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Comparison of single-, double- and triple-combined testing,
including Pap test, HPV DNA test and cervicography, as
screening methods for the detection of uterine cervical cancer

JU HEE KIM', IN-WOOK KIM', YONG-WAN KIM!, DONG CHUN PARK?, YONG WOOK KIM?,
KEUN-HO LEE?, TAE-GYU AHN>, SEI-JUN HAN® and WOONG SHICK AHN?>

ICatholic Research Institute of Medical Science, 2Department of Obstetrics and Gynecology, Seoul St. Mary's Hospital,

College of Medicine, The Catholic University of Korea, Seoul 137-701; 3Departments of Obstetrics and Gynecology,

Chosun University School of Medicine, Gwangju 501-759, Republic of Korea

Received September 26, 2012; Accepted December 3, 2012

DOI: 10.3892/0r.2013.2257

Abstract. Cervical cancer is a serious disease that threatens the
health of women worldwide. This study compared the sensitiv-
ities and false-positive rates of cervical cytology (Pap smear),
human papilloma virus (HPV) DNA test, cervicography, first
double-combined testing (cervical cytology and HPV DNA
test), second double-combined testing (cervical cytology and
cervicography) and triple-combined testing (cervical cytology,
HPV DNA test and cervicography). The study included 261
patients screened for uterine cervical cancer. All women
simultaneously underwent cervical cytology, HPV DNA
test and cervicography for uterine cervical cancer screening
and colposcopically directed biopsy for diagnostic evalua-
tion. The triple-combined testing was consistently the most
sensitive among the cervical screening tests. The second
double-combined testing, with a sensitivity rate of 98.1% was
more sensitive than the first double-combined test (92.3%).
However, cervical cytology was most specific (93.5%) and
showed the highest positive predictive value (77.8%). The
sensitivity of cervical cytology was markedly improved in
combination with HPV DNA test and cervicography. Thus,
the triple-combined testing, which improves the high false
negativity of cervical cytology, may be an effective tool in
uterine cervical cancer screening, pending confirmation of the
effectiveness in a mass screening study.

Introduction

Cervical cancer is the third most commonly diagnosed cancer
and the fourth leading cause of cancer-related death in females
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worldwide (1). To reduce the rate of death from cervical
cancer, the early detection of the disease is crucial. Cervical
cytology (the Pap smear) has been accepted as the most reli-
able and cost-effective method of screening for uterine cervical
cancer for the past few decades (2). After being developed by
Papanicolaou in 1928, the Pap smear has been the screening
method of choice in various countries.

Cervical cytology is considered as to be the most real-
istic and easy method of screening for uterine cervical
cancer. However, cervical cytology has a low level of sensi-
tivity (40-50%) (3). The diagnostic default of cervical cytology
has been associated with failure of many countries to decrease
the death rate related to cervical cancer (4).

Early detection is achievable in uterine cervical cancer,
which has a relatively long precursor stage, and the exami-
nation of the uterine cervix is relatively easy, unlike other
organs. It is believed that further knowledge by patients
and physicians regarding regular and accurate screening,
would significantly decrease the incidence of this cancer.
Conservative screening methods and their effectiveness and
accuracy have recently been proven (5). Cervicography and
the human papillomavirus (HPV) DNA test that have been
recently developed have shown clinical significance (6-9).
Development of a new method for screening uterine cervical
cancer using one or a combination of different screening
methods has been recently pursued.

In the present study, we evaluated the clinical significance
of three different screening methods (cervical cytology, HPV
DNA test and cervicography). After performing cervical
cytology, cervicography and/or HPV DNA testing in 261
women, the results obtained from different screening combi-
nations (single, double-combined or triple-combined testing)
were compared with the data obtained from colposcopic
guided biopsy.

Materials and methods
Study subjects. The study was performed in 261 women who

visited the Department of Obstetrics and Gynecology at the
Medical College, Chosun University, Gwangju, during a
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selected 1-year period. Age distribution data are provided in
Table I.

Screening methods. Cervical cytology was performed using
the two-slide technique with a cytoblush at the endocervix and
a spatula in the exocervix (10,11). Readings were carried out
at the Department of Anatomy, College of Medicine, Chosun
University. HPV DNA test was performed using probe B, which
detects HPV intermediate- and high-risk oncogene HPV DNA
types 16, 18, 31, 33, 35, 45, 51, 52 and 56, using the Hybrid
Capture II system (Digene Diagnostics, San Francisco, CA,
USA). After inserting a sterilized speculum into the vagina,
a Dacron-tipped applicator was used to smear the cervix,
transformation zone and posterior fornix. The smear was
collected on a viral Pap medium (Digene Diagnositics) and
kept frozen at -20°C until use. Each collected cervix specimen
was denatured, and hybridization of the isolated single-
stranded DNA was carried out using a ribonucleic acid probe
(ViraPap probe B) solution composed of the aforementioned
high-risk HPV types. Each mixture composed of RNA/DNA
hybrids was placed in a capture test tube coated with the anti-
body of RNA/DNA hybrids and fixed. The resulting RNA/
DNA hybrids were reacted with an alkaline phosphatase-
conjugated antibody. The unreacted portion of the conjugated
antibody was removed by washing, and the dioxetane-based
chemiluminescent, Lumi-Phos 530 (Lumigen, Detroit, MI,
USA), was added to facilitate emission of light due to alkaline
phosphatase activity. The luminescence was measured using a
luminometer and was expressed in relative light units. HPV 11
and HPV 16 DNA (10 pg/ml) were used as positive controls
for the low-risk HPV probe and cancer-related high-risk HPV
probe, respectively. The result was expressed as the ratio
obtained by dividing the relative light units of each specimen
by the relative light units of the positive control. When the
ratio of the specimen was 1.0, the result was considered to be
HPV DNA-positive and when the ratio was <1.0, the result was
considered to be negative.

Cervicography was carried out using equipment
(TeleCervico) from the National Testing Laboratories (NTL),
worldwide. The apparatus was composed of a camera body,
ring flash and examination light. After inserting a colposcope,
the cervix was smeared with 5% acetic acid for 15 sec, again
with 5% acidic acid for 15-20 sec and for a third time with
5% acidic acid for 15 sec. Images were captured twice by
focusing on the cervix and moving the camera back and forth.
The reading was carried out by sending the images enlarged
by X16 to cervigram evaluators at the NTL and Wisconsin
University Medical College. The results were assessed as
negative, atypical, positive and technically defective, and were
reported using a formatted form including the colposcopy
results together with the images (Fig. 1).

Diagnostic methods. The diagnostic methods included
performing colposcopy following patient consent and colpos-
copy guided biopsy in all patients. The aforementioned
screening method was combined with cervicography (double-
combined testing). The results of the diagnostic method of
colposcopy guided biopsy were compared with the results from
the double-combined and triple-combined testing (including
cervical cytology and HPV DNA test).
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Table I. Age distribution.

Age (years) No. of women
20-34 86
35-54 156

>55 19

Total 261
Results

Histologic results of the cervical cytology. Twenty-eight cases
classified as atypical squamous cells of undetermined signifi-
cance (ASCUS) on cervical cytology were excluded from the
statistical analysis due to the ambiguity in classification. On
cervical cytology, low grade squamous intraepithelial lesions
(HGSILs) were classified as positive for malignancy and nega-
tive for normal and benign reactive change. According to the
results of the biopsy, cervical intraepithelial neoplasia (CIN)
I, IT and III, and carcinoma in situ (CIS) cancers were classi-
fied as abnormal, and normal, metaplasia and inflammation
were placed within the normal limit (WNL). The sensitivity
of cervical cytology was 87.5% and its specificity was 93.5%.
Its positive predictive value was 77.8% and negative predictive
value was 96.7% (Tables II and VI).

Histologic results of the HPV DNA test. HPV DNA test was
read according to the presence or absence of response using the
Hybrid Capture system. The results of the tissue biopsy were
classified as the above-mentioned method. The sensitivity of
the HPV DNA test was 72.7% and its specificity was 91.7%. Its
positive predictive value was 70.2% and its negative predictive
value was 92.7% (Tables II and VI).

Histologic results of the cervicography. Based on cervicog-
raphy, PO, P1, P2 and P3 were classified as positive, and N1
and N2 were classified as negative. However, 12 atypical cases
were excluded from the analysis. Classsification of the biopsy
results was carried out using the above method. The sensitivity
of the cervicography was 94.3% and its specificity was 89.8%.
Its positive predictive value was 71.4% and its negative predic-
tive value was 98.3% (Tables II and VI).

Histologic results of the double-combined testing (cervical
cytology and HPV DNA test). Cases with low-grade squamous
intraepithelial lesions (LGSILs), HGSILs or malignancy on
cervical cytology, or cases with positive results on the HPV
DNA test were considered to be positive. Cases with a normal
and benign reactive change on cervical cytology and the cases
with negative results on the HPV DNA test were considered to
be negative. However, we excluded 23 cases that were ASCUS
on cervical cytology and, at the same time, were negative for
the HPV DNA test. The classification of the biopsy was carried
out using the aforementioned method. The sensitivity of this
double-combined testing was 92.3% and its specificity was
86.6%. Its positive predictive value was 65.8% and its negative
predictive value was 97.6% (Tables IIT and VI).
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[0 NEGATIVE-Repeat the CERVIGRAM™ picture and pap smear on a routine basis

1. _ Components of the transformation zone are visible

2. _ Components of the transformation zone are not visible

[ ATYPICAL-A CERVIGRAM Repeat the CERVIGRAM picture and pap smear are recommended
in ___ 6or __ 12 months

1. ____ Components of the transformation zone are visible

2. Components of the transformation zone are not visible

[0 POSITIVE-Colposcopy is recommended

Morphology
0. ___ Probable normal variant : appearance
Warrant colposcopy to exclude Acetowhite Erosion
significant disease Puncation ulceration
1. __ Compatible with low grade lesion: ____A_ B Mosaic Discoloration
2. __ Compatible with high grade lesion: Atypical Irregular surface
3. ___ Compatible with cancer Atypical vessels contour

View of cervix obscured by : mucus blood positive of cervix other:
Insufficient acetic acid reaction with reaction is anticipated

[0 TECHNICALLY DEFECTIVE-See attached notice please retake CERVIGRAM™ picture
1.
2.
3. Other problem: Out of focus Overexposed Underexposed

[0 OTHER-(vagina, vulva, fornix, anus-see comments Section)

COMMENTS-
[0 CERVGRAM 1M slide(s) is satisfactory for evaluation. The quality could have been improved.

Please note the item(s) marked in the technically defective category above.
Other:

Evaluated By : Date

Figure 1. Explanation of the categories of the evaluation report and classifications.

Table II. Histologic results of the cervical cytology, HPV DNA test and cervicography.

Histologic diagnosis

Test Abnormal, n (%) WNL, n (%) Total, n (%)
Cytology (n=233) 48 185 233
[ASCUS (n=28) was excluded]
Positive® 42 (87.5) 12 (6.5) 54 (30.2)
Negative! 6 (12.5) 173 (93.5) 179 (69.8)
HPV DNA test (n=261) 55 206 261
Positive* 40 (72.7) 17 (8.3) 57 (27.9)
Negative 15 (27.3) 189 (91.7) 204 (78.1)
Cervicography (n=249) 53 196 249
[Atypical (n=12) was excluded]
Positive! 50 (94.3) 20 (10.2) 70 (28.1)
Negative® 3 (5.7 176 (89.8) 179 (71.9)

Cytology: *positive, LGSIL, HGSIL and malignancy; *negative, normal and benign reactive change. HPV DNA test, °positive, HPV types 16,
18,31, 33, 35, 45, 51, 52 and 56. Cervicogarphy: “Positive, PO, P1, P2 and P3; °Negative, N1 and N2. Abnormal, CIN 1, I, III, CIS, cancer;
WNL, normal, metaplasia, inflammation and infection (HPV DNA test and cervicograpy).

Histologic results of the double-combined testing (cervical —on HPV DNA test were considered to be positive. Cases with
cytology and cervicography). Cases with LGSILs, HGSILs or  normal and benign reactive change on cervical cytology and
malignancy on cervical cytology, or cases with positive results  those cases with N1 and N2 on cervicography were considered
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Table III. Histologic results of the double-combined testing including cytology and HPV DNA test.

Histologic diagnosis

Cytology + HPV DNA test Abnormal, n (%) WNL, n (%) Total, n (%)
Positive® 48 (92.3) 25 (6.5) 73 (30.2)
Negative® 4(7.7) 161 (93.5) 65 (69.8)
Total 52 (100) 186 (100) 238 (100)

"Positive, LGSIL, HGSIL, malignancy; "Negative, normal, benign reactive change. Abnormal, CIN 1, II, III, CIS, cancer; WNL, normal,
metaplasia, inflammation. Positive predictive value, 77.8%; negative predictive value, 96.7%. ASCUS (n=28) was excluded (n=261).

Table I'V. Histologic results of the double-combined testing including cytology and cervicography.

Histologic diagnosis

Cytology + cervicography Abnormal, n (%) WNL, n (%) Total, n (%)
Positive® 51(98.1) 27 (15.3) 73 (34.2)
Negative® 1 (1.9 149 (84.7) 150 (65.8)
Total 52 (100) 176 (100) 228 (100)

Positive: cervicography (PO, P1, P2, P3) or cytology (LGSIL, HGSIL, malignancy); "Negative: cervicography (N1, N2) and cytology
(normal, benign reactive change). Abnormal, CIN I, II, III, CIS, cancer; WNL, normal, metaplasia, inflammation. Positive predictive value
65.4%; negative predictive value, 99.3%. ASCUS cases and N1, N2, A1, or A2 cases on cervicography (n=22) and cases with Al or A2 on
cervicography and cases showing normal or benign reative change on cytology (n=1) were excluded from the analysis.

Table V. Histologic results of triple-combined testing including cytology, HPV DNA test, and cervicography.

Histologic diagnosis

Cytology + HPV DNA test + cervicography

Abnormal, n (%) WNL, n (%) Total, n (%)
Positive® 54 (100) 32 (17.8) 86 (36.8)
Negative® 0 (0 148 (82.2) 148 (63.2)
Total 54 (100) 180 (100) 234 (100)

“Positive: HPV DNA test (+) or cervicography (PO, P1, P2, P3) or cytology (LGSIL, HGSIL, malignancy). "Negative: HPV DNA test (-) and
cervicography (N1 or N2) and cytology (normal, benign reactive change). Abnormal, CIN I, II, III, CIS, cancer; WNL, normal, metaplasia,
inflammation, infection; Positive predictive value, 62.8%; negative predictive value, 100%. Cases (n=22) showing an HPV DNA test (-),

ASCUS, and N1,N2,A1, A2 and cases (n=5) showing Al or A2, and normal or benign reactive change were excluded.

to be negative. However, we excluded 11 cases that were
ASCUS on cervical cytology and, at the same time, were Al
or A2 on cervicography. The classification of the biopsy was
carried out using the aforementioned method. The sensitivity
of this double-combined testing was 98.1% and its specificity
was 84.7%. Its positive predictive value was 65.4%, and its
negative predictive value was 99.3% (Tables IV and VI).

Histologic results of the triple combined testing (cervical
cytology, HPV DNA test and cervicography). Cases with
LGSILs, HGSILs or malignancy on cervical cytology; positive
cases for the HPV DNA test; or PO, P1, P2 and P3 cases on

cervicography were considered to be positive. Cases showing
normal and benign reactive change on cervical cytology, nega-
tive HPV DNA test cases or N1 and N2 cases according to
cervicography were considered to be negative. However, we
excluded the following cases from analysis: 22 cases that
were ASCUS on cervical cytology, were N1, N2, Al and A2
on cervicography, and showed a negative result on the HPV
DNA test; and 5 cases that were Al and A2 on cervicography,
and showed normal or benign reactive changes on cervical
cytology. The classification of the biopsy was carried out using
the aforementioned method. The sensitivity of this triple-
combined testing was 100% and its specificity was 82.2%. Its
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Table VI. Comparison of cytology alone, HPV DNA test alone, cervicography alone, cytology + HPV DNA test, cytology +

cervicography and cytology + HPV DNA test + cervicography.

Sensitiviy Specificity Positive predictive Negative predictive
(%) (%) value (%) value (%)
Cytology 87.5 935 77.8 96.7
HPV DNA test 72.7 91.7 70.2 92.7
Cervicography 943 89.8 714 98.3
Cytology + HPV DNA test 923 86.6 65.8 97.6
Cytology + cervicology 98.1 84.7 654 99.3
Cytology + HPV DNA test + cervicology 100 82.2 62.8 100

positive predictive value was 62.8% and its negative predictive
value was 100% (Tables V and VI).

Comparison of the results of the single-, double-combined and
triple-combined testing. The sensitivity was the highest for
the triple-combined testing (100%) and was the lowest for the
HPV DNA test (72.7%). The specificity was the highest for the
cervical cytology at 93.5% and was the lowest for the triple-
combined testing at 82.2%, but no significant difference was
evident compared with the other methods. The false-positive
rate (1-sensitivity) was the highest for the HPV DNA test at
27.3% and was the lowest for the cervical cytology (6.5%). The
positive predictive value was the highest for cervical cytology
at 77.8%, and was the lowest for the triple-combined testing at
62.8% (Table VI).

Discussion

Despite many efforts to reduce the incidence of uterine cervical
cancer, approximately 6,000 patients develop cervical cancer
each year in Korea, suggesting a problem in the screening
system for this disease (12). Furthermore, uterine cervical
cancer, through its patterns of pathology, diagnosis and treat-
ment, is indicative of the backwardness of the country in
terms of treatment, and still generates tremendous economic
and social loss, necessitating measures to deal with this
cancer. Despite the fact that cervical cytology, the currently
most important screening method for uterine cervical cancer,
has contributed significantly to reduce the incidence of
cervical cancer for the past several decades (13-15), the high
false-positive rate has resulted in social and legal issues in the
diagnosis of cervical cancer due to various problems related
with the method of collecting specimens, errors and the
cervical cytology itself (16,17).

In 1927, Babes observed cervical cells for the purposes
of diagnosing uterine cervical cancer. In 1928, Papanicolaou
developed a ‘new cancer diagnosis’ by microscopically
observing cancerous cells from vaginal smears. In 1945, the
American Cancer Society approved the use of the Pap smear
for the diagnosis of uterine cervical cancer. Since then, this
method of screening has become a standard at the national
level in many countries in North America and Europe, and
has contributed significantly to the decreased incidence of
cervical cancer by lowering the incidence and mortality of

invasive cervical cancer and helping to prevent metastasis of
CIN, the precursor stage of cervical cancer, into full-blown
uterine cervical cancer through early detection and treat-
ment (11,18).

Currently, cervical cytology has secured its place as one
of the most accurate, easy-to-use and cost-effective methods
for the early diagnosis and group screening for gynecologic
cancers, particularly uterine cervical cancer. However, cervical
cancer still develops in individuals who have been screened
due to the high false-positive rate of cervical cytology. The
high rate of false positivity of cervical cytology results in
the misdiagnosis of many uterine cervical cancer patients.
Approximately 30% of invasive cancer cases and 58% of
precursor lesions of cervical cancer are being misdiagnosed
based on cervical cytology screening (19).

Many attempts have been made to increase the accuracy
of cervical cytology. Of these, the Bethesda System Cytologic
Diagnostic Criteria are well-recognized (20). Yet, an increasing
number of abnormal smear samples ensues, when compared to
previous systems, due to problems related with the classifica-
tion system. This worries pathologists that more false-positive
results may occur along with awareness of increasing HPV
infection. This system results in excessive diagnosis and
over-treatment due to ambiguity in the concept of ASCUS.
Consequently, although the contribution of cervical cytology
in reducing the incidence of uterine cervical cancer has been
recognized, the need for developing more sensitive screening
methods has also been acknowledged.

Based on the latter recognition has come the development
of various screening methods including cervicography, HPV
DNA test, Papnet, Auto pap, speculoscopy and the use of
Polarprobe. These have been proposed as adjunct or substitute
screening methods for cervical cytology for the diagnosis of
uterine cervical cancer (21). The presently observed 87.5%
sensitivity of cervical cytology was lower compared with those
of other screening methods, despite the fact that the screening
was carried out only in those patients who visited our hospital,
suggesting that not only the method of screening itself using
exfoliated cells but, more importantly, the sampling method or
reading errors play a major role in decreasing the sensitivity.
Additional studies and analyses are also needed, since ASCIS
was not included in the present study, which examined only
positivity and negativity. In order to improve the high false-
positive rate of cervical cytology, clinical evaluation should be
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carried out in a large and systematic study concerning adjunct
screening methods and combined screening methods together
with efforts to improve the method of screening and to modify
the reporting system.

Currently, the exact mechanism involved in the develop-
ment of uterine cervical cancer has not been fully elucidated.
The widely accepted theory is through sexual contact. HPV is
at the center of attention among the infection factors resulting
from sexual contact (22). A direct relationship between
HPV and the development of uterine cervical cancer has
been revealed, and each specific subtype has been identified
according to the location and progression of lesions, so that the
heterogenicity of the biologic characteristics of HPV has been
recognized (23). HPV subtypes 16 and 18 are high-risk viruses
associated with the development of uterine cervical cancer, and
are detected mainly in HSGILs and invasive cervical cancer.
The HPV subtypes 6, 11, 42, 43 and 44 are low-risk viruses
and are detected mainly in benign or LGSILs. HPV subtypes
31, 33, 34, 45, 51, 52 and 56 are intermediate-risk oncogenic
viruses (24). Based on recent active molecular biologic studies,
many methods of classifying HPV infection and subtypes have
been proposed, but the actual application of these methods is
limited in actual clinical settings due to their sensitivity and
specificity. The recently developed Hybrid Capture System is
a non-amplified method and molecular hybridization method,
which uses the chemiluminescent characteristic of DNA from
smeared cervical cells, to easily determine the presence of
HPV, and to distinguish the identified HPV into high-risk
subtypes (HPV 16, 18, 31, 33, 35,45, 51, 52 and 56) or low-risk
subtypes (HPV 6, 11,42, 43 and 44) quantitatively (25).

Believing that the low sensitivity of cervical cytology
could be improved by detecting HPV infection through these
different screening methods, we used the HPV DNA test as
a screening method for uterine cervical cancer and found
that the HPV DNA test alone showed a lower sensitivity
compared with other methods of screening (72.7%, Table VI)
but increased the sensitivity of cervical cytology significantly
when combined with cervical cytology (92.3%, Table VI).
However, the sensitivity did not reach that of the combined
test of cervicography and cervical cytology (98.1%, Table VI).
Thus, this test could be considered as a screening method
after reevaluation of this method through group screening.
Unlike the existing cervical cytology, the HPV DNA test is
a biologic test that could be used not only to determine the
current status of a lesion and its surrounding area but also
predict the prognosis of the lesion. Attempts have been made
in recent years to predict prognosis through the quantification
of HPV DNA.

Cervicography was developed in 1981. It enables screening
for cervical cancer by capturing images of the cervix coated
with 5% acidic acid using a special camera and allows the
evaluation of the enlarged images (26). Its principle and
method of approach are similar to those of vaginography;
this poses difficulty when being used for screening for a
mass, since it requires evaluators to undergo training for an
extended period in order to accumulate the needed experience.
Other limitations include a lack of objectivity in reading and
requirement of expensive equipments. The equipment used
for cerivcography can be easily manipulated, is mobile, and
requires a reduced period of time to learn since the required

KIM et al: CERVICOGRAPHY AS A SCREENING METHOD FOR DETECTION OF UTERINE CERVICAL CANCER

handling is easy for mass screening. Moreover, cervicography,
which is a morphologic test as is cervical cytology, offers the
benefit of showing objective results and allowing follow-up
management since it offers a high intraevaluator reproduc-
ibility. This method plays a major role in improving the low
sensitivity and high false-positive rate of cervical cytology
and has been reported to increase sensitivity for diagnosing
cervical cancer when combined with cervical cytology (27).

Campion and Reid diagnosed CIN in 68% of patients
using cervical cytology and in 89% of patients using cervi-
cography (28). Ferris et al diagnosed CIN in 37.5% of patients
using cervical cytology and in 77.8% using cervicography, and
reported that the sensitivity increased to 8.3% when cervical
cytology and cervicography were combined (29). According
to one study that examined 12,000 cases, cervicography
was the most sensitive screening method for uterine cervical
cancer, and the rate of diagnosis was increased when the two
screening tests were combined for mass screening of uterine
cervical cancer (30). McKinnon et al diagnosed CIN in 92%
and HPV lesions in 82.4% of patients (31). Costa et al reported
100% sensitivity when using cervicography alone (30), which
was higher than 94.3% found in the present study. We found
a more sensitive result when using cervicography compared
with cervical cytology and 98.1% sensitivity when using both
of these tests, indicating that cervicography is very effective
for improving the false-positive rate of cervical cytology.

The problem of a high positive rate and low specificity
of cervicography has been pointed out, but the specificity
has been improved significantly through improvement in the
reporting system (32). Coibion et al reported 99.1% specificity
for cervicography (33), and we found 89.8% in the present
study (Table IV). Among single screening methods, cervicog-
raphy showed the highest sensitivity (94.3%, Table VI), which
was improved significantly when combined with cervical
cytology (98.1%, Table VI). Thus, the combination of the
HPV DNA test and cervicography may be very effective for
improving the low sensitivity and the high false-positive rate
of cervical cytology.

Nonetheless, the possibility of prescribing unnecessary
treatment is high since the specificity and positive predictive
value are low, despite a high sensitivity. Additionally, a one-time
test could generate more testing and increased medical costs
due to the advanced equipment used. Unnecessary tests and
an increased cost could result in economic and personnel loss;
studies are needed to determine the test interval. For example,
additional testing should be performed for those cases that
show high-grade lesions according to the results of the HPV
DNA test, regardless of the results from cervical cytology
or cervicography, or for cases showing more than low-grade
lesions according to cervical cytology and cervicography in
addition to a positive result of the HPV DNA test. These tests
should be performed based on the established retest interval
for normal cases. The results of the present study cannot be
applied directly for uterine cervical cancer screening since
the present study was carried out in patients showing a high
incidence, thus, further group studies should be carried out
using mass screening. Moreover, further problems that remain
to be resolved include regional biases, objectivity in reading,
accuracy in diagnostic criteria, economic feasibility, excessive
treatment due to high sensitivity, and the bothersome nature
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of the tests themselves. In using the triple-combined testing
to screen for uterine cervical cancer, these issues should be
resolved through more research and adoption of new measures.
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