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Abstract. The present study aimed to investigate differ-
ences in prognosis based on human papillomavirus (HPV)
infection, persistent infection and genotype variations for
patients exhibiting atypical squamous cells of undetermined
significance (ASCUS) in their initial Papanicolaou (PAP) test
results. A latent Dirichlet allocation (LDA)-based tool was
developed that may offer a facilitated means of communica-
tion to be employed during patient-doctor consultations. The
present study assessed 491 patients (139 HPV-positive and
352 HPV-negative cases) with a PAP test result of ASCUS
with a follow-up period =2 years. Patients underwent PAP
and HPV DNA chip tests between January 2006 and January
2009. The HPV-positive subjects were followed up with at
least 2 instances of PAP and HPV DNA chip tests. The most
common genotypes observed were HPV-16 (25.9%, 36/139),
HPV-52 (14.4%, 20/139), HPV-58 (13.7%, 19/139), HPV-56
(11.5%, 16/139), HPV-51 (9.4%, 13/139) and HPV-18 (8.6%,
12/139). A total of 33.3% (12/36) patients positive for HPV-16
had cervical intraepithelial neoplasia (CIN)2 or a worse
result, which was significantly higher than the prevalence
of CIN2 of 1.8% (8/455) in patients negative for HPV-16
(P<0.001), while no significant association was identified for
other genotypes in terms of genotype and clinical progress.
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There was a significant association between clearance and
good prognosis (P<0.001). Persistent infection was higher in
patients aged =51 years (38.7%) than in those aged <50 years
(20.4%; P=0.036). Progression from persistent infection to
CIN2 or worse (19/34, 55.9%) was higher than clearance
(0/105, 0.0%; P<0.001). In the LDA analysis, using symmetric
Dirichlet priors a=0.1 and $=0.01, and clusters (k)=5 or 10
provided the most meaningful groupings. Statistical and LDA
analyses produced consistent results regarding the associa-
tion between persistent infection of HPV-16, old age and long
infection period with a clinical progression of CIN2 or worse.
Therefore, LDA results may be presented as explanatory
evidence during time-constrained patient-doctor consulta-
tions in order to deliver information regarding the patient's
status.

Introduction

The precancerous stage of cervical cancer is 7-20 years, after
which it may progress to invasive cancer. Due to this long
latency period, there is ample time for early detection (1). The
association between human papillomavirus (HPV) infection
as a primary etiological cause of cervical cancer has been well
established (1-4). At present, Papanicolaou (PAP) is the most
prevalent screening method; ~10% of the women subjected
to PAP present with atypical squamous cells of undeter-
mined significance (ASCUS) and 5-10% exhibit malignant
lesions (5). Women with high-risk HPV genotypes and persis-
tent HPV infection have an increased risk of being diagnosed
with high-risk lesions following biopsy (6,7), but for Korean
patients, limited studies exist regarding this. Few studies
have been completed on the clinical progress and prognosis
of patients with HPV infection with regard to the effects of
high-risk HPV genotype infection in patients presenting with
ASCUS whose follow-up or biopsy results exhibited low-grade
squamous intraepithelial lesions or a better result than cervical
intraepithelial neoplasia (CIN)1 (8).
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Regular PAP and/or HPV DNA tests for cervical cancer
greatly increase the chance of early detection of lesions. This
in turn leads to minimal surgical intervention and promotes
longevity and increased quality of life for patients (9-11).
However, in a number of countries, regular visits to an obste-
trician or gynecologist are not feasible due to cultural or
economic barriers. This is the case throughout Korea, apart
from metropolitan areas and in patients who were diagnosed
with cervical cancer or metastatic cancer at their first visit (12).

Communicating with patients who are potentially
HPV-positive and informing them of the association between
HPYV infection and cervical cancer is difficult, particularly when
time is limited. In secondary and tertiary hospitals in Korea,
patient-doctor consultations are often short and limited; thus
it is difficult to persuade patients to visit practitioners more
frequently. Presentation of explanatory evidence, which aids in
more effective communication between doctors and potential
HPV-positive patients, may increase patient compliance with
doctors' advice following regular follow-up sessions, as well
as helping to build a rapport between practitioners and their
patients.

In the present study, a total of 491 patients whose initial
PAP results revealed the presences of ASCUS and who had
been subjected to follow-up examinations for <7 years, were
assessed in order to identify any significant differences in
prognoses regarding HPV infection, persistent infection
and genotype variations. The present study used traditional
statistical analysis as well as a probabilistic topic model called
latent Dirichlet allocation (LDA) (13). The LDA analysis was
specifically used to assess its significance as a tool for facili-
tated communication between doctors and patients.

Patients and methods

Patients. The present study consisted of 491 female subjects
(139 HPV-positive and 352-negative cases) with a PAP result
of ASCUS (14). The follow-up period was =2 years. Patients
underwent simultaneous PAP and HPV DNA chip tests
(HPVDNAChip; AGBIO Diagnostics Co., Ltd., Chuncheon,
Korea) at Bucheon St. Mary's Hospital of the Catholic
University of Korea (Bucheon, Korea) from January 2006 to
January 2009. Patients positive for HPV were followed up
with a minimum of two instances of PAP and HPV DNA chip
tests with an average follow-up period of 1,297 days (range,
731-2,562 days).

The ages of the patients were as follows: 4 patients (0.8%)
were aged <20 years, 33 (6.7%) were aged 21-30 years, 98 (20.0%)
were aged 31-40 years, 240 (48.9%) were aged 41-50 years, 89
(18.1%) were aged 51-60 years, 21 (4.3%) were aged 61-70 years
and 6 (1.2%) were aged =71 years. Therefore, 375 patients
(76.4%) were <50 years old and 116 (23.6%) were >50 years
old. There was no significant difference in the HPV-positive or
-negative rate among the age groups. The study protocol was
approved by the institutional review board (IRB) of St. Mary's
Hospital (The Catholic University of Korea, Bucheon, Korea)
our institution and the need for informed consent was waived
by the IRB, due to the retrospective nature of the present study.

Sample collection for PAP and HPV DNA chip test. A
cytobrush was used to obtain samples for PAP tests and the
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Bethesda system I1I (14) was used to assess the results. Using a
sterilized vaginal speculum, cervical specimens were collected
from each patient once per visit for DNA chip test by inserting
a cytobrush attached to a HPVDNAChip sampler into endo-
and exo-cervical areas. Once removed, the cytobrush was
placed into transport medium (1X phosphate-buffered saline)
and immediately refrigerated at 4°C.

DNA extraction, hybridization and chip scanning. DNA, which
was extracted using the HPVDNAChip kit in compliance with
the manufacturer's protocol, was subjected to immediate use
or stored at 4°C. If the DNA was stored long-term (>1 day),
it was stored at -70°C. All HPV assays were performed using
a PCR-based DNA microarray system (AGBIO Diagnostics
Co., Ltd.) with an HPVDNACUhip providing 22 HPV probes,
comprising high-risk (HPV-15, -16, -18, -31, -33, -35, -39, -45,
-51,-52,-56, -58, -59, -66, -68 and -69) and 7 low-risk (HPV-6,
-11,-34,-40,-42,-43 and -44) types. The assays were performed
following the manufacturer's protocol (15). A confocal laser
scanner (GenePix 4000B, laser power 33%, PMT 880; Axon
Instruments; Molecular Devices, LLC, Sunyvale, CA, USA)
was used to visualize the hybridized HPV DNA.

Statistical analysis. Fisher's exact test and the y*-test were
used to analyze associations between variables. For two-group
comparisons,unpaired Student's #-tests were used for parametric
analyses and Wilcoxon's rank sum test was used for nonpara-
metric analyses. For comparisons of more than two groups,
one-way analysis of variance was used for parametric analyses
and the Kruskal-Wallis test for nonparametric analyses. P<0.05
was considered to indicate a statistically significant difference.
All statistical analyses were performed using SAS software,
version 9.2 (SAS Institute, Inc., Cary, NC, USA).

LDA. LDA is a probabilistic topic model that assesses collec-
tions of text in order to identify common topics throughout the
collections (13). LDA models accommodate heterogeneous
data in the selection and characterization of intricate associa-
tions of data. In the present study, a document was prepared for
each patient, which contained a group of clinical observations,
including clinical measurements such as genotypes. LDA is a
mixed-membership model (16), in which each patient is associ-
ated with multiple topics with varying probabilities, based on
the probability distribution of the entire dataset. For example, if
five topics are created for the HPV-positive group, each patient
is associated with the topics with probabilities (for example,
20% to topic 1, 10% to topic 2, 15% to topic 3, 15% to topic 4
and 40% to topic 5). A topic is then associated with five clinical
measurements, including age, progress status, genotype, clear-
ance (natural healing) and duration of infection with varying
proportions, to show the probability distributions of the terms
to constitute the topic (for example, age between 20-30 with a
probability of 20%, progress ‘a’ with 10% and genotype 16 with
40%, clear ‘0" with 10% and duration with 20%). A large body
of works exists that have applied LDA to a number of tasks,
including news article analysis (17), cancer prediction (18)
and analysis of scientific ideas (19). However, limited studies
have been directed towards identifying complex interactions
of clinical measurements, as proposed in the present study, in
association with HPV-positive patients. In the present study,
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Table I. Clinical progression of HPV in each group (n=491).
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Group Normal (n) Koilocytosis (n) CIN1 (n) CIN2 or worse (n) Total (n)
HPV-negative 281 59 11 1 352
HPV-positive 73 30 17 19 139
Age (years)
<50 269 75 19 12 375
>50 85 14 9 8 116

HPV, human papillomavirus; CIN, cervical intraepithelial neoplasia.

Table II. Results of the human papillomavirus test by DNA chip to detect histologically confirmed high-grade squamous intraepi-

thelial lesions or worse (PAP test result worse than CIN2).

Parameter HPV-16 HPV-18 HPV-51 HPV-52 HPV-56 HPV-58
Sensitivity (%) 60.0 ND ND 10.0 50 15.0
Specificity (%) 94.9 97.5 97.2 96.2 96.8 96.6
PPV (%) 333 ND ND 10.0 6.3 15.8
NPV (%) 98.2 95.8 95.8 96.2 96.0 96.4

HPV, human papillomavirus; PPV, positive predictive value; NPV, negative predictive value; ND, not determined.

LDA analysis was performed only on the HPV-positive group
(117 patients positive for HPV with ASCUS).

Results

Clinical progress. All patients were separated into four groups
according to their final clinical progress: Normal according to
histology or PAP (HPV-positive,n=281; HPV-negative,n=73),as
well as biopsy specimens showing koilocytosis (HPV-positive,
n=59; HPV-negative, n=30), CIN1 (HPV-positive, n=11;
HPV-negative, n=17) or high-risk lesions (CIN2 or worse;
HPV-positive, n=1; HPV-negative, n=19). Positive and negative
groups and age groups are presented in Table I. In brief, CIN1
or worse was identified in 25.9% (36/139) of the HPV-positive
group and 3.4% (12/352) of the HPV-negative group; and CIN2
or worse was identified in 13.7% (19/139) in the HPV-positive
and 0.3% (1/352) in the HPV-negative group. This indicated
that HPV-positive patients had a significantly poorer prognosis
than HPV-negative patients (P<0.001). In the HPV-positive
group, CIN1 or worse was more prevalent in subjects aged
>50 years (45.2%, 14/31), when compared with those aged
<50 years (20.4%, 22/108; P=0.005; Table I).

Genotype and clinical progress association. The most
common genotypes of HPV detected were, in decreasing
order of frequency, HPV-16 (25.9%, 36/139), HPV-52 (14.4%,
20/139), HPV-58 (13.7%, 19/139), HPV-56 (11.5%, 16/139),
HPV-51 (9.4%, 13/139) and HPV-18 (8.6%, 12/139). There was
no difference in infection rates among the age groups (P>0.05).
A total of 33.3% (12/36) HPV-16-positive patients were classi-
fied as CIN2 or worse, which is significantly higher than the
1.8% (8/455) of HPV-16-negative patients with CIN2 or worse

(P<0.001). For other genotypes, there was no significant asso-
ciation between genotype and clinical progression (P>0.05).
The sensitivity, specificity and positive and negative predictive
values of the six most frequently occurring HPV genotypes
with a worse result than CIN2 are presented in Table II. These
results show the association of these genotypes with high-risk
lesion.

Association between clearance (natural healing), persistent
infection or duration of infection and prognosis. During
follow-up, a significant association between clearance and good
prognosis was identified in the HPV-positive group via PAP test
and biopsy results (P<0.001). Persistent infection was signifi-
cantly higher in patients aged >50 years (38.7%) compared
with those aged <50 years (20.4%; P=0.036). Progression from
persistent infection to CIN2 or worse was higher (19/34, 55.9%)
than clearance (0/105, 0.0%; P<0.001). Significant differences
were observed between the duration of infection and prognosis.
The average infection period of subjects with CINI or worse
was 568.8 days, which was longer than in those naturally
healed or in patients with koilocytosis, which was 393.3 days
(P<0.001). However, there was no association between geno-
type and clearance (P>0.05).

Variables affecting clinical progress. Logistic regression
analysis demonstrated that clinical progress was significantly
associated with genotype and age of the patients. Specifically,
in cases positive for HPV-16, the risk of progression to CIN1 or
worse was higher than in cases negative for HPV-16 or infec-
tion with other genotypes with an odds ratio of 13.040 (95%
confidence interval, 8.725-21.701). Patients aged >50 years
had a higher chance of progression to CIN1 or worse than
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patients aged <50 years with an odds ratio of 2.169 (95%
confidence interval, 1.459-3.150).

LDA results. Tables III and IV present the results of the
symmetric Dirichlet priors in the LDA estimation where
0=0.1, =0.01 and clusters (k)=5 or 10. In brief, the SA cluster
was a group that primarily represented HPV-16-positive
patients, continuous infection and CIN1 or worse. By
contrast, the four other topics represented normal prognosis
and koilocytosis under natural regression/healing of HPV
infection. Furthermore, the 10C cluster exhibited a grouping
of HPV-16-positive status, continuous infection and CIN2 or
worse, and two ‘meaningless' topics, which did not appear to
be relevant to any clusters, were identified when k=10.

Discussion

Cervical cancer is the second leading cause of cancer
worldwide (7). In Korea, it is the fourth most frequently
occurring cancer type in women, following breast, stomach
and colorectal cancer, and ~5,000 patients are diagnosed
annually with cervical cancer in Korea (20). The PAP test
and colposcopy provide information on existing lesions at the
expense of a high false-negative rate and are not suitable as an
indicator if patients have no lesions but exhibit other potential
risks. Sasieni ef al (21) demonstrated that 47% of patients with
invasive cervical cancer received screening tests within five
years prior to the date of diagnosis of the patient's cancer.

Since the role of HPV infection with regard to cervical
cancer has been established, >120 HPV genotypes have
been identified, 15 of which are classified as oncogenically
high-risk types (HPV-16, -18, -31, -33, -35, -39, -45, -51, -52,
-56, -58, -59, -66, -68 and -69) (7). HPV-16 is considered the
most infectious type, followed by HPV-18 (7). However, in
Asia, HPV-58 and HPV-52 are at times reported as the second
most common genotype (22-24). In the present study, HPV-16,
-52, -58, -56 and -51 were the most prevalent types, with
HPV-18 being ranked sixth in frequency, which is in line with
results of previous studies (22,23). The specificity and negative
predictive values of the six most frequently occurring HPV
genotypes regarding a PAP test result worse than CIN2 were
in a clinically applicable range.

The present study demonstrated that HPV-16 is associated
with high-risk lesions. Out of the 491 cases included in the
present study, an insufficient number of cases with HPV-18
were identified and there was a limited number of patients
presenting with persistent HPV-18 infection; therefore, the
results of statistical analysis were not able to be used.

In addition to sexual activity, age has been reported to
be associated with HPV infection. Higher rates of HPV
infection are detected among women aged <35 years due to
increased sexual activity. However, metaplastic activity in the
squamocolumnar junction, which provides fertile ground for
the infection of HPV, also increases with age (25). This meta-
plastic activity in the squamocolumnar injunction provides an
ideal area for growth and infection of pathogenic viruses, such
as HPV, which is transmitted through sexual activity and may
eventually lead to development of cervical cancer (25). In the
present study, the prevalence and type of HPV infection did
not vary between age groups (<50 and >50); however, patients
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aged >50 years exhibited an increased rate of progression to
high-risk lesions.

The results of the LDA analysis may be provided to
patients as supplementary information, as it demonstrates that
HPV-16-positive patients with persistent infection are more
likely to have a poor prognosis. Odds ratios determine the
strength of the association between the presence or absence
of certain features, but should not be used as explanatory
evidence in patient-doctor consultations. The choice of the
number of topics is a very important issue in LDA. The data
collected in the present study demonstrated the most pertinent
outcome was obtained when k=5 rather than k=2 or 10, in
terms of explaining the association between the disease and
its etiological factors.

In the present study, statistical and LDA analyses produced
noteworthy results; the statistical results showed a strong
correlation between persistent infection with HPV-16 and the
presence of high-risk lesions in clinical progress in follow-up
examinations. In addition, patients aged >50 years exhibited
higher levels of persistent infection than younger patients and
there was a correlation between disease clearance and good
prognosis. These results were ascertained by the LDA results
with a cluster generated from HPV-16, old age and persis-
tent infection as factors, which, in combination, revealed an
association with CIN2. This was not detected in the logistic
regression due to an insufficient number of subjects with CIN2
or worse in the present study.

LDA as an analytical tool and data model may be beneficial
when used in conjunction with statistical analysis that provides
a definitive view on the data.

In conclusion, LDA and statistical analysis revealed signifi-
cant associations between persistent infection of HPV-16, old
age and a prolonged infection period with the clinical progres-
sion of CIN2 or worse. LDA was considered to be a good
supplementary means of communication to deliver necessary
information regarding a patient's status during a consultation
between doctor and patient with a limited time.
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