression model. Statistical significance was set at p-values
< 0.05.

3. Results
Of 33,531 women who received Pap + HPV co-testing

for cervical cancer screening during the study period, 32,123
womenwere excluded because of follow-up screening data of
identical person (n = 334), co-testing not conducted simulta-
neously (n = 4249), no available data of colposcopic punch
biopsy (n = 24,760), or Pap cytology results of ASCUS or
worse (n = 2780). A total of 1408 women with negative Pap
result but HR-HPV positive were identified. However, 71

women were further excluded due to no available data about
other HR-HPV genotyping. Therefore, 1337 women were
finally included in this study (Fig. 1).

The mean age of these 1337 women was 34.5 ± 9.8
years and the baseline characteristics are displayed in Ta-
ble 1. Pap cytologywas carried out using liquid-basedmethod
in 851 (63.6%) cases and conventional smear in 485 (36.3%)
cases. All cytology results were negative for intraepithelial
lesions or malignancy (NILM). HPV16 or HPV18 infection
was found in 160 (12.0%) caseswhereas otherHR-HPV infec-
tions were found in 1177 (88.0%) cases. Colposcopic cervical
biopsy revealed no CIN abnormalities in 878 (78.7%) cases,
CIN1 in 409 (30.6%) cases, CIN2 in 32 (2.4%) cases, CIN3
in 16 (1.2%) cases, and cancer in 2 (0.1%) cases. Therefore,
disease prevalence at CIN2 or worse (CIN2+) threshold was
3.7% (50 of 1337 cases).

Table 1. Baseline characteristics of study subjects (n = 1337).
Characteristic Value

Age (years) Mean± SD 34.5± 9.8

Age group

age<30 years 545 (40.8%)
30≤ age<40 years 401 (30.0%)
40≤ age<50 years 277 (20.7%)
age≥50 years 114 (8.5%)

Institution
Private clinics 1256 (93.9%)
University hospitals 81 (6.1%)

Pap cytology method
Liquid-based 851 (63.6%)
Conventional 485 (36.3%)
Not reported 1 (0.1%)

Pap cytology result NILM 1337 (100.0%)

HPV method
DNA chip array 204 (15.3%)
PCR-RFMP assay 816 (61.0%)
RT-PCR assay 317 (23.7%)

HPV infection type
HPV16 or HPV18 positive 160 (12.0%)
Others HR-HPV positive a 1177 (88.0%)

Biopsy result

Within normal limits 878 (78.7%)
CIN1 409 (30.6%)
CIN2 32 (2.4%)
CIN3 16 (1.2%)
Cancer 2 (0.1%)

Disease prevalence Threshold: CIN2 or worse 50 (3.7%)

Abbreviation: SD, standard deviation; Pap, Papanicolaou; NILM, neg-
ative for intraepithelial lesion or malignancy; HPV, human papillo-
mavirus; DNA, deoxyribonucleic acid; PCR, polymerase chain reaction;
RFMP, restriction fragment mass polymorphism; RT, real-time; HR,
high risk; CIN, cervical intraepithelial neoplasia.
a Other HR-HPVs were defined as HPV types 26, 31, 33, 35, 39, 45, 51,
52, 53, 56, 58, 59, 66, 68, 69, 73, or 82.

Distribution of HR-HPV genotype infection is shown in
Table 2. The most common HR-HPV genotype was HPV58
(15.4%) infection, followed by, HPV39 (11.6%), HPV52
(11.6%), HPV16 (9.9%), HPV56 (9.4%), and HPV51 (9.2%).
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Fig. 1. CONSORT diagram for case selection.

Multiple and single HR-HPV infection rates were 12.4% and
86.6%, respectively. Four or more different HR-HPV infec-
tions were found in 14 (1.0%) cases.

HPV16 or HPV18 was significantly associated with a di-
agnosis of CIN2+ lesion compared to other HR-HPV geno-
types (risk for CIN2+, 15.6%; OR, 8.53; 95% CI, 4.77–15.28;
p-value< 0.001) (Table 3). In womenwith HPV16-negative,
HPV18-negative, but other HR-HPV-positive genotypes (n
= 1177), the risk for CIN2+ was significantly increased in
womenwithmultiple HR-HPV genotypes infections (risk for
CIN2+ lesion, 7.8%; OR, 5.40; 95% CI, 2.37–12.73, p-value<
0.001), those with HPV58 (risk for CIN2+ lesion, 6.1%; OR,
4.83; 95% CI, 2.17–10.74, p-value < 0.001), and those with
HPV35 (risk for CIN2+ lesion, 8.6%; OR, 4.77; 95% CI, 1.36–
16.77, p-value = 0.015) (Table 4).

4. Discussion
Our data confirmed the 2012 and 2019 ASCCP guideline

for HR-HPV genotyping. It recommends immediate referral
to colposcopy ofHPV16 orHPV18 positivewomenwith neg-
ative Pap result. Our data suggest that colposcopy should also
be referred to women with multiple HR-HPVs, HPV35, or
HPV58 infections. We believe that this study is very valuable
because understanding the natural history of specific HR-
HPVgenotype infections is important to build cervical cancer
screening guideline.

In this study, HPV16 or 18 (risk for CIN2+, 15.6%; p-value
< 0.001), HPV35 (risk for CIN2+, 8.6%; p-value = 0.015),
and HPV58 (risk for CIN2+, 6.1%; p-value < 0.001) infec-
tions were closely associated with a diagnosis of CIN2+ com-
pared to other HR-HPVs. This finding was a little differ-
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Table 2. Distribution of high-risk HPV infections (n = 1337).
Variable n (%)

HPV type specific prevalence
HPV16 132 (9.9%)
HPV18 33 (2.5%)
HPV26 41 (3.1%)
HPV31 28 (2.1%)
HPV33 68 (5.1%)
HPV35 41 (3.1%)
HPV39 155 (11.6%)
HPV45 76 (5.7%)
HPV51 123 (9.2%)
HPV52 155 (11.6%)
HPV53 90 (6.7%)
HPV56 126 (9.4%)
HPV58 206 (15.4%)
HPV59 41 (3.1%)
HPV66 81 (6.1%)
HPV68 53 (4.0%)
HPV69 30 (2.2%)
HPV70 45 (3.4%)
HPV73 22 (1.6%)
HPV83 24 (1.8%)

Number of HR-HPV infections
Single infection 1171 (87.6%)
Multiple infections 166 (12.4%)

2 types 118 (8.8%)
3 types 34 (2.5%)
4 types 10 (0.7%)
5 types 3 (0.2%)
6 types 1 (0.1%)

ent from data of western countries. Monsonego et al. [8]
have studied the prevalence of HR-HPVs and its risk for cer-
vical precancerous lesions based on data from the ATHENA
trial. In 3444 USA women with negative Pap result but HR-
HPV positive, HPV16 was the most prevalent genotype for
HR infection in 497 (1.3%) women. The next most preva-
lent genotype was HPV52 in 333 (0.9%) women, followed
by HPV31 in 255 (0.7%), HPV39 in 249 (0.7%), HPV58 in
226 women (0.6%), HPV45 in 226 (0.6%), and HPV18 in
220 (0.6%) women. HPV16 conferred the greatest risk for
CIN2 or worse lesion in women cytology negative but HR-
HPV-positive (11.8%), followed by HPV31 (10.5%), HPV52
(6.7%), HPV18 (5.3%), HPV33 (4.8%), HPV35 (4.0%), HPV58
(3.9%), HPV39 (3.7%), and HPV45 (3.7%). The distribu-
tion and prevalence of HPV types differ between countries.
The importance of HPV genotypes also varies by region.
In the Europe and United States, five types are most often
found in women with cervical cancer, with HPV16 account-
ing for most (approximately 50%) cases, followed by HPV18,
HPV31, HPV45, and HPV52 [6]. In Asia, HPV52 is the most
common, followed by HPV58, HPV16, HPV56, HPV68, and
HPV33 [13, 14]. The prevalence of HPV16 infection was the
highest (17.6%) in women with CIN and HPV16 was signif-

icantly associated with a diagnosis of CIN2+ (OR, 20.5; 95%
CI, 3.0–107.1; p-value< 0.001) [15].

Cervical cancer screening strategies vary from country to
country [12, 16–18]. Some countries have population-based
screening programs for cervical cancer, which this program
can be implemented nationwide or only in specific province.
The most common method used for cervical cancer screen-
ing is Pap cytology, followed by HPV DNA test, visual in-
spection with acetic acid (VIA), and cervicography. VIA is an
alternate screening program to Pap cytology in low-resource
settings (so-called ‘see and treat’ method). Cervicography is
a photographic diagnostic test which a non-gynecologic on-
cologist takes pictures of the cervix and submits them to a
gynecologic oncologist for interpretation. HPV test is being
introduced into some middle- or high-resource countries as
the primary screening program or as an adjunct test to Pap
cytology screening [12, 16–18].

Recently, ASCCP guidelines for management of cervical
cancer screening abnormality have been updated to the 2019
version [12]. Four new guiding principles were added to the
2019 version. First, HPV DNA test is based on the risk es-
timation. The HPV test can be performed either primary
HPV testing alone or co-testing in conjunction with Pap cy-
tology. Second, personalizedmanagement is recommendable
with understanding of current results and individual history.
Third, guidelines should allow updates to unify new screen-
ingmethods because of risk reduction fromHPVvaccination.
Finally, colposcopy practice should be performed with guid-
ance detailed in the ASCCP Colposcopy Standards [19].

This study also showed that the risk for CIN2+ lesion
was significantly increased in patientswithmultipleHR-HPV
infections (risk for CIN2+, 7.8%; OR, 5.40; 95% CI, 2.37–
12.73, p-value < 0.001). In previous studies, multiple HR-
HPV infections have been observed more frequently in pa-
tients with abnormal Pap cytology or with impaired immune
system [20–22]. Women with multiple HR-HPVs have in-
creased risk for persistent CIN [23]. In addition, multiple
HR-HPV infections seem to promote cervical oncogenesis,
increasing the risk for high-grade cervical dysplasia and inva-
sive carcinoma through a synergistic effect of HR-HPV geno-
types [24, 25]. Therefore, the relatively high rate (12.4%)
of multiple HR-HPV infection in this study has implications
for cervical cancer screening and predicting outcome of HR-
HPV infections.

This study had some limitations. First, colposcopic biopsy
samples were not centralized because of the following two
reasons: (1) approximately 60% of CIN1 lesions could spon-
taneously regress without any treatment [26], and (2) the in-
traobserver and interobserver agreements for pathologic di-
agnosis of CIN1 were poor, while agreements for CIN2+ le-
sions were good [27]. However, according to data from his-
tology reviews from population-based studies, diagnosis of
CIN2was a less reproducible and less confirmative than those
of CIN3 [28–30]. Second, our findings could not be sim-
ply extended to Western women because HPV infection is
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Table 3. HPV type-specific risk for CIN2 or worse lesion in HR-HPV infected womenwith negative cytology (n = 1337).

HR-HPV genotyping
Pathologic diagnosis

OR 95% CI p-value
[threshold: CIN2+]

Positive, n (%) Negative, n (%)

HPV16 or 18 (n = 160) 25 (15.6%) 135 (84.4%) 8.53 4.77–15.28 <0.001

Other HR-HPVs (n = 1177) 25 (2.1%) 1152 (89.5%) 1

Separate risk of HPV16 or 18
HPV16 positive (n = 132) 20 (17.9%) 112 (82.1%) 7.79 4.23–14.34 <0.001
HPV16 negative (n = 1205) 27 (2.3%) 1178 (97.7%) 1
HPV18 positive (n = 33) 6 (22.2%) 27 (77.9%) 5.81 2.29–14.74 0.002
HPV18 negative (n =1304) 48 (3.8%) 1256 (96.2%) 1

Abbreviation: OR, odds ratio; CI, confidence interval; CIN2+, CIN2 or worse.

Table 4. HPV type-specific risk for CIN2 or worse lesion in type 16-negative, type 18-negative, but other HR-positive HPV
infected womenwith cytology negative (n = 1177).

HPV type
Pathologic diagnosis

OR 95% CI p-value
[threshold: CIN2+]

Positive, n (%) Negative, n (%)

No. of infection
Single infection 16 (1.5%) 1045 (98.5%) 1
Multiple infections 9 (7.8%) 107 (92.2%) 5.49 2.37–12.73 <0.001

Individual infection
HPV26 1 (2.5%) 39 (97.5%) 1.19 0.15–9.02 0.867
HPV31 1 (3.6%) 27 (96.4%) 1.74 0.23–12.31 0.595
HPV33 3 (4.5%) 63 (95.5%) 2.36 0.69–8.09 0.173
HPV35 3 (8.6%) 32 (93.4%) 4.77 1.36–16.77 0.015
HPV39 0 145 (100%) - - 0.996
HPV45 1 (1.4%) 72 (98.6%) 0.63 0.08–4.69 0.647
HPV51 3 (2.6%) 111 (97.4%) 1.28 0.38–4.34 0.693
HPV52 6 (4.1%) 140 (95.9%) 2.28 0.90–5.81 0.084
HPV53 0 97 (100%) - - 0.997
HPV56 2 (1.7%) 118 (98.3%) 0.76 0.18–3.28 0.715
HPV58 12 (6.1%) 185 (93.9%) 4.83 2.17–10.74 <0.001
HPV59 0 40 (100%) - - 0.998
HPV66 2 (2.6%) 74 (97.4%) 1.27 0.29–5.48 0.752
HPV68 1 (2.0%) 49 (98.0%) 0.94 0.12–7.08 0.950
HPV69 0 29 (100%) - - 0.998
HPV70 0 43 (100%) - - 0.998
HPV73 0 18 (100%) - - 0.999
HPV83 0 19 (100%) - - 0.998

population-specific. Third, HPV genotyping was evaluated
in various laboratories under real clinical practice. Therefore,
there were three different assays used for HPV-detection in
this study. Because of the limitation of the retrospective
study, we could not assess the distribution of genotypes be-
tween the differentHPV tests. Meanwhile, this study has sev-
eral strengths of this study. First, it included a large number
of women who were evaluated. In addition, all women en-
rolled had Pap cytology, HPV genotyping, and colposcopic
punch biopsy performed. Moreover, real-world data in clin-
ical practice were used.

In conclusion, our findings suggest that colposcopy should
also be referred to women with multiple HR-HPVs, HPV35,
or HPV58 infections, as well as those with HPV16 and
HPV18, although the current 2019 ASCCP guideline recom-
mends that HPV16+ or HPV18+ women with Pap cytology
result referred for immediate colposcopy whereas those who
are positive for the other HR-HPV genotypes are recom-
mended to undergo repeated co-testing with both Pap cy-
tology and HPV test at 12 months. This is the first study
that documents referral to colposcopy of multiple HR-HPVs,
HPV35, or HPV58 positive women with negative cytology.
However, further large and randomized controlled trials are
needed to change current guideline based on our findings.
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