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Establishment of a Korea HPV cohort study
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We have designed a five-year multicentre prospective cohort study in women who are both human papillomavirus (HPV)-positive
with either atypical squamous cells of undetermined significance (ASCUS) or low-grade squamous intraepithelial lesion (LSIL)
of cervix. This study aimed to analyze the risk of developing a high-grade squamous intraepithelial lesion (HSIL) from either
ASCUS or LSIL in HPV-positive women, so called ‘progression’ rate, to investigate differences in the progression rates according
to HPV type-specific infection, and to evaluate the various factors associated with the persistence or clearance of HPV infection
in the Korean population. At present, the study protocol composed of cervical cytology, HPV DNA testing, and questionnaire
have been conducted actively since the first participant was enrolled in 2010. This study is the first nationwide Korea HPV cohort
study. Our data will provide valuable information about not only the ambiguous cytology results of ASCUS and LSIL but also
the effect of the specific HPV type and other various factors on the progression to HSIL. Finally, the results of our study will be
helpful and applicable to determine the primary cervical cancer prevention strategies.
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INTRODUCTION have markedly decreased due to high-quality screening with

cytology and the development of cervical vaccines, the dis-

Cervical cancer is the second most common malignancy and
a leading cause of cancer-related death in women worldwide.
Although the incidence and mortality from cervical cancer
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ease burden remains to be significant with 530,000 new cases
and 275,000 deaths from cervical cancer in 2008 [1]. In the
United States, the estimated number of new cases of cervical
cancer expected to occur in 2012 have been reported to be
12,170 with estimation of 4,220 deaths [2]. In 2009, there were
3,733 cases that were newly diagnosed, ranking cervical can-
cer the sixth most common cancer among women in Korea [3].

The human papillomavirus (HPV) is the most important risk
factor for carcinogenesis of cervical cancer. It is broadly ac-
cepted that persistent infection by HPV genotype plays an
important role in the development of cervical premalignant
and malignant epithelial lesions. Other demographic, genetic,
immunologic and environmental factors can also affect the
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persistence of the HPV infection and further carcinogenesis
of the cervical cancer [4]. Recent large observational studies
have demonstrated that the distribution of HPV genotypes is
heterogeneous among women from different populations [5].
Therefore, the acquisition of population-based data is crucial
to the development of new screening and management pro-
tocols for cervical neoplasms as well as to the assessment of
the effect of future vaccination on HPV infections.

Although many previous reports have addressed the con-
siderable risk of a cervical intraepithelial neoplasia (CIN) of
grade 2 or greater in women with the high-grade squamous
intraepithelial lesion (HSIL) cytology [6-8] and virtually all phy-
sicians agree that HSIL requires colposcopic examination or
immediate excisional biopsy, the clinical significance of atypi-
cal squamous cells of undetermined significance (ASCUS) and
low-grade squamous intraepithelial lesion (LSIL) Pap smear
results remains vague. Eventually, the progression rate from
CINT to CIN2 or CIN3 is linked to the conservative clinical
management of ASCUS and LSIL. Patients with ASCUS or LSIL
exhibit a wide spectrum of histologic results, with most show-
ing mild abnormalities of less than CIN2 [9] with spontaneous
regression, however invasive carcinoma is also diagnosed in
rare cases. However, few studies are available to approximate
the rate of ‘progression’ from either ASCUS or LSIL to HSIL
and to indicate the factors associated with progression. In the
Korea HPV cohort study, we therefore aimed to calculate the
progression rate from ASCUS or LSIL to HSIL in HPV-positive
women and to investigate if the progression would be influ-
enced by the specific types of HPV infection or specific traits
of Korean population, which we categorized into epidemio-
logical, virological, environmental and genetic factors.

RESEARCH COMMUNITY AND STUDY POPULATION

In 2010, women presenting for routine cervical cancer

Won-Chul Lee, et al.

screening was initiated to be enrolled in this prospective
multicenter cohort study from five university medical centers
nationwide, funded by the Korea Centers for Disease Con-
trol and Prevention. The institutions are distributed in four
of seven metropolitan cities in Korea: Cheil General Hospital
and Women's Healthcare Center of the Kwandong University,
Seoul St. Mary’s Hospital of the Catholic University of Korea,
Chonnam University Hospital, Dongsan Hospital of the Keimy-
ung University, and Busan Paik Hospital of the Inje University.
From these five investigators, we constructed an academic
committee composed of a research group and a council team;
the former is subcategorized into clinical investigation respon-
sible for biological samples, virus research, epidemiological,
genetic, pathological, and biological research, while the latter
is responsible for medical ethics and preventive medicine. The
Korea cohort study is an organized and systematic research
project with a long-term schedule of follow-up to establish
the infrastructure for HPV infection.

Patients eligible for inclusion are those aged from 20 to 60
years with an intact uterus who are HPV-positive with either
ASCUS or LSIL cytology with informed consent. Exclusion
criteria are pregnancy at initial evaluation, malignant disease
including cervical cancer diagnosed at enrollment, psycholog-
ical disease currently under treatment, hysterectomy for any
reason at any phase of the study, and history of CIN treated
within 6 months of enrollment. The sample size of 2,000 pa-
tients for five years of follow-up was determined using a valid
method for calculation, as shown later.

STUDY DESIGN FOR BASELINE INVESTIGATION AND
FOLLOW-UP

Initial evaluation at enrollment consists of a physical exami-
nation, blood sampling and a questionnaire. The physical ex-
amination is comprised of a blood pressure, body weight and

Table 1. Salient description of the procedure interval during the five years of follow-up

Timeline (yr)
Procedure -

Baseline 0.5 1 15 2 2.5 3 35 4 45 5
Cervical cytology O O O O O O O O O O O
HPV test O O @) O O O O @) O O O
Colposcopy and biopsy* O O O O O O
Blood sampling O O O O O O
Questionnaire O O O O O O

HPV, human papillomavirus; HSIL, high-grade squamous intraepithelial lesion.
*During the follow-up, colposcopy and biopsy are not mandatory but can be performed selectively based on the clinician’s decision in the case
of the mild lesions of <HSIL on cytology. However, if the cytology reveals HSIL or worse, colposcopy and biopsy are necessary.
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height measurements, and a pelvic examination. For follow-
up, women are examined by repeat cytology and HPV testing
every 6 months and repeated the questionnaire and blood
sampling every year. If the women do not visit the hospital be-
yond 12 months from the scheduled date or have hysterecto-
my for any other reasons, they will be considered to have met
the requirements for dropping out of the study. A description
of the salient parts of the procedure is presented in Table 1.

In case of the mild lesions of less than HSIL as seen by cytol-
ogy during follow-up periods, it will be acceptable for clini-
cians to recheck a Pap smear and HPV test at 6 months later.
However, if the cytology reveals HSIL or more troublesome
results, colposcopy and biopsy will be necessary to provide
histologic confirmation. When the histologic result reveals
HSIL or worse (>CIN2), the women will be treated by coniza-
tion because HSIL is a target to calculate the progression rate
as a primary endpoint. If there is a difference between the
cytology results and biopsy histology, the latter should be
considered as a more confirmative diagnosis. Nevertheless,
if women present with HSIL or worse cytology, but only mild
abnormalities on colposcopy, such as CINT or condyloma,
they will be continued a regular follow-up. Fig. 1 depicts the
main protocol regarding HPV testing and cervical cytology in
the present study.

In this protocol, specific types of HPV infection are not in-
dependent factors that determine whether to perform a
colposcopy or not. Compared with the previous results of the
HPV test, the next follow-up would yield four kinds of change

ASCUS or LSIL cytology
with HPV (+)
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in HPV infection type: positive for the same type, positive
for both the same type and additional types (new types of
HPV), positive only for additional types, or negative for HPV,
as shown in Fig. 1. Using these findings, we will evaluate the
rates of persistence, clearance, and incidence of infection ac-
cording to the specific type of HPV.

1. Biobank

Residual biological samples (cervix DNA, plasma, serum, and
buffy coat) collected and separated after liquid-based Pap
smear and blood testing are delivered to Korea Biobank Net-
work at Korea Centers for Disease Control and Prevention and
stored at nitrogen tank. These specimens will then be avail-
able for future molecular investigations.

DEFINITION OF WORDS

Persistent infection is defined as a specific type of HPV infec-
tion present in two consecutive HPV tests at a 6 months inter-
val, and type-specific HPV clearance is defined as a negative
result for a specific type of HPV following a previously positive
result. Multiple infections are defined as being positive for two
or more types of HPV in any phase of the study. Incident type-
specific infection is defined as a positive result for a specific
type of HPV for which the previous test was negative, and
type-specific HPV reinfection is defined as a positive result for
a specific type of HPV that has previously been cleared. On the

| HPV with cytology every 6 months

| |
J |

[ HPV persistence ] [ HPV incident infection

HPV clearance ]

Same type HPV (+) Same type HPV (-)
Sﬂr;\e; t()ﬁ;e Other type HPV (+) Other type HPV (+) HPV (-)
: incident infection : incident infection Fig. 1. Schematic flow chart for the
screening and follow-up. Women will be
Cytology || Cytology | | Cytology || Cytology | | Cytology || Cytology | | Cytology || Cytology | examined by repeat cytology and HPV
<HSIL || =HSIL <HSIL || =HSIL <HSIL || >HSIL <HSIL || 2HSIL | testing every 6 months. Compared with
' ———————————— ———————— — L ) the previous results of the HPV testing,

| Colposcopy directed biopsy

the next follow-up would yield four
| possible kinds of change in HPV infection

Scheduled follow-up
after 6 months

Histology
<HSIL

Histology
>HSIL

v

type and the result of cytology will be
categorized into two groups (<HSIL and
>HSIL). ASCUS, atypical squamous cells
of undetermined significance, LSIL, low-

Censored from the study
for immediate management

grade squamous intraepithelial lesion;
HPV, human papillomavirus; HSIL, high-
grade squamous intraepithelial lesion.
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bases of these definitions, the relationship between the status
of HPV infection and the cytology result will be evaluated.

CLINICAL PROCEDURES

Demographic information of participants such as name and
date of birth will be collected and included in the study da-
tabase. For a thorough control of the subjects and samples,
a unique study identification (ID) number and barcode will
automatically be generated by the database and attached to
all sample containers. To minimize variation in interpretation
and handling of specimens, all materials including cytology,
HPV test, and immunhistochemical study are to be transferred
to a single institution (Cheil General Hospital and Women's
Healthcare Center) and interpreted by one or more of a group
of expert pathologists and medical laboratory technologists.

Initially, the results of the Pap smear and HPV testing ob-
tained from participant hospitals in the study can be used if
they are yielded within four weeks from enrollment. For cervi-
cal cytology, both conventional and liquid-based Pap smears
are acceptable at baseline evaluation, but only the liquid-
based Pap smears with the Cervex-Brush (Rovers Medical
Devices, Oss, Netherlands) should be used during the follow-
up examination. Using the cervical cells obtained from liquid-
based cytology, immunostaining for the p16 and Ki-67 bio-
marker and HPV test may be performed. HPV detection will be
conducted by a DNA microarray technique (DNA chip), which
is based on the PCR method. Briefly, after amplification, PCR
products are analyzed by electrophoresis and hybridized with
radiolabeled generic probes for HPV. We consider types 16,
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18,31, 33,35, 39,45, 51, 52,56, 58, 59, 68, 69, and 70 as having
high oncogenic risk, and types 6, 7, 10, 11, 27, 32, 40, 42, 43,
44,54,55,57,61,62,72,73,81, 83,84, and 91 as having low or
non-oncogenic risk.

Colposcopic examination will be carefully conducted in the
routine manner using green filter and saline application to
remove cervical mucus. The entire sample for colposcopy
should be inspected with not only 3% acetic acid but also io-
dine, and the sample should be graded according to the Reid
colposcopic index, which is the most recently developed col-
poscopic grading system for the assessment of pre-invasive
disease [10]. Then, colposcopic-directed biopsy is to be carried
out in one to four of the most suspicious lesions.

Blood tests are to be performed for all participants enrolled
in study. Each participant will provide 10 mL of blood, which
will be centrifuged and stored at -70°C. Cell-mediated immu-
nity and humoral immunity will be examined and the target
biological markers for analysis are as follows: expression of hu-
man leukocyte antigen (HLA) class | and Il alleles, HLA variant
and polymorphism, interferon (INF)-y, interleukin-10, tumor
necrosis factor-a, transporter associated with antigen-pro-
cessing protein-1, CD86, CD8O, interferon regulatory factor-1,
loss of chromosome 3p, 11p, and 13q, phosphatase and ten-
sin homolog hypermethylation, p53 codon 72 polymorphism,
p16 (INK4A) promoter hypermethylation, cell adhesion mol-
ecule 1 and T-lymphocyte maturation associated protein pro-
moter methylation, expression of matrix metalloproteinase,
cancer-relevant microRNAs, activation of NF-kappaB response
gene, expression condition of dendritic cell, requlatory T cell,
and lymphocyte.

Table 2. Major categories and detailed items in the questionnaire for both initial and repeat examination in the Korea HPV cohort study

Category

Description

Self-administered health questionnaires
Sociodemographic status
Health-related lifestyle
Women-specific conditions
Sexual habit

Age, marital status, occupation, education level, current income level

Smoking, alcohol drinking, exercise

Menstruation status, obstetric history, conception method

Number of sexual contacts through vaginal, anal, and oral routes and number of sexual

partners until previous year

Investigator-administered health questionnaires

Disease history
Medication history

Family history

Past disease history and current status of 19 typical diseases diagnosed by doctors (e.g.,
hypertension, diabetes, sexually transmitted disease, malignant disease, etc.)

History of vaccination for HPV, medications, nutritional supplements (e.g., vitamin and
tonic supplements)

Diseases in family members, including husbands and sexual partners (e.g., malignant
disease, sexually transmitted diseases and other medical diseases, etc.)

HPV, human papillomavirus.
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QUESTIONNAIRE

We have developed a health questionnaire that is composed
of the following categories: 1) sociodemographic status, 2)
health-related lifestyle, 3) women-specific conditions, and 4)
sexual habits that are administered by participants in person;
and 1) disease history, 2) medication history, and 3) family his-
tory that are recorded by a trained investigator with a one-to-
one interview. Specific details of the items are presented in
Table 2. In the self-administered health questionnaires, if an
answer is inadequate, an appointed investigator will confirm
the information by asking the participants.

SAMPLE SIZE CALCULATION

The Kelsey Method for cohort [11] was used to compute the
minimum sample size by using the following inputs: a signifi-
cance level of 5% and a statistical power of 80%. Based on the
ASCUS-LSIL Triage Study (ALTS), the risk of CIN3 was 2.7% in
women with noncarcinogenic HPV positivity for two years and
7.9% in carcinogenic HPV positivity [12]. In our gynecological
clinical experience, 23% of women were assumed to be lost
to follow-up. In addition, considering 40.4% of the incidence
of 1 year-persistent HPV positivity in Korea [12], at least 1,881
women ended up being expected to be registered, thus, we
aimed to obtain 2,000 participants for the study.

STATISTICAL ANALYSIS

All analyses will be conducted using SAS ver. 9.2 (SAS In-
stitute Inc., Cary, NC, USA). The baseline variables of study
population will be presented as means=*SD for continuous
variables or frequencies (%) for categorical variables. General
and clinical characteristics of subjects will be compared by us-
ing Pearson chi-square test or ANOVA. Multiple logistic regres-
sion models will be used to estimates odds ratios and 95% Cl
to quantify the associations between HPV infection and epi-
demiological, clinical and immunohistological characteristics
after adjusting for confounding factors. Specifically, the as-
sociation between the progression rate from ASCUS or LSIL to
HSIL and a specific type of HPV as well as other characteristics,
such as p16 and Ki-67 biomarker, sociodemographic status,
obstetric history, sexual habits and so on will be investigated.
Changes in persistence of HPV positivity and biochemical
measurements during the follow-up period will be evaluated
with a trend test. Also, Cox regression will be used to model
the association of HPV infection with various factors. Hazard
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ratios and 95% Cl will be estimated. A p<0.05 will be consid-
ered statistically significant.

ETHICAL ISSUES

The study is conducted according to the Korean law relat-
ing to the protection of patients participating in biomedical
research. All of the research aims, study design, and the spe-
cific methods in the present study have been approved by
the Institutional Review Board from all five of the participating
hospitals and all participants will be asked for their written in-
formed consents after having received written and oral infor-
mation about the study. Throughout the research period, any
minor change and new introduction in the aim and method
will be embedded in the study only after approval of the ethi-
cal committee.

COMMENT

The Korea HPV cohort study is a research study targeting
HPV-positive women with ASCUS or LSIL cytology. The study
intends to determine the progression rate to HSIL (>CIN2) and
the associated factors in the Korean population. This will be
a more comprehensive study than previous ones, since more
subjects and more variables will be included compared to the
existing research, and a multidisciplinary approach that will
progress simultaneously will be employed for the first time in
the Korea HPV cohort study.

The risk of subsequent HSIL following an ASCUS or LSIL has
been reported to various extents in previous literature. Preto-
rius et al. [13] documented that among 2,490 women whose
colposcopic diagnosis was CIN1 or less, the subsequent risk of
CIN3 or cancer was found to be only 1.9%. Similarly, a recent
report by Chen et al. [14] indicated less than 3% HSIL follow-
ing an LSIL biopsy. On the other hand, in a review of literature,
Ostor [15] stated that the likelihood of progression from CINT
to CIN3 and invasive cancer was as high as 10% and 1%, re-
spectively. Using 2,090 women with LSIL or HPV DNA-positive
ASCUS cytology participating in the ALTS trial, Cox et al. [9]
demonstrated that the cumulative risk of developing CIN2 or
worse was 13% in cases of CINT confirmed with colposcopi-
cally directed biopsy during a two year follow-up.

Given this progression rate and management for CIN, atten-
tion has been focused on which CIN1 cases would be most
likely to progress to CIN2 or worse. Among the numerous risk
factors, HPV infection must be the most powerful element
in the progression. From the subjects with histologic grade
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<CIN2 at the first colposcopic examination in the ALTS trial,
Walker et al. [16] reported that women with HPV-negative
tests were at low risk for CIN2 regardless of the results of other
tests such as Pap cytology and colposcopy, but the risk for an
HPV-positive result overall was 19.2%. By extension, another
study specified the HPV genotype and showed that the cumu-
lative 2-year risks of >CIN 2 in women with <CIN2 were quite
different according to HPV types: 27.4% for HPV-16, but 7.5%
for other carcinogenic HPV types [12].

Researchers have also attempted to identify epidemiologic
characteristics, biomarkers, and immunologic factors that were
involved in the progression. In a population-based study in
Costa Rica, as a landmark study, Hildesheim et al. [17] compared
women with and without >HSIL in an HPV-positive group and
found several factors that were associated with risk of >HSIL,
such as increasing number of live births, smoking amount, and
no use of barrier contraceptives. In laboratory research, p16 and
Ki-67 have received attention as useful biomarkers [18], and in
addition, a number of immunologic materials have been ex-
amined to identify their role on cervical lesions by affecting the
persistence or regression of HPV [19-21].

However, since the results of not only the demographic
characteristics but also the specific HPV type and possibly the
laboratory measurements are different in accordance with the
population, we seek to determine the precise rate of progres-
sion in cervical pre-invasive lesions and the associated factors
in the Korean population through the cohort study. Finally,
this research may ultimately be helpful in the management of
pre-invasive cervical diseases and in the primary prevention of
cancers and other diseases caused by HPV infection.
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